ABSTRACT

Late Quaternary variability in coastal changes along the Texas Gulf coast.
by
Christopher Ikechukwu Odezulu

The majority of the coastal barriers in Texas are retreating landwards, only a few are stable or
progradational. The barriers are responding to both external (allogenic) forcings such as relative
sea-level and sediment supply, and internal (autogenic) basinal mechanisms such as antecedent
topography, regional subsidence, wave climate, offshore profile, and anthropogenic effects. The
central Texas coast is characterized by stable barriers whereas the upper and southern part of the
Texas coast are dominated by transgressive barriers. These changes along the Texas coast
became prominent in the mid-late Holocene when the rate of sea-level rise decreased. Man-made
activities such as the construction of jetties and dams exacerbate the more recent changes.
Transects of sediment cores that extend from back-barrier to beyond the toe of the shoreface were
investigated to examine the Holocene evolution and the response of Follets Island (an end member
transgressive barrier) and Matagorda Peninsula through North Padre Island (an end member of the stable
barrier) to allogenic forcings. Radiocarbon ages are used to constrain the timing and rates of shoreface
progradation and retrogradation.
The late Quaternary stratigraphic architecture of the Texas coast varies regionally despite a similar sealevel history. Our data shows that sea level and sediment supply played a major role in the evolution of
the Texas coast. The central Texas coast/shoreface experienced high-frequency progradation and
retrogradation in the mid-late Holocene whereas upper Texas coast experienced continuous flooding and
landward shifts in shoreline.
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Based on sand budget estimates, only barriers on the central Texas coast are currently stable; upper and
south Texas coastal barriers have limited sand thickness and are currently retreating landwards. With the
impact of anthropogenic effects on sand delivery to the coast, some barriers are on the verge of
disappearing within a few centuries given projected rates of sea-level rise.
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Chapter 1
1.0: Introduction
Research has shown that variable rates of change along the Texas Gulf coast occurred throughout
the middle and late Holocene. Historical data show that 84% of Texas coastal barriers are
currently experiencing net shoreline retreat, whereas 16% are experiencing net shoreline
advance. Barriers on the upper Texas coast and south Texas coast are all experiencing net
shoreline retreat. In contrast, barriers in central Texas coast are stable (Gibeaut et al. 2000; Paine
et al. 2012, 2016).
Ongoing research is aimed at understanding variability in, and factors that control, coastal
change in Texas Gulf coast. The factors that have been shown to influence coastal change
include variability in antecedent topography, relative sea-level change, sediment supply, offshore
profile, wave climate, storm history and anthropogenic influences (Rodriguez et al., 2001;
Anderson et al., 2014). Another hypothesized influence is the expansion and contraction of the
offshore Texas Mud Blanket (TMB) and the ravinement of offshore Colorado and Rio Grande
deltas.
Rates of shoreline change vary spatially and temporally along the coast, the current erosion rates
at the upper Texas coast are unprecedented compared to the geologic rates (Wallace and
Anderson, 2013; Odezulu et al., 2018).
Chapter two investigates shoreline erosion in Follets Island—an end member of a transgressive
coastline. Accelerated sea-level rise and diminished sand supply are considered the key causes of
the unprecedented shoreline erosion of the barrier. Results show that the washover flux for the
island accounts for at least half the volume of sand produced by shoreline erosion.
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Chapter three explores the central Texas barriers (from Matagorda Island through San Jose
Island, Mustang Island to North Padre Island) — an end member of a stable barrier.
This investigation is aimed at reconstructing the paleo-shoreline and the Holocene evolution of
the central Texas coast using offshore sedimentary record. The results reveal a high-frequency
shoreface-shelf sequences of Central Texas Gulf coast, deposited offshore Central Texas during
the last glacial eustatic cycle—Marine Isotope stage (MIS) 5 to present. Of particular interest is
the role of transgressive ravinement of paleo deltas and the Texas mud blanket (TMB) expansion
on coastal evolution. The results amplify the seldom recognized importance of highstand mud
dispersal and accumulation in coastal evolution.
Chapter four investigates the factors (both the allogenic and the autogenic) controlling the Holocene
parasequence-scale stratigraphy of the Texas coast; it tries to disentangle the principal force
controlling the parasequence-scale stratigraphy. Our data reveal a high-frequency shoreface-shelf
sequences of Central Texas in the mid-Holocene dominated by autogenic mechanisms. In contrast, the
offshore upper Texas coast shows a continuous flooding and landward shifts in shoreline. The result
highlights the effect of the variability of sediment supply during sea-level rise along the Texas coast.

These results have important sequence stratigraphic implications and amplify the importance of
autogenic controls on nearshore stratigraphic architecture.
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Chapter 2: Follets Island: A Case of Unprecedented Change and Transition from Rollover
to Subaqueous Shoals1
2.0: Abstract
Follets Island, a transgressive island located on the upper Texas coast, is an ideal location to
study barrier island transition from a rollover subaerial barrier to subaqueous shoals. This system
also allows for an examination of coastal response to accelerated sea-level rise, storms, and
sediment supply. The landward shoreline retreat rate during the historical time is similar to the
landward retreat rate of the bay shoreline, hence its current classification as a rollover barrier.
However, the island has a limited and diminishing sand supply, which makes it even more
vulnerable to erosion during storms and relative sea-level rise. Four core transects that extend
from the upper shoreface to the back-barrier bay are used to constrain the thickness of washover,
barrier, and upper shoreface deposits and to estimate sediment fluxes in the context of the overall
sand budget for the island over centennial timescales. Stratigraphic architecture reveals two
prominent transgressive surfaces. A lower flooding surface separates red fluvial-deltaic clay
from overlying bay mud and an upper erosional surface separates back-barrier deposits from
overlying shoreface and foreshore deposits.
Radiocarbon ages are used to constrain the evolution of the barrier and its long-term rate of
island migration whereas 210Pb dates are used to constrain the modern sand overwash flux.
Results show that significant washover sands are deposited in the bay and about twice this
volume is deposited as subaerial washover deposits. The total sand washover volume shows that
overwash processes account for about half of the sand produced by shoreline erosion in historical
time. Our results also indicate that the historical rate of shoreline retreat is about an order of
magnitude faster than the geologic rate. We estimate back-barrier accommodation space to be
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about three times greater than the volume of the barrier. Hence, given the current shoreline
erosion and overwash flux rate, Follets Island will eventually transition from a subaerial rollover
barrier to subaqueous shoals. The frequency of severe storms along the Texas coast is not
believed to have varied significantly in recent time, but the rate of sea-level rise has increased
approximately five-fold and sand supply to the island is minimal. This leads us to suggest that
accelerated sea-level rise and diminished sand supply are the main causes of this unprecedented
change.
2.1: Introduction
Barrier rollover is the progressive erosion of the beach and shoreface as eroded sand is recycled
and transported to the back-barrier via overwash and tidal inlet processes (Leatherman 1983;
Niedoroda et al. 1985; Swift et al. 1985; Inman and Dolan 1989; Cowell et al. 2003; Stéphan et
al. 2012). A barrier is assumed to maintain constant width during rollover, thereby providing
stabilization during transgression (Dean and Maurmeyer 1983). However, a negative sediment
budget and back-barrier accommodation space can reduce the volume of subaerial barriers
during rollover processes, leading to frequent overwash and disintegration or break-up of barriers
as seen in the Chandeleur Islands (Boyd and Penland 1984; McBride and Byrnes 1997; Moore et
al. 2014). This process of barrier transition has wide-reaching impacts because barrier islands
serve as buffers to storm impacts, shielding mainland and coastal ecosystems from the full force
of storm surge.
Two-thirds of the northern Gulf of Mexico coast is occupied by barrier islands (Morton et al.
2004). In Texas, 35% of barriers are progradational, 45% retrogradational, and 20%
aggradational (Morton 1994). These differences reflect the variable response of these barriers to
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relative sea-level rise and other factors since the time of their formation (Anderson et al. 2014),
and this variability continues today.
Historical data show that 88% of the barriers of the upper Texas coast are experiencing net
shoreline retreat, but rates vary spatially and temporally along the coast (Gibeaut et al. 2000;
Paine et al. 2012, 2017). Sea-level rise, limited sand supply, and storm impacts are assumed to be
the main drivers of these shoreline changes (Morton et al. 2004; Wallace et al. 2009; Wallace
and Anderson 2013). Sea-level and sediment supply rates control long-term shoreline changes
while storms punctuate the long-term processes by shaping the morphology of barriers (Morton
et al. 1995; Anderson et al. 2010, 2014; Wallace and Anderson 2013; Paine et al. 2017).
Anderson et al. (2014) suggest that modern rates of shoreline retreat along the upper Texas coast
are unprecedented, arguing that the current shoreline would be located kilometers inland of its
current location if these rates had occurred since these barriers first began migrating landward.
For example, Galveston Island formed ~5.5 ka and experienced an extended period of
progradation that ended around 1.8 ka (Bernard et al. 1959, 1970; Rodriguez et al. 2004). Today,
the west end of the island, which is not protected by a seawall, is retreating at short-term rates
between 1.4 and 3.9 m/year (Paine et al. 2012). If the long-term landward retreat rate since 1.8 ka
was the same as the current average rate, the shoreline would be located about 4.7 km landward
of its current location. By determining the sequestration location of eroded material from
Galveston Island beaches and nearshore environments through time, Wallace and Anderson
(2013) were able to quantify short-term and long-term volumetric erosion. Consistent with
observations elsewhere by FitzGerald et al. (this volume), Wallace and Anderson (2013)
demonstrated that unprecedented historic erosion of Galveston Island is supported by accelerated
growth of the San Luis Pass tidal delta in historical time, as this tidal delta is the ultimate sink for
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most of the sand eroded from the island. They further argued that this unprecedented change was
due to accelerated sea-level rise punctuated by storm events. South Padre Island is an even more
dramatic case of unprecedented shoreline retreat in modern time. Distal overwash deposits in
Laguna Madre and barrier island sands date back to ~4 ka, indicating that the island has not
moved significantly during the late Holocene (Wallace and Anderson 2010), while the current
rate of shoreline retreat of ~1.90 m/year would have resulted in ~7.6 km of retreat over this time
interval.
Follets Island is a relatively small barrier located west of Galveston Island (Fig. 2.1). It is
classified as a low-gradient retrogradational barrier in a rollover phase, based on sediment cores
that have sampled back-barrier deposits below modern barrier and shoreface deposits (Bernard et
al. 1970; Morton 1994; Wallace et al. 2010; Anderson et al. 2014). Indeed, it is one of the fastest
retreating barriers of the Texas coast. The historical shoreline retreat rate averages ~2.0 m/year
(Morton 1994; Gibeaut et al. 2000; Paine et al. 2012).
Though the causes of Follets Island’s historic shoreline retreat are known to be both natural
(limited sand supply, relative sea-level rise, and storm impacts) and anthropogenic (diversion of
the Brazos River mouth and construction of jetties at the old river mouth), the impact of each
factor alone has not been quantified. Numerical modeling is needed to evaluate the individual
contributions of these agents to current shoreline retreat and to predict future changes to the
island. But, quantitative prediction of the island’s response to sea-level rise and storms is
difficult due to the complex nature of these processes and stochastic storm frequency. To
gain further insight, detailed stratigraphic resolution is needed to match specific events with
historical records. In addition, the high-resolution, short-term sand budget of the island must be
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determined; specifically, the amount of sand being transported offshore and backshore versus the
amount of sand moving within the longshore transport system. Furthermore, the thickness of
barrier sands must be determined to quantify the rate of sand generated by erosion and
cannibalization of the island.

Fig. 2.1: Location of Follets Island and nearby coastal features. Study area (Fig. 2:3) shown by
the red box

Here, our objectives are (1) to determine the thickness of sand composing Follets Island and the
adjacent shoreface, (2) to determine the modern overwash flux for the island as it relates to the
volume of sand that has been eroded from the island during historical time, (3) to compare
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current rates of shoreline erosion to the geological rate in order to assess the magnitude of
change over time, (4) to determine if and when Follets Island will transition from a rollover
subaerial barrier to subaqueous shoals, and (5) to describe the response of the island to external
forcings and predict the island’s future.
2.2: Study Area
Follets Island is a long (10 km), narrow (average 350 m), low-lying (<2 m high, excluding
artificial dunes) barrier bounded by the Gulf of Mexico to the south and Christmas Bay to the
north (Fig. 2.1). It is a diurnal, micro-tidal (less than 0.5 m tidal amplitude), wave-dominated
environment (Morton et al. 2004). Southeasterly winds are prevalent most of the year, with
prevailing longshore currents toward the west. During winter, wind direction during cold fronts
result in a reversal in longshore currents, from west to east (Morton et al. 1995).
The average rate of long-term subsidence for the upper Texas coast is low, averaging ~0.05
mm/year (Paine 1993). However, this rate varies along the coast due to compaction of Holocene
sediments, which vary in thickness from <1 to 50 m, a reflection of the relief on the Pleistocene
surface that underlies the coast (Anderson et al. 2014). Follets Island is situated above the eastern
margin of the Brazos River incised river valley and is flanked on its eastern and western sides by
Holocene Brazos River channels belts; the Bastrop Channel belt and Oyster Creek channel
belt, respectively (Bernard et al. 1959; Morton 1994; Rodriguez et al. 2004; Wallace et al. 2010).
Drill cores and shallow seismic data indicate an average thickness of Holocene fluvial sediments
of ~10 m beneath the island (Bernard et al. 1970; Taha and Anderson 2008; unpublished data).
So, the rate of subsidence related to compaction of these Holocene sediments is contributing to
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the overall relative sea-level rise in the area and is believed to be higher than the average
regional rate.
Sand is supplied to Follets Island mainly through episodic recycling of the San Luis Pass tidal
inlet, located just east of the island (Morton et al. 1995) (Figs. 2.1 and 2.2). During the past three
decades, the island has experienced high rates of erosion (Fig. 2.2a) indicating that sand delivery
from the tidal inlet through alongshore transport (westward) is providing negligible amounts of
sand to maintain the island.
Sand supply from the west has been decreased by diversion of the Brazos River mouth to the
west of its pre-1929 location and construction of jetties at the former river mouth at Surfside,
Texas (Morton and Pieper 1975) (Fig. 2.2b).
2.3 Methodology
Thirty-four vibracores, between 100 and 520 cm in length, and 40 surface samples were
collected along four transects extending from the upper shoreface across the barrier and
Christmas Bay (Fig. 2.3). Immediately after the acquisition the cores were split, photographed,
and described for lithology, macrofossil content, and sedimentary structures. Grain size analyses
were conducted using a Malvern Mastersizer 2000. This instrument utilizes laser diffraction in
sediment suspended in water to obtain measurements. All 34 vibracores were sampled for grain
size analysis. The sampling interval depended on the core length and objective of the analysis.
Most cores from Christmas Bay and the upper shoreface were sampled at 10 cm intervals to
determine sand fluxes through time as a function of distance from the barrier.
Cores from the beach and subaerial part of the barrier were sampled at targeted intervals to help
distinguish facies. LiDAR was used to map the barrier topography and backshore water depths.
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Carlin et al. (2015) conducted a detailed side-scan sonar and CHIRP survey offshore of Follets
Island and their data were used for establishing the offshore profile and sub-bottom geology.
A total of 21 macrofossils were radiocarbon dated from 14 cores (Fig. 2.3; Table 2.1) using the
continuous flow gas bench accelerator mass spectrometer method at the Woods Hole
Oceanographic Institution (NOSAMS). Where possible, we used articulated Rangia cuneata and
Ensis directus (Razor clams), indicating largely in situ samples (Fig. 2.4). Rangia cuneata and
Ensis directus are characteristics of bay environments. Table 2.1 provides details of the
radiocarbon analyses.
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Fig. 2. 2: (a) Photo showing beach erosion at the east end of Follets Island. The houses located
on the spit of land protruding into the Gulf were previously located behind a dune line. (b) Photo
facing south showing Freeport jetties, which block longshore transport of sand from the west and
the Brazos River. (c) Breach in the island and overwash that resulted from an unnamed storm
event in December 1944.

Fig. 2.3: Locations of sediment cores (green circles), cores sampled for radiocarbon dating
(yellow letters), and surface samples (red circles) used for this study.
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Radiocarbon ages were reported as calibrated years before present (where present is CE 1950).
Using the standard 400-year marine reservoir correction, the 14C ages were converted to
calibrated calendar years at the 95.5% confidence interval (2 sigma ranges) with Marine 13 using
the CALIB.Rev. 5.0 program (Reimer et al. 2013).
In addition to radiocarbon dating, 210Pb analysis was conducted on cores 2-4 and 4-1 to constrain
the age of modern overwash deposits (Fig. 2.5). The top 14 cm and 21 cm of core 2-4 and 4-1,
respectively, were sampled for 210Pb activity. The two cores were collected using a short
transparent plastic tube. The samples were carefully cut on site immediately after extrusion to
avoid mixing at the sediment–water interface. Core 2-4 was sampled entirely at a 2 cm interval
whereas Core 4-1 was sampled at a 2 cm interval for the first 10 cm and at a 4 cm interval for the
remaining 11 cm of the extruded core. Samples were analyzed at Core Scientific International.
With a half-life of 22.3 years, 210Pb can effectively date sediments younger than ~150 years
(Faure 1986). Constant Rate of Sedimentation (CRS) and Constant Initial Concentration (CIC)
are two major models for 210Pb analysis, but CRS is the most widely used (Appleby 1998). It is a
reliable method for calculating 210Pb ages when the rate of sediment accumulation is not constant
(Appleby and Oldfield 1983). Independent validation of the chronology is necessary for a high
level of confidence in the result. We could not conduct 137Cs and 241Am to validate the ages, but
we compared results from both CRS and CIC models for more accurate estimates. It is assumed
that 210Pb activity of lakes and bays has a supported component that was generated in situ within
the sediment column, and the unsupported component came from the atmosphere (Appleby
1998) (Fig. 2.5).
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Fig. 2.4: (a) Photo showing Articulated Rangia cuneata and (b) Ensis directus clams targeted for
radiocarbon dating

2.4 Results
2.4.1 Lithofacies
Lithologic logs for sediment cores collected along four transects are shown in Fig. 2.6. Based on
modern distribution patterns and visual descriptions of cores augmented by grain size data (Fig.
2.7), lithofacies were differentiated into upper shoreface sand, beach sand, proximal and distal
washover deposits, bay mud, and fluvial/delta plain red clay (Fig. 2.8a–d). A brief description of
these lithofacies follows: Upper shoreface sands are fine (120–150 μm), well-sorted, with
abundant shell debris and rare stratification (Fig. 2.8a).
Beach sands consist of well-sorted, yellowish-brown, structureless, fine sand (140–200 μm).
Shells are common, including shell lags up to 10 cm thick (Fig. 2.8c, d).
The proximal overwash environment is a subaerial zone that occurs just bayward of aeolian
dunes, which are mostly less than 2 m in elevation. The overwash zone is marked by a change to
relatively flat relief and includes much of the back-barrier intertidal zone. The lithofacies
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consists dominantly (>90%) of very fine to fine (size range from 70 to 190 μm), moderately to
well-sorted sand, with root casts and a virtual absence of shells (Fig. 2.8b, c).
The distal overwash facies is a subaqueous facies that extends bayward from the bay shoreline to
where overwash transitions into bay mud. It is a poorly sorted, muddy-sand/sandy-mud and
ranges in color from brown to gray. It is burrowed and characterized by isolated shells, mainly
Rangia cuneata, Ensis directus (razor clams), Chione elevate, and Argopecten irradians (scallop)
(Fig. 2.8b, c). Results from grain size analyses show that it is a mixture of very fine sand and
coarse silt (40–120 μm, Fig. 2.7).
Bay mud is a gray to a dark gray mixture of sand and mud, which includes more fine silt and
clay than the distal overwash facies (Fig. 2.8b). This facies is characterized by abundant shells;
most abundant are Crassostrea virginica (oysters) and Rangia cuneate.
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Fig. 2.5: Plot showing unsupported 210Pb decreasing with depth for cores 4-1 (a) and 2-4 (b).
Plotted are the unsupported 210Pb activity (Bq/g) represented by blue and the CRS age model
estimate (years) represented by red for both sample range depths.
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Fig. 2.6: Core locations and lithologic logs. Also shown are 2 sigma radiocarbon age ranges.
Two flooding surfaces are identified. The younger (green) surface separates modern beach and
foreshore sands from underlying back-barrier overwash deposits and bay mud. An older (yellow)
surface is the initial bay shoreline flooding surface and separates bay mud from underlying
fluvial and delta plain deposits.

Fig. 2.7: Sorting versus mean grain size data for samples from different lithofacies

The oldest facies consists of compacted red clay that is mostly barren of fossils and root casts
(Fig. 2.8a). This is a flood plain-delta plain facies associated with the ancestral Brazos River,
which occupied channels on either end of Follets Island during the late Holocene (Bernard et al.
1970).
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2.4.2 Stratigraphy
CHIRP profiles collected offshore of Follets Island by Carlin et al. (2015) show a thin upper
shoreface unit resting on older strata. Our sediment cores from the upper shoreface sampled a
thin (less than ~1.5 m thick) sand unit resting above the red fluvial-deltaic clay, bay, and
washover lithofacies (Fig. 2.6). Radiocarbon ages from cores indicate that the red clay is older
than ~4.1 ka, which is consistent with radiocarbon ages obtained onshore from Brazos paleochannel deposits (Bernard et al.1970).
The red clay unit is overlain by, and in sharp contact with, bay mud. This contact is the bay
shoreline flooding surface, which represents initial flooding and creation of Christmas Bay.
Radiocarbon ages from cores 2-2, 3-6 and 4-5 indicate initial bay flooding began between
approximately 4.2 and 3.2 ka (Fig. 2.6; Table 2.1), which is consistent with the sea-level record
for the northwestern Gulf of Mexico (Milliken et al. 2008).
Cores through Follets Island penetrated between ~2.0 and 2.5 m of beach sand. Beneath the
barrier sand, cores sampled back-barrier washover and bay deposits (Fig. 2.6). Cores from the
subaerial back-barrier zone sampled proximal washover deposits resting in sharp contact on
distal washover deposits, which rest on, and have a gradational contact with, bay muds (Fig.
2.8b, c). The observed stratigraphic architecture recorded by our sediment cores reveals two
prominent transgressive surfaces. The lower surface occurs at a depth of between ~2.5 and 4 m
(yellow line in Fig. 2.6) and separates red clay (Holocene delta plain and flood plain deposits of
the Brazos River) from overlying bay mud. The contact between these units is gradational,
indicating little or no erosion. The upper transgressive surface is a planar, sharp surface at a
depth between ~1.5 and ~3 m (green line in Fig. 6) separating back-barrier sediments from
overlying upper shoreface and/or beach deposits.
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Fig. 2.8: Core photos of (a) shoreface facies, (b) bay facies, (c) and (d) beach facies sampled in
sediment cores.

The Transgressive Ravinement Surface (TRS) occurs at an average depth between 8 and 12 m
along the upper Texas coast (Siringan and Anderson 1994; Rodriguez et al. 2001; Wallace et al.
2010). We did not sample this surface, but CHIRP profiles from offshore Follets Island show
that at approximately −8 m marine muds onlap older Pleistocene and Holocene deposits (Carlin
et al. 2015).
Thin upper shoreface sands off Follets Island are unique in the context of the Texas coast.
Offshore Follets, sand thicknesses are only ~1 m thick compared to at least 5 m thick upper
shoreface sands for other Texas barriers (Siringan and Anderson 1994; Rodriguez et al. 2001;
Wallace et al. 2010). This suggests that the Follets Island shoreface is starved of sand, which is
supported by grain size data. Upper shoreface sands are notably finer than beach sands,
indicating minimal offshore sand transport of beach material (Fig. 2.7).
2.4.3 Sand Budget and Flux Analysis
To predict future changes to Follets Island accurately, the sand budget of the island must be
determined. Sand budgets can be used to investigate the overwash flux of sediments eroded from
the shoreface (Inman and Dolan 1989), and to understand the dynamics of sand sources and sinks
for a barrier environment. Precise sand budget analyses involve well-constrained sand volumes.
Most published data on washover sediment budgets are derived from field measurements and
aerial photographs to quantify washover. Specifically, washover penetration distances and
thicknesses determined for modern events (Morton and Paine 1985; Morton and Sallenger
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2003) or time series of beach profiles (Park and Edge 2011) form the basis for conclusions when
there is little sediment core chronology available. The greatest uncertainty in deriving washover
fluxes using these methods arises from the limited information on unit thickness and age. Good
core coverage and improved chronostratigraphic resolution, coupled with information gained
from aerial photographs and detailed topographic data, have provided sufficient detail to relate
pre-historic and historic overwash rates (Donnelly et al. 2006; Carruthers et al. 2013; Rodriguez
et al. this volume). The results from these later studies provided motivation for our work.
2.4.3.1 Sand Overwash Estimate
Long-term, millennially averaged sand fluxes have been quantified for Follets Island over the
past ~3000 years (Wallace et al. 2010). These longer-term values can help put the historic values
into context and allow for a better understanding of short-term coastal morphologic change.
We can constrain modern accumulation rates for distal overwash using 210Pb (Fig. 2.5a, b). For
core 4-1, the measured unsupported activities for the topmost 17 cm of the core range from 0.161
to 0.037 Bq/g (Fig. 2.5a). Measured unsupported activity (Bq/g) values in the uppermost 11 cm
of core 2-4 range from 0.157 to 0.013 Bq/g (Fig. 2.5b). The accumulation rate was calculated
using the constant rate of supply (CRS) model of Appleby and Oldfield (1983), which assumes a
constant flux of unsupported 210Pb but the varying rate of sediment accumulation over time.
From the age model, the oldest reliable associated age for core 2-4 of ~70 years occurs as
shallow as 6 cm (using the shallowest depth interval), and this same age occurs in core 4-1 as
deep as 13 cm (using the deepest depth interval). Therefore, the maximum spread of calculated
sedimentation/accumulation rates from the 210Pb results range between ~0.86 and 1.86 mm/year
(6–13 cm/~70 years).
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To determine the volume of modern sand overwash, we first estimated the thickness and extent
of proximal overwash deposits using aerial photographs and sediment cores. The average total
thickness of proximal overwash sand varies between transects from 1.5 m to a few decimeters
and decreases bayward (Fig. 2.6). The area of the proximal overwash was estimated to be
3,500,000 m2 (10 km length by 350 m width). We determined a 0.19 m thickness for modern
overwash based on the assumption that proximal overwash is twice the highest average value
from the distal overwash for the last ~70 years (thickness of distal overwash estimated from
210

Pb is between 6–13 cm for the last ~70 years). This is likely a minimum value based on the

observation of rapid thinning of modern overwash deposits at the bay shoreline, the approximate
boundary between proximal and distal overwash deposits.
Based on this analysis, we estimate the modern proximal overwash sand volume to be ~665,000
m3 (3,500,000 m2 × 0.19 m).
The next step was to measure the concentration of 100–200 μm sand within distal washover and
bay sediments in the tops of the cores and in grab samples. This size range encompasses the sand
that comprises Follets Island and its shoreface (Fig. 2.7). Our radiocarbon dates differentiate the
overwash deposits into modern (<500 years), intermediate (~1200 years), and paleo overwash
(between ~2000 and ~3700 years) units (Fig. 2.9). The long-term accumulation rate is roughly
linear at ~1.0 mm/year.
We measured the volume of sand in modern distal washover and bay sediments using core tops
and grab samples. As expected, the concentrations decrease with increasing distance from the
bay shoreline (Fig. 2.10). A surprising outcome of this analysis is that 20–30% sand (between
100 and 200 μm) comprises Christmas Bay sediments for distances of up to 1.5 and 2.3 km from
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the bay shoreline in transects 1 and 2, respectively. Note that surface samples collected more
than 1.5 km from the bay shoreline along transect 1 contain ~25% sand. We attribute these
relatively high concentrations to the proximity of the San Luis Pass tidal delta within the eastern
part of Christmas Bay (Fig. 2.3).

Fig. 2.9: Radiocarbon age clusters are used to subdivide washover deposits into units by age:
modern (<500 years), intermediate (average 1200 years), and paleowashover (between ~2000
and 3700 years)
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Fig. 2.10: Sand (100–200 μm) concentration, representing lower limit of sand concentration that
makes up Follets Island and the shoreface, with increasing distance (northward and into
Christmas Bay) from the bay shoreline (bay line) for each sample transect

Transects 3 and 4 also show the expected decrease in sand volume with distance from the bay
shoreline, but the distances are less than in transects 1 and 2. Note that transect 3 shows a
decrease and then an increase in sand with distance from the bay shoreline. This increase is
attributed to the close proximity of a dredge spoil area where sand concentrations increase. These
samples were not included in our overwash sand flux calculations. The difference in transport
distance between transects 1 and 2 versus transect 3 and 4 is attributed to the shallower water
depths of transects 3 and 4. We made grids that range from 950,000 to 1,175,000 m2 in areal
extent (500 m length, distance interval from the bay shoreline, and the distance between two
transects) and then multiplied by the sand (100–200 μm) concentration in the grid (Fig. 2.11).
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Based on this analysis, we estimate the modern distal overwash sand flux into Christmas Bay to
be ~399,000 m3 (10 km barrier length by an average of 420 m width and 0.095 m average
overwash thickness for the last ~70 years). The 0.095 m thickness was the average of 0.13 m and
0.06 m, the maximum and minimum overwash flux in 70 years for cores 4-1 and 2-4
respectively.
Again, the modern proximal overwash sand volume is ~665,000 m3 (0.95 m3/m/year), which
yields a total modern overwash volume of ~1,064,000 m3 for the last ~70 years (1.52 m3/m/year).
Flux units are presented as m3/m/year (average flux per meter of shoreline) and m3/year (total
volumetric accumulation).
The next step is to see how this total modern overwash volume compares with the total volume
of sand eroded from the island in historical time. A key assumption is that the total thickness of
sediment eroded is ~1.5 m. The 1.5 m thickness used is the average of proximal overwash,
beach, and upper shoreface sands sampled in cores. Though the ravinement surface is about 8–10
m water depth, the acoustic back scatter from the CHIRP data shows that there is no sand below
~4 m water depth (Carlin et al. 2015).
Using these values, we are able to relate the total volume of ~2,100,000 m3 (3.0 m3/m/year) sand
eroded (2.0 m/year modern erosion rate × 10,000 m length × 1.5 m thickness × 70 years) from
the shoreface and beach over the period of observation (70 years) with the overwash volume.
(The calculation of sand eroded neglects erosion of the bay sediments outcropping on the
shoreface because grain size analysis indicates sand content is negligible in this facies where it
outcrops on the shoreface.) Total modern sand overwash volume is ~1,064,000 m3 (1.52
m3/m/year) for the same time interval, suggesting that a little over half of the sand eroded from
Follets Island in recent decades can be accounted for in the sand overwash estimates.
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2.4.3.2 Drowning Time Estimate
Based on the flux of sand eroded from the foreshore and shoreface (3.0 m3/m/year) and the total
overwash flux (1.52 m3/m/year), we estimate that the sand volume of Follets Island has been
reduced at a rate of 1.48 m3/m/year over the past 70 years.
Additionally, we note that a significant fraction of the total overwash flux is deposited into
Christmas Bay, far from the back-barrier shoreline, where it cannot contribute to maintaining the
sand volume of Follets Island in the near future. In particular, assuming that only the proximal
overwash flux (0.95 m3/m/year) contributes to the landward migration of Follets Island, the
future rate of sand loss will be 2.05 m3/m/year. At this rate, and given that the volume of Follets
Island is 525 m3/m (350 m width × 1.5 m thick), we estimate the time of drowning to be ~260
years.
We consider 260 years an upper limit estimate because it does not incorporate the effect of future
sea-level rise rates or future barrier narrowing, which can potentially result in a significant
increase in sand flux to Christmas Bay. Future numerical modeling efforts will explore these
effects.
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Fig. 2.11: Sand (100–200 μm) concentration trends with depth in cores

2.4.3.3 Modern Versus Long-Term Overwash Flux
Cores collected within the upper shoreface to beach zones along transects 1, 2, and 3 sampled
beach and shoreface sands resting unconformably on paleo overwash and bay deposits (Fig. 2.6).
Cores DSL S3 (Transect 1) yielded a two-sigma calibrated 14C age range of 2527 to 3403 and
core 1-7 yielded a two-sigma calibrated 14C age range of 1804 to 2691 BP for these deposits
(Fig. 2.6). Thus, the current island location was a back-barrier bay during this time interval.
There is a cluster of radiocarbon ages from mostly paleo overwash deposits at ~3 ka (Fig. 2.9),
which supports the previously known age of the barrier (Wallace et al. 2010). The modern
proximal overwash occurs between 500 and 800 m from the present-day Gulf of Mexico
shoreline.
This implies that the barrier was within 500–800 m of its current location around 3 ka. Based on
these distances and ages, we estimate the long-term rate of shoreline retreat of the barrier to be in
the range of 0.17–0.27 m/year (500–800 m over 3 ka), compared to a modern measured rate of
2.0 m/year, or about an order of magnitude difference.
We attempted to independently constrain the pre-modern rate of bay shoreline retreat (landward
movement of the bay shoreline) by examining down-core sand concentrations (100–200 μm) as
compared to the concentrations of sand in surface sediments from Christmas Bay (Fig. 2.10).
Cores collected nearest the bay shoreline (e.g. core 3-0) show a clear decrease with depth while
the cores distal to the bay shoreline show less variability with depth, probably due to
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bioturbation. Whereas most cores show a decrease in sand concentration with depth, there is no
clear trend that allows us to estimate bay shoreline retreat rates through time from these data.
2.4.3.4 Back-Barrier Accommodation
Christmas Bay has an areal extent of ~27,000,000 m2 and an average depth of 1.5 m. Thus, the
bay has a total accommodation of 40,500,000 m3.
2.5 Discussion
The rate of shoreline retreat for Follets Island is nearly equal to the rate of bay shoreline retreat
as measured by the Bureau of Economic Geology (Morton et al. 2004; Paine et al. 2012). Our
data show the exposure of back-barrier sediments in the shoreface. Our results also show that the
washover accumulation rate accounts for a little over half the volume of sand estimated from the
shoreline erosion rate.
Cores that penetrated Follets Island reveal that the sand that composes the island is less than 2 m
thick (similar to Onslow Beach discussed in Rodriguez et al. this volume). Compared to other
Texas barriers (Bernard et al. 1959; Morton and Amdurer 1974; Wilkinson 1975; Wilkinson and
Basse 1978; Rodriguez et al. 2001; Simms et al. 2006; Wallace and Anderson 2010; Anderson et
al. 2014), it is the thinnest barrier island on the Texas coast. Likewise, cores from the upper
shoreface sampled no more than 1.5 m of sand and CHIRP profiles indicate very thin to no lower
shoreface deposits below approximately 4 m water depth (Carlin et al. 2015).
This is in stark contrast to other portions of the Texas coast where shoreface deposits are thicker
and extend to the toe of the shoreface between approximately 8 and 12 m water depth (Siringan
and Anderson 1994; Rodriguez et al. 2004). These observations suggest that the barrier has been
sand-starved in historical time.
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Sediment cores sampled two transgressive surfaces, a flooding surface (lower) and an erosional
shoreface surface (upper). The upper surface places beach facies and upper shoreface deposits on
top of back-barrier and fluvial-deltaic deposits.
Both surfaces occur above the level of transgressive ravinement for the upper Texas coast, which
is at about −8 m in this area (Siringan and Anderson 1994; Rodriguez et al. 2001; Wallace et al.
2010). The Transgressive Ravinement Surface (TRS) generally coincides with the toe of the
shoreface and is marked by marine mud that onlaps Pleistocene deposits. The depth of the TRS
indicates that it is coincident with storm wave base (Wallace et al. 2010).
Most models for shoreface and shoreline retreat rely on transgressive ravinement and assume an
equilibrium shoreface configuration to account for translation (e.g. Bruun 1954, 1962; Swift
1976; Thieler et al. 2000). These models are applicable to Galveston Island and Mustang Island,
where offshore core coverage allows detailed stratigraphic analysis (Siringan and Anderson
1994; Rodriguez et al. 2004; Wallace et al. 2010). But, in the case of Follets Island, the shoreface
ravinement surface shows a decoupling between the upper and lower shoreface, and a coupling
between upper shoreface and back-barrier (e.g., Stive and de Vriend 1995; Cowell et al.2003).
The equilibrium shoreface profile assumption does not hold in this case, at least over short
timescales (i.e., the shoreface might be out-of-equilibrium: Moore et al. 2010; Lorenzo-Trueba
and Ashton 2014). Sediments from the upper shoreface are reworked landwards, exposing backbarrier deposits buried only by a thin veneer of upper shoreface and beach sand. This is
consistent with observations of Carlin et al. (2015), who examined beach and offshore profiles
collected before and after Hurricane Ike, which made landfall in 2008 approximately 20 km east
of Follets Island but breached the island in 75 places (Harter et al. 2015). They noted little
change in the lower shoreface profile but a shift in the profile of the upper shoreface and beach
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that indicates landward movement of sand. This is consistent with the rollover process. Shell
debris and shell lags are ubiquitous in cores collected from the upper surface, and record
episodes of storm erosion (Fig. 2.8). The reason for the shallowness (~2 m) of this surface
remains uncertain.
The millennial timescale overwash flux for Follets Island is about 2300 m3/year (~0.23
m3/m/year) (Wallace et al. 2010). Compared to the current rate of ~15,200 m3/year (1.52
m3/m/year), the historical rate is about an order of magnitude faster than the long-term rate. In
addition, grain size analyses of the bay sediment qualitatively indicate that distal overwash fluxes
have been much higher recently than they were on the millennial timescale; sand content in the
present bay sediment is significant, while it is negligible where the bay sediment outcrops on the
shoreface. Our estimate of total overwash volume deposited in ~70 years is ~1,064,000 m3
(overwash flux ~1.52 m3/m/year). A total volume of ~2,100,000 m3 (3.0 m3/m/year) of sand
was eroded from the shoreface and beach over the same period of observation. Thus, overwash
processes account for a little over half of the sand produced by shoreline erosion in historical
time. The other half is likely being transported farther west via alongshore transport (Wallace et
al. 2010) and spread out in the shoreface and downdrift beaches. The barrier is estimated to have
translated landwards to the present location at a rate of 0.17–0.27 m/year during the past 3 ka,
which is an order of magnitude slower than the current rate.
The back-barrier accommodation is 40,500,000 m3 (the areal extent of Christmas Bay is
~27,000,000 m2 and water depth averages 1.5 m). The volume of sand in Follets Island is
~14,000,000 m3 (5,500,000 m3 sand for the barrier and 8,500,000 m3 sand in the back-barrier).
Thus, back-barrier accommodation is about three times greater than the volume of sand in Follets
Island.
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Back-barrier morphology, vegetation, and substrate slope also control overwash rates. Barrier
islands with low-gradient substrates and back-barrier accommodation space migrate rapidly
(Swift and Moslow 1982; Pilkey and Davis 1987; Cowell et al. 2003; Storms and Swift 2003;
Stolper et al. 2005; Donnelly et al. 2006; FitzGerald et al. 2008; Moore et al. 2010; Brenner et al.
2015). Overwash is removing and transporting half of the available sand landwards from the
undernourished barrier. Therefore, this depletion will likely cause barrier over-stepping (negative
sediment budget) during sea-level rise (Cowell et al. 1995; Stolper et al. 2005).
Because only about half of the eroded shoreline sand is deposited as overwash, the barrier is
getting lower and narrower, which will likely lead to increases in overwash flux in the future
(Schwartz 1975; Cowell et al. 2003; Stolper et al. 2005; Rosati et al. 2006; FitzGerald et al.
2008; Park and Edge 2011). Low-gradient, narrow barrier islands are prone to overwash and
therefore to multiple breaches, especially during the accelerated sea-level rise, potentially
leading to barrier disintegration and break up (such as identified for a pre-historical time along
the North Carolina Outer Banks by Mallinson et al. this volume). Given that accommodation of
Christmas Bay greatly exceeds sand available in the barrier island system and that sand supply
rates are diminished, the island will likely transition from a subaerial barrier to subaqueous
shoals in the foreseeable future, similar to environments like the Chandeleur Islands and the
central Mexico coast. Extrapolating the historical fluxes of overwash and shoreline erosion rates,
we estimate that Follets Island will likely drown in ~260 years (see Sect. 4.3.2). This estimate,
however, does not account for the effect of the accelerated sea-level rise and barrier narrowing.
Storm frequency along the Texas coast does not appear to have increased in historical time
relative to the late Holocene (Wallace and Anderson 2010), although stronger but fewer storms
are projected globally by the end of the century (Lin et al. 2012; Woodruff et al. 2013). Storms
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dominate shoreface erosion, but the interplay between sea-level rise and sediment supply is the
main driver of the long-term rate of shoreline retreat (Woodruff et al. 2013). Therefore, storms
are not the sole cause of increased erosion and washover of Follets Island.
Most of the barriers of the Texas Coast were formed less than 5000 years ago when the sea-level
rise rate in the northern Gulf of Mexico region decreased from an average rate of 1.4 mm/year to
about 0.4–0.6 mm/year (Milliken et al. 2008; Anderson et al. 2014). The current sea-level rise in
the region is estimated to be ~3.0 mm/year (NOAA 2015), or about five times the rate when
most Texas barriers were formed. This does not account for subsidence, which depends on rates
of compaction of Holocene sediments (Törnqvist et al. 2008), and more than double sea-level
rise rates locally.
Field observations from Rodriguez et al. (this volume) suggest an abrupt increase in the rate of
sea-level rise makes barrier islands vulnerable to overwash leading to reductions in the width and
height of a barrier and increasing the rate of shoreline retreat. Additionally, recent modeling
efforts (Moore et al. 2010; Lorenzo-Trueba and Ashton 2014; Cowell and Kinsela this volume;
Murray and Moore this volume; Ashton and Lorenzo-Trueba this volume) emphasize the
sensitivity of barrier island response to sea-level rise. In particular, using generic island
characteristics similar to those used by Lorenzo-Trueba and Ashton (2014) (see Table 2.2), we
find that a change in sea-level rise rate from 1 to 10 mm/year can result in a 4-fold increase in
the magnitude of shoreline retreat within a 100-year time period (Fig. 2.12). This result does not
depend on the maximum overwash flux used as an input in the model.
Although more analysis is needed, we suggest that the acceleration in sea-level rise
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Fig. 2.12: (a) Barrier model setup and components (Lorenzo-Trueba and Ashton 2014). Note the
strong exaggeration of the vertical scale. (b) Shoreline retreat during barrier landward migration
as a function of the sea-level rise rate. Input parameter values are included in Table 2.2
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has played a significant role on the unprecedented rate of shoreline erosion of Follets Island.
Diminished sand supply is likely also contributing to the unprecedented erosion on Follets
Island. Sand supply from the east is regulated by dynamic processes operating within the San
Luis Pass tidal inlet/delta complex, and sand rarely discharges from the inlet towards Follets
(Wallace and Anderson 2013). The east end of Follets Island has experienced significant erosion
during historical time (Fig. 2.2a) and this sand is moving west (Wallace et al. 2010). In addition,
diversion of the Brazos River mouth from its pre-1929 location at Surfside Beach and
construction of jetties at the former river mouth (at the west end of Follets Island) have blocked
sand delivery from the west (Morton and Pieper 1975) (Fig. 2.1). The State of Texas has
undertaken several beach nourishment projects at Surfside Beach in recent decades only to have
nourishment sands disappear within months of when these projects were completed.
Follets Island could transition from a rollover subaerial barrier to subaqueous shoals within the
next few centuries. Exactly when this will happen depends on the number and magnitude of
storms that will impact the island during this time.
Regardless, the role of the island as a natural barrier to storm impact on inland areas will
significantly diminish. Our volume and flux estimates indicate that sustaining the island by beach
nourishment would require volumes of sand that currently do not exist in the nearshore zone as
little sand exists seaward of the upper shoreface to a distance of approximately 40 km offshore
(Anderson et al. 2014). Given the paucity of sand available to Follets Island and high rates of
overwash, sand nourishment would have to come from sources on the continental shelf that are
far removed from the island.
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Table 2.1: Radiocarbon ages from cores used for this study
Core ID
Material
Depth
Age
(cm)
Uncalibrated
14C Years BP
FI_TR_2-4

Rangia cuneata 50
530
fragment
FI_TR_4-1
496
Ensis directus 90
FI_TR_1-1
Chione elevata 130
945
FI_TR_DSL_S3 Rangia cuneata 300
3160
*FI_TR_1-2
Argopectin
190
1665
irradians
FI_TR_1-7
Perna perna
260
2540
FI_TR_3-3
Rangia cuneata 115
507
*FI_TR_5-1
Articulated
290
1330
Ensis directus
FI_TR_1-2
Ensis directus
160
1436
fragment
FI_TR_3-3
Rangia cuneata 170
1794
*FI_TR_3-6
Crassostrea
265
4228
virginica
FI_TR_4-6
Ensis directus
205
2355
fragment
FI_TR_2-2
Articulated
265
3734
Rangia cuneata
FI_TR_3-6
Rangia cuneata 360
3724
*FI_TR_5-2
Crassostrea
250
1783
virginica
FI_TR_1-4
1619
Ensis directus 165
fragment
*FI_TR_1-6
Perna perna
145
3286
FI_TR_3-2
504
Ensis directus 100
fragment
FI_TR_4-1
Crassostrea
100
1028
virginica
FI_TR_4-5
Rangia cuneata 300
3724
FI_TR_4-2
Articulated
90
542
Ensis directus
*= Rejected due to the unlikely age-depth relationship.

±

172

2
Sigma
Start (BP)
Calibrated
14C Years
BP
0

2 Sigma
End (BP)
Calibrated
14C Years
BP
448

173

0

431

175
177
174

241
2527
856

894
3403
1595

180
173
176

1804
0
565

2691
436
1238

177

652

1315

182
181

960
3854

1754
4806

176

1543

2401

179

3222

4144

183
175

3201
958

4144
1719

175

795

1526

179
173

2723
0

3545
435

176

292

929

189
179

3179
0

4157
462
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Table 2.2: Input parameter values used in Figure 12.

2.6 Conclusions
Follets Island is the thinnest barrier island and one of the fastest retreating islands on the Texas
coast. Landward translation of the island is manifest as a surface of erosion, ~1.5 m deep, which
is a sharp, planar surface that separates back-barrier deposits from overlying shoreface-foreshore
deposits. Our results show that current shoreline erosion rates for Follets Island are
unprecedented, with current rates being as much as an order of magnitude faster than the longterm (millennial) rate. This increase was associated with an increase in sand overwash rates over
historic relative to geologic time.

39

Results show that the washover flux for the island accounts for at least half the volume of sand
produced by shoreline erosion. Accelerated sea-level rise and diminished sand supply are
considered the key causes of unprecedented shoreline erosion of the barrier.
At the current rate of shoreline retreat and overwash, coupled with the diminished sand supply
and large back-barrier accommodation of Christmas Bay, Follets Island could transition from a
rollover subaerial barrier to subaqueous shoals in the next few centuries. Its role as a barrier to
storm impact is being significantly diminished.
Barriers similarly impacted by the accelerated sea-level rise and reduced sand supply could
suffer the same fate.
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Chapter 3: Holocene progradation and retrogradation of the Central Texas Coast
regulated by changes in alongshore and cross-shore sediment flux variations.
3.0: Abstract
Core and seismic data from offshore central Texas show that the Texas coast has experienced
episodes of shoreface progradation and retrogradation during overall transgression, changes that
reflect the interplay between sediment supply (both alongshore and cross-shore) and relative sealevel rise. Fifteen transects of sediment cores that extend across the shoreface between North
Padre and Matagorda islands were investigated to examine the Holocene evolution of the central
Texas coast. Lithofacies interpretations are based on lithology, grain size, and fossil content.
Radiocarbon ages are used to constrain the timing and rates of shoreface translation as they relate
to the sea-level history for the region, the offshore record of delta formation and erosion and
expansion of the offshore Texas Mud Blanket (TMB). Currently, this stretch of coast is
experiencing highly variable rates of change, but the causes of this change are poorly understood.
Two prominent transgressive surfaces are marked by shoreface sands sharply overlain by marine
muds of the TMB and record two significant episodes of landward migration of the shoreline.
Radiocarbon ages indicate initial shoreface retreat in the early Holocene followed by up to ~5 km
progradation between ~6 to ~5ka. This interval of shoreline progradation was followed by an
episode of significant shoreface retrogradation between 4-2 ka, a time when the rate of sea-level
rise was decreasing, and coastal barriers of the upper Texas coast were experiencing growth and
expansion. This episode of shoreface retreat and onlap of marine mud coincided with the onset
of rapid Texas mud blanket (TMB) growth, which buried offshore sand sources. A more recent
phase of shoreface progradation began sometime after ~1500 years BP and is still ongoing. The
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exact cause of this latest phase of growth remains problematic but appears to coincide with the
increased erosion of the South Padre and Upper Texas coasts.
3.1: Introduction
Barrier island and peninsulas make up 81% of the Texas Coast, so coastal resiliency is mainly
dependent on factors that regulate barrier stability. Texas barriers are known to have had very
different evolutionary histories during the middle and late Holocene, which indicates multiple
controls on barrier stability (Rodriguez et al., 2001; Anderson et al., 2014). Factors that
influenced coastal change over this time interval include variability in antecedent topography,
relative sea-level change, sediment supply, offshore profile, wave climate, and storm history, but
there is still much to be learned about how these factors interact to control coastal change
(Anderson et al., 2014).
Historical data show that 84% of Texas coastal barriers are currently experiencing net shoreline
retreat, whereas 16% are experiencing net shoreline advance (Paine et al., 2012). Rates of
shoreline change vary spatially and temporally along the coast, with shoreline retreat rates
ranging from -0.5 to -5.5 m/yr and averaging ~-1.6 m/yr along the Upper Texas coast, -0.30 m/yr
in Central Texas, and ~ -1.9 m/yr in South Texas (Gibeaut et al., 2006; Paine et al., 2012, 2016).
It is known that rates of change along the upper Texas coast are unprecedented (Wallace and
Anderson, 2013; Anderson et al., 2014; Odezulu et al., 2018).
The Holocene evolution of coastal barriers of the central Texas coast has been a focus of
numerous investigators (e.g. McGowen and Groat, 1970; McGowen et al., 1977; Morton, 1977;
Wilkinson, 1975; Wilkinson and McGowen 1977; Wilkinson and Basse, 1978; Rodriguez et al.,
2001; Simms et al., 2006; Garrison et al., 2010). With the exception of the Rodriguez et al.,
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(2001), these studies focused on onshore records, which does not allow observations of shoreface
progradation and retrogradation and provides better opportunities for radiocarbon dating the
timing and rates of change, which is needed to assess the causes of coastal change.
Rodriguez et al. (2001) focused their research on sediment cores from the shoreface and inner
continental shelf off the central Texas coast and recognized different stages of shoreface growth
and retreat during the Holocene. Anderson et al. (2014) hypothesized that these changes
recorded growth and retreat of central Texas coastal barriers that were in part related to growth
and expansion of the offshore Texas mud blanket (TMB) during the late Holocene (Weight et al.,
2011). They further suggested that variations in sand supply associated with transgressive
ravinement (cannibalization, reworking and transporting of underlying sediments landward of
the shoreline by waves) of the ancestral Colorado and Rio Grande deltas played a role in coastal
change.
Here we present results of a more detailed lithofacies analysis of the cores studied by Rodriguez
et al. (2001), coupled with additional cores collected for this study. Our results include a revised
facies and stratigraphic framework and radiocarbon constraints on ages of key stratigraphic
surfaces. We also rely on results from more recent studies (Simms et al., 2006 and Anderson et
al., 2014) of central Texas coastal barriers and of Weight et al. (2011) on the Texas Mud Blanket
to examine the causes of coastal change in the study area.
3.2: Study Area
The study area covers about 12,000 km2 of the Texas coast (shoreface to inner shelf) and extends
from Matagorda Island southwards to North Padre Island (Fig. 3.1). The central Texas coast is a
wave-dominated, micro-tidal environment. Tides are diurnal or mixed and have an average
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range of less than 60 cm (Morton et al., 2004). Southeasterly winds are prevalent most of the
year, with prevailing longshore currents toward the west in the northern sector and toward the
north along the north-south oriented south Texas coast. This results in a net convergence of
longshore currents in the study area, (Lohse, 1956; Curray, 1960; McGowen et al., 1977), (Fig.
3.1). During winter months, the passage of cold fronts will occasionally shift the winds and
modify longshore currents (Shideler, 1981).
Historical rates of relative sea-level rise vary along the Texas coast from 6.4 mm/yr at Galveston
Island to 5.2 mm/yr at San José Island and 3.5 mm/yr at South Padre Island (NOAA, 2015).
These differences are due to variations in glacial isostatic-adjustment, local steric changes, local
oceanographic influences, and subsidence (Morton et al., 2006; Simms et al., 2007b; Kolker et
al., 2011; Paine et al., 2012; Simms et al., 2013). Variations in subsidence are primarily related
to differences in the thickness and degree compaction of Holocene sediments, which ranges from
~1 to 50 meters along the coast; thicker accumulations are associated with incised valleys
(Anderson et al., 2014).
Central Texas barriers vary in height, width, and thickness; being thickest from Matagorda Island
through San Jose Island and Mustang Island and become thinner southward towards South Padre
Island and northward toward Matagorda Peninsula. Core data show that Matagorda, San Jose,
and Mustang islands are in excess of 10 m thick, while Matagorda Peninsula and North Padre
Island are less than 4 m thick (Anderson et al., 2014, unpublished data). These differences in
thickness are controlled mainly by the depth to the Pleistocene surface.
Most of the central Texas barriers have relatively higher dunes that protect them from wave and
overwash processes, in contrast to the upper and south Texas barriers where dunes are less
prevalent. The sand that composes central Texas barriers is sourced mainly by the Texas coastal
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zone convergence (Lohse, 1956; McGowen et al., 1977; Morton, 1979) and by offshore
sediments sources, mainly the ravinement of ancestral Colorado and Rio Grande deltas, on the
inner shelf (Berryhill et al., 1986; Rodriguez et al., 2001). The transgressive ravinement surface
in the study area is between 8-12 m (Wallace, et al., 2010).

Fig. 3.1: Map of the study area showing the Ingleside Paleoshoreline, Texas Mud Blanket’s
dimension and the convergence of alongshore transport. Red boxes north and south are the study
areas for the stage 1 deltas (Colorado and Rio Grande deltas) by Snow, 1988 and Banfield et al.,
2004 respectively.
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3.1.1: Evolution of the Central Texas Coast
During the MIS (Marine Isotope Stage) 5e highstand, the Texas shoreline, which is known as the
Ingleside paleo-shoreline, was situated approximately 30 kilometers landward of the modern
shoreline along the upper Texas coast, but about half that distance from the modern central Texas
shoreline (Otvos and Howat, 1996; Simms et al., 2013), (Fig. 3.1). During the overall MIS 5-3
fall in sea level, major rivers, such as the ancestral Brazos, Colorado and Rio Grande rivers,
delivered sediments to the shelf and formed large fluvial-dominated deltas (Abdulah et al., 2004;
Banfield and Anderson, 2004). Between these deltas, the shoreline prograded seaward until the
end of MIS 3 time, when the rate of sea-level increased, outpacing the progradation of the
shoreline (Eckles et al., 2004).
During the MIS 2 sea-level lowstand, rivers and streams eroded the exposed continental shelf
creating the irregular Pleistocene surface on which Holocene coastal systems were established
(Simms et al., 2007; Anderson et al., 2014). During the initial late Pleistocene-Early Holocene
flooding of the outer continental shelf, the paleo-shoreline migrated rapidly landwards, but little
is known about coastal evolution at this time because coastal deposits of this age are buried
beneath the Texas Mud Blanket.
Starting approximately 11.5 ka, both the Rio Grande and the Colorado rivers constructed large
deltas on the inner shelf that stood as prominent bathymetric highs (Banfield and Anderson,
2004; Snow, 1998), (Fig. 3.2). These deltas rest on the MIS 2 sequence boundary, but only the
Colorado Delta has yielded radiocarbon ages to constrain its early Holocene age. The age of the
Rio Grande delta is loosely constrained by water depths and the sea-level curve for the region
(Milliken et al., 2008; Livsey and Simms, 2013). Both deltas exhibit clinoforms whose thickness
and variable orientations indicate lobe shifting, which is supported by detailed mapping of these
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deltas and the interpretation that both were fluvial-dominated deltas (Banfield and Anderson,
2008; Snow, 1998; Anderson et al., 2016).

Fig. 3.2: Map showing the paleo-shoreline reconstruction from 11.5 ka to recent.

Both the Rio Grande and Colorado deltas were eroded during transgression, removing topset
strata entirely and truncating forest beds (Fig. 3.3). Both deltas changed from strongly lobate
fluvial-dominated deltas to shore-aligned deltas that lack clinoforms during their final stages of
development, indicating a change to wave-dominated deltas (Van Heijst et al., 2001; Banfield
and Anderson, 2004). These wave-dominated deltas are situated to the north (Rio Grande) and
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northeast (Colorado) of their fluvial-dominated predecessors, indicating longshore sediment
transport in that direction. Based on their depths and locations, these wave-dominated deltas
began to form around 9.5 ka.
At the same time the Colorado and Rio Grande wave-dominated deltas were active, the shoreline
in the vicinity of Mustang Island was near its current position (Simms et al., 2006). The timing
of formation of other central Texas barriers (Matagorda Island, San Jose Island and North Padre
Island) is not well constrained, but available data indicate that Matagorda, San Jose, and North
Padre islands formed much later than Mustang Island, in the late Holocene (Anderson et al.,
2014).
In the late Holocene, around 4,000 ka to Present, the rate of sea-level rise had decreased to an
average of 0.5 mm/yr and the shoreline was near its current location. It was during this time that
most of the modern barrier islands, peninsulas and chenier plains that compose the modern Texas
coast began to form and stabilize (Anderson et al., 2014).
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Fig. 3.3: Seismic line 36b across transgressive Rio Grande delta showing varying clinoform dips
and the truncation of forest beds indicative of lobe shifting (from Anderson et al., 2016).
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3.1.2: Texas Mud Blanket
Thick Holocene shelf mud deposits occur on a number of continental shelves around the globe,
including the Valencia continental shelf (Maldonado et al., 1983), the Brazilian continental shelf
(Kuehl et al., 1986), the Guiana continental shelf (Gratiot, et al., 2007, Anthony et al., 2010), the
Amazon continental shelf (Kineke and Sternberg, 1995; Kineke et al., 1996), the Yellow Sea
(Lim et al., 2007), the Helgoland mud blanket of the North Sea (Hanebuth et al., 2015), and the ~
80 m thick Galicia mud belt on the Iberian shelf (Lantzch et al., 2010). The Texas Mud Blanket
(TMB) consists of up to 50 meters of mud and occupies an embayment in the continental shelf
between the Rio Grande and Colorado/Brazos paleo-deltas (Shideler, 1976,1981; Eckles et al.,
2004, Weight et al., 2011), (Fig. 3.1). The TMB growth started in the early Holocene (~9 Ka),
but its greatest expansion occurred in the late Holocene, ~3.5 Ka (Weight et al., 2011), when it
accumulated ~172 km3, total volume, or 2.863 x 1011 t of sediment, Most of this sediment came
from the Mississippi River and the flux of sediment is believed to have been regulated by
changes in circulation in the northern Gulf of Mexico (Weight et al., 2011).

3.3: Methodology
The core dataset used for this study consists of 15 transects, each with seven 1 to 5-meter-long
pneumatic hammer cores (Figs. 3.4). The transects extend from the upper shoreface, from
approximately 3 meters water depth to the inner shelf in water between 12 and 14 meters deep.
The cores were split and logged for lithology, fossil content, and sedimentary structures.
A Malvern Mastersizer 2000 laser particle size analyzer was used to carry out grain size
analyses. The instrument utilizes laser diffraction in sediment suspended in water to obtain
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measurements. The sampling interval varied depending on down-core lithological variability;
typically, being 20 cm for lower shoreface and inner shelf cores and 50 cm for nearshore cores
that sampled dominantly sand.

Fig. 3.4: Field campaign and regional lithofacies map of the study area showing the effect of
antecedent topography and the Pleistocene surface, and the cores sampled for radiocarbon date.

3.3.1 Radiocarbon Dates
A total of eight monospecific mollusk shells (mainly Mulinia and various gastropod shells),
retrieved from seven different cores, were analyzed at the Woods Hole Oceanographic
Institution’s Mass Spectrometer (AMS) facility (Table 3.1). The radiocarbon dates were
calibrated using the Calib. Rev. 5.0 program (Reimer et al. 2013), using the standard 400-year
marine reservoir correction based on results from Milliken et al. (2008).
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Table 3.1: Ages from uncalibrated radiocarbon dates showing materials sampled, locations,
coordinates and depth where the samples were collected.

3.4: RESULTS
3.4.1: Lithofacies:
Lithofacies analysis was initially conducted on all of the 15 core transects and used to correlate
lithofacies between core transects by Rodriguez et al. (2001). We modified their lithofacies
interpretations using a more robust grain size dataset (Fig. 3.5). We have also modified their
stratigraphic framework based on our revised lithofacies classification.
Upper Shoreface sands consist of well-sorted, fine sand. Thin muddy sand/sandy mud interbeds
are rare. Mean grain size ranges from 110-170 microns (Fig. 3.5). Shells are common, including
the genera Mulinia and Donax. Shell hash and shell lags are present, but bioturbation is rare.

51

Lower shoreface facies consists of muddy-sand to sandy-mud. The mean grain size ranges from
40-110 microns (Fig. 3.5). Gastropod and Pelecypod shells occur sparsely and bioturbation is
common. Skolithos traces are most common.
Marine mud is brownish to light gray in color and characterized by abundant benthic
foraminifera and shells, including gastropods with Olivia sp. and Peristichia toreta being most
common. The mean grain size is predominantly less than 40 microns (Fig. 3.5). The lithofacies
extends from the toe of the shoreface to the inner continental shelf.
Inlets/ebb-tidal facies are predominantly medium to fine sands. Shell hash and shell lags are
common. The mean grain size ranges from 170-270 microns (Fig. 3.5). This facies was sampled
in transects 2 and 12, which are located offshore of present-day Pass Cavallo and Port Aransas
inlets respectively, and in other transects that are believed to coincide with paleo-inlets.
Bay mud was encountered only in cores from offshore Matagorda Peninsula and indicate
significant landward migration of the shoreline (transgressive barrier). This facies is a gray to a
dark gray mixture of silt and clay. Abundant shells characterize this facies, most commonly
Crassostrea virginica (oysters), Chione cancellata and Rangia cuneata.
Pleistocene sediments are compacted and often oxidized olive-brown clayey sand with isolated
carbonate concretions. Pleistocene sediments were sampled in cores transects 15, 10, 9, 8, 7 and
5, which are situated on antecedent highs associated with interfluves (Fig. 3.4).
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Fig. 3.5: Sorting versus mean grain size data sampled from different lithofacies.
3.4.2 Stratigraphy
Rodriguez et al., (2001) noted a regionally consistent pattern of shoreface progradation and
retrogradation across the central Texas shelf that is best preserved in core transects collected
within offshore incised valleys of the ancestral Lavaca, San Antonio, and Nueces rivers.
Condensed and incomplete stratigraphic sections were acquired in transects collected on
Pleistocene highs located offshore of western San Jose Island and the northern end of North
Padre Island.
Core transects 12 and 13, collected within the Nueces paleo-valley offshore Mustang Island,
sampled the thickest and most complete lithofacies successions and are used to illustrate the
general stratigraphy of the area (Figs. 3.4 and 3.6). Transect 10, collected offshore of San Jose,
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sampled the most condensed section, with all lower shoreface cores penetrating into Pleistocene
deposits (Figs. 3.4 and 3.7). Figure 3.4 provides stratigraphic sections for cores from which
radiocarbon ages were acquired.

Fig. 3.6: Lithologic logs, grain sizes and ages for core transect 12 and 13, Offshore Mustang
Island showing two episodes of shoreface progradation separated by onlap of marine mud. Core
Transects 12 and 13 were collected within the Nueces paleo-valley and they sampled the thickest
and most complete lithofacies successions

The general stratigraphic succession for the study area records two episodes of shoreface
progradation marked by sand units that fine offshore from fine to very fine sand separated by
marine mud (Fig. 3.6). The early progradation resulted in shoreface sands that extend just over 5
km seaward of the current shoreline. Maximum progradation of at least 7 km was observed in
TR 2 and TR 4, collected offshore Pass Cavallo and Matagorda Island, respectively (Fig. 3.4).
Marine mud directly overlies this lower sand unit, indicating approximately 3 km retreat of the
shoreface offshore of Mustang Island (Fig. 3.6). The second phase of shoreface progradation
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extended between 2 and 5 km from the current shoreline, with fine sand extending up to 3 km
from the current shoreline (Figs. 3.6 and 3.7).
Core transects TR 2, 11, 12 and 15 (Figs. 3.6 and 3.7) sampled relatively coarse (170-270
micron) sand with shell debris layers interpreted as inlet and ebb tidal delta deposits (Fig. 3.5).
Transect 2 and Transects 11, and 12 were collected offshore of the current Pass Cavallo and
Aransas Pass tidal inlets, respectively. Tidal deposits were also sampled at Transect 15 offshore
of North Mustang Island (Fig. 3.7), but no tidal inlet exist at this location today. Only core
transects 2 sampled modern tidal deposits.

Fig. 3.7: Lithologic logs, grain sizes and ages for core transect 10—Offshore San Jose Island,
transect 11— Offshore Mustang Island and transects 14 and 15— Offshore North Padre Island,
showing two episodes of shoreface progradation separated by onlap of marine mud. Transect 10
was acquired in an interfluve where the Pleistocene surface is situated nearer the seafloor relative
to Transects 12 and 13, hence the section is condensed and does not record the earlier phase of
shoreface.
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3.4.3 Radiochronology
The eight samples used for radiocarbon dating targeted the two flooding surfaces and one
progradational surface identified in this study (Figs 3.6 and 3.7; Table 3.1). The oldest sample
age (~7340 ka) was obtained from a Mulinia shell collected from the ebb tidal delta unit at the
base of core TR 12- 83 (Fig. 3.6). Cores from transect 11 (Fig. 3.7) sampled this same unit.
Both core transects were collected within the Nueces incised valley, which indicates that an ebbtidal delta occupied the portion of the valley at this time. Drill cores from the southern part of
Corpus Christi Bay sampled flood-tidal delta deposits ranging in age from 6520 ka to modern
age (Simms et al., 2008). These flood-tidal delta deposits extend approximately 10 kilometers
up the valley. Thus, this ancestral tidal delta complex was nearly 15 km in length, far larger than
the modern tidal delta complex and consistent with greater sand supply to the coast at this time.
Above the ebb tidal unit is a fine to very fine shoreface sand that is not confined to the incised
valley, but rather extends across the study area, with the exception of core transects collected on
antecedent highs offshore of San Jose Island and North Padre Island. The onset of this
(Transgressive shoreface sand-TSS) shoreface progradational event is constrained to ~6,450 ka
using a date from a Mulinia shell collected from TR13-89 at a core depth of 230 cm (Fig. 3.6).
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Fig. 3.8: Figure showing the Holocene shoreline progradation and retrogradation, sea level curve
and Texas Mud Blanket history. HSS-Highstand shoreface sand, TSS-Transgressive shoreface
sand (Modified after Milliken et al., 2008).

The TSS progradational event culminated with TMB expansion and onlap of the shoreface (Figs.
3.6 and 3.7). A radiocarbon age from a Peristichia toreta shell from 330 cm depth near the base
of the TMB unit in Core TR15-104 yielded a radiocarbon age of 4850 ka and is used to constrain
the onset of TMB onlap. Age constraints for TMB deposition come from an Oliva shell from
coreTR14-95 (core depth of 240 cm) that yielded an age of 1560 ka, a Mulinia shell from TR1389 (core depth 230 cm) of 1970 ka, and an Oliva shell from TR 11-76 (core depth of 168 cm)
that yielded an age of 2,840+/- 60 yr BP (Fassel, 1999). These ages are consistent with results
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from Weight et al. (2011) who measured the highest rate of mud blanket expansion between 3.5
ka and the Present.
The age of the more recent shoreface progradational event (Highstand shoreface sand-HSS) was
constrained using an age of ~475 years using a Mulinia shell picked from TR 12-83 at 75cm core
depth and two modern dates from above this surface in TR 11-76 at 33 cm and TR15-103 at 85
cm (Figs. 3.6 and 3.7). None of these ages were acquired at the basal contact of the
progradational unit, so we infer an age of less than ~1,500 years for this unit based on
radiocarbon ages acquired from Mustang Island by Simms et al. (2006).

Fig. 3.9: Mean grain size versus depth data sampled from different lithofacies.
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3.4.4 Sediment Budget Analysis
Our sediment cores show a history of significant shoreface progradation and retrogradation that
was undoubtedly controlled by both sand and mud supply to the coast. Sand supply to the Texas
coast comes mainly from transgressive ravinement of offshore sand; fluvial supply is minimal
(Anderson et al., 2014). Here we assess the potential changes in sand supply from offshore
deltas, specifically the Holocene Colorado and Rio Grande deltas, which were deeply eroded
during transgression. The flux of mud to the central Texas shelf is well constrained. With a total
volume of ~ 172 km3 and an estimated late Holocene flux of ~49 km3/ 1000 yr (~280 m3/m/yr).
(Weight et al., 2011). Thus, expansion of the TMB is assumed to have been a key player in the
evolution of the central Texas coast.
Previous studies along the Texas coast have shown that transgressive ravinement occurs at water
depths of -8 to -10 meters, which generally coincides with the physiographic toe of the shoreface
(Siringan and Anderson, 1994; Rodriguez et al., 2001; Wallace et al., 2010). Sediment cores
collected seaward of this point have sampled marine mud resting unconformably on older strata
with little or no preservation of coastal deposits. This unconformity is the Transgressive
Ravinement Surface (TRS).
If the TRS migrates landward at the rate of shoreline migration, the shoreface will maintain an
equilibrium profile. However, the rate of shoreline translation and TRS translation are controlled
by different processes. Shoreline migration is largely controlled by the relative rate of sea-level
rise versus sediment supply and by fair-weather wave climate. Erosion at the toe of the
shoreface is mainly controlled by storm waves and, therefore, storm frequency and magnitude
over time. The shoreface profile and depth of the TRS vary little along the Texas coast, despite
order of magnitude difference in rates of relative sea-level rise, sand supply, and storm
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frequency, as recorded by historical records and onshore and offshore storm deposits (eg.
Wallace and Anderson, 2010). Thus, the rate of shoreline migration and TRS migration along
the coast appear to be more or less equal over century -to millennial- timescales (Wallace et al.,
2010; Anderson et al., 2014).
The Colorado MIS 1 Delta has a length of 60 km and width of 80 km, yielding an area of 4800
km2, and has an average thickness of ~ 16m (Snow, 1988, Van Heijst et al., 2001). During the
time the delta was being exhumed by transgressive ravinement (11.5 ka to 6.5 ka), rates of
landward shoreline movement were between 6m/yr and 16m/y. The erosion rate of the delta is
estimated to be 11 m/yr (average of 6 m/yr and 16 m /yr; minimum and maximum retreat rate of
the shoreline respectively from 11.5 ka to 6.5 ka). If the thickness of sand eroded is
conservatively estimated to be half the minimum for transgressive ravinement (~8m), the volume
of sand eroded from the delta in 1 yr = 11m/yr X 10 m sand thickness X 60,000 m, the average
width of the delta, or 6,600,000 m3/yr. Therefore, the volume of sand eroded in 2,000 years is
estimated to be 13.20 km3.
The Rio Grande delta has a length of 20 km and width of 75 km, yielding area of 1500 km2, and
has an average thickness of ~ 16m (Banfield and Anderson, 2004).
Assuming a depth of -10 m for the transgressive ravinement surface for Rio Grande Delta
(Wallace et al., 2010), the volume of sand eroded from the delta in 1 yr = 11m/yr X 10 m sand
thickness X 20,000 m, the average width of the delta, = 2,200,000 m3/yr, so the volume of sand
eroded in 2,000 years is estimated to be 4.40 km3. The total volume of sand eroded from both
Colorado and Rio Grande ancestral deltas is 13.20 km3 + 4.40 km3 =17.6 km3.
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The volume of the lower, mid-Holocene transgressive shoreface sand (TSS) was estimated to
provide a minimum estimate of sand flux during its formation. This was done using the
thickness and areal extent of the sand unit measured in sediment cores. We estimate a 10 m depth
of ravinement, which is the average depth of closure of the study area (Wallace et al. 2010). The
assumption is that the barrier morphology has not changed much through time. The area of the
TSS was estimated to be 1,050 km2 (~175 km length X 6 km average width). Using the
minimum progradation of ~4 km yields an areal extent of about 700 km2 whereas the maximum
progradation of 7 km is estimated to be 1,225 km2 in areal extent. Based on these values, we
estimate the average TSS volume to be ~10,500,000 m3 (1,050,000 m2 × 10 m = 10.50 km3).
Using the minimum and the maximum progradation for the volume of TSS yields 7 km3 and
12.25 km3 respectively. The average flux for the TSS is about 3.2 km3/ 1000 yr (18.20 m3/m/yr)
based on the average duration of ~3,295 yr BP (6,500-3,205; the initial age of progradation and
the average age of TMB expansion. A minimum flux is estimated to be 1. 42 km3/ 1000 yr BP
(8.10 m3/m/yr) based on a 7 km3 progradation distance and duration of ~ 4940 yr BP (6,5001,560; the initial age of progradation and the youngest actual radiocarbon constraint for the TMB
expansion. The maximum flux is estimated at 7. 42 km3/ 1000 yr BP (42.4 m3/m/yr) based on
the 12.25 km3 maximum progradation sand volume over ~ 1650 yr BP (6,500-4,850; the initial
age of progradation and the oldest age of the TMB expansion).
We estimate the volume of the youngest progradational sand (HSS) to be 350,000,000 m2 (~175
km length X 2 km average width). Based on this value, we estimate the average HSS sand
volume to be ~3,500,000,000 m3 (350,000,000 m2 × 10 m = 3.5 km3). The age of the HSS sand is
poorly constrained but is believed to be as old as ~1,500 years, based on ages from Mustang
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Island (Simms et al., 2006), and the oldest age from the HSS sand of ~500 years. Based on these
age constraints, the flux is estimated to be ~ 7 km3/ 1,000 yr (40 m3/m/yr).
Sand stored in the modern central Texas barriers (from Matagorda Island to North Padre Island)
is estimated to be at least 2.1 km3. (~175 km in length, an average of 1 km width and average of
12 m sand thickness). The sand thickness is based on estimates from Wilkinson and Basse
(1978) for Matagorda Island, Wallace et al., (2010) for San Jose Island, and Simms et al., (2006)
for Mustang Island. Given these values, we estimate the total volume of sand stored in the
modern central Texas barriers, including upper shoreface sands, to be ~ 16.1 km3 (14.0 km3
within the upper shoreface (10.50 km3, TSS+3.50 km3, HSS) and 2.1 km3 within barriers).

3.5: DISCUSSION
While the long-term landward migration of the coast during the late Pleistocene and Holocene
was regulated by sea-level rise, core data from offshore central Texas indicates that the
shoreface, and presumably the coastline, prograded and retrograded several kilometers during the
Holocene as the rate of sea-level rise decreased.
During the early Holocene, an embayment existed along the central Texas coast that was flanked
to the north and south by the Colorado and Rio Grande deltas, respectively (Fig. 3.2). Both
deltas changed from lobate- fluvial-dominated deltas to elongate-shore aligned wave-dominated
deltas around 9.5 ka, when the sediment supply from these rivers could no longer keep pace with
the sea-level rise (Snow, 1988; Banfield and Anderson., 2004). At this same time, Mustang
Island was located near its current location (Simms et al., 2006). This is consistent with a single
radiocarbon date from core TR 12-83 which indicates that the TRS migrated through this core
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site prior to 7340 ka (Fig. 3.6). Thus, this core site was situated in approximately -10 meters
water depth at this time.
It is generally believed that shorelines prograde when sediment supply outpaces sea-level rise
(e.g. Thorne and Swift, 1991; Foyle and Ortel, 1997). In the mid-Holocene, starting at around 6.5
ka, shoreface deposits of central Texas barrier islands prograded an average of 5 km seaward. In
addition, extensive flood and ebb tidal deltas existed landward and seaward of Mustang Island at
this time (Simms et al., 2006) and Matagorda Peninsula and Matagorda Island were experiencing
significant growth through lateral accretion (Maddox et al., 2008). This growth of coastal
lithosomes is believed to have been driven by an increase in littoral drift supplied by erosion of
the offshore Colorado and Rio Grande deltas (Anderson et al., 2014). During this same time
interval, the TMB experienced minimal growth (Weight et al., 2011).
The estimated sand volume associated with the mid-Holocene shoreface progradation (TSS) is
~10.5 km3, the minimum is 7 km3 and the maximum 12.25 km3 (see section 4:4). The average
sand was 3.2 km3/ 1000 yr; minimum and maximum fluxes are 1.42 km3/ 1000 Yr BP and 7.42
km3/ 1000 Yr BP, respectively. Our sediment budget analysis indicates that erosion of the
Colorado delta and the Rio Grande yielded a total of 17.6 km3 sand (13.20 km3+ 4.40 km3
respectively). Thus, erosion of these deltas could have provided most of the sand that makes up
the modern coastal barriers.
The culmination of mid-Holocene progradation is marked by a flooding surface that separates
shoreface sands from overlying marine mud. Off Mustang and North Padre islands, this flooding
surface extends ~ 4km landward (Fig. 3.6). Radiocarbon ages from cores TR 15-104; TR14-95;
and TR 13-89 indicate that this phase of shoreface retrogradation occurred between 4850 ka and
1560 ka, or over a period of ~3300 years. Thus, the average rate of retreat of the toe of the
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shoreface, assumed to be equal to the rate of shoreline migration over this time scale, was 1.2
m/yr. This was about the time the regional rate of sea-level rise decreased from an average rate
of 1.4 mm/yr to 0.5 mm/yr (Milliken et al., 2008), It also corresponds to the onset of significant
expansion at ~3.5 ka, (Weight et al., 2011; Fig. 3.8).
The volume of sand stored in the modern central Texas barriers and shoreface is estimated to be
~ 16.1 km3. The profound difference in this and the volume of The TMB (~172 km3), and
differences in the TMB flux (49 km3/1000 yr) compared to the shoreface progradation flux (~ 3.2
km3/1000 yr), implies that growth and expansion of the TMB contributed to the landward retreat
of the shoreline in the late Holocene.
As the TMB expanded, offshore sand sources were overstepped by the advancing shoreline and
buried in mud (Snow, 1998; Banfield and Anderson, 2004). A similar situation occurred off the
Amazon-Guianas coast where Amazon mud blankets relict fluvial sand that would otherwise
provide a source of sand for nourishing and stabilizing coast (Anthony et al., 2010). In addition,
the high influx and the viscosity of mud-rich waters dampen and attenuate wave energy and
force mud deposition even in moderate energy environment as the mud blanket dewaters and
gets welded to the shoreline (Wells and Coleman 1981; Wells, 1982). Cases of thick mud
deposition in moderate energy environment have been reported along the Suriname Coast,
Louisiana coast, Cayenne coast, and South west coast of India (Wells, 1983; Kineke and
Sternberg, 1995; Mathew and Baba, 1995; Kineke et al., 1996; 2006; Anthony et al., 2010).
Expansion of the TMB does appear to have directly influenced coastal sedimentation, but what
controls the flux of mud to the study area over millennial time scales? Currently, the southeast
wind-dominated alongshore transport and Coriolis effect, coupled with the Louisiana -Texas
Coastal Current circulation patterns, control the transport of mud from the Mississippi River to
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central Texas (Sionneau et al., 2008; Weight et al., 2011). Thus, a change in these currents
could impact coastal evolution in the study area.
Following this episode of the retreat of the shoreface, there was another phase of shoreface
progradation that lasted until modern time, as indicated by a lack of evidence in our cores of
more recent marine mud onlap. Three radiocarbon ages from cores TR 11-76, TR 12-82 and TR
15-103 indicate that this latest phase of progradation began approximately 500 years ago. This
second phase of shoreface progradation was actually a little faster and had a higher sand flux
than the earlier mid-Holocene progradation (40 m3/m/yr vs 18.20 m3/m/yr). About this time, the
barriers of the upper and south Texas coasts began to retreat rapidly. Indeed, the east Texas
shoreline retreat during this period was unprecedented (Wallace and Anderson, 2013; Odezulu et
al., 2018). The sands eroded from these upper Texas barriers probably contributed to the second
phase of the shoreline progradation along the central Texas coast. Results from Weight et al.
(2011) do not indicate a reduction in TMB accumulation over the last ~1500 years, nor are there
any known climate or paleoclimate events that would have resulted in a significant reduction in
fine-sediment delivery to the TMB at this time.
Hurricane Carla of 1963 and other major hurricanes are known to have transported sand several
kilometers off the Texas coast (Hayes, 1967; McGowen and Groat, 1970; Morton et al., 1981;
Snedden et al., 1988; Morton 2002). The interpretation of the most recent phase of shoreface
progradation having resulted from an increase in storm-related offshore flux of sand is not
consistent with the observation that modern shoreface deposits are homogenous and well-sorted
fine sands with mean grain size values in the range of 100 to 200 microns (Fig. 3.9), similar to
mid-Holocene sands. This is in contrast to storm beds common on the inner Texas shelf that are
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composed of thin beds of very fine sand (less than 100 microns) with abundant shell hash
(Wallace and Anderson, 2013).
Given these observations, the cause of the late Holocene shoreface progradation (HSS) remains
uncertain and is still under investigation. What we know is that rates of shoreline retreat along
the upper Texas coast have increased in historical time (Wallace and Anderson, 2010; Odezulu et
al., 2018) and a portion of that sand is being transported westward towards the central Texas
coast; most is believed to be sequestered in tidal deltas (Wallace and Anderson, 2010).
Anthropogenic effects may have contributed, but only in more recent time.
Finally, it has long been held that sediment supply, the rate of subsidence and availability of
accommodation space promotes the preservation of coastal sediment (Belknap and Kraft, 1985;
Thorne and Swift, 1991; Thorne and Swift, 1991; Pilkey and Thieler, 1992; Dillenburg et al.
2000. The older transgressive mud is missing in the cores collected from interfluve transects,
while it is preserved in core transects acquired over paleo-valleys. Our observations highlight
the importance of relief on the Pleistocene surface to the preservation of coastal lithosomes.
3.6: CONCLUSIONS
Alongshore and cross-shore sediment flux variations during overall sea level rise resulted in
significant episodes of progradation and retrogradation of the central Texas shoreline and
shoreface during the Holocene. Sand that nourished coastal barriers was derived from the
ravinement of MIS 1 Colorado and Rio Grande deltas.
The stratigraphic record reveals two episodes of shoreface progradation separated by marine
flooding surfaces. Radiocarbon ages indicate that the older episode of progradation began ~
6500 ka and ended ~ 5000 ka with nearly 5 km of shoreface progradation. This was followed by
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a flooding event that culminated ~ 3.5 ka and coincided with the expansion of the Texas Mud
Blanket, which over-stepped and buried the offshore deltaic sand sources. A more recent
episode of shoreface progradation began after ~ 1,500 years ago and continues into the present.
The average flux of for the earlier mid-Holocene progradation was ~18.20 m3/m/yr, compared to
a flux of ~40.0 m3/m/yr for the more recent progradation. In fact, the central Texas shoreface is
currently prograding at a faster rate than the mid-Holocene progradation and is, at least in part,
due to increased erosion along the south and upper Texas coast. Ongoing modeling will be used
to explore the causes of this recent contrast in coastal behavior.
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Chapter 4: Late Quaternary high-frequency shoreface-shelf sequences of Central Texas:
allogenic versus autogenic controls on parasequence-scale stratigraphy
4.0: Abstract
This study examines allogenic versus autogenic controls on the stratigraphic architecture of coastal
and inner shelf deposits of central Texas and compares results with those of similar studies of the
upper Texas coast and inner shelf. Transects of sediment cores that extend from the shoreface to
inner shelf between Matagorda Peninsula and North Padre Island provide a record of stratigraphic
changes during the Holocene transgression. This record is composed of an overall retrogradational
stratigraphy that was punctuated by episodes of progradation during the middle and late Holocene.
Radiocarbon ages indicate that ~ 5 km of shoreface progradation occurred between ~6.5 ka and
4.0 ka following a long period of shoreface retreat. Progradation was autogenically controlled by
an increase in sediment supply from the ravinement of the offshore ancestral Colorado and Rio
Grande deltas; there is no evidence of sea-level fall at this time. This was followed by significant
shoreface regression between 4-2 ka that culminated in the shoreline being situated approximately
1 km landward of its current location. This phase of retrogradation was synchronous with a major
expansion of the offshore Texas mud blanket (TMB).

A more recent phase of shoreface

progradation began sometime after 1.5 ka.
The 5th order cycles of central Texas are poorly correlated with those of the upper Texas coast,
which are generally characterized by landward stepping shorelines and baylines.

Thus, the

Holocene parasequences of the upper Texas coast are more consistent with the overall
transgression, while the central Texas parasequences indicate stronger autogenic influence. These
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results have important sequence stratigraphic implications and amplify the importance of
autocyclic controls on nearshore stratigraphic architecture.
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4.1: Introduction
A parasequence is a relatively conformable succession of genetically related beds or bedsets
bounded by marine flooding surfaces and their correlative surfaces (Van Wagoner, 1987, 1990;
Vail et al., 1991). Allogenic (external) factors such as eustasy, climate, tectonics (Haq et al,
1987; Galloway and Williams, 1991; Plint, 1991; Heller et al., 1993; Somoza et al., 1998; Gale et
al., 2008), and autogenic factors (originate within the sedimentary system) such as channel
avulsion, delta-lobe switching, auto-retreat and other local basin sedimentation dynamics and
processes are significant controls on parasequence depositional cycles (Muto and Steel, 1992;
Posamentier and Allen, 1999; Hampson, 2010; Lever, 2004; Amorosi et al., 2005; Stefani and
Vincezi, 2005; Zecchin 2007; Cateneanu and Zecchin 2013). Cases where autogenic
mechanisms dominate over allogenic controls on stratigraphic development have been reported
from laboratory experiments (Kim et al., 2006; Jerolmack and Paola, 2010), from field studies of
Quaternary strata (Niedoroda et al., 2005; Amorosi et al., 2016; Bruno et al., 2017; Pellegrini et
al 2017,2018) and in outcrop studies (Hampson et al., 2008; Massari et al., 2002).
An important motivation behind parasequence analysis is that it may provide a means for
correlation of subsurface data from cores, well logs, and outcrop data. However, this approach
relies on the assumption that parasequence sets are regional in scale, which implies either
allocyclic or large scale autocylic forcings.
The rationale for basin-scale, and even global-scale, stratigraphic correlation assumes that the
forcing mechanism operates at these spatial scales. Climate-induced sediment supply can
influence an entire basin and thus serve as an allogenic process, but sediment supply due to
fluvial channel avulsion, delta lobe shifting, and efficiency of alongshore sediment transport is
attributed to autogenic mechanisms. Likewise, relative sea-level change due to regional
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subsidence is considered to be autogenic forcing while glacial-eustasy is considered to be an
allogenic forcing.
Detailed field studies in foreland basins have focused on distinguishing allogenic and autogenic
controls on high-frequency stratigraphic cyclicity (Massari et al 2002; Amorosi et al 2005,2017;
Bruno et al, 2017). The studies were hampered by an inability to discriminate between tectonicinduced subsidence and sea level (allogenic) in controlling the creation of sediment
accommodation.
There is still debate as to whether high-frequency (e.g. Milankovitch-scale) changes in sea level
result in basin-scale stratigraphic cyclicity, let alone global cyclicity (Haq and Al-Qahtani, 2005;
Zecchin et al., 2012).
One approach to this problem involves analysis of late Quaternary coastal deposits where
different forcing mechanisms can be constrained. Examples of Holocene high-frequency
parasequences have been reported along the Dutch coast (Evans, 1979) and the Spanish
Mediterranean coast (Somoza et al., 1998). But, there is a need for additional studies where
good chronostratigraphic control allows correlation of parasequences over even larger distances
than these areas provide. The nearly 600 kilometers long Texas coastline provides an ideal
setting for such work.
The passive continental margin of Texas experiences modest subsidence and minimal tectonic
activity. It is also characterized by high sediment supply, which has resulted in a relatively thick
Late Quaternary coastal and inner shelf stratigraphic section (Anderson et al., 2016). Sediment
sources, climate history, and sea-level history are relatively well known, and the late Quaternary
stratigraphy of the area has been well studied using offshore high-resolution seismic data,
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platform boring descriptions and sediment cores (e.g. Berryhill, 1987; Anderson et al., 2016).
Thus, it is an ideal place to study the interplay between allogenic and autogenic mechanisms in
controlling parasequence-scale depositional cycles.
Here we report the results of a study of the coastal and nearshore stratigraphy of central Texas
(Fig. 4.1) for the Holocene, a time when the sea-level history for the region is well constrained.
Our data set includes 15 core transects that extend from the barrier islands and peninsulas to the
inner shelf (Fig. 4.2), combined with published results from detailed stratigraphic analyses of the
Lavaca and Nueces incised valleys, now occupied by Matagorda and Corpus Christi bays,
respectively (Maddox et al, 2008; Simms et al., 2008) and barrier islands and peninsulas in the
region (Wilkinson, 1975; Wilkinson and McGowen, 1977; Wilkinson and Base, 1978; Simms et
al., 2006; Anderson et al., 2014). Radiocarbon ages provide chronostratigraphic constraints for
key stratigraphic surfaces and allow correlation of stratigraphic units to a composite Holocene
sea-level curve for the northern Gulf of Mexico (Milliken et al., 2008; Anderson et al., 2014).
Our objective is to 1) gain a better understanding of those factors that regulated stratigraphic
evolution in these coastal settings and 2) to test the interplay between autogenic and allogenic
controls on stratigraphic evolution.
4.1.1 Background
Previous stratigraphic studies of western Louisiana and Texas continental shelf have relied on
high-resolution seismic data (Berryhill, 1986; Anderson et al., 2004, 2016) and lithofacies,
micropaleontological and isotopic records to demonstrate that the late Quaternary stratigraphic
section consists of 4th-order sequences containing 5th-order parasequence cycles within the last
glacio-eustatic cycle from marine isotopic stage (MIS) 5e to present (Anderson et al., 2004;
2016). On the upper Texas and south Texas shelves, the Marine Isotope Stage (MIS) 5 through 2
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interval of falling sea level is characterized by clinoforms constructed by the Brazos, Colorado
and Rio Grande rivers (Abdulah et al., 2004; Banfield and Anderson, 2004). During the overall
fall, sea-level oscillations on the order of a few tens of meters occurred during MIS 5e through 3
(Fig. 4.3) resulted in episodes of delta progradation and retrogradation (Abdulah et al., 2004;
Anderson et al, 1996, 2004, 2016). The MIS 3 to MIS 2 fall in sea level caused the exposure of
the shelf edge and enhanced valley incision and sediment by-pass (Anderson et al., 2016). The
stage 2 sequence boundary (SB) overlies the stage 3 HST and marks the boundary between the
Pleistocene and the Holocene sediments (Simms et al., 2007).
In contrast, the central Texas shelf is characterized by shoreline deposits that prograded across
the inner to middle shelf during the MIS 5-MIS 3 sea-level fall; there is little in the way of a
stratigraphic record for late MIS 3-2 (Eckles et al., 2004). These strata are cut by the MIS 2
sequence boundary, which amalgamates with the MIS 2-1 transgressive surface on the inner
shelf. This surface is marked by Holocene marine mud sitting directly on Late Pleistocene
coastal deposits. This upper surface is associated with the expansion of the Texas Mud Blanket
(TMB), which spans the Holocene (Shideler, 1976; 1977; Weight et al., 2011).
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Fig.4.1: Map of the study area showing Texas Mud Blanket’s dimension and the convergence of
alongshore transport. Also shown are the locations of the ancestral Colorado and Rio Grande
deltas

4.2 Study Area
The study area is located offshore Matagorda Peninsula to North Padre Island, central Texas
Gulf coast; the stretch of the coast investigated is ~175 km and extends from the Lavaca and
Nueces incised valleys to the inner shelf (Fig. 4.1). The central Texas coast is a wave-dominated,
micro-tidal environment. Tides are diurnal or mixed and have an average range of less than 60
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cm (Morton et al., 2004). Southeasterly winds are prevalent most of the year, with prevailing
longshore currents toward the west in the northern sector and toward the north along the northsouth oriented south Texas coast. This results in a net convergence of longshore currents in the
study area (Lohse, 1956; Curray, 1960; McGowen et al., 1977). During winter months, the
passage of cold fronts will occasionally shift the winds and modify longshore currents (Shideler,
1981). The central Texas shelf is a relatively deep embayment between the ancestral Rio Grande
Delta to the south and the ancestral Colorado Delta to the north (Fig. 4.1). It serves as a
depocenter for the accumulation of relatively thick coastal deposits delivered by converging
alongshore transport and for the TMB.

Fig. 4.2: Field campaign and regional lithofacies map of the study area showing the effect of
antecedent topography and the Pleistocene surface, and the cores sampled for radiocarbon date.
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4.3 Methodology
4.3.1 Sediment Core Analysis
The core dataset used for this study consists of 15 transects, each with seven 1-5-meter-long
pneumatic hammer cores and platform borings (Fig. 4.2). The transects extend from the upper
shoreface, in approximately 3 meters water depth, to the inner shelf in water depths between 12
and 14 meters (~6 km from the shoreline). The cores were split and described for lithology,
grain size, fossil content, and sedimentary structures.
We utilize grain size data to quantify differences between different sedimentary facies. A
Malvern Mastersizer 2000 was used to carry out grain size analyses on all the cores. This
instrument utilizes laser diffraction in sediments suspended in water to obtain measurements.
The sampling interval for each core depended on the core length and down-core lithological
variability.
4.3.2 Radiocarbon Dates
A total of eight monospecific mollusk shells (mainly Mulinia and various gastropod shells),
retrieved from seven different cores, were analyzed at the Woods Hole Oceanographic
Institution’s Mass Spectrometer (AMS) facility (Table 4.1).
The radiocarbon dates were calibrated using Calib. Rev. 5.0 program (Reimer et al. 2013), using
the standard 400-year marine reservoir correction.
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Table 4.1: Ages from uncalibrated radiocarbon dates showing materials sampled, locations,
coordinates and depth where the samples were collected.
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Fig. 4.3: Figure showing the sea-level curve and the high-frequency shoreface-shelf sequences of
Central Texas, modified after Anderson et al., 2016. W-D-D stands for wave-dominated delta; FD-D stands for fluvial-dominated delta

4.4 Results
4.4.1 Holocene stratigraphic architecture
The most complete Holocene stratigraphic sections were recovered in core transects collected
within the offshore Lavaca and Nueces incised valleys Rodriguez et al., (2001). Based on the
regional stratigraphic correlations of Rodriguez and his colleagues, we focused our investigation
on cores from these valleys to acquire radiocarbon constraints on surfaces bounding
progradational and retrogradational cycles (Fig. 4.4). Of these, transect 13 is used to illustrate
the complete section with major and a minor flooding surfaces bounding wedges of shoreface
deposits that record episodes of shoreface progradation (Fig. 4.5).
The lower flooding surface sampled by our core transects is marked by Holocene marine muds
and tidal deposits resting sharply on Pleistocene deposits (Fig. 4.4,4.5). It is interpreted as the
amalgamated sequence boundary and transgressive ravinement surface. The marine mud facies is
brownish to light gray in color and characterized by abundant benthic foraminifera and shells,
including gastropods with Olivia sp. and Peristichia toreta being most common. It is poorly
sorted with mean grain size predominantly less than 40 microns (Fig. 4.6).
Overlying the transgressive marine mud facies is a sharp regressive surface that marks an
episode of significant (over 5 km) progradation of shoreface deposits whose thickness varies
from 0.2m to 1 m. Upper Shoreface sands consist of well-sorted, fine sand. Thin muddy
sand/sandy mud interbeds are rare. Mean grain size ranges from 110-170 microns (Fig 4.6).
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Shells are common, including the genera Mulinia and Donax. Shell hash and shell lags are
present, but bioturbation is rare.

Fig. 4.4: Lithologic logs, grain size data and radiocarbon ages for core transect 13, Offshore
Mustang Island showing high-frequency shoreface-shelf parasequence.

The Lower shoreface facies consists of muddy-sand to sandy-mud. The mean grain size ranges
from 40-110 microns (Fig. 4.6). Gastropod and Pelecypod shells occur sparsely and bioturbation
is common. Skolithos traces are most common. The contact between the lower progradational
shoreface sand and the overlying/underlying marine mud is sharp. A radiocarbon age from Core
TR 13-89 shows that this episode of shoreface progradation began around 6.5 ka, approximately
1,500 years after the rate of sea-level rise had decreased from 4.2 mm/yr to 1.4 mm/yr (Fig. 4.4).
Following this phase of shoreface progradation, the shoreline retreated ~3km landwards. This
flooding episode is marked by onlap of shoreface deposits by marine mud (Figs 4.4,4.5).
Radiocarbon ages from cores TR 11-76, TR 14-95 and TR 15-104 show the age of this flooding
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event ranges from 4,800-1560 yr BP. (Fig. 4.5), which is coincident with an episode of
significant TMB expansion (Weight et al., 2011).
Following this episode of the retreat of the shoreface, there was another phase of shoreface
progradation that resulted in an average of 3 km of seaward progradation of shoreface deposits
(Fig. 4.4). Three radiocarbon ages from cores TR 11-76, TR 12-82 and TR 15-103 indicate that
this latest phase of progradation began sometime after 1,500 years ago. The facies is similar to
the shoreface sand that prograded during the mid-Holocene.
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Fig. 4.5: Lithologic logs, grain sizes and ages for core transect 10, 11, 12, and 13; Offshore
central Texas coast.

4.5 Discussion
Previous studies of seismic and core data have shown that the late Quaternary stratigraphy of the
northern Gulf of Mexico basin varies regionally, despite a similar sea-level history (Berryhill,
1987; Anderson et al., 1996; 2004). Thus, other factors such as variable sediment supply across
the basin have influenced stratigraphic evolution (Anderson et al., 2016). However, the limited
geographic extent of these studies and chronostratigraphic resolution limits examination of
allogenic versus autogenic controls on stratigraphic architecture (Anderson et al., 2016). This
investigation allows comparison of stratigraphic architectures over a much larger distance
(approximately 600 kilometers), providing a more robust analysis of the extent and causes of
high-frequency stratigraphic cyclicity.
For the most part, previous investigations of the Upper (Sabine Pass to the Brazos River) Texas
Coast and inner shelf have focused on fluvial-deltaic systems, which experienced punctuated
growth and retreat in response to 5th order sea-level oscillations during the overall MIS 5-2 sealevel fall (Anderson et al., 1996, 2016; Abdulah et al., 2004; Wellner et al., 2004), (Fig. 4.3).
Other studies focused mainly on nearshore strata and incised valleys and have shown 5th order
parasequences, consisting of back-stepping fluvial/bayhead delta/open bay/ tidal delta facies
characterize the incised valley successions of Calcasieu Lake (Milliken et al., 2008b), Sabine
Lake (Milliken et al., 2008c), Galveston Bay (Thomas and Anderson, 1994), Anderson et al.,
2008). In general, the prominence of these flooding surfaces, as recorded by the distance of
landward migration of these facies, is greater than in Copano Bay (Troiani et al., 2011),
Matagorda Bay (Maddox et al., 2008) and Corpus Christi Bay (Simms et al., 2008). This is
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mainly attributed to the greater sediment yields of north Texas rivers relative to central Texas
rivers (Anderson et al., 2016).

Fig. 4.6: Grain size Analysis—Sorting versus mean grain size data sampled from different
lithofacies.

The central Texas shelf is a relatively deep embayment flanked by the ancestral Rio Grande
Delta to the south and the ancestral Colorado Delta to the north (Fig. 4.1). During the Holocene
transgression and highstand, this embayment was the depocenter for the accumulation of
relatively thick coastal deposits delivered by converging coastal currents and thick offshore
marine muds transported by westerly currents from as far as the Mississippi Delta (Rodriguez et
al., 2001; Weight et al., 2011). As a result, the central Texas coast and the inner continental shelf
is the only location within the basin where subsidence and sediment supply were large enough
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during the late Quaternary to record stratigraphic response to 5th order sea-level oscillations in
non-deltaic settings.
Thomas and Anderson (1994) argued that the parasequences of the offshore Trinity valley
possibly record periods of more rapid sea-level rise, an argument that was supported by some
sea-level curves (e.g. Tornquist et al., 2002, 2004a,2004b). However, later work that led to
rather robust chronostratigraphic constraints on the timing of the flooding surfaces within the
different bays indicates that some of them are correlative between bays and likely caused by
punctuated sea level rise, while others appear to be related to sediment supply changes and
antecedent topography (Rodriguez et al, 2005; Anderson et al., 2014). The most notable surface
is associated with the well-known 8.2 ka event, which was recorded in incised valleys from
around the globe (Rodriguez et al., 2005). Sediment core transects from offshore Bolivar
Peninsula and Galveston Island record a single phase of progradation during the late Holocene
followed by a single phase of barrier and shoreface retrogradation (Siringan and Anderson, 1993;
Rodriguez et al., 2005).

In summary, the case for allogenic forcing for 5th order parasequences

of the north Texas inner shelf and coast is mixed, with sea-level oscillations on the order of a few
tens of meters having influenced delta growth and retreat during the MIS 5-2 fall, but autogenic
forcing having been dominant during the MIS2-1 transgression.
Seismic data from the central Texas continental shelf show amalgamation of the late Pleistocene
MIS stage 5 and 3 HST separated by MIS stage 4 minor sequence boundary, the overall
stratigraphy indicating a forced regression (Eckles et al., 2004). During MIS Stage 2 the shelf
was exposed and incised by the Lavaca and Nueces rivers (Maddox et al., 2008; Simms et al.,
2008). To the north and south, Colorado and Rio Grande rivers constructed large deltas that still
stand as prominent bathymetric highs that border the central Texas shelf embayment.
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During the initial MIS 2-1 transgression, the outer continental shelf was rapidly flooded and
blanketed in mud. By early Holocene time the rate of sea-level rise began to decrease and by
~11.5 ka the Rio Grande and Colorado rivers formed fluvial-dominated deltas on the inner shelf,
an indication that sediment supply to these rivers had increased to the point where they were able
to keep pace with sea-level rise (van Heijst et al., 2001; Abdulah et al., 2004; Banfield and
Anderson, 2004). By 9.5 ka these lobate-shaped fluvial-dominated deltas transformed to shoreparallel, elongate wave-dominated deltas. Transgressive ravinement of these deltas is believed to
have been the principal source of sand to the central Texas coast during the Holocene (Odezulu
et al., in preparation). Ultimately, these deltas were buried by the TMB and no longer a source
of sand for coastal nourishment. The TMB shows more or less continuous deposition with no
evidence of 5th order cycles in the form of hiatuses (Weight et al., 2011).
At about the same time the ancestral Colorado and Rio Grande deltas were active, the incised
valleys of the Lavaca and Nueces incised valleys were flooded to form the modern Matagorda
Bay and Corpus Christi Bay estuaries respectively. Matagorda Bay was filled with landward
stepping fluvial/bayhead delta/open bay/tidal delta deposits with 5th order flooding surfaces
bounding these parasequences (Maddox et al., 2008). In contrast, the Nueces valley is
characterized by a more aggradational succession with only minor flooding surfaces (Simms et
al., 2008). The different timing of flooding events between the two valleys suggests that
sediment supply and not eustasy was the dominant control on valley infilling (Anderson et al.,
2016).
The sand eroded from the ancestral Colorado and Rio Grande deltas was delivered to the central
Texas coastal embayment through alongshore transport, leading to a phase of shoreface
progradation with sands resting on transgressive marine mud and extending up to 5 km seaward.
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Available radiocarbon age control indicates that this episode of shoreface progradation began ~
6.5 ka and lasted till ~4.8 ka (Odezulu et al., in preparation). This progradation occurred as
relative sea-level decreased from 4.2 mm/yr to 1.4 mm/yr (Milliken et al., 2008), so it is
interpreted as having been caused by an increase in sediment supply to the coast (autogenic
forcing). Odezulu and his colleagues calculate an average sand flux associated with the midHolocene progradation of ~3.2 km3/ 1000 yr (18.20 m3/m/yr), which is less than the volume of
sand associated with the ravinement of the ancestral Colorado and Rio Grande deltas (10.50 km3
versus 17.60 km3, respectively).
Around 3.5 ka, the shoreline retreated ~3km landwards (Fig. 4.4). This phase of shoreface
retrogradation occurred around the same time the TMB experienced an episode of major
expansion associated with a total sediment flux of ~ 172 km3 (Weight et al., 2011). This episode
of TMB expansion is attributed to an increase in fine sediment delivery from the Mississippi
River coupled with some local mud delivered by the Rio Grande and Colorado rivers, and fine
suspended materials sourced from the ravinement of the ancestral deltas. (Weight et al., 2011).
Thus, the observed shift from shoreface progradation to retrogradation is attributed to a decrease
in sand supply and perhaps due to the expansion of the TMB; as the TMB expanded the offshore
sand sources were overstepped by the advancing shoreline and buried in mud. It is also possible
that the fluvial sediment input was reduced at this time in response to a change in climate from
cool and wet to warm and dry (Toomey, 1993) and/or to a change in near circulation that altered
sediment delivery to the region. Regardless of the exact cause, this shoreface retrogradation
occurred as the rate of sea-level rise in the northern Gulf decreased from an average rate of 1.4
mm/yr to 0.5 mm/yr with no indication of punctuated rises (Milliken et al., 2008), so it is
interpreted as an autogenic event.
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A second phase of shoreface progradation began sometime after 1.5 ka and continues until
present (Fig. 4.4 & 4.5). This latest phase of progradation is marked by shoreface sand that
sharply overlies marine mud. It perhaps resulted from a decrease in TMB expansion, an increase
in storm-related sand transport, and/or an increase in the alongshore sand transport. Results from
Weight et al. (2011) do not indicate a reduction in TMB accumulation over the last ~1500 years,
nor are there any known climate or paleoclimate events that would have resulted in a significant
reduction in fine-sediment delivery to the TMB at this time. An alternate interpretation is that
there was an increase in alongshore sediment transport from increased erosion of both the upper
and south Texas coasts around this time. Regardless of the exact cause, this progradational event
is confined to the central Texas study area and it began at a time when the rate of sea-level rise is
not believed to have changed significantly. Thus, it is interpreted as an autogenic event.
4.6 Conclusion
The Late Quaternary stratigraphy of the Texas coast and inner shelf varies regionally despite a
similar sea-level history. During the past glacial eustatic sea-level cycle (OIS 5e-1),
sedimentation on the upper Texas continental shelf was dominated by episodic growth of large
fluvial-dominated deltas that was regulated by sea level oscillations on the order of a few tens of
meters, but the magnitude of these events varies due to differences in climate-controlled changes
in sediment supply to these deltas (Anderson et al., 2016). Offshore core transects from the
upper Texas coast reveal continuous flooding and landward shifts in shoreline during the
Holocene (OIS 2-1 transgression). Likewise, the Holocene stratigraphic record from area bays is
characterized by landward stepping parasequences that are attributed to both episodic sea-level
rise and changes in sediment supply (Milliken et al., 2008a,b; Anderson et al., 2008).
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The central Texas inner continental shelf does not record the same deltaic growth patterns
observed on the upper Texas coast. Rather, the area is characterized by more or less continuous
progradation of coastal deposits during OIS 5-3 (Eckles et al., 2008). During the middle and
late Holocene (OIS 2-1) transgression, the central Texas coast and shoreface experienced highfrequency progradation and retrogradation cycles that resulted from variations in sediment
supply from erosion of ancestral Colorado and the Rio Grande deltas and variations in rates of
longshore sand transport. Shoreface progradation during these events was on the order of 3 to 5
km and over 150 kilometers along the coast. These changes occurred during a time when the rate
of sea level rise had decreased from 1.4 mm/yr to average of 0.5 mm/yr with no evidence for
significant variation. Given these observations, we remain dubious about the use of
parasequence for outcrop and subsurface data.
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Appendix 1-A

Table 1: Core 4_1 210Pb Analyses result
Sample
ID

0-2
2-4
4-6
6-8
8-10
10-12
12-14

Weight of
wet
sample
(g)

1.021
1.045
1.067
1.098
1.112
1.131
1.144
1.087

Weight of Dry Wt./
dry
Wet cc.
sample
(g/cm3)
(g)

0.211
0.248
0.269
0.292
0.319
0.333
0.356
0.321

0.20666
0.237321
0.252109
0.265938
0.286871
0.29443
0.311189
0.295308

Mass in
extrapolated
section
(g/cm )

Po-210
Unsupported
Activity
(DPM/g)

0.41332
0.474641
0.504217
0.531876
0.573741
0.588859
0.622378
0.885925

Blank
12-14
12-14

Table 2: Core 2_4 210Pb Analyses result

-2.66
-2.66
-2.66
-2.66
-2.66
-2.66
-2.66
-2.71

DPM in
Section

-1.09943
-1.26255
-1.34122
-1.41479
-1.52615
-1.56637
-1.65552
-2.40086

Sum
-12.2669

Cum.
DPM in
core
-1.09943
-2.36198
-3.7032
-5.11799
-6.64414
-8.2105
-9.86603
-12.2669

Ax: DPM
in core
below the
section
being
aged
15.75858
17.02113
18.36235
19.77714
21.30329
22.86965
0
0

Age at
Bottom of
Extrapolat
ed
Section in
Years
(CRS
Model
Estimate)
-2.3267
-4.80622
-7.24637
-9.63433
-12.0258

CRS
Model
Estimate

0-2
2-4
4-6
6-8
8-10
10-12
12-14

0
1
2
3
4
5
6
7
7
8
9
10
11

9.961465
9.961465
22.9303
22.9303
39.55712
39.55712
65.92974
65.92974
65.92974
110.2272
110.2272

CRS
Model
Estimate
(error)

0.221503
0.221503
0.64052
0.64052
1.443986
1.443986
3.070612
0
3.070612
9.406228
9.406228

Po-210
Unsupported
Activity
(Bq/g)

0.157403
0.157403
0.125298
0.125298
0.09588
0.09588
0.075149
4.508954
0.075149
0.041015
0.041015
0.013465
0.013465

Po-210
Unsupported
Activity +/1 S.D.
(Bq/g)

0.0035
0.0035
0.0035
0.0035
0.0035
0.0035
0.0035
0.0035
0.0035
0.0035
0.0035
0.0035
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