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Figure 6: Depiction of 10CCT05 cores surrounding Horn Island (modified from Kelso & Flocks, 2015), 

including radiocarbon dated sections. The elevation of these cores is plotted with respect to sea-level, 

which is shown in the center of the figure. USGS grain size information was obtained by Kelso & Flocks 

(2015). LiDAR data were collected in 2010 (USACE NCMP Lidar: Gulf Coast - LA, MS), and bathymetry 

data were collected in 2007 (Taylor et al., 2008). Note the radiocarbon ages for various cores quantifying 

overwash deposition and shoreface migration. Pleistocene depth is based on core and seismic 

interpretations. 
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Table 1 

Information on location, species and environment of radiocarbon dated shells. 

Environmental information was taken from (Andrews, 1981). 

Core Depth 

relative 

to core 

(cm) 

Calibrated 

age 

BP (2 

sigma) 

Taxa Environment (from 

Andrews, 1981) 

10CCT05-48 354 5844-6836 Raeta plicatella Lives on sandy bottom 

of outer surf zone; 

epifaunal  

10CCT05-13 106 113-671 Cirripedia: 

Balanomorpha 

(Barnacle) 

N/A 

10CCT05-9 164-

169 

7300-8177 Strombus alatus Intertidal to nearshore; 

epifaunal 

10CCT05-9 260 6678-7623 Mulinia lateralis Clayey sediments; 

infaunal 

10CCT05-

14B 

57 887-1552 Tellina (Eurytellina) 

alternata 

Inlet environment 

10CCT05-40 363-

369 

2294-3324 Raeta plicatella Lives on sandy bottom 

of outer surf zone; 

epifaunal 

10CCT05-40 393 2814-3852 Mulinia lateralis Clayey sediments; 

infaunal 

10CCT05-40 460 3097-4248 Parvilucina 

multilineata 

Offshore and 

inlet-influenced 

areas; infaunal 

10CCT05-41 345 800-1471 Gastropod  N/A 

10CCT05-42 489-

490 

3922-4599 Diplodonta (Phlycti-

derma) cf. D. soror 

Inlet-influenced 

areas; infaunal 

10CCT05-42 505 3819-4410 Oliva (Ispidula) 

sayana 

Inlets and offshore; 

infaunal 

10CCT05-42 510 4817-5651 Diplodonta (Phlycti- 

derma) semiaspera 

Open-bay centers, 

jetties, inlet-influenced 

areas; infaunal 

10CCT05-43 80 3137-3692 Oliva (Ispidula) 

sayana 

Inlets and offshore; 

infaunal 

10CCT05-43 145 4722-5302 Strombus 

alatus 

Intertidal to nearshore; 

epifaunal 

10CCT05-43 276 4276-4836 Oliva (Ispidula) 

sayana 

Inlets and offshore; 

infaunal 
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Table 2 

Grain size information of different lithofacies according to the Folk and Ward (1957) 

Method done by Kelso & Flocks (2015). 

 

Unit Core Sediment 

description 

Mean grain 

size (μm) – 

(number of 

samples) 

Standard 

Deviation 

associated with 

grain size 

Upper 

shoreface 

10CCT05-41 Medium sand 296.5 – (5) 2.3 

Upper 

shoreface 

10CCT05-42 Muddy sand 136.5 – (3) 2.9 

Upper 

shoreface 

10CCT05-44B Medium sand 266 – (4) 7.7 

Lower 

shoreface 

10CCT05-40 Muddy sand 190.1 – (2) 4.6 

Lower 

shoreface 

10CCT05-42 Sandy mud 109.5 – (2) 3.6 

Lower 

shoreface 

10CCT05-43 Muddy sand 149.7 – (2) 10.4 

Lower 

shoreface 

10CCT05-40 Sandy mud 57.8 – (4) 4.0 

Lower 

shoreface 

10CCT05-43 Sandy/Silty clay 48.0 – (3) 3.1 

Bottom of 

lower 

shoreface 

10CCT05-40 Sandy/Silty clay 51.1 – (1) 8.6 

Overwash 10CCT05-48 

(360 cm) 

Muddy sand 141.9 – (1) 16.8 

Overwash 10CCT05-9 (170 

cm) 

Medium sand 335 – (2) 20.4 

Overwash 10CCT05-9 (230 

cm) 

Muddy sand 233.3 – (1) 7.1 

Back-barrier 

muds 

10CT05-13 Mud 9.3 – (1) 0.2 

Tidal delta 

deposits 

10CCT05-49 N/A (Wide 

range) 

3.4-242 – (6) 0.7 

Tidal delta 

deposits 

10CCT05-47B N/A (Wide 

range) 

7.9-216 – (4) 0.2-0.9 

Tidal delta 

deposits 

10CCT05-14B N/A (Wide 

range) 

332.4-539.2 – 

(3) 

7.0-17.0 



 

23 

Table 2 (continued) 

 

4.1.1.1 Unit I: Upper and lower shoreface 

The shoreface represents a sensitive transition zone between the foreshore and 

inner shelf, where the existence, response and geometry of barrier island facies can be 

altered through sea-level changes, sediment supply and hydrodynamic processes (Swift, 

1975; Rodriguez et al., 2001). At the Texas-Louisiana border, upper shoreface deposits 

extend to 3 kilometers offshore, while the entire shoreface can range as far as 7 

kilometers offshore (Rodriguez et al., 2001). In Galveston Island, Texas, the shoreface 

extends ~ 5 km offshore (Wallace et al., 2010). Using sedimentological and bathymetric 

data, the shoreface of Horn Island can be measured and examined. Shoreface deposits 

generally range from fine to medium sand, and sand grain size decreases with distance 

from the barrier platform (Rodriguez et al. 2001; Timmons et al., 2010; Raff et al., 2018). 

The upper shoreface and barrier platform sediments are very similar in grain size. Shells 

that characterize the shoreface environment in the northern Gulf of Mexico include 

Mulinia lateralis, Anadara transversa, Anadara ovalis, and Oliva sayana (Parker, 1960; 

Rodriguez et al., 2004). The shoreface environment of Horn Island was subdivided into 

the upper and lower shoreface in this study. This distinction was made based on the mud 

Barrier 

platform 

Average from 

DEQ cores 

Mud 9 – (16) N/A 

Barrier 

platform 

Average from 

DEQ cores 

Sandy mud 44.2 – (4) N/A 

Barrier 

platform 

Average from 

DEQ cores 

Sandy silt 38.5 – (12) N/A 

Barrier 

platform 

Average from 

DEQ cores 

Muddy sand 203.0 – (45) 8 

Barrier 

platform 

Average from 

DEQ cores 

Medium sand 353.6 – (43) 0.5 
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fraction of each facies, as the lower shoreface contains thick layers of mud and only 

sparse, thinly-bedded layers of sand (Rodriguez et al., 2001). 

Several cores contain massive, fine-grained sand facies and are located within one 

kilometer of Horn Island’s Gulf-side, indicating they are associated with the upper 

shoreface (Table 2). These include core 10CCT05-41, the upper portion of core 

10CCT05-42 and core 10CCT05-44B. One radiocarbon age from a gastropod in core 

10CCT05-41 produces a calibrated 2 sigma age range of 800-1471 years BP (core depth: 

345 cm) (Figure 6). 

Cores 10CCT05-40, the lower portion of core 10CCT05-42, and core 10CCT05-

43 contain sections of muddy sand, sandy mud, and silty/sandy clay (Table 2). All have a 

significant decrease in sand percentage compared to the three core sections from the 

upper shoreface, indicating these environments represent the lower shoreface. The bottom 

of the lower shoreface coincides with the transition from the above-mentioned facies to 

clay and silty/sandy clay that contain almost zero percent sand. In addition to being 

approximately two to four kilometers offshore from the island’s Gulf-side, the 

sedimentology and macrofossils indicate that these facies are also associated with the 

lower shoreface. Six of the nine ages from the lower shoreface originated from 

offshore/inlet-influenced areas (Table 1). Ages corresponding with each core can be 

found in figure 6, and all date the bottom of the lower shoreface at different locations. 

The trend of ages become younger in a westward direction. These ages, moving 

westwards between cores, are 4276-4836 years BP (core depth: 276 cm), 4722-5302 

years BP (core depth: 145 cm), and 3137-3609 years BP (core depth: 80 cm) from core 

10CCT05-43, 4817-5651 years BP (core depth: 510 cm), 3819-4410  years BP (core 
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depth: 505 cm), and 3922-4599 years BP (core depth: 489 – 490 cm) from core 

10CCT05-42, and 3097-4248 years BP (core depth: 460 cm), 2814-3852 years BP (core 

depth: 393 cm) and 2294-3324 years BP (core depth: 363-369 cm) from core 10CCT05-

40.  

Chirp and seismic data added a spatial understanding to the architecture and 

extent of the upper and lower shoreface. Core 10CCT05-43 intersects a seismic line in 

dataset 10CCT02 and was thus used to interpret reflectors. Figure 7 depicts the 7-meter-

thick lower shoreface of Horn Island as well as a partially ravined paleochannel. 

Shoreface deposits generally have medium frequency and moderate to low reflectors 

(Bartek et al., 2004). The upper shoreface is characterized by chaotic reflectors, which 

are often associated with transgressive shoreface reworking (Bartek et al., 2004) and 

muddy sands, which are seen in core 10CCT05-43. In contrast, parallel reflectors are 

present in the lower shoreface (Figure 7). The internal structure is not identifiable, but the 

ravinement surface reflector is distinctive. The paleochannel in figure 7 has a distinctive 

channel-like external geometry and is capped by an erosional ravinement surface. The fill 

reflectors are of moderate amplitude, moderate to high frequency, and moderate 

continuity.



 

 

 

Figure 7: A Chirp line from USGS cruise 10CCT02 (modified from Forde et al., 2011c) includes core 10CCT05-43, showing the extent of the lower 

shoreface, the bottom and fill of a paleochannel and the ravinement surface of this channel. Chaotic reflectors suggesting sandy sediments characterize 

the shoreface. Partial erosion of a paleochannel is indicated by a ravinement surface.
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4.1.1.2 Unit II: Storm overwash deposits 

Overwash deposits in the north-central and north-western Gulf of Mexico often 

contain sand that is sometimes interbedded with mud (Raff et al., 2018; Odezulu et al., 

2018). Cores 10CCT05-48 and 10CCT05-9 are within the clear boundaries of the back-

barrier environment of Horn Island. The oldest ages presented in this study are likely 

sandy overwash deposits interfingered with lagoonal muds north of the island (Figure 6). 

These deposits may also indicate tidal delta deposition, but both cases suggest the 

presence of a barrier island. Core 10CCT05-48 shows a calibrated age range of 5844-

6836 years BP (core depth: 354 cm) and core 10CCT05-9 has calibrated ages of 6678-

7623 years BP (core depth: 260 cm) and 7300-8177 years BP (core depth: 164 – 169 cm). 

Each core contains muddy sand, sand or interbedded mud and sand facies that have a 

sand content between 70 and 100 percent (Table 2). One of the shells extracted from core 

10CCT05-9 was an articulated Mulinia lateralis, which lives in salinities ranging from 

10-30 ppt and is indicative of bay environments, but can also be associated with 

shoreface sediments, as explained above (Lippson & Lippson, 2006; Rodriguez et al., 

2004). The thin nature of overwash deposits and the sparse as well as moderate to poor 

quality of seismic and Chirp data available makes it difficult to identify overwash using 

geophysics. 

4.1.1.3 Unit III: Back-barrier muds 

Back-barrier marine muds are also present in the lagoonal environment of Horn 

Island and accumulated during quiescent weather patterns. The sand content of back-

barrier muds is below 10 percent and shell content is minimal (Table 2). When in contact 

with overwash deposits, back-barrier muds can be interbedded with sand. They represent 
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material that naturally accumulates by settling of fine material in the water column. One 

radiocarbon age obtained from a barnacle, located in backbarrier muds found in core 

10CCT05-13 has a two sigma of 113-671 years BP (core depth: 106 cm) shows that the 

marine muds have a rate of deposition of approximately 1 meter per 400 years. Grain size 

information is available at a depth of 50 cm in the core, which still corresponds to the 

back-barrier mud facies. 

Back-barrier muds imaged in seismic and Chirp data show up as thin, high-

amplitude, parallel reflectors with a sheet-like external geometry. 

4.1.1.4 Unit IV: Tidal delta deposits 

Tidal delta deposits are characterized by interbedded sands and muds (Miner et 

al., 2007), and are present in cores west of the characteristic geomorphic turn, as well as 

cores from both tidal inlets, including cores 10CCT05-49, 10CCT05-47B and 10CCT05-

14B (Table 2). A single radiocarbon date exists in core 10CCT05-14B, that indicates the 

age of Horn Island Pass is at least 887-1552 years BP (core depth: 57 cm). The shell 

extracted from this core is associated with tidal inlet environments, making this a 

representative age estimate for the inlet (Andrews, 1981). In the Chirp dataset 08CCT01, 

and seismic lines collected by USM, there are clear spit progradation and tidal channel 

features present just northwest of Horn Island’s geomorphic turn. Spit accretion 

reflections are high-amplitude and wavy-parallel and contain a tidal channel between 

reflectors, which has a channel-like external geometry with chaotic fill. 

4.1.1.5 Unit V: Barrier platform 

Barrier platform sediments are thick deposits that extend to the upper shoreface, 

where they are then modified (Rodriguez et al., 2001). Figure 8 depicts drill cores from 
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Horn Island’s barrier platform. All cores have a coarsening upwards sequence during 

Holocene deposition. Grain size information is published online with the Mississippi 

Department of Environmental Quality. The sequence begins with mud, sandy mud and 

sandy silt, and continues to muddy sand (Table 2). The coarsest facies is medium sand. 

Dates in some of the cores provide information about the age of the facies, which indicate 

that the very fine-grained, muddy deposits in each core represent the start of Holocene 

deposition, including 4523-5192 years BP (core depth: 12.8 m) in core BI-7 and 8303-

8687 years BP (core depth: 18.7 m) in core BI-8 (Otvos et al., 1981). One Pleistocene age 

in core BI-13 dates to 35042-42141 years BP (core depth: 21.3 m) (Otvos, 1981). 



 

 

 

Figure 8: Strike-oriented litho-stratigraphic cross-sectional transect along Horn Island based on grain size interpretations and radiocarbon ages done by 

Otvos (1981). Note the coarsening upwards sequence in the Holocene showing increased barrier upbuilding and stability.
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4.2 Geophysics 

While the Pascagoula incised valley extends the current river valley by continuing 

in a north to south direction, the Biloxi incised valley forms anastomosing channels in the 

Mississippi Sound (Figure 9). Three different branches of the Biloxi incised valley 

intersect Horn Island. In the southwest corner of the MIS 2 surface smaller, more distinct 

paleochannels can be identified due to the high-resolution, dense Chirp coverage 

available. In the Mississippi Sound, multiple shallow Pleistocene highs were mapped. 

They represent interfluvial areas that were not incised and eroded by the Biloxi and 

Pascagoula river systems. Horn Island lies just south of these Pleistocene highs. The low 

elevation sections of the DEM overlaying the MIS 2 surface show potential modern 

continuations of incised valleys. 

The depths of the tops of the Biloxi and Pascagoula incised valleys range from 13 

to 15 meters below sea level, respectively. The bases of both valleys are at least 26 

meters deep, but could not be imaged entirely. In the Mississippi Sound, the width of the 

Biloxi incised valley ranges from 1.5 km to 5 km and increases to approximately 7 km in 

the Gulf of Mexico. In comparison, the width of the Pascagoula incised valley is 

approximately 5 km in the Mississippi Sound and widens to about 8 km in the Gulf of 

Mexico. The length of the Biloxi incised valley that was mapped is about 90 km, 

including smaller, distinctive lowstand channels in the southwestern quadrant of figure 9. 

The length mapped of the Pascagoula incised valley is approximately 25 km.  

Figure 10 depicts a section of the Biloxi incised valley. The fill of the valley is at 

least 15 meters thick and it is unclear whether the bottom of the valley was imaged, yet 

valley walls and paleochannels were imaged at the surface of the incised valley. 
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Figure 9: MIS 2 flooding surface with 2007 bathymetry as background (NOAA, 2007). This figure depicts 

the MIS 2 flooding surface around Horn Island that is overlaid by a digital elevation model. The orange/red 

color in the MIS 2 surface represents shallow Pleistocene deposits and the green and blue colors depict 

deeper Pleistocene deposits. The continuation of the lowstand incised valleys of the Pascagoula and Biloxi 

Rivers can be seen in green and blue. Note the Pleistocene highs in the Mississippi Sound, the smaller 

tributary channels in the southwestern quadrant and the varying geometries of the Biloxi and Pascagoula 

River incised valleys. In addition, the data shows a potential convergence of the Biloxi and Pascagoula 

valleys.



 

 

 

Figure 10: Seismic line from USM cruise imaging the Biloxi incised valley. Note valley wall and prominent horizontal reflectors representing valley fill.
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4.3 Paleochannels 

Within the incised valleys above the MIS2 sequence boundary, chirp and seismic 

lines show paleochannel features that were ground-truthed by the USGS in 2010 using 

vibracores. Figure 11 depicts the locations of paleochannels with respect to incised 

valleys found in the MIS 2 surface. One notable observation is that paleochannels on the 

Sound-side of Horn Island are found at varying depths ranging from deep to shallow, 

while on the Gulf-side, existing paleochannels only have a deep expression. 

The discrete number of paleochannels can only be estimated in the southwest 

quadrant of figure 11, as data are too sparse anywhere else. Roughly ten paleochannels 

between 10 and 25 meters below sea level can be identified and associated with the 

Biloxi River incised valley system. Their fill is the same sediment that the Biloxi River 

carries, and would therefore be fine to medium sand. 

Twichell et al. (2011) also imaged the southwestern quadrant of the study area 

and found similar paleochannels, tidal and lowstand channel sands. Paleochannels are 

more abundant where there is a higher density of seismic and chirp lines (Figure 11). 


