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Biogenic “oozes” are pelagic sediments that are composed of > 30% carbonate 

microfossils and are estimated to cover about 50% of the ocean floor, which accounts for 

about 67% of calcium carbonate in oceanic surface sediments worldwide. These deposits 

exhibit diverse assemblages of planktonic microfossils and contribute significantly to the 

overall sediment supply and function of Florida’s deep-water regions. However, the 

composition and distribution of biogenic sediment deposits along these regions remains 

poorly documented. Seafloor surface sediments have been collected in situ via Johnson-

Sea-Link I submersible along four of Florida’s deep-water regions during a joint research 

cruise between Harbor Branch Oceanographic Institute (HBOI) and Florida Atlantic 

University (FAU). Sedimentological analyses of the taxonomy, species diversity, and 

sedimentation dynamics reveal a complex interconnected development system of 

Florida’s deep-water habitats.  

Results disclose characteristic microfossil assemblages of planktonic foraminiferal 

ooze off the South West Florida Shelf, a foraminiferal-pteropod ooze through the Straits  
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of Florida, and pteropod ooze deposits off Florida’s east coast. The distribution of the 

biogenic ooze deposits is attributed to factors such as oceanographic surface production, 

surface and bottom currents, off-bank transport, and deep-water sediment drifts. The 

application of micropaleontology, sedimentology, and oceanography facilitate in 

characterizing the sediment supply to Florida’s deep-water regions.
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1 Introduction

Deep-water regions along the Southwest Florida Shelf, the Straits of Florida, and 

along Florida’s east coast, have long been considered by marine scientists to be large 

carbonate sinks. Although many scientific expeditions have studied the bathymetry, 

biology, and geology of these regions, micropaleontological data for carbonate sediments 

in these areas remains inadequate. Geophysical and lithostratigraphic analyses have 

broadly described lithologic cores, rock samples, and large benthic carbonate structures 

from Florida’s deep-water regions (Charm et al., 1969; Paull et al., 2000; Reed et al., 

2006). However, a detailed analysis of the composition, micropaleontology, and 

sedimentation dynamics of the allochthonous sediment supply to deep-water habitats in 

this area has yet to be completed.  

Florida’s continental shelf and slope regions are particularly suitable for detailed 

sedimentological studies because of an abundance of unconsolidated biogenic sediment 

deposits (Pratt and Heezen, 1964; Charm et al., 1969; Ginsburg and Lutz, 2007; Correa et 

al., 2012a). Bathymetric variability of deep-water regions along the coast of southern 

Florida illustrates the diversity of Florida’s shelf environments (Figure 1). The 

continental shelf off the Southwest coast of Florida has a broad extension, which gently 

slopes seaward until reaching a steep drop-off. In contrast, through the Straits of Florida 

and off the eastern portion of the peninsula, the continental slope drops off suddenly and 

steeply. Terraces, hardgrounds, gullies, sinkholes, and bio-buildups define Florida’s  



 

2 

deep-water bathymetry. The presence of many of these versatile geomorphological 

features can be attributed to factors such as the Gulf Stream and past sea level 

fluctuations (Pratt and Heezen 1964; Pinet et al., 1981; Lumsden et al., 2007). Oceanic 

currents significantly contribute to the particle transport and sedimentation offshore in 

Florida’s deep-water regions.  

Pelagic sedimentation is dominant along platforms in deep-water regions along 

Florida, such as the Blake Plateau, where soft “ooze” deposits can cover extensive areas 

(Charm and Nesternoff, 1969; Sheridan and Enos, 1979). Adjacent areas, such as the 

Great Bahama Bank, get bank derived sediments along slopes from turbidity currents and 

intense pelagic draping (Eberli and Ginsburg, 1989; Wilbur et al., 1990; Wilson and 

Roberts, 1995; Correa et al., 2012b). Biogenic sediment deposits are well known to be 

present in these regions and help form the previously mentioned types of geomorphic 

features. 

Biogenic “ooze,” (sediment which contains at least 30% skeletal remains of marine 

organisms) deposits cover about one sixth of the Earth’s surface (Armstrong and Brasier, 

2005; Morelock, 2005). The mortality of large plankton masses provides a continuous 

supply to the ocean’s carbonate sediment budget and contributes to the carbonate pump 

in the Earth’s oceanic system. It is estimated that about 50% of the ocean floor is covered 

in carbonate oozes, which therefore accounts for about 67% of calcium carbonate in 

oceanic surface sediments (Kennett, 1982). The microfossils contained in these pelagic 

sediments provide a record of Earth’s climatological history from over the past 200 

million years (Morelock et al., 2005).  Although a large amount of data can be chemically 
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extracted from microfossils within biogenic oozes, biogeographical distribution data is 

very limited.  

 

Figure 1. HYCOM image showing bathymetry of the Southwest Florida Shelf (SFWS), the Southeast 

Florida Shelf (SEFS), The Atlantic Florida Keys Shelf (AFKS) and the Straits of Florida (RSMAS Division 

of Meteorology and Physical Oceanography, 2017). 

 

1.1 Biogenic Oozes 

The JOIDES (Joint Oceanographic Institutions for Deep Earth Sampling) sediment 

classification is the official scheme for the Deep-Sea Drilling Project (DSDP) (Heath, 

1984), is based on descriptive parameters of biogenic sediment composition (Figure 2). 

Calcareous biogenic “oozes,” which are commonly distributed in tropical and subtropical 

regions, are pelagic sediments that are composed of more than 30% carbonate 

microfossils (Heath, 1984). Planktonic organisms can produce calcareous or siliceous 
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tests that may serve as muscle attachment, buoyancy, protection, etc., and can be further 

categorized by the dominantly abundant microfossil species comprising the sediment 

(i.e., siliceous oozes and calcareous (or carbonate) oozes). These large and extensive 

masses of plankton form in surface waters and are carried along ocean currents. Upon 

death of the planktonic organism, its remains sink down the water column and are 

eventually deposited on the ocean floor. Depending on the global distribution of 

planktonic carbon biomasses, large quantities of pelagic sediment are continually 

deposited to the deep ocean floor.  

According to the DSDP sediment nomenclature, calcareous biogenic sediments can 

be classified as soft: calcareous ooze, firm: chalk, and hard: indurated chalk. We can 

further divide these types of sediments into sub-categories depending on the types of 

Figure 2. Summary of the JOIDES sediment classification categories for deep-sea sediment types (Heath, 

1984). Sediments are classified according to composition percentage. All the samples collected for this 

study fall into the pelagic calcareous sediment category. 
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microfossils involved. Sub-categories typically include: foraminiferal ooze, pteropod 

ooze, and nannofossil ooze.  

Foraminiferal ooze is composed of >30% of the tests of planktonic and benthic 

foraminifera. Foraminifera (called forams for short) are a phylum of single-celled 

amoeboid protists that produce tests of calcite, or in some species (agglutinated), form 

their tests from cementing sand grains and organic compounds. Forams have chambered 

tests with reticulating pseudopods and have fine strands of cytoplasm that can form a 

dynamic net structure for feeding and locomotion (Hayward et al., 2016). Forams can 

range in size from 100 µm to 20 cm, with a diet consisting of dissolved organic 

molecules, bacteria, diatoms, and other single celled phytoplankton (Wetmore, 1995). 

Foraminiferal ooze is primarily composed of planktonic species, with a lesser fraction 

made up of benthic species. The fecundity of planktonic forams can reach such an extent, 

that foraminiferal sediments are very often referred to after the planktonic genus 

“Globigerina ooze” (Hemleben et al., 2012). Foraminiferal oozes are usually classified in 

the sand size fraction (>61 µm) and can display bimodal size distributions, depending on 

the composition of the non-foraminiferal microfossils involved (Kennett, 1982). When 

comparing planktonic tests with benthic foraminifera in bathyal carbonate sediments, 80-

90% are typically those of planktonic species (Roberts, 2009).  

Pteropod ooze is composed of >30% of the shells of planktonic organisms known as 

pteropods. These are holoplanktonic marine gastropods adapted to pelagic life that use 

wing-like appendages for locomotion (Herman, 1978). Pteropods, meaning “wing-foot,” 

use parapodia for locomotion through the water column. Pteropods consist of two orders: 

Thecosomata (shelled pteropods) and Gymnosomata (non-shelled pteropods). Both 
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taxonomic orders feed on smaller planktonic organisms in the water column such as 

diatoms, dinoflagellates, phytoplankton, and smaller zooplankton by filter feeding with 

means of cilia. Pteropods display a broad geographical distribution and are abundant in 

all oceans. Global distribution patterns of individual species are closely related to the 

hydrographic conditions (Be´ and Gilmer, 1977). These organisms make their shells out 

of the calcium carbonate mineral aragonite, which along with fecal delivery, contributes 

to the transfer of inorganic material into the deep ocean (Bednaršek et al., 2012). 

According to a study by Berner and Honjo (1981), pelagic flux of aragonite is estimated 

to account for 12% of total marine calcium carbonate flux worldwide.  

Apart from forams and pteropods, biogenic oozes contain the remains of a variety of 

other microfossils and inorganic constituents. Nannofossil ooze is much more fine-

grained than foraminiferal and pteropod oozes. “Nanno-ooze” is primarily composed of 

the calcareous nannofossils of the algae family Coccolithophoridae, which produce a 

carbonate mud (Kennett, 1982).  

Depending on the depositional environment and proximity to the coast, an assortment 

marine gastropod shells, bivalve shells, and echinoderms, can be present in biogenic 

oozes. These shells tend to be larval and juvenile in maturity. During the development 

stage, marine gastropod larvae can be passively dispersed and transported unidirectional 

along flow paths of oceanic currents to remote locations from their source (Zinsmeister 

and Emerson, 1979). Analysis and species identification of larval shells may help 

determine biogeographical extent of transport from areas where the species normally 

inhabit (Hare and Walsh, 2007).  
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Previous studies have described many new deep-water gastropod taxa in adjacent 

areas including the Caribbean, Bimini Shelf, and in the Straits of Florida (Oleinik et al., 

1012; Petuch, 1987; Petuch, 2002). These studies contribute to the characterization of 

molluscan assemblages and discovery of new species in in many unexplored deep-water 

habitats. A study by Reed and Mikkelsen (1987) describes deep-water molluscan 

communities associated with Oculina varicosa corals. Gastropod specimens present in 

biogenic oozes tend to be a mixture of larval and juvenile species. These can be 

combination of endemic and foreign species, due to the transport from oceanic currents. 

Although biogenic oozes can contain a variety of malacofauna, documentation of species 

assemblages in Florida’s deep-water habitats is very limited. 

1.1.1 Biogenic Ooze Distribution  

The worldwide distribution of calcareous oozes is strongly related to specific sea 

surface parameters which include the availability of nutrients, fertility of pelagic 

organisms, and dissolution of carbonate material at depth (Dutkiewicz et al., 2015; 

Flügel, 2010). Surface waters with high productivity and a large frequency of plankton 

blooms tend to be spread along paths influenced by oceanic surface currents. Zones of 

coastal upwelling, oceanic mixing, and a shallower thermocline have a larger production 

of nutrients often linked to the highest rates of biogenic ooze formation (Kennett, 1982). 

Pteropods for example, display a global distribution pattern where higher abundances are 

closely related to continental shelves and areas of high nutrient productivity (Bednaršek 

et al., 2012). 

The oceanography along Southwest Florida, The Straits of Florida, and the east coast 

of Florida, has a high potential for planktonic transport. The principal oceanographic 
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systems in these areas are connected by the western Atlantic Ocean boundary current, 

which includes the Loop Current, Florida Current, and Gulf Stream (Boicourt et al., 

1998; Hare and Walsh, 2007). Biogenic particles are transported along oceanic currents, 

and deposited along the seafloor according to their characteristic sediment fall velocity. 

Bottom currents can produce sediment drifts, which are a contributing factor to the 

dynamics of transport and deposition of biogenic oozes. 

1.2 Deep-Sea Sediment Drifts 

Although surface currents may transport plankton along continental regions, the final 

resting place of pelagic sediment can be highly influenced by bottom currents before 

settling. Southard and Stanley (1976) indicate that there are 5 forces that drive bottom 

currents: Thermohaline differences, wind forces, tidal forces, internal waves, and surface 

waves. Shanmugam (2008) explains that bottom currents may occur on the shelf, slope, 

and basinal environments. He explains that bottom currents may flow parallel to the 

strike of the regional slope, tidally oscillate through submarine canyons, and can flow in 

unsystematic gyres unrelated to the slope. The transport of sand along the ocean floor is 

attributed to bedload movement by sliding, rolling, and saltation of particles (Allen, 

1982; Shanmugam, 2008).  Figure 3 shows the complex dynamics of sediment transport 

along the ocean floor. 

A study by Mulder et al. (2012), examining the morphology and sedimentary 

processes along the western slope of Great Bahama Bank, concluded that there is a clear 

interaction in deep-water slope regions between various sedimentary processes. These 

include: pelagic production, sediment export from the bank, and density cascading that 

relates to gull formation. As shown in Figure 3, sediment gravity processes play a large 
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role of sediment settling in deep-water areas. The mass transport of carbonate sediment is 

a major component of the depositional and structure forming deep-water resedimented 

carbonates (Mulder et al., 2012).  

Correa et al. (2012a) discovered sand dunes along the deep-water Miami Terrace 

were ultimately formed by the sediment accumulation due to bedload transport. Their 

study also found that the accumulation and trapping of fine sediment is delivered by 

sediment suspension and found coral ridges that are entirely biogenic in origin. Among 

these findings, Correa et al. (2012a) collected unconsolidated sediments surrounding dead 

Figure 3. Diagram that shows the complex sediment transport system along the deep-marine depositional 

environments at water depths greater than 200 m (Shanmugam, 2008). 
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coral colonies that revealed a composition primarily of planktonic foraminifera and 

pteropods. 

Along the east coast of Florida lies the deep-water region of the Florida-Hatteras 

slope. Here, deep-water coral growth is preferred in stronger bottom current flow regimes 

(Paull et al., 2000). A higher rate of current velocity can provide a larger flux of nutrients 

for benthic filter feeders (Genin et al., 1986). Although transport mechanisms can be 

complex, analysis of ooze deposits can give insight into deep-water sedimentation 

processes.   
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1.3 Background of Study Area 

This study investigates the biogenic ooze deposits off the southwest coast of Florida, 

along the northern shelf of the Straits of Florida, and up the east coast of Florida. The 

Gulf Stream and adjacent currents are vectors of productivity and particle transport along 

their path. Figure 4A shows a high-resolution image of sea surface temperatures through 

the Straits of Florida and along the east coast of Florida. The dark red areas in this image 

show the warm Gulf Stream and upwelling is identifiable displaying eddy filament 

patterns of cooler water protruding (Ross et al., 2015). Zones of upwelling are commonly 

Figure 4A. Sea surface temperatures along the east coast of Florida show the paths of the 

warm water Gulfstream. Areas of upwelling are identifiable by the swirl-like shapes of 

the yellow (cooler waters) into the dark red (warmer waters) (Rutgers University Coastal 

Ocean Observation Lab, 2017). 
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associated with high productivity and plankton blooms. Ocean current velocity through 

the Straits of Florida and Gulf Stream has a high magnitude of particle transport 

potential, as shown in Figure 4B.  

In 1965, the JOIDES program embarked on a research cruise being the world’s first 

ocean drilling program for purely scientific purposes on the Blake Plateau off the coast of 

Jacksonville, Florida (Sheridan and Enos, 1979). Charm et al. (1969) broadly described 

the composition of lithologic cores from the Blake Plateau and postulated a surficial 

depositional history of post-Miocene biogenic sediments along the Florida-Hatteras slope 

Figure 4B. Oceanic current speeds from the Gulf of Mexico to the east coast of Florida displays the 

direction and paths with much higher velocity (RSMAS Division of Meteorology and Physical 

Oceanography, 2017). 
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and the Blake Plateau. This indicates a long time deposition of biogenic sediments along 

this region. 

Recently, deep-water regions along the coast of Florida have been scientifically 

explored revealing newly discovered habitats. Expeditions from 1999 to 2004 for 

biomedical research explored various deep-sea coral ecosystems (DSCE) off the 

southeastern U.S. (Blake Plateau, Straits of Florida, and eastern Gulf of Mexico) (Reed et 

al., 2006). During these expeditions, 57 manned submersible dives and 3 remotely 

operated vehicle (ROV) dives were successfully completed. This resulted in the 

collection of hundreds of biological and geological samples to study the biodiversity and 

marine biochemistry of Florida’s deep-water environments. Large biogenic structures 

were mapped using side scan sonar. Samples that were collected include corals, sponges, 

mollusks, rocks, and sediment. Our study focuses on sediment that was collected in situ 

via Johnson Sea Link (JSL) submersible from various depositional environments across 4 

regions: SW Florida Shelf, Pourtalès Terrace, Miami Terrace, and the East Florida 

DSCE. 

1.4 Bio- and Lithoherms 

Deep-water regions along the coast of Florida have been studied for decades and 

reveal unique habitats of deep-sea bio-buildups, which can be found at depths ranging 

180-1300 m (Ginsburg and Lutz, 2007; Ross et al., 2015). According to Ginsburg and 

Lutz (2007), deep-sea bio-buildups can be defined as sea-floor reliefs that have 

accumulated in place and are associated with deep-sea branched corals and other benthos 

(deep-sea coral banks, mounds, bioherms, lithoherms, or deep-sea corals). Their study 

describes the generalized distribution of these bio-buildups, which are known to appear in 
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the Straits of Florida and its northern extension, the northern slope of Little Bahama Bank 

and the Blake Plateau. 

Two types of bio-buildups are found in deep-sea coral ecosystems: bioherms and 

lithoherms. Reed et al (2013) define deep-sea bioherms as mounds of unconsolidated 

mud and coral debris, which are commonly capped with thickets of live coral. Deep-sea 

lithoherms on the other hand, are defined as consolidated limestone mounds of lithified 

carbonate, which can also be capped with live coral habitat (Neumann et al., 1977; Reed 

et al., 2013).  

The corals in these habitats are ahermatypic cold-water corals, which are unable to 

rely on photosynthesis and zoooxanthellae symbiosis to grow as shallow water reefs do. 

Instead, they must rely on pelagic food sources from zooplankton and dissolved organic 

matter transported by surface and bottom oceanic currents. A study by Kiriakoulakis et 

al. (2005) determined that the ahermatypic corals Lophelia pertusa and Madrepora 

oculata in the deep waters of northeast Atlantic had high levels of mesozooplankton 

consumed along with a lesser proportion of suspended particulate matter. Roberts (2009) 

states that this suggests these corals are feeding on mesozooplankton and that L. pertusa 

may be the more carnivorous of the two, though the significance of this food input to 

cold-water coral habitats has not yet been studied.  

Ginsburg and Lutz (2007) reported that deep-water regions along Florida’s coast have 

an abundance of bio-buildups, as initiation and growth rates are significantly influenced 

by sediment baffling by a variety of deep-sea benthos (Figure 5). This includes structures 

such as bioherms, lithoherms, banks, and carbonate sediments. These key 

geomorphological features are part of a large network of growth processes in deep-water 
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environments. A consistent sediment supply, whether autogenic or allochthonous, plays 

an integral role in the development of these habitats. Sediment flux also provides 

structural support for the vertical growth of carbonate mounds and aids in preventing 

them from falling over (Wheeler at al., 2007). 

According to a study by Paull et al. (2000), aragonite sediments along the Florida-

Hatteras slope are generally Holocene in age and have a coarse fraction that is primarily 

composed of pteropod tests. The influx of pelagic sediment in this region is so significant 

that it enabled the team to collect samples of a “pteropod crust,” that has been lithified 

along the ocean floor from the massive deposition of pteropod ooze.  By drilling cores 

out of the lithoherms, the team also discovered that the majority of the framework grains 

that fill the voids between the branching coral skeletons are composed of calcareous 

biogenic ooze. The baffling and trapping of pelagic sediment leads to the cementation 

lithoherms by the diagenesis of aragonite into a high magnesium calcite (Paull et al., 

2000; Ginsburg and Lutz, 2007).  
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Other prominent habitats in DSCEs are the rocky carbonate hardgrounds. These 

include escarpments, pavements, boulders, and deep island slopes (Reed et al., 2013). 

Karst topography is also found in these regions, forming cave like structures and 

sinkholes. 

1.5 Objectives 

The purpose of this study is to better characterize biogenic ooze deposits in deep-

water regions along the coast of Florida. The three main objectives of this study are: 1) a 

taxonomic analysis to provide a species inventory and overall composition of the 

Figure 5. Diagram showing the stages of bio-buildups (Ginsburg and Lutz, 

2007). Initial stage requires the colonization of structure forming corals on the 

benthose. Pelagic sediment is then transported by bottom currents and trapped, 

developing into thickets. Coppice mounds form by the additional deposition of 

coral debris and trapped sediment. Unconsolidated mounds or “bioherms” 

experience in situ cementation into lithoherms. 
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biogenic component of the sediment in these regions, 2) examine the variability of 

microfossil biodiversity across all collection sites, and 3) apply grain size analysis to the 

biogenic component of the sediment and determine possible sediment transport dynamics 

in different depositional environments. 

1.6 Relevance of Study  

Deep-water ecosystems are some of the least studied areas on Earth. 

Sedimentological data, micropaleontological in particular, is very scarce for these 

regions. Pelagic sedimentation plays an integral role in the development, infrastructure, 

and nourishment of deep-water habitats along Florida’s coast. Characterization of pelagic 

sediment deposits in Florida’s deep-water regions will give a descriptive understanding 

of biogenic ooze composition, distribution, and insight to how these fragile ecosystems 

thrive.
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2 Materials and Methods

2.1 Data Collection 

Sediment samples were collected during scientific cruises conducted by Harbor Branch 

Oceanographic Institution during 2004-2005. Twelve surficial sediment samples were  

collected in situ via JSL-1 submersible from 4 different deep-water regions. Collection  

depths ranged from 107-792 m. A summary of sediment sample collection is shown in 

Table 1. 

 

Figure 6. (A) Johnson Sealink submersible during descent (NOAA). (B) Use of the submersible’s 

manipulator arm and suction hose upon Lophelia reefs, Blake Plateau (Roberts, 2009). (C) Miami 

Terrace hardgrounds, 370 m. (D) Miami Terrace coral mound, 350 m.  

 



 

19 

 Summary of Sample Collection 

JSL-1 Dive # Sample Date Depth (m) Region Substrate 

4838 1 8/12/05 175 SWFL LH 

4836 2 8/11/05 107 SWFL LH 

4840 3 8/13/05 115 SWFL LH 

4842 4 8/14/05 190 PT HB 

4674 5A 5/29/04 183 PT HB 

4674 5B 5/29/04 185 PT HB 

4667 6 5/26/04 395 MT HB 

4844 7 8/15/05 245 MT HB 

4661 8 5/23/04 365 EFL(S) LH 

4662 9 5/24/04 365 EFL(S) LH 

4659 10A 5/22/04 792 EFL(N) LH 

4659 10B 5/22/04 792 EFL(N) LH 

Table 1. Summary JSL-1 submersible dives where sediment samples were collected. Deep-water regions: 

Southwest Florida Slope (SWFL), Pourtalés Terrace (PT), Miami Terrace (MT), East Florida DSCE 

(EFL(Southern)), East Florida DSCE (EFL(Northern)). Substrate: Lithoherm (LH) and Hard-bottom (HB). 

2.1.1 Sample Collection Sites 

SW Florida Shelf 

This region contains an assortment of dozens to even hundreds of lithoherms 5-15 m 

tall at depths up to 500 m (Reed et al., 2006).  Some of these lithoherms were reported to 

have live thickets of Lophelia corals on their peaks. Reed et al. (2006) conducted ROV 

dives and SEABEAM bathymetric surveys on a small section of the region. A steep 

escarpment on the east side of a flat terrace containing lithoherms was discovered and 

described as having a rugged topography with crevices and carbonate rock outcrops. 

Numerous lithoherms were also discovered on the west side of the escarpment, with a 

series of terraces, rocky slopes, and deep crevices.  
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Sediment samples were acquired from three sites, all at different depths, and at 

different geomorphological portions of the shelf.  

Figure 7. Map of the SW Florida Shelf dive locations, where samples 1-3 were collected. 

 

Sediment sampling locations of the SW Florida region are shown in Figure 7. Sample 

# 1:  Depth = 175 m. This site is shoreward of the Florida escarpment and on the deeper 

end of the SW Florida Shelf. Sample # 2: Depth = 107m. Here sediment was collected 

along the foot of the slope. Sample # 3: Depth 115m. This site is at the base of a cliff that 
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is a western extension off the Florida Keys platform, off the Dry Tortugas islands. Field 

notes from this site describe the substrate as being covered in sand waves with scattered 

rock rubble, a gully, and portions of flat pavement. 

Pourtalès Terrace 

This is an area with an extensive high-relief hard bottom habitat reaching depths of 

200-450 m (Lumsden et al., 2007). The Pourtalès Terrace is a carbonate platform of 

tertiary limestone covering an area of 3429 km2 and a karstic topography with deep-water 

sinkholes (Reed et al., 2005). The terrace runs parallel to the Florida Keys and has 

extensive high relief, up 120 m, displaying a diverse topography along its large triangular 

shaped area (Lumsden et al., 2007). Gomberg (1976) reported a thin layer of 

unconsolidated Quaternary sediments over the majority of the terrace.  

 Sediment sampling locations of the Pourtalès Terrace region are shown in Figure 8. 

Sample # 4:  Depth = 190 m. Sample # 5 A: Depth = 183 m. Sample # 5 B: 185 m. Both 

of these sites are southeast of the Florida Keys island chain that lay on a carbonate terrace 

along the Straits of Florida. Samples were collected from soft sediment deposits. These 

sampling sites are located in relatively shallower water and in close proximity to the 

Florida Keys coastline. 
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Figure 8. Map of the Pourtalès Terrace region dive sites where samples 4 and 5 were collected. 

Miami Terrace 

Reed et al. (2006) describe the Miami Terrace region as a carbonate platform 

extending 65 km in length and located at a depth of 200-400 m in the northern Straits of 

Florida. This platform has hard bottom topography covered in deep-sea corals, with high-

relief Tertiary limestone ridges and sand ridges (Neumann and Ball, 1970; Reed et al., 

2006). Deep bottom currents along the west side of the Straits of Florida were recorded as 
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being primarily southerly, resulting from a counterclockwise bottom gyre and the densest 

coral growth was on the northern slopes due to this counter current (Reed et al., 2013). 

There is an upper terrace and a lower terrace that make up this platform. The upper 

terrace is flat and described as a karstified surface, that was subaerially exposed and 

sunken during the Middle Miocene (Correa et al., 2012a; Malloy and Hurley, 1970; 

Mullins and Neuman, 1979.) The lower terrace is thought to have formed during the 

development of a strong bottom current during the Middle-Miocene (Correa et al., 2012a; 

Mullins and Neumann, 1979). On the eastern side of the lower terrace lies the Pourtalès 

Drift. This is a positive relief structure developed by the accumulation of drift sediments 

from the Florida current (Correa et al., 2012a). 

Sediment sampling locations of the Miami Terrace region are shown in Figure 9. 2 

sediment samples were collected from the upper terrace. Sample # 6:  Depth = 395 m. 

This site is along the downward slope from the Miami Terrace carbonate platform as the 

bathymetry falls deeper into the Straits of Florida. Sample # 7 A: Depth = 245 m. This 

site is along the north end of the Miami Terrace, southwest of the Florida Gap. The site 

for sample # 7 shows a much closer proximity to the Florida coastline than sample # 6. 
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Figure 9. Map of the Miami Terrace region dive sites, where samples 6 and 7 were collected. 

East Florida DSCE 

Nearly 300, 15–152-m tall mounds, that appear to be Lophelia bioherms and 

lithoherms, are distributed along a 222-km stretch off Florida’s east coast. These mounds 

occur at depths of 700–800 m and were located and mapped using echo sounder transects 

(Reed et al., 2006). Sheridan and Enos (1979) describe the Blake Plateau as being 
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covered with biogenic ooze. Reed et al. (2006) described the sites off Jacksonville, FL as 

lithoherms that are rocky pinnacles caped with coral debris and live coral thickets. 

Sediment sampling locations of the East Florida DSCE region are shown in Figure 

10. Sample # 8:  Depth = 365 m. Sample # 9 A: Depth = 370 m. Sites 8 and 9 are along 

the southern portion of the East Florida DSCE. Site 8 lies in the Florida Gap between the 

eastern Florida continental shelf and the Little Bahama Bank. Sample # 9 was collected 

along the Florida Hatteras slope, just along the northwest border of the Blake Plateau.  

Sample #10 A: Depth = 792 m. Sample #10 B: 792 m. This is the deepest collection 

site and is located at the NW portion of the Blake Plateau, northern extension of the East 

Florida DSCE. Both sediment samples were collected in proximity of each other on the 

same submersible dive. Sample #10 A was collected from underneath, or “within,” 

Lophelia pertusa lithoherms. Sample 10 B was obtained from the gullies in between the 

Lophelia pertusa lithoherms.  
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Figure 10. Map of the East Florida DSCE dive sites, where samples 8-10 were collected. 

2.2 Sample Preparation 

All samples were rinsed in de-ionized water and set to dry at room temperature. 

Samples were then placed into glass jars and plastic bags according to sampling location. 

All samples were weighed and each was homogenized before analysis, to prevent 

microfossils from sorting. 
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2.3 Species Identification 

Sediment samples were placed on observation plates in 0.5 ml increments and 

analyzed under binocular microscope. Fine point picks and fine point paintbrushes were 

used to analyze and pick out microfossil specimens. Specimens were oriented into 

positions to better see distinctive morphological features and stored on 

micropaleontological plates for inventory. 

Firstly, microfossils were identified and separated by type (pteropods, foraminifera, 

gastropods, etc.) according to differences in shell morphology. Specimens were then 

identified on the genus and species level using multiple microfossil identification sources 

(Abbott, 1974; Bé et al., 1977; Lee, 2009; Redfern, 2013; speciesidentification.org). 

Specimens were then glued on to micropaleontological identification plates and an 

inventory of identified species for all sediment samples was compiled. 

2.4 Ooze Composition  

Charts for estimating composition by volume were used in determining the overall 

make up of all sediment samples (Compton, 1985). Sediment composition was 

categorized into the following: Forams, pteropods, gastropods, shell fragments, 

siliciclastics, coral rubble, lime mud, and skeletal material. A thin veneer of 

approximately 2 ml of sediment was laid out upon observation plates. Averages of three 

trials per sediment sample were used to determine overall visual composition by the 

amount of surface area occupied on each observation plate.  

2.5 Species Counts 

Species accumulation curves were created for each sediment sample. Aliquots of 

sediment ranging from 0.01-0.5 grams were thoroughly analyzed to identify species. New 
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species were recorded upon encounter, until no new species were observed per aliquot. 

At this point the species accumulation curve attenuates and the volume of sediment acts 

as a representative volume of sample for species counts.  

Fractions of sediment were weighed and separated into equal aliquots within the 

representative sample volume. Individual microfossil species were counted per aliquot, 

yielding a total number of species counts by aliquot. Total species abundance was 

calculated based on count data for all aliquots of each sediment sample.  

2.6 Grain Size Analysis 

All sediment samples were washed, dried, and mechanically split into a representative 

volume of 20 ml. Each volume of sediment was then sieved between a range of mesh 

sizes from 2 φ to 4 φ. Each sample was processed in a Ro-Tap sieve shaker for 10 

minutes per sample. Sediment was weighed using an electronic scale, and differences in 

weight were recorded in grams. 
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3 Results

3.1 Ooze Composition by Region 

Figure 11. (Top Left) Sample 1 collected along the SW FL shelf region, 175 m.  (Top Right) Sample 5 B, 

microfossils are diagenetically altered upon the Pourtalès Terrace, 180 m. (Bottom Left) Sample 10B: Well 

preserved pteropod ooze from the Blake Plateau, 792 m. (Bottom Right) Sample 6 from the Miami Terrace, 

395 m.   

SW Florida Shelf 

Sample #1: The composition of sediment is dominated by 51% foraminifera and 27% 

coral rubble. Lesser percentages consist of skeletal fragments (6%), shell fragments (5%), 

pteropods (4%), echinoids (4%), and siliciclastics (6%). A mixture of benthic and 

planktonic foraminifera species are present at high abundances. However, planktonic 
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foraminifera specimens are the majority. Some dominant foraminifera species in this 

sample include: Globigerinoides ruber, Globorotalia menardii, Amphistegina sp., and 

Textularia sp. Coral rubble is abundant displaying a bioeroded surface texture. Pteropods 

are in low abundance, though a few species are present including: Limacina inflata and 

Creseis acicula. Sponge spicules relatively abundant, and show a variety of forms (Mon-, 

Tri-, and Tetraxons).  Overall microfossil preservation status is poor to moderate. 

Mollusk shell fragments are scattered throughout. Overall sediment color is white to light 

gray, with pink staining on some specimens.  

Sample #2: The composition of sediment is dominated by 41% coral rubble and 15% 

foraminifera. Lesser percentages consist of skeletal fragments (10%), shell fragments 

(10%), pteropods (7%), echinoids (4%), and siliciclastics (3%). Majority of this sample 

consists of broken down fragments of coral rubble (Branching and carbonate rock). 

Benthic and planktonic foraminifera are plentiful, with more of an abundance towards the 

latter. Amphistegina sp., Globorotalia menardii, and Globigerinoides ruber are the 

dominant foraminifera species upon initial observation. Foraminifera of the agglutinated 

variety are also abundant. There is a presence of broken shell fragments mainly of 

gastropods. Juvenile gastropods are observed. Bivalve shell fragments are visible. 

Skeletal fragments consist of crustaceans, echinoid spines, and sponge spicules. Color is 

whitish overall with some pink coloration on portions of specimens. Microfossil 

preservation is fairly moderate. Low abundance of well-preserved pteropod specimens 

scattered throughout (Limacina inflata).  

Sample #3: The composition of sediment is dominated by 45% shell fragments and 

26% coral rubble. Lesser percentages consist of foraminifera (11%), skeletal fragments 
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(6%), siliciclastics (6%), gastropods (3%), and echinoids (3%). This sample is poorly 

preserved and majority of the grains display a very smooth texture. Coral rocks fragments 

are abundant. Foraminifera are present, many of which are hard to identify due to 

significant weathering. Amphistegina sp., Archais sp., and Dentalina sp. are discernible. 

Though many are indistinguishable due to weathering. Some branching coral fragments 

are present. Sponge spicules and echinoid spines are present in low abundances. Peloids 

observed in small abundances. Few juvenile gastropod shells are also present. Overall 

sediment color is whitish-yellow, with some pink staining and orange fragments. Small 

carbonate rocks about 0.25 - 1.0 in. were also collected in the grab sample. This portion 

of the sample is bioeroded and mainly consists of coral/carbonate rock with branching 

coral fragments, bivavles, bryozoans, and echinoid spines. 

Pourtalès Terrace 

Sample #4: The composition of this sediment sample is dominated by 30% shell 

fragments and 25% foraminifera. Lesser percentages consist of coral rubble (19%), 

pteropods (11%), skeletal fragments (6%), gastropods (5%), and echinoids (4%). Shell 

fragments consist of broken pieces of possibly larger gastropod and bivalve shells. This 

sample classifies as foraminiferal ooze, mainly of planktonic variety. Benthic 

foraminifera are present. Species include Textularia sp. and Agglutinated sp. Many 

specimens show diagenetic alterations, where microfossils are permineralized. Overall 

color is a whitish-yellow to an orange. Few pink stained microfossils are scattered 

throughout. Pteropods are present. Some species include Limacina inflata, Creseis 

acicula, and Diacria quadridentata. The grain size is variable from fine-grained to 
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coarse-grained particles. Sorting is poor-moderate upon visual observation. Gastropod 

shells are present at low percentages. Overall preservation status is moderate. 

Sample #5A: The composition of sediment is dominated by 41% coral rubble and 

36% foraminifera. Lesser percentages consist of skeletal fragments (11%), gastropods 

(6%), pteropods (3%), and echinoids (3%). This is foraminiferal ooze, given that the 

majority microfossils are foraminifera. The preservation status overall is poorly moderate 

because of the observable broken fragments and diagenetic alterations. A small 

percentage of specimens are permineralized appearing brownish orange instead of 

whitish gray. Some of the diagenetically altered specimens have kept their 

morphologically identifiable features, but many are too altered to identify. Planktonic 

foraminifera are abundance, as are benthic species. Many agglutinated foraminifera 

species are present. 

Sample #5B: The composition of sediment is dominated by 59% foraminifera and 

30% shell fragments. Lesser percentages consist of skeletal fragments (5%), pteropods 

(3%), gastropods (2%), and echinoids (1%). The preservation status of this sample is very 

poor. This sample is almost completely diagenetically altered. Microfossils are identified 

mainly as permineralized planktonic foraminifera. The overall color is a dark bronish-

orange to a light orange-pink. Foram species such as Globorotalia menardii, Orbulina 

universa, Candeina nitida, and Globigerinoides ruber are present. Pteropods Limacina 

inflata and Styliola subula are easily distinguishable, despite diagenesis. Skeletal, shell, 

and coral fragments are present. Gastropod and heteropods are scattered through at low 

percentages. Sorting is about moderate. 
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Miami Terrace 

Sample #6: The composition of sediment is dominated by 30% foraminifera and 23% 

siliciclastics. Lesser percentages consist of coral rubble (17%), pteropods (15%), lime 

mud (8%), skeletal fragments (5%), and gastropods (2%). The foraminifera consist 

mainly of planktonic variety, with agglutinated and benthic species present to a lesser 

extent. There is large amount of subangular fine grained quartz. Preservation status is 

moderate on average, with the finer grained microfossils being better preserved. 

Pteropods are present at low abundances, mainly of genus Dicavolinia. This ooze is fine-

grained with a good amount of broken microfossil fragments and can be classified as a 

foraminiferal ooze. A good amount of bivalve shells and echinoid spines are scattered 

throughout. The ooze is white to light gray in color. 

Sample #7: The composition of this sediment is dominated by 72% foraminifera and 

12% coral rubble. Lesser percentages consist of skeletal fragments (6%), pteropods (5%), 

gastropods (4%), and echinoids (1%). Planktonic foraminifera display a very high 

abundance in this sample and are fine grained. Overall very globular in appearance, 

which is indicative of an abundance of genus’s Glogerina, Globigerinoides and 

Globigerinella. Microfossils are preserved fairly well. Few pteropods are visible in a 

matrix of fine grained foraminifera. Coral rubble is scattered throughout consisting of 

rather large fragments in many of which are of branching species. Some bivalves and 

gastropod shells are present. Crustacean fragments are visible. The overall color of this 

sample is white to a medium gray. 
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East Florida DSCE 

Sample #8: The composition of sediment is dominated by 36% foraminifera and 31% 

lime mud. Lesser percentages consist of pteropods (21%), coral rubble (6%), and 

siliciclastics (6%). This is a very fine-grained sample with a large percentage of lime 

mud. Microfossils are coated with lime mud and clump together into soft chunks that can 

be easily separated. Sample is largely composed of broken calcareous ooze fragments 

(lime mud). Foraminifera species include Globorotalia menardii, Orbulina universa, and 

Globogerinoides ruber. Some pteropods are present such as Styliola subula and Creseis 

acicula. Sponge spicules and echinoid spines are present. The overall color is a whitish-

light gray. Sorting appears moderate-well. Preservation status is poor. 

Sample #9: The composition of sediment is dominated by 31% pteropods and 31% 

lime mud. Lesser percentages consist of foraminifera (26%), coral rubble (6%), and 

siliciclastics (6%). This sample is similar in appearance to sample #8. This is a very fine-

grained sample with a large percentage of lime mud. Microfossils are coated with lime 

mud and clump together into soft chunks that can be easily separated. Sample is largely 

composed of broken calcareous ooze fragments (lime mud). Dominant microfossils are 

pteropod species, which include: Styliola subula, Limacina inflata, and Creseis acicula. 

Sponge spicules are abundant. The overall color is a whitish-light gray. Sorting appears 

moderate-well. Gastropod shells are present and sparingly scattered throughout. 

Preservation status is poor.  

Sample #10 A: The composition of sediment is dominated by 75% foraminifera and 

24% pteropods. Lesser percentages consist of skeletal fragments (1%). The composition 

of this sample is completely biogenic in nature, and predominantly composed of 
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planktonic foraminifera. Upon initial observation, dominant foraminifera species that are 

present include Orbulina universa, Globigerinella siphonifera, Globigerinoides ruber, 

and Globorotalia menardii. There is a very low abundance of benthic foraminifera. 

Pteropods are plentiful. Some dominantly abundant pteropod species include: Limacina 

inflata, Creseis acicula, Limacina bulimoides, and Styliola subula. Juvenile gastropod 

shells are abundant. Overall, the microfossils in this sample are well preserved. Echinoids 

spines are present at lo abundances, as are sponge spicules. Skeletal fragments are 

scattered throughout the sediment, many of which appear to be from crustaceans. The 

heteropod Atlanta inclinata is present at a relatively low abundance. Coral branches from 

Lophelia pertusa were incorporated within the sample and measure about 1- 2 in. per 

branch fragment.  

Sample #10 B: The composition of sediment is dominated by 85% pteropods and 8% 

foraminifera. Lesser percentages consist of gastropods (3%), coral rubble (3%), and 

echinoids (1%). This sample is categorized as pteropod ooze, due to the very high 

abundance of pteropod tests. Composition is completely biogenic, no siliciclastics or 

terrestrial particles are observed. Overall, the microfossils are well preserved. This ooze 

is coarse grained and dominated by the conical shaped pteropod species Styliola subula. 

Planktonic foraminifera are plentiful, many of which are stuck within pteropod apertures  

due to their much smaller size. There is a quite high diversity of gastropod shells, but at 

low overall abundances. Many of the gastropod shells are juveniles, this is evident from 

undeveloped morphologies and enlarged protoconchs. The heteropod Atlanta inclinata is 

present at a relatively low abundance Coral rubble consists mainly of coral branches from 

species such as Lophelia pertusa, Enallopsammia profunda, Stylaster sp. Echinoids 
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(juvenile sea urchins) and scaphopods are present. Skeletal fragments mainly composed 

of fish bones and crustacean exoskeleton fragments are lightly scattered throughout.
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Figure 12.  Chart showing site-specific percent composition by region. Collection depths are noted. Samples collected from shallower depths 

display a higher percent of coastal sediments such as shell fragments, coral rubble, and skeletal material. Deeper samples show a higher 

percent of pelagic ooze constituents. 
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3.2 Phylum Foraminifera  

A total of 18 foraminifera species, both planktonic and benthic, were identified and can 

be found in varying abundances throughout the 12 sediment samples collected. Three 

classes of the phylum foraminifera were identified: Globothalamea, incertae sedis, 

Tubothalamea. Two orders were identified in the Class Globothalamea: Rotaliida and 

Textulariida. Five families were identified in the order Rotaliida. These five families 

include: Amphisteginidae, Candeinidae, Globigerinidae, Nonionidae, and 

Planorbulinidae. Order Textulariida had one family identified: Textulariidae. Order 

Lagenida, Miliolida, Spirillinida. All foram species that were identified are listed in 

Table 2. Some of the most dominant forams identified from our samples are shown in 

Figure 27. 

 Taxonomy of Identified Foraminifera Species 

Class Order Family Genus Species 

Globothalamea Rotaliida Amphisteginidae Amphistegina gibbosa 

Globothalamea Rotaliida Candeinidae Candeina nitida 

Globothalamea Rotaliida Globigerinidae Globigerina  bulloides 

Globothalamea Rotaliida Globigerinidae Globigerinella siphonifera 

Globothalamea Rotaliida Globigerinidae Globigerinoides conglobata 

Globothalamea Rotaliida Globigerinidae Globigerinoides ruber 

Globothalamea Rotaliida Globigerinidae Globigerinoides sacculifera 

Globothalamea Rotaliida Globigerinidae Orbulina universa 

Globothalamea Rotaliida Globorotaliidae Globorotalia menardii 

Globothalamea Rotaliida Globorotaliidae Neogloboquadrina dutertrei 

Globothalamea Rotaliida Nonionidae Pullenia sp. 

Globothalamea Rotaliida Planorbulinidae Planorbulina sp. 

Globothalamea Textulariida Textulariidae Textularia sp. 

incertae sedis  Lagenida Nodosariidae Dentalina sp. 

Tubothalamea Miliolida Cribrolinoididae Adelosina sp. 

Tubothalamea Miliolida Soritidae Archaias sp. 

Tubothalamea Miliolida Soritidae Cyclorbiculina compressa  

Tubothalamea Miliolida Hauerinidae Pyrgo sp. 

Tubothalamea Spirillinida Spirillinidae Spirillina sp. 

Table 2. Taxonomy of foraminifera species identified throughout all sediment samples. 
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3.3 Phylum Pteropoda  

A total of 15 pteropod species (Figure 25.) were identified and can be found in 

varying abundances throughout the 12 sediment samples collected. The pteropod species 

identified show a biogeographical classification of subtropical, tropical, and warm-water 

cosmopolitan distribution (Bé and Gilmer, 1977). All pteropod species that were 

identified are in the Phylum Mollusca, Class Gastropoda, Subclass Opistobranchia, Order 

Thecosomata (de Blainville, 1824), Suborder Euthecosomata (Meisenheimer, 1905). All 

pteropod species that were identified are listed in Table 3.  

Table 4. Taxonomy of Identified Pteropod Species 

Order Family Genus Species 

Thecosomata Cavolinidae Cavolinia  inflexa 

Thecosomata Cavolinidae Cavolinia  unicinata 

Thecosomata Cavolinidae Clio  pyramidata 

Thecosomata Cavolinidae Creseis  acicula 

Thecosomata Cavolinidae Creseis  virgula 

Thecosomata Cavolinidae Cuvierina  atlantica 

Thecosomata Cavolinidae Diacria  quadridentata 

Thecosomata Cavolinidae Diacria  trispinosa 

Thecosomata Cavolinidae Styliola  subula 

Thecosomata Limacinidae Dicavolinia  deblainvillei 

Thecosomata Limacinidae Dicavolinia  deshayesi 

Thecosomata Limacinidae Limacina  bulimoides 

Thecosomata Limacinidae Limacina  inflata 

Thecosomata Limacinidae Limacina  lesueurii 

Thecosomata Limacinidae Limacina  trochiformis 

Thecosomata Peraclididae Peracle  reticulata 

Table 3. Taxonomy of pteropod species identified throughout all sediment samples. Microfossils are listed 

at the Order, Family, Genus, and Species level.  
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3.4 Gastropods 

A total of 11 gastropod species were identified. The gastropod species identified show a 

biogeographical range from the Caribbean, Bahamas, and along Florida’s coastline. 

Three taxonomic orders in class gastropoda were identified: Caenogastropoda, 

Littorinimorpha, and Vetigastropoda. Eleven genera among eleven families were 

identified and are listed in Table 4. Species that have been identified are shown in Figure 

26.  

Many of the gastropod specimens present in these samples are juvenile in maturity. 

Distinctive morphological features for identification of species were not always available. 

This presented problems in the identification process for many gastropod specimens. 

Further analysis may be required to solve these identification issues. 

 Taxonomy of Identified Gastropod Species 

Class Order Family Genus Species 

Gastropoda Caenogastropoda  Cerithiidae Bittium sp. 

Gastropoda Caenogastropoda  Epitoniidae Epitonium albidum 

Gastropoda Caenogastropoda  Janthinidae  Janthina 

umbilicat

a 

Gastropoda Littorinimorpha Ficidae Ficus sp. 

Gastropoda Littorinimorpha Eulimidae Polygireulima sp. 

Gastropoda Littorinimorpha Naticidae Natica sp. 

Gastropoda Littorinimorpha Rissoidae Alvania sp. 

Gastropoda unassigned Pyramidellidae Sayella sp. 

Gastropoda Vetigastropoda Seguenzioidea (unassigned) Moelleriopsis sincera 

Gastropoda unassigned Pyramidellidae Turbonilla sp. 

Gastropoda unassigned Liotiidae Cyclostrema sp. 

Table 4. Taxonomy of gastropod species identified throughout all sediment samples. Microfossils are listed 

at the Class, Order, Family, Genus, and Species level.  

3.5 Heteropoda 

 One heteropod species, Atlanata inclinata, was identified and is found throughout 

samples at very low abundance. This species has a translucent shell with a dextral whorl. 
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Atlanta inclinata is a pelagic gastropod, which spends its entire life suspended in the 

water column. This species has a relatively large shell ranging from 4-6 mm in diameter. 

3.6 Coral 

Three coral species were identified: Lophelia pertusa, Enallopsammia profunda, and 

Stylaster sp. These are branching aphotic deep-water or “cold-water” corals, which are 

commonly found in these regions. Specimens can be seen in Figure 27. 

3.7 Other Microfossils 

Other organism species showing low abundances: Bivalves, echinoids, bryozoans, 

and scaphopods. Most of these specimens are benthic species. A variety of sponge 

spicules are also present throughout samples. 

3.8 Species Diversity 

SW FL Shelf 

Microfossil biodiversity in this region is dominated by species Globigerinoides ruber, 

Globigerina umbilicata, Globigerinoides sacculifera, Globorotalia menardii (Figure 13). 

Sites 1 and 2 have similar species abundances where majority are planktonic 

foraminiferal species. Site 3 on the other hand, shows a much different assemblage of 

species. Here, highest species abundances are Amphistegina gibbosa, Archais sp., and 

Amphistegina sp. These are all species of benthic foraminifera. At this Site 3 

Amphistegina gibbosa has a square root abundance of 10. That’s more than double the 

abundance of the dominant species at this site. Some of the less prevalent species in the 

Southwest Florida Shelf Region include: Quinqueloculina sp., Limacina inflata, 

Globigerina siphonifera, Globigerinoides conglobata, Amphistegina sp., and Textularia 

sp.  
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The majority of microfossils found in this region are foraminifera, which comprise a 

total of 18 different species. 10 of which are benthic species and 8 that are planktonic. 

However, the planktonic foraminifera species are the most abundant. Two pteropod 

species were encountered during the species counts: Limacina inflata (Sites 1 and 2) and 

Creseis acicula (Site 1). Some dominant species at Site 3 include: Amphistegina gibbosa 

(10 sqrt abundance), Amphistegina sp. (4.36 sqrt abundance), Quinqueloculina sp. (4.35  

sqrt abundance), and Agglutinated sp. (3.46 sqrt abundance).
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Figure 13.  Microfossil species diversity chart of the Southwest FL Region showing square root abundance of species per site. 
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Pourtalès Terrace 

In this region, the most abundant species are Globigerina umbilicata, Globigerinoides 

sacculifera, Globigerinoides ruber, Globorotalia menardii, and Orbulina universa 

(Figure 14). Planktonic foraminifera are the most abundant microfossil species. Benthic 

foraminifera species are present, but at lower abundances, which include: Agglutinated 

sp., Pyrgo sp., Pullenia sp., and Cyclorbiculina compressa. Pteropod species are present 

throughout sites at low abundances. Species include: Limacina inflata, Creseis acicula, 

and Dicavolinia deblainvillei. One gastropod species, Molleriopsis sincera, is present in 

Sites 4 and 5a.  

Sites 4 and 5A show similar trends of the most abundant species, as mentioned 

previously (Figure 14). Site 5B on the other hand, is virtually absent of the prevalent 

species Globigerina umbilicata and Globigerinoides sacculifera. Here, the most 

dominant microfossils are heteropoda: Atlanta inclinata (7.2 sqrt abundance) and 

foraminifera: Orbulina universa (7.2 sqrt abundance). Species with relatively high 

numbers include: Globigerinoides ruber (5.1 sqrt abundance), Amphistegina sp. (5.1 sqrt 

abundance), Dicavolinia deblainvillei (4.1 sqrt abundance), and Globorotalia menardii (4 

sqrt abundance). Some species with low abundance include: Diacria quadridentata (3.74 

sqrt abundance), Cyclorbiculina compressa (2.6 sqrt abundance), Pullenia sp. (2.8 sqrt 

abundance). 
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Figure 14. Microfossil species diversity chart of the Pourtalès Terrace Region showing square root abundance of species per site. 

 

 

Figure 1 Microfossil biodiversity chart of the Miami Terrace Region showing square root abundance of species per site.Figure 2 Microfossil 

biodiversity chart of the Pourtalès Terrace Region showing square root abundance of species per site. 
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Miami Terrace  

The most abundant species in this region include: Globigerinoides sacculifera, 

Globigerinoides ruber, Orbulina universa, Globorotalia menardii, and Globigerina 

conglobata (Figure 15). Foraminifera are the dominant microfossils in this region, with 7 

planktonic species and 6 benthic species.  Planktonic species being the most dominant 

encountered. 7 different pteropod species are present, which include: Limacina inflata, 

Creseis acicula, Styliola subula, and Dicavolinia deshayesi. The heteropod Atlanta 

inclinata was present in one site. 

The species with highest abundance at Site 6 are Globigerina umbilicata (9.5 sqrt 

abundance), Globigerinoides sacculifera (7.4 sqrt abundance), and Globigerinoides ruber 

(7.4 sqrt abundance). Limacina inflata is the only pteropod species present, with a sqrt 

abundance of 1. Benthic foraminifera species abundance resulted in equal amounts for 

the 4 species present: Amphistegina gibbosa (1.4 sqrt abundance), Amphistegina sp. (1.4 

sqrt abundance), Pyrgo sp. (1.4 sqrt abundance), and Pullenia sp. (1.4 sqrt abundance). 

The dominant species in Site 7 Globigerinoides sacculifera (9.5 sqrt abundance), 

Globigerinoides ruber (9.3 sqrt abundance), Orbulina universa (9.3 sqrt abundance), 

Globorotalia menardii (8.9 sqrt abundance), and Globigerina unbilicata (6.2 sqrt 

abundance), which are all planktonic foraminifera. This site has a much higher yield of 

pteropods than Site 6. These species include: Limacina inflata (3.6 sqrt abundance), 

Creseis acicula (3.3 sqrt abundance), Dicavolinia deblainvillei (2.6 sqrt abundance), 

Dicavolinia deshayesi (2.4 sqrt abundance), Diacria quadridentata (2 sqrt abundance), 

Styliola subula (1.7 sqrt abundance), and Cavolinia unicinata (1 sqrt abundance). 

Heteropod Atlantic inclinata is present at 1.4 sqrt abundance. A variety of benthic 
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foraminifera (4 species) at equal abundances are present, which include: Amphistegina 

gibbosa (1 sqrt abundance), Dentalina sp. (1 sqrt abundance), Pyrgo sp.(1 sqrt 

abundance), Spiroloculina sp. (1 sqrt abundance). 
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Figure 15. Microfossil species diversity chart of the Miami Terrace Region showing square root abundance of species per site. 

 

 

Figure 16. Microfossil species diversity chart of the East FL DSCE Region showing square root abundance of species per site. 

 

 

Figure 547 Grain size analysis chart of the SW FL Region showing weight percent for phi sizes per sediment sample.Figure 548 

Microfossil biodiversity chart of the East FL DSCE Region showing square root abundance of species per site. 

 

 

Figure 549 Grain size analysis chart of the SW FL Region showing weight percent for phi sizes per sediment sample. 

 

Figure 550 Grain size analysis chart of the Pourtalès Region showing weight percent for phi sizes per sediment sample.Figure 551 

Grain size analysis chart of the SW FL Region showing weight percent for phi sizes per sediment sample.Figure 552 Microfossil 

biodiversity chart of the East FL DSCE Region showing square root abundance of species per site. 

 

 

Figure 553 Grain size analysis chart of the SW FL Region showing weight percent for phi sizes per sediment sample.Figure 554 

Microfossil biodiversity chart of the East FL DSCE Region showing square root abundance of species per site. 

 

 

Figure 555 Grain size analysis chart of the SW FL Region showing weight percent for phi sizes per sediment sample. 

 

Figure 556 Grain size analysis chart of the Pourtalès Region showing weight percent for phi sizes per sediment sample.Figure 557 

Grain size analysis chart of the SW FL Region showing weight percent for phi sizes per sediment sample. 

 

Figure 558 Grain size analysis chart of the Pourtalès Region showing weight percent for phi sizes per sediment sample. 
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East FL DSCE 

This region has a high abundance of planktonic foraminifera (7 species), with an 

increase of abundance in pteropods (13 species) and gastropods compared to all other 

regions (Figure 16). Some prominent species in this region include: Orbulina universa, 

Globigerinoides ruber, Styliola subula, Limacina inflata, and Creseis acicula. Gastropod 

species present in this region include: Molleriopsis sincera, Nautica sp., Turbonilla sp., 

and Ficus sp. Juvenile gastropods, especially in site 10B, are plentiful and can be difficult 

to identify on the species level due to immature shell physiology. Benthic foraminifera 

species include: Pullenia sp., Amphistegina sp., Textularia sp., and Quinqueloculina sp. 

Sites 8 and 9 show a variety of planktonic foraminifera and pteropod species, with a low 

abundance of benthic species. Dominant species in Site 8 include: Globigerinoides ruber 

(6.1 sqrt abundance), Globorotalia menardii (5.74 sqrt abundance), Globigerinoides 

sacculifera (5.57 sqrt abundance), Limacina inflata (5.29 sqrt abundance), and 

Globigerinella sphonifera (4.69 sqrt abundance). Dominant species in Site 9 include: 

Limacina inflata (7.3 sqrt abundance), Globigerinoides ruber (5.9 sqrt abundance), 

Creseis acicula (4.6 sqrt abundance), and Globorotalia menardii (3.9 sqrt abundance). At 

these sites there is a low amount of benthic foraminifera and gastropod species 

abundance.   

Site 10A has high abundances of Limacina inflata (8.2 sqrt abundance), 

Globigerinoides sacculifera (7.6 sqrt abundance), Globigerinoides ruber (7.4 sqrt 

abundance), Orbulina universa (6 sqrt abundance) and Globigerinella siphonifera (6.8 

sqrt abundance).  This site has plentiful pteropod species (7), including some that have 
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been absent in previous regions thus far: Limacina bulimoides (2.8 sqrt abundance), 

Limacina trochiformis (1.4 sqrt abundance), and Peracle reticulata (1 sqrt abundance). 

Site 10B contains pteropod ooze deposits primarily composed of Styliola subula (14.4 

sqrt abundance), Limacina inflata (9.7 sqrt abundance), Cresei acicula (9.6 sqrt 

abundance), Orbulina universa (7.9 sqrt abundance), and Diacria quadridentata (7.6 sqrt 

abundance). Some species with lower abundances include: Dicavolinia deblainvillei (4.1 

sqrt abundance), Globigerinoides sacculifera (2.6 sqrt abundance), Globigerinella 

siphonifera (2.6 sqrt abundance), Limacina lesueurii (2.6 sqrt abundance), and 

Dicavolinia deshayesi (2.2 sqrt abundance). The pteropod species Styliola subula makes 

up about 46% of this pteropod ooze sample.
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Figure 16. Microfossil species diversity chart of the East FL DSCE Region showing square root abundance of species per site. 

 

 

Figure 729 Grain size analysis chart of the SW FL Region showing weight percent for phi sizes per sediment sample.Figure 730 Microfossil 

biodiversity chart of the East FL DSCE Region showing square root abundance of species per site. 
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3.9 Grain Size Analysis  

SW Florida Region 

Sample #1 from the SW Florida region has a mean grain size of 0.87 φ. It is 

composed of 9.55% gravel, 87.47% sand, and 2.97% mud sized grains. The measure of 

grain sorting (σ) is 1.36 φ, which classifies this sample as poorly sorted. The individual 

weight percent per grain size is graphically represented in Figure 17.  

Sample #2 from the SW Florida region has a mean grain size of 1.19 φ. It is 

composed of 2.77% gravel, 93.6% sand, and 3.63% mud sized grains. The measure of 

grain sorting (σ) is 1.23 φ, which classifies this sample as poorly sorted. The individual 

weight percent per grain size is graphically represented in Figure 17.  

Sample #3 from the SW Florida region has a mean grain size of 0.07 φ. It is 

composed of 31.64% gravel, 68.29% sand sized grains, and .08% mud sized grains. The 

Figure 17. Grain size analysis chart of the SW FL Region showing weight percent for phi sizes per 

sediment sample. 
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measure of grain sorting (σ) is 1.66 φ, which classifies this sample as poorly sorted. The 

individual weight percent per grain size is graphically represented in Figure 17.  

Pourtalès Terrace Region 

Sample #4 from the Pourtalès Terrace region has a mean grain size of 0.18 φ. It is 

composed of 11.70% gravel, 88.21% sand sized grains, and 0.08% mud sized grains. The 

measure of grain sorting (σ) is 1.07 φ, which classifies this sample as moderately-poor 

sorted. The individual weight percent per grain size is graphically represented in Figure 

18.  

Sample #5A from the Pourtalès Terrace region has a mean grain size of 1.51 φ. It is 

composed of 13.13% gravel and 86.87% sand sized grains. The measure of grain sorting 

(σ) is 0.72 φ, which classifies this sample as moderately sorted. The individual weight 

percent per grain size is graphically represented in Figure 18. 

Figure 18. Grain size analysis chart of the Pourtalès Terrace Region showing weight percent for phi 

sizes per sediment sample. 
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Sample #5B from the Pourtalès Terrace region has a mean grain size of 1.53 φ. It is 

composed of 1.74% gravel, 98.26% sand sized grains. The measure of grain sorting (σ) is 

0.79 φ, which classifies this sample as moderately sorted. The individual weight percent 

per grain size is graphically represented in Figure 18.  

Miami Terrace Region  

Sample #6 from the Miami Terrace region has a mean grain size of 1.51 φ. It is 

composed of 1.66% gravel, 95.56% sand, and 2.78% mud sized grains. The measure of 

grain sorting (σ) is 0.98 φ, which classifies this sample as moderately sorted. The 

individual weight percent per grain size is graphically represented in Figure 19.  

Sample #7 from the Miami Terrace region has a mean grain size of 0.15 φ. It is 

composed of 18.31% gravel and 81.69% sand sized grains. The measure of grain sorting 

Figure 19. Grain size analysis chart of the Miami Terrace Region showing weight percent for phi sizes per 

sediment sample. 
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(σ) is 1.12 φ, which classifies this sample as poorly sorted. The individual weight percent 

per grain size is graphically represented in Figure 19. 

East Florida DSCE (Southern) 

Sample #8 from the southern portion of the East Florida DSCE Region has a mean 

grain size of 2.98 φ. It is composed of 90.24% sand and 9.76% mud sized grains. The 

measure of grain sorting (σ) is 0.63 φ, which classifies this sample as moderately-well 

sorted. The individual weight percent per grain size is graphically represented in Figure 

20.  

Sample #9 from the southern portion of the East Florida DSCE Region has a mean 

grain size of 2.55 φ. It is composed of 88.66% sand and 11.34% mud sized grains. The 

measure of grain sorting (σ) is 0.82 φ, which classifies this sample as moderately sorted. 

The individual weight percent per grain size is graphically represented in Figure 20.  

Figure 20. Grain size analysis chart of the East FL DSCE Region (Northern) showing weight percent for 

phi sizes per sediment sample. 
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East Florida DSCE (Northern) 

Sample #10A from the northern portion of the East Florida DSCE Region has a mean 

grain size of -0.15 φ. It is composed of 9.02% gravel and 90.98% sand sized grains. The 

measure of grain sorting (σ) is 0.72 φ, 

which classifies this sample as moderately sorted. The individual weight percent per 

grain size is graphically represented in Figure 21.  

Sample #10B from the northern portion of the East Florida DSCE Region has a mean 

grain size of 1.04 φ. It is composed of 3.59% gravel and 96.41% sand sized grains. The 

measure of grain sorting (σ) is 0.83 φ, which classifies this sample as moderately sorted. 

The individual weight percent per grain size is graphically represented in Figure 21. 

Figure 21. Grain size analysis chart of the East FL DSCE Region (Northern) showing weight percent for 

phi sizes per sediment sample. 
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4 Discussion 

4.1 Biogenic Ooze Composition 

Sediment composition by region is shown in Figure 12. Site 1 along the Florida 

Escarpment in the SW FL Shelf region has a high abundance of foraminifera in 

comparison to Sites 2 and 3. There is a similar trend that as depth increases, the amount 

of planktonic microfossils increases. Nearshore constituents, such as shell fragments, 

coral rubble, and siliciclastics, decrease as the depth and distance offshore increases. 

Deeper waters tend to have lower energy and less dense microfossils such as foraminifera 

are more readily deposited. It is important to note the low abundance of pteropods in this 

region.  

Site 3 is located at the base of a submarine cliff, southwest of the Dry Tortugas and 

Florida Keys. The abundance of nearshore sediment and benthic foraminifera species, 

indicate a high degree of off-bank transport and deposition to this location (Figure 23). 

The composition of the sediment deposits at all three sites of the SW Florida Shelf 

Region is classified as hemipelagic sediment (>40% terrigenous or nearshore 

constituents). 

The Pourtalès Terrace collection sites are deeper than those from SW Florid Shelf, 

but still show a high percentage of nearshore sediment (coral rubble, skeletal debris, and 

an observable increase in gastropods). This suggests that these sites are influenced by 

their close proximity to the Florida Keys.
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There is a larger abundance of planktonic forams distributed throughout site 4, 5A, 

and 5B, than in the previous region. There is a noticeable increase in the percentage of 

gastropods. Sites in this region lie upon a terrace and are all at similar depths. An increase 

in pteropod abundance is also observed.  

A large portion of the samples from 5A and 5B are diagenetically altered (Figure 11: 

Top Right). Many microfossils from these sites are completely permineralized. Carbonate 

microfossils can become recrystallized resulting in the original biogenic calcite being 

replaced by secondary calcite (Voigt et al., 2015). Some factors that influence the 

recrystallization rates of carbonate biogenic sediments include sedimentation rates, 

temperature gradients, and carbonate saturation state of the overlying bottom waters 

(Richter & Liang, 1993; Voigt et al., 2015). The Pourtalès Terrace is known as a region 

with sink holes and mineral rich pore waters (Reed at al., 2005). 

Site 6 is located on the downward slope of the Miami Terrace Region. Here, we see 

an increase of quartz sand, with relatively high percentages of forams and pteropods. Site 

7 is located upon the flat terrace portion and shows a significant increase in foraminiferal 

microfossils. Both sites have low percentages of coral rubble. Although collection depths 

are deep, some nearshore constituents are present do to the proximity to the coast. Fossil 

preservation at Site 6 is much lower than at Site 7. This may be due to the higher energy 

regimes associated with gravity flows along slopes, and the calmer settling conditions of 

pelagite upon platforms (Figure 3). 

Sediment samples from the two collection sites at southern portion of the East Florida 

DSCE are similar composition. Abundances of forams and pteropods are near equal at 

both sites. These sites display a large increase of lime mud than any other region. The 
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high percentage of lime mud suggests likely offshore transport by storms along either 

Florida Keys or Bahamas banks. Both sites are at similar depths and are located where 

the Florida-Hatteras slope meets the Blake Plateau. This is an area of convergence for the 

Straits of Florida and Bahamas currents.  

The northern portion of the East Florida DSCE is an area with a large abundance of 

lithoherms as described by Paull et al. (2000) and Reed et al. (2006). Sediment samples 

from site 10A were collected from within Lophelia lithoherms, and resulted in a 

composition almost completely comprised of fine grained foraminifera and pteropods. 

This can be a good indication of the Lophelia mound thickets acting as a screen, baffling 

pelagic sediment transported by bottom currents (Ginsburg and Lutz, 2007). Coarser 

pteropod oozes are depositing in between these mounds, resulting in hydrodynamic 

deposition. Sediment samples from site 10B were collected between Lophelia mounds 

and are the only samples that can be categorized as pteropod ooze. Sediment samples 

from this region are the deepest (792 m) collected for this study.  

According to a study by Paull et al. (2000), aragonite sediments along the Florida-

Hatteras slope are generally Holocene in age and have a coarse fraction that is primarily 

composed of pteropod tests. By drilling cores out of the lithoherms, the team also  

discovered that the majority of the framework grains that fill the voids between the 

branching coral skeletons are composed of calcareous biogenic ooze (Figure 22). The 

baffling and trapping of pelagic sediment leads to the cementation lithoherms by the 

diagenesis of aragonite into a high magnesium calcite (Paull et al., 2000; Ginsburg and 

Lutz, 2007).  
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4.2 Microfossil Species Diversity 

Planktonic foraminifera are of the most abundant microfossils across all regions. The 

most dominant species is Globigerinoides ruber, and to a lesser extent: Globorotalia 

menardii, Globigerina umbilicata, and Globigerinoides sacculifera can be found at 

relatively high abundances. Overall species abundances per region can be found in 

Figures 13-16. 

Limacina inflata and Creseis acicula are the two pteropod species that can be 

abundantly found throughout all regions. Pteropod species show the highest abundance 

and diversity in the East FL DSCE region. Styliola subula, Limacina inflata, and Creseis 

acicula are the most abundant pteropods in this region. Samples from Site 10B at the 

Figure 22. Benthic cemented crusts and coralline rock from the Florida-Hatteras slope, north of site 10. 

(A) Deep-water coral rock slab cross sections. The matrix is composed of a foraminiferal wackestone. 

(B) Pteropod-rich grainstone crust. (C) Thin section of from the sample shown in A. (P)stands for a 

paste-like micrite and (S) stands for sucrosic cement. (D) A Photomicrograph of the sample from B. This 

shows heavily etched pteropod fragments (Paull et al., 2000). 
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northern extent of the East FL DSCE pteropod ooze primarily composed of Styliola 

subula, which makes up about 46% of microfossil species at this site. Large abundance of 

pteropods along this region, also mentioned by Paull et al (2000) and Reed et al. (2006), 

can be due to the high productivity of surface waters (Figure 4A). Styliola subula is 

common in the western boundary currents of all oceans, such as here in the western 

Atlantic Ocean (Bé & Glimer, 1977). 

Collection sites in the SW Florida region have a high abundance of benthic species 

(Figure 13). This is especially apparent in site 3, where the majority of microfossil 

abundance is comprised of benthic foraminifera (namely Amphistegina gibbosa). Species 

in the genus Amphistegina have a wide depth range from intertidal to 120 m (Hallock, 

1999). The depths of the SW Florida region collection sites may correlate to some deeper 

transport of Amphistegina species in this region.  

The planktonic foraminifera Globorotalia menardii and Orbulina universa are 

abundant throughout most sites (Figure 13-16). Orbulina universa is a species that lives 

at intermediate depths (50-100 m) and are adapted to oligotrophic waters, so they can 

thrive even in nutrient deficient waters (Armstrong & Brasier, 2005). Globorotalia 

menardii, along with most Globorotalia species, are adapted to cooler, denser, eutrophic 

waters, and can be commonly found at depths below 100m (Armstrong & Brasier, 2005). 

With a wide variety of microfossil biodiversity, transport mechanisms evidently play an 

important role in final deposition. 

The origin of the gastropod microfossils collected may be local or foreign of this 

region. Reed and Mikkelsen (1987) show molluscan communities associated with 

Oculina varicosa corals in off the east coast of Florida at four reef sites: inner shelf (6 m), 
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midshelf (27 m), outer shelf (42 m), and shelf edge (80 m). Two genera from our 

collection sites correlate to species reported in the study of Reed and Mikkelsen (1987): 

Alvania sp., (outer shelf and self-edge) Epitonium sp. (shelf edge). However, our 

collection sites are much deeper and indicate that these species have been carried down 

quite some distance. Many of the gastropods present in these sites are juvenile shells.  

Oleinik et al. (2012) reported a species of genus Natica from the Bahamas at a depth 

of 472 m, which is also present in our samples. According to identification sources used 

in our study (Abbot, 1974; Lee, 2009; Redfern, 2013), most of the gastropod species 

identified in our collections are derived from Caribbean, Bahamas, and Gulf of Mexico 

that find their way via oceanic currents to these regions. The buoyancy and 

hydrodynamics of juvenile (or larval) gastropod shells suggest deposition can be far from 

local origin of these organisms. 

4.3 Grain Size Analysis 

Grain size distribution at all three sites in the SW Florida Shelf Region show similar 

trends (Figure 17).  The weight percent at all three sites peaks at the fine fraction, 

between 2-3 phi. This fine fraction correlates to the composition of planktonic 

foraminifera from Figure 12. The medium fraction from 0 - 1.5 phi can be attributed to 

the significant amount of benthic foraminifera, echinoids, and skeletal fragments. The 

coarser fraction of these samples is attributed to the significant amount of nearshore 

sediment input at -2.5-0 phi. This is especially apparent in Sample #3, where we observe 

a large spike at -2 phi. 

The grain size distribution across all three sites upon the Pourtalès Terrace is highly 

variable. According to Figure 12, the composition of Sample #4 displays a relatively 
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equal distribution nearshore sediment, coarse microfossils (Pteropods and benthic 

forams), and planktonic forams. Sample #5A displays a large composition of coral 

rubble, which attributes to the coarsely skewed grain size fraction. Sample #5B shows a 

finely skewed grain size distribution, which correlates to the high percentage of 

planktonic foraminifera and low percentage of nearshore sediment. 

There is a close to even grain size distribution for Sample #6 displaying a range of -

2.5- 3 phi. The composition for this sample results in a well distributed percentage of 

planktonic forams, pteropods, and nearshore sediment (Figure 12). Sample #7 is fine 

skewed, with a composition of about 80 % planktonic foraminifera.  

Both samples collected from the southern portion of the East Florida DSCE are very 

fine skewed. These samples are similar in composition; however, Sample # 9 is much 

more fine grained than Sample #8. According to Figure 12, these samples are 

significantly composed of lime mud and planktonic forams. 

Samples from these regions were collected along Lophelia coral mounds. The 

samples collected in the gullies between mounds have a coarser grain size fraction and 

are pteropod ooze deposits (Figure 12). Samples collected from within the coral 

branching thickets show a finer grain size fraction, which are primarily composed of 

planktonic forams. 

4.4 Sediment Transport Dynamics  

There are many factors that influence the biogenic sediment transport to these 

regions. Surface currents, bottom currents, gravity flows (submarine sliding and 

turbidites), and sediment drifts (contourites) can affect deep-water depositional 

environments (Figure 3). Complex carbonate sedimentary processes have been at work 
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through the Straits of Florida and adjacent deep-water areas since 12.2 Ma, resulting in 

large contourites deposits (Tournadour et al., 2015).  An example of these drift deposits is 

shown in Figure 23A. 

Ample carbonate production causes sediment to be transported off shelf platforms 

and deposited as distinctive sediment drifts (Tournadour et al., 2015). The composition of 

sediment drifts off the Bahamas banks are a mixture of pelagic and platform derived 

constituents called ‘periplatform ooze’ (Schlager and James, 1978; Tournadour et al., 

2015). The transport and depositional process of off-bank sediments is shown in Figure 

23B. 

The distinct variability of microfossil species in along the coast of Florida can be 

attributed to numerous factors. It is evident that the large amount of pteropod deposits 

along Florida’s east coast may be due to the highly productive surface waters (Figure 

4A). Pteropods are free swimming predators, which may be congregating in plankton 

blooms along Florida’s east coast upwelling regions. However, another contributing 

factor is the oceanic input from currents such as the Antilles Current from the Bahamas. 

Pelagic sediment sources from the Bahamas are contributing different planktonic 

assemblages as these currents converge with the Gulf Stream. This may influence factors 

such as why larval gastropod species from the Bahamas are found depositing upon the 

Blake Plateau.  
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Figure 23. (A)The Florida Current and Antilles Current influence the onset of contourite drift deposits 

through the Straits of Florida and onto the Blake Plateau. (B) Off-bank transport carries sediment along 

slopes and influence gravity flows. Oceanic currents develop distinctive sediment drifts consisting of 

periplatform oozes (Tournadour et al., 2015). 

A 

B 
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5 Conclusion

Deep-water environments along Florida’s coast are dynamic thriving ecosystems with 

a wide variety of geomorphological structures and complex depositional settings. The 

sediment supply to these ecosystems reveals a rich composition and has complex 

sedimentological parameters. Sedimentation is primarily comprised of pelagic calcareous 

microfossils with a wide range of oceanographic origins. A pelagic sediment supply is an 

important component to the infrastructure and function of Florida’s deep-water 

environments.  

A species inventory for the microfossil assemblages of deep-water biogenic sediment 

has been compiled and resulted in the identification of 18 foraminiferal species, 15 

pteropod species, 11 gastropod species, and 3 ahermatypic coral species. These 

organisms are primarily planktonic and to a lesser extent, benthic. The majority of 

microfossils are planktonic foraminifera, which form deposits characterized as 

“globigerina ooze” (Armstrong & Brasier, 2005). Other oozes found at these collection 

sites include pteropod ooze and hemipelagic, or periplatform ooze. 

Depth and proximity to Florida’s coast influence the composition of biogenic oozes. 

The composition of deposits found shallower and closer to Florida’s coast have an input 

of nearshore constituents, forming hemipelagic oozes. Benthic species tend to be found 

closer to the coast as well. Samples collected in deeper waters further from Florida’s 

coast have a higher abundance of planktonic organisms. Deep-water platforms and 

terraces provide ideal bathymetry for microfossil preservation. 
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Biogenic ooze distribution is strongly influenced by Florida’s unique and complex 

oceanographic setting. Surface currents, bottom currents, upwelling zones of 

productivity, off-bank transport, and deep-water sediment drifts, all contribute to the 

sedimentation and distribution of these deposits. Biogeographical origin of planktonic 

species is also an important factor to characterizing biogenic ooze deposits.  

Our results suggest that there are characteristic Gulf Stream transport signatures along 

Florida’s coast. The Gulf Stream is transporting foraminiferal oozes along the southwest 

coast of Florida, there is somewhat of a transition zone through the Straits of Florida 

(mixture of foraminifera and pteropods), and sedimentation of pteropod oozes along the 

eastern coast of Florida. 

Pelagic calcareous sedimentation provides nutrients for a plethora of deep-water 

fauna and plays a primary role in the development of DSCE along Florida’s coast. It is 

important to get a better understanding of what these biogenic deposits are composed of 

and characterize their distribution. Very little is known about how these delicate systems 

function, and further awareness is required to help conserve some of the most pristine 

biota still left in our oceans. 
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6       Appendix

 

Figure 24. Pteropoda: 1) Cavolinia inflexa; 2) Diacria trispinosa; 3) Clio pyramidata; 4) Dicavolinia 

deblainvillei; 5) Dicavolinia deshayesi; 6) Cavolinia unicinata; 7) Styliola subula; 8) Diacria 

quadridentata; 9) Cuvierina atlantica; 10) Limacina bulimoides; 11) Creseis virgula; 12) Limacina 

lesueurii; 13) Limacina inflata; 14) Creseis acicula; 15) Peracle bispinosa. 
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Figure 25. Gastropods: 1) Epitonium albidum; 2) Bittium sp. juv.; 3) Sayella sp.; 4) 

Ficus sp. juv.; 5) Turbonilla sp.; 6) Polygireulima sp.; 7) Janthina umbilicata; 8) 

Cyclostrema sp.; 9) Nautica sp.; 10) Alvania sp.; 11) Molleriopsis sincera; 

Foraminifera: 12) Dentalina sp.; 
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Figure 26. 1) Globigerinella siphonifera; 2) Globigerina umbilicata; 3) 

Globigerinoides ruber; 4) Globorotalia menardii;  5-6) Globigerinoides 

sacculifera (different growth types); 7) Limacina lesueurii*; 8) Styliola 

subula*; 9) Gastropod sp.*; 10-11) Lophelia pertusa; 12) Enallopsammia 

profunda; 13) Stylaster sp.*Diagenetically altered microfossils. 
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