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Abstract— This study examined the coastal response of central Brevard County to rising

Holocene sea level as it has been recorded in sediments of Indian River lagoon. The typical

Holocene sediment sequence, in ascending order, consists of: (1) depauperate marsh muds, (2)

sandy muds and muddy sands that contain a restricted marine fauna, and (3) sands and muddy
sands that contain an abundant, more normal marine fauna. This transgressive sequence devel-

oped as rising Holocene sea levelflooded a Pleistocene topographic depression (paleolagoon). It is

often capped by (4) a coarser sand that exhibits a decrease in faunal abundance and diversity.

The origin of this sediment type remains problematic. "Muck", a fine-grained, organic-rich sedi-

ment, occurs in bathymetric depressions of the lagoon and was not identified at any other strati-

graphic position. This observation supports the hypothesis that "muck" is an anthropogenic sedi-

ment type.

Stratigraphic cross-sections along the axis of the lagoon reveal a concomitant increase in mud
and decrease in sand from south to north. This sediment gradient is logically related to the

morphology of the present barrier island system. In the northern area, the relatively broad width

of the barrier island and its well-developed ridge-and-swale topography may have limited the

flux of quartz sand into the lagoon during major storms and hurricanes.

On the broadest scale, dramatic sea level fluctuations during the last

140,000 yr are primarily responsible for the vertical succession of sediments

deposited in late Pleistocene and Holocene coastal environments (Kraft and

Chrzastowski, 1985). These deposits and their associated morphology are

currently being modified to varying degrees by the present Holocene sea-level

rise. The nearly 250-km chain of barrier islands that rim the east coast of

Florida was sculpted by these same processes. Although the large-scale dy-

namics that produced Florida's Atlantic barrier island system have been ex-

amined in detail (Osmond et al., 1970; White, 1970; Kofoed, 1963; Brown et

al., 1962), very little is known about the geologic history of its back-barrier

lagoons (c.f., Almasi, 1983). This study is the first to document the Holocene

evolution of Indian River lagoon in central Brevard County (Fig. 1).

Description and Geologic History of Study Area—The study area con-

sists of a shallow, microtidal back-barrier lagoon (Indian River) that lies

along central Florida's Atlantic coast between the Eau Gallie River and Tur-

key Creek (Fig. 1). Cuspate spits lie along the seaward margin of the lagoon

in this area and define it as a unique geomorphologic unit. The well-defined

symmetry of the spits suggests that the back-barrier lagoon system has re-

mained relatively stable over time (Zenkovitch, 1958). The lagoon deepens

from south to north, requiring the use of 12-ft (3.6-m) bathymetric contour

lines north of the study area, but only spotty use of a 6-ft (1.8-m) contour

south of the study area (USC&GS, 1980). Within the study area, the barrier

island displays a well-developed, linear, beach-ridge-and-swale topography
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Fig. 1. Regional map of Central Brevard County, Florida, illustrating the location of major
geomorphic features and location of radiocarbon dates (modified from Osmond et al. 1970).

Indian River lagoon study area lies between Eau Gallie River and Turkey Creek.

that parallels the strike of the island (USC&GS, 1980). Just south of 28°N
latitude (Fig. 1), the core of the barrier island narrows, and both the ridge-

and-swale topography and cuspate spit morphology give way to a flood tidal

delta/washover fan geomorphology.

Many studies of barrier island and lagoonal sedimentation along the At-

lantic seaboard emphasize that landforms created during Pleistocene high sea

stands influenced the later deposition of Holocene coastal sediments (Davis,
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1985; Evans et al., 1985; Halsey, 1979; Moslow and Heron, 1979; Kraft et al.,

1979). Similarly, relict Pleistocene landforms in central Brevard County have
influenced the development of Holocene depositional sequences within In-

dian River lagoon.

Lying about 9.0 m above present sea level, the City of Melbourne strad-

dles the highest elevations of the Atlantic Coastal Ridge (Fig. 1), a coast-

parallel feature that developed about 140,000 to 120,000 yr B.P., when
(Pamlico) sea level reached heights of 7.5 m to 9.0 m above present level

(White, 1970). Merritt Island (Fig. 1) is closely age-related since its southern

tip has a radiocarbon age of about 110,000 yr B.P. (Osmond et al. , 1970)

.

The next major transgression (Silver Bluff) occurred about 30,000 yr B.P.

and brought sea level close to its present-day height, with a maximum not

exceeding 2.5 m above present sea level (DuBar, 1974). Radiocarbon dates

(Osmond et al., 1970) suggest that topographically lower portions of the At-

lantic Coastal Ridge may have been inundated by the Silver Bluff highstand.

Other late Pleistocene sediments, including the Anastasia Formation, were

deposited to the east of the Atlantic Coastal Ridge and underlie the present-

day barrier island (Mehta et al., 1976). Some of these deposits appear to have

had sufficient elevation above sea level during Silver Bluff time to generate

and protect a back-barrier lagoon, since paleolagoonal sediments, dated at

31,000 yr B.P, lie about 2 m below the sediment-water interface of the

present-day lagoon at the southern end of Brevard County (Almasi, 1983).

Following regression of the Silver Bluff sea to approximately 100 m below

present level, the Holocene transgression began (Kraft and Chrzastowski,

1985). Sometime between 5,000 and 6,000 yr B.P, marine waters re-entered

the paleolagoon (Almasi, 1983), and lagoonal sedimentation began anew.

Contemporaneously, sand and shell material began to accumulate upon the

Pleistocene paleotopographic high that now underlies the present barrier is-

land (Mehta et al., 1976; Osmond et al., 1970). This study focused on the

sediments and sedimentary sequences that accumulated within the back-bar-

rier lagoon during the late Holocene sea-level rise.

Materials and Methods—Using equipment and procedures described by Lanesky and co-

workers (1979), 16 vibracores were collected in the study area (Fig. 2). Six of these cores were
part of Project "MUCK" (see Trefry et al. 1987). Ten other cores were taken within an 8.0-km

long section of the lagoon between Eau Gallie River and Turkey Creek (Fig. 2). Vibracore posi-

tions were located using triangulation of fixed reference points.

Split cores were described with respect to color, sedimentary structures, mottling, and sedi-

ment type. Sediment samples were taken at 33-cm intervals or from lithologic units that would
otherwise have been unsampled. The samples were wet-sieved through 2.0-mm and 0.0625-mm
screens to separate the gravel-, sand-, and fine-sized fractions. Gravel- and sand-sized fractions

were oven dried and weighed. The sand fraction was dry sieved at 0.5-phi intervals to determine

the modal sand size for each sample.

The fine-grained (mud) portion of each sample was dispersed in a 4 % solution of sodium

hexametaphosphate in preparation for pipette analysis (Folk, 1974) to determine the relative

proportions of silt and clay. The relative dry-weight percentages of gravel, sand, and mud were

used to classify each sediment sample as one of four general sediment types (Fig. 3): (1) sand; (2)

muddy sand; (3) sandy mud; (4)mud (Folk, 1974). Microscope slides of each mud sample were
prepared and examined under a binocular microscope to check for framboidal pyrite, a common
replacement mineral of rootlets in a reducing environment (Plint, 1983). In addition, the mud
samples were subjected to HC1 to determine if carbonate was present. If present, the samples
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Fig. 2. Map of the study area showing vibracore locations. Solid lines indicate location of

stratigraphic transects, two of which are shown in Fig. 4.

were analyzed chemically to determine the relative percent of carbonate and noncarbonate mate-

rial (Flores, 1988).

Sixty-four samples were taken from representative lithologic units for examination of mollus-

can abundance and diversity. Each 10-cm sample was washed through a 2.0-mm screen and the

fraction larger than 2.0 mm inspected. Each gastropod shell with an intact columella and each

pelecypod valve with an undamaged hinge and/or a distinguishable pallial sinus were counted

and identified to the species level.

The combined faunal and lithologic data allowed sedimentary depositional units or facies to

be described and upcore changes to be identified. Scaled stratigraphic cross-sections (c.f., Fig.

4A), drawn shore-parallel along the axis of the lagoon (Transect S) and shore-normal (Transect

Y)
,
provided a three-dimensional perspective of the lateral and vertical distribution of sediment

types within the study area.
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Fig. 3. Ternary diagram, adapted from Folk (1974), illustrating the distribution of the sedi-

ment types collected during this study and Almasi's (1983) Turkey Creek transect. G = gravel, g
= gravelly, S = sand, s = sandy, M = mud, m = muddy.

Results—The sediment samples contain four principal components: (1)

quartz sand; (2) whole mollusc shells and angular shell hash; (3) mud with

variable proportions of silt and clay; (4) carbonate nodules and mud chips. As

expected, the gravel-sized fraction of the samples is dominated by skeletal

material and, to a lesser degree, carbonate nodules and mud chips. The pri-

mary component of the sand-sized fraction is quartz sand. Silt- and clay-sized

particles, organics, finely disseminated calcium carbonate and framboidal

pyrite comprise the fine-sized fraction.

Based on the Folk (1974) classification scheme, 88% of the Indian River

lagoon samples (excluding "muck", an anthropogenic sediment type) con-

sisted of sandy shell, sand, and muddy sand. Sandy muds comprise only 5%
of the samples while the remaining 7 % are muds (Fig. 3).

Although the sequence of sediment types varies from core to core, three

general sediment trends are recognized. First, the sediment coarsens in the

upcore direction, as evidenced by an increase in modal quartz sand size and

the concomitant decrease in weight-percent mud (Fig. 5). Second, the Holo-

cene sediment sequence appears to coarsen from north to south, along strati-

graphically equivalent horizons (Fig. 4A) . Third, sediments that have accu-

mulated along the axis of the lagoon contain persistently higher

concentrations of mud than those deposited along the lagoon margins (Fig.

4A).
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A total of 26 molluscan species were identified. However, two species

accounted for 81 % of the total number of individuals counted: Mulinia la-

teralis (67% of the total number) and Anomalocardia auberiana (14%).
These two species were nearly mutually exclusive, with A. auberiana occur-

ring below M. lateralis (Fig. 5) . In addition, molluscan species found within

the A. auberiana zone were typically of low abundance and diversity. Most of

these species were noted to be euryhaline and tolerant of brackish-water sa-

linities.

In contrast, the Mulinia lateralis zone contained a more abundant and
diverse molluscan assemblage. While many of these species were euryhaline,

several stenohaline species were identified in relatively large numbers. A dra-

matic decrease in molluscan abundance and diversity was often noted to

occur within the upper 0.5 to 1.0 m of the present sediment-water interface

(Fig. 5).

Depositional Interpretation—The combined sediment and faunal data

delineate four sedimentary facies: (1) subaerial Pleistocene sand, (2) coastal

marsh mud, (3) restricted lagoonal muddy sand, (4) open lagoonal sand (Fig.

4B). This upcore facies transition from subaerial to open lagoonal is clearly

transgressive and described briefly below (for additional details see Bader,

1988).

Pleistocene sand: Two cores taken along the margins of the lagoon (2C

and 4C; see Fig. 2) recovered clean, iron-stained, fine-grained quartz sands

at their base (Fig. 4A) . These sands are mottled, contain < 2 % skeletal mate-

rial, and are locally cemented by carbonate. Core 4C, taken along the west-

ern margin of the lagoon, encountered basal quartz sand identical to the

Pleistocene quartz sands that form the Atlantic Coastal Ridge along the main-

land shoreline (Fig. 1). Hence, they are interpreted to be Pleistocene

strandline deposits (Fig. 4B) that were submerged during the initial stages of

coastal submergence. Based on the presence of an iron-stain, the basal quartz

sands encountered in Core 2C are also interpreted to be Pleistocene deposits

(seeAlmasi, 1983).

Marsh mud: The basal Holocene sediments along the axis of the lagoon

(Cores 1 and 6; Fig. 2) contain between 63% and 93% mud. The muds are

clay-rich, silt-poor, and lack visible layering. Very fine- to fine-grained

quartz sand is present in trace amounts. Carbonate mud was identified at the

base of Core 1 (Flores, 1988). Framboidal pyrite and wood fragments are

common constituents at the base of Core 6. Although the muds are essentially

depauperate with respect to molluscs, small numbers of the barnacle Balanus

eburneus are sometimes present.

The observed sediment characteristics, in conjunction with the strati-

graphic position of this unit, are interpreted to reflect deposition in a coastal

marsh environment (Fig. 4B). Because only two cores penetrated this sedi-

ment type, it was not possible to determine what type of coastal marsh (i.e.,

freshwater, salt) produced this deposit.

Restricted lagoon muddy sand: Generally overlying the marsh deposits
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are muddy sands (Fig. 4A) that contain mud balls, thin layers of shell, and
small pockets of sand. In addition, hydrogen sulfide odors and/or blackened

shells are present towards the base of this unit. Hydrobia sp., oyster debris,

and calcareous worm tubes co-occur with a restricted marine fauna, domi-

nated by Anomalocardia auberiana. The A. auberiana faunal zone can be

traced to the north, where the muddy sands grade into sandy muds (Fig. 4A).

As mentioned previously, the A. auberiana faunal assemblage contains eury-

haline, brackish-water species.

These sediments are interpreted as intertidal to shallow subtidal (re-

stricted) lagoonal deposits (Fig. 4B), where seasonal patterns of precipitation

and evaporation strongly influenced salinity values.

Open lagoon sand: Fine-grained, gray sands usually overlie the restricted

lagoon sediments (Fig. 4A). The sands contain localized accumulations of

mud chips, mud balls, and shell deposits. Framboidal pyrite and plant frag-

ments are locally abundant. Molluscan skeletal debris is significantly more
diverse and abundant than in the underlying Anomalocardia auberiana zone.

In contrast to the A. auberiana assemblage, which contained brackish-water

molluscan species, Mulinia lateralis is the predominant species in the open

lagoon facies, co-occurring with species that prefer more normal marine sa-

linities. Toward the north, the fine gray sands grade into muddy sands also

characterized by M. lateralis. These sediments are interpreted to have been

deposited in a more open lagoon environment (Fig. 4B), with improved cir-

culation and salinity values approaching normal marine.

Recent sediments: A medium-grained, grayish-brown sand often caps the

Holocene sediment sequence, except in localized topographic depressions and

within the intracoastal waterway, where "muck" has accumulated (Fig. 4A)

.

The sediment hosts a molluscan assemblage similar to the underlying gray

sands (M. lateralis zone) , although species diversity and abundance is gener-

ally reduced. As these sands lie at the present sediment-water interface they

are included as part of the open lagoon facies (Fig. 4B)

.

Surficial deposits of "muck", a fine-grained, organic-rich sediment (Tre-

fry et al., 1987) with variable quartz sand content (Bader, 1988), reverses the

upward coarsening trend discussed above. Faunal abundance and diversity

are minimal. As "muck" sediment began accumulating within the lagoon

about 30 yr ago and is attributed to anthropogenic processes, its mode of

origin was not analyzed during this study.

Discussion—This study was intended to be a preliminary investigation of

the back-barrier Holocene sediment sequence of central Brevard County. It is

a logical extension of a similar study conducted by Almasi (1983) further

south. In general, a coarsening upward, transgressive sediment sequence has

developed within Indian River lagoon during the late-Holocene. Although

this study is only the second to have focused on the geological history of

Indian River lagoon, the recognition of a transgressive facies sequence is not

surprising. Hence, the discussion to follow will focus on specific lateral and

vertical anomalies.
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A concomitant increase in mud and decrease in sand was noted in south-

to-north transects along the axis of Indian River lagoon (Fig. 4A). Because

fluvial systems entering the lagoon do not provide a significant volume of

bedload material, we argue that barrier island morphology is probably re-

sponsible for this trend. Within the study area, the width of the barrier island

and its well-developed ridge-and-swale topography (Fig. 1) may have mini-

mized the influx of sand into the lagoon during major storms (Davis, 1985)

.

Tidal inlets, which often form during storm events, are absent in the north-

ern area, and there are no morphologic features to suggest that they had ever

been present. The presence of a well-developed cuspate spit morphology

along the lagoonal margin of the barrier island (Figs. 1 and 2) suggests this

area has been relatively stable (Zenkovitch, 1958), adding additional support

to our hypothesis.

In contrast to the persistently muddier sediment observed in northern

limits of this study area, the relatively sandy sediments to the south conform

more closely to the lagoonal sequences described in Almasi's (1983) Turkey

Creek transect. These sandier sediments are logically related to the overwash

and flood tidal delta geomorphology of the barrier island in this area (Fig. 1)

.

Both processes responsible for the construction of these features would have

contributed large quantities of sand to the lagoon. The relatively rapid rates

of sedimentation generally associated with these events may be partially re-

sponsible for the shallower water depths observed in this section of the la-

goon.

In transects from the axis of the lagoon toward its margins, quartz sand

content increases, and the concentration of mud diminishes. This sediment

distribution pattern is typical of microtidal lagoons (Davies, 1964) . Sands are

deposited closer to the periphery of the lagoon because winds impart a rela-

tively higher energy to the shallower water. Silts and clays are winnowed
from the sands and remain in suspension until they can settle out in the

deeper waters of the central lagoon. In addition, the presence of local quartz

sand sources along both margins of the lagoon has undoubtedly contributed

to the observed grain size trends.

Conclusions— (1) The Holocene sediment sequence within Indian River

lagoon of central Brevard County, Florida, is transgressive, reflecting a tran-

sition from subaerial to open lagoon environments.

(2) This sequence developed as rising Holocene sea level flooded a topo-

graphic depression (paleolagoon) between 5,000 and 6,000 yr B.R

(3) Cross-sections along the axis of the lagoon reveal a concomitant in-

crease in mud and decrease in sand from south to north at all stratigraphic

levels. This gradient is interpreted to reflect the minimal role of overwash

and flood tidal delta sedimentation in the northern portion of the study area

where beach ridge sets and island width may have prevented island breach-

ing during storm surges.

(4) Marginal deposits are persistently sandier, reflecting both proximity to

local quartz sand sources (Atlantic Coastal Ridge and present barrier island)
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and the energy gradient predicted for microtidal back-barrier lagoons.

(5) "Muck", a fine-grained, organic-rich deposit, was noted to occur only

in bathymetric depressions of the present lagoonal substrate and is not present

at any other stratigraphic position. This observation supports the contention

that "muck" is of anthropogenic origin (Trefry et al. , 1987)

.
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