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ABSTRACT

The nearshore ocean floor (water depths of fifteen met-

ers or less) in h’est Onslow Bay, North Carolina reflects a com-

plex relationship between the carbonate rock exposures and the

surrounding modern sediments, A limestone containing pelecypod

molds and casts, probably the Poll.ocksville Member or the Bel-

grade Formation, with extensive interbeds of fossil oyster bio-

harms (ilt^ss_os_L r^'^ g i g an t i s s ima ) is exposed on approximately

50% of the sea floor around Nevr Rie r Inlet.

Two major kinds of processes are presently acting upon

tViis ancient rock surface to produce the m.odern topography,

sediments and c a r b o i\ a t e rock exposures. The dominant construe-

rive processes are controlled by biologic agents which include

V e rmitid gastropod reefs, encrusting algae, corals and sediment

trapping bryzoans. The dominant destructive processes are

controlled by the mechanical agents of waves and currents and by

the biologic agents of boring pe1ec ypods and p o1y cha t es and

b u r r o vj 1 n g crustaceans.

The results of the processes are:

rock surfaces witli steep lai'idward facing

in relief) sub parallel to tiie beach with

base; 2) a series of vermitid gastropod

the crest of t hc sca r ps in thie vicinity o

1 ) highly ir r e g u1a r

scarps (up to 5 meters

large boulders at thei

reefs growing along

f New River Inlet; and

r

3) the production of a thin blanket of loose sediment tliat varies



in texture from boulders to mud and is composed dominantly of

limestone rock fragments, quartz sand, carbonate mud and a

mixed assemblage of modern and fossil shell material. Thus,

the modern processes operating on the rock surface result in

distinct morphologic features and the production of sediments

which have a strong internal heritage.
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INTRODUCTION

Location of Study Area

This study concerns the nearshore sediment and rock

substrates in central Onslow Bay, North CaroJ.ina. The fifty

four square kilometer study area includes e le ve n ■ k i J. oine t e r s

of shoreline in central Onslow Bay (Figure i). It extends

for approximately five kilometers to the iicrtheast and six

kilometers to the southwest from Ne.w River l!)let. Vvater

depths range from the surf zone to approximately 12 meters

at a distance of 5 kilometers offshore.

Regional Setting

Onslow Bay is a shallow erabayment on the southeastern

Continental Shelf of North Carolina located betxíeen Cape Look-

out on the northeast and Cape Fear on the southwest (Figure 1)

In the area offshore from Bogue Banks the ocean bottom is

characterized by thin discontinuous Quaternary sediments over-

lying unconsolidated tertiary units (mostly the Yorktown

Formation of F lleca ne age). Te the south and east of this

area the substrate of Onslow Bay is characterized by extensive

outcrops of Tertiary limestones cove, red by a thin dis con tin-

nous surface layer of Quaternary to modern sediments. The oui

of tríese surface sediments originated from the disintegration

of t li c Ter t i a r y units.



Map showing the location of the study area and the general bathymetric
features of Onslow Bay.

hOFigure 1
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Ill the study area, New River I a let protrudes seaward

forming a small cape f e a 11.: r e along the c o a 3 11 d. r. e o f c c n t r a 1

Onslow Bay (Figure 1) The cape feature is rela ted t o a

limestone rock headland expo sed 0 Ti t h e s e a floor in t h c

viei.ni ty of New Rd ver I n let (refertd to here as t hi e New RiV c r

High). Figure 2 is a genera 1 i z e d c o m p o site section of t h e

Coastal Plain Ttrciary units. These same units extend out

onto 111 e Continental She J.f and crop out on the nearshore

bottom of the study area.

The Cape I'ear and Castle Ha^^ne structural arc'nes bound

Onsloxv’ Bay Basin to the sou tiniest and north, respectively

(Figure 3). These structures largely determine the distri-

bution and geometry of the Tertiary rocks in Onslovi Bay.

The coastline in the study area faces s o u t Vi to south-

easterly. Consequently these coastal areas go not receive

the direct brunt of the dominant winter storms from the

northeast which frequent the North Carolina coastline.

This southern segment of the North Carolina coast is under

the direct influence of a ivarm tropical ocean current, the

Gulf Stream. This results in the gro'wtti of tropical and

subtropical fauna and flora uncommon to the northern North

Caro1d n a Continental Shelf area.

The characteristics of the coastal waters in the study

area are quite variable. The water temperature varies from
o c

10 C in the winter to 2 4 C in the summer. T’urbidity of the

water varies from less than one meter of visibility on the

poorest of days Co more than five meters on the best of days.



h

Figure Ccmposit.e section
formations on the
t O On s 1 Bay .

1978) .

of outcropping Tertiary
m a i n 1 a n d a d j a c e n t
(from Ward et a .1.



í
1

Figure 3. Generalized map ci: Eastern Nnrtih Carolina
and adjacent Continental, Shelf illustra tin
the basic structural í'ranework and distri-
bution of known seabcttoin rock outcrops
(from Riggs ,1979).
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Turbidity is related to sea state, tidal stage, and position

relative to Nev.' River Inlet. The generally poor visibility

experienced during the study prohibited underwater photo-

graphy.

OBJECTIVES

The study area was selected for the following reasons.

1. The submarine limestone exposures occuring immediately

offshore from Onslow and West Onslow Beaches have

never been studied in detail from a geologic

s t and poin t.

2. The study area was easily accessible by a small, boat

operated out of Sneads Ferry ( a small fishing port

just five minutes by water from the study area)

where a low cost field base, equipped Tvith a lA-foot

open-bow fiberglass boat, was at ray disposal.

The main objectives of the thesis are as follows:

1. To study the submarine geonorphology of the area

utilizing National Oceanographic and Atmospheric

Administration (NOAA) "smooth sheets" and fathometer

profiles of the .^ccan bc>ttom;

2. To map the surface distribution of sediment and

rock surfaces utili.ilng fathometer profiles and SCUBA

diving techniques;

3. To develop an understanding of tl'.e biologic and geo-

logic processes operating upon the sediment and rock

substrat e s in the nearshore environment of Onslow’ Bay.
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PROCEDURES

Field Phase

Bathymetry

A Raytheon model DE-725 recording fathometer mounted

on the stern of the 14-foot research boat was used to obtain

tracings representing approximately 100 kilometers of bottom

profiles in the study area. The locations of these profiles

are illustrated in figure 4. The profiles were used to

identify and map the basic géomorphologie features described

in this thesis. The individual fathometer profiles are

presented in Appendix I.

Each fathometer profile began and ended at a prominent

location shown on a navigation chart. Constant boat speed

was maintained within each traverse in order to assure minimum

distortion due to variable travel speeds. There was, however,

variation in boat speed from one traverse to another. Because

each profile was run at different boat speeds none of the hori-

contal scales of the fathoraeter traces are the same. Whenever

the boat came in Une with a known point, a m.ark indicating

its location was made on the chart.

^iy2 njj

Standard diving procedures described by Winston et aji^.

(1968, p. 68-30) were employed while utilizing SCUBA diving

equipment supplied by the East Carolina University Geology

D e p a r t m e n t .
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The techniques foi' h o 11 o r. description and sample collection

employed in the study are described by Riggs and O'Connor

(1968, p. 24-27)

Location of Stations an cl_ Profiles

The sample stations and profiles were selected from

a modified rectangular-radial grid system superimposed over

the study area. Accurate location of sample stations, trav-

erses and profiles on the grid were made by triangulation

using an astronomical sextant and at least two known positions.

Boating and il a ^ i g a t i o n

A 14-foot open-bow fiberglass boat equipped -with a 40

horsepower outboard motor was used as a research vessel

(Figure 5 ) . The study area is vie 11 marked with navigation

markers so that one's general location relative to safe navi--

gable liât.er can be determined.

Laboratory Phase

gc Map

A detailed base map of the study area was constructed

from a pho to-mosaic of Topsail Island and Onslow Beaches, and

existing navagation charts prepared by NOAA.

R o eje .-^n d Sed Imen t De s_cr^ t i o n

Standard procedures and methods were used in the d e s c rip-
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Photograph of research vessel with thesis
supervisor, Stan Riggs, (left) and student,
Ron Crowson, (right) at study base in Sneads
Ferry, North Carolina.

Figure 5
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tioii of tne rock and sadlment samples (Folk, 1968) . Most oí

the samples collected in the field were given brief descrip-

tive names in the field lab.

Smooth 8hee t S t n d y

NOAA smooth sheets (H-9426 and 1Î-9427) were utilized in

the construction of a detailed bathymetric map of the study

area. The hydrogiaphic surveys v;ere made in 19 74 , and gave

great detail with respect to bottom topography. Data was

sufficient to construct a battm/metric chart with a three foot

contour interval (Figure 11).

Descr :I p t ion of Benthic Organisms

Benthic organisins living in or on the sadimcnt and rocks

were collected in the field and later identified iti the field

laboratory. Mr. Francis Belclk, Diana Mills and Dr. Vince

Beilis of the Biology Department at East Carolina University

assisted in the Identification of pr oblema t ic.al species.

PREVIOUS INVESTIGATIONS

The rock exposures offshore from New River Inlet have

long been known to the sport and commercial fishermen of

Eastern North Carolina as excellent fishing locations. The

fishermen refer to the exposures as "the black rocks"

because of the large black bass fish caught there.



Prior to 1947 the rock exposures within Oaslov; hay

were thought to be composed of coral formations i!í the form

of living, constructive reefs (Pearse and Williams, 1951).

Pearse and Williams studied the biota of the ‘'reefs” in

1947 and found the substrate to be composed of "Trent Marl”

(1951, p. 133). They also reported the presence of the fol-

lowing organisms that are of special interest to this study:

1. two species of boring bivalves

Saxicava rugosa

Li thophaga bisul c aj:_ri (data clam), some s p ec 3Í-

mens of which may have been missidentif led end

should be placed in the genus Gas trecha en a

(personal communication from Dr. Scott Snyder).

2. the reef forming sessile gastropod

Vermicula r ia s_p 1 r a t a

3. the reef associated corals

As trangia a_sj: r a e i f o r_niJ._s

Oc.ulina .

The exposures offshore from Mew River Inlet h.ave never

been studied in detail from a geologic standpoint. A few

studies have dealt with similar rock exposures elsewhere in

Ouslcw Bay, Cleary and Pilkey (1967) reported large expan.ses

of carbonate rock exposures in Onslow Bay (Figure 6). The

rock exposures offshore from New River Inlet were recognised

but were not described by Cleary and Pilkey.



i‘e 6. Map showing the distribution
of rock outcrops in Onslow
Bay identified by Clear}' and
Piikey in 1967.

Figure 7. Riggs and F reas (1967)
study area. Five zones
of distinct bottom types
were identified in this
area .
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Riggs and Fr eas (1967 ) described th e. na ture of 111e

rock surfaces exposed 16 kilometers east of Cape Fear's

Frying Pan Shoals in the southern end of Onslow Bay (Figure 7).

Ihey found the rock surfaces to be highly corroded by crganisms

and commonly covered by thin layers of phosphatic sands. They

related the distribution of sediments and the configuration,

of the limestone surfaces to submerged Pleistocene shorelines.

Luternauer (1966) described the distribution of phos-

pborite in Onslow Bay. He noted that the overall phosphate

content of the beach sands along Onslow Bay increases to above

5% in the vicinity of New River Inlet. In 1967 , Lu t err.au or and

Pilkey related the phosphorite grains in Onslow Bay to the.

possible existence of Miocene phosphorite outcrops in Onslow

Bay. They suggested that commercial quantities of phosphate

may he present in this area.

Roberts and Pierce

outline an area whore the

is sporadically exposed in

across a 40 kilometer wide

Fear. They considered the

of phosphate to the shelf

Brown eh a 1. ( 197 2)

(1967) utilized dredge samples to

phosphate-hearing Yorktown Formation

Onslow Bay. The outcrov; extends

diagonal from Cape I.ookout to Cape

Yorkt own to be the. m.ain con t ribu t or

sedi.menus in Onslow Bay.

described the s t )' u c t u r a 1 and s t r a -

tlgraphic framework of the Coastal Plain adjacent to the

study area. They pointed out that the Oligocène sedi.ments

are characterized by a facies change from a carbonate dominated

system ea í; t of Ncv Ri.ver Inlet to a mixed carbona te t er r igenous

system west of t he inlet.



Lavrenctî (1975) studied the pa le oe nvir onrie n t a 1 setting

of the giant fossil o y iter C r a s s o s t r c a £. > S t. a (Finch)

within the study area. lie concluded t:har the giant oyster

bioherr.is were related to a nrcgrading Olr eocene delta. Tp.c

oysters lived n.arginal to and northeast cf the Oligocène

delta. In 1975 , Lawren ce calls d t h.e cy s i; e r unit 01 i go cene.

in age. However, Hard, Lawrence and Blacki/e Ideir (1.978) place

this unit in the Lower Hiocene as part of the Po 11 oc.k sv i 11 e

Member of the Belgrade Formation. This major revision intro--

duced the Belgrade Forraaticn as a new stratigraphic unit that

includes types lithologies icund a Hajwocd Landing and

Belgrade, N o t h Carolina (Figure o ) •

In 19 79 , Baum e_t. aj^. proposed yet another s t r a t i gr a p li i c

name revision. They suggested that the C r a s s o s t r o a unit found

at the Belgrade Q u a r i y and i n this 111 e s i s stud y area w as y o u n, -

ger than the Haywood La'nding or Belgrade material, but still

included it as part of tlie Lower Miocene sequence (Figure £).

Meisburger (1979) studied the geology of the inner

continental shelf in the Cape Fear Region, including part of

this thesis study area (Figure. 9 ) . Meisburger cored f o u r

holes w'ithin or adjacent C 0 ll\r t ri a s i s s t u d y area (Figure iO)

He reported tha t the ne a r Sli eve bottom around H e w R X v e r Inlet

contains s p a r c e s e. dime n t c c ver c o n t a i. n L n g a b u n d a n. t micro-

fossils covering comràon rock outcrops.



Figure 8. Chart showing the ehronologica 1 development of Eocene to
Miocene ¡’ormation nomenclature from Baum et al. ( 19 79 ).

Lowe r



Figure 9. Map showing location of seismic reflection
survey lines and core sites in and near the
study area (Meisburger, 1979). logs from
core holes 98 thru 103 are presented on

figur e 10.
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RESULTS

Bathymetry and Bottom Types

^g 1 oTi a 1 Ba th yme try

Figure 11 is a detailed bathymetric chart of the study

area which I compiled from two hydrographic surveys (H-9426 and

H-9427) made by NCAA in 1974. The bathym.etric chart illus-

trates several pertinent bathymetric features. A seaward pro--

trusión of the shoreline and the bathymetric contours in the

vic'i.nity of New River Inlet is coincident with major rock out-

crops east and west of the inlet. Irreguiat.bathymetric con-

tours with a maximum relief of 3 meters over a lateral dis-

tance of less than 100 meters indicate a very irregular bottom

around New River Inlet. The eastern one third of the map has

widely spaced contours indicating a smooth bottom weLth low

r e 1 i e f .

F a t h o_m e t e r Tracing s

On the basis of numerous fathometer profiles and dives

made long these profiles, four general types of ocean bottom

are recognized: 1) sedim.ent surface, 2) rock and sediment

surface, 3) u n dis s e c t e d rock surface, and 4) dissected rock

s u r f a c e . Figure 12 is an Idealized fat h o m e t e r trac 1 n g 111. u s •-

tratxag typical fathometer patterns for each, of the four gen-

eral ocean bottom types.
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The sediment; íínrface bottom type produces fathometer

tracings that ai'o smooth and have low relief. The rock and

sediment surface produces fathometer tracings that are sharp

and indicate an undulatory ocean bottom with less than one

meter of relief. The undissected rock surface produces a

sharp, clear fathometer tracing indicating a smooth surface

perched above the surrounding bottom. The dissected rock sur-

face produces a very irregular fathometer tracing, often in-

dicating up to 5 meters of relief over a distance of only

several meters.

D i s t r i b u t j. o n of Bo ttom Types

The distribution of the four general bottom types is

illustrated in Figure 13. In general, the four units are

related to the location of New River Inlet and to two major

rock outcrop areas east and west of New Rrver Inlet.

The sediment surface occurs as a narrow band, 0.2 to

0.8 kilometers ijide, along Onslow and West Onslow beaches.

Sediments are deposited in two distinct depositional environ-

ments, 1) the New River ebb tide delta and 2) the nearshore

and lower beach face. The New River ebb tide delta is com-

posed of sediments deposited as a result of sediment laden

ebb tide flows from Nev? River Inlet. This area extends approx

Imately 2 kilopieters east and 4 kilometers west of New River

Inlet (Figure 13). The nearshore shelf and lower beach face

sediment surface occurs across the entire beach face and ex-

tends seaward across the innermost continental shelf until

rock outcrops are o n c o u n t e r e d.
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New River Inlet.
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Two areas of laajor rock outcrops that lie two kilometers

east and four kilometers west of Nev? River Inlet are identified

in Figure 13. The undissected rock surface raakes up the core

of each of these outcrops. It is an extensive rock surface

exibiting low relief v;ith minor patches of loose sediment. The

U’.idissected rock surface stands in relief (up to 5 Vieters)

above the surrounding ocean bottom and dips two meters per

kilometer to the south and southeast (seaward).

Surrounding the exposures of undissected rock is the

dissected rock surface. This is a narrow zone around Lbe more

sha].lo'w rock core where it is actively being ereded. The dis-

sected rock surface is best developed along the shoreward nar-

gins of the undissected rock surfaces. Here the rock is ext en-

sively undercut, forming scarps up to five meters high 'with

large boulders up to three meters long at the base of the

scarps. Figures 14 and 15 illustrate the general nature of

two rock scarps east and west of New River Inlet, respectively.

The rock and sediment surface forms a fringe area separ-

ating tlie dissected and undissected rock surfaces from the

sediment surface. The rock and sediment surface generally is

flat and covered with a thin and scattered veneer of sediment.

Miner rock ledges .less than 0.5 meter in relief rim small depres

sions filled with loose sands and gravels. Limestone boulders

are present on the surface. The largest and least rounded

boulders occur at the base of the small scarps. The limestone

boulders become smaller and more rounded as the distance from

the scarps increases in the direction of th,e shoreline.



 



Figure 15. Ci-neral i^ed block diag^íaiii of t.he re k scar;) w'.st of Nev; River Inlet.
.1 i iiio... t. on H oi‘ inrrl coir.motiiy i .s found <i I lliR bast o', iniist

undercut ac;ar¡) f.'.Lure.s. Veriiiil id g;i >; i r u p oil gr.iwtli oi-cur.s ou’y .ilung
tlic- c.re.st of ucarps .-¡ud large b o u 1 d c r â .a c c uinii t a t e at the base of. the
s v' tt r p i'ï.

ro
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Relict Rock

The term "relict rock" is applied to all non-modern

rocks cropping out in the study area, and is distinguished

from the "rnodern rock" that is presently being produced by

the reef forming vermitiJ gastropods, bryozoans and calcar-

eous algae. Most of the relict rock found in the study area

represents rocks of Ter t j.ary age. Fie relict lithologic

units have been described in the study area: I) a pelecypod

mold sandy b1oca 1cirudite, 2) a biomicrudite, 3) an argil-

laceous pelecypod blocaicirudite. A) an oyster biolitîii.te, and

5) estuarine peats and clays.

The pelecypod mold sandy bioca 1cirudite is the dominant

rock type. It represents more than 50% of the rock found on

the sea floor. It is composed mostly of large molds of the.

pelecypod Mercenaria g a r d n e r a e (Kellurn) in a medium to fine

sandy limestone. The predominant non-carbonate mineral is

quartz, which comprises approximately 30% of the total rock.

This unit is lithologically similar to the upper part of the

River Bend Formation of Ward et. a1. (1978) at the Martin

Marietta Quarry in Belgrade, North Carolina approximately

50 kilometers (30 miles) north of the study area. Figure 16

illustrates the mo 1 di.c nature of this sandy limestone Vvhich

is characteristic of the River Bend Formation.

A biomicr udit e occurs as mold fillings within the above

h ioc a Ic i r ud i t e .t t station P20-3. This rock contains less



Figure 16. Photograph of a moldlc sandy limestone specimen collected at
station P2-1. The following numbered features are important
to note: 1) dark encrustation of Lithothamnium (calcareous
algae), 2) exposed borings of the date clam Lithophaga bis-
ulcata, 3) moldic natue of the rock facilitates growth into
the rock by infauna and flora, which accelerates the rate of
biocorrosion.

ro
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than 5% quartz sand and is composed of fine grained carbonate

mud. This unit is not believed to be widely distributed

because it was found at only one locality. Noisburger did not

report a similar unit in any of liis cores in the study area.

An argillaceous peleeypod biocalcirudite occurs at the

base of rock scarps in the soittheas t e rn one-fourth of the

study area Cstation P4-3). This unit represents an argüía-

ceous facies of the River Bend Formation and stratigraphica1ly

underlies the p e1e c y p o d mold sandy biocalcirudite described

earlier. A similar argillaceous facies is found at the Belgrade

Quarry underlying the more arenaceous unit of the River Bend

Formation. The rock in outcrop is softer that the overlying

pelecypod mold sandy bicaicirudite and thus contributes to the

accelerated erosion at the base of the scarps. Many of the

scarps with the softer biocalcirudite are extensively undercut

forming small "cave like" structures up to 2 meters deep.

The oyster biolithite unit is composed mostly of giant

oyster shells up to 40 centimeters long of the fossil Çrjt_s^s-

03 trea gig a n tis sim a (Finch). The oyster bioberms, which range

up to one meter in thickness, commonly are found at the base

of the scarp features east and west of Nexv’ River Inlet. The

greatest concentration of fossil oyster shells occurs in the

vicinity of McKee's Pier, (% mile) 0.8 kilometers offshore

from West Onslow Beach at station P20-3. The oyster shells

are found in growth position with the va Ivc-S paired and alligned

V e r tic a 11y. (Fig u r e 14).
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The b i oho r ms coninionly occur at the base of the numerous s lie re-

ward facing scarps. This suggests a possible causal relation-

ship between the occurrence of the biohertris and the erosional

processes iissociated with the prominent shoreward facin^g scarps.

Estuarine peats and clays associated with tlie modern

beach and marsh sediments crop out in the swash zone at New

River Inlet and along Onslow and West Onslow Beaches. The

peat unit is composed mostly of compresses roots and plant

fragments. In the vicinity of Mev; River Inlet the peat can

be traced landward around the. inlet to a modern saltw^ater

backbarrier marsh (Figure 17). Most of the peat in the study

area occurs as discontinuous outcrops less than one-ha if

meter, thick and less than one-hundred meters in lateral extent

within the sv/ash zone along Onslow and West Onslow Beaches

(Figure 18). Storm erosion of the peat units along the beach

produces large boulders more than 70 centimeters in diameter.

After storms these peat blocks represent a significant port-

ion of the boulder and cobble sized material in the beach

sediments. A clay bed underlies the peat unit and crops out

in the vicinity of New River Inlet. The clay is light orange

to gi'ay, slightly sandy, and contains numerous vertical 1 irc-

onicic root casts. Because the total thicknes of the clay

unit is not knov;n and because the clay has only been seen

in one outcrop, no statement can be made of its extent and

importance in the study area.
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Figure 17. Photograph of exposed relict peat bed being
eroded from the West Onslow Beach shoreline
near station P32-1 at New River Inlet.
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Figure 18 Relict peat unit exposed in the swash zone
on West Onslow Beach near station P22-1.
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Sed iinen f s

The composition and distribución of sediments within

the study area can be related to 1) the distribution and

types of the major rock outcrops, 2) the influences of the

New River Inlet, and 3) the location along the s h o r e f a c c

profile. The sediments are described on the basis of their

association with the four major bottom types previously

described (sediment surface, rock and sediment surface,

dissected rock surface, and undissected rock surface).

Sediments on the undissected rock surface are sparce

and occur as thin, discontinuous patches v/hich are less than

0.3 meter thick and cover less than 100 square meters in area.

The sedim.ents are usually pebbly coarse sands in which the

sand fraction is clean, carbonate rich quarte. Urchin

spines are the main carbonate constituent in the sand fraction,

comprising up to 30% of the sand size grains. The coarse

fraction of the sediment is composed almost entirely of whole

or broken but unabraided shell material. The undissected

rock surface sediments occur along the surface of the two rock

cores ]. oca ted to the east and west of Nev; River Inlet (Fig-

ur e 10).

Sediaients on the dissected rock surface are composed

of large li.mestone boulders up to 3 meters in diameter, lime-

stone cobbles and granules, and coarse to m.edium carbonate rich

quartz sands. The large bculdars are a result of limestone

blocks spalling from undercut rock scarps.
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These boulders commonly form rubble piles at the base of the

scarps and are generally extensively bored and covered with

sessile benthic organisms. In cases where live verniitid

gastropod reef growth is present at the top of the dissected

rock scarp, the boulders at the base of the scarp have the

same prolific vermitid growth on the uppermost surface. The

overall size of the boulders and cobbles decreases away from

the scarp source.

Sediments on the rock and sediment surface are composed

of clean gravelly carbonate rich quartz sands. The gravel

component averages approximately 20% of the total sediment and

i.s composed of limestone rock fragments and shell material.

The sand size material is composed of about 80% quartz and 20%

carbonate rock and shell material. The rock surfaces are.

generally soft and highly bored by bivalves. Although the

rock surf .aces are genera] ly covered by sessile fauna and flora,

the density and diversity of coverage is much less than

observed on the undissected rock surface. The sediment forms

thin sediment wedges that coalesce between exposed rock sur-

faces. The sediments of the rock and sediment surface even-

tually grade shoreward into the "sediment surface" as the

rock surfaces becoiae totally buried beneath the shoreface

sediments.

The sediment surface includes 1) the innermost near-

shore s’lclf, lower beach face, and beach environments; and



2) the ebb tide delta and channel fil] off of New River Inlet.

The nearshore shelf and lower forebeach sedinents extend fro’.Ti

just below the surf zone out to water depths up to 5 meters.

These sediments are characterized by fine to medium, s1igh13 y

muddy carbonate-rich quartz sands. OccasJonal granule to boul

er size gravel occurs scattered about the surface. The gravel

component averages less than 10% of the total sediment and

is composed of limestone rock derived from nearshore rock

sources and wlicle and broken shell material. The sand size

component of the sediment is composed of mostly quartz sands

(90%) with up to 10% carbonate grains composed of broken

shells and limestone rock fragments. A study of the ’.rn.id.

fraction using X-ray diffraction Indicates a calcita composit-

ion of more than 50%. Electron photomicrographs of clay-size

particles shov; a preponderance of skeletal material which is

acid soluble and thus is probably calcite (Figure 15). The

muds are concentrated in the intersticios of the coarsest

sediments. The presence of mud in gravelly sediments indicate

the deposition of mud during low' energy conditions and the

lack of winnow'ing by w’ave action during higher energy levels.

The beach sediments extend from the storm beach to

below the surf zone. Sediments deposited in this environment

are bimodal in texture. The sediment is composed of limestone

and peat boulders, carbonate rich gravels and sands, and

little or no m'.îd. The limestone boulders are commonly

composed of either peat or limestone similar to that found off

shore (Figures 2 0 and 21).



igure 19. Two photomicrographs of clay-size particles of carbonate mud samples
(magnification = 4,200 X). Photograph on the left is of unleached
muds and contains abundant skelletal material. Photograph on the
right has been treated with a 2-Normal solution of HCl for 2 hours.
Note the difference in the quantity of skelletal material before and
after treatment.

CO
ON
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Figure 20. Photograph of a hand specimen of a highly
bored and rounded limestone cobble. The
rounded edges of the bore holes indicate
the cobble was initially bored by pelecypods
and then rounded by mechanical abrasion dur-
ing transport.
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Figure 21 Photograph of a +.30 meter in diameter
sandy limestone boulder at the base of an

exposed peat unit on West Onslow Beach.
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The size and bored aiid rounded nature of much of the limestone

is presented in Figures 20 and 21, Figure 22 illustrates the

relative abundance of boulder size material being deposited on

Onslow and West Onslow Beaches. The coarse sand and granule

component of the beach sediment is composed of more than 80%

broken and worn shell hash, rock fragments, and black and brown

phospltorite grains. Quartz grains make up less than 20% of

the remainder of this sediment, fraction. The sand size mater-

ial is composed of approximately 70% quartz and up to 30%

carbonate grains.

Commonly the boulders on the beach contain live biota

attached to them that is similar to that found offshore on

the main rock outcrop surfaces. After a strong southeasterly

storm passed though the study area, I combed the beach and

made the following visual estimates. 1) Approximately one-

third of the boulder material had live biota attached that

was similar to that wheh occurs on the dissected and undis-

sected rock surfaces. 2) The most common attached forms were

Ascenarians, tunicates, and turkey wing clams (Arca su.).

3) Most of the limestone rocks were the same rock types ¿is

those found offshore. 4) Some fo the rock boulders consisted

of limestone rock types not recognized in the offshore, indi-

eating c ons ider¿i b le lithologic variation in the offshore area.

Figure 23 shows the genei'¿il vjiriations in sediment tex-

ture along a theorectical profile fron the beach seaward
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Photograph looking west on West Onslow Beacn.
Large peat blocks (1) and limestone boulders
(2) have been deposited in the high tide swash
zone. Use suntan bottle (3) for scale.

Figure 22
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Figure 23. Theoretical diagram showing idealized variations in sediment
texture along a profile from the beach seaward to a distance
of approximately 5 kilometers. The top line indentifies the
ocean bottom type along the profile.



to a distance of approximately 5 kilometers. Figure 23 clem-

onstrates the following general conclusions concerning the

distribution and texture of the sediments. 1) A general

textural fining occurs away from the dissected rock surface

in both directions. 2) Gravel size material is common every-

where across the profile. 3) The textural maturity of the

gravel sediment increases towards the beach from the major

rock outcrops, becoming more rounded and bored away from

the source rock outcrops. 4) The finest sediments occur ar

the base of the lower beach face.

Biota

More that three hundred species of animals and one

hundred species of plants have been identified in tlie study

are by previous investigators and during this study. Most

of these biota are listed in Appendix III of this report.

During this study the general distribution and occur-

rence of the TTiOSt common biota have been related to the

four ocean bottom types previously described (sediment surf-

ace, rock and sediment surface, dissected rock surface and

undissected rock surface). Table 1 illustrates the rel.ative

abundance of the most common biota for each of the four

ocean bottom types.

The following is a brief description of the major

biota and its effe-ct upon the seafloor.



BIOTA

3T0TA BOTTOM TYPE
TYPE SEDIMENT SURFACE ROCK AND SEDIMEN T UNDISSECTED ROCK DISSECTED ROCK

PORIFERA RARE RARE PRESENT ABUNDANT

COELENTRATA
CORAL ABSENT *

ABSENT f
ABSENT PRESENT PRESENT

GORGAN. PRESENT PRESENT PRESENT

ANNELIDA
SABELLID RARE RARE ABSENT ABSENT

SERFULID ABSENT PRESENT PRESENT PRESENT

BRYÜZOA RARE RARE PRESENT PRESENT

ARTHROPODA
SEA SPIDERS ABSENT ABSENT ABSENT PRESENT

DECAPODS ABSENT RARE PRESENT PRESENT

3ARN.CCLES ABSENT PRESENT PRESENT PRESENT

ECHINODERMATA
BRITTLE STR. PRESENT PRESENT PRESENT PRESENT

URCHIN RARE PRESENT ABUNDANT ABUNDANT •

SAND DOLLAR PRESENT PRESENT ABSENT ABSENT

KOLLÜSCA
BÎVALVIA

A R C A s p . ABSENT PRESENT PRESENT ABUNDANT
LITHOPHAGA ABSENT PRESENT PRESENT PRESENT

GASTROCliAEKA ABSENT ABUNDANT ABUNDANT ABUNDANT
SAXI CAVA ABSENT PRESENT PRESENT PRESENT

GASTROPODA
VERMICÜLARIA ABSENT RARE RARE ABUNDANT

VAGRANT FORMS PRESENT PRESENT PRESENT PRESENT

CHORDATA

TUNI CATA ABSENT RARE PRESENT PRESENT
SEAWEEDS ABSENT PRESENT PRESENT PRESENT

LITHOTHAMNIA ABSENT PRESENT ABUNDANT ABUNDANT

Table I. Table showing the relative abundance of the general biota s t u die d on

the f our different uva riñe bottom types outlined in the thesi s .

U'
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Sediment Stirface Biota

The biota of the sediment surface is characterised

by vagrant gastropods, starfish, brittle stars and sand

dollars, and burrowing polychaete worms and arthropods.

All of these forms v/ere actively bioturbating the bottom

sediments. Gastropods actively bulldoze, the sediment sur-

face aiding in the wimmo-wing of fine muds from the coarser

sediments. Polychaete w’orms burrow into the sediment and

excrete fecal pellets that increase the overall size dis-

tribution of the sediment, coeliesively binding muds into

sand size particles. Arthropods actively burrow into the

sediment forming hollow burrows that later become filled

with sediment.

Rock and Sediment Biota

The rock aiid sediment biota is characterized by sea whips,

barnicles, sponges, serpulid vjcrms, and commion to abundant

brittle stars, sea urchins, and the boring clams; G a s t r o c h -

> b i t h o p h a g a , and Saxlcava . Sea urchins (Arbacia s_£ . )

graze on th. e thin algal and organic crust covering the lock

surfaces. Areas of heavy grazing are characterized by a

light tan color that contrasts with the normal brown to red

color of the rock surface. Rock-boring clams are the most

abundant sessile anima1 present. Lit h o p h a g a bisulcata, S a xi-

r u g o .s a at. d G a s t r o c-. h a e n a sn. bore to depth of 10 centi-

meters below the rock .surface (Figures 24 and 25). The boring
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Figure 24. Photograph of two boring pelecypods:
(1) Lithophaga bisulcata (date clam)
(2) Saxicava rugosa
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Figure 25. Photograph of thicksection through fine-
grained limestone cobble. The cobble has
been extensively bored by the "date" clam
Llthophagus sp. . The smaller paired holes
seen left of the number "3" on the photo is
a siphon tube typical of the date clam.



of the clams produces the following results: 1) an increase

in porosity and decrease in total rock density, 2) destruct-

ion of the general rock fabric and overall rock strength,

3) accelerated chemical weathering by increasing the surface

area of the rock exposed to the ocean waters and chemically

active organisms, and 4) a resultant increased production

of sediment from the disintegration of the rock. Chemically

active borers pioduce a fine v:hite pov/der which is probably

a carbonate rich mud, while mechanical borers produce sedi-

ment that is the result of mechanical abrasion of the rock.

Rock surfaces that have been or are covered by a thin veneer

of sand exhibit a gray to black stained surface with vacant

worm tubes and valves of boring clams. Live sponges have

been found partially covered but still attached to sedi-

ment covered rock surfaces, indicating that the sponge was

living before the sediment w^as deposited over the rock surfa

liil^ctsd Rock Biota

The biota of the undissected rock surface is character-

ized by common sponges, sea w'hips and fans, tunicates (sea

squirts), encrusting calcareous algae (Lithothamnium sp.),

and an abundance of g r a z in g sea urchins, brittle stars, and

gastropods. Boring clams are abundant on nearly all rock

surfaces v/hich are extensively bored by the previously ment-

ioned species. Figure 26 shows the intensity of benthic

growth on a sample of the undissected rock surface.
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Figure 26. Photograph of heavily encrusted and bored
rock boulder collected at station P4-3.

Specimen ex])ibits encrustations of (1) tlie
calcareous a Igae , l.i t hqthamnium sp . , (2)
hydrozoans,(3 and 4) two different serpulid
worms. The specimen is extensively bored by
(5) Saxi^ava rugosa, and (6) the date clam
Li thophaga bisulcata (note the paired siphon
holes typical of the date clam).
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Dissected R o^c k_ B_i q^t a

The biota of the dissected rock surface is characterized

by corals ( 0 c u ]. i r. a s^p and A s t r a n g i a • ) , bryzoans, brittle

stars, tiinicates (sea squirts) and attached algae. Urchins

( A r b a c 1 a S£. ) , turkey wing clams o c c i d e n t a .1 i s ) , calcareous

algae (Li tho thamnium sp . 1 , vermitid gastropods ( V e r rn i c u 1 a r i a

sp ira ta ) ; and boring clams (Gastrociiaena, Lit hop haga and

Saxicava)areabundant.

Coral giow'th occurs in protected niches along the margins

and undersides of the steep scarps associated with the dis-

sected rock surface. Corals are encrusting in form on the
€

rock surfaces nearest Now River Inlet, and become more finger

like and less encrusting in form further away from the influ-

ence of New River Inlet. Figures 27 and 28 illustrate the

two distinguishable coral grow'th forms.

Vermitid gastropod reef growth is a m.ajor biogenic

source of modern carbonate rock on the dissected rock sur-

faces. These gastropod reefs are up to 70 centimeters thick

and occur along the rim of the scarps and tops of the largest

boulders resting at the base of the scarps. The abundance

of the vermitid gastropod reef growth is greatest on the rocks

Xii th close proximity to Ne v; Rive r Inlet aixd decreases

away from the influence of the inlet. Figure 30 ill.ustrates

the tremendous number and size of the gastropods which are

intergrown to form the reef rock. The internal structxire of

t h e V e r mitid gastropod reef rock is shown in Figure 31.
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Figure 27. Photograph of heavily encrusted fossil oyster shell (Crassostrea gigan-
tis sima) . The shell has been extensively bored by the boring sponge
Cliona (1), encrusted by the coral Astrangia astraelformlg^ and it con-tains two species of serpulid sorms (3 and 4) andtwospecies of bivalves
Os t rea sp. (5) and Area occidental is (6).

Ln

O
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Figure 28 . Photograph of finger coral Oculina sp.
Specimen was light tan during life and faded
to a cream color after death. This specimen
was found growing on the underside of a rock
ledge at station P25-1.



Figure 29. Photograph of bryozoan rock. The bryozoans are bright red when
collected but dull very quickly to dark purple upon exposure
to direct sunlight and air. Intergrown with the bryozoans are
(.1) serpulid and (2) sabellid worm tubes. Collectively, these
animals form a constructive feature on the rock substrate east
of New River Inlet,

Ln
N)



Figure 30. Photograph of large boulder from vermitid gastropod reef. The
gastropod individuals are so intergrown that they form a solid
mass of limestone.

Ln
U)
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Figure 31.. Thick-section across a boulder from a vermitid
reef. Boulder is composed of nearly 100% ver-
mitid gastropods. Note that most of the spirals
are oriented in the same direction.



Vermitid gastropods are known to form smaDl barrier reef

in the Ten Thousand Island area of southwest Florida (Shier,

1969). In Florida the growth of these reefs is restricted

to the intertida] zone, whereas the reefs found in my study

area occur in waters greater than 15 feet deep. The Flori-

dian reefs form barriers around small islands and bays, while

the reefs in Onslow Bay do not form barriers. The restricted

occtirrence of vermitid gastropod reefs in Onslow Bay is pro-

bably related to the localized nature of a suitable substrate

and proper euryhaline waters to foster reef grow’th. The Flor

idian gastropod is a different species ( V e r nt e t u s n i g r 1 c ans

Dali) from that found in the study area ( V e r m i c u I. a r i a s p i r a t a

Phillippi). The differences in spéciation probably have

little relationship to differences in the extent and nature

of reef development in Onslow Bay and Florida.

Contribution o f Biota to Sediments

The biota contribute significant amounts of sediment

to the modern sediment regime. The major biologic contri-

butors can be divided into three groups.

1. Allochemlcal sediment producers. These include all

organisms that have hard parts that may be preserved

after death. The most conspicuous form.s include

bivalves (Area, _Cj’if? ^ ) > gastropods (Ver n; i c u I a r 1 a ,

Busycon) , the echiiioid (Arbacia) , the bryzoan

(Chei1ostomates), and anthozoans (corals and sea

fans).
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2. Petr i tal sedlmenl: producers. This includes sediment

produced by organic erosion of the rock exposures

and associated fossil shell material. Important

detrital sediment producers are the boring clams

(Gastrochaena, Lithophaga and Saxlcava), the sponge

(Cliona), boring algae, and boring polychaete worms.

3. Sediment cementing organisms. These include organ-

isms that increase the mean size of the sediment by

aggregating sand grains into larger particles.

Most important among them are encrusting calcareous

algae ( L11 h o t h a mn i i:m s_p . ) , serpulid worms, and sabel-

lid worms. These organisms cement the sediment

grains by secreting a carbonate cement. The crus tose

algae are restricted to the dissected rock surface

and the undissected rock surfaces. The serpulid

worms cement grains in all of the iriarine bottom types.

Sabellid worms were found cementing sand grains to

' > the outer shell surfaces of gastropods in the lower

beach face zone at station P20-1.

GEOLOGIC PROCESSES

In general, the processes acting on the rock exposures

in Onslow Bay may be divided into two catagorics. First are

ÎS acting to build up the rock surfaces.the constructive
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These Include the activities of gastropods, encrusting cal-

careous alg¿\e, sediment trapping bryczoans, and enc^rusting

corals. Second are those destructive processes acting to

reduce the rod: surfaces by both physical and biological

agents. The physical agents coi'isist of wave and current

activity and mechanica] abrasion resulting from grain impact.

The principle biologic agents of destriiction include the

activity of boring clams, boring algae, algae rafting during

storms, polychaetes and burrowing crustaceans.

Constructive A.gents

Vermitid gastropod reef growth contributes most of the

modern carbonate that is accumulating along the tops of the

dissected rock surfaces. The vermitid gastropod reef grov.’th,

accompanied by minor amounts of associated encrusting :7orms,

cover the rock surfaces along the rims of the scarps. This

covering protects the rock from erosion and actually causes

a build-up of modern carbonate material along the crest of

the rock scarps. This build-up continues to exaggerate the

undercut scarp and creates an added weight to the scarp

margins, ultimately the cliff face will fail and break off

forming large, boulders. The fresh rock surface exposed be-

cause of the break is attacked by the destructive agents and

erosion begins again to wear dovjn the new scarp face. The

fresh surface on the newly formed bon J d e r is also attacked

by the destructive agents and futher reduced in size.
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Encrusting calcareous algae coat the surfaces of most

rock exposures in the study area nor containing vermitid

gastropod reefs. The thin coating of carbonate material aids

in the stabilization of the rock surface and slows the rate

of attack by other destructive agents. The calcareous a]gac

commonly act as a binding agent for loose sedim.ent in low

areas on the rock surfaces.

Sediment trapping bryzoans were found only in the east-

ernmost rock outcrop area (Figure 10). The bryozoans occur

at the base of the dissected rock surfaces. The bryozoans

form "cup-like" structures up to 15 centimeters in height

and diameter. The. cups are cemented to the hard rock sub-

strate bj' the intial growth of bryozoans. The structure Is

further fixed to the bottom by concurrent growth of calcareous

worm tubes. During the growth of the bryozoan cup and support-

ing worm tubes, sedim.ent becomes trapped within the fabric

of the structure. Bryozoans cups may contain up to 50% sand

size rock fragaients cem.ented within the structure.

Encrusting forms of hard corals supply a protective

blanket that covers up to 0.05 square meter of the rock

surface. In some cases tlie coral binds fractured or broken

rock thus aiding in the stabilization of the rock bottom.

Destructive Agents

Because observations of the bottom in the study area

were made during days when the sea state was clam, none of

the presumed effects of high wave aud current energy were

observed. Even though direct documentation is lacking, it



can be concluded that wave and current energy play a major

role in the destruction and transport of rock away from the

outcrop. Boulders up to 3 meters in diameter were found tens

of meters from the outcrops on a relatively flat surface, one

must assume that wave and current energy during storms trans-

ported the rocks away from the face of the scarps. Obse.r-

vat ions made along the beach after storms demonstrate an

abundance of rock gravel with attached biota similar to that

living on the offshore rock surfaces . Thus; it appears

safe to conclude that coarse rocks and their associated

attached biota are transported shorex^'ard during storms by

high energy wave and current activity.

Mechanical abrasion of the rock surface by moving sed-

iment is apparent along the base of scarps as indicated by

the following evidence. 1) The base of the scarps are com-

monly undercut. 2) The lower half-meter of the rock scarps

are devoid of any observable attached organisms. 3) Loose

sediment is found filling small holes along the base of the

rock scarps. Although no major mechanical abrasion was

observed on the bottom, the evidence indicates that inechanica

abrasion is an important process during high energy bottoir.

condi tiens.

The effects of boring clams and other boring organsims

on the ocean rock bottoms is well documented. Perhaps the

one report that best relates the magnitude of the role of

boring organisms in the. destruction' of rock surfaces is by

VJarme and Marshall (1969). They studied ¿in Eocene are rock
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outcrop off the coast of California where numercus organisms

were actively eroding the rock surfaces at a rate up to 10

centimeters per year. Boring clams ate the most abundant and

most destructive of all the boring organisms found within the

study area. On rock surfaces where boring clams are abundant

approximately one-haIf of the rock surface has been excavated

to a depth of 10 centimeters. This boring action not only

produces sediment but also weakens the total rock framework

making it more easily eroded by other destructive agents.

My observations of boring organisms in Onslow Bay (based

upon depth of penetration of clam boring and the estimated

age of the clam that produced the boring) made during this
(

study indicate a similar magnitude of biocorrosion as

obtained by Warme and Marshall (1969).

Other biota contribute to the destruction of the rock

surface and the ultimate generation of sediment. Another

process includes the rafting of rock material that has been

worked loose from the bottom during a storm by attached semi-

bouynat biota such as various algae with large air bladders

and sea fans with large surface areas.

Process-Response Model

The result of the constructive and destructive agents

upon the rock surface is depicted in the process-response

model in Figure 32, The geologic processes can be summarized

as follows.



PROCESS-RESPONSE MODEL

Figure 32. Process - response model for the thesis study area.
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1. The. constructive verniitid gastropod reef growth

and other sessile forir.s build up an organic over-

hanging riia along the crest of the rock scarps.

2. The exposed rock surfaces and scarp faces are at-

tacked by boring organisms \vhich produce fine s£;di-

ment, increase the exposed surface area of the rock,

and ultimately result in the v/eakening of the total

rock fabric.

3. Wave and current action during high energy storm

events causes mechanical abrasion, scouring, and

undercutting of the rock face. The added v^eight

of the overhanging organic accumulation on the rim

of the scarp increases the instability of the rock

face.

4. Undercutting of the rock scarp is accelerated where

the base of the rock face is composed of softer

material. This situation exists whenever interbeds

of the fossil oyster bioherms of Crassostrea g_i^Kan-

tissima and/or less consolidated material occurs at

the base.

5. During high energy storm conditions, the now unsta-

ble rock face breaks off from the rock outcrop.

This exposes a fresh rock surface to begin the pro-

cess again.

6. The destructive processes continue to erode and re-

duce the overall size of the boulders, creating

smaller grn’/els, sands, and lime muds in the process.

o
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7. Sediments produced from the destruction of the rock

are transported away from the rock face by wave and

current action during high energy stcri:i events. The

movement of large boulders aw^ay from the face is

slower than the transport of smaller sediment grains

This results in a crude textural fining in the size

of sediment away from the rock faces.

8. The coarser sediments created through the above pro-

cesses are ultimately transported up the beach face.

In the process they become mixed with terrigenous

sediments entering the study area via longshore

currents or from New River Inlet.



CONCLUSIONS

The nearshore ocean floor in the study area consists

of four distinct bottom types: sediment surface, rock and

sediment surface, dissected rock surface, and undissected rock

surface. The configuration and distribution of these bottom

types is strongly related to the constructive and destructive

processes acting on two major areas of outcropping rock east

and west of Mew River Inlet. A process-response model explains

the configuration and distribution of the rock surfaces and

tlie associated sediments and includes the follov'ing points.

1) Vermitid gastropod reefs are the main constructive agent

actually forming miodern rock along the edges of the rock scarps.

2) Destructive processes far outvjeigh the effects of constructive

processes; the net result is a gradual erosion of the rock

surfaces and the generation of numerous shoreward facing rock

scarps. There is a net sediment m.ovement away from the rock

surfaces. The coarser sedimeiat moves up the beach face during

periods of high energy storms. The shorew’ard transport of

sediment produces a textisral fining of the coarse fraction of

the sediment as larger sized material is reduced in size by the

same destructive processes that liberated it from the rock

s u r 1 a c e .
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APPENDÏX I

TRACINGS OF FATHOMETER PROFILES FROM THE STUDY AREA

KEY

BOTTOM TYPE HUMBER SYMBOL

SEDIMENT SURFACE 1

ROCK AND SEDIMENT SURFACE 2

UNDISSECTED ROCK SURFACE 3

DISSECTED ROCK SURFACE 4

Please note that due to the poor qua],i.ty of copies mad
from the original fathometer profiles, liand tracings of the
originals were selected for thesis publication. See Figure
for the location of the following fathometer tracings.
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PROFILE 9 (continued)
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APPENDIX II

SUMMARY OF LOGS FROM EACH DIVE STATION

See Figure 4 for the station locations
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PROFILE NUMBER 2 STATION NUMBER _1

DATE 7- 14-74

WEATHER Clear , wind 0 to 5 mph

SEA STATE glass calm

WATER VISIBILITY

A. SURFACE 13 feet

B. BOTTOM 10 feet

BOTTOM ENERGY CONDITIONS no motion

BOTTOM BED FORMS low (2-3 feet) rock mounds, gravelly

ripples

STRATIFICATION none obserable in gravelly sedim.ent

SEDIMENT TEXTURE very coarse gravel cobble

COMPOSITION OF GRAVEL nearly all (98%) coarse material

is composed of fossil shell and limestone rock.

SEDIMENTARY STRUCTURES the cork surface is highly cor-

roded and channeled, channels are filled vjith gravel
and coarse sand. , , , , , . ,

BIOGENIC STRUCTURES abundant calclreous algae partially

cementing sediment, abundant bivalve borings.

BIOTA: . Saxacava rugosa, Lithophagus s_p, , Area sp. (Turkey
Wing clam), Aseenaria , and broken sea fans

COMMENTS: Bottom topography is made of small low sed-
iment free rock mounds with gravel accumulations where
rock mounds coalesce. A six foot deep by thirty feet
in diameter depression was found filled v/ith loose
leafy seaweeds. This material must have collected
in the depression during or soon after a storm?
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PROFILE NUMBER 2 STATION NUMBER ^2

PATE 7/14/74

V/EATHER clear O-Sinph

SEA STATE calm ;

WATER VISIBILITY

A. SURFACE 8- 10 feet

B. BOTTOM 8- 10 feet

BOTTOM ENERGY CONDITIONS no motion

BOTTOM BED FORMS low (less than three inches) irregular ridges

STRATIFICATION no noticeable ;

SEDIMENT TEXTURE very coarse gravel and cobble

COMPOSITION OF COARSE GRAINS mostly rounded cast and

mold limestone chunks

SEDIMENTARY STRUCTURES none

BIOGENIC STRUCTURES occassional -encrusting calcareous

algaevhoring clams

BIOTA loose seaweed, occassional attached sponge

COMMENTS l^ng into bottom approximately i foot and did not

find a rock substrate.
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PROFILE NUNffiER STATION NUMBER 3

DATE llM^llk

WEATHER clear 0-5 mph wind ^

SEA STATE calm

WATER VISIBILITY

A. SURFACE 8-10 feet

B• BOTTOM 8~ 10 feet

BOTTOM ENERGY CONDITIONS ...no motion .light-

BOTTOM BED FORMS patchy areas of coarse .^nrl r'nl-.hTog

STRATIFICATION no apparent

SEDIMENT TEXTURE coarse sand and oea gravel tn eohn'io

COMPOSITION OF COARSE GRAINS cast anrl mnlH

SEDIMENTARY STRUCTURES Occassional, low trough" :.,n'rh

abundant fragmented plants.

BIOGENIC STRUCTURES abundant boring cJam.s

BIOTA
__ loose fragmented algae

COMMENTS This is the location of the artificial reef. No

reef was present at the time of this study. later. Dr. Rob Bi.shr,p

and Dr. Scott Snyder dropped rock samples overboard at thi.s noint

to determine the nature and rates of boring organisms i!i Chis 1 ot,-

• Bay.
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PROFILE NUMBER 3 STATION NÜMEL’R j_
DATE 7-15-74

FATHER clear
^

SEA STATE

WATER VISIBILITY

A. SURFACE 5 feet

B. BOTTOM 1 foot

BOTTOM ENERGY CONDITIONS s 1 i h t bottom ra o t i o n

BOTTOM BED FORMS no visible forms

STRATIFICATION slightly muddy at top

SEDIMENT TEXTURE coarse sandy to gravelly shall unit

COMPOSITION OF COARSE GRAINS mostly broken and worn

shell and moldic limestone

SEDIMENTARY STRUCTURES none

BIOGENIC STRUCTURES no visible structures

BIOTA found a lone sanci dollar.- brok.e.c and, .r/rjxji

COMMENTS Poor visibiTity obstructed a good view of

b o 11 om . Lost si.ght of diving partner twice.

Vislbi];Lty was greatly reduced bv suspended material

generated whenever the bottom \-7as disturbed.
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PROFILE NUMBER STATION NUMBER 1

DATE 7-16-7 A

ViTEATHER clear

SEA STATE 1-2 feet

WATER VISIBILITY

A. SURFACE 6 feet

B. BOTTOM ^

BOTTOM ENERGY CONDITIONS slight. Pot-fnn, finrlon

BOITOM BED FORMS low discontinuous riuples

STRATIFICATION none

SEDIMENT TEXTURE medium to fine pebbly sand

COMPOSITION OF COARSE GRAINS worn shells and lime-

stone pebbles .

SEDIMENTARY STRUCTURES

BIOGENIC STRUCTURES occassional trails produced by

worm, s or hermit crabs.

BIOTA none observed

COMMENTS PA-1 has a less coarse bottom texture than

observed at P3-1.
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PROFILE NUMBER 4 STATION NUMBER

DATE 7-16-74 ^

WEATHER .clear

SEA STATE 1-2 feet

WATER VISIBILITY

A. SURFACE 8 feet

B. BOTTOM 8 feet

BOTTOM ENERGY CONDITIONS none

BOTTOM BED FORMS Slightly irregular mounds and depres-

sions.

STRATIFICATION mounded sediments are coarser than dep-■
pression'.s sediment.
SEDIMENT TEXTURE Coarse gravelly sand on no und s .. pebb 1 y
to fine sands in depressions.
COMPOSITION OF GRAVEL 100% vorn shells and 1 iinestone

fragmen t s.

SEDIMENTARY STRUCTURES Elongate mound s up to 6 inches

high composed of gravelly sand . Pebbly medium sands are

found in depressions.
BIOGENIC STRUCTURES rare fecal mounds 0 f V70 rms and

bivalves,

BIOTA: Loose algae and live attached sponge.

COMMENTS: I,oose rock chunks four to six inches in
diameter were found approximately 1 foot below the
sediment. The rocks were slightly blackened in color.
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PROFILE NU^ÎBER 4 STATION NUMBER ^

DATE 7-16-74

WEATHER clear

SEA STATE 1-2 feet,

WATER VISIBILITY

A. SURFACE 8-10 feet

B. BOTTOM 8-10 feet

BOTTOM ENERGY CONDITIONS none

BOTTOM BED FORMS p tn 1-,

STRATIFICATION

SEDIMENT TEXTURE coarse pebbly, sandy bottom

COMPOSITION OF COARSE GRAINS broken and worn shells,

soft to hard limestone boulders to pebbles

SEDIMENTARE STRUCTURES abundant mounds of coarse s ed i te en

surrounded by rippled medium to coarse sand.

BIOGENIC STRUCTURES abundant borings and encrusted rnrk,

vermitid reef growth, and coralline encrustations

BIOTA abundant urchins, Lytechenus, calcareous algae.’

sea fans, and boring bivalves, common vermitid reef

ina t er ia 1.

1-

COMMENTS Exposed scarp 10 to 15 feet above bottom.

V.’here best developed scarp is undercut with ].arf;e 5 to

10 feet boulders at base. At one place the scarp had

a well developed "talus slope" developed on the shore-

V7ard side. The material composing the base of the scarp

was observed to be fjofter than overlying material.
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PROFILE NUMBER 6 STATION NUMBER v

DATE 7-16-74

WEATHER cl ear

SEA STATE calm

WATER VISIBILITY

A. SURFACE 10 feet

B. BOTTOM 10 feet

BOTTOM ENERGY CONDITIONS none

BOTTOM BED FORMS shoreward facing scarps 5 to 6 feet high

STRATIFICATION sand overlying rock

SEDIMENT TEXTURE coarse sandy gravels

COMPOSITION OF COARSE GRAINS x.hnir.

arul lian e.,s hone h on Idem to gravel

SEDIMENTARY STRUCTURES

undercut scarp, and "low" rocky mounds.

BIOGENIC STRUCTURES common vermitid reef growth

some coral.

BIOTA
_ Abundant sponges, fans,calcareous algae.

common vermitid reef grov/th.

COiiMENTS Vermitid reef growth appears to be better

developed here than at P4-3. Sponge and fans are mo^

common at the cop of the exposed scarp. Talus from

scarp is composed of boulders 1 to 2 feet in diameter,

and decrease, in average size shoreward from the scarp.
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PROFILE NUMBER 7 STATION NUMBER

DATE 7-17-74

WEATHER clear

SEA STATE calm

WATER VISIBILITY

A. SURFACE 5 feet

B. BOTTOM 3 feet

BOTTOM ENERGY. CONDITIONS ’^one

BOTTOM BED FORMS

STRATIFICATION
sandy

g o n e

bottom

SEDIMENT PEXTURE coarse gravelly she]lv sand

COMPOSITION OF COARSE GRAINS vhole and broken shell

and raoldic limestone

SEDIMENTARY STRUCTURES small .1 to. 2 foot limestone

boulders encrusted by verm?Ltid .gastropod growth

BIOGENIC STRUCTURES vermitid sai^bmpod growth and

abundant bivalve borings.

BIOTA vermitid gastropods, boring bivalves and

occassional small (1-3 inch) sponges.

COMMENTS loose rocky s’lbstrate was found 1 foot

below the sediment surface. The boulders were not

attached to the rocky substrate and could be rolled.
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PROFILE NUMBER 7 STATION NUMBER 2

DATE 7-17-74

¥£ATHER dear ^

SEA STATE ealm

WATER VISIBILITY

A. SURFACE

B. BOTTOM 3 feet

BOTTOM ENERGY CONDITIONS none

BOTTOM BED FORMS loose boulders and limestone nDates.

STRATIFICATION 1 foot of sediment overlying loose rocky
substrate.

SEDIMENT TEXTURE coarse boulder gravelly sand.

COMPOSITION OF COARSE GRAINS worn limestone boulders

and broken shell.

SEDIMENTARY STRUCTURES loose gravelly sand with .?. teer

vermitid covered boulders.

BIOGENIC STRUCTURES vermitid gastropod growth, bivalve

borings

BIOTA Arbacia, boring bivalves, loose algae vermitid

gastropods, minor sponge growth.

COMMENTS Bite is similar to P7-2, boulders are

slightly larger but no more common. Bottom

visibility is poor so the actual distribution of

the boulders cannot be determimed.
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PROFILE NU^^3ER 7 STATION NUMBER 3

DATE 7-17-7A

TfEATííER clear

SEA STATE calm

WATER VISIBILITY

A. SURFACE 3 leet

B. BOTTOM 3 feet

BOTTOM ENERGY CONDITIONS

BOTIOM BED FORÎ.iS large boxilders attached to bet: tom.

STRATIFICATION thin gravelly sediment viee.r

SEDIMENT TEXTURE coarse gravelly sand.

COMPOSITION OF COARSE GRAINS broken shell and limestone

boulders and gravel.

SEDIMENTARY STRUCTURES large (+2 .feet) boulders that

could not be moved surrounded by gravelly sands.

BIOGENIC STRUCTURES moderate vermitid growth on

upper surface of boulders

BIOTA vermitid gastropods, Arbacia, boring bivalves,

loose algae and occassional sponge growth.

COMMENTS Site is similar to P7-2 and P7-1. Boulders

appear to be more flattened and vermitid gastropod

growth is restricted to upper most surface of boulders.

Boulders could not be moved (assumed they are

li
attacted to rocky substrate).
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PROFILE NUMBER STATION NUMBER ]
DATE 8-6-74

WEATHER cloudy

SEA STATE 2-3 feet swells

WATER VISIBILITY

A, SURFACE 6 feet

B. BOTTOM 5 feet

BOTTOM ENERGY CONDITIONS slight bottom motion

BOTTOM BED FORMS

STRATIFICATION gravel pavement on rock substrate

SEDIMENT TEXTURE course sand and boulders

COMPOSITION OF COARSE GRAINS broken shell, and rounded

boulders

SEDIMENTARY STRUCTURES irregular, seams

BIOGENIC STRUCTURES abundant vermitid gastropods and rare

bryozoa cup growth

BIOTA vermitid gastropods, A-bacia, ' and boring bivalves

COMMENTS TRs distribution of scarps is not as regular at

this site as seen at the West Onslow Beach localities. Scarps

are 2 to 6 feet high and haveabundant vennitid reef growth at

scarp crest. Unusual bryozoa growth form discovered at the

base of the scarps.
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PROFILE NUMBER 13 STATION NUMBER 2

DATE 8-6-74

TOATHER f-loudy

SEA STATE 2-3 feet swells

WATER VISIBILITY

A. SURFACE 5 feet

B. BOTTOM 5 feet

BOTTOM ENERGY CONDITIONS .hati:o3i.aot.ÍQa

BOTTOM BED FORMS none

STRATI! I CAT I ON gravel pavement on rock substrate

SEDIMENT TEXTURE roarse. sandy gravel with occasional boulders

COMPOSITION OF COARSE GRAINS rounded limestone

SEDIMENTARY STRUCTURES rongnon srqi'ps irregular

and distribution

BIOGENIC STRUCTURES abundant vermltid gastropod

at top of scarps. boring bivalve holes.

BIOTA* vermited gastropods, sponge, Arbacia, boring

bryozoa cup growth.

growth

bivalves »

COMMENTS Scarps are very irregular and ir.ore reduced than at

site P13-1. Highly bored disc-shaped boulders more than 3

feet long and 6 inches thick w'ere found. Bryozoa cup growth

is common.



13 3PROFILE NUMBER

DATE 8-6-74

WEATHER rloudy

SEA STATE 2-3 feet swells

WATER VISIBILITY

A. SURFACE 6

B. BOTTOM 3

BOTTO^Î ENERGY CONDITIONS

STATION NUMBER

s 1 i.ght bottoin motion

BOTTOM BED FORMS Irregular rork surfa('e

STRATIFICATION gravel pavement covering rock substrate

SEDIMENT TEXTURE coarse sandy gravel

COMPOSITION OF COARSE GRAINS limestone and broken shell'

SEDIMENTARY STRUCTURES deep (3-6 inrhes) gro^^es in rook
_

surface filled V7ith coarse sand and gravel

BIOGENIC STRUCTURES abundant bryozoa cup growth, abundant

boring bivalve holes.

BIOTA bottom is nearly void of attached forms £7:cept for

Bryozoa cups that .have formed on clean rock surfaces.AxíoüLj,

boring bivalves are present.

COMMENTS The rock surface is clean and irregular. Sediment

has accumulated in groves in rock. Rock surface is soft and shows

abundant siphons of boring bivalves.
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PROFILE NUMBER U STATION NUMBER k

DATE 8-6-74

WEATHER Cloudy, becoiiiing more windy (10-15 mph) •

SEA STATE Swells 2 to 3 feet, slightly choppy.

WATER VISIBILITY

A. SURFACE 3 feet

B. BOTTOM 3 feet

BOTTOM ENERGY CONDITIONS Some motion of loose sand

grains on the bottom.

BOTTOM BED FORMS Pronounced ripples in sandy areas.

STRATIFICATION Coarse sediment on top of the bottom

SEDIMENT TEXTURE Coarse to medium pebbly sand.
__

COMPOSITION OF GRAVEL Broken shell material (80%), and

moldic limestone cobbles (20%).

SEDIMENTARY STRUCTURES Continuous oscillation ripples

occassional debris covered rock surfaces.

BIOGENIC STRUCTURES Abundant boring bivalves. smal 1

keyhole limpets, and loose leaves of algae.

BIOTA: Arbacia, boring bivalves, small keyhole limpets
and loose leaves of algae.

COMMENTS: The bottom is covered with a 6" thick loose
coarse sandy gravel. Thicker sediments occur along
filled channels approximately 1 foot deep. Occasional
loose boulders are easily broken up by hand. Boring
bivalves are the major destructive agent acting on the
rock surfaces.
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PROFILE NUMBER 14 STATION NUMBER ^i_

DATE 8-1-74

YŒATHER Ç y p. r r n .s r / T:.a.1.n J. ^-h un H ^ r g t o ^ h r- r. -i t- j n ;■

SEA STATE swells 6 feet

WATER AaSIBILITY

A. SURFACE 1

B. BOTTOM unknown

BOTTOM ENERGY CONDITIONS hi eh flow rates

BOTTOM BED FORMS antidunes for in in e alone flank of ban.

STRATIFICATION bar is convex-up

SEDIMENT TEXTURE coarse p ebbly sand

COl^iPOSITION OF COARSE GRAINS broken and smooth shell

and rock pebbles and boulders

SEDIMENTARY STRUCTURES well developed swash zone

along outline of bar

BIOGENIC STRUCTURES bird tracks

BIOTA —S.£a gulls—

COMMENTS Location of s i^ e i. S on r-.hb- tide inlet rn n n r h

bar. Elongate and parallel c o H i a i n i n 1 e t c; h a n n e 1.

Most of the shells are bay type species (oysters.

scallops, clams) suggesting a t r an sport of s e dim e n t

fi’ori the inland bavs near New River Inlet.
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TROFILK NUMBER STATION NUMBER 2

DATE 8-1-7^

WEATHER overcast thunderstorm threatening

SEA STATE calm

WATER VISIBILITY

A. SURFACE 0»5 feet

B. BOTTOM 0-5 feet

BOTTOM ENERGY CONDITIONS very strong currents, unusual

for calm sea state.

BOTTOM BED FORMS antidunes (sand "explodes" around feet.

STRATIFICATION none visible

SEDIMENT TEXTURE very coarse shelly pebbly gravel

COMPOSITION OF GRAVEL 80% coarse shell and quartz,

20% limestone rock cobbles.

SEDIMENTARY STRUCTURES ranidly moving mega ripples

and anti dunes.

BIOGENIC STRUCTURES visible

BIOTA: One blue crab.

COMMENTS

exposed
hard to

wa shin g

’

Site is located on inlet mouth bar not

at low tide. Current was very strong, Very
stand up on the bottom because of the sand
from underneath ones feet.
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PROFILE NUMBER STATION NUMBER i_
DATE 8-11-74

WTIATIIER

SEA STATE ralra

WATER VISIBILITY

A. SURFACE 8 f?at

B. BOTTOM 8 iz&t

BOTTOM ENERGY CONDITIONS sliRhr. bottom inotion

BOTTOM BÎ'iD FORMS clean rork surface

STRATIFICATION none

SEDIMENT TEXTURE cobble gravel

COMPOSITION OF COARSE GRAINS moldlc limestone

SEDIMENTARY STRUCTURES 4 inches to 6 inches wide channels

filled with coarse gravel

BIOGENIC STRUCTURES abundant boring bivalve holes

BIOTA Arbaciar boring bivalves, loose seaweeds,cme.

attached sea fan

COMMENTS Bottom is composed mostly of a clean rneV si-rfac^

•with gr oo ve s f illed with gravel. The rock is hard on the siirfac e

but soft approximately 4 to 6 inches beneath the surface.

Exposed edges of boulders or smal1 ledges can be broken with .

the hand.



PROFILE NUMBER P-19 STATION NUMBER 2

BATE 8-11-74

WEAl'IIER clear

SEA STATE caln

WATER VISIBILITY

A. SURFACE 8 feet

B. BOTTOM 8 feet

BOTTOM ENERGY CONDITIONS very slight motion

BOTTOM BED FORMS rippled sands and discontinuous scarps

STRATIFICATION Loose coarse covering soft rock surface

SEDIMENT TEXTURE coarse pebbly sand

COMPOSITION OF GRAVEL 60% whole and broken shells, 40%

bx'oken and rounded limestone rock.

SEDIMENTARY STRUCTURES bottom is rippled is most

sandy areas.

BIOGENIC STRUCTURES Ancient oyster reef, Crassostrea

gigantissima, abundant boring bivalves, and small encr-
u s tin g corar forms.
BIOTA: Boring bivalves, calcareous algae, attached
seaweed, turkey wing clams (Area s_p. ) , Arbacia and
others.

COMMENTS: Bottom is composed of low rock mounds. One
such mound was composed vv’holly of vertical (^n situ)
fossil oyster shells, overlaiii by a moldic limestone
The mound was undercut, and oyster shells erroded.
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PROFILE NU^^3ER P_l_9 STATION NUMBER 3

DATE 8-11-74

WEATHER clear ^

SEA STATE calm

WATER VISIBILITY

A. SURFACE 8 feet

B. BOTTOM R

BOTTOM ENERGY CONDITIONS ver^^ slight motion ^

BOTiOM BiD lORMS
. Jpw j.p.ck s.ca.r.ii^ CLe^^JJa-aj^ 2 Ligh)

STRATIFICATION none observad

SEDIMENT TEXiURE very coarse sand r o b on1d e r s

COMPOSITION OF COARSE GRAINS mostly mol dir

limestone boulders

SEDIMENTARY STRUCTURES loose boulder and coarse

sand mounds

BIOGENIC iSTRUCTURES none observed

BIOTA loose seaweeds, abundant boring bivalves

COMMENTS Bottom is com.posed of irregular mounds

of coarse sand to boulders. Some boulders exceed

2 feet in diameter and are platy. Abundant fossil

oyster shells iiiake up approximately 40% of the

cobble component. i’he remainder of the cobbles are

made up of bioeroded moldic 1 iiTies t ones .
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PROFILE NUMBER P20 STATION NUMBER ^1

8-12-74

WEATHER cloudy.

SEA S T A. T E low (2 to 3 feet) ground swells

WATER VISIBILITY

A. SURFACE 4 feet

B. BOTTOM 2 feet

BOTTOM ENERGY CONDITIONS slight motion

BOTTOM BED FORMS rippled bottom

STRATIFICATION Thin layer of dark mud overlying fine .

sand.
SEDIMENT TEXTURE muddy medium to fine sand.

COMPOSITION OF GRA.VEL Live sabellariid worm's coating

small gastropod shells with coarse sand.

SEDIMENTARY STRUCTURES thickly laminated mud and fine

sands.

BIOGENIC STRUCTURES Unusual sabellariid worm encrusting

shells, also, abundant tracks on the bo 11 om.

BIOTA: Surpu]id worms, sabellariid worms, "hermit crabs"

COMMENTS: Bottom is composed of compact fine sand
covered by a thin muddy layer, unusual sabellariid
worms generate a discontinuous pebbly zone. Site is
a lover shore face of the beach sequence.



lio

PROFILE NUMBER P20 STATION NUMBER 2

DATE 8-12-74

WEATÜER cloudy ;

SEA STATE low (2-3 feet) ground swells

WATER VISIBILITY

A. SURFACE 4 feet

B. BOTTOM 0 to 1 foot

BOTTOM ENERGY CONDITIONS

.0,11.5 er.v e-d-BOTTOM BED FORMS

STRATIFICATION soft mud overlying very .course gravo 1.

SEDIMENT TEXTURE nuddv pebbly satidv gravo 1

COMPOSITION OF COARSE GRAINS os 11 v er eat. ar than

5 0%) pebbles of moldi. c 11 irte stone

SEDIMENTARY STRUCTURES upper muddy surface Is

slightly laminated

BIOGENIC STRUCTURES Found one dead parchment worm

tube sack.

BIOTA minor Icicle sponges, abundant bor1ng

bIvaIves.

COMMENTS We felt our way across the muddy b 011 oai

a 1 o n g. 1.7 V. at' 71 p p a a r p d t r, ho a . ir. r, j p -jf ,7 H Tl

Structure trending east west. Sides of the channel

were c orap os ed of large highly bored ni 01 d 1 c

limestone blocl;s. Sponges lived on expo sed rock

bottom In liase of c h a n n e 1 .
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PROFILE NUMBER p^n STATION NUMBER

date 8-12-74

WEATHER cloudy

SEA STATE ].ov (2-3 feet) p,round swells

WATER VISIBILITY

A. SURFACE 4 feet

B. BOTTOM 4 feet

BOTTOM ENERGY CONDITIONS slight bottom motion

BOTTOM BED FORMS low rippled gravel covering rock sur

STRATIFICATION gravel on rock surface

SEDIMENT TEXTURE very coarse sandy gravel

COMPOSITION OF COARSE GRAINS approximately 80%

limestone, the remaninder shell.

SEDIMENTARY STRUCTURES extensive gravel pavement

BIOGENIC lOTRUCTURES nhimdant hi valve horings in

larger limestone rocks.

BIOTA boring bivalves

COMMENTS A Blank bot toni composed of extensive and well

d e v e 1 o p e d g r a veis overlyirig a gray soft moldic

n m e 31 o n c. Occassional exposed surface of reeky

substrate.
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PROFILE NU^^3ER P25 STATION NUMBER [
DATE 8-12-74

WEATHER cloudy

SEA STATE «wells

WATER VISIBILITY

A. SURFACE
__

B. BOTTOM

3 to 4 feet

8 feet

6 feet

BOTTOM ENERGY CONDITIONS very slight bottom motion

BOTTOM BED FORMS minor rippled surface, 2-3 Inches hi^h

STRATIFICATION none

SEDIMENT TEXTURE medium to coarse sands at base of scarp.

COMPOSITION OF COARSE GRAINS whole and broken shells,

limestone boulders

SEDIMENTARY STRUCTURES poorly developed scarps 3 to 5 feet,

abundant talus at base.

BIOGENIC STRUCTURES abundant boring bivalves, worm trials,

.rbacia scrape marks.

BIOTA Abundant Arbacia, boring bivalves, attached seav;eed, sea

fans, encrusting corals, Ascenaria common vermitxd reef growth,

and icicle sponges, and more.

COMMENTS Species diversity is high. low scarps underlain by

fossil oyster shells (Crassostrea glgantxssima). Tops of scarps

are flat v.’ith vermitld growth along crest. O'casional sand and

gravel patches Ov-curs between areas of ¡leavlly algal encrusted

rock substrate. Shoreward of scarps is a flat clean coarse sandy

bottom.
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PROFILE NUMBER P32 STATION NUMBER 1

V.T:ATIIER cool and clear

SEA STAIE 1 foot, hrep.k.1 ii waves on beach

WATER VISIBILITY

A. SURFACE 0

B. BOl'TOM unknown

BOTTOM ENERGY CONDITIONS breaker and swash zones have

high energy

BOTTOM BED FORMS planar bedding in swash zone

STRATIFICATION planar bedding

SEDIMENT TEXTURE medlum to coarse.sand in sx^a s h zone

COMPOSITION OF COARSE GRAINS variety of broken and

worn shells, quartz cobbles, and limestone boulder

SEDIMENTARY STRUCTURES Beach is slightly cuspa t e w i t h

sJ îpJnr h <?rí5rrip t h1 p h tide line.

BIOGENIC STRUCTURES bird tracks and human foot prints

BIOTA birds and

COMMENTS Beach contains abundant rock boulders and

cobbles Xv’ith the same composition as those f ound off

shore. Rocks are well rounded and tend to be harder

to break than those found offshore This could reflect

the fa c t t‘ h a t o n 1 '/ t ’n e hardest roc ks are transported

to t h e 1> e a c h with.out being broken up .
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BIOTA OF THE STUDY AREA

The following is a detailed Key to the biota found

to live in, on, and around the ocean bottom in the study

area. Most of the specimens presented were listed in a

report by A. S. Pearse and L. G. Williams (1951). Species

identified by the author are marked by a symbol, tlie
remainder of the species were presented in the Pearse and

Williams report.

PORI FERA

Demospongla

S p o n g i a ^ r_c m i n e a Hyatt *
Phyllospongia lanu ga de Laubenfels

Ircinia f a s cic u1a t a ( P a 1las) *

ÇJ' s p .

H a p 1 o c e r_i ira
Ha lie Iona (Topsent)

1

Haliclona oculata (Linne)

Pocc i l:.oa cj.c^r ina
M1c r o cio n a prolifera (Ellis and

T h a 1y se u r y pon c a r t erj (Topsent)
Thai y'seurypon ? (Topsent )
My^rmeki od er ma s_p .

Solander)

11 a 1 i c h o n d r i n a

H_PS.iki iia^i a coral 1 o i d c s Higgin

Phake i 3 ia f o 1 iurn S r hmid t
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Homaxiiiclla p_p .

Pseud axin cl ia sp.

Hymen c i d on h e 1 i o p h 11 a (Parker)

Ciocalapata s p .

Hadromerlna

Pseudosuberltes in e 1 a n o s de Lanbenfels.

Cliona caribboea Carter

Ep i pola_s_i d a

Dorypleres sj)^.

Choris^id a

My r ia s t r a fiJ^Pi^sa (Schmidt)
G e o dia gibberosa Lamarck

C r a nie11a c rania (Mueller)

Cionchyra cavernosa (Lamarck)

Calcispongíae

Lu c e 11 a floridana (Haeckel)

COELENTERATA

Hy d r o Z o a *

Sertularia

S e r t U1 a r 1 a

gracilis Hincks *

cónica Allman *

Monostaechas g u a d rid e n s McCrady"

Cl_ytia i ohns ton i (Aider)
Eud end r i uni ea_r n_eujn Clarke
A g 1 a o p h e m. i a X ^ Allman

An t h *

A -^tp^ a n g i_a a s t r a e iJ o t in 1 s L e 1 d y

C y c 1 i a t a 1 e u c_o e n_a (Agassiz)



]. e P t o f; o r o n i a v Í r g ii 1 a t a (Lamarck)

Gorgonla bipinnata (Verrill)

A

1 1 7

PLATYHELMINTH ES

P o1ycladid a *
C o r o n a d e n a mutabllis (Verrill) *

He t er onemerra

Mic r u r a 1eid yi (Verrill)

H o p 1 o a em er t c n

0er st edia dorsalis (Abildgaard)

Amp hip oru s ocbraceas (Verrill)

Amphiporus sp.

Pronear or cs malr 1 ocvilarus Monrg ornery

BRYOZOA

Cyclostomata

C r1sia e ba rne^ (L.)
C risia elongata Milne-Edwards

C r i s a 1 i ]) o r a oriental is Cana and Bass 1er'

C t en o s t oma ra

Ama^hia vldovici (Heller)
Am a t b. i a convoluta .Lamouroux

S a n d a n^l a s i b o g a e ( H a r m e r )

C]eilos r oma t a *

Ac tea a^n g a in a ( L . )
Membr ai^ip ora j:_eria 1 ^ Desor
Canop cum cmm_e_nsjpl_e Kirkpatrick and Me t z 1 a a r



Crass imar gia t e 11 a 1 eucocynha ,Marca

Thalaniopor el la go t: h ica var . f 1 or i d an

C a g 1 i b u J^a s jo.

C r1b r11in a punctata (Hassall)
H j. p p o t ¡1 h y a 1 i n a ( L . )

Schizoporella un ic or n_i s (Johnston)
la f1oridana 0s burn

M1 c r o p o r e 11 a dilata (Pallas)

Hippororina contracta (Walters)
S m111in a t ris nin o s a var. spathulata

Ad eona violácea (Johnston)

ANNELIDA

P o 1 y n o i d ¿I e

Harmotboe acu1eata Andrews

Lepidonotus variabi1is Webster

Lepidonotus sublaevis ^Verrill

Chry s optelidae

Bhawanta g o o d ei Webster'

P h y 11 o d c c id e

Nereip h y 11a f r a g111s (Webster)

Syllidae

T r y p a n o s y 1 zebra 0 r u b e

Sy 11 ^ sj).

N h r c i d a e

P1 a t y n e r e i s duiker i 1 i i (And ou in. and M

ÇLirb » n i^r e_i s t r i d en t a^t a (Webster)
Jlloiietds ü Eh 1 ers

. 0 s b u r n

( S m i 11 )

. Edwards)
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Eunlcid a e

Eu 11J c e r ii br a G ruh e

JElu^ice lajBen_tosa ,Grube
Marphysa sanguínea (Montagu)

I.y sid ice nine 11 a Audouin and M. Edwards

Lu m b r i n e r 1 d a e

Lumbrin e ris

Lumbrin eris

J atrellli .Audouin and M.

inf lata Moore'

Edwards

Dorvil leid ;^e

Doryi11e a s o ciabi1is (Webster)

i n i i d a e

Maj neris laevigata (Crube)

Clrratulidae

Cir r if orrnia

Capitellidae

Dasybranchus lumbr i c. o i d e s (Grube)

M a 1 d a n 1 d a e

Euclyinene sp .

Sabellariidae *

Sabellaria floridensis Hartman *

Terebellidae ^

Amp hi t_rdes br uneo - c. omata E h 1 e r s

Sabe]1 id a e *

S a b e 1 Ijd m e 1 a n o s 11 gm a ( S c h m a r d a ) *

S a b e 11 a m 1 c r o n h t b a 1 m a V e r r i 1 1

ÍÍ R 1 ^ 1P b 1 f fc r a ( E h 1 e r s )



120

Serpiilidac *

Eu P orna tus cl i a n t. h u s ( V e r r i .11 )
Ve r m i liop s i s anuu lata ( S c htnar d a ) A

Sa 1 rnac 1 na dys teri Huxley

Splrorbis sjr.

H i r u d 1 n e a

Pontobdella macrothela Schmarda

n c u 11 d a

S ipil o nos orna cumancnse (Keferstein)

ECHINODERMATA

Asteroidca *

Luidla altérnala (S a y)

Thyras ter serpentarius (Muller and Troschel)
As t erias f o r b e s i ( D e s o r)

Echinas ter spinulosus 'Verrill]*

Ophiuro idea

Amph iopho lis gr aci11ima (Stimpson)

Oph i_ú_t 5 an gu la t a ( S a y )
Opih ionerels reticulata (Say)

Ophiopholis aculeata (Llnneaus)*
E c h i n o i d e a *

Arbacia punctulata (Lamarck) *

Ly t fíchinus varlegat u^ (Lamarck) *

Clypeaster p_rostratus Ravene 1 '
M e11it a q uinqulesperforata (L e s k e)

H o 1 o t h u r o i d e 3 *

C u_c u nm r^i_a pul c h e r r i ma (Ayers) *
Tbyone briareus (LeSueur)



MOLLUSCA

PeJ.ecypoda *

Nucu1a próxima Say

Area umbonata Lamark *

Area reticulata Grelin *

Ptêr ia coJ_y^_b 11 o(i i ng

Os t r ea p er mo 1 lis Say jV

Anomia onsIowensis Richard *

Vo1sella americana Leach

Lit h o p h a g a bisulcata Oribigny *

G i~ e g a r i ella c oral. 1 io p h^ g^a G m e 1 i n

Lyonsia beana Oribigny

Chama macerophylla Gmelin A

Taras semiaspara Philippi
Chione grus Holmes *

Rupellaria typica Jones

Rup ellaria cuneiformis Spengler

Cumingia tellinoidc. s Conrad

Saxicava rugosa Linné' *

Amphineura *

Acanthochitona spiculosa Reeve *

Gas tropoda *

D1 o d o r a cay enen sis Lamarck sv

Callios toma eugly p t um Adams
Turbo castaneus Gmelin *

C r e p1d u1a a c u1e a t a Gmelin

Crepldula t o rnic a t a Linne'*
Cr e p Î d u 2_a plana Say
Vermicu 1 ar ia sp ir a ta IMiillppi *
H i p p o n y X ^p .

Simnia u n i p 1 i c a t a Sever by *

Pseudoneptunes muIangv^ata Philipp
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U r o s a 1P1n X ciñere u s (Say)
F ava r tia c e11u1 o s a (Conrad)

A II a c h i s a^v a r_a ( S a. y )
AE ^ t inc tus (Conrad)
N a s ^ ^ y ) *

P h_o^ s £ .

F a s ci01a ria dIs tan s (Lamarck) *

Fasciola r_^a gig £r t_e_a ( K1. e n e r )
Margine! 1_a nivosa (Hinds)
Pleuroploca gigantea (Kiener) *

C e £ ha 1 ç£_odjî
Octopus S^£. *

Loligo P ea1ei (L e S u e u r)

ARTHROPODA

Pycnogonida

An O P10 d a c t y 1 us 1 § n_t i£S (Wilson) *

Crustacea

C ir r ip c d i a

Cal anus eLurneus (Gould)

Balanu s amphitrite niveus* (Darwin) on crab:

Lena e odis eu s porcellanae (Muller)

Sacculina hirsuta (Boschma) on crab:

Zi.-* uni nu s d a s y P O d U s (Kingsley)

I s O P O d a

C i r o 1 a n a (Karger)

Sph_aeroma g u a d r 1 d e. n t a t u it (Say)
Par ac_e r_c_e^s c aii_d£_t£ (Say)
Zli A °J} i- ^ (L a 11 e nu a t a ( H a r g e r )
ZE-PJî' l'i' pr ne ( P e a r s e )
D j P 10 P h r y r u s synalphei (Pearse)



Amp h i [^q Ci ci

Lys íííjqqpsalba Ho 1 mea

^_peljqsc_a sche ] 1 en bc r g i Shoemaker
Amp e 1 .i s c_a sp . , 3 .

Leueqt_h(Abildg. )
Ç_? ^ I’ll} § 111 a G r u b e

S t e n t b; o e s .

Bat e a c. a t h nr i n e n s i s Muller

E1a smopus s p.

Ela smopus r apa x Costa

í^e 1^ fres n£ ]_il (Audonin)
Mac r a sj).

Mac r a 1 n a e cj u i p e s (Costa)

I, em bos smithi (Holmes)

?ho tIs pugnator Shoemaker

Eury s theu s maculatus (Johnston)

Eury s t h e u s erythropiTthalmus (Latreili. e)

Synamphithoe pelágica (M.-Edw.)

C_e_r a pus t i^b u 1 a r i s S a y

Er i c Iqt hp)_n i u s brésiliens i s Dana
C o r o p hiu ra simile Shoemaker

U_n cío2_a 1 aminos a P c a r s e

Caprelia acutitrons Latreille

Decapoda

Natantia

Pen e_i-_d_e_a
Sic y o ni a 1 a e vigata S tim p s o n

C r angón form o s u_s ( G i b b e s )
C r a r. g o n jqq rjiqi nn i (Kingsley)
Syn a_lp h eus í _£j_t_z nnpl_ijí_r_^ Coutiere

^]j>ho_uq5 frit z.r.u 11 er i ej^£iijpa t u_s Coutiere
_S_ii n a ^p_h_c u s IjjpÍlíi'i? (Herrick)

íLlr ' 'Jl” iíl ( E a y )
Syna_Tj>'ncus t_qwn^qen i Cou tier e
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C a r i d e a

Lpa f P I ( S t im])son)
Thor Floridanus Kingsley

Replant la

A n o m u r a

Petrolis t h e s ga 1a t hin u s (Bose)
Porcellana s o r1 a t a Say

Periclimenes 1o n gic a u d a tus (Stimpson)
P e r i c 1 i m e n e s sp .

P e r i c 11 in e n a c u s sp^.

Processa sp.

Paguris t es torgugae .Schmitt,

P a g u r u s near bonairensis Schmitt

Pagurus s p.

Paguridae sp.

_B r ^c hpprp
Spe 1,oeophÜru3 nodosus (Bell)
P o r t u n u s ppyi (Gibbes)
Ca11in ec tes sa pid u s Rathburn

Callinectes sp.

Lep t odius agassizii Milne-Edw.

Pilumnus dasypodus Kingsley

Piiumnu s f1o rid a n u s Stimpson

P11 u m nus p a n n o s 11 s R a t h b u n

P11 u m. nus s ay i ’ R a t h b u n

M e t o p o r ha phis calcarata (S a y)
Podochela ripsei Stimpson

i e 11 u s d^i lptp_t u_s Milne-Edw.
Epiai tus s£. near s u 1 cir o s t ris Stimpson
Ejjp?Ji t_u s pp . near m in imu_s I. o c k i n g t o n

Pelia mut ica Gibbes



(Mi thracn lus ) f or ceps (Milne-Edv/.
Mi t h r a x ( i! ij:ji rax ) p 1 e u t- a cant hu s S t i m p s o n

i ^ o P h r y s a n t i 11 o r. s J^s R a t li b u ii

St oma L ojToda
G o n a d a c t y .1 u s oe. r s t e d i H a a s e n

CHORDATA

Tdj n i_c ata

Ama r QUO- i urn st^^lj^tu_m V err ill *
Tr id emmim s avip,ni i (Herdman)
Didemnum canididum 1 iitarum Van Name

(Polysyt^Gtaton) ame t hes t urn (Van
Eudistonia carolinense Van Name

Endis t oma capsulatum (Van Name)
Eudis t oma hepa ticum (Van Name)

Clave 1 i n a pj. (Verrlll)
Cl^aVc 1 ina p ic t a Ver r i 11
E c t ein a s cidia turbina ta (Herdman)

A s e i d 1 a i. n t e r r u p t a Heller,

Symplegma viride Herdman

Polyandrocarpa .Eusynstylea. tin c t a Van

S t y e1a partita (Stimpson)

St_ye_la j^l 1 cata (LeSueur) *

^i.§ t P d 1 £ bermud ejj s_^s Van Name

M-dI£ ^ ‘-ISL'-A AA? T r a u s t e d t
M o 1 g u 1 a in a n h a 11 e n a i s (De Kay)

P i s c e s

^e^a c li_i_l
Car cTia r i a s t a u r u s Rafineaque

■Sphy rna idJpiTo (L.)

M a e

Name



s j^Vi y TMi a aJi •

jJ} ^ g 1 a n r. e r i a L a r e p e d c

D a s y n tis americana Hildebrand and Schroeder

^íit^a birostris (Wa lb a-a vu)

Teleostomi

Ga 1 e i a. b 1, h y s ]l\J:bej'tl (Cuvier and Valiencennes

L_e P t O c e P h a J u s c on g e r . L .

Brevoortia t y r a n n u s (Latrobe)
S y n O d U s f a e t e n s ( L . )

S tn Jaj r^ mar inns ( W a 1 b a u m )
Mugi1 c e P h a 1u s (L.)
Mu g 1 1 c u r e in a Cuvier and Valiencennes

Scomber scombrus (L.)

Auxl s t h_a ;; a r d ^Lacepede
Scomberomorus ma eu la t u s (Mit c hi11)

Gymnosarda al.leterata (Rafinesque)
Sarda ^ar^a Bloch,
P e c a P-» r e r u^ puncta t_u^ 'Agassiz)
C a r a n X h i p p o s ( L . )

Gara nx c rj>^^s ( M11 c h i 11 )
y^mer; s e t a p i n n i s (Mitchill)
yrj3 c_h_i_n_o tus car clin us ( L . )
Serióla dumer111 (Ris s o)

Serióla z o n a t a (Mitchill)

Roma t omu s saltatrlx (L.)

G o^r y p b a e n a h i n p u r u s ( 1.. )
P lyi o n q t_us t r i c. a n t h u s (Peck)
C e. n t y o p r i s t e s striatus ( L . )
Lutianus b 1 a c k f o r di Coode and Bean

0 r t h o pj: i s t i s £ h r y s o pt_e rj_i s ( L . )
Haemu ion parra (Desalares t )
lia em u loji s c 1 u r u s ( S h a w )
Haeinulon macrostomum Gunther



s t.j; n O t omi^s aca t; ii_s u v i e r and Va 1 i en c enn e s

L a_g O J1 ; oj^ o e r, ( L . )
Ar c ho sar p,t! s prona t o c. e p h a 1 u s (VJalbaum)

A r c ho s a_r unim a a a l a t ij^s (Bloch)
D i P I o d 11 s h o 1 b r o o i (Bean)
C y n o s c 1 o n is (Block and Schneider)
S c i a e n o P s o c e 11 a t u s ( L . )

I^iostomus xanthnrus bacepede,
Mic r o P o g o n undulatus (L.)
Menticirrhus saxatilis (Bloch and Schneider)

Progonias cr o m_i s ( L . )
Taut oga onitis (L.)
Ba 1 i s c a r o 1 i n e n s i s (Gmelin)

Spher o i d e s ¡naculatus (Bloch and Schneider)
La g oc eph a 1U s 1 a e vig a t u s (L.)

Stéphanelepis hispidus (L.)
Prionotus Carolinas (L.)

ÎÎ.ILSanus j^a_u (L . )
Gobie s ox strumosus Cope

Hy P s ob3 e n niu s h en t z (LeSueur)
ÇL’^sjnod_e_s bosquianus (Lacepede)
Faralichthys 1e tho s t Lgmu s Jordan and Gilbert

A c h i r u s f a s c i a t u s Lac sped e.

Stymphrus plagiasa (L.)

Mamma1ia

Tursiops truncatus (Montague)

Delphin u s d eIphis (L.)



ALGAE

S Cl! I. Z OP HY TA

Hormogo n a 1es

Calothrix confervoco 1 vi (Born)

CHLOROPHYTA

U1o t ric ha 1es

E n t o c 1 a d i a v i r 1 d 1 a
_ R e 1 n k e

_U 1 la 1 en s C r o u a n,

C^ji do p h o rales
Chaetomorp 1 ijî brachygona H a r v

Chaetomorpha linun (Mull)

Cladophora delicatula (Mont)

Cladophora pellucida (Hu d s)

S i p h o n a 1 e s

Avrainv111es m a z ei Murray and Boddie.

Caulerpa p r ol1f era ,For s sk
Codiu-n'i d ec.or t ic a tym Howe *

S^i_p_^onoc 1 a d 1 a 1 e s

Val.onia utricularls Roth

PHAEOPHYTA

ta't'pales

Ectocarpue 1 ach i_s tJi}i_s Heydr
Ec t PC ar pust h_e 1_1 ac Ha rv

E c t_o_c_^r p u ^ termínalas K u t z <

3. t hode r ma f a t iscens Kuckuck Zonar ia t o ur_p e f or 11 i *
S ph a c e 1 a r L'lJ:, e s

Sphacelarla fnrcigera ,Kutz

Sphacelariz tribuloldes Menegh


