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ABSTRACT

Four o0il and gas lease blocks in the Georgia Embayment were
surveyed with a precision depth recorder, side scan sonar, and
subbottom profiler for the purpose of identifying and mapping areas
of hard bottom. The primary objective of this study was to deter-
mine the efficacy with which standard geophysical equipment and
techniques could identify and map hard bottom areas. In additiom,
the hard bottom substrate and associated fauna were identified and
described from dredge samples and color photographs.

Inspection of geophysically mapped hard bottom areas with an
underwater television camera system showed that, through the con-
servative interpretation of side scan sonar signatures and identifi-
cation of areas of apparent outcropping of subbottom reflectors or
acoustically impenetrable layers by a subbottom profiler, hard
bottom areas can be geophysically mapped most successfully.
However, the visual inspection was necessary to delineate the
discontinuous nature of the emergent hard bottom areas and the
types of biological assemblages associated with the mapped areas.

A thin veneer of sand that was very difficult to identify from
geophysical data and appeared to frequently determine the com-
position and quantity of the fauna was often observed overlaying
the geophysically defined hard bottom.

Bathymetry was gemerally not adequate for the determination of
hard bottom areas except in the cases of the ridges and scarps, a
few locations near the shelf-break, and where a depression was
associated with a hard bottom area covered with a thin veneer of sand.

Petrographic analyses of 43 rock samples dredged from the hard
bottom areas showed that the hard bottom was principally a Recent to
Subrecent biostromal reef. Six lithologic types (sandstone, -bio-
micrite, sandy biomicrite, biosparite, biolithite, and algal bio-
lithite) were identified from the dredge samples with no sign-
ificant variations in their distribution recorded between the four
lease blocks.

Four hundred and ninety-nine taxa including 33 fish species
were identified from 68 biological dredge samples collected
in hard bottom areas. The hard bottom associated fauna was pri-
marily composed of representatives from the following major taxa:
Chlorophyta (green algae), Phaeophyta (brown algae), Rhodophyta
(red algae), Porifera (sponges), Cnidaria (hydroids, corals, sea
anemones, sea feathers, and fans), and Ascidiacea (sea squirts).

A number of species of polychaetes, mollusks, crustaceans and ech-
inoderms were also believed to be directly associated with the hard
bottom. Faunal assemblages that were identified appeared to be
directly correlated with substrate type while water depth seemed to
be the second major factor influencing the abundance and distri-
bution of the observed and collected species.




I. INTRODUCTION

OBJECTIVES

0il and gas lease tracts are routinely surveyed prior to drill-
ing activities for shallow geologic hazards that include sediment
instability, faulting, and shallow gas. These multi-sensor high-
resolution engineering surveys are generally performed with a pre-
cision depth recorder, side scan sonar, subbottom profiler, and
other geophysical equipment including sparkers, boomers, or air guns.
The geologic hazards survey records from tracts leased in the Georgia
Bight are to be interpreted for the presence of hard (live or hard)
bottom areas within 1,820 meters of any proposed oil and gas ex-
ploration or production site (USDI, 1978a,b). These live bottom
areas have been defined as '"those areas which contain biological
assemblages consisting of such sessile invertebrates as sea fans,
sea whips, hydroids, anemones, ascidians, sponges, bryozoans, or
corals living upon and attached to naturally occurring hard or
rocky formations with rough, broken, or smooth topography, or whose
lithotype favors the accumulation of turtles, fishes, and other
fauna" (USDI, 1978a). These areas have been considered to be suffi-
ciently unique and sensitive to require protection from the possible
deleterious effects of oil and gas drilling operations. They there-
fore require identification and characterization prior to drilling
activities so that measures may be taken to protect the areas if it
is determined that they might be adversely impacted by the proposed
activities.

The first known reference to live bottom areas in a scientific
publication was made by Struhsaker (1969). He defined the live-
bottom habitat as small areas of broken relief in water depths of 18

. to 55 meters with a rich assemblage of sessile invertebrate fauna

s

and fishes. This definition is similar to the expanded definition
cited in the previous paragraph. In this report the term hard bot-
tom will be used rather than the somewhat ambiguous term live bottom.
Hard bottom may either outcrop on the seafloor or be covered by a
veneer of sand of variable thickness. Rocky outcrops are probably
always covered with epifauna and have an associated fish population
(1ive bottoms) though the quantity and quality may be quite variable.
The hard bottoms that are covered by a veneer of sand may also sup-
port a variable biomass and number of species depending on the thick-
ness of the sand layer. If the sand layer is too thick the area
would not support an attached epifauna (barren sandy bottom), but

if the layer is thin, a relatively large number of attached biota
and fish may »De present (live sandy bottom). The geologic hazards
survey records can in reality only be interpreted for hard bottom
(either live or barren) with visual or other types of inspectiomns

to be made for the determination of whether the hard bottom areas
contain faunal assemblages (either live or barren) and the quantity
and quality of the assemblages.

The primary objective of this study was to determine if the geo-
logic hazards survey records to be collected in the Georgia Bight
will be adequate for defining the locations of hard bottom. This
was accomplished by assessing the efficacy with which hard bottom




B.

/

areas in four oil and gas lease tracts located in the Georgia Bight
could be identified and mapped utilizing common geophysical equip-
ment and techniques. The study involved the delineation and mapping
of hard bottom areas based on side scan somnar, subbottom profiler,
and precision fathometer records followed by a television inspection
of the mapped areas. : .

The secondary objectives of the study were to characterize the
substrate comprising the hard bottom through petrographic analyses
and to identify the hard bottom associated epifauna and demersal.
fishes. Color photographs were taken and dredge samples collected
from the hard bottom areas for this purpose.

DESCRIPTION OF SURVEY AREA

Figure 1 shows the oil and gas lease tracts located on the South
Atlantic Outer Continental Shelf in the Southeast Georgia Embayment
that were offered for lease by the U.S. Department of the Interior,
Bureau of Land Management during Outer Continental Shelf Sale Num-
ber 43. The tracts are located approximately 48 to 120 kilometers
(26 to 65 nautical miles) offshore from South Carolina, Georgia
and north Florida in water depths ranging from approximately 13 to
165 meters. The figure also shows the tracts that were subsequently
leased for exploration, development, and production of potential oil
and gas resources. Three of the four tracts selected by the Bureau
of Land Management for this study were located in the James Island
Area (Blocks 198, 380 and 463) and were not leased while the single
tract in the Brunswick Area (Block 912) was leased to Getty 0il
Company.

The Georgia Bight, a marine extension of the Southeast Georgia
Embayment, is bounded to the north by Cape Fear, North Carolina
(Cape Fear Arch) and to the south by Cape Canaveral, Florida (part
of the Florida Peninsular Arch) and lies between the Coastal Plain
to the west and the Florida-Hatteras Slope to the east. The cont-
inental shelf break in the Gerogia Bight is often indistinct, but
is considered to be between a depth of 50 and 80 meters (Henry and
Hoyt, 1968; Macintyre and Milliman, 1970; Uchupi, 1967a). The near-
shore waters of the Georgia Bight are greatly influenced by cont-
inental drainage (Atkinson et al., 1978) while the offshore waters
are dominated by Gulf Stream intrusions and upwellings of cold
nutrient-rich waters (0'Malley et al., 1978). The general circu~
lation, though seasonal variations exist, consists of the offshore
water moving to the north (Gulf Stream), the nearshore water moving
south, and a cross-shelf movement of surface and bottom waters
(Bumpus, 1973). The bottom topography of the area is generally
smooth with the occurrence of only occasional inner, middle and
outer shelf rock outcrops. The surficial sediment in the nearshore
zone is mainly composed of fine to medium grain size sands of
Holocene age while the middle and outer shelf sediments consist of
medium to coarse grain size Pleistocene sand deposits with a higher
carbonate content than the nearshore allochthonous sands (Gorsline,
1963; Henry and Hoyt, 1968; Milliman et al., 1968, 1972; Pilkey,
1964; Pilkey and Frankenberg, 1964; Pilkey et al., 1969) .

The abundance and distribution of the pelagic biota in the
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Georgia Bight is primarily water mass dependent. Recognizably
different plankton populations occur in the nearshore and shelf-
edge zones and contrasting demersal fish assemblages are present

in the nearshore, mid-shelf and outer shelf areas (Roberts, 1974;
Struhsaker, 1969). Variations in the benthic soft bottom biota

also appear to be more depth than latitudinal realted within the
Georgia Bight as immer, middle and outer shelf assemblages have

been described (Coull, 1978; George and Staiger, 1978; Tenore, 1978).
Seasonal ranges in water temperature and perhaps differences in food
resources are principal reasons for the relationship with depth
rather than any variations in the generally homogeneous substrate.
Temporal variations in the spatial distribution of the biota may
also be associated with the change in hydrography of the area due -
to Gulf Stream eddies and meanders and changing freshwater inflows.

PREVIOUS HARD BOTTOM INVESTIGATIONS

1. TOPOGRAPHICAL, GEOLOGICAL AND GEOPHYSICAL DATA

There are a number of reports of hard bottoms, live bottoms,
patch reefs, black rocks, fishing banks, snapper banks, limestone
reefs, and algal reefs occurring on the continental shelf between
Cape Hatteras, North Carolina and Cape Canaveral, Florida (USDI,
1978¢c), but very few of the investigations have included sufficient
sampling to characterize the areas which will be termed hard bottoms
in this report. The hard bottoms have been described in terms of
inner, middle and outer banks (USDI, 1978¢c), a geographic categori-
zation that will be followed herein. If sufficient information was
provided on the location of the hard bottom areas imn the reviewed
literature then the positions are shown in Figure 2.

a) Inner Shelf Locations - -

The nearshore hard bottoms as shown in Figure 2 are reported to
1ie between Jacksonville, Florida and Charleston, South Carolina in
water depths of approximately 15 to 25 meters (USDI, 1978¢c). In a
study involving an inner shelf hard bottom area, Hunt (1974) in-
vestigated an area of approximately 41 square kilometers in about 20
meters of water located 33 kilometers (18 nautical miles) east of
Sapelo Island, Georgia. The study site was previously known as
"Sapelo Reef', but was re-named "Gray's Reef" by Hunt. The site
was studied using a recording fathometer, side scan sonar, subbottom
profiler, and underwater television. Samples were collected with
dredges and additional samples were collected and observations made
during eleven SCUBA dives. The exposed reef areas were described as
an interfingering series of northeast-southwest trending ridges and
troughs. The rock outcrops, which did not exceed 6.6 meters in re-
lief, had a discontinuous distribution and sand ranging in thickness
from a few to 30 or more centimeters covered some of the low relief
rock areas. The rock was a moderately to strongly dolomitized, sandy
biomicrite and was stratigraphically and 1ithologically similar to
coastal Duplin Marl of Pliocene (?) age.

Milliman et al. (1968) based on quartzose and coquina~-lithic
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fragments collected in sediment samples and other previously re-
ported data believed that Raleigh (North Carolina), Omslow (North
Carolina) and Long (North Carolina and South Carolina) Bays have one
or more semi-continuous bands of coquina limestone Pleistocene out-
crops in less than 15 meters of water. Pearse and Williams (1951)
collected samples by diving on shallow hard bottom areas (4 to 17
meters) less than 10 nautical miles offshore of New River Inlet
(Onslow Bay), North Carolina and Little River (Long Bay), South
Carolina. The investigated hard bottom areas (''Black Rocks') were
composed of a base of Trent Marl with Vermicularia spirata (gas-
tropod) and tubiculous polychaetes forming a reefal cap. :
Powles and Barans (manuscript) discussed a hard bottom area in
16 to 24 meters of water off Charlestom, South Carolina. The bottom
was described as generally being flat sand underlain at varying depths
by rock which occasionally protruded as rocky patches or low ledges
of up to 30 centimeters relief. The rock was a tightly cemented
limestone conglomerate of carbonate shell and quartz-sand material.
Additional references to hard bottom areas in the nearshore
zone have been made by (1) Henry and Hoyt (1968) who described
lithified to semi-consolidated rocks in 18 meters of water off
Georgia ("Gray's Reef'"?); (2) McCloskey (1970) who mentioned that .
conglomerate rock ("coquina") was located in 10 to 18 meters of §
| water off Cape Lookout, North Carolina; (3) Mixon and Pilkey (1976) .
who reported Pleistocene outcroppings in Onslow Bay, North Carolina;
(4) Schneider (1976) who mentioned an outcrop of rock with 5 meters
of relief off Cape Lookout, North Carolina in 23 meters of water; (5)
Huntsman and McIntyre (1971) who reported the locations of major
coral patches in 19 to 40 meters of water in Onslow Bay, North
Carolina; and (6) Thompson et al. (1978) who described a well defined
system of rocky ledges lying in 20 to 30 meters of water off the east
coast of central Florida.

b) Middle Shelf Locations

The middle shelf hard bottom areas as shown in Figure 2 are
thought to extend from Jacksonville, Florida into Onslow Bay, North
Carolina in depths of 30 to 40 meters (USDI, 1978c). Avent et al.
(1977) mentioned rock outcrops with up to 7 meters of relief in 45
to 55 meters of water off the central east coast of Florida. Mill-
iman et al. (1968) described a major outcrop area of phosphatic
limestone which they believed extended from off Cape Fear to Cape
Lookout (Onslow Bay), North Carolina based on lithoclasts from
sediment samples. Macintyre and Pilkey (1969) described rocks
dredged from the area as being calcareous quartz sandstone. Mixon
and Piley (1976) have reported that the sediment cover over con-
solidated Miocene sediments in Raleigh (North Carolina) and Long
(South Carolina) Bays is relatively thick with few outcrops occurring
in contrast to Onslow Bay. Cleary and Pilkey (1968) presented a
partial compilation of outcrops in Onslow Bay between depths of 20
and 40 meters, and Roberts and Pierce (1967) assigned the outcrops
to the Miocene Yorktown Formation. George and Staiger (1978) stated
that hard bottom areas were present off Charleston, South Carolina
in 27 meters (Station 2D) and 37 meters (Station 2E) of water




and possibly off Jacksonville, Florida in 26 meters of water (Station
' 6C) based on biota collected in trawls.

. Henry and Giles (1978a) examined side scan sonar records, 3.5
kHz seismic profile .records, and vibracore logs collected in the
Georgia Bight by the U.S. Geological Survey in water depths ranging
from 20 meters to beyond the shelf break and described the occurrence
of reefs and hard grounds based on the records with-particular em-
phasis placed on the potential oil and gas lease areas. They des-
cribed and mapped three general hard bottom morphotypes based on
interpretations of sonograms and seismic records as well as pre-
viously collected television observations. The morphotypes were
(1) low-relief hardgrounds, (2) moderate-relief reefs,-and (3)
shelf-edge reefs. The low-relief hardgrounds were described as
having less than 0.5 meters of relief which made them susceptible
to covering by a thin veneer of sand. They were generally undetect-
able on fathometer records and were often difficult to identify
from sonograms alone, but when sonograms and 3.5 kHz profiles were
examined together the hardgrounds were more discermable.

Features with relief between one-half and two meters or more
were termed moderate-relief reefs. They too were said to be
difficult to identify on fathometer records alone though they were
more easily recognized on sonograms when used in conjunction with
3.5 kHz profiles than the low relief features. The shelf edge
reefs were normally identifiable on fathometer, side scan and sub-
bottom records. They reported that the density of hard bottom
areas appeared to be the lowest off the central coast of Georgia as
compared to northern Florida and South Carolina.

Powles and Barans (manuscript) described a hard bottom area
in 29 to 32 meters of water off Charleston, South Carolina. The
substrate was composed of sand with rock patches and low relief
ledges protruding through the sand. The sampled rock was a lime-
stone conglomerate of carbonate shell and quartz sand.

Henry and Giles (1978b) have run survey lines through the
majority of the leased o0il and gas tracts using a side scan sonar,
subbottom profiler, and television camera to more fully document
the extent of the hard bottom within the leased tracts. Submer-
sible observations were also made in certain areas.

Parker (manuscript) used a television camera to view 128
randomly selected stations in water depths ranging from 27 to 183
meters between Cape Hatteras, North Carolina and Cape Canaveral,
Florida. Live bottom (hard bottom) based on the observations was
estimated to comprise 23.3 percent of the shelf while live bottom
with more than one meter of relief was estimated to cover approx—
imately 7.4 percent of the shelf which was in the range (3 to 10
percent) of other estimates mentioned in the paper.

The occurrence of the discontinuous inner and middle shelf
hard bottoms appears to be primarily related to acoustically re-
flective hard layer(s) which outcrop in erosional or non-deposit-
ional areas (Henry and Giles, 1978). A greater thickness of sur-
ficial sediments probably covers the inner shelf layer, which may
be similar in size and lithology to the "Grav's Reef' substrate,
resulting in a smaller amount of hard bottom than that in middle
shelf areas.




c) Outer Shelf Locations

The outer shelf banks or reefs as shown in Figure 2 are a dis-
continuous series of ridges and ledges in 50 to 80 meters of water
that parallel the shelf break and are found from Cape Hatteras,
North Carolina to Cape Canaveral, Florida (USDI, 1978c).

Shelf-edge promininces which vary in morphology, organic com—
position, distance from shore, and water depth are also found from
Cape Canaveral to Key West, Florida in depths from 70 to 110 meters
(Avent et al., 1977; Macintyre and Milliman, 19703 Uchupi, 1966,
1969). The shelf-edge features in the Gulf of Mexico have also been
described by Bright et al. (1976, 1978a,b), Edwards (1971), Ludwick
and Walton (1957), Parker and Curray (1956), Poag and Sweet (1972),
Uchupi (1967b), and Uchupi and Emery (1968).

Moe (1963) provided a very general description of shelf-edge
reefs from Cape Canaveral to the Florida-Georgia border. Pilkey
and Giles (1965) located several shelf-edge (rock?) ledges with
reliefs of 5 to 10 meters off Georgia. Menzies et al. (1966)
described a discontinuous algal reef approximately 150 kilometers
(80 nautical miles) in length that was located in 80 to 110 meters
of water and parallel to though slightly seaward of the shelf break
off North Carolina. Two distinct types of rock were dredged from
the reef: (1) algal rock that included "lithothamnion balls"
(coralline algal nodules formed principally by Lithothammium) and
consisted of a framework of calcareous algae and lesser amounts
of bryozoans and worm tubes, and (2) coquina rock.

Uchupi and Tagg (1966) described a series of terraces at
various depths on the shelf between Cape Lookout, North Carolina
and Miami, Florida. The terraces, which showed little correlation
to the shelf edge, were the result of lowered stands of sea level.
Zarudski and Uchupi (1968) in the bathymetric surveys of the shelf
edge from Cape Hatteras, North Carolina to Miami, Florida, found a
discontinuous series of low relief (less than 10 meters) ridges,
perhaps of algal origin. Henry and Hoyt (1968), in 50 to 70 meters
of water with the aid of a television, observed lithified to semi-
consolidated rocks up to one meter in diameter and encrusted with
calcareous growth and partially covered by sand-size material. Rona
(1969) using a seismic reflection profiling source described four
ridges with relief of up to 10 meters and intervening sediment filled
troughs on the outer continental shelf off Cape Hatteras, North
Carolina with the seaward ridge being the one described by Menzies
et al. (1966).

Macintyre and Milliman (1970) conducted a topographic and lith-
clogic examination of physiographic features that occurred near the
shelf break between Cape Hatteras, North Carolina and Fort Lauder-
dale, Florida. They described troughs, terraces, and poorly de-
fined ridges parallel to the shelf break (50 to 80 meters) at depths
of 50 to 150 meters between Cape Hatteras and Cape Fear, North
Carolina. The locations are not shown in Figure 2 because of the
large number of transects and the lack of precise position informa-
tion. However, the outer banks shown in Figure 2 indicate the app-
roximate positions of the features described by Macintyre and Mill-
iman (1970). Samples indicated that the rock dredged from the




features was composed of highly bored, irregular fragments of algal

¢/ limestone and sandstome. The shelf-edge topography from Cape Fear,

" North Carolina to Cape Canaveral, Florida was described as mainly
smooth and undulating with a.generally indistinct shelf break.
Ledges with 6 to 10 meters of relief and rises with less than 5 meters
.were occasionally noted at depths of 50 to 70 meters while terraces
were seen in 70 to 110 meters of water. Dredge samples indieated
that the veneer of the rock outcrops along the shelf break were com-—
posed of algal limestome, quartz-rich calcarenite, and calcareous
quartz sandstone. South of Cape Canaveral the shelf break was re-
ported to be significantly shallower with ridges and ledges continu-
ing.

The shelf-edge features between Cape Hatteras, North Carolina and

Cape Canaveral, Florida appear to be primarily algal ridges that were
formed by relict calcareous sources deposited during lower stands of
sea level and mainly during the Holocene transgression (Menzies et
al., 1966; Rona, 1969; Zarudski and Uchupi, 1968) . Macintyre and
Milliman (1970) believed that the corralline algal limestones and

/ calcareous sandstones which they dredged from certain shelf-edge

{ features generally formed a veneer over buried pre-Holocene Gulf
Stream erosional surfaces. They further suggested that the fea-
tures were not the result of unique constructional processes but
were present primarily because they existed in areas of low de-
position and were therefore not buried under recent sediments. The
structure of many shelf-edge features in southern Florida and the
Gulf of Mexico also seems to be related to the Holocene trans-
gression (Bright and Rezek, 1976; Ludwick and Walton, 1957; Mac-
intyre and Milliman, 1970). However, other shelf-edge banks in the
Gulf of Mexico have resulted from vertical salt intrusions (Bright
and Rezak, 1976). »

2. BIOLOGY

a) Benthic Invertebrates

i) Inner Shelf Locations - Pearse and Williams (1951) des-~
cribed the flora and fauna collected from a hard bottom area
("Black Rocks') in 4 to 7 meters of water and less than 18.5 kilo~
meters (10 nautical miles) off New River Inlet, North Carolina and
Little River, South Carolina. Over four hundred faunal species
were recorded from the hard bottom of which 74 percent were des-
cribed as southern ranging species as opposed to North and South or
North ranging only. The taxa which showed the most predominant south-
ern affinities were sponges, ascidians, bryozoans, decapods, poly-
chaetes, mollusks, amphipods, and echinoderms.

McCloskey (1970) discussed the faunal community associated with
the coral Oculina arbuscula, which is only known from Cape Hatteras,
North Carolina to Charleston, South Carolina in depths of 3 to 25
meters according to McCloskey. Coral heads were collected from three
jetty areas (Cape Lookout, Beaufort, and Charleston) and from water
depths of 10 to 18 meters off Cape Lookout, North Carolina. Telesto
fruticulosa, Titanideum frauenfeldii (octocorals), and Trachygellius
cinachyra (sponge) were also found off Cape Lookout.
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Hunt (1974) reported that soft corals, sponges, ascidians, bry-
ozoans, barmacles, and algae were the predominant epifauna on
"Gray's .Reef" located in 20 meters of water off Sapelo Island,
Georgia. Two species of ascidians (Clavelina picta and Amaroucium
steZZatum), five species of sponges (Cinachyra cavermosa, Speci-
ospongia vesparia, Homazinella rosacea, Ireinia campana, and I.
fasciculata) ; and six species of anthozoans (Titanideum frauenfeldii,.
Leptogorgia setacea, L. hebes, and Telesto spp. (3)) were. idemtified.
Areas of abundant growth were said to be associated with exposed rock,
moderate growth with rock thinly covered by sand, and sparse growth
with rock covered by up to 30 centimeters of sand. Gray (un—
published) collected a number of dredge samples from "Gray's Reef”,
but most of the on-board identifications were never confirmed nor
were exact station positions provided.

ii) Middle Shelf Locations - On the rock outcrops of Onslow
Bay (Milliman et al., 1968) in 20 to 40 meters of water there exist
two species of hermatypic corals (Solenastrea hyades and Siderastrea
siderea). Specimens of Solenastrea hyades were reported to be quite
healthy despite exposure to water temperatures as low as 10.6°C and
probable high turbidity while specimens of Siderastrea siderea were
generally in poor condition (Macintyre and Pilkey, 1969; Macintyre,
1970) . Four species of hermatypic corals have also been reported
from Onslow Bay and include Astrangia astreiformis, Ballanophyllia
floridana, Oculina arbuscula, and Phyllangia americana (Macintyre
and Pilkey, 1969; Macintyre, 1970). Huntsman and Macintyre (1971)
reported that coral heads, sea fans, algae, and sponges character-
ized the "coral patches'.

Schneider (1976) described the benthic flora collected from hard
bottom areas of the middle and outer continental shelf principally
off Onslow Bay, North Carolina though collections were also made
from the shelf between Cape Hatteras, North Carolina and Cape Romain,
South Carolina. He identified 150 species and varieties which in-
cluded 104 species of Rhodophyta (red algae) though coralline algae
were not identified. The majority of the algae was believed to
have centers of distribution for the western Atlantic in the Carib-
bean Sea. Sixty-six percent of the offshore species were said to
reach their northern limit of distribution in Onslow Bay and 33
percent were said to be found both north and south.

George and Staiger (1978) mentioned that 60 species of inverte-
brates were collected with an otter trawl from two hard bottom areas
off Charleston, South Carolina in 27 and 37 meters of water. Al-
though soft corals, sponges, and ascidians were mentioned in addition
to Oculina. sp. no species list was available at the time of this
writing.

Powles and Barans (manuscript) described three hard bottom areas
in 16 to 24, 29 to 32 and 32 to 37 meters of water off Charlestonm,
South Carolina. Attached epifauna were observed in the two shallower
areas (no visual observations were made in the third area) even when
up to eight centimeters of sand covered an underlying rock layer.

The epifaunal assemblage in the observed areas was reported to be
dominated by sponges and soft corals with algae and hard corals
occasionally present. Five species of sponges (dxinella polycapella,
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Ircinia campanea, I. strobilina, Spheciospongia vesparia, and
Verongia fistularis), .three octocorals (IZtanideum sp., Leptogorgia
sp., Muricea pendula), and two- scleractinian corals (Solenastrea
hyades(?) and Oculina varicosa) were identified from the two
shallower areas.

iii)  Outer Shelf Locations - Menzies et al. (1966)
collected approximately 170 species of invertebrates (107 species
identified) with a small biological trawl in the vicinity of the
previously described "algal reef" which is located in 80 to 110
meters of water off Onslow Bay, North Carolina. Three trawl
stations were located on the reef, one shoreward of the reef, and
one seaward of the reef. Seventy-six percent of the identified
fauna were collected from the reef stations with mollusks (45
species) and anthropods (34 species) numerically dominating the
samples. Ninety-one percent of the identified taxa were considered
to have northern ranges.

Cain (1972) identified 92 species from three statioms on the
same ''algal reef" that Menzies et al. (1966) described. Thirty-
seven of the species were not previously known from the reef.

Although Avent et al. (1977) investigated an area slightly
south of Cape Canaveral, the described fauna probably extend
farther north as Macintyre and Milliman (1970) mentioned that the
coral Oculina was present on shelf-edge features off north Florida.
Avent et al. (1977) described the shelf-edge fauna off Sebastian
and St. Lucie Inlets, Florida as being a coral (Cculina varicosa) -
bivalve (Barbatia candida) - echinoderm (Ophiothriz angulata)
assemblage. Eight taxa of anthozoans, 32 of decapods, 8 of echino-
derms, 16 of (living) mollusks, and 26 of bryozoans were identified
from dredge samples.

iv) Zoogeography - Johnson (1934) recognized four marine
provinces along the Atlantic Coast of North America: (1) Arctic,
(2) Boreal (Nova Scotia to Cape Cod, Massachusetts), (3) Trans-
atlantic (Cape Cod to Cape Canaveral, Florida), and (4) Caribbean
(Cape Canaveral and South). The Transatlantic was later divided into
two provinces called the Virginia (Cape Cod to Cape Hatteras, North
Carolina) and Carolinian (Cape Hatteras to Cape Canaveral) by Bumpus
and Pierce (1955), and Hedgpeth (1953) extended the Carolinian
Province into the northern Gulf of Mexico (Tampa Bay, Florida to
Brownsville, Texas).

The Carolinian Province has been shown to be bounded to the
north (Cape Hatteras) and south (Cape Canaveral or Palm Beach,
Florida) by temperature discontinuities (Bumpus and Pierce, 1955;
Ekman, 1953; Hall, 1964; Hutchins, 1947).

Cerame~-Vivas and Gray (1966) on the basis of 211 species of
primarily soft-bottom benthic invertebrates collected from 18 to 183
meters of water off North Carolina divided the fauna into three
species assemblages that corresponded to three biogeographic
provinces. North of Cape Hatteras was the Virginian Province, south
of Cape Hatteras on the middle and inner shelf was the dominant
Carolinian Province, while the outer shelf was described as the
Tropical Province. A slight seasonal shift in the location of the
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boundaries between the provinces was noted. Cape Hatteras was pro-
posed as a barrier due.to the Gulf Stream bending away from the shelf.
Larval distribution and temperature were postulated as -the primary
factors governing the faunal distribution patterns. Day et al. (1971)
studied the soft-bottom infauna at a series of .ten statioms occupied
seasonally on a transect extending from the littoral zome to a depth
" of 200 meters off Cape Lookout, North Carolina. They were not able
to distinguish Carolinian and Caribbean faunal provinces perhaps
because they considered only infaunal species whereas Cerame- Vivas
and Gray (1966) studied both epifaunal and infaunal species.

Cutler (1975) later suggested that a zoogeographical barrier
caused by the effect of water currents on larval distribution existed
on the continental slope southeast of Cape Lookout, North Carolina.

Many of the previous studies involving the hard bottom asso-
ciated invertebrates have reported that the majority of the epi-
fauna is derived from more tropical waters (Pearse and Williams,
1951; Menzies et al., 1966; Schneider, 1976). It has been sug-—
gested that the tropical species are introduced by the northern
flowing Gulf Stream. Although it appears that a large percent of
tropical species can survive as far north and inshore as Onslow Bay,
North Carolina with the spatial extent of the assemblages dependent
on the availability of a hard substrate, the reproduction of the
various tropical species at the northern edge of their range has
not been investigated. Thus, the soft bottom shelf fauna from
Cape Hatteras to Cape Canaveral appears to be mainly Carolinian
while the hard bottom fauna is primarily Tropical.

b) Demersal Fish

Struhsaker (1969) reported the results of a five year study of
demersal fish resources on the southeastern United States conti-
nental shelf between Cape Hatteras, North Carolina and Jupiter,
Florida in which 956 exploratory trawling stations were occupied
between depths of 11 and 183 meters. The continental shelf was
divided into five regions based on the results of the study:

(1) coastal (15 to 18 meters), (2) open shelf (18 to 55 meters),

(3) live-bottom, (4) shelf-edge (55 to 110 meters), and (5) lower-
shelf (110 to 183 meters). The live-bottom habitat, which was said
to consist of outcrops of rock that were heavily encrusted with such
sessile invertebrates as sponges and sea fans was found within the
open—-shelf habitat and seemed to be more nmumerous off northeast
Florida and South Carolina. Moderate to large catches of snappers
(Zutjanus and Rhomboplites), groupers (Epinephelus and Mycteroperca),
and porgies (Calamus and Pagrus), as well as other subtropical and
tropical species of fish, were taken from the live-bottom habitat.
The shelf-edge habitat, though sometimes difficult to trawl because
of the relief, was found to contain coral, sponge, and other pre-
dominately tropical invertebrate animals in addition to large con-—
centrations of snappers, groupers, and porgies in certain localities.
The trawl catches in the open-shelf zone were gemerally pooT with
the live-bottom and shelf-edge habitats being far more productive.

Huntsman and Macintyre (1971) listed approximately 25 species
of "tropical" fishes (see Table 1) that were either collected or
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Table 1. Fishes commonly associated with hard bottom habitat areas
of the continental shelf of the southeastern United States
(After Barans and Burrell, 1976; Huntsman and Macintyre, 1971).

1 2
Taxa B+ 3B H+ M
Abudefduf saxatilis - sergeant major X
Alutera scripta - scrawled filefish X
Calamus leucosteus -~ whitebone porgy X

Calamis penna - sheephead porgy
Caranx latus - horse-eye jack
Caranx ruber - bar jack
Centropristis striata - black sea bass X
Chaetodipterus faber - atlantic spadefish
Chaetodon ocellatus - spotfin butterflyfish
Chaetodon sedentarius - reef butterflyfish
Chaetodon sp. — butterflyfish X
Chromis enchrysura - yellowtail reeffish X
Doratonotus megalepsis - dwarf wrasse X
Epinephelus drummondhayil - snowy grouper X
Epinephelus niveatus - gag X
Equetus acuminatus - - cubbyu

Equetus lanceolatus=jackknife fish
Eupomacentrus leucostictus - beaugregory
Haemulon aurolineatum - tomtate

Haemulon plumieri - white grunt
Holocanthus ciliaris - queen angelfish
Holocanthus bermudensis - blue angelfish
Holocentrus bullisi - deepwater squirrelfish X
Hypoplectrus unicolor - butter hamlet
Lachnolaimus maximus - hogfish
Lagodon rhonboides - pinfish X
Lutjanus campechanus - red snapper
Mycteroperca microlepsis - gag
Mycteroperca phenax - scamp

Pagrus sedecim — red porgy X
Rhomboplites aurorubens = vermilion snapper
Seriola dumerili - greater amberjack
Sphyraena barracuda - great barracuda
Thallassoma bifasciatum - bluehead
Xyrichthys psittacus - pearly razorfish
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sighted by other investigators in the vicinity of hard bottoms
("coral patches") or wrecks in Onslow Bay, North Carolina.

Barans and Burrell (1976).described the results from 380
trawl stations located between Cape Fear, North Carolina and Cape
Canaveral, Florida in water depths of 10 to 366 meters. The demersal
fish assemblage associated with hard bottoms as based on trawls is
shown in Table 1. The catch of these species was very limited com-
pared to the total catch due to the discontinuous distribution of
the hard bottom (live bottom) that was reported to be primarily
within the 10 to 55 meter depth range. The authors also believed
that the hard bottom habitats offered the greatest probability of
supporting commercially exploitable groundfish stocks in the area

surveyed.
Hunt (1974) included a list of fish species commonly seen in
the vicinity of "Gray's Reef". In addition to a number of pelagic

species, the black sea bass (Centropristis striata), black grouper
(Mycteroperca bonaci), red snapper (Iutjanus campecharus), and
porgy (Calamus sp.) were reported.

Huntsman (1976) and Huntsman and Dixon (1975) discussed a re-
creational fishery consisting of approximately 30 headboats that
utilized the hard bottom areas off North and South Carolina and
caught red porgy (Pagrus sedecim), black sea bass (Centropristis
striata), vermillion snapper (Rhombop lites aurorubens), white
grunt (Haemulon plumieri), and various groupers (Epinephelus and
Mycteroperca) . The boats fished both inshore hard bottom areas (27
to 46 meters) and the shelf-edge (46 to 73 meters) .

‘Ulrich et al. (1976) provided preliminary biological and eco-
comic information on the hard bottom associated demersal species
being caught by commercial roller-rigged trawls and hook-and-line
fishermen off South Carolina and adjacent states. Average catch
per vessel per day for the trawling operatiomn, which was operating
as a demonstration project, was approximately 4,600 kilograms of
snapper, grouper, porgy, and sea bass. The average catch of hook-
and-line vessels was 1,580 kilograms, mainly of grouper.

Powles and Barans (manuscript) evaluated trapping, trawling
(two types of trawls), and underwater television as methods for
monitoring the relative abundance of groundfish species of near-
shore hard bottom (sponge-coral habitat) areas. The results in-
dicated that future assessment and monitoring of hard bottom areas
could best be accomplished through ten-minute trawl tows and short
(< 6 hour) duration exposure (sets) of baited traps placed on the
bottom after recomnaissance with a vertically directed television
camera.
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II. SURVEY EQUIPMENT AND METHODOLOGY

FIELD

1. EQUIPMENT SPECIFICATIONS

Detailed equipment specifications are provided in Appendix
A for each of the major items of equipment utilized during the
field survey conducted during the period of September 9 to October
5, 1978.

2. NAVIGATION

The navigation and positioning services were provided by
Decca Survey Systems, Inc. using two range-range Decca Hi-Fix
Chains. A Pawleys Island - Seabrook Island, South Carolina Chain
was used for navigation of the vessel, M/V PROFILER, in the James
Island Area, and a Fernandina Beach, Florida - Seabrook Island
Chain was used for navigation in the Brunswick Area. The shore
based antenna stations were established by standard land survey
techniques. The Hi-Fix System is capable of providing position
to a repeatable accuracy of t 15 meters under optimal signal
conditions, but during periods of signal interference (darkness and
electrical storms) repeatable accuracy on the order of * 35
meters may be a more realistic estimate.

Calibration of the Hi-Fix System was performed using a Decca
Trisponder, a line-of-sight micorwave positioning system. Lane
counts were acquired, checked, and re-acquired at fixed buoys and
tracked on an analog recorder. A closed traverse was made both
to and from the survey area and from and to the area's navigational
reference buoy once lane counts were acquired to further ensure
proper maintenance of the correct lane count needed for documented
positional accuracy. The Hi-Fix System was interfaced with a
Decca Autocarta which utilized a mini-computer, a key-board/
printer with dual magnetic cassette tapes, and a x-y plotter for
use in real-time shipborad plotting. The Autocarta also provided
course corrections to the helmsman via a left/right and distance-
to~line indicator. «

Figure 3 shows the geophysical and bathymetric survey grid
used for each of the four surveyed oil and gas lease blocks (tracts)
with east-west lines spaced at 150 meter intervals and north-south
tie lines at 1,000 meter intervals. During surveying, fixes of the
ship's position were recorded at 150 meter intervals on both north-
south and east-west lines with automatic event marks on the depth
recorder, side scan sonar, and subbottom profiler records triggered
simultaneously by the navigator. The distances the side scan sonar
and subbottom profiler sensors were located behind the onboard
Hi~Fix antenna were noted on the applicable record labels. The dis-
tance from the stern of the vessel to the positioning system antenna
was 21 meters.

During the television/still camera transects navigational fixes
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were recorded at one minute intervals while the following positions
were recorded during dredge sampling: (1) on station, (2) dredge
in water, (3) dredge on bottom, (4) beginmning of tow, (5) end of
tow, and (6) dredge out of water/on deck.

Benchmarks made of 55 gallon drums filled with concrete were
placed near the center of each tract and the precise location
established with Decca Hi-Fix.

3. BATHYMETRY

A Raytheon DE-731 Recording Fathometer and a Raytheon Model
7210, 40 kHz Hull Mounted Transducer with a beam width of 17 x 25
degrees at -3 db were used for the recording of the majority of the
bathymetric data in the four blocks surveyed. A Ross Laboratories
Model 5600 Fine Line Recorder, Model 4400 Transceiver, and 100 kHz,
7.5 degree circular beam pattern, hull mounted transducer was run
simultaneously with the Raytheon prior to the beginning and end of
each survey line and in water depths exceeding approximately 50
meters in James Island Area Block 380 in order to allow for calibra-—
tion of the Raytheon with the more accurate Ross System. Due to an
unexpected interference ("cross-talk') between the operating
frequency of the Ross System and the side scan sonar, which re-
sulted in extensive interference on the side scan sonar records, the
Ross System could only be operated, without interfering with the
sonograms, in water depths exceeding 90 meters. At these depths the
side scan sonar transducer was towed a significant distance be-
hind the stern of the vessel eliminating the interference. The
velocity of sound used for both instruments was 1,463 meters
per second. A lead line check with the Ross System resulted in a
variance of 1.40 meters in 33 meters of water with the Ross System
recording the shallower value.

4., SIDE SCAN SONAR AND SUBBOTTCM PROFILER

An Edo Western Model 606 Dual Side Scan Sonar System that
included a Model 606-602 Tow Body and Tow Cable was used in con-
junction with an Edo Western Model 515 Acoustic Subbottom Profiling
System that consisted of a Model 515 T Towed Body Transducer and
ten kilowatt transceiver to map hard bottom areas in the four
surveyed lease blocks. An Edo Western Model 606 Recorder which
included receivers and time varied gain cdrcuits was used to record
both subbottom profiler and side scan sonar traces side-by-side in
phase, and on a single electrostatic dry paper record. Represen-—
tative examples of subbottom profiler and side scan sonar records
along with their interpretations are included in the geological
and geophysical observations for each block. The subbottom pro-
filer was operated at a frequency of 7.0 kHz which reduced penetra-
tion but allowed for greater resolution of the upper sediment
horizons while the side scan sonar functioned at an operating
frequency of 100 kHz with a pulse duration of 0.1 milliseconds. The
subbottom sensor was towed approximately 4.5 meters behind the stern
of the ship at a depth of three meters. The side scan sonar trans-
ducer was also towed from the stern, but at distances varying from
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10 to 428 meters in order to keep the transducer approximately
twenty to twenty-five meters above the bottom regardless of depth.
The side scan sonar examined a maximum slant distance (distance
from side scan transducer to the target) of 200 meters from both
sides of the transducer thereby covering a path 400 meters wide.

The onboard geophysicist interpreted the side scan sonar and
subbottom profiler records and prepared a working chart of possible
hard bottom areas in each block on navigation post plot maps pro-
duced by the Autocarta. The maps were used to decide which areas
were to be observed with the television and still camera.

5. TELEVISION AND STILL CAMERAS

Remote, real-time video footage of the bottom and associated
fauna was recorded using a Hydro Products Model TC-125 Underwater
Television Camera, Moder RP-3 Pan and Tilt Unit, Model LT-7 Thallium
Iodide Light with a 250 watt thallium idodide lamp, Model SC-303
Television System Control Unit, Elgar Model 121 Power Source
(Frequency Stabilizer), and Sony Model AV-3650 Videocorder. The
camera employed a £/1.4 lens and all operating functions of the
camera were automatic with the exception of the lens foeusing
which was remotely controlled by a focus control switch. The
Control Unit contained the television camera power supply,
television monitor, and the lamp power supply in addition to all
required operating controls. In addition the video data, audio
data including position fixes were placed on Sony High Density
one-half inch, sixty-minute videotapes.,

Further verification of the substrate and associated fauna
was made through still camera photography using a Benthos Model
372 Deep Sea Standard Camera with data chamber, a Model 382 Deep
Sea Standard Flash, and Ektachrome ASA 200 35mm color slide film,.
On each slide, in a data insert, the day, hour, minute, and second
that the photograph was taken and two digit identifying number that
corresponded to the last two digits of the surveyed block were re-
corded through the use of the data chamber.

The still camera and strobe were mounted along with the tele-
vision camera and light on the pan and tilt unit which was bolted
to a Continental Shelf Associates' tow sled. The television and
still camera system was towed with a wire~out-to-water-depth ratio
of approximately 1.5:1 at speeds of one to two knots over the
majority of the suspected hard bottom areas as well as the soft
bottom areas that were present in between the hard bottom patches,
This resulted in not only an inspection of the hard bottom areas
identified by geophysical data, but also a visual check of the
areas that were believed to be soft bottom. The pan and tilt
unit was used when visibility was adequate to inspect a wider area
and the tow speed was sufficiently slow to observe and photograph
objects of interest that were not in the immediate path of the sled.
The still camera shutter was surface activated following the obser-
vation of a suitable subject on the television monitor. The image
recorded on the film was the same as that seen on the screen of the
television monitor at the time of the shutter activation.
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6. BIOLOGICAL AND ROCK DREDGES

A Kahlsico Triangular Steel Dredge (No. 215WA150) was used to
collect biological samples. The rigid steel frame had perforated
steel plates (one-half inch mesh) welded on three sides and the
bottom. Each side of the dredge measured 60 by 120 centimeters and
the height was 86 centimeters.

A Benthos Model 1491 Rock Dredge was used to collect rock
samples. The dredge weighed 170 kilograms and had a mouth opening
of 41 by 99 centimeters with a 1.2 meter long chain bag.

The positions of the dredge stations were chosen by noting
the locations of hard bottom areas during the television and still
camera surveys. An attempt was made to collect dredge samples
from each of the hard bottom areas observed in a block. A wire-
out-to~water-depth ratio of 2.5:1 was normally used., After the
first few dredges which were used to establish the quantity of
sample collected, an effort was made to tow the dredge approximately
100 meters. Unfortunately, the dredge sometimes hung on the rough
bottom preventing a completed tow of 100 meters and occasionally
a loss of the sample occurred. Fortunately, no gear loss occurred
due to the use of a weak link system with the dredges.

Biological specimens were immediately rough sorted from the
sometimes large amounts of sand, shell, and rubble collected in the
biological dredge. Biological specimens were placed in rigid
plastic containers with identifying labels and preserved in either
10 percent buffered formalin or 70 percent ethyl alcohol depend-
ing upon the taxa collected.

All apparent lithic material from either rock or biological
dredges was sorted, preserved in buffered formalin, and packaged in
similar containers.

LABORATORY

1. NAVIGATION

The shotpoint locations, which represent the survey vessel
antenna positions at the time of the fixes, were plotted at a scale
of 1:10,000 (1 centimeter = 100 meters) and presented as Navigation
Base Maps for the four survey blocks. These final navigational
maps were used to plot locations of all bathymetric and geophysical
survey data following corrections for instrument location relative
to the navigational antenna. The locations of the television/still
camera transects and locations of the dredge tows were plotted on
additional maps utilizing the recorded navigational fix points. No
correction was made for the cameras' location relative to the
navigational antenna because of the insignificant setback (less
than 75 meters maximum) associated with the towing operation.

‘A1l Cartesian position information was referenced to the
Universal Transverse Mercator Grid, Zome 17, utilizing the Clark
(1866) spheriod. All geopraphic positions referenced are given
in the North American Datum of 1927 using the same spheriod.
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2. BATHYMETRIC DATA

The bathymetric records from both the Raytheon and Ross
Systems were used in the construction of a. bathymetrie chart for
each of the four surveyed blocks. Water depths were scaled from the
records using a seawater sound velocity of 1,463 meters per second
which is the rate used by the National Ocean Survey (USDC, 1976).

A correction for variation in tidal height was made by using the
predicted tides for Folly Island (outer coast) for the James
Island Area and St. Simomns Light for the Brunswick Area (USDC, 1977).
Pearson (1975) was also consulted for tidal information before mak-
ing the corrections. Records were obtained for surface water temp-—
eratures recorded by the National Oceanic and Atmospheric Admin-
istration Data Buoy (Number 40004) which was located in the James
Island Area during the time of this survey. In addition, the
Miami Satellite Field Services Station of the National Environmental
Satellite Services provided analyses of the Gulf Stream position in
the survey area during the period of the field effort. Due to a
weak thermal gradient and extensive atmospheric moisture during the
survey period (Baig, 1978) the analyses were incomplete though
it appeared the Gulf Stream generally remained slightly offshore
of the survey area. Therefore, no corrections were made to the
speed of sound data based on the position of the Gulf Stream. A
transducer correction of +3.53 meters was applied to all soundings.
The correction resulted from a positive 2.13 meters correction
for the transducer depth (vessel draft) and a positive 1.40 meter
correction for the Ross System to lead line check. An additional
correction was made so that the Raytheon fathometer records would
agree with Ross depth checks made at the beginning and end of each
line. The correction was generally small, but they did vary from
line to line.

The side scan records used to extrapolate between the bathy-
metric survey lines and bathymetric charts of each survey area
were drawn with depth comtour intervals of one meter, except in
the case of James Island Area Block 380 where a two meter contour
interval was used at depths in excess of 60 meters to avoid con-~
fusion caused by merging contour lines. All depths were refer-
enced to mean low water which was established by applying the
data from the tide tables.

3. GEOPHYSICAL DATA

The geophysical data were interpreted and mapped in terms of
surficial geology and shallow subsurface information, which in-
cluded the depth of sediments above strong reflectors (isopachs)
and anomalous events within shallow sedimentary sections. The dis-
tribution of hard bottom areas was described using both the side
scan sonar and subbottom profiler records.

4. TELEVISION AND STILL CAMERA OBSERVATIONS

Television videotapes were examined and the substrate types
identified. In most cases, organisms could not be specifically
identified from the videotapes though a general descriptiom of
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the amount of biomass present in certain areas was made.

A1l still camera slide film was developed and left in its
original roll form (not mounted). Film was viewed using a Dukane
Model 27A25 Microreader with a 36 centimeter screen. - The data
inserts on each frame were compared with shipboard logs for time
recorded at each navigation shotpoint for positive position corr-
elation of photographs with navigation fix numbers. Observations
regarding substrate type (sand, shell, rock) and abundance of
dominant epibenthic organisms and demersal.fishes were made along
each transect and for each navigational fix. The television
and still camera data involving type of substrate and biotic
assemblages are depicted on the maps of the lease blocks showing the
hard bottom areas identified from the geophysical records.

5. PETROGRAPHIC ANALYSES OF DREDGE SAMPLES

Representative pieces of the samples from each station where
such material was collected were washed, dried, and examined
under a binocular microscope. All samples were then fragmented and
Recent (geologic age) encrusting organisms seperated from the
substrate material. Fresh unweathered, and where possible, well
indurated pieces were selected from each sample and thin-sectioned
using standard procedures. Friable specimens required vacuum im-
pregnation with plastic but were otherwise treated in the same way.
Under a petrographic microscope using both ordinary and cross pol-
arized light, all thin-sectioned samples were examined, classified,
and described. A selection of samples that was representative of
all major lithologies present in the samples was dissolved in
dilute HC1l, washed, and dried. The proportion of non-carbonate
material was determined and an examination of the loose sand grains
was made for heavy minerals and resistate minerals. The surface
textures of the quartz grains were also observed and noted.

6. BIOLOGICAL SAMPLES

All biological samlpes were sorted to major taxa, placed in
70 percent ethyl alcohol if they were not originally preserved in
it, and identified to the lowest possible taxonomic level in the
time frame allowed by the comtract. A voucher collection composed
of each taxon identified was prepared and deposited in Continental
Shelf Associates' laboratory. The discontinuous nature of the
visually observed hard bottom and associated fauna as well as
difficulties encountered in enumerating individuals of certain
major taxa because of fragmentation and colonialism prevented the
data from being expressed in a quantitative or even semi-quant-
itative manner. Due to the qualitative nature of the data no
measures of community structure such as diversity or evenness in-
dices were calculated nor were correlations of the faunal dis-
tributions with abiotic parameters attempted. Station and species
associations were examined using the Jaccard and Czekanowski
similarity coefficients with flexible sorting and normal (Q-mode
classification with species as attributes) and inverse (R-mode with
stations as attributes) cluster analyses (Clifford and Stephenson,
1975).
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The data were treated in a binary fashion (presence/absence)
because of their qualitative nature. A number of similarity co-
efficients is available for analyses of biological field data in-
volving collections of Species, but the Jaccard and Czekanowski
similarity coefficients appear to be the best suited to the binary
data generated from this study (Clifford and Stephenson, 1975).
When comparing the Presence/absence of a Species (attribute)
between two stations (entities) there are only four possible
results: (a) the species is present at both stations, (b) the
Species is absent at both stations, (c) the species is present at
Station One but not Station Two, and (d) the species is present
at Station Two but not Station One. Both the Jaccard and Czekan~-
owski coefficients ignore "d" (the Previously mentioned possible
result) and calculate a similarity coefficient based on the
following equations:

Jaccard Czekanowski
a 2A
a+b+¢ 2A + b + ¢

These two similarity coefficients, as with other similarity
coefficients, are constrained between 0, when entities have no
attributes in common, and 1, when entities are identical.

Flexible sorting is a hierarchial fusion Strategy that clusters
Oor groups the similarity coefficient values into discrete groups.
In this study the coefficient values were sorted inp a dissimilarity

and emphasizes weak boundaries. It becomes more difficult to join
elements to the groups as they increase in size, producing dis-
crete groups with a minimym of misclassification (Clifford and
Stephenson, 1975).

The computer procedure, which was accomplished on Texas A § M
University's Amdahl 470 V-6 Computer, involved the construction of
a two dimensional matrix of R rows (species) and C columns (stations)
from the data for normal analysis. A value of one was assigned for
the presence of a Species at a station and zero for absence. The
similarity coefficients were computed among stations, sorted
(flexible) and clustered in a dissimilarity matrix, and the results
displayed in a dendrogram. For inverse analysis the stations were
located in R rows and the species in ¢ columns and the above pro-
cedure duplicated with the similarity values computed among species.

Numerical classification or cluster analysis, which is
a multivariate analytical technique, encompasses a wide variety
of techniqueg for ordering entities into groups on the basis of
a4 certain set of criteria, Numerical classificatory techniques,
such as the one outlined in the proceeding paragraphs, have
two major advantages over Subjective classifications: (1) a much
larger data set can be analyzed by a computer than a human, and (2)
the methods since they are not subjective can be repeated by any
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other investigator.

The final result of the previously described procedures, that
were used in the numerical classification, was a dendrogram which
displayed the grouping of entities (stations or species depending
on whether the analysis was normal or inverse) that were based on
the matrix resulting from the similarity coefficients. The dendro-
grams were interpreted with the aid of a two-way coincidence table
that was computer constructed by rearranging the stations and
species in the order in which they were grouped in the dendrograms.
A problem with interpretating the dendrograms is the determination
of what level of dissimilarity should be used to define the oper-
ational groups within the hierarchy. The groups were selected in
this report by studying the dendrogram in consultation with the
two-way table. Problems of misclassification of entities were
also examined using the two-way table. Particular attention was
payed to the cells within the two-way table where groups of species
and stations coincided.




III. RESULTS

All original bathymetric and geophysical records, television
videotapes, and .still camera color slides accompany this final
report to the Bureau of Land Management New Orlans Outer Contin-
ental Shelf Office, New Orleans, Louisiana. Although a complete
listing of the deliverables, as well as information and instruc-
tions for relating each item to a geographic position, is given
in "Instructions for Use of Original Data and Oversize Visuals"

a summary of the deliverables is presented in Table 2. The tele~-
vision images both observed on the onboard monitor and recorded
during the surveys were of less than exceptional quality due to
natural turbidity, lack of ambient light as operations were often
conducted at night, and a malfunction of the camera's light meter
causing a closing-down of the iris beyond the position required
for the light conditions encountered.

- The following desk-top size visuals (six copies) for each
of the four surveyed blocks also accompany this report to the
Bureau of Land Management.

. Bathymetric and Geophysical Navigation Map
(Navigation Base Map)

. Video and Dredge Navigation Map
. Bathymetric Map
. Surficial Geology Based on Geophysical Data

. Shallow Isopach and Related Subbottom Anomalies (James
(Island Area Block 198 and Brunswick Area Block 912 Only)

. Hard Bottom Areas Based on Geophysical Data and Visual
Observations

. Benthic Biological Assemblages Visually Observed

JAMES ISLAND AREA, BLOCK 198

1. HARD BOTTOM IDENTIFICATION AND MAPPING

a) Navigation

Figure 4 shows the bathymetric and geophysical navigation
base map of James Island Area Block 198 with latitude and longi-
tude, UTM grid coordinates in feet, and the lease block boundar-
ies indicated. The 31 east-west bathymetric and geophysical
lines are comsecutively numbered north to south as are the 35 east-
west numbered, 150 meter spaced, shot points. The five north-
south tie lines are spaced at intervals of 1,000 meters and the
35 north-south numbered shot points are 150 meters apart. Approxi-

B
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mately 183 kilometers (99 nautical miles) of bathymetric and
geophysical data were obtained in the survey of the block.

Figure 5 shows the locations of the 436 one-minute interval
position fixes recorded during the towing of the television/
still camera sled over suspected emergent hard botiom areas.
Breaks or gaps in the survey line are due to recovery of the sled
because of mechanical or electrical problems with the television/
still camera system and re-deployment at new locations (Fixes
74-75, 235-242), and problems with the recording of the position
on the Autocarta at the time of the fix (Fixes 133-137). The
locations of the dredge tows are also plotted with the beginning
and end of the lines corresponding to the first (on station) and
last (dredge out of water) fixes recorded during a dredge tow.

Appendix B lists the observed coordinates, UTM grid coordin-
ates, and latitude and longitude for the benchmark location, de-
ployment and retrieval position fixes of the television/still
camera system along the survey line, and the position fixes at
the starts and ends of the dredge tows.

b) Bathymetry

Figure 6 shows that the seafloor within James Island Area,
Block 198 is relatively flat with only a one to two meter vari-
ation in the depth of water. A narrow rise was recorded in the
northwest corner of the block; and in the westernmost quarter of
the block four high closures with 32 meter contours were mapped.
The term high closure is used to denote a high or mounded area
on the seafloor encircled by a closed contour at the selected
contour interval. A very small, low closed area at the inter-
section of Lines 1 and 123 was also recorded in the western
most quarter of the block with three other low closed areas en-
countered in the rest of the block.

The side scan sonar record of Line 105R (re-run) showed an
indication of the low area central to Shotpoint 22 on Line 106
and seen in Figure 6. Line 1 showed a low area south of Shot-
point 25 while records from Lines 124 and 125 gave an indication
of two high areas near Shotpoint 30 in the western quarter of
the block. Between Shotpoints 10 and 11 on Lines 108, 109 and
110 a shallow channel was indicated on the sonar records and on
Line 116 between Shotpoints 8 and 9 there was an apparent low
area. (The latter two features are shown in Figure 8 as side
scan sonar anomalies.)

¢) Geological and Geophysical Observations

i) Side Scan and Subbottom Data - Figure 7 shows the
resutts of the onboard interpretation of the side scan sonar and
subbottom profiler records from James Island Area, Block 198. The
map was prepared so that visual observations would be conducted in
areas of suspected emergent hard bottom. The laboratory inter-
pretation of the geophysical data is presented in Figures 8 and
9. Figure 8 shows the surficial geology in terms of the distribu~
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tion of hard bottom areas and sediments, as determined by subtle
changes in the side scan sonar records and indications of an
outcrop of a subbottom reflector in the subbottom profiler
records. Figure 9 presents the shallow sub-surface information
which includes an isopach of the sediments above a strong reflector
and anomalous events within the shallow sedimentary section. Dif-
ferences in the boundaries of the mapped areas between Figure 7

and Figures 8 and 9 are a reflection of the limited time and poor
conditions available onboard the survey vessel for the interpre-
tation of the geophysical records.

The most outstanding hard bottom area within James Island
Area, Block 198 occurs in the northeast quadrant where an irregu-
lar topography exists. The area is composed of platforms flanked
by acoustically hard ridges and Figure 10 shows an example of
this irregular topography. Letters have been superimposed on the
side scan and subbottom records in order to mark identical fea-
tures of interest. In general the ridges are short and irregular
with relief of usually less than one meter. Side scan records
showed a "rough'" or "rocky" texture scattered throughout the
area but mainly corresponding to the tops of platforms and along
ridges. After viewing the television videotapes, which showed
very little rock exposed on the surface, the signature on the
side scan was attributed to various benthic organisms such as
sponges and soft corals that were observed protruding through the
sediment cover. The macroepibenthic organisms, although too
small to be detected individually, as a whole caused stronger
acoustic reflections than those generated by the actual seafloor
which resulted in a characteristic signature.

In the northeast corner of the block a high amplitude sub-
bottom reflector also crops out on the seafloor as shown in Figure
9. A thin layer of sediment, probably a few centimeters thick,
was observed overlying much of the area on the television video~
tapes. The mapped hard bottom area is diagrammatic in the semnse
that sediment does exist throughout the area but the numerous
patches of hard bottom make the area unique. The area of out-
crop encompasses more than just the hard bottom area and out-
crops do not always indicate emergent hard bottom. This is
related to the nature of the surface as outcropping materials
are not always hard. Emergent hard bottom is also not always
associated with an outcrop of the subbottom reflector. The
remaining hard bottom areas throughout the block are associated
with platforms or lens type structures on the seafloor. These
features exhibit an acoustically hard and sometimes wholly im-
penetrable surface. They may often be attributed to isolated
patches of sedimentary material not necessarily associated with
an outcropping strata. Many of these lenses have a steep westerly
dipping slope giving an overall asymmetric profile as shown in
Figures 11 and 12,

Figure 11 depicts a portion of a northeast-southwest trend-
ing scarp seen in the southwestern corner of the block. This
scarp is a portion of an extensive area in the south-southwest
portion of Block 198 that contains an acoustically hard sea-
floor. Relief along the indicated scarp is generally less than
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one to two meters and was not reflected in the bathymetric data.
Figure 9 depicts the boundaries of this area. Hard bottom was
strongly evident on the side scan sonar only in the southwest
corner (see Figure 8). However, there may be isolated patches
of hard bottom throughout the area mapped as acoustically hard
in Figure 9.

Figure 12 shows a portion of the hard bottom area located
in the extreme north-central portion of the block as seen in Fig-
ure 8. In this area two lenses occur with an apparently hard
surface. The easternmost lens has an asymmetric profile with the
steep slope facing west. The side scan indicated that hard bot-
tom exists over much of this lens and especially along the steep
westward face.

Sediment types were delineated acoustically in terms of the
strength of the returning sonar signal. Two types were classified:
(1) a strong return or uniformly dark shade on the sonogram was
interpreted as a coarse sand with a large percentage of shell
material and (2) weak return or light colored shades were believed
to be sands having a finer grain size and/or less shell material.
Figure 8 indicates that the coarser material predominates over much
of Block 198 though intrusions of the finer sediments occur in the
north and eastern sections. Areas of highly variable or patchy
sediment distribution are associated with areas of fine sediment.
These variable areas have linear streaks or patches of coarse and
fine sediments, which probably indicate the effects of storm currents
spreading the finer material over a coarser substrate.

Figure 9 indicates the positions of subbottom features believed
to be cut and fill structures. These appear as gaps in the subbottom
reflector sometimes with turned down edges. The alignment of these
gaps on adjacent lines suggests the remnants of channel cuts formed -
by rivers or streams that were present on the shelf at times of
lower sea level.

ii) Television and Still Camera Observations - Figure 13 shows
the hard bottom areas mapped by interpreting the side scan sonar and
subbottom profiler data. Areas of emergent hard bottom (rocky) and
three sediment types (sand, shell, and rubble/talus) based on tele-
vision videotapes recorded and still camera photographs taken along
the television/still camera survey line are also shown in Figure 13.
Generally, emergent hard bottom was only visually observed in the
four major areas of hard bottom that were identified and mapped
using the geophysical data. An exception occurred in the northwest
corner of the block and outside the block boundary (extreme upper-
left corner in Figure 13) as emergent hard bottom was visually ob-
served. Although this area was not depicted as hard bottom in
Figures 8 and 13 due to a lack of a hard bottom signature on the
sonograms, it was identified as an area of a strong subbottom
reflector outcrop in Figure 9. Emergent hard bottom was also visually
identified approximately 150 meters north of a geophysically ident-
ified hard bottom area in the southwest corner of the block. The
area in which the emergent hard bottom was observed is shown in
Figure 9 as having appr ximately 1.5 meters of sediment above a
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subbottom reflector. It is possible that because of the discontin-
uwous nature of the emergent hard bottom that a.very small outcrop
occurred. Comparison between the bathymetry (Figure 6) and the
emergent hard bottom areas generally showed no correlation between
either enclosed highs or lows and the emergent hard bottom.

The visually observed emergent hard bottom was extremely discon-
tinuous and appeared as flat rocky patches and low ledges- with relief
generally not exceeding approximately 45 centimeters. The areas of
emergent hard bottom were composed of a number of small rock patches
and areas of rubble that were separated by sand. The emergent hard
bottom areas generally did not exceed 300 meters in length and the
individual rock patches varied from perhaps a diameter of five meters
to less than one meter. It was more common to observe a cluster of
emergent rock patches though isolated outcrops with diameters app-
roaching one meter were sighted. The hard bottom areas mapped using
geophysical data were apparently mainly overlain with a veneer of
sand and the rock layer was only occasionally exposed. Although
approximately 30 percent of the block was described as hard bottom
based on geophysical data, visual observatioms indicated that less
than 10 percent of the observed area was emergent hard bottom in
the form of rock or rubble/talus. Photograph A (page 45) shows an
emergent patch of hard bottom within Block 198 that has a relief of
perhaps 30 centimeters and is surrounded by sand.

iii) Petrographic Analyses of Dredge Samples - Sixteen samples
were dredged from James Island Area, Block 198 and classified into
five major lithologic types as shown in Table 3. A description of
each sample is presented in Appendix C.

None of the lithic samples, with the exception of a single block
with a diameter of 0.5 meters (Statiom 17), exceeded ten centimeters
in diameter or showed marked fracture surfaces. The rock was
weathered in all cases and was covered with a variety of encrusting
organisms.

The biosparite category, which comprised 44 percent of the
samples by number, included various lithologies. In some cases the
thin sections showed a patchy distribution of sparry and micritic
matrices and it was difficult to determine the relative ages of each
type. In the case of the more porous rocks the sparry calcite
appeared to be secondary although in other samples there were mix-
tures of bioclastic grains that were either unaltered or micritized
or replaced by sparry calcite. Micritic pellets were not uncommon
and in some cases (Stations 2B and 15) the samples might have been
labelled as biopelsparite. Silt and sand size quartz grains were
scattered though not uncommon. The sample from Station 2B was analy-
zed for non-carbonates and a value of 15 percemnt by weight was
recorded.

The term sandy biomicrite was used to identify the four samples
in Block 198 that ranged from 10 to 60 percent by grain count of
non-carbonate grains. Analysis of the samples from Statioms 3B and
14 showed that insoluble residues ranged from 15 to 28 percent by
weight. The non-carbonate clastic component was dominated by quartz
of generally silt-size angular shaped grains. The carbonate component
was  dominated by generally coarse bioclastic material of many shapes and
sizes. 1In the cases of coralline algae, serpulid worm, and molluscan
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material the carbonate was frequently unaltered biogenic aragonite
or calcite.. Other material was typically micritized or as in the
sample from Station 17 .replaced by sparry calcite in which case
there was usually a micritic envelope around the grainms. Where
porosity was present it seemed to be primary in origin and not
noticeably occluded by other than minor fringes of fine drusy cal-
cite. No whisker crystals, meniscus cements or other vadose zone
indicators were noted. : :

Nineteen percent of the samples had only a few scattered non-
carbonate grains (less than 10 percent by grain count) that were
usually of silt size and those samples were termed biomicrite.
Insoluble residues from the three samples ranged from 2. to 10
percent by weight. The main variation in the biomicrite category was
in the proportions of micritic ground mass to the larger bioclasts.
The larger bioclasts were identified as coralline algal fragments,
serpulid worm tubes, molluscan fragments, and occasional pieces
of scleractinian corals. Bryozoans and echinoderm debris generally
comprised the smaller bioclasts. Numerous small bioclasts in-
cluding spicular material and foraminifera were observed within the
micritic ground mass. In the sample from Station 18 occasional
patches of sparry calcite occurred, but they were irregular and
random in distribution and did not seem to be replacing earlier
clasts. In some instances the larger molluscan and serpulid worm
tube fragments contained infillings of micritic material that
differed from the other micrite in the sample indicating a certain
amount of penecontemporaneous reworking.

A single sample was designated as a sandstone which was defined
as having a predominance of quartz grains and being no less than
approximately 60 percent non-carbonate by visual grain count. The
clastic portion of the sample was composed of poorly sorted medium
sand to silt-size quartz grains that were rounded to subangular.
The cement was a fine to medium grained sparry calcite.

The "algal biolithite" category was characterized by irregular
dusty brown micritic encrusting masses covering various bioclastic
and quartz grains. A single sample (Station 10R) of algal biolithite
was collected in Block 198. The sample had scattered silt-size
quartz grains and the insoluble residue was 16 percent by weight.

2. BENTHIC FAUNAL POPULATIONS

A phylogenetic listing of the identified taxa from. the dredge
samples collected in Block 198 is presented in Appendix D. Appendix
E lists the taxa identified from each successful biological dredge
tow and a few selected organisms from the rock dredge samples.
Biological samples were not collected at Stations 11 and 17 as the
samples were lost when the weak-link system tripped. Two hundred
and seventy-four taxa exclusive of fishes were identified.from the
23 biological and 4 rock dredge samples. Decapods (81 taxa), mollusks
(76 taxa), sponges (30 taxa), echinoderms (27 taxa), and anthozoans
(18 taxa) dominated the samples as to the numbers of identified taxa.
Table 4 lists the dominant species collected in the biological dredge
in terms of number of occurrences within the 23. dredges. Twenty-six
species were identified from tem or more stations, 59 species at
five or more stations, and 146 of the total of 274 taxa occurred at
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Table 4. Invertebrate. species collected from ten or more of the

twenty-three biological dredge stations within James

.Island Area, Block 198.

Species

Titanideum frauenfeldii - anthozoan
Celleporaria albirostris - bryozoan

Molgula sp. - ascidian

Chione latilirata - bivalve
Telesto sanguinea - anthozoan
Polyandrocarpa sp. - ascidian
Styela sp. - ascidian
Thyroscyphus marginatus - hydroid
Gonodactylus bredini - stomatopod
Lophogorgia sp. 2 - anthozoan
Celleporaria magnifica - bryozoan
Arca zebra - bivalve

Smittipora levenseni - bryozoan
Lophogorgia hebes - anthozoan
Hiatella arctica - bivalve
Pilumnus sayil - decapod
Schizoporella cornuta - bryozoan
Pteria colymbus - bivalve

Mithrax pleuracanthus - decapod
Stylopoma spongites — bryozoan
Chama congregata - bivalve
Synalpheus sp. — decapod
Filograna implexa - polychaete
Ophiothrix angulata - ophiuroid
Crepidula aculeata - gastropod
Diodora sp. - gastropod

Number of
Occurrences

20
19
19
18
18
18
17
17
17
17
16
15
15
14
14
13
13
13
13
12
11
11
11
11
10
10

%
.
%
.
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two stations or more. Twenty-seven percent (7 species) of the 26
species identified from 10 or more statiomns were mollusks, 19 per-—
cent (5 species) were byrozoans, 15 percent (& species) were anth-
ozoans, and ascidians (3 species) and decapods (3 species) each con-
tributed 12 percent. Tt is obvious that a significant portion of
the species were not numerically abundant, but that a large number
of species were associated with the emergent hard bottom. However,
it is difficult to specify the total number of species that were
associated exclusively with the hard bottom habitat rather than
both the hard bottom and often sandy adjacent substrate as both
habitats were sampled during the majority of dredge tows.

The television videotapes and still camera photographs showed
that the distribution of attached hard bottom epifauna was not con-
fined to the small amount of emergent hard bottom observed in the
jease block. Many species such as Titanidium frauenfeldii sp. and
Ircinia sp. were also observed in a predominantly sand substrate that
was apparently underlain by hard bottom as shown in Photograph C
(page 46) .

Figure 14 shows the spatial distribution of three biological
assemblages that were recognized during review of the television
videotapes and still camera photographs. The assemblages are based
on the largest (megabenthic) and most easily recognizable (identi-
fiable) fauna and correspond directly to substrate differences.

The identifications were made using the specimens from the dredge
samples as reference.

Assemblage A was agsociated with a predominately soft bottom
composed of sand or sand and shell sediment that was apparently
not underlain by a near-surface hard bottom. The asteroids Luidia
spp. and Astropecten spp. as well as the echinoid Encope michelint
were the only species observed to be consistently associated with
the soft bottom although their numbers were very low. A few sea
pens (Virgularia presbyteS) were also seen on the sandy substrate.
Photograph B shows the asteroid Goniaster tessellatus and the
echinoid Encope michelini.

Assemblage B was present on the emergent hard hottom and was
visually dominated by sponges and gorgonians (particularly Loph-
ogorgia Spp.)

Assemblage C was observed on a slightly rippled sand bottom
that was apparently underlain by a hard substrate which the organisms
could use for attachment. Assemblage C was numerically dominated by
Titanideum fTauenféZdii (Photograph C), 2 few sponges, and occasional
colonies of the encrusting polychaete Rlograna implexa.

Assemblages B and C tended to mix together in areas that were
without emergent rock but contained patches of what appeared to be
cobbles and shells which provided a suitable substrate for attach-
ment. These areas seemed to contain the largest numbers of species
and greatest biomass. Hydroids, bryozoans, and some ascidians were
also frequently observed in these areas though they also occasionally
appeared on emergent rock.

Clustering analysis using the 61 taxa that were identified from
five or more of the 23 stations distinguished three groups of
stations using both the Jaccard and Czekanowski coefficients. The
purpose of performing the cluster analysis was to examine the exten-—
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sive information on species distribution patterns that resulted
from the dredge samples in order. to determine any significant
 groupings of statioms or species. Stations which were the most
similar in terms of species presence/absence appear closest to-
gether in the dendrograms and were separated by the least amount
of dissimilarity. The same was true for the species dendrograms
with the similarity values also based on the presence/absence- of -
species at the sampled stations. If groups of statioms or species
were separated by large dissimilarity values, the reasons (water -
depth, substrate type, etc.) for such dissimilar groupings can be
investigated. Figure 15 shows the station group dendrogram produced
by the Czekanowski similarity coefficient. Examination of the
groupings and the two-way table indicated that Group I (Statioms

1, 2A, 3A and 4) was composed of stations which had the largest
number of the 61 taxa present. Group II (Stations 5A, 5B, 6 and 7)
had the fewest number of taxa present while Group III Stations had
an intermediate number of taxa. Although the clustering analysis
produced realistic groupings for the data, it is believed that
there is no real difference between the emergent hard bottom

areas within the lease block. The extreme patchy nature of the
fauna within the emergent hard bottom areas coupled with the qual-
itative sampling by the dredge, which has the effect of integrating
a number of separate rock and sand patches (Assemblages A, B and C)
during a tow, lead to the conclusion that the differences between
the dredge samples are probably related to sampling artifacts
rather than to real differences in the faunal assemblages.

No distinct species groupings were produced by the clustering
analysis using either similarity coefficient as the species chained
together (as in Figure 15, Stations 6 through 22) with no differences
in their dissimilarity values. Those species having similar numbers
of occurrences at the sampled statioms appeared closest together in
the dendrogram.

3. DEMERSAL FISH POPULATIONS

Twenty-two fish species were recorded from James Island Area,
Block 198 as shown in Table 5. Eleven of the species were collected
by dredging operations and are also listed in Appendices D and E.
Schools of cobia (Rachycentron canadum), gray snapper (Lutjanus
griscus), tomtate (Haemulon aurolineatum), and amberjack (Seriola
dumerili) were recorded from television videotapes and still camera
photographs. The tomtate and gray smapper schools were observed
over emergent hard bottom while the amberjack and cobia were noted
over sand and rubble substrates. The large roving amberjack and
cobia might be expected to occur independent of bottom cover.

Several grouper (Mycteroperca sp.) were noted near emergent hard
bottom areas in the southwestern section of the lease block. Bank
sea bass (Centropristis ocyurus) were commonly seen near the bottom
swimming among attached organisms. Smaller fish such as the

scrawled cowfish (deanthostracion quadricornis) and file fish (Alute-
rus sp. and Monacanthus sp.) were observed near apparent sand—-covered
hard bottom, as indicated by presence of epifauna.

The records from the Raytheon depth recorder showed several
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Table 5. Species of fish collected or observed in James Island Area,

Block 198.
Dredge Visually
Species Habitat* Sample Observed
Acanthostracion quadricornis -scrawled cowfish D X
Aluterus sp. - filefish D X
Blennius marmoreus - seaweed blenny D X
Bothus sp. - spottail flounder D X
Centropristis ocyurus — bank sea bass D X
Centropristis striata - black seabass D X
Chriolepis sp. — goby D X
Echeneis naucrates.— sharksucker P X
Haemulon aurolineatum - tomtate D X
Halichoeres caudalis =~ printed wrasse D X
Lutjanus griseus - gray snapper D X
Lythrypnus phorellus - convict goby D X
Monacanthus sp. — filefish D X
Mycteroperca sp. — grouper D X
Nicholsina usta - emerald parrotfish D X
Opichthus sp. - worm eel D X
Ophidion selensops - cush eel D X
Pontinus helena - scorpionfish D X
Rachycentron canadum - cobia P X
Scorpaena albifimbria - lesser scorpionfish D X
Seriola dumerili - greater amberjack P X
Serranus anmularis - orangeback bass D X

*
[w}
1

= Demersal
Pelagic
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signatures of fish schools within the block. These may have easily
been multiple readings of the same schools and there appeared to be
no correlation between positions of the observed fish schools and

hard bottom.
JAMES ISLAND AREA, BLOCK 380

1. HARD BOTTOM IDENTIFICATION AND MAPPING

a) Navigation

Figure 16 shows the bathymetric and geophysical navigation base
map of James Island Area, Block 380. The nomenclature used on the
map is identical to that described for the map of James Island Area,
Block 198. Figure 17 shows the locations of the five television/
still camera survey lines in the lease block with position fixes
recorded every minute and 22 dredge tows conducted within the lease
block.

Appendix B lists the observed coordinates, UTM. grid coordinates,
and latitude and longitude for the benchmark locationm, deployment
and retrieval position fixes of the television/still camera system
at the starts and ends of the survey lines, and the position fixes
at the beginnings and ends of the dredge tows.

b) Bathymetry

The depth of water within Block 380 varies from a minimum of
44 meters to a maximum of 194 meters as shown in Figure 18.

The seafloor dips to the southeast in the western half of the
block and almost due east in the eastern half of the block. The
rate that the seafloor dips varies from about 2 meters per mile in
the vicinity of Shotpoint 28 on Line 112 to a maximum of 112 meters
per mile in the southeastern quarter of the block.

There is a high closed area near the intersection of Lines 2
and 104 which appears to be on the crest of a ridge running east-
west along Lines 104 and 105 from Shotpoints 20 to 35. To the
south there are two low closed areas, onme near the intersection
of Lines 2 and 111, and the other central to Shotpoint 24 on Line
115. Farther south there is a southeasterly trending ridge with
its axis extending from Shotpoint 23 on Line 118 to Shotpoint 19
on Line 126. There is a pinnacle between Shotpoints 12 and 13
on Line 125 to the east of the southeast end of the ridge. To the
southeast of the ridge there is a closed high area central to
Shotpoint 14 on Lines 130 and 131. On Line 4 between Shotpoints
23 and 25 there are two high areas and in the immediate vicinity of
that area there is a small high between Shotpoints 12 and 13 on
Line 122,

On Line ) from Shotpoints 17 to 24 and from Shotpoints 30 to 33
the seafloor is very rough with a small high closed area between
Shotpoints 32 and 33. These irregularities are generally due to
the large sand waves in the area (see Figure 20).

Side scan sonar information (Line 125 between Shotpoints 13 and
14) confirmed the pinmacle located between Shotpoints 12 and 13
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The sea fan Lophogorgia sp. on an emergent

Photograph A.
hin James Island Area, Block 198.

patch of hard bottom wit

The asteroid Goniaster tessellatus and the

Photograph B.
y substrate within

echinoid Encope michelini on a sand
James Island Area, Block 198.
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on Line 125 and the sonograms (Line 129 between Shotpoints 13 and
15) also indicated the closed high area central to Shotpoint 14
on Line 130. The side scan records also showed the sand waves
scattered throughout the eastern half of the block.

c) Geological and Geophysical Observations

i) Side Scan and Subbottom Data - Figure 19 shows the re-
sults of the onboard interpretation of the side scan sonar and
subbottom profiler records from James Island Area, Block 380.

The map was prepared so that visual observations would be conducted
in areas of suspected emergent hard bottom. The laboratory inter-
pretation of the geophysical data is presented in Figure 20 which
depicts the surficial geology in terms of the distribution of hard
bottom areas and sediments. A shallow isopach and related subbottom
anomalies map was not drawn for Black 380 because of a lack of
penetration by the subbottom profiler's 7 kHz pulse. C(Coarse, hard
packed sands which have a high acoustic attenuation, especially at
the high frequency employed, caused the lack of penetration.

Figure 20 shows that hard bottom areas dominate the western half
of the lease block landward of the continental shelf break which
trends roughly north-south down the center of Block 380. The
majority of the hard bottom area exhibits very little relief as
only a few small ridges exist within a rugged plain composed of
visually observed coarse sandy sediments and numerous rocks and
boulders. A seafloor rise which is broken by a series of plat-
forms and ridges up to several meters in relief occurs within 1.0
to 1.5 kilometers to the west of the shelf break in the northern
and southern sections of the block as shown in Figure 18, illustrated
in Figure 21, and previously described.

The rise generally has the most pronounced areas of hard bottom
within the block. TFigure 20 indicates that a gap exists between
the two areas of irregular topography as the rugged plain extends
to the shelf break.

The north-south trending shelf break abruptly curves to the
southwest in the southern portion of the lease block (see Figures 18
and 26) and the break becomes more subdued in slope and appearance.
At this location the shelf break grades into a gently trough of
primarily coarse sand with scattered occurrences of hard bottom.

On the north side, the seafloor rises 10 to 15 meters up to the
rugged plain in a relatively short distance, with sometimes a sharp
5 meter break present as shown in Figure 22. The areas surrounding
the trough appear to have hard bottom while no hard bottom exists
within the trough or basin~like structure itself. The structure is
not a true basin, however, as the slope continues to dip toward the
southeast. A few subbottom profiler records indicated foreset-like
bedding within the trough sediments (Figure 22), suggesting rapid
sedimentation rates.

The upper continental slope seaward of the hard bottom area that
forms the shelf break is composed of coarse, highly reflective
material which was observed to represent talus from the hard
bottom ridge. The slope grades into a seafloor composed of materials
with low reflective properties that dominate the eastern portion of
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the lease block and appeared to be fine sand with perhaps some silt
and clay.

A large portion of the slope below the talus zone is built into
large sand waves as illustrated in Figure 23. The wavelengths from
crest to crest ranged from 50 to 200 meters while heights are from
1 to 10 meters. These features are not depicted in Figure 18 due
to their transient nature and small horizontal scale. The trend of
these sand waves is roughly parallel to the regiomal bathymetric
contours suggesting the action of strong bottom currents.

ii) Television and Still Camera Observations - Figure 24
shows the geographic extent of the hard bottom that was mapped by
interpreting the side scan somar and subbottom profiler data. Areas
of emergent hard bottom, rubble/talus, and sand (including broken
shell) as observed from videotapes and photographs are also depicted
in Figure 24. Emergent hard bottom was visually observed only in the
geophysically defined hard bottom areas. However, Televisiom/Still
Camera Survey Lines 4 and 5 in Figure 24 show that the emergent hard
bottom is somewhat discontinuous in the geophysically defined hard
bottom areas as patches of rubble/talus and sand often divide the
areas of the emergent hard bottom.

The emergent hard bottom generally showed a relief of less than
15 to 20 centimeters though certain areas did show rock ledges with
relief of greater than a meter (Television Line 5, Fix 76). Small
patches of coarse grained sand were present in the majority of the
hard bottom in many areas. A dense epifaunal cover often inter~
fered with the visual recognition of exposed rock and in most cases
it was assumed that the epifauna were attached to a hard substrate.
Bare rock in the form of small ledges was observed most frequently
at the shelf break on all television lines and the emergent hard
bottom areas on Television Lines 4 and 5. Photograph D (page 67)
shows the attached epifauna on the extremely low relief hard sub-
strate with interfingering patches of sand. Photograph E (page 67)
is an example of the rubble/talus substrate.

iii) Petrographic Analyses of Dredge Samples - Thirteen
samples were dredged from James Island Area, Block 380 and identified
as belonging to five major lithologic types as shown in Table 6. A
description of each sample is presented in Appendix C. None of the
lithic samples exceeded 10 to 15 centimeters in diameter or showed
marked fracture surfaces. The rock was weathered in all cases and
was covered with a variety of encrusting organisms.

The algal biolithites composed 38 percent of the samples collected
in the lease block and as in Block 198 were characterized by irregular
dusty brown micrite encrusting masses covering various bioclastic
and quartz grains. The general matrix of the rocks was biomicrite
with micritic bioclasts. Small dolomite rhombs were noted in the
samples from Stations 108 and 110. Scattered sand and silt size
quartz grains were often in patches and clumps surrounded by micritic
envelopes which suggests some intermixture of interclasts from
various sources prior to the algal encrustation. Insoluble residues
of the sample from Station 108 were 12 percent by weight.

Twenty-three percent of the samples collected in Block 380 were
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biomicrites. Insoluble residues of 8 and 4 percent by weight were
determined for samples from Stations 106 and 111. Pelecypod,
serpulid worm tube and red algal fragments were the most frequently
encountered large bioclasts. The smaller bioclasts were similar

to those described for Block 198. Pellets or pelletoid grains were
present in patches, particularly in the sample from Station 111
which may more properly be classified as a biopelmicrite.

Two samples of sandy biomicrite were identified from Block 380.
Insoluble residues were 39 percent by weight in the sample from
Station 113. The samples were composed of medium to coarse grained
quartz sand mixed with unaltered and micritized bioclasts in micrite
ground mass. The sample from Station 113 had little porosity while
the sample from Station 120 had scattered patchy porosity.

Two sandstone samples were identified from the material collected
in Block 380. The sample from Station 102 was composed of a large
grained quartz sand with rounded bioclasts and occasional micritic
pellets cemented by micritic calcite. The sample from Station 122
was of medium grained sand, pellets, and micritized bioclasts in a
fine grained sparry calcite matrix.

The single biolithite was mainly an unaltered serpulid worm
colony with occasional sand size quartz grains and less frequent
microcline grains and pellets trapped inside. The voids in the
colony were lined with minor amcunts of acicular calcite.

2. BENTHIC FAUNAL POPULATIONS

Appendix E lists the taxa identified from each of the 20
successful biological dredge tows and a few selected taxa from the
single rock dredge sample collected in Block 380 while Appendix D
gives a phylogenetic listing of the identified taxa. Two hundred
and fourteen taxa exclusive of fishes were identified from the dredge
samples. Decapods (52 taxa), mollusks (43 taxa), sponges (29 taxa),
echinoderms (28 taxa), anthozoans (25 taxa), and bryozoans (13 taxa)
dominated the samples as to the numbers of identified taxa. Table
7 lists the dominant species collected in the biological dredges in
terms of number of occurrences within the 20 dredges. Eighteen
species were identified from ten or more stations, 63 species at
five or more stations, and 140 of the total of 214 taxa occurred at
two stations or more. Both anthozoans and echinoderms had four
species represented in the eighteen species that occurred at tem or
more stations, while decapods had three species, and bryozoans and
polychaetes two species each.

Figure 25 shows the approximate distributions of five biological
assemblages that were recognized during review of the television
videotapes and still camera photographs. The assemblages seem to be
substrate and depth dependent and are based on the largest and most
easily recognizable fauna. The identifications were made using the
speciﬁens from the dredge samples as reference.

Assemblage D was dominated both in terms of numbers and biomass
by the colonial epibenthic polychaeta Phyllochaetopterus soctalis.
The red algae Peysommelia rubra which was observed among the chitonous
polychaete tubes was also very abundant. A number of anthozoans
(Anthothelidae sp., Ellisella sp., and Telesto sanguinea), echino-
derms (dstropyga magnifica and Lytechinus variegatus), and sponges
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Table 7. Invertebrate species collected from ten or more of the twenty
biological dredge stations within James Island Area, Block 380.
, Number of
Species Occurrences
Comactinia sp. - crinoid 18
Anthotrhelidae sp. - anthozoan 15
Ophiothriz angulata - echinoderm : 15
Micropanope sculptipes - decapod 14
Phyllochaetopterus soctalis - polychaete 14
Arca zebra - bivalve 13
Ellisella sp. - anthozoan 13
Filograna implexa - polychaete 13
Palicus sp. - decapod 13
Zucidaris tribuloides - echinoderm 12
Peyssonnelia rubra - algae 12
Asteroporpa annulata - echinoderm 11
Telesto sanguinea - anthozoan 11
Cladocora arbuscula - anthozoan 11
Hippopetraliella bisinuata - bryozoan 10
Stylocidaris affinis - echinoderm 10
Smittipora levenseni - bryozoan 10

Podochela gracilipes - decapod 10
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were also frequently observed among the polychaete tubes. The colo-
nial polychaete Filograna implexa was occasionally identified. As
Photograph D shows, the polychaete Phyllochaetopterus socialis was
often bordered by coarse sand and the sand was often observed bet-
ween the individual chitinous tubes. Assemblage D was primarily
observed in water depths shallower than 65 meters along Television
Lines 1, 2 and 3 with scattered occurrences on Lines & and 5. Low
relief rock which was apparently frequently covered with a thin
veneer of sand appeared to be the most common habitat for P. socialis
although the polychaete was also observed on rubble/talus and rock
outcrops which had reliefs of up to one meter.

Assemblage E was differentiated from D by a reduced quantity of
P. socialis and associated species and a large number of crinoids
(Comactinia sp.) as shown in Photograph E. Sponges and coralline
algae were also present on the rubble/talus and rock ledges at the
shelf break where Assemblage E was predominately observed. The
assemblage seemed to be present in depths of 65 to 85 meters though
exceptions did exist particularly along Television Line 4 where
the number of crinoids was reduced and sponges and the algae
Peyssonnelia rubra appeared to be more numerous. The crinoid
appeared to be more commonly associated with the rubble/talus sub-
strate than the rock ledges though this might have been a function
of depth rather than substrate. At depths exceeding approximately
85 meters the rubble/talus areas were rarely observed and sand with
what appeared to be extensive populations of sabellid polychaetes
were seen. This assemblage (Assemblage F) was not sampled because it
occurred on a soft bottom. A soft sand bottom with little epifauna
other than the sea pen (Virgularia presbytes) at Fixes 14 to 22 was
observed on Television Line 5, Fixes 14 to 50 (Assemblage A).

Assemblage G was confined to Television Line 5 (Fixes 74-78,
108-112) in depths of approximately 92 to 105 meters. The assemblage,
which had a lower biomass than Assemblages D or E, was dominated by
Gorgonacea sp. 2 as shown in Photograph F. Crinoids and a few other
unidentified gorgonians were also observed ¢linging to the emergent
hard bottom.

Clustering analysis using the 63 taxa that were identified from
five or more of the 20 stations distinguished two groups of stations
using both the Jaccard and Czekanowski coefficients. Figure 26 shows
the station-group dendrogram produced by the Czekanowski coefficient.
Examination of the groupings and a two-way table of stations and
species indicated that Group I (Stations 101, 102, 104, 105 and 112)
was composed of stations which had the fewest number of the 63 taxa
present. All five stations of Group I were from Television Line 5.
The dredge tows at Stations 104 and 112 were relatively short (41
and 35 meters) because the dredge hung on the rough bottom and this
probably accounted for the small number of species collected. Station
105 had a larger number of identified taxa than the other Group I
Stations and a fewer number than the remaining Group II Stations. It
therefore may be more correct to consider that station separately
from both groups. Although the dendrogram indicated that Stations
106, 107.and 108 should be differentiated from Group II, the two-way
table showed this to be a rather arbitrary grouping. The qualitative
samples collected by the dredge were not sufficient to adequately
differentiate Assemblage D from E though Assemblage G (Group I) was

|
|
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Photograph D. A polychaete (Phyllochaetopterus soctalis)/
algae (Peyssonnelia rubra) assemblage (Assemblage D) within
James Island Area, Block 380. The asteroid Narcissia trigon-
aria and the scorpionfish Scorpaena sp. are also visible
members of this assemblage.

Photograph E. Crinoids (Comactinia sp.) and a gorgonacephalan
basketstar on rubble/talus substrate within James Island Area,

Block 380.
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Photograph F. Hard bottom dominated by Gorgonacea sp. 2 at

approximately 100 meters depth within James Tsland Area,
Block 380.



69

Dissimilarity Scale

100 80 60 40 20 0
Station Group

ceteseesesccsaresasenns ceee 101

T ) 105
T 102 S 1
e 112
.. eann e 104
) s 110

. sestetecasestennnens tesecscns 111

i, e .. 113
) e 114
) e . 115
) s 116
) eenn e e, 117
: e, eerreeaeaeean 118 > I
X s e 119
: s, 120
: s s 121
: e, eeeeanns e 122
: 107
e e, e 108

............. essecresscnveeanns 106 .~

b

FIGURE: 28 STAT!OIQ-GROUP DENDROGRAM FOR JAMES ISLAND AREA, BLOCK 380 BASED

ON 63 TAXA AND PRODUCED BY THE CZEKANOWSK! SIMILARITY COEFFICIENT AND
FLEXIBLE SORTING




70

indicated because of the absence of a number of taxa. Assemblages

D and E were based on changes in the numerical dominance of a few
species which presence/absence data could not detect. Assemblage

G was differentiated because of the numerical dominance of Gorgon-
acea sp. 2 and the absence of a larger number of species. Cluster-
ing analysis was able to detect the absence of species in Assemblage
G.

No distinct species groupings were produced by the clustering
analysis by either similarity coefficients as the species chained
together (as in Figures 26, Stations 110 through 120) with no dif-
ferences in their dissimilarity values. Those species having simi-
lar numbers of occurrences at the sampled stations appeared closest
together in the dendrogram.

3. DEMERSAL FISH POPULATIONS

Twenty-four (24) species of fish were identified from James
Island Area, Block 380 as shown in Table 8. Eleven species were
collected from dredge samples and are also listed in Appendices D
and E while sixteen were identified from still photographs. Only
three species collected by the dredging operation were identified
from underwater photographs. The majority of the species collected
by dredging were smaller benthic forms which apparently utilized
the bottom for protection. Photographically identified fishes were
most often larger specimens capable of avoiding the dredge. The
majority of visually identified fishes were observed near emergent
hard bottom. Among these were individual sea bass (Centropristis
sp.), bigeye (Priacanthus arenatus), and scorpionfish (Scorpaena
sp.). Bigeye in particular were found at locations where protective
crevices existed. Small patches of rock on otherwise open sand bot-
tom were often surrounded by several (4-6) yellowtail reeffish
(Chromis enchyrsurus) and one or two bigeye. Several species of
fish that are characteristically associated with warm waters were
seen near emergent hard bottom areas. These included blue angelfish
(Holacanthus bermudensis), squirrelfish (Holocentrus sp.), twospot
cardinal fish (dpogon pseudomaculatus), bank butterflyfish (Chaeto-
don aya), reef butterflyfish (Chaetodon sedentarius), and spotted
moray eel (Gymothorax moringa).

Amberjack (a school of 6 to 8), flounder, and tattler were
fishes observed over sand bottom areas. The records from the
Raytheon depth recorder showed scattered fish signatures near the
bottom in the shallow portion of Block 380. The records from the
Ross depth recorder showed no fish signatures though this was more
likely due to a lack of sensitivity in the recorder than an absence
of fish.

JAMES ISLAND AREA, BLOCK 463

1. HARD BOTTOM IDENTIFICATION AND MAPPING

a) Navigation

Figure 27 shows the bathymetric and geophysical navigation base
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Table 8. Species of fish collected or observed in James Island Area,

Block 380.
Dredge Visually
Species Habitat* Sample Observed
Antennarius sp. - frogfish D X
Apogon pseudomaculatus ~ twospot cardinalfish D X
Centropristis ocyurus - bank seabass D X
Centropristis striata - black seabass D X
Chaetodon aya - bank butterflyfish D X
Chaetodon sedentarius - reef butterflyfish D X
Chromis enchrysurus - yellowtail reeffish D X X
Emblemaria atlantica - deepwater blenny D X
Gymnmothorax moringa - spotted moray eel D X
Haemulon aurolineatum - tomtate D X
Halichoeres sp. — wrasse D X
Holocanthus bermudensis - blue angelfish D X
Holanthius martinienstis ** D X
Holocentrus sp. - squirrelfish D X
Mycteroperca sp. — grouper D X
Plectranthias garrupellus** D X
Pontinus sp. — scorpionfish D X
Priacanthus arenatus - bigeye D X
Scorpaena dispar - hunchback scorpionfish D X
Scorpaena sp. - scorpionfish D X X
Seriola dumerili - greater amberjack P X
Serranus phoebe - tattler D X X
Synacium sp. - flounder D X
Synodus synodus - red lizardfish D X

* D = Demersal
P = Pelagic
** new continental record
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map of James Island Area, Block 463. The nomenclature used on the
map is identical to that previously described for the navigation base
map of Block 198. Figure 28 shows the locations of the five tele-
vision/still camera survey lines (numbered 2 through 6) in the lease
block with position fixes recorded every minute and the 25 dredge
tows conducted within the lease block.

Appendix B lists the observed coordinates, UTM grid coordinates,
latitude and longitude for the benchmark location, deployment and
retrieval position fixes of the television/still camera system at
the starts and ends of the survey lines, and the position fixes at
the beginnings and ends of the dredge tows.

b) Bathymetry BLK @%3}

The depth of water withif Block 463}varies from a minimum of
44 meters to a maximum of 78 meters as shown in Figure 29. The
seafloor dips to the southeast, but not at a uniform rate since there
are several anomalous areas in the lease block. There was an elonga-
ted high closure (elevation) observed between Lines 114 and 115 at
Shotpoints 31 to 34 and a small, low closed area (depression) between
Lines 116 and 117 at Shotpoint 33. A northeasterly-trending trough
has its axis on a line extending from Shotpoint 22 on Line 2 to Shot-
point 21 on Line 115. There is a low area on Lines 103 and 104
extending from Shotpoint 9 to Shotpoint 19. An easterly deepening
trough has its axis extending from Shotpoint 13 on Line 108 through
Shotpoint 11 on Line 5 and then through the east line of the block. '
A southwesterly deepening ridge has its axis on a line lying between
Shotpoint 10 on Line 115 and Shotpoint 26 on Line 2. There are
small pinnacles associated with this ridge between Shotpoints 28 and
29 on Line 3. There is a very steep southeasterly dip between Shot-
points 27 and 29 on Line 5 that continues southwesterly. This same
condition exists on Line &4 near Shotpoint 26.°

The sonar records indicated om Line 123 between Shotpoints 15
and 18 numerous small anomalies. These areas continue in a souther-
ly direction to Line 127 and are shown in Figure 31 as an area of
irregular terrain. The sonograms also showed small pinnacles on
Line 118 between Shotpoints 7 and 10.

¢) Geological and Geophysical Observations

i) Side Scan and Subbottom Data - Figure 30 shows the
results of the onboard interpretation of the side scan sonar and sub-
bottom profiler records from James Island Area, Block 463. The map
was prepared so that visual observations would be conducted in areas
of suspected emergent hard bottom. The laboratory interpretation of
the geophysical data is presented in Figures 31 and 32 which depict
the surficial geology within Block 463. A shallow isopach and re-
lated subbottom anomalies map was not drawn for Block 463 because of
the thickness of the overlying sediments and a lack of penetration
by the subbottom profiler. The lack of penetration was caused by
the high seismic attentuation of the overlying sediments. Figure
31 presents the distribution of hard bottom and sediments while
Figure 32 outlines the areas of outcrop of a strong subbottom re-
flector. The two maps indicate a direct correlation between hard
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bottom and the outcrop of the reflector, though a few exceptions
exist., The exceptions are on the borders of the hard bottom area
in the northern half of the block where it appears that the sediment
has encroached on the area covering the outcrop with a thin veneer
of sediment.

The most pronounced hard bottom areas occur as a series of
scarps located mainly in the eastern half of the block. Figure 33
illustrates the northern-most extension of the main hard bottom
area. As shown in the figure, the northeast-southwest trending
scarp, which has an overall relief of approximately four meters,
exhibits an asymmetrical profile with the steepest slopes facing
west. The scarp loses its relief to the south and blends into a
larger area of hard bottom. The hard bottom becomes very extensive
throughout the eastern half of the block and is evident as a
slightly irregular seafloor which becomes a seafloor rise to the
south. Just south of Line 118 this rise has a sharp eastern face
which extends almost the rest of the way through the block. A
slight trough composed of a thin veneer of coarse sand and shell
with occasional hard bottom development occurs eastward of this
ridge. The trough's eastern edge is bounded by another scarp and
associated hard bottom. The trend of these features is roughly
northeast-southwest.

The hard bottom areas excluding the scarps appear on side scan
records as rugged and broken terrain (protruding through a veneer
of coarse sediment). This is especially true in the southern area.
Pinnacle-like structures are evident throughout much of the area
mapped as "irregular terrain" on Figure 31, but are usually less
than one meter in height. Two areas of structures up to three meters
in height (see Figure 34) are plotted in Figure 31 as "pinnacles".

The hard hottom area is surrounded by coarse (highly reflective)
sediment over most of the lease block that is believed to be sand
with a high percentage of shell material, To the west and north
are extensive areas of sediment with lower acoustic reflectivity
which was interpreted as a fine sand with little shell material,
and possibly containing some silt/clay fraction. This fine sediment
blankets an outcrop area in the extreme north-central portion of
the block. The thickness of the sediment is estimated to be only
a few centimeters and occasional patches of hard bottom are apparent.

The highest relief feature within Block 463 is a scarp located
in the west-central portion of the block that trends approximately
east-west. Figure 35 depicts the south face of this scarp which
has a relief of approximately eight meters. A secondary ridge with
five meters of relief is present to the north of the south face of
the scarp. A veneer of coarse sediment surrounds the feature and is
probably composed of debris from the scarp.

ii) Television and Still Camera Observations - Figure 36
shows the geographic extent of the hard bottom that was mapped by
interpreting the side scan sonar and subbottom profiler data. Areas
of emergent hard bottom, rubble/talus, and sand as observed from
videotapes and photographs are also depicted in Figure 36. Emergent
hard bottom was visually observed only in the geophysically defined
hard bottom areas or immediately contiguous areas. However, sand
and rubble/talus were also observed over a large area of the geo-
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physically defined hard bottom.

Scattered small outcrops typically one to three meters in
diameter and with less than 0.5 meters of relief were observed
emerging from the sand substrate along Television Line 2 from Fixes
2 to 60 (see Photograph M, page 92 ). From Fixes 60 to 83 along
Television Line 2, emergent rock of less than one meter relief
dominated with occasional sand patches noted. Emergent hard bottom
was also noted on the previously described scarp located between
Fixes 113 to 130 on Television Line 2. The ridge which was crossed
by Television Lines 3 and 4 was predominantly rock. The relief on
the top of the ridge was less than 0.5 meters and the hard bottom
was covered with sand in many areas. The area bordering the southern
face of the ridge had outcrops of up to one meter. Small scattered
low relief outcrops were also observed on Television Line 4, Fixes
65 to 115. Television Lines 5 and 6 had more rubble/talus areas as
shown in Photograph J (page 90 ) than the other lines. The emergent
hard bottom areas along the lines were of low relief (Photograph N,
page 92 ) or often covered with a veneer of sand (see Photographs
H and J, pages 8% and 90 ).

iii) Petrographic Analyses of Dredge Samples - Thirteen
samples were dredged from James Island Area, Block 463 and classified
into five major lithologic types as shown in Table 9. A description
of each sample is presented in Appendix C. None of the lithic
samples exceeded 10 to 15 centimeters in diameter or showed marked
fracture surfaces. The rock was weathered in all cases and was
covered with a variety of encrusting organisms.

The sandstones comprised 46 percent of the samples collected
in the lease block. The clastic components of the sandstones were
dominated by subrounded to subangular quartz ranging from medium
sand to silt size with the finer size ranges being more angular.

The majority of the grains were momnocrystalline while microscopic
vacuoles, usually in strings, were the most common inclusions in

the quartz. A noticeable feature was a relatively low percentage of
grains showing strain shadows. Plagioclase feldspar followed by
microcline were second in importance to quartz but the feldspars
contributed only a few scattered grains to only the finer fractioms.
In most samples a variable portion of carbonate grains that were
recognized as bioclasts, though often micritized, was found with

the quartz grains. The most common taxonomically identifiable
fragments were pieces of red algae that were usually rounded or
subrounded followed by fragments of serpulid worm tubes and mollusks
that were platy or irregular in shape. Occasionmal bryozoan or
echinoderm debris was also recognizable. The cementing material or
matrix was most typically micritic calcite that was often quite

dark in color. Where there were larger particles the matrix was
observed to be a fine grained biomicrite with, for the most part,
unidentifiable bioclastic material with occasional foraminifera.

In the few cased¢ where the cement was fine to medium grained sparry
calcite (Stations 102 and 106) the carbonate clasts were rare.

The biomicrite and sandy biomicrite samples were similar to
those previously described for Blocks 198 and 380. Bioclasts ranged
from medium to small in size with some pellets that were often en-
crusted with micritic envelopes. Under Folk's (1962) classification
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fossiliferous micrite, sparse biomicrite, and packed biomicrite
were represented in the samples from the James Island Area.

Two of the three biolithite samples were serpulid worm colonies
and the third appeared to possibly be composed of scleractinian
coral fragments. At least two types of wall structure were present
with one consisting of dark concentric calcite laminae and the
other with a more fibrous structure. The voids in the colonies were
usually open although they were sometimes lined with micritic
material.

The algal biolithite samples were characterized by micritic
encrusting masses. The sample from Station 117 was composed of
algal encrusted pelecypod valves which were partially open or filled
by micrite or silty micrite.

2. BENTHIC FAUNAL POPULATIONS

Appendix E lists the taxa identified from each of the twenty
successful biological dredge tows and a few selected taxa from the
three rock dredge samples collected in Block 463 while Appendix D
gives a phylogenetic listing of the identified taxa. Two hundred
and fifty-seven taxa exclusive of fishes were identified from the
dredge samples. Decapods (64 taxa), mollusks (63 taxa), sponges
(31 taxa), echinoderms (25 taxa), and anthozoans (23 taxa) dominated
the samples as to the numbers of identified taxa. Table 10 lists
the dominant species collected in the biological dredge in terms of
number of occurrences within the 20 dredges. Twenty-three species
were identified from ten or more stations, 81 species at five or
more stations, and 159 of the total of 257 taxa occurred at two
stations or more. Six species of decapods, five species of anth-
ozoans, and three bryozoan species were the major taxa that dominated
Table 10.

Figure 37 shows the approximate distribution of four biological
assemblages that were recognized during review of the television
videotapes and still camera photographs. The assemblages appear
to be substrate dependent and are based on the largest and most
easily recognizable fauna. The identifications were made using the
specimens from the dredge samples as reference.

Assemblage D, as in Block 380, was dominated in terms of numbers
and biomass by the epibenthic colonial polychaete Phyllochaetopterus
socialis. The red algae Peyssomnelia rubra, sponges, anthozoans (Telesto
sanguinea, Lophogorgia Sp., Ellisella sp., and anthothelidae sp.), and
the polychaete Filograna implexa were also frequently observed. As
shown in Photographs G, H and I this assemblage generally occurred
on low relief hard bottom with numerous patches of sand in close
proximity. Slight increases in relief seemed to result in an in-
creased number of species as shown in Photograph G.

Assemblage H was observed primarily on the rubble/talus areas
of Television Lines 5 and 6. The assemblage was characterized by
a lack of Phyllochaetopterus socialis and consequently a reduced
biomass. Apparently the substrate was not suitably stable for most
attached organisms as only coralline algae and Peyssonnelia rubra
were consistently present (see Photograph J). Photograph K shows
that certain patches of emergent hard bottom were also very sparsely
populated with epifauna.
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Table 10. Invertebrate species collected from ten or more of the twenty
biological dredge stations within James Island Area, Block 463.

Number of
Species Occurrences
Telesto sanguinea - anthozoan 18
Celleporaria albirostris -~ bryozoan 18
Titanideum frauenfeldi - anthozoan 18
Parthenope fraterculus - decapod 17
Ophiothrix angulata - echinoderm 15
Lophogorgia sp. 2 — anthozoan 15
Filograna implexa - polychaete 15
Phyllochaetopterus socialis - polychaete 13
Smittipora levenseni - bryozoan 13
Hippopetraliella bisinuata - bryozoan 13
Ellisella sp. - anthozoan 12
Gonodactylus bredini - stomatopod 11
Adsteroporpa annulata - echinoderm ' 11
Anthothelidae sp. - anthozoan 11
Calappa sp. - decapod 11
Laevicardium pictum - bivalve 11
Carpoporus papulosus - decapod 11
Symethis sp. - decapod 11
Arca zebra - bivalve 11
Peyssonnelia rubra - algae 10
Podochela sp. - decapod 10
Lytocarpus clarkei - hydrozoan 10

Stenocionops sp. - decapod 10




88

as

- : . i . ¥ ., N TS

v paEC

o nzram

— e
szom =
i { 7 508
% 4 + EMERGENT WARD SOTTOM BB+ ASSEMBLAGE A SOUTH ATLANIC w32
BENTHIC BIOLOGICAL ASSEMBLAGES IDENTIFIED . @ v SAND M+ ASSEMLAGE 0 JAMES ISLAND 463
EBNG TELEVISION/STILL CAMERA LINES & © RUBALE / TALUS « ASSEMBLAGE M ENGINEERING SURVEY
: & * BENCHMARK B - ASSEMBLAGE | R .
| € + HARD BOTTOM BASED ON ] - ASSEMSLAGE J CONTINENTAL SHELF ASSOCIATES, INC.
; SIDE SCAN AND SUBBOTTOM SURVETED 3¢
i PROFILER o DECCA SURVEY SYSTEMS, INC.
i @ ° :ﬁ:;‘}mo&oc:‘stn ON MIVERSAL "RANSVERSE MERCATOR GRID
i SIOE SCAM AND SUBBOTTOM SCACE Q2000
| PROFILER L0
L L : _ e S e
0w o= 7030 "oaca s e Toen

FIGURE: 37 BENTHIC BIOLOGICAL ASSEMBLAGES IDENTIFIED ALONG TELE-
VISION/STILL CAMERA LINES IN JAMES ISLAND AREA, BLOCK 463




89

i 3 - 2

Photograph G. The colonial polychaete (Phyllochaetopterus
socialis), sponges, and anthozoans (Lophogorgia sp. 1 and

2) covering hard bottom within James Island Area, Block
463.

Photograph H. Colonies of the epibenthic polychaete (Filo-
grana implexa) on partially sand covered low relief hard
bottom within James Island Area, Block 463.
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Photograph I. Typical low relief hard bottom supporting
Biological Assemblage D within James Island Area, Block

463.

A school of Greater Amberjack (Seriola

Photograph J.
ubstrate within James

dumertlil) above a rubble/talus s
Island Area, Block 463.
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Photograph K. A Bigeye (Priacanthus arenatus) and several
Yellowtail Reeffish (Chromis enchrysurus) clustered near

a small area of emergent hard bottom within James Island
Area, Block 463.

Photograph L. Biological Assemblage I within James Island
Area, Block 463 including the spiral sea whip Cirrhipathes

sp.




Photograph M. Sand substrate covered by sea pens (Virgularia
presbytes) within James Island Area, Block 463.

Photograph N. Yellowtail Reeffish (Chromis enchrysurus)
near a small (0.5 m diameter) rock outcrop within James
Island Area, Block 463.
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Assemblage I was primarily associated with the ridges and scarps
within the lease block. The assemblage was dominated by sponges,
anthozoans (including a spiral sea whip that was not collected
but identified as Cirrhipathes sp.), hydroids, and Filograna implexa
(polychaete). Photograph L is an example of Assemblage I.

Assemblage A was observed on a sand substrate over large portions
of the lease block. Sea pens (Virgularia presbytes) often covered
large areas of the sand as shown in Photograph M. Small outcrops
of rock similar to that shown in Photograph N were observed along
Television Lines 2 (Fixes 2 and 26 and 29 to 48) and 4 (Fixes 65 to
83). The outcrops were apparently covered with sand particularly
along Television Line 2 as Lophogorgia sp. 2 was occasionally
observed emerging from a sand bottom. The small outcrops often
supported a number of the species observed in Assemblages D and I
though Phyllochaetopterus soctalis was excluded.

Assemblage J was characterized by a lack of observed epifauna on
a soft sandy substrate.

Clustering analysis was performed on the 81 taxa that were
identified from five or more of the 20 dredge stations. The
clustering orderings of stations in the dendrograms produced by
the Jaccard and Czekanowski coefficients were quite different from
each other because there were no obvious (real) differences between
the presence or absence of the 81 taxa at the 20 dredge stations.
Figure 38 shows the results of the clustering using the Czekanowski
coefficient. No effort was made to divide the dendrogram groups
because of their lack of significance . The inability of the
clustering analysis to detect differences in the stations is again
due to the use of qualitative data and the integrating of a number
of both sand and rock patches by the dredge within a given tow.

As in Blocks 198 and 380 no distinct species groupings were
produced by the clustering analysis as the species chained together
with those having similar numbers of occurrences appearing closest
together in the dendrogram.

3. DEMERSAL FISH POPULATIONS

Twenty-nine species of fish were identified from James Island
Block 463 as shown in Table 11. Of these thirteen were identified
only from dredge samples (listed in Appendices D and E) and 18
were identified from still photography. Two species were identified
from both photographs and collected specimens. Most of the visually
identified species within Block 463 were smaller forms observed
as individuals or pairs near hard bottom areas. Several species were
observed that are characteristic of warm waters such as bank butter-
flyfish (Chaetodon aya), bigeye (Priacanthus arenatus), reef
butterflyfish (Chaetodon sedentarius), adult and juvenile blue
angelfish (Holocanthus bermudensis), twospot cardinalfish (4dpogon
pseudomaculatus), spotfin hogfish (Bodianus pulchellus), spotfin
butterflyfish (Chaetodon ocellatus), and yellowtail reeffish
(Chromis enchryurus).

The most commonly seen fishes in the surveyed areas were yellow-
tailed reeffish, bigeye, tattler (Serranus phoebe), and scorpion-
fishes (Scorpaena sp.). Tattler were seen over all substrate types.
Scorpionfish most often were observed on emergent hard bottom areas
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Table 11. Species of fish collected or observed in James Island
Area, Block 463.

Dredge  Visually
Species Habitat* Sample Observed

Anarchias yoshiae-pygmy moray X
Apogon pseudomaculatus - twospot cardinalfish
Bodianus pulchellus - spotfin hogfish
Calamus bajonado - jolthead porgy
Centropristis ocyurus-bank seabass
Centropristis striata - black seabass
Chaetodon aya - bank butterflyfish
Chaetodon ocellatus - spotfin butterflyfish
Chaetodon sedentarius — reef butterflyfish
Chriolepis sp. — goby

Chromis enchrysuius -yellowtail reeffish
Equetus lanceolatus - jackknife fish
Gillellus sp. - stargazer

Haemulon aurolineatum - tomtate

Halichoeres sp. — wrasse

Hemiteronotus sp. - razorfish

Hippocampus erectus - lined seahorse
Holocanthus bermudensis - blue angelfish
Mycteroperca sp. — grouper

Ophidion holbrooki - bank cush eel
Plectranthias garrupellus

Priacanthus arenatus - bigeye

Rypticus bistrispinus - soapfish

Scorpaena dispar - hunchback scorpionfish
Scorpaena sp. - scorpionfish

Selar crumenophthalmus - bigeye scad
Sertola dumerili - greater amberjack
Serranus phoebe - tattler

Syngnathus elucens - shortfin pipefish

>
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which supported abundant epifaunal communities. Bigeye and yellow-
tail reeffish were observed most frequently near rock outcrops which
offered protective crevices, though yellowtail reeffish were also
common near heavy concentrations of epifauna. In additiom, a school
of several thousand bigeye scad (Selar erumenophthalmus) was ob-
served near hard substrate in the eastern sections of Block 463
(Television Lines 3 and 4). Other species of fish observed included
small groups (6-8) of jackknife fish (Equetus lanceolatus) and
individual grouper (Mycteroperca sp.). Grouper appeared to be
abundant near the emergent hard bottom areas in the eastern portion
of the lease block and were not observed over soft bottom areas.

The records from the Raytheon depth recorder showed evidence of

fish schools over hard bottom areas in the southeast quadrant of

the block. Schools (6-8) of amberjack (Seriola dumerili) were
sighted over sand bottom on Television Lines 2 and 6. Both sightings
were in the deeper water in the eastern areas of the lease block.

BRUNSWICK AREA, BLOCK 912

1. HARD BOTTOM IDENTIFICATION AND MAPPING

a) Navigation

Figure 39 shows the bathymetric and geophysical navigation base
map of Brunswick Area, Block 912. The nomenclature used on the
map is identical to that previously described for the navigation
base map of James Island Area, Block 198. Figure 40 shows the
locations of the single television/still camera survey line with
position fixes recorded every minute and the locations of the six
dredge tows conducted within the lease block.

Appendix B lists the observed coordinates, UTM grid coordinates,
and latitude and longitude for the benchmark location, deployment
and retrieval position fixes of the television/still camera system
at the start and end of the survey lines, and the position fixes
at the beginnings and ends of the dredge tows.

b) Bathymetry

The depth of water within Block 912 varies from a minimum of
29 meters to a maximum of 35 meters as shown in Figure 41.

The seafloor generally dips in a southeasterly direction though
the direction of dip is not uniform since there are numerous rises
trending in a northeasterly direction. A small rise trends north-
easterly with its axis crossing Line 2 at Shotpoint 10, while to the
east of this rise the north half of the block is low with troughs
and closed low areas trending to the northeast. A northeasterly
trending high has its axis extending from Shotpoint 27 on Line 1
to Shotpoint 20 on Line 4. Southeast of this rise there is an
elongated trough area within a 31 meter contour. A ridge is located
in the south central part of the block within a 30 meter contour,
the highest portion being within a 29 meter closure. A large trough
covers most of the southeast corner of the block. In the trough
there are two low closed areas with small closures slightly deeper
than 34 meters.

AT
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On the side scan sonar records from Lines 123 and 124 at Shot-
point 10 there was evidence of a low area within this trough.
The sonograms also showed a small closed high area along the east
line of the block between Shotpoints 2 and 3 on Lines 126 and 127.

c) Geological and Geophysical Observations

i) Side 5can and Subbottom Data - Figure 42 shows the
results of the onboard interpretation of the side scan sonar and
subbottom profiler records from Brunswick Area, Block 912. The
map was prepared so that visual observations would be conducted in
areas of suspected emergent hard bottom. The laboratory inter-
pretation of the geophysical data is presented in Figures 43 and 44.

As can be seen in Figure 43 the lease block was relatively
uneventful in terms of hard bottom. One major area in the south-
east corner exhibits hard bottom characteristics. It corresponds
to an outcrop of a strong subbottom reflector illustrated in Figure
45. The hard bottom area occurs in a topographic low which trends
roughly northeast-southwest. Sediment thicknesses increase rapidly
to the northwest forming a large wedge and also seaward, but not
as rapidly as to the northwest (see Figure 44). The hard bottom
developed in this trough is of low relief and very sparse.
Comparison between Figures 43 and 44 indicates that emergent hard
bottom is not present at every occurrence of the outcrop of the
subbottom reflector. The outcrop areas with no emergent hard
bottom are ‘covered by a coarse sand or gravel and sometimes appear
as coarse patches within a finer sediment matrix.

The remainder of the seafloor in Block 912 is composed of
sediments of three textural types (classified acoustically).
Overall, only one type is mapped over a large area and is consist-
ently uniform throughout. The boundaries between differing types
are usually gradational and some areas consist of a patchy dis-
tribution with roughly linear streaks of two or more sediment types.

Figure 44 indicates a variety of subbottom structures. A
thick sequence of channel fill sediments is located mainly in the
northwest half of the block. Individual channel cuts are some-
times evident and are depicted on Figure 44. These sediments are
generally acoustically more transparent than the accumulation of
sapds throughout the rest of the block. Distinct layering can be
observed eight to ten meters below the seafloor. Figure 46 illus-
trates channel fill sediments present in the northwest cormer of
Block 912. Within these sediments are a number of anomalies that
may be the result of biogenic gas accumulations. Wipe out zones or
acoustic voids occur when gas is concentrated sufficiently to act
as a barrier to sound propagation. Also present are disrupted or
distorted bedding that may be due to gas migration. A few water
column anomalies were observed throughout the block. Most have
been attributed to schools of fish. However, several such anomalies
have been labelled as possible gas seeps, because of their juxta-
position relative to subbottom gas accumulations which may have
vents to the seafloor. One such example is illustrated in Figure
46. One possible gas seep appears on the side scan sonar records
on Line 110 at Shotpoint 2. All gas accumulations observed are
believed to be of biogenic origin from soft, muddy high organic
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FIGURE: 42 HARD BOTTOM AREAS BASED ON SHIPBOARD INTERPRETATION OF
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Assemblage I was primarily associated with the ridges and scarps
within the lease block. The assemblage was dominated by sponges,
anthozoans (including a spiral sea whip that was not collected
but identified as Cirrhipathes sp.), hydroids, and Filograna implexa
(polychaete). Photograph L is an example of Assemblage I.

Assemblage A was observed on a sand substrate over large portions
of the lease block. Sea pens (Virgularia presbytes) often covered
large areas of the sand as shown in Photograph M. Small outcrops
of rock similar to that shown in Photograph N were observed along
Television Lines 2 (Fixes 2 and 26 and 29 to 48) and 4 (Fixes 65 to
83). The outcrops were apparently covered with sand particularly
along Television Line 2 as Iophogorgia sp. 2 was occasionally
observed emerging from a sand bottom. The small outcrops often
supported a number of the species observed in Assemblages D and I
though Phyllochaetopterus socialis was excluded.

Assemblage J was characterized by a lack of observed epifauna on
a soft sandy substrate.

Clustering analysis was performed on the 81 taxa that were
identified from five or more of the 20 dredge stations. The
clustering orderings of stations in the dendrograms produced by
the Jaccard and Czekanowski coefficients were quite different from
each other because there were no obvious (real) differences between
the presence or absence of the 81 taxa at the 20 dredge statioms.
Figure 38 shows the results of the clustering using the Czekanowski
coefficient. No effort was made to divide the dendrogram groups
because of their lack of significance . The inability of the
clustering analysis to detect differences in the stations is again
due to the use of qualitative data and the integrating of a number
of both sand and rock patches by the dredge within a given tow.

As in Blocks 198 and 380 no distinct species groupings were
produced by the clustering analysis as the species chained together
with those having similar numbers of occurrences appearing closest
together in the dendrogram.

3. DEMERSAL FISH POPULATIONS

Twenty-nine species of fish were identified from James Island
Block 463 as shown in Table 11. Of these thirteen were identified
only from dredge samples (listed in Appendices D and E) and 18 )
were identified from still photography. Two species were identified
from both photographs and collected specimens. Most of the visually
identified species within Block 463 were smaller forms observed
as individuals or pairs near hard bottom areas. Several species were
observed that are characteristic of warm waters such as bank butter-
flyfish (Chaetodon aya), bigeye (Priacanthus arenatus), reef
butterflyfish (Chaetodon sedentarius), adult and juvenile blue
angelfish (Holocanthus bermudensis), twospot cardinalfish (4dpogon
pseddomaculatus), spotfin hogfish (Bodianus pulchellus), spotfin
butterflyfish (Chaetodon ocellatus), and yellowtail reeffish
(Chromis enchryurus).

The most commonly seen fishes in the surveyed areas were yellow-
tailed reeffish, bigeye, tattler (Serranus phoebe), and scorpion-
fishes (Scorpaena sp.). Tattler were seen over all substrate types.
Scorpionfish most often were observed on emergent hard bottom areas
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Table 11. Species of fish collected or observed in James Island
Area, Block 463.

Dredge Visually
Species Habitat* Sample  Observed

Anarchias yoshiae-pygmy moray X
Apogon pseudomaculatus - twospot cardinalfish
Bodianus pulchellus - spotfin hogfish
Calamus bajonado - jolthead porgy
Centropristis ocyurus-bank seabass
Centropristis striata - black seabass
Chaetodon aya - bank butterflyfish
Chaetodon ocellatus - spotfin butterflyfish
Chaetodon sedentarius - reef butterflyfish
Chriolepis sp. - goby

Chromis enchrysuius -yellowtail reeffish
Equetus lanceolatus - jackknife fish
Gillellus sp. - stargazer

Haemulon aurolineatum - tomtate

Halichoeres sp. — wrasse

Hemiteronotus sp. - razorfish

Hippocampus erectus - lined seahorse
Holocanthus bermudensis -~ blue angelfish
Mycteroperca sp. — grouper

Ophidion holbrooki - bank cush eel
Plectranthias garrupellus

Priacanthus arenatus - bigeye

Rypticus bistrispinus - soapfish

Scorpaena dispar - hunchback scorpionfish
Scorpaena sp. - scorpionfish

Selar crumenophthalmus - bigeye scad
Seriola dumerili - greater amberjack
Serranus phoebe - tattler

Syngmathus elucens - shortfin pipefish
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29 meters to a maximum of 35 meters as shown in Figure 41.
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which supported abundant epifaunal communities. Bigeye and yellow=-
tail reeffish were observed most frequently near rock outcrops which
offered protective crevices, though vellowtail reeffish were also
common near heavy concentrations of epifauna. In addition, a school
of several thousand bigeye scad (Selar cruwmenophthalmus) was ob-
served near hard substrate in the eastern sections of Block 463
(Television Lines 3 and 4). Other species of fish observed included
small groups (6-8) of jackknife fish (Fquetus lanceolatus) and
individual grouper (Mycteroperca sp.). Grouper appeared to be
abundant near the emergent hard bottom areas in the eastern portion
of the lease block and were not observed over soft bottom areas.

The records from the Raytheon depth recorder showed evidence of

fish schools over hard bottom areas in the southeast quadrant of

the block. Schools (6-8) of amberjack (Seriola dumerili) were
sighted over sand bottom on Television Lines 2 and 6. Both sightings
were in the deeper water in the eastern areas of the lease block.

BRUNSWICK AREA, BLOCK 912

1. HARD BOTTOM IDENTIFICATION AND MAPPING

a) Navigation

Figure 39 shows the bathymetric and geophysical navigation base
map of Brunswick Area, Block 912. The nomenclature used on the
map is identical to that previously described for the navigation
base map of James Island Area, Block 198. Figure 40 shows the
locations of the single television/still camera survey line with
position fixes recorded every minute and the locations of the six
dredge tows conducted within the lease block.

Appendix B lists the observed coordinates, UTM grid coordinates,
and latitude and longitude for the benchmark location, deployment
and retrieval position fixes of the television/still camera system
at the start and end of the survey lines, and the position fixes
at the beginnings and ends of the dredge tows.

b) Bathymetry

The depth of water within Block 912 varies from a minimum of

The seafloor generally dips in a southeasterly direction though
the direction of dip is not uniform since there are numerous rises
trending in a northeasterly direction. A small rise trends north-
easterly with its axis crossing Line 2 at Shotpoint 10, while to the
east of this rise the north half of the block is low with troughs
and closed low areas trending to the northeast. A northeasterly
trending high has its axis extending from Shotpoint 27 on Line 1
to Shotpoint :20 on Line 4. Southeast of this rise there is an
elongated trough area within a 31 meter contour. A ridge is located
in the south central part of the block within a 30 meter contour,
the highest portion being within a 29 meter closure. A large trough
covers most of the southeast corner of the block. In the trough
there are two low closed areas with small closures slightly deeper
than 34 meters.




97

s

-0ty

; T T T 7 g
; 867 868 i )
H - -~ - - ©
- " v L4 r
; an ' 91z 513
i t 1 N . .
; : [ L R N : [X I R T i
: H S HE P T : [ R L i e
. |
! : .
: H pe ot e 0. P P O H J T T T T FRTY
[ [ I R iy L T : [T B L —reann
1 ] . s H
: ve o F o £y O T H R i oo
: s : . |
H R R . R : ot e, . P :
~— he : . =
: I T H I : (R S ' iy :
i H 2 . : P . ¢ o :
: . o e PR S : [ :
. :
: U - Lo .. ' P R i o
H e Yoo 3y PR O H [P e T
| ;
- PR : T . — 14000
v R i .o 1 e T ey
z N : B ;
H R . 'y T : O T ™ :
H i H .
. b H [ 4 . L . 3 P T . IS e . ’ ST
. e 2 LI . . H PO S H 4o 1, e Pt " ET"Y
7 A . . . . :
1 y H . . . LN} . H . . H i, : . . . o, . i s i
: [ICTE T iy P S H L e T :
H V PO . .« e iy P R T H [P . . ) P ST i
- + - - -+ a0
: H [ ™ D S H L L o TS i
1 H
: i i
i : [ T 4 L H R T PO S :
1 [P R - [ O H Pe T . . s e e i g
s . .
: : PR . HN P H L T T T Rt 3
H IO R P H [ T e,
: A 2 . . : e e s
5 [ ¢ on P : PO e s
= H + I ._!._. -—ie e H Pe e o st e il — 10800
2t 1 s 1 - . . :
i H [T - T H P T
f P £, N : T T O S e
: LT N L T : [ T L T T S - 14
H . B
: T CE - : [ S
A )
H N . :
[ HE) D N . P P R
i H P LI [ S H T T P
o 4 ; . . . . i : Zrasron
e ; [ T . t, . H [ T .
+ Y
985 956 | 957 !
SOUTH ATLANTIC - uS A
H BRUNSWICK BLOCK 9t2
ENGINEERING SURVEY
‘ for ;
CONTINENTAL SHELE ASSOCIATES, INC. ;
L N . . SURVEYED av N
i T T i DECCA SURVEY SYSTEMS,INC. =
i GNIVERSAL TRANSVERSE WERCATCR GRO i
! LALE 5 0000 i
: i i
i . . ; :
Sasas Je9eo Tio ) 3%
1

FIGURE: 39

NAVIGATION BASE MAP OF

BRUNSWICK AREA,

BLOCK gi2




0

e

467 358! - !‘&; e
I - - TZ 3y
_ \ — — — - — - -
.
ce o \
~E
: / PRy
i P IS5
- —_— —_— —_ — Dag 203 — - s
e
T 20
o
.
-“
- - N -
a8 N %6 . 37
Pad .
.
. ST SURTC - uSA
TELEVISION/STILL CAMERA LINE N BRUNSWICK BLOCK 92
2045 ow -
(zot-— ODREDGE T CONTINENTAL SHELF ASSOCIATES, iNC.
SAVETED 3Y
- - - - - DECCA SURVEY SYSTEMS, INC. Teme
; . VLRSI TRAKSVERE WEOLAITA G3C
: wat  com
@
oy oo o = P poePe

FIGURE: 40 NAVIGATION MAP

SHOWING TELEVISION /STILL CAMERA LINES

AND DREDGE TOWS CONDUCTED WITHIN BRUNSWICK AREA, BLOCK 912




99

L3 1]
‘ﬁ ]
|
367 868 | ses |
- o ] :
i i
I :
i EEN
- Ssameo
o L
- — s
- PV
- et
- Hraarm
o =
57 !
i
SOUTH ATLANTYC -USA
BRUNSWICK BLOCK 9t2 !
G = BENCHMARK ENGINEERING SURVEY !
fon |
ORTaM WEAR LoW 'WATER CONTINENTAL SHELF ASSOCIATES,NC. |
X . ; SURVEYED 8Y ;
- - s - - DECCA SURVEY SYSTEMS, INC, j”"“’
“ URIVERSAL TRANSVERSE WERCATOR GRO i
| et 1 000 |
s !
Sesxo 34900 s300m 351000 3520 ' [

FIGURE: 41 BATHYMETRY

OF BRUNSWICK AREA,

BLOCK 912




100

On the side scan sonar records from Lines 123 and 124 at Shot-
point 10 there was evidence of a low area within this trough.
The sonograms also showed a small closed high area along the east
line of the block between Shotpoints 2 and 3 on Lines 126 and 127.

¢) Geological and Geophysical Observations

i) Side Scan and Subbottom Data - Figure 42 shows the
results of the onboard interpretation of the side scan sonmar and
subbottom profiler records from Brunswick Area, Block 912. The
map was prepared so that visual observations would be conducted in
areas of suspected emergent hard bottom. - The laboratory inter-
pretation of the geophysical data is presented in Figures 43 and 44.

As can be seen in Figure 43 the lease block was relatively
uneventful in terms of hard bottom. One major area in the south-
east corner exhibits hard bottom characteristics. It corresponds
to an outcrop of a strong subbottom reflector illustrated in Figure
45, The hard bottom area occurs in a topographic low which trends
roughly northeast-southwest. Sediment thicknesses increase rapidly
to the northwest forming a large wedge and also seaward, but not
as rapidly as to the northwest (see Figure 44). The hard bottom
developed in this trough is of low relief and very sparse.
Comparison between Figures 43 and 44 indicates that emergent hard
bottom is not present at every occurrence of the outcrop of the
subbottom reflector. The outcrop areas with no emergent hard
bottom are ‘covered by a coarse sand or gravel and sometimes appear
as coarse patches within a finer sediment matrix.

The remainder of the seafloor in Block 912 is composed of
sediments of three textural types (classified acoustically).
Overall, only one type is mapped over a large area and is consist-
ently uniform throughout. The boundaries between differing types
are usually gradational and some areas consist of a patchy dis-
tribution with roughly linear streaks of two or more sediment types.

Figure 44 indicates a variety of subbottom structures. A
thick sequence of channel fill sediments is located mainly in the
northwest half of the block. Individual channel cuts are some-
times evident and are depicted on Figure 44. These sediments are
generally acoustically more transparent than the accumulation of
sarnds throughout the rest of the block. Distinct layering can be
observed eight to ten meters below the seafloor. Figure 46 illus-
trates channel £ill sediments present in the northwest corner of
Block 912, Within these sediments are a number of anomalies that
may be the result of biogenic gas accumulations. Wipe out zones or
acoustic voids occur when gas is concentrated sufficiently to act
as a barrier to sound propagation. Also present are disrupted or
distorted bedding that may be due to gas migration. A few water
column anomalies were observed throughout the block. Most have
been attributed to schools of fish. However, several such anomalies
have been labelled as possible gas seeps, because of their juxta-
position relative to subbottom gas accumulations which may have
vents to the seafloor. One such example is illustrated in Figure
46. One possible gas seep appears on the side scan somar records
on Line 110 at Shotpoint 2. All gas accumulations observed are
believed to be of biogenic origin from soft, muddy high organic
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content layers within the channel £ill deposits. There is no
evidence on the subbottom profiler records to suggest a deep
seated migration.

ii) Television and Still Camera Observations - Figure
47 shows the area of hard bottom that was mapped by interpreting
the side scan sonar and subbottom profiler data. A single occurrence
of emergent hard bottom in the form of a small ledge with less than
0.5 meters of relief was observed from the videotapes and photo-
graphs and is depicted in Figure 47 just south of the larger geo-
physically defined hard bottom area. Areas of broken shell and
medium to coarse size sand were observed from Fixes 1 to 36 (see
Photograph O, page 110). Within the geophysically defined hard
bottom area an area of broken shell extended from Fixes 36 to 42
and 107 to 110. Attached epifauna (anthozoans and sponges) were
observed emerging from the rippled sand from Fixes 44 to 48 and
111 to 118 indicating that a hard bottom was located only a few
centimeters below the sand. The sand within this area and the
remainder of the observed area appeared to be of a finer grain size
than that seen with the broken shell (see Photograph P, page 110).

iii) Petrographic Analyses of Dredge Samples - A single
well weathered sample approximately eight centimeters in diameter
was obtained with a biological dredge from Brumswick Area, Block
912. The sample was classified as a sandy biomicrite and was
composed of poorly sorted medium sand to silt-size particles with
scattered sand-size bioclasts in micrite matrix. No porosity was
detected but scattered patches of fine sparry calcite were ob-
served.

2. BENTHIC FAUNAL POPULATIONS

Appendix E lists the taxa identified from each of the five
successful biological dredge tows made on Block 912 while Appendix
D gives a phylogenetic listing of the identified taxa. Seventy-
one taxa exclusive of fishes were identified from the dredge samples.
Decapods (25 taxa), mollusks (19 taxa), echinoderms (7 taxa),
sponges (6 taxa), and anthozoans (6 taxa) dominated the samples as
to the numbers of identified taxa. Table 12 lists the dominant
species collected in the dredges in terms of number of occurrences
within the five dredges. Five of the fourteen species collected
at three or more stations were decapods.

Figure 48 shows the approximate distribution of two biological
assemblages that were recognized during review of the television
videotapes and still camera photographs. The identifications of
the fauna were made using the specimens from the dredge samples as
reference.

Assemblage K, which occurred primarily on the finer grained
sand bottom, was visually dominated by asteroids (Lutdia spp.)
and occasional crabs (Portunus gibbesii). In the areas dominated
by broken shell (Photograph 0) hydroids and octopods were noted.

Assemblage C was apparently attached to a hard bottom that was
covered by a thin veneer of sand. Large sponges (Ireinta campana
and Anthosigmella varians), the polychaete Filograna implexa which
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Table 12. Invertebrate species collected from three or more of the five
biological dredge stations within Brunswick Area, Block 912.

Number of
Species QOccurrences

7itanideum frauenfeldii - anthozoan
Filograna implexa - polychaete
Arcinella cornuta — bivalve
Pilumus sayi - decapod

Porifera sp. 2 — sponge

Chione latilirata - bivalve
Thyroscyphus marginatus - hydrozoan
Telesto sanguinea - anthozoan
Pseudomedaeus agassiaii - decapod
Smittipora levenseni - bryozoan
Pylopagurus sp. - decapod
Parthenope granulata - decapod
Iliacantha intermedia - decapod

WWWWwwWwWwwwwHsesRr0
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Photograph O. Shell/sand substrate within Brunswick Area,
Block 912. (Note octopus within shell mound at upper left
of photograph.)

Photograph P. Sponges (Ircinia campand and Anthosigmella
varians) and a hydroid (Thyroscyphus marginatus) on apparent
sand covered hard bottom within Brunswick Area, Block 912.
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supported hydroids (Thyroscyphus marginatus), the anthozoan
Titanidium frauenfeldii, and an unidentifiable white octocoral were
the visually dominant fauna of the assemblage. As Photograph P
shows, the fauna were very sparse in the area of their occurrence
with only isolated clumps of epifauna observed.

Clustering analysis using the collected taxa showed that the
five stations were divisible into two groups as shown in Figure
49. Group I Stations (201 and 203) had fewer species present than
Group II. However, this grouping of stations did not represent a
real difference in the areas and faunal assemblages sampled as it
was a sampling artifact based on the patchiness of the faunal
distribution.

As in the other lease blocks surveyed, no distinct species
groupings were produced by the clustering analysis as the species
chained together with those having similar numbers of occurrences
appearing closest together in the dendrogram.

3. DEMERSAL FISH POPULATIONS

Nine species of fish were visually observed within Brumswick
Area, Block 912 as shown in Table 13. A total of four species
was collected with the dredge (listed in Appendices D and E) of
which one was different from those photographically identified
making a total of ten species. Channel flounder (Synacium
micrurum), razor fish (Hemipteronotus sp.), and sea robins (Prion-
otus roseus) were observed on shell/sand sediments. Sea basses
(Centropristis sp.) and gray snapper (Lutjanus griseus) were
observed near the small ledge which was the only observed emergent
hard bottom in the lease block. Queen triggerfish (Balistes
vetula), striped burrfish (Chilomycterus schoepfi), and jack-
knife fish (Fquetus lanceolatus) were observed over areas of
scattered attached epifauna.

The records from the Raytheon depth recorder showed little
evidence of fish schools within the lease block. This was not
surprising due to the lack of emergent hard bottom within
Block 912.
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Table 13. Species of fish collected or observed in Brunswick Area,

Block 912.
Dredge Visually

Species Habitat* Sample Observed
Balistes vetula - queen triggerfish D X
Centropristis ocyurus -bank sea bass D X
Centropristis striata - black seabass D X X
Chilomycterus schoepfi - striped burrfish D X
Equetus lanceolatus - jackknife fish D X
Hemipteronotus sp. — razorfish D X
Lutjanus griseus-gray snapper D X
Prionotus roseus - sea robin D X X
Seorpaena sp. — scorpionfish D X X
Synacium micrurum - channel flounder D X

* D = Demersal
Pelagic

o
1l



A.

Li4

IV. DISCUSSION

HARD BOTTOM IDENTIFICATION AND MAPPING

The conservative interpretation of signatures on the sonograms
as hard bottom coupled with the delineation of subbottom reflector
outcrops and areas of little or no penetration by the subbottom pro-
filer led to the identification and mapping of extensive areas of
hard bottom. The emergent low relief hard bottom was so discontin-
uous that geophysical mapping of each patch was not feasible, and
in some cases was impossible, which led to the outlining of large
areas. In addition, since sediment thicknesses of less than a meter
were often undetectable, it became difficult to differentiate very
thin veneers of coarse material from lithified material. Direct
visual observation with the television and still cameras showed
that large areas of geophysically identified low relief hard bottom
were not exposed but were covered with a thin veneer of sand. Al-
though the survey grid and geophysical methods used in this survey
were very similar to those used during typical multi-sensor, high
resolution engineering surveys for geological hazards, no additiomal
instruments that are typically used on shallow hazard surveys such
as an air gun or sparker were used.

The side scan sonar provides the primary hard bottom mapping
information in this type of survey. It is important for the side
scan to be tuned properly and the records to be as noise~-free as
possible to allow for maximum utilization of the sonograms. Exces-
sive sea state conditions can cause erratic tilting of the towed
side scan fish thus distorting the printed record. Specific limits
are difficult to set on the sea conditions in which the side scan
sonar may be operated without distortion. The limits are dependent
on many factors such as cable length, size and stability of the sur-
vey vessel, directions of the seas relative to the ship's course, and
the experience and ability of the side scan sonar operator. Addi-
tional inaccuracies in the mapping of hard bottom areas may occur if
the interpreter is not experienced with false traces caused by water
column anomalies, the recorded shading of various substrate types,
and the acoustic shadows (signatures) caused by topographic targets.

The subbottom profiler was an essential tool for hard bottom
mapping as it allowed the interpreter to visualize the seafloor in
three dimensions. One difficulty encountered with the subbottom
profiler was the limited extent of penetration into the seafloor.
The difficulty was caused by the presence in the survey area,
and probably the whole lease area, of hard packed sands. The use of
an air gun or "boomer" system of low power and tuned to a high band
of frequencies could help to define the depth and extent of subbot-
tom horizoms with its greater capability for penetration. This
system, however, would not yield the resolution of a subbottom pro-
filer, and the%efore, is recommended only as an additional survey
tool and not as a replacement for the subbottom profiler. Also, the
boomer may add additional noise to the side scan sonar records that
could interfere with and hinder the detection of subtle changes in
surficial geology. The gain of additional information would have
to be weighed against this possible interference.
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The quality of subbottom data is affected by excessive sea-
state conditions which can cause cavitation at the subbottom fish
causing poor quality records. Subbottom profiler records may also
be of a poor quality in rough sea conditions if a hull mounted
transducer is used due to the pounding action of the hull and the
roll and pitch of the vessel.

The interpretation of the side scan sonar records generally
showed excellent correlation with the television and still camera
observations in the surveyed areas. This survey demonstrated the
importance of visually observing the geophysically detected hard
bottom areas to ascertain the amount of emergent hard bottom and
to identify the types of biological assemblages that were present.
The types of fauna and their biomass appeared to be directly re-
lated to the thickness of the sand cover which was generally not
definable from the geophysical records.

The quality of the visual records is also subject to the same
controlling limitations of sea-state and operator experience and
ability as effects the collection of geophysical data. Addition-
ally, high turbidity in the water close to the bottom will also
affect the quality of the visual data. However, only extreme con-
ditions will prevent the collection of the data since only one meter
visibility is required as a bare minimum to be able to verify the
substrate and biological assemblage types.

The bathymetric data generally showed little correlation with
emergent hard bottom other than in the cases of obvious ridges and
scarps and an area in Brunswick Area, Block 912 where a depression
was directly related to a hard bottom location.

The biological dredge served as a useful tool to sample the
hard bottom since it was able to sample large surface areas and
all substrate types. The dredge samples provided the physical
specimens needed for positive species identification of the biota
recorded with the television and still cameras. However, dredging
across high profile and on rough (rock) substrate may lead to pos-
sible damage or loss of samples or equipment unless the operator
is experienced at dredging over rough terrain.

The use of grabs or box core type samples for collecting rep-—
resentative samples of biological communities may be questionable
both due to the highly variable (i.e., patchy) nature of substrate
types and associated biota and the inability of these sampler's to
obtain samples on hard substrate. Such patchiness would require a
large number of samples before the biologist could be assured of
adequate species representation of the sampled assemblage.

Biological sampling should be used only to provide additional
specific datainvolving the species comprising a biologi-
cal assemblage. Visual observation techniques should still be re-
quired to establish substrate type/biotal assemblage relationships.

4

B. GEOLOGICAL INTERPRETATION OF EMERGENT HARD BOTTOM

It appears that the emergent portions of the geophysically de-
fined hard bottom areas are primarily Recent to Subrecent biostromal
reef that is discontinuously covered by sands. The subbottom re-
flector may also represent the same biostromal reef though this
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has not been completely documented. The reef is composed of a
mixture of encrusting organisms, bioclastic calcarenites, and
cemented quartz sand. The sandstone often occurs in irregular
lenses and frequently with a nodular relationship to sandy bio-
micritic, biomicritic and biolithic rocks. The sandstone prob-
ably represents sand that at one time filtered into various
interstices, holes and hollows in existing reef areas. In some
cases the sandstone pre-dates the adjacent carbonates and repre-
sents clasts incorporated into the reef by encrusting organisms.

Whether any of the calcarenitic lithologies formed as beach
rock is not certain but it seems unlikely. Nome of the typical
features either in gross lithology or petrography seem to be
present. It is believed that in the predominantly carbonate
rocks the sand and silt-size carbonate clasts are derived from
mechanical and biomechanical breakdown of the substrate reef and
lithified by submarine cementing processes as no evidence of va-
dose cements was seen.

It appears that reef building activities by a considerable
variety of organisms including serpulid worms, bryozoans, and lime~
secreting algae have been going on fairly continuously following
the post-Wisconsin sea level rise. Destruction of the reef prob-
ably occurs intermittently as it is smothered by shifting sediment
at which time boring and burrowing organisms, whose destructive
activities are probably effectively balanced during periods of
healthy reef activity, greatly speed up the breakdown of the
reef. It is probable that some submarine weathering, both chem-
ical and mechanical (storm wave effects), is also occurring. The
consequences of this breakdown are seen in the rubble of scattered
clasts of all sizes from gravel to large blocks often lying near
ledges from which they have recently become detached. This crumbling
of the reef 1s to some extent balanced since the larger blocks them—
selves may become suitable substrates for succeeding generations
of encrusting organisms so that in time they are re-incorporated
into the reef again.

’ There is little evidence for extensive dolomitization of the

5 reefoid material and alizarin red stain showed only scattered dolo-
{ mite crystals. It thus differed from the substrate reported from

/ "Gray's Reef" by Hunt (1974). Hunt suggested a correlation between
| the "Gray's Reef" substrate and the Duplin Marl of coastal Georgia
| and elsewhere. In the present case the evidence thus far collected
| would seem to indicate a younger {(Recent to Subrecent) age. How-
| ever, there is no reason to suppose that we are not dealing with the
same diachronous lithosome since, in the relatively short time span
since the end of Wisconsin time, sea bottom conditions along this
entire stretch of the eastern seaboard have probably remained es-
sentially the same.

Existing data indicate that any large scale deposition or
removal of surficial sands from the observed emergent hard bottom
areas could only occur during major storm conditions. Near-bottom
current speeds on the outer continental shelf of the Georgia Em~
bayment generally do not exceed 15 centimeters/second and bottom
photographs of a particular site on the continental shelf studied
by the U.S. Geological Survey showed minor changes in erosion and
deposition of small bedforms but no mass movement of sediment (But-
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man, 1978; Lee, 1978). Biological observations showed individual
sponges (Ircinia spp. and Anthosigmella varians) with diameters

of 30 to 45 centimeters protruding through sand lenses only a

few centimeters thick. It is estimated that a period of several
years would be required for such sponges to attain a diameter of
five to ten centimeters and perhaps avoid burial, though data on
sponge growth is extremely limited. Based on the size of the
sponges observed in Brunswick Area, Block 912, it is possible that
the depression where the semi-emergent hard bottom area was dis-
covered in the block was originally created during the last major
storm in the area which is believed to have occurred during 1964
(Hurricane Dora). However, sand has apparently been gradually de-
posited in the depression at a rate that is slow enough to avoid
smothering of the sponges.

BENTHIC INVERTEBRATE ASSEMBLAGES

Table 14 lists the 38 species of the 499 identified taxa that
were found in at least 25 percent of the 68 dredge samples col-
lected during this survey. Decapods (7 species), anthozoans (6
species), bivalves (6 species), bryozoans (5 species), and echino-
derms (5 species) composed 76 percent of the 38 species. Eight
species were recorded from 50 percent or more of the dredges and
144 species from at least ten percent of the dredges. )

Table 15 lists the eleven biological assemblages, their char-
acteristic species, and the corresponding substrate types identi-
fied from the television/still camera observations conducted within
the four surveyed blocks.

The polychaete Phyllochaetopterus soctalis may be the most
important species in James Island Area, Blocks 380 and 463. It
appears to have the highest biomass in addition to creating a sub-
strate for other fauna. The species has been reported from the
continental shelf of the United States on only a single known pre-
vious occasion (Day, 1973) when it was collected off North Carolina.
The polychaete was not observed or collected in the shallower water
blocks of James Island Area, Block 198, and Brunswick Area, Block
912 where the observed epifaunal biomass was greatly reduced in
comparison to the other two areas.

Brunswick Area, Block 912 appeared to have the lowest numer-
ical abundance and biomass of attached epifauna of the four sur-
veyed areas. Block 912 also had the lowest number of identified
taxa of the four blocks (71 taxa). The visual observations indi-
cated that these statistics were not simply a function of the few
number of dredge samples, but were probably due to the small area
of hard bottom and high degree of sand cover.

Although James Island Area, Block 198 was located in the shallow-
est water and had the least amount of emergent hard bottom of the
blocks surveyed in the James Island Area, it had the largest number
of identified taxa (274) as compared to Blocks 380 (214) and 463
(257). Assemblage C was identified in Blocks 198 and 912 as the
individuals in both faunal groups were emerging from a sand sub-
strate though they were apparently attached to a hard substrate be-
low. Similar species were encountered in the two assemblages
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Table 14. Species collected from twenty-five percent or more of the
sixty-eight biological dredges collected in hard bottom
areas.

Number of Percent of
Species Dredges Total Dredges

Telesto sanguinea - anthozoan 50 74

Titanideum frauenfeldii - anthozoan 44 65

Celleporaria albirostris - bryozoan 43 63

Filograna implexa - polychaete 43 63

Arca zebra - bivalve 41 60

Smittipora levenseni - bryozoan 41 60

Ophtothrix angulata - echinoderm 41 60

Gonodactylus bredini - stomatopod 38 56

Lophogorgia sp. 2 - anthozoan 33 49

Hippopetraliella bisinuata - bryozoan 31 46

Parthenope fraterculus - decapod 29 43

Phyllochaetopterus socialis - polychaete 27 40

Ellisella sp. - anthozoan 26 38

Anthothelidae sp. - anthozoan 26 38

Chione latilirata - bivalve 25 37

Pteria colymbus - bivalve 24 35

Celleporaria magnifica - bryozoan 24 35

Asteroporpa annulata -~ echinoderm ) 23 34

Peyssonnelia rubra - algae 23 34

Stylopoma spongites - bryozoan 22 32

Thyroscyphus marginatus - hydroid 22 32

Polyandrocarpa sp. - ascidian 22 32

Palicus sp. - decapod 22 32

Molgula sp. - ascidian 21 31

Laevicardium pictum - bivalve 21 31

Stenorhynchus sp. - decapod 20 29

Cladocora arbuscula - anthozoan 20 29

Euctdaris tribuloides - echinoderm 20 29

Comactinia sp. - echinoderm 20 29

Ophioderma brevispinum ~ echinoderm 19 28

Synalpheus sp. - decapod 19 28

Hiatella arctica - bivalve 18 26

Nidalia occidentalis - anthozoa 18 26

Chama congregata - bivalve 18 26

Styela sp. - ascidian 17 25

Pilumnus sayi - decapod 17 25

Ascidia sp. - ascidian 17 25

Portunus ordwayi - decapod 17 25
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Table 15. Benthic biological assemblages, characteristic species,
and corresponding substrate types identified from tele-
vision/still camera observations in James Island Area
Blocks 198, 380 and 463 and Brunswick Area Block 912.

Assemblage Characteristic Taxa Block Substrate Type
A Virgularia presbytes 198, . Sand and sandy shell
(sea pen) 380, .

_
.
-
.

Luidia spp. (asteroid) 463
Encope michelini

i

(echinoid)
B Sponges 198 Emergent hard bottom
Gorgonaceans (part- (low relief)

icularly Lopho-
gorgia spp.)

o Titanideum frauenfeldii 198, Sand covered hard
(anthozoan) 912 bottom
Filograna implexa
(polychaete)
Sponges

D Phy llochaetopterus 380, Emergent hard bottom
soctalis 463 (Low relief)
(polychaete)

Peyssonnelia rubra
(algae)

Anthothelidae sp.
(anthozoan)

Ellisella sp. (anthozoan)

Telesto sanguinea
(anthozoan)

Filograna implexa

Sponges

E Comactinia sp. (crinoid) 380 Rubble/talus and
Peyssormelia rubra emergent hard bottom
Coralline algae (high relief)
Sponges

F Sabellid polychaetes 380 Coarse sand

G Gorgonacea sp. 2 380 Emergent hard bottom

(high relief)
H Coralline algae 463 Rubble/talus

Peyssonnelia rubra
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Table 15. (cont.)
Assemblage Characteristic Taxa Block Substrate Type
I Cirrhipathes sp. 463 Emergent hard bottom
(anthozoan) (high relief)
Filograna itmplexa
Bydroids
Sponges
J No biota observed 463 Sand
K Luidia spp. 912 Sand/shell
Portunus gibbesit
(decapod)
Hydroids

Octopods
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though their observed numerical abundances differed. The visual
observations in Block 198 showed that an increased species richmess
and biomass appears to be associated with emergent hard bottom.

The visual dominance of Phyllochaetopterus soctalis in Blocks
380 and 463 separated Assemblage D from all others. Four additional
assemblages in Block 380, two of which were associated with emergent
hard bottom, appeared to be depth related. Larger portions of the
observed area of Block 463 were dominated by the sea pen, Virgularia
presbytes, (Assemblage A) tham in Blocks 198 and 380. The rubble/
talus areas in Blocks 380 and 463 appeared to support a much lower
biomass and faunal abundance than the emergent rock slabs and ledges,
but higher than the sand bottom areas.

A series of clustering analyses was made on the presence/absence
data from the four blocks using the Jaccard and Czekanowski similarity
coefficients. The following three sets of data were used: (1) the
65 most frequently occurring taxa from the 28 stations of Blocks 198
and 912, (2) the 94 most frequently occurring taxa from the 40 sta-
tions of Blocks 380 and 463, and (3) the 99 most frequently occur-
ring taxa from the total of 68 stations. The station dendrogram
(Figure 50) produced using the Czekanowski coefficient for the 99
most frequently occurring taxa from the total of 68 stations dif-
ferentiated four groups. Examination of the groups and a two-way
table of stations and species indicated that Group I (Block 198
stations) appears to have a slightly different group of taxa present
than Group II (Block 380 stations and eight stations from Block 463)
and Group IV (eight stations from Block 463). Group III was com-
posed of the Block 912 stations and four stations from Block 463
that were improperly classified. Though a certain amount of mis-
classification of stations occurred in the dendrogram the two-way
table did show that the five stations in Block 912 were somewhat
different than the other 63 stations. As expected, the Block 380
and 463 stations appeared to be the most similar though little
difference in the presence/absence of species between Blocks 198,
380 and 463 could be detected in the two-way table.

The other clustering analyses provided little information in
addition to that already provided by the individual block clustering
analyses and the clustering analysis just discussed which compared
all the stations. The water depth of thestations in Blocks 198 and
912 ranged from 30 to 35 meters and from 45 to 102 meters in Blocks
380 and 463. Although one might expect to discern a minimum of two
different biological assemblages due to water depth, the confounding
parameter involving the quality of the emergent hard bottom (amount
of sand cover and relief) complicates the analysis of the factors
controlling the distribution of the taxa.

No distinct species groupings were produced by the clustering
analysis using either similarity coefficient as the species chained
together with those having similar numbers of occurrences appearing
closest together in the dendrogram.

The following major taxa are believed to be associated primarily
with the hard bottom areas based on the species sampled as opposed
to the more dominant soft, sandy bottom of the Georgia Bight contin-
ental shelf: (1) Porifera (sponges), (2) Hydrozoa (hydroids), (3)
Anthozoa (corals, sea anemones, sea feathers, and fans) excluding
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Renilla reniformis and Virgularia presbytes, (4) Cirripedia (barna-
cles), (5) Bryozoa (moss animals), (6) Ascidiacea (sea squirts),

and (7) Chlorophyta (greem algae), Phaeophyta (brown algae) and
Rhodophyta(red algae). Certain species of polychaetes, mollusks,
crustaceans and echinoderms as shown in Appendix D are also believed
to be almost exclusively associated with hard bottom substrates. A
more complete list of exclusive hard bottom species is difficult to
construct due to the close spatial proximity between sand and rock

in most areas and the historical occurrence of some species in more
than one habitat.

The zoogeographical affinities of the hard bottom associated
taxa seem to be primarily tropical (Caribbean/West Indian) based on
discussions of the various major taxonomic groups by different
authors (Abbott, 1974; Bayer, 1961; Cairns, 1978; Giammona, 1978;
Meyer et al., 1978; Widenmayer, 1977). A species-by-species dis-
cussion of zoogeographical considerations is beyond the scope of this
report.

Comparisons between the fauna collected in this study and that
collected by Avent et al. (1977) off the east coast of central
Florida and Menzies et al. (1966) and Cain (1972) off the coast of
North Carolina on shelf edge reefs reveal a large number of species
in common. Three of eight cnidarian species, 13 of 32 decapod, seven
of 8 echinoderm, 15 of 45 gastropod, 11 of 26 bivalve and one of
26 bryozoan species were found in common with the samples collected
by Menzies et al. (1966) at their reef stations. Ten of the 19
species designated by Menzies et al. as characteristic of the reef
stations were also collected during this study. Twenty-eight of
the 85 taxa identified by Cain (1972) to species level and reported
were dredged from the areas surveyed during this study. It is
believed that because of the qualitative nature of these data sets
and the variable amount of effort spent in the collection and taxon-
omic identification phases of the three studies, the only general
conclusion that can be made is that certain portiomns of the fauna
are similar.

FUTURE CONSIDERATIONS

1. ENVIRONMENTAL STIPULATIONS CONCERNING GEORGTA EMBAYMENT HARD
BOTTOM ARFAS

The hard bottom areas within the Georgia Embayment are a
valuable resource as both a recreational and commercial snapper/
grouper fishery of North and South Carolina, Georgia, and north
Florida (Cupka et al., 1977; Huntsman, 1976; Huntsman and Dixon,
1976; Ulrich et al., 1976; Wolff, 1979). However, South Carolina
and north Florida fishermen seem to be utilizing the hard bottoms
to a greater extent than Georgia fishermen (Smith and Rivers, 1977).

The hard bottom areas surveyed had extremely limited amounts
of hermatypic coral in contrast to the Florida Middle Ground (Grimm
and Hopkins, 1977) and the Gulf of Mexico Flower Garden Banks (Bright
and Pequegnat, 1974; Bright et al., 1976). However, the faunal as-—
semblages were as extensive and rich (species richness) in the James
Island Area as those reported by Ludwick and Walton (1957) and
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Woodward-Clyde (1979) for the outer shelf areas off the central
and northern west coast of Florida and the South Texas Banks
(Antipatharian Zome) reported by Bright et al. (1978b). A number
of the same octocorals have been identified from all three areas.

The total area of hard bottom in the Georgia Embayment is
not known with any degree of accuracy. However, this lack of
knowledge does not change the fact that these areas and associated
fauna are probably as sensitive, unique, and important as hard
bottom areas and associated fauna in the eastern and northwestern
Gulf of Mexico.

According to McCarthy (1978) the current regulations involving
the identification and mapping of suspectad hard bottom areas using
geophysical data collected during shallow geological hazard surveys
followed by visual inspection of any suspected areas within 1,820
meters of a proposed drillsite appear to be sufficient to insure
identification and characterization of the hard bottom areas and
associated fauna.

The question remains as to what are the most effective methods
for protecting the areas from the impact of oil and gas drilling
operations. The Federal Register stipulations relevant to the
lease blocks considered have stated:

"If it is determined that live bottom (hard bottom) areas might
be adversely impacted by the proposed activities, then the Super-
visor will require the lessee to undertake any measure deemed econ-—
omically, environmentally and technically feasible to protect live
bottom areas. These measures may include, but are not limited to
the following:

(a) The relocation of operatioms to avoid live bottom
areas.

(b) The shunting of all drilling fluids and cuttings
in such a manner as to avoid live bottom areas.

(¢) The transportation of drilling fluids and cuttings
to approved disposal sites.

(d) The monitoring of live bottom areas to assess the
adequacy of any mitigation measures taken and the
impact of lessee initiated activities (USDI, 1978a).

The general low relief of the hard bottom in the Georgia
Embayment, except possibly near the shelf-edge, is unlike the Gulf
of Mexico topographic highs (banks). The discharge of drilling
fluids and cuttings through a downpipe terminating near the bottom
(shunting) would tend to concentrate the discharges near the hard
bottom areas rather than isolating the discharges form the sensi-
tive areas as is apparently the case with shunting near the Texas
topographic highs. Near-surface discharges would allow for maxi-
mum dilution and dispersion of the discharges. The distance from
hard bottom areas beyond which discharges can be safely made without
possibly damaging the area is difficult to state without a greater
knowledge of the components of the discharges, the oceanographic
conditions at the time of the discharges, and a knowledge of the
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effects of the discharges on the biota.

2. RECOMMENDATIONS FOR FUTURE RESEARCH

The current regulations that require interpretation of the
shallow geologic hazards data for hard bottom and subsequent .
visual inspection and perhaps sampling of the suspected areas Wll%
serve to define the hard bottom areas and lead to a general descTiP~™
tion of the associated communities within tracts leased for oil and
gas exploration. A mapping survey presently being conducted bY
the U.S. Geological Survey and primarily concentrated in the leasedd
tracts will provide additional information on the percentage of har
bottom areas located on the continental shelf in the Georgia Embay~
ment. Additional studies of the hard bottom associated ichthyofaund
are presently being made by the National Marine Fisheries Service
or through their funding of other research groups. :od

In the event that envirommental monitoring programs are requlre_
during drilling operations that are conducted near (distance Presént
ly unspecified) hard bottom areas then information on the diSPerélon
and dilution of the discharges and the area affected during Paftlcu_
lar oceanographic conditions should be collected. The monitoring
programs should also supply data on the detectable effects of the
operations on the fauna associated with the hard bottom. are

There is insufficient available knowledge describing the expos
times and concentration levels at which drilling fluids may damage
the hard bottom fauna. This lack of data coupled with a minima
understanding of the ecological dynamics of the hard bottom faQnal
assemblages makes the restrictions on discharges as specific dis~
tances from the hard bottom areas virtually arbitrary. Laboratory
studies (bioassay) involving representatives of the hard bottom
faunal assemblages and long~term field studies involving temporal
variations in ecological conditions and subsequent changes in the
structure of the faunal assemblages of specific hard bottom areas
is needed. Information on the temporal stability of the hard bot—
tom areas and fauna is also needed to assess the significance of the
possible short or long term effects of drilling operations on the
hard bottom fauna.

Whether the economic expenditures required to obtain these
needed data can be justified against the economic cost of not ac~
quiring the information is beyond the scope of this report.
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V. SUMMARY AND CONCLUSTIONS

Four oil and gas lease tracts in the Georgia Embayment were sur-
veyed with a precision depth recorder, side scan sonar, and subbottom
profiler for the purpose of identifying and mapping areas of hard bottom.
Multi-sensor high resolution engineering surveys using similar equip-
ment are routinely conducted prior to drilling activities in order to
identify shallow geologic hazards including sediment instability, fault-
ing, and shallow gas. The primary objective of this study was to deter-
mine the efficacy with which the standard geophysical equipment and
techniques normally used could identify and map hard bottom areas. An
underwater television system was used to inspect the geophysically mapped
hard bottom areas to determine the relationship of emergent hard bottom
to geophysically mapped hard bottoms and benthic faunal biomass. The
secondary objectives of this study were to characterize the substrate
comprising the hard bottom using petrographic analyses and to identify
the hard bottom associated epifauna and demersal fishes. Color photo=
graphs were taken and dredge samples collected for this purpose.

The results showed that through the conservative interpretation
of side scan sonar signatures and identification of areas of apparent
outcropping of subbottom reflectors or acoustically impenetrable layers
by the subbottom profiler, that hard bottom areas can be identified
and mapped most successfully. However, visual inspection was necessary
to delineate the discontinuous nature of the emergent hard bottom areas
and the types of biological assemblages associated with the mapped areas.
A thin veneer of sand that was very difficult to identify from geophysi-
cal data was often observed overlying the geophysically defined hard
bottom. Attached epifauna were frequently observed protruding from the
sand which in those areas was probably less than six centimeters in
thickness. The thickness of the sand veneer frequently appeared to
determine the composition and quantity of the epifauna, with a depauper-
ate fauna present in areas having apparently the thickest veneer of
sand. Visual observations also showed that the geophysically defined
hard bottom areas were very often a mosaic of low relief rock ledges and
slabs (less than one meter), areas of rubble/talus, and patches of
sand with the pattern of the mosaic being extremely variable. Areas of
higher relief hard bottom in the form of ridges and scarps were occasion-
ally identified.

Bathymetry was generally not adequate for the determination of
hard bottom areas except in the cases of the ridges and scarps and in
one instance (Brunswick Area, Block 912) where a depression was associa-
ted with a hard bottom area covered with a thin veneer of sand.

Petrographic analyses of 43 rock samples dredged from the hard
bottom areas showed that the hard bottom was principally a Recent to
Subrecent biostromal reef. Six lithologic types were identified (sand-
stone, biomicrite, sandy biomicrite, biosparite, biolithite, and algal
biolithite) from,the dredge samples with no significant variations in
their distributions recorded between the four lease blocks.

Four hundred and ninety-nine taxa including 33 fishes were identi-
fied from 68 biological dredge samples collected in hard bot-
tom areas. The hard bottom associated fauna was primarily composed of
representatives from the following major taxza: Chlorophyta (green algae),
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Phaeophyta (brown algae), Rhodophyta (red algae), Porifera (sponges),
Cnidaria (hydroids, corals, sea anemones, sea feathers, and fans) and
Ascidiacea (sea squirts). A number of species of polychaetes, mollusks,
crustaceans and echinoderms were also believed to be directly associated
with the hard bottom. Biological assemblages were identified from the
dredge samples through computer-aided clustering analyses. The faunal
assemblages identified from the visual data were believed to more accurate-
ly represent the faunal associations. This was due to the qualitative
nature of the dredge data and the habitat (rock/sand) integrating effect
of the dredge. Although some coherence of identified assemblages was
noted between the four study areas, the composition of the assemblages
and their areal extent were often quite variable. The faunal assemblages
appeared to be directly correlated to substrate type with water depth
seeming to be the second major factor influencing the abundance and
distribution of the observed and collected species.
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POSITIONING
SYSTEMS

The HI-FIX system consists of a
Master Transmitting Station, two
Slave Transmitting Stations and a
Shipboard Receiving System
providing Hyperbolic or Range-
Range Electronic Positioning
Systems for survey accuracy.

'DECCA SURVEY

OFFSHORE ENGINEERING



HI-FIX Chain Stations are designed for unattended operation. All units
are easily handled by one man and are mounted in rugged field cases
measuring 20 /14 /10 inches. Units are designed for stacking during
operations.

All Transmitters, Slave and Shipboard Receivers are interchangeable
for flexibility and economy. Numerous optional display services

are available.
Operating Frequency (o) selected frequency within 1600-2000 KC Band.
Control Frequency F.-80 Cycles
Receiver Band Width + 100 Cycles
Radiated Signal ICW Time Mulitiplex between Master and Slaves
Radiated Power 10W or 40W
Working Range 50-100 Miles Temperate Lats.g .
25. 50 Miles Tropical Lats, ) 10 W Radiated Power
100-200 Miles Temperate Lats. :
50-100 Miles Tropical Lats. ;40 W Radiated Power
ACCURACY:
Hyperbolic Mode .015 Lane
Range-Range Mode .015 Lane
POWER:
Hi-FIX Master or Slave Ba@ 24 V.D.C.

Shipboard Receiver 4a@ 24 V.D.C.
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AUTOCARTA

FOR SEISMIC SURVEYS AND
OFFSHORE ENGINEERING

When programmed for seismic applications the
operator first specifies the Preplot operation,
and then defines line and fix point data. The
precise grid and pattern co-ordinates of each fix
point are then listed, and simultaneously the re-
quired track with each fix point annotated is
recorded on the plotter.

At the commencement of the survey the Post-
plot operation is specified. Pattern corrections
and real time are input together with line and fix
point data as before. Guidance information is then
presented to the helmsman on the left right display,
and the actual track recorded on the plotter. At
each fix point — determined automatically from
Autocarta, or manually — a contact closure is
available for marking the seismic instruments.
Also the track made good is annotated and a
listing made comprising actual pattern and grid
co-ordinates together with depth and real time.




AUTOCARTA

SYSTEM HARDWARE

733 ASR Data Terminal

DP3 Plotter

Position Sensor
Trisponder
Sea-Fix

§ Hi-Fix/6

§ Decca
Shoran

# Pulse/8
and others

Computer
with
Interface

Depth Sonar
Atlas DESO/10
Atlas EDIG/10
Kelvin Hughes
and others

§ Prints and

N data

.8 presentation of £

@ survey areatoany &

8 scaleand
R orientation

§ Left Right
-8 Display
® Continuouson

Data Terminal

records raw
and processed

Plotter
Undistorted

- B linetrackguidancel]
~f§ for helmsman :
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Decca Survey Trisponder is a short range micro-
wave aid for the accurate position fixing of sea
going vessels and aircraft. It may be used in any
application where precise control is required, and
its many operational advantages render it a
particularly effective system.

Equipment is lightweight, portable and easily
deployed. After initial calibration, no preliminary
setting up is required and the clearly readable
position fix is unambiguous. Modern electronic
design techniques aifow for extended periods of
operation without routine support, and also ensure
that down time during servicing is significantly
reduced.

The minimum eguipment requirement {0 provice
position fixing consists of three stations, and is
known as the '‘Basic System’. One station instalied
on the user vemcie is termed the Mobile, and the
remaining two at Tixed focations are called Remotes.
Pulsed transmissions in the X band and digital
measuring technigues are emoloyed in a range/
range configuration 1o give the position of the
Mobile with respect 1o the Remotes. Three small
amrﬂmer/?’e eiver (T/R) Units, and a Distance
Measuring Unit {DMU) for control and dispiay
purposes at ihe Mobile Station are the only items of
aguipment reguired. Primary power is at 24 voits DC.

Decca Survey Trisponder is availabie as Standard,
Aulti Channel or Short Range systems, and con-
siderable variation within each system type is also
cossible. Equipmemt can pe crovided to a client's

specification wnich goresents range measurements
in feet or metras, nNas racﬁar r»ertnrenc: supprassion
fitted and has 2 muiti usar time sharg ocotion avaiiatis.

Svystems are now dDrovided v‘/ith the Automatic
FIAGC) option fitted. This recent
tributes greatly 10 Overa:

) ! cy by mmmo]mng
constant input sigril feveis which minimises (e nesc

ZRe33tereq trade mark, Lal

Range Accuracy * 3 metres

Range to 80Km

Range Resolution & 1 metre

4 Remote Capability {2 Interrogated)
BCD Qutput of Two Ranges

Radar Interference Suppression

AGC Facility

Option:

e 3 User Operation — Time Shared
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REMOTE Weight 0.18 kg (0.41 Ib} REMOTE
STATION (1) 260 STATION (2
Coding on ; 8
L‘~:andv|’e. i
Sen | Antenna
PRIs Directional
: Y
T Transmitter
S Receiver

l

\*\
\}/

21 3%)\‘ i
440
! Weight G.11 kg {0.25 b}

Weight 7.1 kg (15.61b

370 mm

{14.5 in.}

Antenna
Omni

Unit

—

112 mm 12 or 24V

Battery

{or alirrnanve

power suspiy!

Battery Charger

=

5

235 mm

. (9.3 DCepth
i 240 mm
H - i 9.4 in)
| e —
s . T N f
kYt e 87 8 i
J@C 9 3@0 %
\ 3
‘ 240 mm ____,{
9.4 in)
Weight: 4.8 kg
(10.21 ib)

A/“ — 1
f,,/. e
280 mm e
omm Battery Pack
40? mm Weignt 3.Z2xg 17 bl
z4y /{ \( 18 in
Seen \\\ Jaignt 11.2 kg 125 b}

Lor Biernative

oower supoly!

Dist

w = w emae

ance Measuring Unit

- e ame A WS SR
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LICENCING DATA
System parameters within the shaded areas shouid be furnishad to the UK, Authority when

DECCA SURVEY TRISPONDER

application for a licence is made. Similar requisites may be required for licencing purposes, in other STANDARD MULTI CHANNEL SHORT RANGE
countries and the sppropriate authority shouid be consulted. (4 REMOTES) (8 REMOTES) (4 REMOTES)
IT VARIANT T
SYSTEM AND UN : A N SYs ;EM 202A-MS06 202A-MS08 202A-MS10
Systems are 3va:lable with distance measurements exoressed in TYPE
metres or feet, indicatad by 3 first suffix letter M or F
respectively. DISTANCE
i MEASURING 202-R0O3 202-R02 202-R04
Systems are available with or without an AGC option, indicatad UNIT TYPE
ny a second suffix letter Cor A raspectivaly
TRANSMITTER
Example: A short range system guving distance measurements RECEIVER 21701 21701 Mobile 26101 M
metres and fitted y an AGC option is iden € a5 type UNIT TYPE Remote 26101-R
202745 10-% SYSTEM
SERIES 217 217 261
- TYPE
e
-
. FREQUENCIES JosLEs 9480MH 9480MH: 9480MH
% g range 23003500 MMz Units are normaily supplad Ealli
: 19 NI SN g frequencies snown REMCTE 9326MHz 9325MH 9325MH
§ STATION ) )
- Witnin the USA systams are supoiied adjusted to transmir on — =
. 3350 %4z (Modile 30 9450 MHz {Remores) FOANSMITTER 1KW (+60dsm) KW (+60 dbm) 10 Watts (~40dbm)
i}JLs?, 0.5usec=0.1 C.5usecz0.1 0.5usec=0.1.
NIDTH
INTERMEDIATE a
MH OMH
SREQUENCY 60MHz 50MHz B80MHz
ILF .
e 1204 12MH 12MH
BANDWITH 2MH2 MHz 2NMiH2z
RECEIVER ~74db _7 =
SENSITIVTY 406 74db

NUMBER CODES

NUMBER CODES

NUMBER CODES

PULSE REPETITION INTERVALS {PRIs) 1-4 1-3 1oa
Fad c;é:we ::e'vs‘?r :imoers. .“Jr-»:r: nur?oers ANY PA(R ANY GROUP ANY PAIR
o f;?,-s'g'j' héw-‘”? 0:‘525 . IN RANGE IN RANGE IN RANGE
s 2 MS0s of the ingividual PRI ser. 824 usec 624 usec 123 useg
T 0
994 usec 284 usec
SN ANTENNA GAIN 7db NOMINAL 7db NOMINAL Tdb NOMINA
TYeE TonoNTAL 350° 360° 380°
21713 —
30° 30° 30°
o 18 db 18 db 16 cto
TVRE -
375" 37.5° 875
21218
. o P
R
15 ab 16 do 5 db
21278 180° 180° 180°
57 5° 5°
POLARIZATION HORIZONTAL HORIZONTAL HORIZONTAL
OTHER
/€S YES v
MAJOR
FEATURES ves vES res
sowER 23-32V ax 12-32V 5e,
S03iL s AN 244 2.3A
SupeLy FPAPTION WAX S.0A 3.0A
REQUIREMENTS VOLTAGE 23-32V 3z 23-32V 4
ZURRENT NN 0.8A 28A
A X 35A 35A
For further information please contact:

The Decca Survey Group policy is one of continuous product development
to take advantage of technological advances that will benefit the customer.
The Group therefore reserves the right to aiter without prior warning any of
the information in this publication.

Decca Survey Limited

Survey House, Kingston Road,
Leatherhead, Surrey, England.
Telechone: Leatherhead 78971

Cables. DECSURVEY LEATHERHEAD
Telex: 928437

gsorton 21 3A ¢ No. 2 ncuien of the Controdiar

the Hydrographer of tne N

Desigred and producad oy the Tachnical Infarmation Depariman: Decea Survay Limitad

Publication Reference : S42 (Dec, ‘76) Printed in England
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RAYTHEON MARINE

The DE-731 is a ruggediy built feet and fathom recording
Fathometer depth sounder. It is a fully solid-state and
weatherproof unit that deiivers powerful performance and
offers a number of desirable features that include “Whiteiine”
operation.

Heavy duty construction and advanced electronics insure
maximum reliability with a minimum of power consumption.
For easy serviceability most circuitry is mounted on plug-in
printed circuit boards.

Precise recordings to depths of 410 feet or 410 fathoms
are presented through four overiapping phases in feet and
fathoms, selectable by a front panel switch. The functions of
adjustable chart lights and fix marker are also controiled on
the front panel.

A built-in phase indicator marks the lower portion of the
chart paper, noting permanently the feet phase in use. A
hinged front window panel enables easy access to chart
paper for manual notations.

The DE-731 offers easy-to-read 7" chart paper, and a chart
speed that is continuously variable between 4" and 40" per
hour. A hinged front cover and a sliding recording mecharism
simplify chart paper replacement.

"m}zl' H‘
L pharsrn A b

j
j
|
i

Features

o White-Line Operation

Eight Depth Ranges

Magnetic Keying

Phase-Indicator

“Zero” Adiustment: Electronic Adjustment by Control Knob
~5"to ~60" Adjustment

Depths to 410 feet or 410 fathoms

s Choice of Transducers




Specifications

Ranges: Phase 1 0-110 feet or fathoms
Phase 2 100-210 feet or fathoms
Phase 3 200-310 feet or fathoms
Phase 4 300-410 feet or fathoms

Voltages: 115VAC 50/60 cycte or 32VDC

Basic
220/240VAC — Internal Adjustment
12VDC or 24VDC — Accessory
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Accuracy:

Frequency:

Chart Speed:

Chart Paper:

Dimensions:

Weight:

DE-731 RECORDER
FATHOMETER® DEPTH SOUNDER

= 1% (can be adjusted by internal
control)

40 kHz

Continuously adjustable 4" to 40" per
hour

60’ (18.3m) long, 7" (17.8cm) wide

19" (48.3cm) H, 15%2" (38.4cm) W,

82" (21.6cm) D
40 Ibs.(18.1kg) approx.

e

Adaptors

Power Requirements: 12VDC input 3.0 amps

24VDC input 1.45 amps

32VDC input 1.20 amps

117/220VAC input 40 watts
Transducers
Model 7193 — Thru-hull design. Naval bronze. Urethane window.
FIOQUENCY « .« oo ot eev e e 40 KHz
Source Leveldbre tubarvolt . .............. ... 64 typical
Receive Sensitivity dbre 1 volvubar ........... — 79 typical
Beam Widthat—3db .................... 17° x 25° typical
Built-in Transformer ... ... .. .. No
IMpedance ... 200 ohms typical
PUISE POWET © ottt e 700 watts
Weight ..o 13 Ibs. with cable
Cable ..o 2 conductor shielded, 20 AWG,

neoprene jacket. 30" long. (Belden 8412)
CONNECION .+« o et e None supplied

Y (S—

:126.988 crmy
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ROSS LABORATORIES

Precision Survey Fine Line Recorder

Specifications

Model 5600 Fine Line Recorder

Model 4400 Transceiver

Model 1000 Power Converter

100 kHz - 7.5° Circular Beam Pattern Transducer

Ranges: Phase 1 -~ 0-50 meters
Phase 2 -~ 50-100 meters
Phase 3 - 100-~150 meters
Phase 4 - 150-200 meters

Accuracy: Typical - 0.5%
Guaranteed - 1.07%

The Ross precision survey recorders are designed to fill the require-
ments of precision survey required for marine chart production,
harbor surveys, channel maintenance, before and after dredging sur-
veys, etc.

Features of these systems are;

Digital thumbwheel controls for setting Draft, Tide, Blanking and
Calibrate functioms.

Precision crystal oscillator, with frequency synthesizer, for correction
of record and/or digitized depths to compensate for variatioms in

sound velocity (Bar Check).

The design and performance of these models are compatible and complete
so that thev may be integrated with components of an Automated Hydro-
graphic Survey System.

The high resolution, sharp bottom detail of the Ross Fine Line recorders.

An electronic Zero offset for setting Draft.

A variable frequency, 60 c/s power supply, which may be adjusted, by
bar check, to compensate for varying ‘sound velocity.
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MODEL 606A

RECORDER
%
\ MODEL 606-248 TRANSCEIVER
b
b |
]
) MODEL 515A-T TOWED
) TRANSDUCER
b ASSEMBLY
)L
e i .
o 7
o
e et
, : OR
ﬁ : MODEL 515A-H HULL MOUNT

SUB-BOTTOM oy, )
TRANSDUCER 'ym

MODEL 606-602 SIDE
SCAN TOW BODY

The dual side scan and sub-bottom capa-
bility of the Model 606A Recorder permits
integration of the 606 Side Scan and 515A or
other Sub-Bottom profiling systems. The 606A
recorder connects to the existing 515A
system through the Model 515A-248
sub-bottom transceiver. A connector on the
recorder provides a key pulse to the Sub-
Bottom Transceiver and interfaces with the
receiver output. The “Aux’ channel controls
on the recorder select the recorder range
and controls the received signal level for the
sub-bottom data.
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Receiver Section

Frequency

Bandwidth

Gain (With 500

ohm load} .

Gain Control . . ..

TVG Dynamic

Range . . .

TVG Start Delay . .

TVG Rise Time . . .
Input Circuit

Protection

Minimum Detect-

able Signal

AGC Dynamic

Range . . .

. Transmitter Section
Power OQutput . . .

Frequency

Maximum Duty

Cycle . . .

Standard Puise

Widths

Protective
Gircuits . .

Power Requirements
Primary Voitage
Primary Line

Frequency
Power . .
Construction

Design Guide

External
Connection

23 TRAN!

Choice of 3 standard frequencies:
15.2535.50.70.85and 12.0 kHz

Dependent upon frequency used
Selected to pass 1"z cycle pulse

106 db maximum

Time Varied Gain (TVG} with front panel
control. AGC - Fast. AGC - Slow

0-3508

0.001 to 1.5 seconds icoarse and fine
controls)

200 to 35.000 db- second
Diode

0.5uvrms

60 db

10,000 or 2.000 watts (HIGH-LOW front
panel selection with continuously variable
control in each range}

3.5-7.0kHz

8% for 2.000 watts: 1% for 10.000 watts
0.2. 1.0. and 4.0 ms. (Front pane!
selectable)

Selectable for contact closure, +2V gate

signal. also manual

Qutput short circuit. overvoltage. pulse-
width overload

115V = 10%

50 - 65 Hz
300 watts imax.)

MIL-E 16400

MS3102A connectors rear of chassis

487.cm 119" x 357 2cm (14" x 3772cm
11424y deep (including connectors)

45.5 kg (100 pounds




Performance characteris

tic

MODEL 606A RECORDER

Range Scales . . . . . . .. 50. 100, 200, 400 meters
Paper Width . . . . . . . 49cm (19"") wide, 60m (200°) long
PaperType... . . ... .. Dry electrosensitive
Operating Mode
Side Scan Only . . . .. 23.3cm (9'%"") side
(center out display)
Programmed . ... .. 23.5 cm (9%") aux. input display

11.6 cm (4%2") side scan display
(center out display)

Auxiliary Input

Range Scales . . . . .. 50. 100, 200, 400 meters
(independent of side scan range
scales)

Input Level . . . . . . .. 100 mv — 10 volts peak

Input Impedance . . . . 10K minimum
Frequency Response . 1kHz — 100kHz (DC-100kHz optional)

Key Puise Qut . . . . . . TTL compatible (2 loads) 0.1 ms
nominal
Recorder Resolution . . . 100 line pairs/inch
Position Accuracy . . . . . +0.13mm (.005")
Stylus Jitter . . . . . . . .. +0.06mm (.0025") maximum
Scale Lines . . . . . . .. .. 25 meter intervals
EventMark . . ... ... . . Manual or external 5 volt puise

(delayed maximum of one sweep)

MECHANICAL CHARACTERISTICS

Size....... ... ... . 79cm (31”) wide. 19.4cm (7%") high
51cm (20”) deep »
Weight. .. ....... ... 43kg (95 Ibs)

ENVIRONMENTAL CHARACTERISTICS

Temperature

Operating . . . . . .. .. 10°C to +40°C
Storage ... ... .. .. -25°C to +65°C
Humidity . . .. ... .. . 90%
Shock and Vibration . . . To meet normal shipboard

requirements

SIDE SCAN CHARACTERISTICS

Electronics
Operating Frequency . 100kHz

Puise Length . . . . .. 100 usec

Output Power . . . . .. 1500 watts nominal

Gain Gontrol . . . . . . Separate initial and final gain controls
e . ......... ... Manual or bottom-fock

VG ... .. ... 70dB

TVG Delay ... ... .. 2-100 ms

Maximum volitage
transmitted down
cable .. ... .. ... .. 60 volts

MODEL 606-602 TOW BODY

Maximum Tow Speed . 15 knots
Depth Rating . . . . . . . 2000 feet
Weight {including
transducers} . . . . . 75 pounds
Transducers
Vertical Beam
Width at haif
power points . . =25

Back response . . Theback response has been reduced
factorof 25dB (300to 1) below the ma
lobe.

Source Level . . 117dB at 1200 watts of total input
power into two transducers.
Note: the 117dB source level is present for
the complete 100 usec puise. A rapid|
decaying shock excited transmitter i

not used.
Horizontal Beam
Width at half
power points . = -1
Side lohes . . . . All side lobes present will be reduced b
factor of 20 dB (100 to 1) below the ma
lobes.
TOW CABLE
Construction . . . .. . Flexible Double armored
lightweight steel
Separately shielded Separately shield
signal leads signal leads
Diameter . . . ... .. .. 1.37 cm (0.54") 1.37 cm (0.54")
Standard Length . . . . 130 meters (other 500 meters {othe
lengths available) lengths available
Breaking Strength . . . . 900kg 4550kg
(2000 fbs.) {10.000 Ibs.}
OPTIONS
Digital Output
Resolution . . . . . . 15 binary levels
Format . == . . . .. Compatible with most digital recorde

Self tuning Receiver

Tow Vehicle Depressor
Power Gonverters
Non-Linear Recorder Sweep
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The complete recording this portion was extricated from is
provided in the back pocket of this brochure as insert No. 12
and a similar recording is provided as insert No. 14. Full size
recordings of hoth insert No. 12 and No. 14 may be obtained

MODEL 515
SUB-BOTTOM
PROFILING SYSTEM
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@b FACTORS AFFECTING SUB-BOTTOM RESOLUTION
Lhstor

.

Numerous acoustic systems have been developed for the purposé of obtaining continuous seismic reflection profiles of
sedimentary deposits. The majority of these sources have used high level transient type sound sources such as electric
arcs, pneumatic sources, or mechanical shock sources using large metal diaphragms. All of these have the common
characteristics of generating a multiple frequency pulse characterized by a transient “‘bubble’. This type of signal
provides relatively deep penetration from the low frequency portions of the frequency spectrum, but has limited resoiution
due to the bandwidth and length of the outgoing pulse. The transient “bubble’ (or cavitation puise) also results in the
masking of the first 50 to 200 feet of sedimentary reflections. Transient source systems are also characterized by muitiple
reflections from the sub-bottom reflectors which result in a record with several parallel lines for each sub-bottom
reflection.

The solution for the problems and limitations of the “‘shock pulse’” sound sources has been the development of a system
which generates an extremely short pulse of a single frequency, and this is a salient characteristic of the Model 515
System. To obtain maximum resolution from a sub-bottom profiling system, two major factors must be considered -
pulse length and beam width. The puise length is of prime importance because the system cannot resolve layers or
objects with separations less than the transmitted pulse length times the sound velocity. The graph provided following
shows the relationship between pulse length and system resolution.

The effect of transmitted beam width on resolution is also T ‘
extremely important. The beam width and related direc- 10 . /
tional characteristics must be carefully considered relative s / |

to resolution limitations directly related to the ensonified

area and overall system performance, and relationship to

signal-to-noise ratios. The volume and direction of energy

wave in the ensonified area is also critical because the

resultant record is the sum of all reflections within both

the transmitting and receiving beam widths. This means
that for wide beam systems, detail layering may be com- st

RESOLUTION — FEET
> )

pletely lost in the final record. As an example, as the beam 2L

width is doubled, four times the area is ensonified, thereby

resulting in the displayed data being the sum of all the

targets in the larger area. o ‘ ' K ‘ T

PULSE LENGTH—MS
The directional characteristics must also be carefully selected to provide maximum signai-to-noise ratic. The narrow
peam transducer improves the signal-to-noise ratio by increasing the output source level and providing isolation from
unwanted noise. A value of 20° to 45° appears to be the optimum compromise between resolution, transducer size, and
operating under normal conditions of pitch and roll.

The back pocket of this brochure contains copies of a number of actual full scale recordings. Some of these recordings
were taken with the Model 415 System, predecessor to the Model 515 System. They were taken under varying conditions
in the locations shown on the legends. These records are indicative of the type of performance that may be expected
through use of the Modei 515 Sub-Bottom Profiling System.

Some very informative articles regarding sub-bottom profiling have been written, two of which we have reproduced for
the purposes of supplementing the information provided in this brochure. An article prepared by T. C. Moore, Jr. and
L. D. Kulm under the auspices of the University of Oregon is included in the back of this brochure as Insert =5. The
information therein was derived from tests conducted using Edo Western Corporation’s sub-bottom profiling equipment.
Another excellent article entitied “"High Resolution Seismic Profiles and Gravity Cores of Sediments in Southern Lake
Michigan’ has been prepared under the auspices of the University of Wisconsin. The length of this article precludes it as
an insert herein, but a copy will be sent upon special request to the Publications Department of Edo Western Carporation.

.
.
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BASIC COMPONENTS OF THE MODEL 515 SYSTEM

10 KW BOOSTER AMPLIFISR
e,

SONAR TRANSCEVER

- e

TOWED 80BY TRANSDUCER HULL-MOUNTED TRANSDUCER
515T (7.0-3.5kHz) 515H (7.0-3.5kHz]

SIGNIFICANT FEATURES OF THE MODEL 515 SYSTEM

This versatile, high resofution sub-bottom profiling system offers many unique features such as:

o Single puise, full power acoustic output

o Unique. narrow beam transducer system generates single cycle acoustic pulse without ringing to provide
maximum resolution

o High power transmitter resulting in up to 400 of penetration

o Duai frequency systems permitting front panel seiection of optimum gperating frequency

e Towed or hull-mounted transducer configuration

o Resolution to 30 inches with adjustable TVG for optimum resolution

o Proprietary signal processing, including Time Varied Gain (TVG) and Manuai Gain Control providing an overail
dynamic range of 106 db

o Full 19-inch record on wide, dynamic range dry recording paper

o Compiete field support
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Dy PRECISION BATHYMETRIC/SEISMIC RECORDER (PBSR)

Edo Western’s Precision Bathymetric/Seismic Recorder (PBSR) sets a new standard for precision and versatility in sonar
recorders. Designed for table top operation, the PBSR provides 10 ranges—from 300 feet to 24,000 feet (125 ms-10
seconds). It is also equipped for manual programming which allows the operator to transmit, gate or receive on any mul-
tiple interval of the base range up to 10 cycles. This feature makes it possible to follow a given echo on an expanded scale
while rejecting intermediate ranges that are not of interest. Scale lines on all ranges are generated by an independent pre-
cision clock electronic timing system, thereby providing a seif-checking feature for stylus drive and the scale line generator;
hence, fluctuations in supply power frequency do not affect recorder accuracy in the same manner as on recorders with
pre-marked paper or timing belt synchronized line generators. As used in the Model 515 System, the PBSR not only pro-
vides reliable, wide dynamic, permanent, dry-paper charts, but it also makes available a valuable tool for other require-
ments. The PBSR is designed to permit synchronization of the recorder to an external synchronizing signal in the Start/
Stop mode, or operation of one or more recorders slaved to a master unit. These features permit a wide variety of applica-
tions such as simultaneous recordings from transponders and bottom soundings, and playback of data recorded on
magnetic tapes. The PBSR’s extreme versatility also allows interface with many other equipments, thereby making it
available for use in numerous applications with other systems.

o

SIGNIFICANT FEATURES

B RS

o Dry, high resolution recording paper e Long life stylus

o Wide sweep range in all modes o Accessibility of electronics from front for ease of

e Can be driven from an external source in Start/Stop maintenance
mode o No gear changes or clutches

e Ten sweep ranges in Continuous Mode o Variable programming for optimum recording

o Synchronizing control for simuitaneous operation of two e Uniform 75. 100, 150, or 200 line per inch recording
or more recorders or magnetic tape playhack density at all depth ranges

o Automatic full scaie check at selectable intervals of 15, o Time calibration mark OFF, ON, RESET
30, or 60 minutes (10 minute intervals)

o All solid state electronics : o Rapid paper advance control
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RECORDER PERFORMANCE CHARACTERISTICS

Resolution

Positional Accuracy
Stylus Jitter

Dynamic Range
Frequency Response
Signal Input

Signal Input Impedance
Output Key Pulse
Power In

Modes

Controls

Temperature

Humidity

Shock and Vibration

Paper (Electrosensitive)
Size

Weight

Electrical

100 line pairs/inch minimum

I+

.005" (.13 mm) Continuous Mode

.0025" (.06 mm) maximum, Continuous Mode

I+

23 db from white to full black on 1 sec. sweep (10 shades of gray)

DC to 100 kHz

1.0 Vrms for fuil black at % second sweep

10 K ohms

DC pulse, 1 K ohm output impedance, adjustable 0 to +2.5VDC
115 Vrms = 10%, 50 - 65 Hz, 250 watts

Continuous Bathymetric
Programmed Bathymetric (10 cycle programmer)
Stop/Start Seismic - Non-synchronous (1 second thru 10 second sweeps)

POWER (On/Off)

THRESHOLD

CONTRAST

GAIN

SCALE LINES (10, Off, 20)

SCALE LINE Event Marker

SCALE LINE Intensity

SWEEP (Continuous, Start/Stop)

KEYING (Off, Center, Edge)

FULL SCALE KEYING MINUTES (On, Off, 15, 30, 60)

LINE DENSITY PER INCH (75, 100, 150, 200)

PROGRAM - Length (1 to 10)

Cycle - Transmit, Gate, Receive (1 to 10)

- Sweep Speeds (%, %4, %, 1, 2, 2.5, 4, 5, 8 and 10 seconds)
Ranges (300, 600, 1200, 2400, 4800, 6000, 9600, 12000, 19200
and 24000 feet)

PAPER ADVANCE

ILLUMINATION (On/Off)

SYNC (Master/Slave)

TIME MARK - Off, On, Reset (10 minute intervals)

SCALE

Environmental

Operating - 10°C to 40°C
Storage - -25°C to + 65°C

90%
To meet normal shipboard requirements
Mechanical
19" (49 cm) wide, 200’ (60 m) long
31" (79 cm) wide, 7% (19.4 cm) high, 20 (51 cm) deep

95 pounds

2
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SOLID STATE SONAR TRANSCEIVER sz, |

Edo Western’s Transceiver, as used in the Mode! 515 Sub-bottom Profiling System, is an all solid-state, 10,000 watt
transceiver with adjustable output power and pulse length, and includes a unique receiving system which allows the
operator to select the optimum receiver system for his operation. One receiver (TVG) is designed specifically for sub-
bottom profiling purposes. This receiver employs a low noise receiver providing time variable gain (TVG) with adjustable
delay and rise. This feature allows amplification of the weak echoes from deep layers without losing details of the near
surface layers due to receiver saturation as shown on insert No. 1, in the back of this brochure. Figure C of Insert No. 1
shows an unprocessed record of a sub-bottom profile utilizing a standard transceiver and a precision recorder. Figure D
shows an unprocessed record of a sub-bottom profile utilizing a Model 515 Transceiver and a PBSR. Figure D demon-
strates the improved resolution and penetration obtained after being processed by the Model 515 System.

The second receiver (AGC) has been used extensively for years as the heart of the bathymetric systems. Now it has been
included as a standard feature of the Model 515 System because of its unique capability of locating pipelines. This
capability is demonstrated quite vividly by Insert No. 15. Most survey operations currently are requested to suppiy both
high resolution sub-bottom data and pipeline data, and the Model 515 Transceiver is the only available transceiver having
this dual purpose capability.

The choice of operating frequency is a trade-off between resolution and penetration. In soft silt conditions, a single cycle
of 6 to 8 kHz provides penetration in excess of 100 feet with resolution of approximately 1 foot. in harder bottom condi-
tions, or for greater penetration, 3.5 kHz is a better choice to meet most bottom conditions. Edo Western offers a standard
choice of two operating frequencies for the Model 515 System - 7.0 kHz and 3.5 kHz in a dual frequency system (7.0 and
3.5 kHz) configuration. This duai frequency system permits the operator to select the frequency best for a particular area.
The capability of front panel selected frequency change can double the usefulness of the penetration system, and will
provide useful, high resolution data in almost all sedimentary bottoms.

' 10 KW BOOSTER AMPLIFIER
—
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input Impedance
Frequency

Bandwidth

Output Impedance
Maximum OQutput Volitage
Gain (With 500 ohm load)
Gain Control

TVG Dynamic Range
TVG Start Delay

TVG Rise Time

Input Circuit Protection
Minimum Detectable Signal
AGC Dynamic Range

Power Output

Output impedance
Frequency

Maximum Duty Cycle
Standard Pulse Widths
Keying

Protective Circuits

Primary Voltage
Primary Line Frequency
Power
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SONAR TRANSCEIVER

PERFORMANCE CHARACTERISTICS

Receiver Section

1800 ohms

3.5/7.0 kHz

Dependent upon freguency used

Less than 50 ohms

2 Vrms

106 db maximum

Time Varied Gain (TVG) with front panel control
0-35D8B

0.001 to 1.5 seconds (coarse and fine controls)
200 to 35,000 db/second

Diode

0.5 uVrms

60 db

Transmitter Section

10,000 or 2,000 watts (HIGH - LOW front panel selection with continuously

variable control in each range)

10, 25, and 50 ohms to 10KW or 50, 100, 140, 175 or 200 ohms to 2KW

3.5-7.0 kHz
8% for 2,000 watts; 1% for 10,000 watts
0.2, 1.0, and 4.0 ms. (Front panel selectable)

Selectable for contact closure, +2V gate signal, alsc manual
Qutput short circuit, overvoltage, pulse-width overioad

Power Requirements

115V £10%
50 - 65 Hz
300 watts (max.)

Construction
Design Guide MIL-E-16400
External Connection MS3102A connectors rear of chassis
Size 19" wide x 14 " high x 14%’’ deep (including connectors)
Weight 100 pounds
Cables Power 6 ft. length
Signal (Transceiver/Recorder) 9 ft. length

MODEL 515 TRANSDUCER

The Model 515 Transducer was designed specifically for
high resolution survey work where very short energy
pulses are required. The fast rise time, short ring time,
and mechanical Q of approximately 1 are the salient
characteristics of this transducer. The Modei 515 Trans-
ducer operating frequency ranges from 3.5 kHz to 7.0
kHz, and provides a minimum efficiency of 35%. A trans-
ducer may be instailed as a permanent huil-mount con-
figuration, or it may be towed in a hydrodynamicaily
stabilized body. The towed configuration is for a semi-
permanent installation, but similar installations are pos-
sible where short term applications are required. A photo
of the hull-mount transducer is shown here, along with
instaliation data and performance parameters.
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INSTALLATION DATA @“

47.25"
120.0 CM

70 FT (21.3 CM) DSS-2 CABLE

NS %
J

MOUNTING HOLES ' 92,7 CM
.562” DIA THRU

8 HOLES EQUALLY ACOUSTICALLY CLEAR FIBERGLASS WINDOW
SPACED LOCATED ON

13.50 DIA B.C. (34.3 CM)

A note of caution is warranted at this point concerning the instaliation of the hull-mount transducers. The location of any
acoustic transducer is extremely critical in that it must be located at a suitable point on the hull which is free of turbulence,
low wash, aeration, etc. Ideally, a huil-mount transducer should be located in an acoustic dome which is hydrodynamicaily
designed to minimize flow noise and turbulence. However, many survey vessels cannot tolerate the increased draft of the
dome and must chance a flush mount installation on the null as shown in the installation drawing. In this type of instal-
lation, the location on the hull is critical due to the tendency of air bubbles to sweep down along the hull from the low
wash. If possible, it is a good idea to make this type of installation in the forward one-third of the hull.

TRANSDUCER
PERFORMANCE CHARACTERISTICS
Model 5157 Hull Mounted
Towed Transducer Transducer

Operating Frequency 3.5-7.0 kHz 3.5-7.0 kHz
Transmitted Pulse Length .2 milliseconds min. .2 milliseconds min.
Power Input at 10% Duty Cycle 10 KW max.* 10 KW max.”®
Rise Time 200 microseconds max. (to full power) 200 microseconds max. (to full power)
Efficiency 35% 35%
Acoustic Source Level

3.5 kHz 111 db//1 ubar* 111 db//1 ubar®

7.0 kHz 115 db//1 ubar® 116 db//1 ubar®
Impedance 50 ohms nominal 50 ohms nominal
Directivity Pattern 3.5 kHz 7.0 kHz 3.5 kHz 7.0 kHz

Beam Width 45° 27° 40° 20°

Side Lobes -40 db -15db -25 db -15 db

Back Response -25db -30 db -35 db -35 db
Operating Depth 500 feet maximum 100 feet maximum
Weight in Air 150 ibs. Towed Vehicle Approx. 105 Ibs.
Cable Type Armored Tow Cable DSS-2
Cabie Length 100 feet (25 feet faired) 70 feet

=Source level stated is for nominal depth of 25 feet and may vary due to cavitational characteristics of the particular
water conditions.
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ransducer directivity patterns for the huil mounted and the towed versions are provided below. A unique design charac-

teristic has been incorporated to produce a narrow beam in as small a size as possible for the towed version.

T

This feature

TOWED
TRANSDUCER

minimizes the two vehicle size and weight. Comparable systems require towed transducers approximately twice as large

to produce a similar beam pattern.

Typical Beam Pattern
Taken at 7.0 kHz
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HULL-MOUNT
TYPE TRANSDUCER

Typical Beam Pattern
Taken at 7.0 kHz

Typical Beam Pattern
Taken at 3.5 kHz




Features TC-125 Camera :

Truly engineered for the environment by
people with over 12 years’ experience in
supplying underwater television equipment

Completely self-contained in a miniature
underwater housing

Dynamic range greater than 10,000:1

Numerous options to the basic TC-125 will
optimize it for virtuaily any underwater or
environmental application

Easy maintenance — only three plug-in
electronic circuit boards

A safe 12 VDC operates the camera
Remote focus control

Hydro Products’ TC-125 Television Camera
represents twelve years of experience
supplying underwater television equipment.
As in all Hydro cameras, the seif-contained
design is optimized to perform underwater
viewing tasks from optics to electronic
circuitry to pressure housing. Each
component has been maximized for the
highest reliability and ease of operation.

The TC-125 is totally self-contained including
target control, video and sweep circuits,

and remote optical focus all powered by a
safe, low DC voitage. Nothing complicated,
only five conductors control the camera
including focus from 3 inches to infinity.

From the surface, the TC-125 is simple to
control. Power switch, focus control, and
standard monitor controls are all that are
required. The system is easier to operate than
your home television set giving the operator
the maximum performance possibie in the
harsh underwater environment.

The Modei TC-125 is designed utilizing
highly reliable integrated circuits. This
miniaturization of the circuits has resuited in
an easily maintained camera constructed
with only three major plug-in circuit boards.

TC-125 options:

The TC-125 was not just designed to a set

of specifications. It is the result of years of
field experience, resulting in a camera

that has eliminated every normal viewing
problem encountered. The modular aspect of
the TC-125 provides available options to
optimize virtually every underwater
application.

The Pan and Tilt, Camera. and Light shown
above were recently recovered after 6 years
on the bottom of the ocean at a depth of
1800 ft. off the Bahama Islands. All three
units were still operating perfectly when
recovered.

The SC-303 System Control Unit is a rugged,
splashproof module ideally suited for
shipboard or offshore drilling rig
applications. The unit contains a nine-inch
transistorized monitor, a low voltage constant
current television camera power supply

and a lamp ballast power supply to operate
any of Hydro Products’ 250-watt mercury
vapor or thailium iodide lights.

The SC-303 can aiso include optional
push-button pan and tilt controls or a diver
communications module as described in the
UDATS Diver Inspection System on Page 4.

TC-125
Miniature
Underwater
Television
Camera

Hydro Products’ RP-3 Pan and Tilt
mechanism is a rugged, precision, remote-
controlled manipulator for directing a Hydro
Products’ television or photographic camera
to any desired orientation at any depth. The
pan and tilt develops a minimum of 18 foot-
pounds of torque to accommodate heavy,
unbalanced loads in strong currents. All
exterior parts are nickel-chrome plated
marine brass or stainless steel to provide
maximum resistance to the corrosive effects
of salt water. The RP-3 can provide remote
panning control up to 350° and remote
tilting control up to 190°.

The L-7 Series are Hydro Products’ standard
line of moderate and deep ocean lights.
The same housing can be used with many
different light elements. allowing the same
housing and reflector to be used as an LQ-7
quartz iodide 500-watt, L-7 mercury vapor
250-watt. or LT-7 thallium iodide 250-watt
light. The lights have been designed to
operate to depths of 4.570m (15,000 ft.).

-7 Series lamps are available

for depths to 12,000 m (40,000 ft.).

The AV-3650 is a compact, portable EIAJ
Type 1 video tape recorder with capstan
servo electronic editing, a feature ordinaril
found only in larger, more expensive
machines. 1t provides one hour of audio &
monochrome video recording and playba¢
on Y2-inch tape and offers automatic
control of both audio and video levels for
exceptional ease of recording. Playback ¢
be performed in the normal, slow-motion,
or stop action modes.
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EDGERTON DEEP SEA 35 MM

film drive
sprocket  standard film LED data chamber
spool (see Section 5)

lens aperture
adjustment

chassis alignment
pin

dard

ly
e
Q7.
n
tt

MODEL 372 DEEP SEA STANDARD CAMERA

The Benthos Model 372 Edgerton Deep Sea Standard
Camera is a general purpose instrument proven for
use in a variety of deep ocean applications. The
camera takes 800 or more exposures per loading. Film length using

A data chamber with a light emitting diode digital standard film: 30.5 meters {100 feet) min.
display, furnishing date, time {hours, minutes,

. . Film length usin
seconds) and run number information on each g 9

] - - thin base film: 61 meters (200 feet) min.
photo frame, is available as an option.
Spool type: Standard Kodak No. 10
When used with a Benthos Model 382 Edgerton Spool diameter: 9.3 cm (3.6 inches)
Deep Sea Standard Flash, the camera becomes a Dimensions:
pre-programmed, automatic system. The camera Lenath: 64.3 cm (24.4 inches
can also be used with the Benthos Mode! 383 Hi- Di g . 125 (4 9 inch )
Intensity Flash (see Section 4) and companion ) |éme?ter. -5 cm {4.9 inches)
power packs for applications where greater camera- Weight in air: 21 kg (46 pounds)
to-subject distances require more light. Stereo Weight in water: 16 kg (35 pounds)
photographs can be obtained by spacing two Model Shutter speed: Controllable from 1/50th to
J 372's with their axes parallel. Precision orientation 2/5th second from Model
;r“y of the camera chassis in its housing maintains proper 382 Flash or external
and alignment for stereo photography. programmer
ack L : ired: k
Specifications — Model 372 Camera Power required: 28 £5 \{DC at 1 amp peak,
o supplied from external
< can Number of exposures per loading source or Model 382
K using standard film 800 Flash
Number of exposures per loading Data chambers
using thin base film 1600 available: Optical, digital or remote

{see Section 5)

BENTHOS. Inc
*-NORTH FALMOUTH, MASS, 02556 US.A.

Telephone {617} 56357 Telex 94-0884
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PHOTOGRAPHIC SYSTEM

switch

up to 1600
exposures
per loading

twist lock
closure

time delay

‘g

oy
/ %
wiring harness

connections

programmer
end cap

" rechargeable Nicad
battery pack

Specifications — Model 382 Flash

flash tube

chassis assembly,

MODEL 382 DEEP SEA STANDARD FLASH

The self-contained, 100-watt-second Flash is de-
signed as a companion unit to the Model 372
Camera or for use with other Benthos cameras.
It contains a solid state electronic camera pro-
grammer that puts out electrical impulses at
preset intervals causing the camera to take
pictures and advance its film. Adjustment of
the interval between exposures and for the
shutter speed are provided on the internal
printed circuit board. The flash also features

an externally adjustable electronic timer to delay
the start of picture taking while the camera
system is being lowered to the desired depth.

A switch control on the outside of the rear end
cap can be turned to three positions to start the
delay, restart the delay or to turn the system

on immediately for test. The flash contains a
rechargeable nickel-cadmium battery pack which
supplies power for both the flash and camera.

*Intervals to 32 hours are available using the Benthos
380-30 low power programmer option. Contact
Benthos for application details.

Power source:

Flash tube
input energy:
Number of flashes:

Flash duration:
Dimensions:

QOverall length:
Housing diam.

Weight in air:

Weight in water:

Turn-on delay
setting:

Camera exposure
duration adjust-
ment:

Exposure interval
adjustment:

Benthos Mode! 389
Battery Pack
mounted in Flash
housing. 28 VDC
Nicad rechargeable
type rated at 4
ampere-hours

100 watt-seconds

Over 3200 with charged
battery

Approximately 1 ms

90.5 ¢m {35.6 inches)
21 cm (8.2 inches)
31 kg (69 pounds)
23 kg {50 pounds)

0 to 200 minutes

40 to 400 ms

3 sec to 2 minutes between”®
photos or manual

-+ NORTH FALMOUTH, MASS:

. Telephone (617) S63-5917"Teh
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NO. 21SWA1I50 TRIANGULAR
STEEL DREDGE
Printed in U.S.A.

No. 215WA150 KAHLSICO TRIANGULAR STEEL DREDGE is designed for heavy-duty use. The rigid 14"
(6 mm) thick steel frame has perforated steel plates welded on three sides and the bottom. The plates
have 14" (12 mm) holes to trap small stones, rocks, coral, etc. as it is dragged along the ocean bottom.
Its large size assures collection of a large mass of material. The entire assembly is galvanized to prevent
corrosion. The illustration shows the dredge with its 3 heavy eye-rings for wire or chain attachment.
This dredge can be towed regardless of which side rests on the sea bed. Each side measures 24"x48"

(60 cm x 120 cm) ; the total weight is approx. 100 lbs (45 kg).
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ROCK DREDGE. TYPE 149

The BENTHOS Type 149 Rock Dredge is an exceedingly rugged device
used for collection of large samples of rock from the ocean bottom. It is
equipped with an articulated bail which allows proper attack angle on the
bottom with either side of the dredge mouth. The heavily weighted cut-
ting edges cause positive plowing action during the tow for dislodging
and colilection of partially embedded samples. Collected material is re-
tained in a heavy, three foot long, galvanized chain bag. An improved
design of the chain bag links prevents tearout even under the most severe
conditions. This device is normally used with BENTHOS Type 143 Weak
Links attached both to the bail and to the rear of the chain bag via a safety
cable to enable freeing of the dredge in the event of snagging on the
bottom. (See Data Sheet #1-03-681.) The dredge has a mouth opening of
23" by 10” and weighs approximately 100 kgs. (220 Ibs.). The BENTHOS
Type 148 Rock Dredge is adapted from a design by Andy Nalwalk of the
Woods Hole Oceanographic Institution.
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APPENDIX B

Navigational Positions of Benchmarks,
Geophysical/Bathymetric and Television/
Still Camera Lines, and Dredge Tows

The point numbers, observed coordinates, UIM grid coordinates
"in feet", and the geographic coordinates (latitude and longitude)
for all data and sample collection operations are presented. The
first three digits of the point number are line numbers. The last
digit of the point numbers listed for the geophysical and bathymetric
(seismic) lines refers to either start of linme (shot point 1) in
which case the number is 1 or end of line (shot point 35) in which
case the number is 2. Only the first and last points in each line
are listed.

The point numbers for television and still camera lines (TV) in
James Island Area, Block 198 and Brunswick Area, Block 912 refer to
selected fix marks along the lines which may be located on the appro-
priate figures in the text. The two-digit point numbers listed for
James Island Area, Blocks 380 and 463 reference both the line number,
which is the first digit, and the start (first fix mark) or end (last
fix mark) of line fix marks which are listed as either 1 (start) or 2
(end).

The last digit of the dredge tow (dredge) point numbers refers to
the first (on station) and last (dredge out of water) fix marks
recorded during a dredge tow. The first fix mark is designated with a
1 and the last fix mark with a 2. In James Island Area, Block 198
different stations were assigned similar station numbers but with
different fix marks. Therefore, higher numbers were used to designate
first and last fix marks, i.e., 3 and 4, 5 and 6. Any confusion is
eliminated by listing the station number in addition to the point
numbers for those stations with redundant station numbers.
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