T-1544

SELECTED ASPECTS OF HOLOCENE SEDIMENTATION,

PENSACOLA AREA, FLORIDA.

by

Stefanus Jacobus van Wyk



## $%&

+) *
7 4)
8

HH#2.

1 (110

%

+ -

, t)

% (

2



T-15LL

A thesis submitted to the faculty and the Board of
Trustees of the dblorado School of Mines in partial ful-

fillment of the requirements for the degree of Master of

Science, Geology.

///
/// / g //
Signed: i\/ g Telgit
e /’r 4

Stefanus J. van Wyk

Golden, Colorado

Ay

Date: Heuet 2, 19

sporovea: et C. LS

Harry ™. Kent

Thesis Advisor and

Head of Department

Golden, Colorado

Date: ”SQMQ P 19_7_i .,



T-154)

ABSTRACT

A transitional-marine setting at Pensacola, Florida,
consists of lagoon, barrier island, and offshore environments
of deposition.

A sedimentological study was conducted on the recent
sediments in each environment, Onshore data were collected
by sediment sampling and digging of trenches in the sediment
to examine internal sedimentary structures. Offshore tech-
niques included SCUBA-diving observations, bottom grab
sampling, "and box coring.

Sediments in each environment are described in terms of
texture, composition, and internal organic and inorganic struc-
tures. The barrier island facies consist of well to moderately
sorted, medium-grained white quartz sand. The offshore
shelf below 10 m water depth consists of moderately to poorly
sorted, coarse- to medium-grained, fining upward, relict sand
with abundant organic carbonate fragments., The lagoon
facies consist of sand and sandy mud around the bay edges
and mud in their central parts. Bioturbation of the lagoon
sediments 1s high and no inorganic structures are preserved.
The dune field structures on the barrier island are mainly
large, planar, eolian, cross-bedded sets. Bioturbation here
is low, caused mainly by insects and plant-root disruption
of bedding features. Primary inorganic structures in the
backshore and foreshore sub-environments include sub-parallel,

planar bedding. Heavy-mineral layering and shell streaks
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are sometimes present in the backshore stratification.
Numerous small unconformities in the backshore strata are
caused by storm-wave erosion and subsequent sand-bar filling

of the beach. Ghost crab (Ocypode guadrata) burrows are

restricted to the backshore. The shoreface 1s characterized
by wave-induced ripple cross-bedded sets. Bioturbation 1s

low and the burrows of the ghost shrimp Callianassa major

are present as trace fossils. Offshore sediments below
water depths of 10 m are usually fairly well bioturbated
by heart urchins and sand dollars, Mega-ripple cross
bedding is the most brominent inoréanic structure.

A sedimentary model of the Pensacola marginal marine
sequence 1s constructed. Sediment supply is from longshore
transport and offshore reworking of shelf sediments. The
restricted bays are effective traps of sediment introduced
by the present drainage systems in the area, The barrier
island facies are multicycle quartz sands, continuously
worked landward by wind and occasional storm waves to re-
sult in deposition of barrier sand as wash-over layers on

lagoon facies.

iv
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INTRODUCTION

Location

The thesis area is located in the vicinity of Pensacola
along the northwest coast of Florida (fig. 1).

The study area includes lagoon, barrier island, and
shallow open marine depositional environments. The lagoon
environment consists of Escambia, East, and Pensacola Bays
and Santa Rosa Sound. Santa Rosa Island 1s an excellent
example of the numerous barrier islands along the northern
coast of the Gulf of Mexico.,.

The beach along Santa Rosa Island represents a low-
tidal-range, medium-wave-energy coastline, The adjacent
nearshore shelf has a steep, even slope (about 1 : 100) to
a water depth of about 10 m, The bottom topography below
10 m is irregular to slightly undulatory to a water depth
of 344 m (about 27 km offshore). The average slope is
about 1 : 1000.

Access to the portion of Santa Rosa Island in the study
area 1s good via two bridges and a road along the length of
the island. Limited human inhabitation and large state and
national parks on the island ensure undisturbed preservation
and natural development of the island. Town development on
the coastal plain immediliately surrounding the bays considerably

hampers geological investigations.
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Purpose

Many authors, for example Tanner, 1960, and Weimer and
Hoyt, 1963, have emphasized the importance of constructing
models of modern sedimentary systems in order to gain a
better understanding of ancient sedimentary sequences.

The purpose of this study was to obtain information on
the Pensacola marginal marine sequence which can be used in
the constructlion of a sedimentary model. The model of
Pensacola will be a valuable addition to the models already
worked out for the Georgia and Texas coasts because Pensacola
differs from these areas., Grain-size of sediments increases
seaward below the active wave base (10 m below the mean low
water line) at Pensacola. Tidal inflgence at Pensacola is
small, the maximum tidal range being less than 1 m (3 ft).
Marginal marine environments along Galveston Island, Texas,
indicate a seaward-fining sequence of sediment and seaward
accretion of the coastline (Bernard and others, 1962),.

Along Sapelo Island, Georgia, the tidal difference is large,
the average being 2 m (7 ft), and intertidal environments
(foreshore and estuaries) are well developed. (Hoyt, Henry
and Howard, 1966.)

This thesils describes and evaluates data collected from
the lagoon, barrier island and open marine shelf environments
in terms of

l. Sediment-textural properties,
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2., Composition of sediments.
3. Primary inorganic sedimentary structures.
L. Secondary organic features and degree of blotur-

bation.,
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Previous Work

The general geology of Escambia and Santa Rosa counties,
Florida, (fig. 3) is well documented by Marsh (1966) and
Cooke (19&5).. The age and origin of the Citronelle For-
mation is discussed by Isphording and Lamb (1971).

Mineralogical studies on selected sand samples from
Pensacola have been made by several authors, for example
Martens (1931), Lowman (1951), Hsu (1960), and Griffin
(1962). Fairbank (1956) discussed sediment composition
from the eastern Gulf of Mexico.

Horvath (1968) conducted a detailed textural and com-
positional study on the recent sediments in the Pensacola
Bay system, Grain roundness of recent sediments at Apa-
lachicola in Norfhwesp Florida 1s discussed by Waskom
(1958).

Dynamic characteristics of west Florida Gulf Coast
beaches is described by Gorsline (1966). Longshore drift
along the Florida Panhandle Coast 1s discussed by Tanner
(1962). Results of nearshore studies of sediments and
marine morphology in the Apalachicola area are described
by Tanner (1959), Vause (1959), and Kofoed and Gorsline
(1963). Dietz (1963) published on marine surf-cut terraces
in northwestern Florida. The Plelstocene-Holocene strati-
graphy and evolution of the Apalachicola coast is discussed

by Schnable and Goodell (1968).
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Van Andel (1960) discussed the source and distribution
of Holocene sediments in the northern Gulf of Mexico.

Holocene and late Pleistocene sea-level stands are
discussed by many authors, for example Curray (1960), Le

Blanc and Bernard (1954), and Lazarus (1965).
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GEOLOGIC SETTING

Physiography

The study area lies in the Coastal Plain physiographic
province along the northern coast of the Gulf of Mexico in
northwestern Florida (fig. 2).

The topography in thé area 1s very gentle. Sand dunes
on Santa Rosa Island reach an elevation of about 15 m above
sea level, The Pensacola Bay system is surrounded by rolling
hills of the Citronelle Formation with maximum elevations less
than 60 m, Three marine wave-cut terraces are interpreted to
be present at 9 m, 21 m and a gentle, seaward-sloping upland
surface between 18 and 85 m above lea level (Marsh, 1966).

The Pamlico terrace at 9 m and the Penholoway terrace at 21 m
are well exposed along the bluffs west of Pensacola Bay.,.

Marsh (1966) follows Cooke (1945) when he correlates the high-
level surface in western Florida with the Aftonian Inter-
glaciation, the Penholoway terrace with the Sangamon Inter-
glaciation, and the Pamlico terrace with the Mid-Wisconsin
recession.

The climate of Pensacola is warm and humid., The average
surmer temperature is BOOF and the winter temperature is SSOF.
The average annual rainfall is 1600 mm (62 in.) with March,

July, August, and September being the wettest months.



— —
AN ————— —

i/)/an
Pro ‘/'nce

200 miles

‘300 km

FIGURE 2

REGIONAL SETTING OF THE

STUDY

AREA



T-154); 10

South-flowing streams in the area discharge in the bays
restricted from the open ocean (fig. 3). The largest river
is the Escambia which heads in the Appalachian metamorphic
and igneous provinces in Alabama and flows southward to build
a delta into ZEscambia Bay. The other principal streams are
the Blackwater and Yellow'Rivers which drain central Santa
'Rosa County and flow southwestward into East Bay.

The Pensacola Bay system generally has shallow water
depths, The main portions of East and Escambia Bays are
between 2.5 and 7 m deep. The water depth gradually increases
to about 7 m where they join to form Pensacola Bay. The
average depth of Penéacola Bay is between 6 and 9 m. The
water depth in Santa Rosa Sound is less than 7.5 m to the west
and shallows gradually to about 1.5 m to the east.

The shoreface slope along Santa Rosa Island beach is
relatively steep. The water depth reaches 10 m in about 1 km
offshore, The slope of the sea bottom thesn flattens out and
becomes irregular and slightly undulatory until a depth of
3, m at about 28 km offshore. Distinctive shoal lobes are
developed seaward on both sides of the bay-entrance ship
channel (fig. 5). Northwest-Southeast trending shoals are
present in the offshore area between 10 and 20 m water depths.

Tide information is summarized in table 1. The average
tidal range at Pensacola Bay entrance varies between 30 and
90 ecm (1 to 3 feet). According to the U.S. Coast Pilot (1949,

see Horvath 1968) northerly winds may lower the water
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éurface 15 cm, and hurricanes may raise the water surface
60 to 270 cm. Horvath (1968) reported that normal tide
currents have velocities of 2.0 to 2.5 knots in Pensacola

Bay entrance.
TABLE 1

TIDAL INFORMATION

(After U.S. Coast and Geodetic Survey
Chart no., 1265, Oct. 1970)

Height refered to datum of soundings (MLW)

Place
Mean Mean Mean Extreme
High Water Tide Level Low Water Low Water
Pensacola Bay 33 cm 15.5 cm 0.0 cm -61 cm
entrance (1.1 £t) (0.5 ft) (=2,0 £t)
Pensacola L1 em 17.8 cm 0.0 cm -61 cm
Harbor (1.3 £t) (0.6 ft) (-2.,0 £t)

The primary oceanographic factor that effects changes in
beaches is the force of wind-generated surface waves striking
the shore. In a study on the dynamic characteristics of the
west Florida Gulf Coast beaches, Gorsline (1966) reported the
average wave height at Pensacola Beach on Santa Rosa Island

during 1962 was 30 cm with a maximum of approximately 1.5 m,
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excluding hurricane waves, The average wave period was

5 sec, The barrier island coast at Pensacola is thus a

medium-energy coast as defined by Price (195)4) and Tanner
(1960) .

Specific seasonal wind directions dominate in the
Pensacola area: during the spring, winds come from the east;
during summer from the south; and during the winter from the
north-west (Gorsline, 1966). The smallest wave heights
therefor occur during the winter when the dominant wind
direction is offshore. |

Longshore transport along the Pensacola coast is west-
ward (Tanner, 1962 and Gorsline, 1966), The complex sand
spits and barrier islands of the Pensacola and Mobile areas
are considered by Gorsline to be the depositories of the

westward longshore drift.
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Stratigraphy

The Pensacola area is underlain by a thick succession
of Gulf Coast sedimentary rocks. Recent sediments accumulate
in bafrier island, lagoon, restricted bay, bay delta, and
fluvial environments. The recent sediments are deposited
unconformably over the sediments of the Citronelle Formation.

The oldest formation exposed in the study area is the
Citronelle Formation (Howe, 1936 and Marsh, 1966). It
consists of layers of iron-oxide cemenfed sandstone, mudstone
and conglomerate. Lenticular beds of kaolinitic sandy shale
also occur., Isphording and Lamb (1971) assign a maximum age
of the Citronelle Formation as mid-Pliocene according to their
description of vertebrate fossils near the base of the forma-
tion at a site in northern Mobile County, Alabama, They also
conclude that deposition of the sediments of the Citronelle
Formation continued until the pre-Nebraskan Pleistocene.
Pirkle (1960) found that the kaolinite beds are of sedimentary
originlbecause relict feldspar grains are absent and kaolin
balls are present which are armoured with sand grains.
According to Isphording and Lamb~(1971) the vertebrate-bearing
units in the lower part of the Citronelle Formation were laid
down 1in a brackish estuary environment and the overlying units

represent sediments deposited under fluviatile conditions,.
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During interglaciation periods in the Pleistocene
Epoch invasions éf the sea upon the land caused local re-
working of Citronelle sediments to form the marine terrace
deposits (Marsh, 1966). The terrace déposits on the bluffs
along the western side of Escambla Bay are softer and con-
tain less pebbles and mud thaﬁ the sediments of the Citronelle
Formation.,

The Citronelle Formation unconformaﬁly overlies Tertiary
beds of sandstone, siltstone, mudstone and limestone.

Figure L is a summary of the Pleistocene - Miocene stratigraphy

in the western Florida Panhandle after Marsh (1966).



16

T-1541

NS AVHMPSVNIOIHO 8 VWYL

INFD09/70 &I
g
INFO0IW ¥3IMOT

|
1

»

013//UJWDIO Y

INTFIO0/W
J79a0/W

‘Dosnijow ‘sjuswbpiy yuod :sf1Ssoy
‘Aoi4b j)—yp ‘Apuos :4pP7I9 VT0IVSNIS

. . h 1
. oy
ity
et
'l‘ :
iy N 1

S$not1841/1ssoy4 ‘14s Aj100d
‘S19~4 ‘UM0Iq-A346 1) ‘PS 1 SIILSVTI FSH¥VOD

INTFOO0IN
YdIddN

$8/90y) @UIIDW U] S/ISSo4 ‘sboy ‘1aApib B
ADjo 40 sasus) ‘44S A1100d 'S4 K194 -7 A154
‘UuMosqg Ysippal ) ‘PS WS FTTINOYLID

INIFO0/Td FT7001H
o4
INFO0LSITTd

519~/ 'UDJ I/ 'PS :SLISOIA FOVIYIL IMSYN N/  INI2015137d

(w)
v\.\va\nM\,\.wQ NOILVWNYO S
| SSINNIIHL

NO/LD3S
IIHIVH9

Jov

( 996/ "Ysioy 18441 )

FTIGNVHN YL VIIHOTS NIITLSIM
‘NWNT09 21907039 GIZITVHIINTD

vy IFH¥<N9 IS




T-15L) 17

Structure

The study area is part of a simple seaward-dipping
homocline without folds or faults,. The Tertiary beds
dip about 5 dégrees southwestward into the Gulf Coast basin
(Marsh, 1966).

Penecontemporaneous growth faulting occurred along the
Pollard graben in southern Alabama north of the study area.
(Marsh, 1966, and Hardin and Hardin, 1961)

No evidence of tectonic folding or faulting was found

in the study area.
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METHODS

Meld Work

Onshore Techniques

Surface field work on Santa Rosa Island and around the
Pensacola Bay system was conducted during July and August,
1972.

A systematic sampling program was conducted on Santa
Rosa Island from Navarre Beach in the east to Pensacola Pass
in the west. Representative samples from the dune field,
backshore, foreshore and water edge along the sound were
collected and described with a 25x-magnifying glass. Ob-
servations regarding the main fauna and flora in each sub-
environment were made., |

Organic and inorganic structural features in each en-
vironment were studied by digging trenches up to 1 m deep
into the sediment. A Brunton compass was used to determine
inclination and orientation of strata.

Sample locations were plotted on nautical charts no.
870-SC and 872-3C of the U.S. Coast and Geodetic Survey and

transfered to a composite sample location map (figure 5).
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Offshore Techniques

Water work in the bays, sound and nearshore continental
shelf was done between August 15 and September 15, 1972.

SCUBA-diving techniques were used to take samples along
traverses in Santa Rosa Sound and East Bay. Observations
regarding bottom topography and benthonic fauna were made
simul taneously. SCUBA techniques were also succesfully em-
ployed to sample and observe bottom sediment in the Pensacola
Bay entrance and the nearshore marine shelf off Santa Rosa
Island between the beach and 30-m water depths. In place
observations by SCUBA techniques were difficult in the bays
and sound due to poor visibility which ranged from a few cm
to about 2 m. In the open marine environment, however,
visibility was excellent, usually 10 m or greater., Sample
locations were determined by taking directional compass
bearings to landmarks around the bay systems.

Bottom grab samples were taken in Pensacola Bay with a
Dietz - LaFond clamshell sampler.

Box cores of bottom sediment in the offshore-marine
environment south of Santa Rosa Island were taken with equip-
ment of the Skidaway Institute of Oceanography, Savannah,
Georgia. Two north-south transect lines were made about
11 km apart from the beach to 27 km offshore in water depths
of 3L m (fig. 5). Cores in water depths greater than 5 m
were obtained with a modified NEL-type mechanical spade corer

on the research vessel Kit Jones (Howard, 1969). Cores
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above 5 m water depth were obtained by SCUBA techniques
using 2-gallon size tin cans., Cores below 10 m water depth
were taken 1.85 km (1 nautical mile) apart. Between O and
10 m water depth cores were taken at every meter of depth.

Samples for benthdénic fauna analysis were taken at each
box-core locality for examination by J.D. Howard (Skidaway
Institute of Oceanography, Savannah, Georgia) and J. Dorjes
(Senkenberg Institute, Wilhelmshaven, Germany).

Two x-ray radiographs and epoxy-relief casts were made
of each box and can core, The water-sediment interface of
each core- was covered with clean sand for protection before
removal from the housing. X-ray radiographs were made on
2-cm~-thick vertical slabs of sediment cut from each core.,
The same slabs were then used to make epoxy-relief casts on
masonite boards for preservation. This technique is de-
veloped by J.D. Howard,

Samples for textural and compositional examination were
collected from the remainder of each core as follows:

l. One sample of about 500 gm of the upper 2 to 5 cm

of each core,

2. One sample of about 1000 gm representative of all

the sediment in the core.

Sample locations of offshore samples are plotted on the
U.S. Coast and Geodetic Survey Chart no. 1265 and transfered
to a composite sample locations map (fig. 5). Sample lo-
cations in the foreshore area are better shown along the

bottom profiles (fig. 6 and 7).
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Laboratory Work

Al]l the sediment samples taken in the field as well as
the epoxy-relief casts of the box cores were transported to
the Colorado School of Mines, Golden, Colorado. The
laboratory facilities of the Geology Department were used to

examine the textural, compositional, and structural features.

Texture

The elements of texture analysed in this thesis are
those related to the size and distribution of the grains in
terms of mean grain size, standard deviation or sorting of
the grains around the mean, skewness and kurtosis of the
grain distribution.

The method of moments was used to calculate these para-
meters, Calculations are based on the acid-insoluble sand-
size fraction of the sediments because the organic carbonate
grains and the mud-size fractilon are interpreted to be
secondary constituents, Carbonate grains consist of skeletal
remains of benthonic fauna and the mud represents fecal
pellets introduced to the sand by organisms. The term "mud"
is used to indicate undifferentiated clay- and silt-size

particles on the Wentworth size scale (Folk, 195L).
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A total of 69 samples were selected for grain-size

’

analysis from the following environments of deposition.

Offshore : 18 samples

Shorefacg : 27 samples

Foreshore : 8 samples

Backshore : 5 samples

Dune field: 6 samples

Bay foreshore: 5 samples

Unless otherwise indicated the analysis were made on samples

taken from the upper 5 cm of sediment.

Standard sedimentological preparation techniques were

followed (Pettijohn, 1957). Each sample was treated as

follows:

1.

Split about 120 gm into a 500-ml glass beaker and
weighed on a balance to 0.1 gm correct.

Wet-sieved through a 63-micron stainless steel sieve
to remove the silt- and clay-size particles.

The sample was dried, the weight of the mud fraction
determined and expressed in terms of weight-percent.
Treated the sample for 12 hours with diluted hydro-
chloric acid to remove the carbonate fraction.

The weight of the dried residue was determined, the
carbonate content calculated and expressed as percent

by weight.
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6. The insoluble residue was rotapped for 20 minutes

in a standard series of Tyler sieves having openings

of 0,5 phi units apart between -1.0 and +L.0 phi

units.

7. Each sieve fraction was weighed and the results

processed on a digital computer for the following

calculations: weight-percent, cumulative weight-

percent, mean grain size, standard deviation,

skewness and kurtosis,

A percent by weight histo-

gram print-out was made for each class-interval.

Computer data sheets are

filed in the appendix,

Grain roundness; defined as the relative sharpness of

grain corners, was qualitatively described in terms of Russel

and Taylor"'s roundness chart (Carver, 1971). Quantitative

measurement of roundness was not attempted because of the

limited use of absolute values.
that dune and beach ridges in the
west Florida, have better rounded

lagoon, river and beach shoreface

results indicate however that the

Waskom (1958) demonstrated
Apalachicola area, north-
grains than offshore,
zones, Evaluation of his

absolute wvalues of grain

roundness within the different environmments vary consilderably

and overlap strongly from one environment to the other,
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Composition

The composition of detrital sand-size sediments is
usually described in terms of quartz, feldspar and rock
fragments (Folk, 195l). The composition of the sediments
in the study area was determined by binocular microscope
examination and chemical ;taining techniques.

A total of 15 samples was selected for quantitative
determination of feldspar content from the following en-

vironments:

Offshore : 3 samples
Shoreface : Ll samples
Foreshore : 1 éample
Backshore : 1 sample
Dunefield : 2 samples

Bay foreshore: L samples.,
The sieve fractions between L2 and 60 mesh (0.354 to
0.25 mm) were retained from the size analysis procedure.
Each sample was prepared and stained with the hydrofluoric
acid-sodium cobaltinitrite technique described by Hayes and
Klugman (1959). The following procedure was followed:
1. Split about 0.5 gm from the sample with a micro
splitter.
2. Separate minerals with specific gravities greater
than 2.9 from the split using bromoform and stan-

dard separation funnels.



T-154l; 28

3., Mount the light-mineral residue on microscope glass
slides with Lakeside cement. Care should be taken
in this procedure to make sure that the mineral
grains are attached to the glass plate without
covering the entire grains with cement.

L. Expose the grain mount to fumes of concentrated
hydrofluoric acid for 12 minutes,

5. Cover grains with saturated staining solution of
sodium cobaltinitrite for 3 minutes.

6. Wash slide in clean water and dry.

7. Count grains as follows:

Quartz: clear
Orthoclase: deep yellow
Plagioclase: white,

Heavy-mineral sultes in sediments are useful in deter-
mining the provenance or source area of the sediment
(Pettijohn, 1957). The heavy minerals of 36 samples were
counted from the following enviromments:

Offshore : 1l samples

Shoreface : 12 samples

Foreshore : 2 samples

Backshore : 2 samples

Dunefield : L samples

Bay foreshore: 2 samples
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The sieve fractions between 115 and 250 mesh (0.1°5
and 0,063 mm) were retained from the size analysis proce-
dure. The bromoform technique described by Pettijohn
(1957) and Carver (1971) was used to separate the heavy
minerals from each sample. The heavy-mineral fraction
was then mounted with Lakeside cement on standard micro-
scope slides and covered with a cover glass,

Heavy-mineral species were identifilied with a standard
petrographic microscope. About 200 grains of each sample

were counted and expressed as follows:

F = Flood (more than 75%)

VA = Very abundént (50 to 75%)
A = Abundant (25 to 50%)

VC = Very common (15 to 25%)

C = Common (5 to 15%)

R = Rare (1 to 5%)

VR = Very rare (less than 1%)

Core and Sample Descriptions

Laboratory examinations of the box cores were mady by
binocular microscope investigation of epoxy-relief casts
and visual description of x-ray radiographs.

Each core was described in terms of texture, composition
and organic and inorganic structures. X-ray radiographs are

especially useful to observe structural features in the
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homogeneous shoreface sand. The largest quartz grain that
could be found in each core was measured with a microscope
equipped with a micrometer eyepiece and the size expressed
in terms of phi units.

Dive and grab samples were also examined with a bino-
cular microscope in terms of texture and composition.

A summary of the descriptions is given in the appendix.
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DEPOSITIONAL ENVIRONMENTS

Lagoon

A lagoon is defined as a body of shallow water, parti-
cularly one posessing a restricted connection with the sea.
According to this definition the Pensacola Bay system and

Santa Rosa Sound belong to the lagoon environment,

Sediment Texture

In water depths greater than 3 m in Escambia Bay the
bottom sediment consists of mud. At depths shallower than
3 m the mud 1s sandy and above 2 m water depth the sediment
consists dominantly of medium-to fine-grained sand.

In East Bay the same general trend holds except that
the sandy bottom on the soutern margin‘extends to a water
depth of about L m. This is explained by sand brought into
the bay by southerly winds and local drainage from Gulf
Breeze Peninsula, a Pleistocene sand spit related to a pre-
Wisconsin (40,000 - 25,000 years B.P.) sea-level high
(Horvath, 1968).

The sediment in Santa Rosa Sound is dominantly sand in
water depths above 5 m. Mud dominates in depths greater
than 5 m.

In Pensacola Pass the bottom sediments are clean, white,
well-sorted, coarse sand. The thiclmess of the sand is
small because bedrock sand is locally exposed in the Pass at

depths of about 18 m as observed by_SCUBA investigations.
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The bedrock sand 1s brownish yellow, argillaceous, silty, and

highly bioturbated by the ghost shrimp Callianassa sp. The

age of the bedrock sand is interpretted to be at least Pleis-
tocene because C-1L age dating performed by Geochem Labo-
ratories on wood from tree stumps preserved in the bedrock
outcrops exposed 1in the bottom of the Pass indicates an age
of more than 35,000 years B.P.

The textural properties of 5 samples from the lagoon
water edge are summarized in table 2, The mean grain size
is medium except for one sample (FSR-72-40) from the water
edge at Fort Pickens at the western end of Santa Rosa Island
which is coarse graihed. The sorting is good and skewness
values indicate an even distribution of grains around the
mean size in each sample. Kurtosis values are slightly
higher than that of a normal distribution. A mud content
of less than 1 percent by weight indicates effective removal
of fine particles by the bay waves.

The cumulative weight-percent curves occupy a relatively
wide zone which indicates significant variations between
samples (fig. 8). The energy of the bay waves is too small
to produce a laterally uniform sediment such as that of the
ocean beach.

Horvath (1968) found that clay and silt content increases
towards the central region of the bay system and towards the
middle of each of the individual bays. He also reported that
sand dominates in the southern portion of Pensacola Bay towards

the bay entrance. These general trends have been confirmed
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by SCUBA observations and sample descriptions. This dis-
tribution of sed{ments in the bays leads to the conclusion
that the bay system 1s an effective trap for sediment

brought in by the present rivers, Thenpresent rivers in

the area therefore do not contribute to the sediment supply

of the open marine environment.

Composition

The main mineralogical composition of the sand is quartz
(no feldspar grains). The average samples contain more than
99 percent quartz grains. Biogenic carbonate grains consist
mainly of mollusk-shell fragments. Occasional oyster reefs
locally contribute large amounts of carbonate to the sediment.
Locally abundant benthonic 1life around the fishing pier at
Fort Pickens is reflected in a strong input of organic carbo-
nate to the sediment. The carbonate in sample no. FSR-72-40
(table 2) consists mainly of small pelecypod shells. The
higher carbonate content reported for the central portions of
the bays by Horvath (1968) is confirmed by bay-sample exami-
nation. Horvath also reported that kaolinite dominates
slightly over montmorillonite in the clay fraction.

Heavy minerals of 2 samples are summarized in table 3.
Heavy minerals are usually less than 0.5 percent of the
sediment except in some layers, usually less than 2 cm thick,

where heavy minerals were concentrated by storm-wave action.
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The heavy-mineral suite is characterized by the absence of
unstable minerallspecies. A dominantly acidic-igneous
source area for the sand is indicated by the zircon and
ilmenite grains, The source area also.included high-grade

metamorphic provinces as indicated by kyanite, andalusite,

and sillimanite.

Inorganic Structures

Primary sedimentary structures are scarce. Sub-parallel,
planar bedding, dipping about L degrees towards the bay, are
present in the narrow foreshore zones around the bays.
Ripple-laminated cross-bedding is present in the bay fore-
shore environment above a water depth of 2 m. Current-
formed, trough-type cross-bedding and scour features are
abundant in the bay entrance where tidal currents flow as

much as 2 knots during tidal exchange (Horvath, 1968).

Organic Structures

Bioturbation of the bay sediments is generally high.
The most important organisms present are oysters, various
tubeworms, barnacles, shrimp, crabs, and mollusks. Abun-
dant bottom vegetation in the form of eel grass (Thalassia sp)

is also present in portions of Santa Rosa Sound shallower than

5 m.,
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TABLE 3
HEAVY MINERALS: BAY FORESHORE
Sample Number
Mineral '
FSR-72-67 FSR-72-78
Zircon VA VA
Ilmenite A C
Kyanite R R
Andalusite R R
Sillimanite R R
Epidote R R
Brookite R R
Anatase VR VR
Rutile C VC
Garnet VR VR
Tourmaline R VR
Limonite R R
Leucoxene VR VR
VA = 50 - 75% C =5 - 15%
A =25 - 50% R =1 - 5%
VC = 15 - 25% VR = less than 1%
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Barrier Island

Dune Field

The dune field of the barrier-island environment is well
developed on Santa Rosa Island. The dunes consist of whilte
quartz sand partially covered by vegetation (fig. 10).

Salt grass grows in small, marshy, flat areas between the
dunes (fig. 11).

Sediment Texture: The textural features of the sand are

summarized in table L. The average grain size of the sand

is medium, and the size varies between 0,29 and 0.35 mm in
diameter. The sand is well- to very well-sorted and contalns
less than 0.5 percent mud by weight. The average-sized grains
are well rounded and frosted. The textural properties of the
dune sand vary very little as illustrated by the close,
parallel assoclation of the cumulative weight-percent curves
(fig. 9). All the samples analysed show the absence of a
coarse tail and the presence of a small tail towards the fine
end, that is slightly more than 50 percent by weight of the
grains are smaller than the mean size.

Composition: The light fraction of the dune sand consists

exclusively of glassy and milky quartz grains (more than 99
percent in samples). Carbonate content is less than 0.2
percent by weight (table L). The few carbonate grains some-
times present are interpreted as shell fragments blown into

the dune field from the backshore.
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The heavy minerals counted in li samples are summarized
in table 5. Less than 1 percent by weight of the samples
consist of heavy minerals. Zircon and ilmenite dominate
the heavy-mineral assemblage indicating a prominent influence
of acidic igneous rocks in the source area, The other
minerals present represent mainly high grade metamorphic
minerals and point to the subordinate presence of metamorphic
rocks in the provenance., The majority of heavy minerals are
well-rounded grains and, together with the complete absence
of feldspar minerals, point to the sand being a reworked
sediment:

Inorganic Structures: The primary sedimentary struc-

tures in the dunes are sub-planar stratification on the lee-
sides and planar crossbeds on the stosé-sideso The dip of
cross-bedding 1s about 30 degrees and the direction varies
between NBOOW and N20°E. These attitudes suggest that the
dunes are mostly formed by southerly winds.

Small, marshy, algal flats between the dunes are under-
lain by sub-horizontal sand layers., The bedding is marked
by sand beds relatively rich in black decomposed plant
material (fig. 11). No differences in textural and com-
positional characteristics of eolian dune sand and sediments
in the flats could be found. The flats cover a minor portion
of the island and are usually best developed along the lagoon

edge (fig. 12).
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Organic Structures: The stratification in the dune

field is disturbed by plant roots and insect burrows, es-
pecially the burrows of fire ants, In small marshy flats
near the sound, (fig. 12) numerous fiddler crabs thrive on
the sandy bottom and produce large numbers of sandy pellets
as a result of their feeding and burrowing habbits.

The characteristic organic features of the dune field
are plant roots which disrupt the stratification. Bio-

turbation is generally scarce.,
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TABLE 5

4

HEAVY MINERALS: DUNE FIELD

Sample Number

FSR-72-35 FSR-72-50 FSR-72-5L FSR-72-59

Zircon VA VA A

g

I1lmenite C

=]

Staurolite
Kyanite
Andalusite
Sillimanite
Brookite
Rutile
Limonite
Leucoxene
Anatase
Garnet

Tourmaline

SU;Z_;;’;USUSU:U%é;O

m;gémoowmwow

Epidote

VA = 50 - 75% R =1 - 5%
less than 1%

[
I
R
]
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O
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I

=
]

VC = 15 - 25% none
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Backshore

The backshore is here defined as that strip of land
exposed on the beach between the mean-high-tide water line
(berm crest) and the dune field. The width of the back-
shore on Santa Rosa Island varies between 15 and 25 m.

Sediment Texture: The textural features of the sand

are surmarized in table 6. The mean grain size of the

sand is medium, and the size varies between 0.25 and 0.0 mm
in diameter. The sand is well- to very well-sorted and
contains less than 0.3 percent mud by weight. The average-
size grains are moderately to well rounded and frosting of
the surfaces of the larger grains was noted.

The textural properties of the backshore sand are
strongly influenced by the mineralogy. A heavy-mineral
layer represented by sample no. FSR-72-43 contains an
average grain size smaller than normal and also a prominent
tail towards the coarser grains (fig. 13). The higher-than-
average kurtosis value probably suggests concentration of
heavy-mineral grains between 0.7 and 0.13 mm in diameter by
high-energy storm waves.,

Composition: The light minerals of the backshore sand

consist only of clear and milky quartz grains. A few
mollusk shell fragments are present in most samples and
result in a miximum carbonate content of 0.2 percent by

weight (table 6).
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The heavy minerals counted in 2 samples are similar to
these found in the dune samples (table 7). Most of the
heavy-mineral grains are well rounded. Heavy-mineral con-
tent in the backshore sediments is variable. The average
backshore sand containé less than 0,5 percent by weight heavy
minerals, but storm waves occasionally caused concentration
of heavy minerals in thin (up to L cm) layers.

The mineralogy of the sand 1s in accordance with that
which can be expected in a multicycle quartz sand: well
rounded stable heavy-mineral species and absence of feldspar
grains, I

Inorganic Structures: The primary sedimentary struc-

tures of the backshore sediments are complex. Heavy-mineral
layering is occasionally present and is an excellent indicator
of the bedding. The dominant stratification consists of
sub-parallel, planar beds which dip between 0 and 8 degrees
towards the ocean (fig. 1l). Local concentrations of
mollusk-shell fragments on the bedding planes mark previous
swash lines of high-tide or storm waves. Sub-parallel
bedding which dips up to 2 degrees towards the dune field is
sometimes preserved and indicates washover deposition behind
the berm crest.

Numerous small-scale unconformity surfaces are present

in a vertical section through the sediments of the backshore

(fig. 15).
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TABLE 7
HEAVY MINERALS: BACKSHORE
Sample Number
Mineral .
FSR-72-15 FSR-72-43

Zircon VA VA
Ilmenite Ve Ve
Staurolite R R
Kyanite R R
Andalusite VR R
Sillimanite R R
Brookite C R
Rutile C C
Limonite R R
Leucoxene VR VR
Anatase R R
Garnet VR VR
Tourmaline VR R
Epidote VR R

VA = 50 - 75% R =1-5%

Ve = 15 - 25% VR = less than 5%

C = 5 -15%
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These unconformities represent erosion surfaces cut into the
backshore by stofﬁ waves., A terrace cut into the backshore
by storm waves of hurricane Agnes in June 1972 has a vertical
face up to 1 m high along the beach of éanta Rosa Island.
During normal conditions sand builds back onto the backshore
by landward migrating sandbars to preserve the storm-wave

terrace as a small-scale unconformity surface.

Organic Structures: Organic structures in the backshore

strata are scarce due to the lack of plant and animal l1ife in
this sub-environment. The only animal that thrives here.is

the ghost crab Ocypode guadrata. These crabs are responsible

for the only observed biloturbation in the backshore in the
form of relatively round and straight, unoriented burrows,
which are usually smaller than 5 cm in diameter. The burrow
walls are not cemented and they easily collapse, It is often
impossible to detect collapsed burrows in the homogeneous
white sand of the backshore.

Disruption of the stratification in the lower backshore
is sometimes caused by development of bubble sand when air is
trapped below water of an incoming tide (fig. 1L). Hoyt and
Henry (196L) discuss in detail the development and geologic

significance of bubble sand.



24

6666 666 8766 66 96 56 z S0 T0 10 00 100
: ! T M H ol B
: | RS ! H ;__ N
! v AN e
L .| ol IS
- : | I -
SRS RENH R s | i Bl YR
e \T g
| R -
a8 R -
o= SN
e .
T I
= : ]
I
m

{—slacksron

CUMULATIVE WEIGHT-PERCENT:

13

FIGURE

|

!

i
. i

- =t

100

08 06 56

0
o

8'66 666

66'66



T-1544 52

FIGURE 1l

X-RAY RADIOGRAPH SHOWING BACKSHORE STRATIFICATION

NATURAL SIZE
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Foreshore

The foreshore is defined as that part of the beach that
is bounded on the landward side by the mean-high-tide line
and on the seaward side by the mean-low-tide 1line.

The foreshore zone on Santa Rosa Island is only about
5 m wide., The narrowness is due to the small tidal range
and the relative steep foreshore slope of 8 to 10 degrees.

The sediments of the foreshore zone consist of well-
sorted, clean, white quartz sand.

Sediment Texture: The textural properties of the sand

are summarized in table 8. The average grain size 1is
medium, and the mean of 8 samples varies between 0.3lL and
0.50 mm, The sand is moderately- to well—sorfed, and the
average skewness is slightly to the coarse end. Kurtosis
values indicate that the sand grains are distributed close
to a normal gaussian distribution. The mud content is
less than 1.0 percent by weight.

The cumulative weight-percent curves suggest that most
samples contain a small tail of fine grains., A very slight
deflection of some curves towards the coarse end indicates
an occasional tendency for the deposition of coarser grains,
(Fig. 16)

Composition: The light minerals of the foreshore sand

consist only of clear and milky quartz grains, Occasional
fragments of mollusk-shell fragments result in a maximum

carbonate content of 0.3 percent by weight (table 8).
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Heavy minerals of 2 samples were counted and the results
summarized in table 9, Heavy minerals contribute less than
0.5 percent to the composition of the sand. Ilmenite together
with its weathering product leucoxene and zircon grains
dominate the heavy-mineral assemblage. The other minerals
present are mainly kyanite, brookite, tourmaline, rutile,
limonite, sillimanite, staurolite, and andalusite. Most
of the heavy-mineral grains are moderately to well rounded.

Inorganic Structures: The primary sedimentary struc-

tures of phe foreshore sediments are sub-parallel planar beds
which dip between 7 and 10 degrees towards the ocean. The
stratification is sometimes difficult to observe due to uni-
form texture and composition of the sediment.

Rhomboid ripple marks develop frequently on the smooth
surface of the foreshore but these structures are continuously
destroyed by subsequent wave action.

Organic Structures: Organic structures are absent in the

foreshore of Santa Rosa Island because of the almost complete
absence of animal 1life in this zone. A few very small un-
identified pelecypod shells were found, but no biloturbation of

the stratification could be observed.
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TABLE 9

HEAVY MINERALS: FORESHORE

Sample Number

Minerals
FSR-72-17 FSR-72-30

Zircon Ve A
Ilmenite A A
Staurolite R R
Kyanite C C
Andalusite VR R
Sillimanite R R
Brookite C Y
Rutile C C
Limonite R C
Leucoxene C C
Anatase VR VR
Garnet VR VR
Tourmaline R R
Epidote VR VR
Hornblende VR N

A =25 - 50% R =1 - 5%

VC = 15 - 25% VR = less than 1%

=
i

C = 5 - 15%

= none
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Nearshore Mérine Shelf

Two environments are distinguished
Shoreface,

Offshore.

Shoreface

The shoreface 1s defined as that part of the shallow
marine shelf between the mean low-tide line and the effective
wave base, The effective wave base 1is the greatest depth in
the shallow marine shelf where the oscillation of waves still
affects the bottom sediments. Offshore from Santa Rosa
Island the effective.wave base is approximately 10 m below
mean low tide., This is based on SCUBA observations:

oscillation ripples cover the seafloor and Callianassa major

burrows occur above water depths of 10 m, Textural, compo-
sitional and internal structural characteristics of the
sediments between shoreface and offshore also differ signifi-
cantly (see below).

The shoreface along Santa Rosa Island is less than 1 km
(1000 yd) wide except at the western edge next to the harbor
entrance where shoal areas extending to about L km offshore,
are developed on both sides of the ship channel. The bottom
topography is steep (fig. 6 and 7) with an average seaward
inclination of about 1 : 100, Landward-migrating, offshore

sandbars strike about N650E. An acute angle, up to about
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iS degrees, between sandbars and shore-line is towards the
west, indicating westward longshore drift in the area.

The effect of such a sandbar on the bottom topography 200 m
offshore is 1llustrated in figure 7. A convex upward pro-
file through the sandbar is present with a steeper slope
towards the beach. Wave motion causes sand to move land-
ward across the bar and avalanche down the steep slope.

The net result is landward migration of the sandbar.
Internal sedimentary structures in the sandbars are large,
planar, cross-bedded sets dipping about 35 degrees landward.
Sub-parallel planar beds, inclined about 15 degrees towards
the ocean, are present in the upper 10 to 20 cm of the
seaward-sloping crest of the sandbar, (See also Davis and
others, 1972, and Hoyt, 1962.)

The sediment of the shoreface zone consists dominantly
of well-sorted, clean, white quartz sand. Occasional thin
layers of fecal mud are present in the sediments of water
depths between 8 and 10 m.

Sediment Texture: The textural properties of the sand

are summarized in table 10, The average grain size is
medfum to fine. From the shoreline out to a water depth of
10 m there is a gradual decrease in mean grain size with
increased water depth (fig. 17). The largest quartz grains
picked from the box cores indicate that the maximum grain
size increases with increased water depth until a miximum is

reached at a water depth of 10 m (fig. 18).
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#IGURE 17 MEAN SIZE VARIATION WITI WATER DEPTH
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The skewness trend indicates slightly positively-skewed
sediment distribﬁtions at the low-tide line which become
progressively more negative until a minimum is reached at
about 10 m water depth (fig. 19). Thié implies that the
difference between the mean and median grain size becomes
greater seaward from the low water line to water depths of
10 m, The abundance of coarse grains in the sand therefore
increases with increased water depth.

The standard deviation also increases progressively
from about 0.35 phi units at the low-tide line to about
0.6 phi units at 10 m water depth (fig. 20). This agrees
very well with the range of 0.3 to 0.6 phi units for surf-
zone sand of the Alacran Reef complex, Yucatan, reported by
Folk and Robles (196l).

The kurtosis values do not show.any trend with increased
water depth (fig. 21). Most of the kurtosis values indicate
a slightly peaker distribution curve than that of a normal
gaussian distribution,

The average mud content is less than 2 percent by weight
(table 10). The mud in the sediment is mainly due to local
concentrations of fecal pellets., In some box cores mud
lajers of up to 2 cm thick consist entirely of fecal pellets,
for example box core no. PE-16 (water depth 9 m).

An anomalously high mud content, 8.2 percent by weight,

is present in sample no. PW-1l (water depth 10 m)., This box
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core was taken in a position where Pleistocene bedrock is
exposed. In this core there is only a thin (less than

5 cm thick) sand layer on top which represents recent re-
working by waves.

The cumulative weight-percent curves very clearly
confirm the textural trends described above. The most
prominent feature is the fining seaward sequence as indi-
cated by the gradual shift of the curves toward the fine
end for samples taken between O and 5 m water depth (fig.
22 and 23). Samples taken between 5 énd 10 m indicate a
coarse tail (grains towards the coarse end become relatively
more abundant) and slower decrease in mean grain size with
increased depth (fig. 24 and 25).

Composition: The light minerals of the shoreface con-

sist of milky and glassy quartz (more than 99-percent by
weight). No feldspar grains were found in the light-mineral
fraction.

Organic carbonate grains consist mainly of mollusk-shell
fragmeﬁts but their contribution to the sediment is small, on
the average less than 1 percent by weight, except in samples
which occasionally contain whole shells, for example samples
no. 72-P-152 and FSR-72-57 (table 10).

Heavy minerals of 12 samples were counted and the re-
sults are summarized in tables 11 and 12, Heavy minerals
contribute less than 0.5-percent by weight to the composition
of the sand. The heavy-mineral suite for the shoreface does

not differ from that of the other environments described above.
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Lower Shoreface,

FIGURE 2l Cumulative weight-percent

6666

6°6h

866

0/

i

_

m g
SRR -
i ! S R —

I ,_ N [ —

w “ . I‘fff
i i 11 €y R R e
IR S e

g :
i “

T i
| Ll - L
; |
N _ I
[N ISR R 1
HR SRR I R I
E W | L Lt
T - !
il L
i | il :
EAEREE SaA B
P

i :
ama A28l

western transect.

e
Ll
T

w

¢

0¢

o 0s

S6

86

66

866 666



T

Lower shoreface,

ight-percent:

ive weig

FIGURE 25 Cumulat

66°66

TERN

!
CT.

NSE

RA

bob ko

_EAS

T

T

i T i T 3 Y :
B P e B

eastern transect.

i
t

|
[l

100

08

56 86 66 866 666 66’66



T-154L 75

TABLE 11
HEAVY MINERALS: SHOREFACE

(Western Transect)

Sample Number

Mineral
PW-14 PW-B PW-C PW-D PW-2A PW-3A PW-}A

Zircon C A VA A A A A
Ilmenite VA A vC Ve VA A A
Staurolite R VR R C R R R
Kyanite C C C C C C C
Andalusite R R R VR R R VR
Sillimanite R R R R R R R
Brookite R C R R R C C
Rutile VR VR R R C C C
Limonite C R R R R R C
Leucoxene C C R R R. R R
Anatase VR R R R VR VR R
Garne£ VR VR VR VR R N VR
Tourmaline R R R R R VR R
Epidote R R VR VR R R VR
Hornblende VR VR N N N VR N
Pyrite A N N N N N N

VA = 50 - 75% R =1-5%

A =25 - 50% VR = less than 1%

VC = 15 - 25% N = none

C = 5 -15%
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TABLE 12

76

HEAVY MINERALS: SHOREFACE

(Eastern Transect)

Sample Number

Minerals
72P-153 PE-A PE-B PE-D PE-6A

Zircon VA VA A VA A
Ilmenite VC Ve Ve A A
Staurolite R R R R R
Kyanite C C C R C
Andalusite R R R VR R
Sillimanite C R R VR R
Brookite R C C R R
Rutile R R VR R R
Limonite R VR R R R
Leucoxene R R R R R
Anatase N VR VR VR N
Garnet N VR R N VR
Tourmaline R R VR R R
Epidote VR R VR VR VR

VA = 50 - 75% R =1-5%

A =25 - 50% VR = less than 1%

VC = 15 - 25% N = none

C = 5 -15%
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The heavy minerals in sample no. PW-1l (water depth 10 m)
are clearly anomalous to those of the other shoreface samples:
pyrite grains in the form of small spherulites are present in
great abundance, and the opaque minerals ilmenite, leucoxene
and limonite strongly dominate over zircon and the other heavy
mineral speciles, This is in accordance with the conclusion
above that the sediment in core no. PW-1l is from the
Pleistocene. Other supporting evidence 1s the presence of
carbonized wood and root systems in the sediment.

The heavy-mineral grains are well to moderately rounded.

Inorganic Structures: The primary sedimentary structure

of the shoreface is ripple cross-bedded layers (fig. 26).

The cross-bedded units are usually less than 10 cm thick and

the cross-bedding angle is less than about 15 degrees. The
internal sedimentary structures of sandbars discussed previously
are destroyed when the sandbar becomes welded on to .the back-
shore.

Organic Structures: Biloturbation of the shoreface sedi-

ments is low. Some reworking by crabs can cometimes be
observed. Long, thin, noodle-like, worm burrows (Onuphis sp)
are present in the foreshore sand especially below 5 m water
depth (fig. 27). The tubes are about 5 mm in diameter and
lined with fine sand grains. Burrow tubes of the worm
Diopatra sp sometimes occur on which shells and shell fragments
are cemented onto the tube.

Burrows of the ghost shrimp Callianassa major are fairly

common in the shoreface sand., The burrow walls are about 5 mm
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thick, and the sand is cemented by an argillaceous cementing
agent, The presence of C. major can easily be recognised
on the shoreface floor by. their diagnostic chimney-like
burrows sticking out about 3 cm above the sandy bottom.
Dark-green cylindrical fecal pellets are usually present

close to the mounds. Callianassa burrows were observed

between 1 and 10 m water depth during diving operations
and in some box cores, for example PE-B (water depth 7 m).

The Callianassa burrows are interpreted to be the best

potential trace fossil of the shoreface (see also Weimer

and Hoyt, 1963).
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Offshore

The offshore’is defined as that part of the marine’
shelf below the wave base. In this study only the upper
part of the offshore zone was studied bétween water depths
of 10 and 3L m and a distance of approximately 1 to 27 km
offshore.

The offshore topography is irregular to slightly un-
dulatory (fig. 6 and 7). The very gentle seaward slope
has an average inclination of about 1 : 1000,

The sediments of the offshore consist domlnantly of
medium- to coarse-grained, moderately well sorted, quartz
sand with abundant organic carbonate fragments.,

Sediment Texture: The textural properties of the sand

are summarized in.table 13,

The mean grain size of the acid-insoluble fraction
varies between fine- to coarse-sand size for the samples
analysed., It should be noted that these results represent
values for the upper 5 cm of sediment except for 2 samples.
Binocular investigation of the box-core peels reveals an
upward-fining sequence in the sediment. Analysis of the
2 total-core samples indicate slightly larger mean grain
size and poorer sorting than that of only the upper 5 cm of
the same cores,

The largest quartz grains picked from the box-core
peels indicate that most cores contain grains larger than
those of the shoreface zone (fig. 18). The maximum size of
the grains ranges between small-pebble and very coarse-sand

size,
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The standard deviation values indicate moderate sorting
of the acid—insoiuble constituents in the offshore sedliments.
The average sorting is, however, poorer than in the shore-
face zone. There is a general tendenc& to slightly better
sorting at about 30 m water depth (fig. 20). This is
perhaps the result of reworking by currents indicated by the
cross-bedding (see below).

The average skewness is slightly negative, that is skew
towards the coarse end, but there is no definite trend with
increasing water depth (fig. 19).

Kurtosis values are greater than that of a normal
gaussian distribution. No general trend with increased
water depth could be found (fig., 21).

Average mud in the offshore samples 1s less than 3 per-
cent by weight. No well-developed mud layers as those in
the lower shoreface zone are present in the sand. The mud-
size particles appear to be dispersed throughout the sediments.

The cumulative weight-percent curves illustrate the
large textural variation between the offshore samples very
clearly (fig. 28 to 30). The curves also reveal the coarse
tail present in the sediments, and the moderate sorting is

illustrated by the fairly steep slope angles.

Composition: The light-mineral fraction of the acid-

insoluble residue consists exclusively of quartz. Organic
carbonate grains are sometimes present in large amounts to

constitute as much as 16 percent by weight of the sediment.
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The average organic carbonate content of the sediment varies
between 2 and 7 percent by weight (table 13). The graphical
representation of water dépth versus mud and carbonate con-
tent conforms with the general.textural trends found on the
continental shelf: small amounts of mud and carbonate occur
above 10 m, and both increase significantly below this

depth (fig. 31).

Box-core investigation indicates that the organic car-
bonate grains consist mainly of mollusk-shell fragments,
algae, bryozoa, sand dollar fragments, and numerous cal-
careous foraminifera, Organic reworking is suggested by
intensive boring of most shells and random orientation of
larger shells., Clam shells in water depths bétween 28 and
3 m (22 to 27 km offshore) are often oriented with the
convex side upward probably by the action of bottom currents,
which are also evidenced by the cross-bedding (see below).
Some shells are overturned by the action of organisms.
Angular and broken oyster-shell fragments with attached
barnacles, are concentrated and oriented on an unconformity
surface in core no. PW-1 (water depth 3L m, fig. 32). In-
organic reworking of the sediment by bottom currents in this
core is indicated by cross-bedding and fining upward of grains
in the relict sand. Lack of large distance of transport is
indicated, however, by the preservation of barnacles and

lack of rounding of the shell fragments.



T-15LL 89

The results of heavy-mineral counts are suwmarized in
tables 1l and 15: Heavy minerals contribute less than
O.5-percent by weight to the composition of the relict sand.
The heavy-mineral assemblage 1s similar.to that of the other
environments described above except tourmaline occurs more
consistently and small amounts of pyrite occur in some
samples, This is interpreted to be the result of reworking
from Pleistocene sediment similar to that in box-core no.
Pw-1l.

Inorganic Structures: The primary sedimentary struc-

tures of the offshore sediments are thin cross-bedded sets

and sub-horizontal planar bedding. Bedding features are

well marked by alignment of carbonate pieces on bedding
surfaces, Planispiral coiled foraminifera are often oriented
on the bedding and are especially useful in revealing cross-
bedding in homogeneous sand. Cross-bedding in the offshore
is usually restricted to relict sand between water depths of
28 and 3y m (22 to 27 km offshore). The seaward extent of
cross-bedded relict sand is not known,

Organic Structures: Biloturbation of the offshore

sediments is variable, Intensive reworking by heart urchins

(Moira atropos) of the upper 6 to 10 cm of sediment is present

in water depths between 12 and 26 m (2 to 12 km offshore)
(fig. 33). Between 12 and 22 km offshore (water depths
between 26 and 36 m) the sediments are completely bioturbated

(fig. 3L). Little bioturbation is present between 22 and
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é? km offshore (water depths between 28 and 34 m).

Sand dollars (Mellita sp) are abundant in the offshore
Z0Ne . Their grazing tracks are up to 10 cm wide and they
cause intensive reworking of the upper 2 cm of sediment.

Long sandy tubes of the worm Onuphis are fairly cormon.
Tubes of the worm Diopatra, covered with shell fragments,
occur occasionally in the offshore sediments,

The most important potential trace fossil in the off-

shore zone is the distinct burrow trace of the heart urchin

(fig. 33).
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TABLE 1
HEAVY MINERALS: OFFSHORE
(Western transect)
Sample Number
Mineral
PW-1 Pw-L PwW-7 Pw-12
Zircon A A A A
Ilmenite A VA A A
Staurolite VR R VR R
Kyanite C C C C
Andalusite R R R R
Sillimanite R VR VR R
Brookite C C C C
Rutile VR R R R
Limonite VR R R R
Leucoxene C C C R
Anatase N R VR VR
Garnet N VR N VR
Tourmaline R C C C
Epidote R R VR VR
Hornblende VR R VR VR
Pyrite R N VR N
VA = 50 - 75% VC = 15 - 25% R =1 - 5%
A =25 - 50% C = 5 - 15% VR = less than 1%
N = none
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HEAVY MINERALS:

TABLE 1

OFFSHORE

(Bastern Transect)

92

Sample Number

Mineral
PE-1 PE-L 72P-159 72P-158 PE-10
Zircon A Ve A Ve A
Ilmenite A A A A VA
Staurolite R R R R R
Kyanite C C C C C
Andalusite R R R R R
Sillimanite R R R R R
Brookite R R C C C
Rutile VR R N VR R
Limonite R VR R N VR
Leucoxene C C R R VR
Anatase N R VR N N
Garnet R N N VR R
Tourmaline R R C R R
Epidote R R R R R
Hornblende VR VR N N VR
Pyrite N N VR N N
VA =50 - 754  VC =15 -254 R =1 - 5%
A =25 - 50% ¢ = 5 -15% VR = less than 1%
N = none
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TABLE

15

(Continued)
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Sample Number

Mineral

7

2P-154

PE-13

72P-156

PE-1L

72P-155

Zircon
Ilmenite
Staurolite
Kyanite
Andalusite
Sillimanite
Brookite
Rutile
Limonite
Leucoxene
Anatase
Garnet
Tourmaline
Epidote
Hornblende

Pyrite
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FIGURE 31 MUD AND CARBONATE VARIATION WITH WATER DEPTI
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Explanation

Sediment—water

cross-bedding

"RELICT SAND

Pebble-size shell fragments

washoult

Brown argillaceous sand
(Pleistocene bedrock)

deformation by
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EXPLANATION

Heart urchin traces
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FIGURE 33

X-RAY RADIOGRAPH OF OFFSHORE CORE SHOWING HEART TURCHII
REWORKING IN UPPER 10 TO 12 CM. WATER DEPTH 26 M.

NATURAL SIZE.



$%&%0l





































































































































































































































































