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ABSTRACT
The Holocene History and Facies Architecture of the Nueces Bayhead Delta of the

Northwestern Gulf of Mexico

By

Johnathan Aaron Rice

The economic importance of coastlines highlights the need to understand how coasts
evolve in response to changing climate. Prior work suggests that many of the estuaries in the
northwestern Gulf of Mexico underwent large changes at 2.6, 4.8, and 8.2 ka. Twenty-eight
vibracores, eight Geoprobe cores, twenty-eight radiocarbon ages, and twenty-five kilometers
of seismic profiles were used to determine the response of the Nueces Bay-head Delta to the
2.6 ka and 4.8 ka events. Within the cores we identified nine sedimentary facies representing
five distinct deltaic environments. Within the 25 kilometers of seismic data, we identified
five seismic facies that correspond to the deltaic environments identified within the sediment
cores.

Fifteen sand lobes interpreted to be buried mouth-bar deposits identified in the
seismic profiles and cores were used to track changes in the location of the seaward edge of
the delta through the middle to late Holocene. Following progradation of the delta at 6.9 ka,
the delta underwent two back-stepping events in which the delta front transgressed up to 20
km at 4.8 ka and 2.6 ka. Following these two back-stepping events the delta prograded up to

14 km seaward of the maximum landward location of the delta. During delta progradation



from 4.8-3.2 ka, 11 + 2.4 x10° m®/yr of sand was delivered to the delta. During delta back-
stepping from 3.2-2.6 ka, 5.9 + 2.4 x10° m®/yr of sand was delivered to the delta. During the
last phase of delta progradation from 2.6 ka-present, 5.3 + 2.4 x10° m®/yr of sand was
delivered to the delta. The decrease in the volume of sand delivered to the delta during the
back-stepping event at a time when the rate of sea-level rise was decreasing and regional
records of climate show drying suggests that the back-stepping events were likely driven by

climate changes.
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Introduction

Approximately 40% of the global population lives within 100 km of the coast
(CIESIN, 2013). These coastal systems are threatened by natural climate change and
anthropogenic activities (Wallace et al., 2009). Most studies examining the future fate of
coastlines in response to anticipated climate change focus on the impacts of increased sea-
level rise (Pethick, 2001; Church and White, 2006; FitzGerald et al., 2008). However, other
factors associated with climate change, including diminished sediment supply to coastal
systems, may also provide a mechanism for triggering rapid coastline changes. The Holocene
was marked by several periods of climate change both globally (Obrien et al., 1995;
Mayewski et al., 2004) and across the northwestern Gulf of Mexico (Buzas-Stephens et al.,
2014; Livsey et al., In Review). We hypothesize that the entire Nueces Delta underwent a
rapid landward retreat (back-stepping) during periods of increased aridity. Back-stepping
events at 2.6 ka and 4.8 ka reached a maximum transgression of 15 km (Simms et al., 2008).
Coastal changes are commonly associated with relative sea-level change in response to
climate change. However, recent regional sea-level curves (Simms et al., 2007; Térnqvist et
al., 2004; Livsey and Simms, 2013) suggest that sea levels at 2.6 ka and 4.8 ka did not
experience a steep increase in the rate of rise but were gradually decreasing. Seaward edges
of bayhead deltas are generally stable when the sediment supply is balanced with the rate of
sea-level rise and ocean dispersal patterns (Nichols, 1989, Yang et al., 2003). During
droughts, sediment supply to bayhead deltas decrease due to lower stream discharge
(Rodriguez et al., 2000; Fraticelli, 2006). Diminished sediment supply during drought may

cause the front of bayhead deltas to retrograde.



The purpose of this study is to examine the response of the Nueces Delta to Holocene
climate changes. Sediment cores and high-resolution seismic profiles were used to map the
location of the bayhead delta over the last 8 ka. Combined with radiocarbon ages and grain-
size data quantifying the amount of sand delivered to the delta, we document the history of
the delta. In addition to documenting the history and evolution of the Nueces Delta, this
study provides additional insights into the understanding of bayhead-delta architecture.
Background
Study Area

The Nueces Bay/Corpus Christi Bay system is located along the central Texas coast
within the northwestern Gulf of Mexico (Fig. 1A). The Nueces River flows into the upper
reaches of Nueces Bay forming a bayhead delta (Fig. 1B). The Nueces River begins in the
Edwards Plateau of central Texas and generally flows south towards the Gulf of Mexico over
a course of approximately 507 kilometers (TCEQ, 2013). The drainage basin of the Nueces
River covers an area of approximately 43,900 km? (TCEQ, 2013). The Nueces River supplies
most of the freshwater and fluvial sediment to the Nueces Bay/Corpus Christi Bay system
and is confined by the Nueces Incised Valley. The Nueces River is dammed at multiple
locations. The most seaward dam is located approximately 20 km upstream from Nueces Bay
and has reduced freshwater and fluvially derived sediment supply to the Nueces Bayhead
Delta (Mannino and Montagna, 1996).

The tidal range of Nueces Bay is < 0.3 m (USGS, 2014). The maximum landward
extent of tidal inundation is marked locally by an escarpment that extends from one side of
the incised valley to the other and separates the lower delta-plain from the upper delta-plain

(Fig. 2). Corpus Christi Bay is separated from the Gulf of Mexico by Mustang Island and



Nueces Bay is separated from Corpus Christi Bay by two spits (Fig. 1B). Tidal connectivity
between the estuary and the Gulf of Mexico occurs through Aransas Pass.

The Nueces Bay/Corpus Christi Bay system, from the delta to the barrier island,
comprises a classic tripartite wave-dominated estuary system (Dalrymple et al., 1992).
Currently, active sand deposition is occurring at the mouth of the Nueces River where the
modern mouth bar is forming along the southern flank of the incised valley (Figs. 1C & 2).
The rest of the delta receives sediment primarily during large river floods and during
intermittent marine flooding (White et al., 2002).

Climate

Nueces Bay experiences a sub-humid to semi-arid climate with increasingly drier
conditions upstream within the drainage basin of the Nueces River. Average annual rainfall
within the delta is approximately 76 cm/year with an evaporation rate of approximately 145
cm/year (USGS, 2014).

Multiple global climate events have occurred at the millennial scale throughout the
Holocene (Bond et al., 2001; Noren et al., 2002; Mayewski et al., 2004). During the early to
middle Holocene, most of North America (Dean et al., 1996) and southwestern regions of
Mexico (Bernal et al., 2011) experienced periods of aridity. The Edwards plateau, within the
headwaters of the Nueces River in central Texas, experienced arid conditions that reached
their peak from 2.5-5 ka (Blum and Valastro, 1989; Toomey et al., 1993; Blum et al., 1994).
Leading up to, during, and following this peak aridity, the northwest Gulf of Mexico
experienced intermittent millennial-scale shifts between wetter and drier climate conditions
(Poore et al., 2003; Buzas-Stephens et al., 2014). The estuaries of the northwest Gulf of

Mexico have experienced changes at similar frequencies, in particular at 2.6 and 4.8 ka.



(Anderson et al., 2008; Rodriguez et al., 2008; Simms et al., 2008; Simms et al., 2010;
Troiani et al., 2011; Anderson et al., 2014).
Sea Level

During the last glacial maximum, 20 ka, sea level along the northwestern Gulf of
Mexico was 90-100 m lower than present (Simms et al., 2007). The early Holocene rise in
sea level was rapid until 6-7 ka at which point it reached 5-10 m below present-day sea level
(Torngvist et al., 2004; Simms et al., 2007; Simms et al., 2008; Milliken et al., 2008;
Rodriguez et al., 2010). The Gulf of Mexico has experienced a relatively steady decrease in
the rate of sea-level rise over the past 6-7 ka (Simms et al., 2008, Livsey and Simms, 2013)
with an average rate of 0.4 to 0.6 mm/yr over the last 4 ka (Milliken et al., 2008).
Methods
Core Collection and Seismic Acquisition

Six geoprobe cores and twenty-nine vibracores were collected during the summer of
2012 (Fig. 1C). Two additional geoprobe cores were collected in the summer of 2008. Cores
range from three to fifteen meters in length. All cores were split and described at the
sedimentology and stratigraphy lab at the University of California, Santa Barbara. The
vibracores collected on the seaward edge of the Nueces Delta were used to establish the
sedimentary characteristics of facies observed within the delta and better interpret longer
cores (Figs. 3 & 4). Additionally, twenty-five kilometers of seismic data (Fig. 1C) was
collected from upper Nueces Bay and within the distributary channels of the Nueces Delta
with an Edgetech SB-216S full spectrum sub-bottom profiler operated using an Edgetech

3200XS topside unit. The seismic data was processed using a standard band pass filter and



automatic gain control. A time-depth conversion was made using a velocity of 1580 m/s
(Simms et al. 2008)
Coarse Fraction

Coarse fraction analysis was used to aid in interpreting depositional environments
based on a modified version of the Shepard and Moore (1954) method. Samples were sieved
using a 63 um sieve to isolate the coarse fraction. Minerals, plant material, shell material,
foraminifera, ostracods, insects, and charcoal were counted and their relative abundances
determined.
Grain Size

Grain-size analysis was performed on nine of the sediment cores (Figs. 1C & 5) using
a CILAS 1190 laser particle size analyzer. Five geoprobe cores with lengths ranging from 6.1
—12.2 m were sampled at 10 cm intervals and four vibracores with lengths ranging from 1.4
— 4 m were sampled at 20 cm intervals. All grain-size analysis samples were pre-treated
using 30% hydrogen peroxide (H20,) to remove organics and 10% hydrochloric acid to
remove carbonates (Kirby et at., 2014).
Radiocarbon Dating

Twenty eight accelerated mass spectrometry radiocarbon ages (Table 1) were
obtained from articulated and non-articulated bivalves, gastropods, foraminifera, a crustacean
pincer, and a piece of wood. The global marine carbon reservoir is 440 years (Stuvier et al.,
1998); however, fluvial derived “dead” carbon can bias ages when using bivalves.
Radiocarbon reservoir effects are commonly corrected for by using the difference in age
between organic material (charcoal or plant material) and marine carbonate deposited

concurrently (Aten, 1983). Simms et al. (2008) dated a piece of wood and a barnacle attached



to it within Corpus Christi Bay. The difference between the wood and the barnacle was 760
years before the dates were calibrated, suggesting a local radiocarbon reservoir of 760 years
within Corpus Christi Bay. We estimated the local radiocarbon reservoir effect within
Nueces Bay using a similar method. An articulated bivalve (Macoma tageliformis) was
sampled at a depth of 703 cm in core ND12-18 (Fig. 4). A piece of wood was also sampled at
the same depth as the bivalve and both materials were dated. The difference in age was used
as the radiocarbon reservoir for all ages except for one obtained from an unidentified
terrestrial gastropod from core ND12-17. All ages were calibrated using the Marinel3 curve
(Reimer et al., 2013) in CALIB v7.0.2 except for the unidentified gastropod, which was
calibrated using the IntCal13 curve (Reimer et al., 2013).
Sediment Supply Calculations

We used the volume of sand as a conservative record of sediment supply to the delta
due to the potential of finer-grained material to be exported from the bay (Shideler et al.,
1984). Sand supply was determined by multiplying the percent sand for each facies by the
total sediment volume stored in the delta through time. Sediment supply, as measured in
volume, was calculated by subtracting the elevations of stratigraphic surfaces identified
within sediment cores and seismic profiles. Five main surfaces were used for the volumetric
calculations. The lowest surface was constructed from the contour map of the Nueces Incised
Valley from the study of Simms et al. (2008). The original incised valley contours extend
from the seaward edge of the delta to Mustang Island. We extended those contours landward
using a Pleistocene contact in core ND12-17 as well as channel sand deposits observed in the
bottom of cores ND12-18 and 12-20. Two incised valley surfaces were created to account for

errors associated with this extrapolation. One surface assumes the incised valley is v-shaped



and the other surface assumes the incised valley is u-shaped thus establishing a minimum and
maximum estimate respectively. Four overlying surfaces were constructed based on
stratigraphic surfaces identified in sediment cores. The upper-most surface is the modern
topography and bathymetry obtained from a digital elevation model from NOAA (2008).
The sediment volume supplied to the delta (V,) (Table 2) was determined by
averaging the maximum (using a U-shaped valley) and minimum (using a VV-shaped valley)
sediment volume scenarios according to the following equation:
Va = (U= U) + (Vy— V)2
where U, is the volume of the U-shaped valley below the upper surface, U, is the volume of
the U-shaped valley below the lower surface, V, is the volume of the VV-shaped valley below
the upper surface, and V, is the volume of the V-shaped valley below the lower surface. The
sand supply (Vs) was determined by multiplying V, by the sand percentages of each of the
respective environments (Fig. 5) in the following manner:
Vs = (((Va* M)) * Sp) + (((Va * LDP)) * Sigp)
where M is the percent of the valley filled during that time interval with mouth bar deposits,
Sm is the average sand content of the mouth bar deposits, LDP is the percent of the valley
filled during that time interval with lower-delta plain deposits, and Sq, is the average sand
content of the lower-delta plain deposits.
The total error (E;) was determined in the following manner:
E:= ((E/%) + (ES)™
where E, is the difference in sand content between the maximum sediment volume and the
average sediment volume and E; is the difference between V; and V; calculated using one

standard deviation higher than the mean of the Sy, and Syqp distributions.



Results
Sedimentary Facies

Nine sedimentary facies were identified in the cores (Fig. 6).
Mud Facies 1

The uppermost facies observed in the lower delta-plain is Mud-facies 1 (M1) (Fig. 6).
M1 is a mottled grey clayey silt with little to no shell material. This facies has burrows filled
with sandy silt. Modern root fragments are found in the top of cores sampling this facies.
Shell material increases with depth from 0% to a maximum of 5% in the bottom 20 cm of
this facies. When present, shell material consists of Mulinia sp. and Rangia sp. Gastropod
shell fragments were also present but too fragmented to identify. The overall thickness of the
beds of this facies ranges from 90 to 130 cm.
Mud Facies 2

Mud facies 2 (M2) (Fig. 6) is dominantly composed of silt (>80%) with little to no
sand. M2 is characterized by laminated beds of light and dark grey muds. No plant material
or shell material was observed in this facies.
Mud Facies3

Mud Facies 3 (M3) (Fig. 6) is a black/dark gray mud with less than 15% sand. No
shell material is observed in M3. However, organic material, such as roots or other plant
fragments are commonly present. M3 is observed within the upper 50 centimeters of all of
the Geoprobe cores taken on the upper-delta plain. M3 is commonly overprinted with
pedogenic features such as calcium carbonate nodules and capped by a distinct organic-rich
horizon.

Sand Facies 1



Sand Facies 1 (S1) (Fig. 6) is a structureless sand with clayey silt-filled burrows and
shell fragments. S1 contains >40% sand by volume but some samples contained over 80%
sand. Shell fragment content ranges from 5-20% by volume and is composed of Mulinia sp.,
Rangia flexuosa, Macoma tageliformis, and Crassostrea virginica. Crassostrea virginica is
highly fragmented when observed and never found articulated. Gastropod shell fragments
were also observed but too fragmented for identification. S1 underlies M1 in most cores (Fig.
2). The contact between these two facies is usually sharp but a gradational contact, composed
of a fining up sequence between the two faces, is observed in two cores. Beds of S1 range in
thickness from 1 to 1.5 m.
Sand Facies 2

Sand Facies 2 (S2) (Fig. 6) is composed of mottled grey and brown silty sand (60%
sand) with approximately 15% shell fragments by volume. Plant and root material is
observed within the facies as well as non-articulated fragments of Rangia flexuosa.
Sand Facies 3

Sand facies 3 (S3) (Fig. 6) is a poorly sorted, sub-rounded to rounded, fine to medium
sand. S3 is brown and devoid of any shell material or organics.
Sand Facies 4

Sand Facies 4 (S4) (Fig. 6) is composed of tan rounded, very fine sand with less than
15% silt. No shell material or organics were observed in S4 but large calcium carbonate
nodules with exsolution rims were observed.
Oyster Facies

An oyster-rich mud or sand (Fig. 6) was found in cores ND12-05 and ND12-09

(Appendix B) obtained from the seaward edge of the Nueces Delta. This facies is composed



of articulated clusters of Crassostrea virginica shells within a silty or sandy matrix (Fig. 5).
The oyster shells range from 3-7 cm in length. Other shell fragments are found within the
oyster facies including Mulinia sp., Rangia flexuosa, and Macoma tageliformis.
Shell-Hash Facies

The shell-hash facies (SH) (Fig. 6) is composed of >80% shell fragments by volume.
The shell fragments range in size from 0.5-2 cm. No articulated bivalves were found in the
shell-hash facies but the valves observed ranged from entirely intact to small shell fragments.
The shell-hash facies is found in association with the oyster facies.
Seismic Facies

Seismic data was collected in the bay, along two distributaries within the delta and
along the main stem of the Nueces River (Fig. 1C). Five distinct facies were identified (Fig.
7)
Seismic Facies 1

Seismic facies 1 (SE1) is characterized by high amplitude, closely spaced, parallel
reflections. (Fig. 7)
Seismic Facies 2

Seismic Facies 2 (SE2) is characterized by chaotic to transparent reflections. SE2 is
commonly bound by a high amplitude reflection (Fig. 7).
Seismic Facies 3

Seismic Facies 3 (SE3) is composed of a series of dipping, en echelon reflections.
SE3 is commonly bound by a horizontal high amplitude reflection (Fig. 7). SE3 has a similar
geometry as the parallel prograding clinoforms of Mitchum et al., (1977).

Seismic Facies 4

10



Seismic Facies 4 (SE4) is composed of sets of complex sigmoid oblique reflections
(Mitchum et al., 1977) (Fig. 7).
Seismic Facies 5

Seismic Facies 5 (SE5) is composed of lower amplitude reflections similar to the
prograded fill of Mitchum et al., (1977) (Fig. 7). SE5 is commonly bound by a high
amplitude reflection.
Coarse Fraction

Coarse Fraction analysis was performed on twenty-three samples from the lower-
delta plain, mouth bar and upper-bay environments. Sixteen of the twenty-three samples were
obtained from the upper five centimeters of sediment cores and the other seven samples were
sampled at depths ranging from 15-60 cm, beneath facies contacts. The purpose of
employing coarse fraction analysis was to distinguish lower-delta plain sediments from
upper-bay sediments. While one comparison proved promising (Fig. 8), no major distinction
was found within the coarse fraction to distinguish upper-bay sediments from lower delta-
plain sediments. The inability to distinguish upper-bay sediments from lower delta plain
sediments may be attributed to the variety of sedimentary regimes experienced within the
lower delta plain including marine, intermittent marine, and fluvial. Lower-delta plain
sediments deposited by intermittent sub-marine or fluvial processes may be distinguished
from upper-bay sediments based on their lower abundances of foraminifera or plant material.
However, tidal distributaries also comprise a large portion of the lower-delta plain and
exhibit similar sedimentary characteristics as upper-bay sediments. As such, sediments
deposited landward of the shoreline in tidal distributaries contain similar flora and fauna

abundances as upper-bay deposits and the two sedimentary deposits are indistinguishable.
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Radiocarbon Ages

Twenty-eight radiocarbon ages were obtained from the sediment cores (Table 1). A
difference of 365 years was found between a paired articulated bivalve and a piece of wood
sampled at the same depth in core ND12-18 (Fig. 4). The difference of 365 years was used as
the local radiocarbon reservoir for all ages except for the unidentified terrestrial gastropod.
Sand Supply

Sand supply was calculated over three periods of time from approximately 4.8 ka-3.2
ka, 3.2 ka-2.6 ka, and 2.6 ka-present. From 4.8-3.2 ka, 11 + 2.4 x10° m*/yr of sand was
delivered to the delta. From 3.2-2.6 ka 5.9 + 2.4 x10° m*/yr of sand was delivered to the
delta. From 2.6 ka to present, 5.3 + 1.1 x10° m®/yr of sand was delivered to the delta.
Discussion
Facies Interpretations

The nine sedimentary facies and five seismic facies identified in this study were
grouped into five major depositional environments (Fig. 2) (Table 3). The five major
depositional environments were used to reconstruct the middle to late Holocene evolution of
the Nueces Bayhead Delta (Fig. 9). These environments include mouth bar, lower-delta plain,
upper-delta plain, upper bay, and fluvial.
Mouth Bar

Sand facies 1 (S1) (Fig. 6) (Table 3) is interpreted to represent mouth bar deposits
based on its sandy, well-sorted nature. Rangia flexuosa and Mulinia lateralis were sampled
in the modern mouth bar and in S1 in cores. No structures were observed in either the
modern mouth bar deposit or where S1 was observed in sediment cores. The absence of

structures in S1 may be attributed to either disturbance during sampling and/or bioturbation.
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Three articulated bivalves of approximately the same age were obtained from a three meter
thick bed of S1 in core ND12-23 (Figs. 3 & 4) suggesting that beds of S1 were deposited
rapidly, consistent with a mouth bar interpretation. Seismic facies 2 (SE2) is also interpreted
as mouth bar deposits based on its chaotic nature suggesting a sandy character to the deposits
and the character of sediments within sampled intervals of a similar seismic facies by Simms
et al., (2008). Seismic facies 3 (SE3) (Fig. 7) exhibits a progradational geometry expressed as
parallel prograding clinoforms (Mitchum et al., 1977). This facies likely also represents the
mouth bar as it prograded during a period of higher sediment supply.
Lower-Delta Plain

Deposition within the modern lower delta plain is controlled primarily by intermittent
marine processes (Olariu and Bhattacharya, 2006). Mud facies 1 (M1) and Mud facies 2
(M2) (Fig. 6) (Table 3) are interpreted to represent lower-delta- plain deposits based on the
scarcity or absence of shell material, little to no soil development, and their occurrence in the
tops of cores from the modern lower-delta-plain. M1 represents the portion of the lower-delta
plain that is intermittently exposed and experiences intermittent deposition from tide, wind-
wave, and fluvial processes. The modern extent of M1 deposits on the surface of the delta is
confined by the incised valley to the north, the Nueces River to the south, the bay to the east,
and an erosional scarp to the west. M2 was observed in a core collected in a tidal channel
within the Nueces Bayhead Delta. Thus M2 likely represents the tidal distributary network
commonly associated with deltas (Olariu and Bhattacharya, 2006).
Upper-Delta Plain

Mud Facies 3 (M3) (Fig. 6) (Table 3) is interpreted to represent deposits from the

upper-delta plain based on its finer grained nature, the presence of roots and other organic
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material and the absence of shell material. It also occurs in the tops of cores from the upper-
delta plain. The upper-delta plain experiences less periods of sub-aqueous deposition
compared to the lower-delta plain except during large floods or storm surges. Pedogenic
processes have overprinted most occurrences of M3. Soil horizons are well developed with
O, A, E, and B horizons present. Calcium carbonate nodules were observed in all M3
deposits.

Upper Bay

Due to only one core (ND12-08) sampling upper-bay sediments (Fig. 8) in this study,
we relied on the descriptions of upper-bay sediments by Simms et al., (2008) to identify this
facies. However, seismic profiles did image what were interpreted as upper-bay deposits
(SE1). This interpretation is based on the presence of seismic facies 1 (SE1) in the upper
portion of seismic profiles collected from the upper bay of Nueces Bay. (Fig. 7)

Oyster facies (OF) (Fig. 6) (Table 3) is interpreted as an oyster reef. Oyster reefs are
common in the bay today and occur within upper and open bays throughout the northwestern
Gulf of Mexico (Buroker, 1983). Crassostrea virginica sampled in OF are the same species
observed in modern oyster reefs. A distribution of species commonly found with modern
oyster reefs was also observed in OF including Mulinia sp., Rangia flexuosa, and Macoma
tageliformis. Shell hash facies (SF) is interpreted as distal oyster reef deposits based on its
location conformably on top of OF in cores as well as the broken nature of the shell material
in SF.

Fluvial Facies
Sand Facies 2 (S2) (Fig. 6) (Table 3) is interpreted as a levee deposit. The

interpretation of S2 is based on the interbedded nature of the brown and grey deposits and its
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presence in core tops from cores collected on the modern levee. Sand facies 3 (S3) is poorly
sorted and composed of fine to coarse sand. S3 is brown, devoid of any shell material or
organics and was only observed in the deepest sections of two Geoprobe cores. S3 is
interpreted as channel sands based on its poor sorting, low clay/silt content, and the absence
of shell material. Sand facies 4 (S4) is interpreted as Pleistocene fluvial terrace deposits
based on the absence of organic material and the presence of large (1-3 cm) calcium
carbonate nodules with exsolution rims.

Seismic facies 4 (SE4) is interpreted as a point bar deposit. Both SE3 and SE4 (Fig.
7) contain oblique reflections. However, SE4 was interpreted as a fluvial facies because the
complex sigmoid oblique reflections within SE4 lead laterally into a channel-like geometry.
While the parallel prograding clinoforms of SE3 grade distally into horizontal reflections.
Seismic facies 5 (SE5) is interpreted as channel fill based its geometry (Fig. 7).
Facies Architecture

Deltas commonly exhibit well defined topsets and foresets (Gilbert, 1885). However,
accommodation plays an important role in the development of foresets within deltas and thus
the foresets are not ubiquitous within all deltas (Milligan and Lemons, 1998). Such deltas
lacking foresets have been referred to as topset-dominated deltas (Edmonds et al., 2011). The
Nueces Delta, similar to other bayhead deltas within the Gulf of Mexico, is topset dominated
(Edmonds et al., 2011). The topset nature and poorly-developed to absent pro-delta
environment during the middle and recent Holocene is likely due to the shallow water depth
characteristic of Nueces Bay.

Another characteristic feature of the Nueces Bayhead Delta is the nature of the mouth

bar deposits. Deposition of the mouth bar sands within the delta is episodic in nature. Most
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mouth bar deposits are composed of 1-2 m thick beds. Radiocarbon ages from the top and
bottom of these beds are essentially the same age (Fig. 3). Although deposition occurred
rapidly, each mouth bar package is geographically isolated similar to the deltaic overbank
deposits of Shen et al., (2015). While the modern mouth bar is found in a water depth of 1-2
m and most mouth bar deposits sampled in this study are less than 3 m, a 6.9 ka mouth bar
deposit located in core ND12-18 (Fig. 4) is approximately 6 m thick, which is thicker than
any other mouth bar deposits sampled. The thicker mouth bar at 6.9 ka may be attributed to
greater accommodation as sea-level was rising faster at 6.9 ka (Simms et al., 2007; Milliken
et al., 2008). Some of this greater accommodation may have been a direct result of the 0.4-2
m of rapid sea-level rise at 8.2 ka (Tornqvist et al., 2004; Kendall et al., 2008; Rodriguez et
al., 2010).

Bedload deposition within the delta is focused at the mouth bar. However, most of the
suspended load is carried out into the bay. Within Corpus Christi Bay, wind resuspension is
an important process for clay sized sediments (Shideler, 1984). One ubiquitous feature within
the Nueces Bayhead Delta system is the large and thick accumulation of muddy lower-delta
plain deposits flanking the much smaller sandy mouth bars. This “mud plug” currently to the
north of the modern mouth bar constitutes an important component of the Nueces Incised
Valley fill. The “mud plug” is likely sourced from overbank deposition during fluvial
flooding from the Nueces River as well as a component of re-suspended muds brought onto
the lower delta plain by the wind waves and tides (Shideler, 1984; White et al., 2002).
Similar “mud plugs” may be an important yet unrecognized portion of incised valley fills.

Deltaic Evolution
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Radiocarbon ages obtained from this study and a previous study (Simms et al., 2008)
were used to reconstruct the evolution of the delta through the Holocene. The locations of
mouth bars interpreted from Sand Facies 1 and Seismic Facies 2 in conjunction with paleo-
bayhead delta deposits dated and documented by Simms et al., (2008) record the back-
stepping and prograding of the delta through time (Fig. 9).

The only deposits older than 8.2 ka sampled in this study were deposits from fluvial
facies in three cores approximately 11 km from the mouth of the Nueces River. Sand facies 4
(S4) in core ND12-17 is interpreted as a Pleistocene terrace deposit (Figs. 4 & 6). Sand facies
3 (S3) interpreted as channel sand deposits and observed in cores ND12-18 and ND12-20
(Figs. 4 & 6) may not be contemporaneous, but both are overlain by similarly aged lower-
delta plain deposits. These fluvial deposits likely fed a delta identified approximately 8 km
seaward of the modern mouth bar by Simms et al. (2008). The mouth bar identified by
Simms et al., (2008) near the modern Rincon Point (Fig. 10C) marks the farthest seaward
position of the delta from 8.2 ka to the present.

Following rapid transgression at 8.2 ka (Kendall et al., 2008; Simm:s et al., 2008;
Rodriguez et al., 2010), the delta transgressed approximately 20 km from Rincon Point to
core ND12-18. During this retreat the delta stabilized periodically forming three seismically
identified mouth-bar deposits 12 km west of Rincon Point sometime before 6.9 ka but after
8.2 ka. The three seismically identified mouth bars are assigned to this age based on their
elevation of 12-14 mbsl and their position in the incised valley. Also, during this retreat the
delta passed through core ND12-25 approximately 15 km west of Rincon Point at 6.9 ka. The
transgression from 8.2 — 6.8 ka represents flooding surface 1 (FS1). Following the

transgression that formed FS1, the delta mouth bar prograded east up to 20 km from core
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ND12-18 at 6.9 ka to Rincon Point at 5.0 ka. During this time period the delta mouth bar
passed through core NB03-02 at 5.6 ka.

Following the progradation culminating at 5.0 ka, the delta mouth bar backstepped 22
km from Rincon Point to core ND08-02 at 4.5 ka (Fig. 10). During this transgression, the
delta mouth bar passed through core ND12-25 at 4.6 ka approximately 15 km west of Rincon
point. Similarly aged delta mouth bar deposits were identified in cores ND08-01 and NDO8-
02. This suggests the delta mouth bar was being deposited at ND08-01, 19 km from Rincon
Point, and ND08-02, 22 km from Rincon Point, at 4.4 ka. The transgression from 5 ka to 4.5
ka represents flooding surface 2 (FS2). Following the transgression that created FS2, the
delta mouth bar may have prograded 22 km from core ND08-02 at 4.5 ka to Rincon Point at
3.2 ka. The maximum regression at 3.2 ka at Rincon Point is based on an age from a bayhead
delta deposit identified by Simms et al. (2008). However, No sediment cores or seismic
profiles sampled any intermediary delta mouth bars that can be temporally associated with
this regression. Seismic facies 2 (SE2), interpreted as a mouth bar, was identified in a profile
older than 3 ka but may be younger than 3.2 ka. The seismically identified mouth bar
suggests the delta mouth bar stabilized between core ND08-02 and Rincon Point. Thus a
minimum regression halfway between core ND08-02 and Rincon Point is assumed to have
occurred during this time.

Following the regression at 3.2 ka, the delta backstepped 6 — 18 km from Rincon
Point to core ND12-20 at 2.5 ka (Fig. 10B). The delta mouth bar passed through core ND12-
23 at 3 ka, 12 km west of Rincon Point, and passed through core ND12-12 at 2.8 ka, 15 km

west of Rincon Point, before reaching core ND12-20 at 2.5 ka. The transgression from 3.2 ka
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to 2.5 ka represents flooding surface 3 (FS3). Following FS3, the delta mouth bar prograded
10 km from core ND12-20 to its modern position passing through core ND12-11 at 2 ka.
Correlation with Paleoclimate Records

A recent study of foraminiferal assemblages within Baffin Bay located approximately
60 km to the south of the Nueces Bayhead Delta provides a centennial-scale record of
climatic changes throughout the region (Buzas-Stephens et al., 2014). Ammonia spp. is the
most abundant genera of foram in the Baffin Bay record and its abundance tracks changes
from xeric to more mesic climates. The transgression and regression of the Nueces Bayhead
Delta follows the proportion of Ammonia spp. through time (Fig. 10). Maximum landward
transgression of the system occurred during periods of maximum arid conditions. Similarly,
upon the return of more mesic conditions, the bayhead delta prograded. These transgressions
and regressions occurred at a time period when the rate of sea-level rise was decreasing,
suggesting a dominant control of climate on the behavior of the delta.

Sand supply to the system mirrored the regressive and transgressive patterns of the
Nueces Bayhead Delta from 4.8-3.2 ka and 3.2-2.6 ka respectively. Sand delivered to the
delta was greater during the regression (11 # 2.4 x10° m®/yr) than the transgression (5.9 + 2.4
x10° km®/yr). A decrease in sand supply during the transgression supports climate as the
dominant driver of delta back-stepping from 3.2-2.6 ka. The post 2.6 ka regression was not
was not marked by a return to higher sand supplies. However, the calculation of the post 2.6
ka sand supply is averaged over a longer time period and may mask higher frequency
changes in sand supply.

Conclusion
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This study identified nine sedimentary facies and five seismic facies defining five
major depositional environments. The position and age of these deposits was used to
illustrate how the Nueces Bayhead Delta migrated through the Holocene. Following the 8.2
ka event, the delta was located at a lower elevation and more seaward of its modern position.
At 8.2 ka the delta backstepped at least 20 km with two other transgressive events occurring
at 2.6 and 4.8 ka. The delta’s position changed by up to 20 km during these two latter back-
stepping events. The timing of these transgressive events correlates with periods of aridity
across the northwestern Gulf of Mexico. In conjunction with the 2.6 ka back-stepping event,
this period of aridity was marked by a decrease in the sand supplied to the delta suggesting

climate was the dominant driver of the Holocene transgressive events within the delta.
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Figure 3.Strike oriented cross-section of the Nueces Bayhead Delta.
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NDO08-02

Core Description Grain Size Analysis  Facies Interpretation

2725-1848 10:cii
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E 0Ocm
o 3080-2165
X oo
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c
(O]
—
£ | 5185-4134 Legend
[ ]siltClay
[ silty sand
D Sand
4944-3963 [X] No recovery

D Sand Facies 1
Mud Facies 1
. Mud Facies 3
. Candidate Flooding
Surface
.... Aggradational
Surface
A Organics
¢ Shell Material
v Burrows
@ Gastropod
«®+Nodule
» Sample obtained

0 for dating
¥ Articulated Bivalve

5296-4307

TN

!
o

20 40 60 80
Grain size abundance
percentage by volume

] MClay WSit [JSand

750 =

-
o

Clay Sitt Sand

Figure 5. Core description (left), grain-size profile (right), and facies interpretation (right) of
core ND08-02. Locations of radiocarbon dates are noted with red stars. See Appendix B for
core location.
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Nueces Bayhead
Delta

Nueces Bay

Chircoal N D l 2'05
O ND12-08 Sand

11.02%

Sand
70.42%

Figure 8.Coarse fraction analysis results from two core tops within the lower delta plain
(ND12-05) and the upper bay (ND12-08). Both cores were sampled at a depth of 5cm and
both cores have similar grain size.
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Unable to identify gastropod but assumed terrestrial given the location from which it
37

CALIB v7.0.2. Samples that begin with ‘YAUT’ were processed by Dr. Yusuke Yokoyama.

The samples that begin with ‘D-AMS’ were processed by DirectAMS.

Table 1.(pages 36 and 37) Radiocarbon ages for this study. Dates were calibrated using
i

came.



Total Volume ( x10% m°®) Sand Volume (%)
Percent Lower- Sand Supply per
Time Minimum | Maximum | Average | Mouth Bar Percent Lower- Mouth Bar Delta Year
(ka) Us-U) | (Vu—\V) (Va (M) Delta Plain (LDP) (Sm) Plain (Sis,) (x10° m3/yr)
48-32 1.30 1.76 1.53 18 82 50 11.0+/-2.4
32-26 0.72 1.00 0.86 4 96 50 59 +/-24
2.6-0.0 0.99 1.33 1.16 18 82 50 53+/-1.1

Table 2.Values used for sediment supply calculations

Facies Brief Description Environment
. : Lower Delta Plain — Sub-
. 0,
Mud Facies 1 Grey clayey silt; maximum 5% shells by aerial/intermittent
volume . X
marine/fluvial
. . . : Lower Delta Plain — tidal
Mud Facies 2 Laminated light and dark grey silty clay distributary
Mud Facies 3 Black/dark grey clayey silt; organics Upper Delta Plain

present

Sand Facies 1

Structureless silty sand to sand

Mouth Bar

Sand Facies 2

Mottled brown and grey silty sand

Lower Delta Plain — Levee

Sand Facies 3

Very fine to fine brown sand; no shell

Fluvial — Channel

material

Sand Facies 4 Very fine tan sand, CaCOs nodules Fluvial — Pleistocene terrace
observed

Oyster Facies Composed of 2r;ls(iglzted Clusters of Oyster Reef — Proximal reef

Shell Hash Facies

>80% shell fragments by volume

Oyster Reef — Distal reef

Seismic Facies 1

High amplitude parallel reflections

Upper Bay

Seismic Facies 2

Chaotic to transparent reflections

Mouth Bar

Seismic Facies 3

Series of dipping, en echelon reflections

Lower-Delta Plain

Seismic Facies 4

Sets of complex sigmoid oblique
reflections

Fluvial

Seismic Facies 5

Prograded fill reflections

Fluvial

Table 3.Table showing the facies this study defined and the environments they represent.
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Appendix A
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ND124%: % X

27.9°

-ND08-02

ND12-18"

ND12-20

Legend o
* Grain-size Analysis 0

Kilomelers e » i N
Grain-size analysis was performed on five geoprobe cores and four vibracores. The five

PR Vol

>
2
§E

ND12-36

ND12-23
ND12-12

AN

geoprobe cores were sampled at 10 cm intervals and the vibracores were sampled at 25 cm
intervals. The map illustrates the locations of cores that with grain-size analysis from the

Nueces Bayhead Delta
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ND08-01

Core Description Grain Size Analysis Facies Interpretation
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Legend

[ |siltClay

[ silty sand

[ ]sand

X| No recovery

D Sand Facies 1

. Mud Facies 1

[ Mud Facies 3

__ Candidate Flooding
Surface

.... Aggradational

Surface
A Organics
¢ Shell Material
~ Burrows
*®<Nodule
» Sample obtained
for dating
# Articulated Bivalve

g

o :’ 7498-6726
)

g

Length (cm)

a
8

4w *0 | 4945-3964%

IS
g

g

6788-5952 %

g

g
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gl
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700
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e
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[ I [ I 1 1
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Grain size abundance
percentage by volume

HClay MSit [JSand

850

O S O O N O O B I |

Clay Sit Sand

The left image shows the description of the core and where shells and organics were
observed. The radiocarbon dates that were obtained from this core are noted with red stars.
The middle image illustrates the grain-size distribution and the right image provides the
facies.
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Core Description
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See page 38 for description.
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ND12-17

Core Description Grain Size Analysis

0
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Length (cm)

[ | | | | |
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Grain size abundance
percentage by volume
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I |

650

See page 38 for description.
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Facies Interpretation
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ND12-18

Core Description Grain Size Analysis Facies Interpretation
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See page 38 for description.



Core Description

Length (cm)
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50 e@a

4 eee

Clay Sit Sand

See page 38 for description.
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Facies Interpretation

Legend

[]silvClay
[ Isilty sand
r_‘ Sand
@ No recovery
No recovery due
to flowing sands
. Mud Facies 1
. Mud Facies 3
[]sand Facies 1
. Sand Facies 3
__ Candidate Flooding
Surfaces
.... Aggradational
Surfaces
A Organics
O Shell Material
~v Burrows
*®+Nodule
# Sample obtained
for dating




Core Description
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See page 38 for description.
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Facies Interpretation
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ND12-23

Core Description Facies Interpretation
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See page 38 for description.
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ND12-26

Core Description Grain Size Analysis Facies Interpretation
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Legend
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See page 38 for description.

Core Description Grain Size Analysis Facies Interpretation
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See page 38 for description.
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The following four maps show location of all cores. Also shown are the core locations from
Simms et al. (2008) are depicted in the maps as well and are denoted with a ‘NB’ where as
cores for this study begin with ‘ND’
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Length (cm)

Geoprobes

ND08-01 ND08-02 ND12-17
; = 2 0 Drive 1=92cm:

D_ °e®e Drive 1 = 69 cm: Entire drive is Drivedt . Se.cinn 5 Ao 0-21 cm: Black organic silt
i 0-16 cm: Black organic silt ®

4 mottled black to grey mud. Calcium 9-16 em: IR 21-36 cm: Grey clayey silt
s -16 cm: Dark grey organic silt 2 ?

- 0L 3 carbonate nodules present Y : 36-68 cm: Grey clayey silt
16-31 cm: Grey sandy silt 4

e 68-92 cm: Grey sandy silt

31-82 cm: Grey sandy silt

B S PR O 8 1

Drive 2 = 113 cm: . mo_
0-23 cm: Mottled light grey mud Drive 2 = 118 cm: _ 4
23-47 cm: Dark Grey mottle mud. 0-41 cm: Grey mottied clayey_sm 4
Coarser-grained filled burrows 41-52 cm: Light grey clayey silt . x|
47-100 cm: Grey sandy silt with 52-118 cm: Mottley grey clayey silt 150+ Drive 2 = 93 cm:
organics, burrows, and calcium w/ shells E 0-4 cm: Grey sandy silt
carbonate nodules ] v 4-8 cm: Grey silty sand
100-113 cm: Light grey mottled mud e@e 8-93 cm: Gray clayey silt
Pl e
4 %=

Drive 3 = 119 cm: -
0-9 cm: Brown/tan silt sand

9-21 cm: Light grey mottled mud
21-34 cm: Grey silty sand w/ shells
34-61 cm: Grey mud

61-68 cm: Grey silty sand

with shell fragments

68-90 cm: Grey mud w/ shells
90-119 cm: Grey silty sand w/ shells

Drive 4 = 119 cm:

0-53 cm: Grey silty sand w/ shells
53-67 cm: Grey sandy silt
67-119 cm: Grey silty sand w/ shells

Drive 3=112 cm:

0-112 cm: Grey mottled clayey silt w/
shells

Drive 3 =117 cm:
0-22 cm: Grey sandy silt

Drive 4 = 107 cm:

0-39 cm: Grey mottled clayey silt w/
shells

39-80 cm: Silty sand w/ shells
80-107 cm: Grey mottled

400

22-44 cm: Grey silty sand
44-81 cm: Gray clayey silt
81-117 cm: Tan silty sand

450 -
4 Drive 4 = 155 cm:
- 0-39 cm: Tan sand
Drive 5 =99 cm: = 39-155 cm: Tan silty sand
0-40 cm: Light and dark grey clayey Drive 5 = 106 cm: m:
silt w/ shells 0-106 cm: Grey mottled clayey silt K >
40-99 cm: Grey sandy silt w/ shells w/ shells i: =
] 850+ ‘—..,
550 ]
Drive 6 = 115 cm: e
0-115 cm: Grey silty sand w/shells 600
€00 Drive 6 = 85 cm: q
0-12 cm: Grey mottled clayey silt T
12-62 cm: Light grey silty sand ssa:
62-85: Tan very fine sand Clay St Sand
650
===
1
Drive 7 = 110 cm: 560
0-115 cm: Grey mottled sandy silt i
e with calcium carbonate nodules Legend

750

Clay Sit Sand

Silt

Silty Sand

A Organics

() Shell Material

E Sandy Silt % Sample obtained
: for dating
900 Clay Sitt Sand Sand A Burrows
916
b0)| Shell Hash *®@e Nodule

(matrix varies)

Illustrations of cores used for this study. All scales associated are in centimeters along the y-
axis and grain-size along the x-axis.
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=

I

Length (cm)

9

Drive 1=96 cm:
0-77 cm: Black to grey organic silt
77-96 cm: Grey silt

Drive 2 = 37 cm:
0-28 cm: Grey mottley clayey silt
28-37 cm: Brown fine to medium sand

Drive 3 =133 cm:

0-103 cm: Grey mottley clayey silt
103-133 cm: Brown fine to medium
sand

Drive 4 = Missing due to flowing sands

Drive 5= 128 cm:
0-128 cm: Grey silty sand w/shells and
organics

Drive 6 = 150 cm:
0-80 cm: Grey fine grained sand
wishells and organics

Drive 7 =124 cm:
0-59 cm: Grey fine grained sand
59-100 cm: Grey clayey silt

950
T 9 100-124 cm: Grey to Brown fine
= grained sand
T

1000

1050
] Drive 8= 46 cm:

] 0-46 cm: rown fine grained sand

1100

||5ﬂ:

12001
]

1250

Clay Sit Sand

See page 49 for description.

Drive 1= 125 cm:
0-76 cm: Black to grey organic silt
76-125 cm: Grey silt

Drive 2 =125 cm:

0-17 cm: Grey mottled clayey silt
17-27 cm: Grey and tan very fine sand
27-53 cm: Tan to dark brown clayey silt
53-59 cm: Tan fine sand

59-97: Grey mottled clayey silt

97-125 cm: Tan very fine to coarse
sand

Drive 3 = Missing due to flowing sands

Drive 4 = Brown/tan fine to medium
sand

Cay St Sang

51

Drive 1 =68 cm:
0-30 cm: Black to grey organic silt
30-68 cm: Tan fine sand

Drive 2 = 69 cm:

9

umﬁ*

1100

0-2 cm: Tan fine sand
2-15 cm: Grey mottled clayey silt
15-69 cm: Tan very fine to fine sand

Drive 3 = Missing due to flowing sands

Drive 4 = 104 cm:
0-104 cm: Grey mottled clayey silt w/
shells

Drive 5 = 86 cm:
0-86 cm: Grey mottled clayey silt w/
shells

Drive 6 = 152 cm:
0-152 cm: Grey mottled clayey silt w/
calcium carbonate nodules

Drive 7 = 152 cm:

0-106 cm: Grey mottled clayey silt w/
calcium carbonate nodules

106-152 cm: Tan very fine to fine sand

Clay St Sand



Length (cm)

ND12-33G

Drive 1 =107 cm:
0-107 cm: Black to grey sandy silt with
calcium carbonate nodules

Drive 2 =133 cm:
0-21 cm: Brown very fine to fine sand

21-133 cm: Grey mottled clayey silt w/
clacium carbonate nodules

Drive 3=91cm:
0-45 cm: Grey/brown silty sand

~|45-91 cm: Brown very fine sand

ND12-35

Drive 1 =110 cm:
0-110 cm: Black to grey sandy silt with
calcium carbonate nodules

Drive 2 =151 cm:

0-84 cm: Grey sandy silt with calcium
carbonate nodules

84-151 cm: Grey silty sand

Drive 3 = 119 cm:
0-119cm: Grey silty sand

400 —

450 450 |
- : Drive 4 = Missing due to flowing sands

] Drive 4 = 134 cm: B

500 0-19 cm: Grey/brown silty sand I

19-134 cm: Brown very fine sand 500

550 — 550

600 | 600
- -] Drive 5 = Missing due to flowing sands

650 — 650

700 700

Clay Silt Sand -

750 —

800—

Clay Sitt Sand

See page 49 for description.
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ND12-01

ND12-01 = 380 cm:

0-59 cm: Grey sandy silt
59-281 cm: Grey very fine to
fine sand w/ shells

281-380: Grey mottled clayey
silt w/ shells

.

9

)

:L;Ofm()o(f)
o=

Length (cm)

Clay Sit Sand

ND12-02 = 125 cm:

0-7 cm: Grey silty sand

7-31 cm: Grey sandy silt
31-48 cm: Grey silty sand w/
shells

silt with shells

53-68 cm: Grery silty sand w/
shells

68-93 cm: Grey mottled silt
93-105: Grey silty sand with

150

200

shells
105-125 cm: Grey mottled
clayey silt

Clay Sit Sand

See page 49 for description.

Vibracores

ND12-03

ND12-03 = 155 cm:

0-155 cm: Grey mottled clayey
silt

Laminated dark and light grey
muds observed in bottom
section of core

200

Clay Silt Sand
ND12-04
= ND12-04 = 68cm:
0-29 cm: Grey mottled clayey
silt with roots
29-68 cm: Grey mottled silty
sand

Clay Silt Sand

ND12-05

48-53 cm: Grey mottled clayey 50— -

100

ND12-05 = 356 cm:

0-153 cm: Grey mottled clayey
silt with roots and shells
153-168 cm: Grey mottled silty
sand

168-289 cm: Articulated
oysters in sand to silty matrix
298-316 cm: Grey mottled
clayey silt w/ shells

316-333 cm: Articulated
oysters in sand to silty matrix
333-356 cm: Grey mottied
clayey silt w/ shells

12 ‘1000 57() 0669
19 ;) 9699900

166966666669
_169¢ ()()((()()(
4 2)2: W) )2)06?30

1995 g()fﬂ)o ;;(}
5 z;%%%‘ f"i’i

()()f((((((((

Clay Silt Sand
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ND12-06

ND12-06 = 93 cm:

0-5 cm: Grey mottled silty sand
5-93 cm: Grey mottled clayey
silt with root material

Clay Silt Sand

ND12-07

ND12-07 = 135 cm:

0-135 cm: : Grey mottled
clayey silt with root material
and shells

200

Clay Silt Sand

ND12-08

ND12-08 = 62 cm:
0-62 cm: : Grey mottled clayey
silt with root material and shells

Clay Silt Sand



Length (cm)

ND12-09

ND12-09 = 343 cm:

ND12-11

ND12-11 = 306 cm:

-{0-101 cm: Grey mottled clayey silt

01- 302 cm: Articulated oysters in
sand to silty matrix
302-343 cm: Grey mottled clayey silt

— 0-10 cm: Black sandy silt with root
material and other organics

10-68 cm: Grey mottled clayey silt
with sand laminations at 60 cm

66
- 3{,%)3;; (1(;

i 11)2,& }22

68-306 cm: Grey silty sand with
shells

H
T S B ] I I A |

&
3
1

200

350
400!
Clay Sit Sand Clay Sit Sand
ND12-12
o) ND12-12 = 302 cm:
0-40 cm: Grey mottled Silty sand
| 40-53 cm: Reverse graded grey
mottled clayey silt
53-92 cm: Grey clayey silt
92-302 cm: Grey mottled silty sand
ND12-10 = 45 cm: w/ shells
0-15 cm: Grey mottled clayey silt
15-24 cm: Grey silty sand w/ shells -
7~—24-35 cm; Grey structureless clayey 100
T g
35-39 cm: Grey fine grain sand n 6
39-43 cm: Grey structurelless clayey 7| )
silt 50} [} A )
Jo Moy
250 G
Clay Sit Sand ] 0
. G 6
300
350~
400-1
Clay Sit Sand

See page 49 for description.

54

ND12-13

3

ND12-13 = 270 cm:

0-52 cm: Grey mottled Silty sand
52-270 cm: Grey mottled silty sand
w/ shells

50

Clay Sit Sand

ND12-14

—] ND12-14 = 126 cm:

0-10 cm: Grey mottled Silty sand
10-98 cm: Grey mottled clayey silt
98-126 cm: Grey mottled silty sand
w/ shells

Clay Sit Sand
ND12-15

ND12-15 = 369 cm:

0-29 cm: Grey mottled clayey silt
29-47 cm: Grey mottled silty sand
47-80 cm: Grey mottled clayey silt
80-82 cm: Grey mottled silty sand
82-151 cm: Grey mottled clayey silt
151-304cm: Grey mottled silty sand
w/ shells

304-369 cm: Grey mottled clayey silt

W =7
Clay Sit Sand



Length (cm)

ND12-21

ND12-21 =105 cm:
0-80 cm: Grey mottled clayey silt

Clay Silt

ND12-22

400

Clay Silt

Sand

ND12-22 = 368 cm:
0-368 cm: Grey mottled clayey silt
w/ shells

Sand

See page 49 for description.

80-105 cm: Grey mottled silty sand

ND12-23

ND12-23 = 402 cm:
-10 cm: Black organic mottled
clayey silt
10-12 cm: Grey silty sand

silt
151-402 cm: Grey mottled silty
sand w/ shells

Clay Silt

Sand

ND12-24

O T a G- ND12-24 = 248 cm:
0-10 cm: Grey mottled silty sand
10-15 cm: Grey silty sand

48-52 cm: Grey silty sand
52-72 cm: Grey clayey silt
~]72-105 cm: Grey silty sand w/
~|shells

105-248 cm: Grey clayey silt w/
shells

Clay Silt Sand

55

12-151 cm: Grey mottled clayey

15-17 cm: Grey mottled clayey silt
— 17-48 cm: Grey mottled clayey silt

N

D12-25

ND12-25 = 515 cm:
0-10 cm: Grey mottled organic
clayey silt
10-60 cm: Grey mottled clayey silt
60-183 cm: Grey mottled silty sand
w/ shells
183-187 cm: Grey mottled clayey
silt
187-235 cm: Grey mottled silty
““)sand w/ shells

235-335cm: Grey mottled clayey silt
~{335-410 cm: Grey mottled silty
sand w/ shells
{410-419 cm: Grey mottled clayey
—{silt
-1419-458 cm: Grey mottled silty
~|sand w/ shells
|458-461 cm: Grey mottled clayey

silt

. +|461-485 cm: Grey mottled silty
{sand w/ shells
. ~1485-489 cm: Grey mottled clayey
Lo silt

— 489-515 cm: Grey mottled silty
sand w/ shells

Clay Siit Sand

ND12-26

40

B

ND12-26 = 245 cm:

0-35 cm: Grey mottled silty sand w/
shells

35-245 cm: Grey clayey silt w/ shells

Bt
Ty

w/ sandy laminations in the bottom
of the core

T T 1
Clay Sit Sand



ND12-27

ND12-27 = 165 cm:

ND12-31

ND12-33V

0-55 cm: Grey silty sand w/ shells
55-165 cm: Grey clayey silt

0-10 cm: Grey silty sand
62-116 cm: Grey mottled clayey silt

.. |ND12-31=116cm: B

ND12-33V = 200 cm:
0-30 cm: Grey clayey silt
30-57 cm: Grey silty sand w/ shells

57-68 cm: Grey clayey silt

68-75 cm: Grey silty sand

75-80 cm: Grey clayey silt

80-155 cm: Grey silty sand w/ shells
155-175 cm: Grey clayey silt

175-200 cm: Grey slity sand w/
| shells

Clay Silt Sand

ND12-28 = 182 cm:
0-62 cm: Grey silty sand w/ shells

Clay Silt

Sand

Clay Sit Sand

| ND12-32 =82 cm:
—I 0-15 cm: Grey silty sand

62-182 cm: Grey clayey silt

15-55 cm: Grey mottled clayey silt
55-82 cm: Grey silty sand w/ shells

Length (cm)

Clay Sit Sand

ND12-29 = 115 cm:
0-95 cm: Grey silty sand
:|95-115 cn: Grey clayey silt w/ shells

Clay Sit Sand

See page 49 for description.

ND12-36 = 176 cm:

0-94 cm: Grey mottled clayey silt
94-155: Grey silty sand w/ shells
155-176 cm: Grey mottled clayey silt

Ciay Sit Sand

56

Clay Sit Sand



