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ABSTRACT

Baffin Bay, Texas is the flooded Last Glacial Maximum incised valley of the
Los Olmos, San Fernando and Petronila Creeks along the north-western Gulf of
Mexico. Cores up to 17 m in length and high-resolution seismic profiles were
used to study the history of Baffin Bay over the last 10 kyr and to document the
unusual depositional environments within the valley fill. The deposits of the
Baffin Bay incised valley record two major and two minor events. Around
8:0 ka, the estuarine environments backstepped more than 15 km in response
to an increase in the rate of sea-level rise. Around 55 ka, these estuarine
environments changed from environments similar to other estuaries of the
northern Gulf of Mexico to the unusual suite of environments found today.
Another minor flooding event occurred around 4-8 ka in which several internal
spits were flooded. Some time after 4-0 ka, the upper-bay mud-flats
experienced a progradational event. Because of its semi-arid climate and
isolation from the Gulf of Mexico, five depositional environments not found in
the other incised-valley fills of the northern Gulf of Mexico are found today
within Baffin Bay. These deposits include well-laminated carbonate and
siliciclastic open-bay muds, ooid beaches, shelly internal spits and barrier
islands, serpulid worm-tube reefs and prograding upper-bay mud-flats. Based
on these unusual deposits, and other characteristics of Baffin Bay, five criteria
are suggested to help identify incised valleys that filled in arid and semi-arid
climates. These criteria include the presence of: (i) hypersaline-tolerant fauna;
(ii) aeolian deposits; and (iii) carbonate and/or evaporite deposits; and the
absence of: (iv) peat or other organic-rich deposits in the upper bay and
bay-margin areas; and (v) well-developed fluvially dominated bayhead deltas.

Keywords Climate change, estuary, Gulf of Mexico, Holocene, incised valley,
sequence stratigraphy, transgression.

INTRODUCTION model their fill and stratigraphic architecture

(Zaitlin et al., 1994; Dabrio et al., 2000; Anthony

Incised valleys are an important element within
conventional hydrocarbon systems and are capa-
ble of documenting environmental changes. As a
result, a number of studies have been designed to

et al., 2002; Mallinson et al., 2005; Boyd et al.,
2006; Simms et al.,, 2006). Studies on incised-
valley fill range from Late Quaternary and modern
systems, which flooded to form estuaries (Nichols
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et al., 1991; Allen & Posamentier, 1993; Ashley &
Sheridan, 1994; Thomas & Anderson, 1994; Nord-
fjord et al., 2006; Rodriguez et al., 2008), to those
preserved in the fossil record and studied in
outcrop and sub-surface (Martinsen, 1994; Feld-
man et al., 1995; Ye & Kerr, 2000; Ardies et al.,
2002; Bowen & Weimer, 2003; Rossetti & Junior,
2004). Models of incised-valley fill typically
consist of a landward segment filled mostly with
fluvial deposits, a middle segment of fluvial
deposits overlain by central-basin deposits and a
seaward segment of fluvial deposits at the base
overlain by central-basin deposits and capped by
marine deposits (Zaitlin et al., 1994).

Recent studies have expanded upon the Zaitlin
et al. (1994) model of incised-valley fill. These
expansive models highlight the importance of
fluvial processes and produce fill-models almost
completely composed of fluvial deposits (Harris,
1994; Garrison & Van den Bergh, 2006; Li et al.,
2006). Other studies have shown that some incised
valleys are not filled completely by sediments
before the transgressive shoreline passes through
or are excavated again during the transgression
leaving accommodation on the shelf that is later
filled with open-marine deposits such as shelf
dunes (Payenberg et al., 2006) or sediment gravity
flows (Thieler et al., 2007). However, most avai-
lable case-studies of Late Quaternary and modern
incised-valley systems are biased towards wetter
climates and few studies provide examples of the
impact of climate variability on the type of fill that
can form within incised valleys. As a result, little
is known about the stratigraphic architecture
of incised valleys that formed within arid and
semi-arid climates. The purpose of this study was
to: (i) summarise previous work conducted on the
sediments of Baffin Bay, Texas, USA; (ii) present
new data documenting the history of the system;
and (iii) provide a depositional model for the
incised valley as a whole. This study provides one
of the few Quaternary examples of an incised
valley filled within a semi-arid or arid climate and
provides criteria for recognising incised valleys
filled within arid and semi-arid climates.

STUDY AREA

Geomorphic setting

Baffin Bay is located in the north-western corner
of the passive margin of the Gulf of Mexico
(Fig. 1). The coastal plain has a low gradient,
averaging less than 0-8 m/km over the final
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80 km. The shoreline of the lower portion of the
bay is rimmed by shallow tidal flats and low
beach ridges, which give way to low bluffs 2 to
4 m high in the upper reaches of the bay. Unlike
most estuaries of the Gulf of Mexico, Baffin Bay is
not connected to the open Gulf of Mexico via a
tidal inlet, but is completely isolated from the
open Gulf by the 180 km long Padre Island, the
longest barrier island in the world (Fig. 1). Baffin
Bay proper is further isolated from the adjacent
Laguna Madre (Fig. 1) by a series of shallow reefs
at the mouth of the bay (Fig. 2). Fisk (1959)
studied Padre Island and Laguna Madre and
placed their formation at around 5-0 ka. Prior to
5 ka, Baffin Bay probably maintained a better
connection with the Gulf of Mexico.

Sea-level controls

The incised valleys of the Gulf of Mexico formed
in response to a drop in sea-level from Marine
Isotope Stage (MIS) 5e, at 120 ka, to MIS2, at
20 ka (Simms et al., 2006, 2007a). Prior to this
drop in sea-level, the Ingleside barrier ridge
formed in response to the MIS5e highstand. The
Ingleside barrier ridge is a topographically high
sandy ridge that runs parallel to the modern
coastline with a maximum elevation of approxi-
mately 5 to 9 m above sea-level (Price, 1933a;
Paine, 1993; Otvos & Howat, 1996; Otvos, 2005).
The Ingleside barrier ridge terminates immedi-
ately to the north of the study area; aeolian
processes have probably removed this feature
around Baffin Bay (Price, 1933a). The rivers of
the north-western Gulf of Mexico responded to
the episodic fall in sea-level between 120 and
20 ka by forming several terraces (Price, 1933a),
termed ‘Deweyville terraces’, along the margins of
their valleys (Bernard, 1950; Blum et al., 1995;
Durbin et al., 1997). However, because their ages
do not necessarily correspond from valley to
valley, Otvos (2005) suggested that other factors,
including differences in climate, may have con-
tributed to the formation of the ‘Deweyville’
terraces. The total sea-level fall during the Last
Glacial Maximum, which occurred at 20 ka, is
thought to have been between 90 and 120 m
(Curray, 1960; McFarlan, 1961; Scott et al., 1998;
Roberts et al., 2004; Simms et al., 2007b). The
San Fernando, Petronila and Los Olmos Creeks
(Fig. 1) responded to this sea-level fall by exca-
vating the valley that has now flooded to form
Baffin Bay and its three tributary bays (Fisk, 1959;
Behrens, 1963). Behrens (1963) interpreted a
series of small steps in seismic profiles as buried
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Fig. 1. Location of the study area within the Gulf of Mexico as well as data collected as part of this study. For inset
map, GB is Galveston Bay, SA is San Antonio Bay, CCB is Corpus Christi Bay. Aerial photographs courtesy of the
Texas Natural Resources Information System (http://www.tnris.state.tx.us).
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fluvial terraces beneath Baffin Bay but no cores within the north-western Gulf of Mexico (Shep-
have confirmed a fluvial origin for the small steps. ard, 1960; Tornqvist et al.,, 2004a) with the
The Holocene transgression over the last 10 kyr exception of possible abrupt increases in the rate
is thought to have been slow and continuous of sea-level rise between 8 and 10 ka (Tornqvist
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et al., 2004b; Milliken et al., 2008a). The presence
of high-order fluctuations and possible mid-
Holocene highstands within the north-western
Gulf of Mexico is arguable (Morton et al., 2000;
Otvos, 2001), with supporting evidence both for
(Tanner et al., 1989; Blum et al., 2001; McBride
et al., 2007) and against this hypothesis (Otvos,
2004; Wright et al., 2005; Rodriguez & Meyer,
2006). Although hydro-isostatic tilting can
cause mid-Holocene highstands (Yokoyama et al.,
1996), most current models of hydro-isostacy do
not predict a mid-Holocene highstand for the Gulf
of Mexico (Simms et al., 2007b). Simms et al. (in
press) examine the evolution of seven shallow
ponds at elevations between —0-8 and +0-8 m
above sea-level on the southern margins of Baffin
Bay and find no evidence for sea-levels above
+0-4 m over the last 56 kyr.

Hydrology and climate

Baffin Bay receives, on average, between 60 and
80 cm year ' of precipitation (Behrens, 1966).
Evaporation exceeds precipitation by about
60 cm yeaf1 (Behrens, 1966) and, as a result of
its semi-arid setting and isolation, the bay is
hypersaline with average salinities of 40 to 50.
However, salinities have reached as high as 85
during drought years (Behrens, 1966) and as low
as 2 after cloudbursts (Gunter, 1945). The three
creeks that flow into Baffin Bay-Los Olmos Creek,
San Fernando Creek and Petronila Creek-drain a
total of 11 200 km?®. The creeks deliver variable
amounts of water and sediment to the bay. The
average annual discharge for Los Olmos Creek
from 1969 to 2008, based on a USGS stream gauge
approximately 40 km inland from Baffin Bay, was
012 m® s7' (United States Geological Survey,
2009). The highest average annual stream flow
reported during that time period was 0-95 m® s7*
while the lowest was 00 m® s™* (United States
Geological Survey, 2009). A stream gauge approx-
imately 60 km inland from Baffin Bay on San
Fernando Creek reported an average annual
stream flow of 064 m® s™' between 1966 and
2008 with a high of 353 m®s™ and a low of
003 m® s™' (United States Geological Survey,
2009). No data are available for Petronila Creek.
Modern drainage of these creeks, particularly to
the south of Baffin Bay, is disrupted by aeolian
dunes. Thus, the delivery of sediment to Baffin
Bay from these creeks today is sporadic and
limited to intense rain events.

Within the adjacent Laguna Madre, the high
salinities have resulted in the precipitation of
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gypsum and other salts in shallow tidal flats and
playas, although the salts are usually removed
during rainstorms (Rusnak, 1960). As a conse-
quence of the dry climate, the soils within the
area contain higher amounts of CaCOj; than areas
to the north and east (Driese et al., 2005) and
thick caliche deposits have formed around Baffin
Bay (Price, 1933b). The caliche acts as a shoreline
stabiliser when compared with other Gulf of
Mexico bay margins. As a result, Baffin Bay has
retained its dendritic character (Behrens, 1963;
Fig. 1).

Continuous strong winds blow from the south-
east at an average of 15 to 24 km h™" for
seven months of the year, from spring through
to autumn (Rusnak, 1960). When winter fronts
pass through, the wind shifts to the north-west
(Lohse, 1956). As a result of the strong winds and
low astronomical tidal range (<0-1 m), meteoro-
logical conditions including precipitation events
are more important than astronomical tides in
controlling water-level oscillations (Breuer, 1957;
Militello, 1998). Hurricanes strike the central
Texas coast about four times every 30 years
(Elsner & Kara, 1999).

Previous work

Dalrymple (1964) conducted the most exhaustive
study of the modern environments of Baffin Bay,
but did not sample the upper reaches of the three
tributary bays. Dalrymple (1964) found four major
categories of sediments along the bay floor;
black-mud, ooids, quartz-mollusc sands and
coated-grains (Fig. 2). Alaniz & Goodwin (1974)
conducted a sediment survey of Cayo de Grullo
and confirmed most of the observations by
Dalrymple (1964). Freeman (1962), Dalrymple
(1964) and Land et al. (1979) studied the forma-
tion of modern ooids in Baffin Bay and nearby
Laguna Madre. These authors found that the
ooids in Baffin Bay have three types of coatings
reflecting the energy conditions of their forma-
tion, chemistry and crystallography. Behrens
(1963) conducted one of the first seismic surveys
of Baffin Bay and provided a rough map of the
axis of the incised valley. Behrens (1974) sum-
marised the work conducted on the bay up to that
time focusing on four environments characteristic
of the bay: (i) algal mat laminar muds; (ii) oolitic
beach sands; (iii) serpulid reefs; and (iv) carbon-
ate muds. Behrens (1974) also provided a short
summary of the evolution of the bay noting that
the formation of Padre Island around 5 ka had a
significant impact on the history of the bay.
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METHODS

A total of 18 cores with lengths up to 17 m were
collected within Baffin Bay. In addition, 65 km of
high-resolution seismic data, mostly from upper
Baffin Bay, was collected. The locations of the
cores and seismic profiles are shown in Fig. 1. In
addition, several of the modern environments
were visited and photographed in the field. All
seismic profiles, cores and other observations
were correlated and maps constructed using
ARrcMaAP 9.2 software.

Cores

Two different diameter cores were collected in
Baffin Bay. Thirteen, 7.6 cm diameter cores up to
42 m in length were collected using a portable
vibracore rig and a tripod or davit aboard the R/V
Trinity. Five longer 51 cm diameter cores were
collected using a combination push-rotary rig
aboard the R/V Trinity. These cores were taken in
1-5 m sections to a depth of 177 m. Cores were
refrigerated and sectioned at the Oklahoma State
University laboratory. One-half of the core was
set aside for archival purposes and the other half
was sampled. The cores were described according
to grain size, sorting, sedimentary structures and
macrofauna. Grain-size analysis was conducted
on most cores at 15 to 20 cm intervals using a
CILAS1180L laser diffraction particle-size analy-
ser (CILAS Particle Size, Madison, WI, USA).
Approximately 4 cm® of material was soaked
overnight using a mild detergent to disaggregate
the clays. One hundred and ninety-eight samples
were run using a 60 sec ultrasonic stimulation
following the methods of Sperraza et al. (2004).
In addition, to determine the mineralogy of white
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laminations within the cores, nine samples were
taken for powder X-ray diffraction using a
Phillips Electronics PW3710 (PANalytical BV,
Almelo, the Netherlands) at Oklahoma State
University. X-ray peaks of the dried and crushed
sediment samples were compared with peaks of
known minerals for identification.

Seismic

Approximately 65 km of high-resolution seismic
profiles were collected from the bay. An Octopus
360+ Sub-bottom Acquisition System (CodaOcto-
pus Products Limited, Edinburgh, UK) was used
during data collection. An Applied Acoustic
Engineering AA200 boomer plate (Applied
Acoustic Engineering Limited, Great Yarmouth,
UK) with a power setting of 200 joules was used
as a source. An Applied Acoustic Engineering
AH360/8 towed hydrophone array with a hydro-
phone spacing of 0365 m was used as the
receiver. A 10-millisecond (ms) linear sweep
from 15 to 7 kHz was used to provide a vertical
resolution of a few decimetres. As the seismic
survey was single channel, the only processing
necessary was the application of simple band-
pass filters (100 and 400 Hz) and automatic gain
control. Location of track lines was provided
using a GPS system.

RESULTS

Seismic

The seismic data from Baffin Bay were used to
construct a map of the interpreted Last Glacial
Maximum unconformity (Fig. 3). This surface

Fig. 3. Map of the Last Glacial
Maximum unconformity beneath
Baffin Bay as determined in seismic
profiles.



was picked as a truncation of lower reflections
that were onlapped by overlying reflections
(Fig. 4). A two-way travel time (TWTT) seismic
velocity of 1500 m s™' was assumed based on
previous studies (Shideler, 1986; Sydow &
Roberts, 1994; Anderson et al., 2004; Milliken
et al., 2008b). Good correlation of sedimentary
contacts with seismic contacts was found using
this velocity. The Last Glacial Maximum uncon-
formity probably correlates with the sequence
boundary mapped offshore by several authors
summarised by Simms et al. (2007a). Eckles et al.
(2004) and Simms et al. (2007a) mapped a
lowstand valley on the shelf that appears to be
the seaward extension of the Baffin Bay incised
valley. The quality of the seismic profiles from the
lower portions of the bay was not as good as that
from the upper reaches of the bay because of the
higher wave energies associated with a longer
fetch. Thus, the interpretations of the Last Glacial
Maximum unconformity are not as robust in the
lower reaches of the bay.

Above the interpreted Last Glacial Maximum
unconformity, six seismic facies were identified
(Fig. 5). Sedimentary facies were used to ground
truth the interpretation of the seismic facies.
These seismic facies and their distribution were
used as a basis for the construction of the
stratigraphic architecture of the incised-valley fill
(Fig. 6). A summary of these seismic facies with
their corresponding sedimentary facies and inter-
preted depositional environment is given in
Table 1.

Seismic facies A

Seismic facies A consists of high-amplitude
horizontal parallel, closely spaced reflections
(Fig. 5). It is found mostly in the top portions of
the seismic profiles. Cores sampling this facies
contained sedimentary facies 4, 5 and 6. Based
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Fig. 4. Illustration of the relationship of reflections to
the surface picked as the Last Glacial Maximum
unconformity.
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Fig. 5. Examples of seismic facies identified within
this study. See Table 1 for interpretations of seismic
facies ‘A’ to ‘F’. TWTT, two-way travel time.

on its geographic location near the surface of
the middle portions of the bay and the sedi-
mentary facies it sampled, seismic facies A is
interpreted as representing an open-bay envi-
ronment.

Seismic facies B

Seismic facies B consists of continuous, low to
medium amplitude parallel reflections (Fig. 5).
The reflections in seismic facies B are not as
smooth and horizontal as those of seismic facies
A. Cores that sample this seismic facies contain
sedimentary facies 3, 4 and 5. It dominates the
shallow portions of seismic profiles from the
upper reaches of the bay. Based on its geographic
position and the sedimentary facies associated
with seismic facies B, it is interpreted as repre-
senting an upper-bay environment.
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Fig. 6. Uninterpreted and interpreted seismic profile through the incised valley of Baffin Bay. See Fig. 3 for seismic
profile location. fs, flooding surface; TWTT, two-way travel time.

Table 1. Seismic facies and equivalent sedimentary facies with their interpretation. See Table 2 for a description of

the sedimentary facies.

Seismic Sedimentary Interpreted

facies Characteristics facies equivalent environment

A Horizontal, parallel, closely spaced 4,5,6 Open bay
medium-high amplitude continuous reflections

B Continuous, low—medium 3,4,5 Upper-bay
amplitude parallel reflections

C Very low amplitude continuous, 12 Open-bay (wetter)
parallel to subparallel reflections

D High-amplitude, continuous wavy 13, 14 Bayhead delta plain
reflections with isolated v-shaped
reflection packages (small channels)
Sigmoid-oblique reflections 7 Fetch-limited spits
Choatic, low-amplitude reflections 15 Bayhead delta/river

Seismic facies C

Seismic facies C is only found in the deeper
portions of the seismic profiles. It consists of
very low amplitude to transparent continuous
parallel to sub-parallel reflections (Fig. 5). Seis-
mic facies C also contains mounds of higher
amplitude parallel reflections (Fig. 5) similar to
those found in Corpus Christi Bay about 50 km
north of Baffin Bay (Morton & Kindinger, 1998;
Simms et al., 2008). Simms et al. (2008) sampled
the flanks of one of these mounds in Corpus
Christi Bay and found several Crassostrea virg-
inica shells (oysters). These mounds were inter-
preted by Simms et al. (2008) and Morton &
Kindinger (1998) to represent oyster reefs. Cores
from Baffin Bay that sample seismic facies C
contain sedimentary facies 12. Based on the

presence of oyster reefs and the characteristics of
the sedimentary facies associated with it, seis-
mic facies C is interpreted as representing open-
bay deposits similar to those found in Corpus
Christi Bay (Morton & Kindinger, 1998; Simms
et al., 2008).

Seismic facies D

Seismic facies D consists of high-amplitude,
continuous wavy reflections with isolated
v-shaped reflection packages (Fig. 5). Cores that
sample seismic facies D contain sedimentary
facies 13 and 14. The isolated v-shaped reflection
packages within seismic facies D appear to trun-
cate seismic facies F. Based on its position within
the fill and the characteristics of the associated
sedimentary facies 13 and 14, seismic facies D is

© 2009 The Authors. Journal compilation © 2009 International Association of Sedimentologists, Sedimentology, 57, 642—669



interpreted as representing a bayhead delta-plain
environment. The v-shaped reflection packages
are interpreted as representing distributary chan-
nels within the delta plain.

Seismic facies E

Seismic facies E consists of sub-parallel oblique
to sigmoid oblique reflections (Fig. 5). The pack-
ages have the appearance of clinoform packages
suggesting progradation (Figs 5 and 7). Two pos-
sible environments could produce prograding
clinoform packages within an estuary: lobes of a
bayhead delta or spits. Several attempts were
made to sample the deeper, clearer seismic
examples of the prograding packages. However,
the only material recovered during the attempts
was a few sand grains and shell fragments, not
enough for an unambiguous interpretation. One
ill-defined prograding package was sampled
using a shallow vibracore (Fig. 7). It contains a
shelly sand similar in character to the facies
recovered in the cores from modern spits (facies
7, Table 1; Fig. 7); this, coupled with their attach-
ment to the incised-valley walls (Fig. 6), favours a
buried spit interpretation over a bayhead delta
interpretation. A map of the distribution of these
spit deposits in the sub-surface of upper Baffin
Bay is shown in Fig. 8.

Seismic facies F

Seismic facies F consists of chaotic, low-ampli-
tude reflections (Fig. 5). This seismic facies is
only found in the deeper portions of the seismic
profiles (Figs 5 and 6). In many locations it is
truncated and overlain by seismic facies D. Core
BB07-01 sampled the sedimentary deposits asso-
ciated with seismic facies D and F. The core
contains sedimentary facies 15 within seismic
facies F. It is interpreted as representing either the
mouth bar of a bayhead delta or other fluvial
deposits.

Cores

A total of 15 facies were identified within the
cores from Baffin Bay. A summary of these facies
and their interpreted depositional environment is
shown in Table 2. Select facies from cores are
illustrated in Figs 9 and 10. These 15 facies can
be grouped into two facies assemblages.

Facies assemblage 1

Facies assemblage 1 represents the deposits of the
modern environments of Baffin Bay. Nine modern
environments are found within Baffin Bay and
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their deposits represent 11 of the 15 facies
identified within the cores. These modern envi-
ronments include a fluvial system, mud-flat,
upper bay, open bay, ‘fetch-limited’ spit/barrier
island, worm-tube reef, washover/lower bay,
barrier island and ooid beaches. Each one of
these environments is associated with at least one
facies. Four of these modern environments found
within the Baffin Bay system are not common to
other well-studied Quaternary incised valleys
(for example, Gironde Estuary, Galveston Bay,
Chesapeake Bay, etc.). These four modern
environments include ooid beaches, serpulid
worm-tube reefs, internal or ‘fetch-limited’ shelly
spits and barrier islands, and mud-flats.

Fluvial system. Two sedimentary facies, facies 1
and 2, are found within the modern {fluvial
systems of the creeks flowing into Baffin Bay.

Sedimentary facies 1: Sedimentary facies 1
represents the modern floodplain deposits of the
creeks flowing into Baffin Bay. It consists of a
light greenish-grey clay with few distinct sedi-
mentary structures or fauna preserved in cores
(Fig. 9). The sedimentary features found within
this facies include plant material and darker-clay
laminae (<1 cm). It lacks foraminifera and
mollusc shells.

Sedimentary facies 2: Sedimentary facies 2
represents the modern creek-channel deposits. It
consists of a brownish-grey, poorly sorted upper
fine sand without any sedimentary structures or
fauna preserved within the core (Fig. 9). The
poorly sorted sand does contain plant fragments
and gravel. The gravel component contains
rounded caliche nodules.

Mud-flats. Unlike the other bays in the north-
western Gulf of Mexico (Fig. 11), no bayhead
delta has prograded into Baffin Bay (Fig. 12).
Instead of fluvial-dominated bayhead deltas, the
upper reaches of Baffin Bay are filling with
mud-flats (Fig. 12). These mud-flats are similar
to the tidal-flats and mud-flats of Laguna Madre,
Texas (Rusnak, 1960; Miller, 1975) and many
other tide-dominated estuaries and other macro-
tidal coasts (Coleman & Wright, 1978; Alexan-
der et al., 1991; Dalrymple et al., 1992; Yang
et al., 2005). However, the ‘tidal creeks’ that
drain them are very shallow (a few centimetres)
and more subdued than in other coasts. In
addition, unlike the bayhead deltas of most
estuaries (Fig. 11), these mud-flats have only
one fluvial channel and lack the network of
distributary channels common to most fluvial-
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dominated bayhead deltas (Fig. 12). In addition,
no sandy mouth bar deposits are found within
these mud-flats.

Another distinct characteristic of these mud-
flats is the prevalence of large expanses of algal
mats (Fig. 13). A core through one of the mud-
flats illustrates two key characteristics of the
mud-flat deposits: algal mats and carbonate nod-

ules (Fig. 12). The algal mats are composed of
blue-green algae (Behrens & Frishman, 1971);
they result in laminations of algal material and
mineralogenic sand. The algal mats are periodi-
cally inundated when strong winds blow from the
south-east, usually from the spring to early
autumn. When the wind subsides, the mud-flats
are exposed. This is when pedogenic processes
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Fig. 8. Palaeogeographic maps for: (A) upper Baffin Bay before 8:0 ka; (B) upper Baffin Bay after the 8:0 flooding
event; and (C) upper Baffin Bay after 5-5 ka but before 4-8 ka. Note the distribution of spits in the sub-surface of Baffin

Bay.

probably operate on the mud-flats and leach and
precipitate the calcium carbonate to form the
carbonate nodules. A core from the modern mud-
flats contains a distinctive facies: sedimentary
facies 3.

Sedimentary facies 3: Sedimentary facies 3
consists of light to dark grey clayey silt/silt with
some dolomite and algal laminae (Figs 9 and 12).
It also contains burrows and in situ carbonate
nodules and plant fragments. Anomalocardia
cuneimeris, a mollusc that inhabits hypersaline
lagoons (Andrews, 1971), is found occasionally

within these deposits. This facies is also found in
several of the longer cores taken from the centre of
Baffin Bay (Fig. 9).

Upper bay. The upper bay portions of Baffin Bay
are similar to other upper-bay environments of
the north-western Gulf of Mexico These deposits
are characterized by sedimentary facies 4.
Sedimentary facies 4: Sedimentary facies 4
consists of dark greenish-grey muddy sand with
more than 50% very fine sand or silt with several
sand laminae. The facies contains the molluscs
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Table 2. Summary of the sedimentary facies and their interpretation.

Facies no. Short description Interpretation
1 Green stiff clay with few organics Modern fluvial floodplain
2 Brown sand with plant fragments and gravel Modern fluvial system
3 Mud with algal mats and carbonate nodules Mud flat
4 Muddy sand with shells Upper bay/bay margin
5 Homogenous mud Open bay or distal upper bay
6 Well laminated mud Dry-climate open bay
7 Sandy shell hash/shelly sand ‘Fetch-limited’ spit/barrier island
8 Well-sorted clean carbonate-rich sand Barrier-island sands
9 Shelly sand with gastropods Grass flat around serpulid reef
10 Worm-tube and shell fragments Distal worm-tube reef facies
11 Green well-sorted sand without shells Pleistocene barrier island
12 Shelly mud with diversity of molluscs Wet-climate open bay
13 Stiff dark bluish-grey clay Fluvial floodplain
14 Organic sandy mud with plant material Delta plain
15 Fine sand with plant material and shells Bayhead delta mouthbar/fluvial

Mulinia lateralis and Anomalocardia cuneimeris.
It also contains foraminifera and plant fragments.
Based on its presence in the core tops from the
upper bay and bay margins, sedimentary facies 4
is interpreted to represent an upper-bay/bay-
margin environment.

Open bay. The bulk of the sedimentary fill
within the Baffin Bay incised valley is grey
clayey-silt (Figs 14 and 15). However, the grey
clayey-silt from the open-bay of Baffin Bay is
different from other open-bay deposits found in
Corpus Christi Bay (Simms et al., 2008), Galves-
ton Bay (Anderson et al., 2008), Matagorda Bay
(Maddox et al., 2008) and elsewhere. The main
difference is the presence of carbonate mud
laminae (Fig. 9). The carbonate mud is composed
of aragonite, magnesium calcite and dolomite and
is thought to be deposited during drought periods
in which the salinities exceed 60 ppt (Behrens &
Land, 1972; Behrens, 1974) or in the presence of
sulphate reduction (Morse et al., 1992). In addi-
tion, in Corpus Christi Bay (Simms et al., 2008),
Galveston Bay (Anderson et al., 2008) Matagorda
Bay (Maddox et al., 2008) and elsewhere, the
open-bay deposits are devoid of sedimentary
structures such as laminae or are highly bio-
turbated (Shepard & Moore, 1960; Gingras et al.,
1999). However, in Baffin Bay, the hypersaline
conditions, hypoxic environment at the sedi-
ment—water interface and instability of the sub-
strate discourage its colonisation by bottom
dwellers and thus reduces bioturbation (Rusnak,
1960; Dalrymple, 1964; Behrens, 1974); this
results in areas of well-laminated sediments
within the open-bay environment. Similar
laminations are found within shallow lagoonal

deposits behind the many spits that form along
the margins of Baffin Bay. The modern open bay
consists of two sedimentary facies.

Sedimentary facies 5: Sedimentary facies 5
consists of a homogenous black to greenish-grey
clayey silt/silt. Occasional faint laminae are pre-
served with sparse occurrences of the molluscs
Mulinia lateralis and Anomalocardia cuneimeris.
The facies also contains foraminifera and between
1 and 15% sand-sized material. Based on its
location and characteristics, sedimentary facies 5
is interpreted as representing open-bay or distal
upper-bay deposits.

Sedimentary facies 6: Sedimentary facies 6
consists of well-laminated greenish-grey clayey
silt/silt with light grey to white laminae (Fig. 9).
The light laminae are composed of carbonate
minerals and rarely sand or shell hash. This
facies also contains a few juvenile molluscs
(Anomalocardia cuneimeris, Chione cancellata
and Mulinia lateralis), as well as calcareous
foraminifera. Based on its presence in cores
from the modern open bay, this facies is inter-
preted as representing open-bay or back-spit
lagoon deposits.

Spits. As the terrestrial input of sand is presently
limited, a number of the beaches within Baffin
Bay are composed of shell-hash material (Fig. 16).
Modern beach and spit deposits comprise sedi-
mentary facies 7.

Sedimentary facies 7: Sedimentary facies 7
consists of grey-tan shelly fine sand or shell hash
(Fig. 16). The shell fragments are dominantly
from the following mollusc species: Mulinia
lateralis, Anomalocardia cuneimeris, Chione can-
cellata, Nuculana acuta, Lucina multilineata and
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Fig. 9. Core photographs of select
sedimentary facies from facies
assemblage 1 representing the
modern environments of Baffin Bay.
(A) Sedimentary facies 5 represent-
ing open-bay deposits overlying
sedimentary facies 3 representing
mud-flat deposits. (B) Sedimentary
facies 1 and 2 representing the
modern fluvial floodplain and
fluvial channel deposits,
respectively. (C) Sedimentary
facies 6 representing well-laminated
open-bay deposits.

Retusa canaliculata. The shell fragments higher
in the cores are almost exclusively Anomalo-
cardia cuneimeris. Plant fragments are also found
within the sandy shell hash/shelly sand.

Washover/lower bay. The lower reaches of Baffin
Bay behind Padre Island contain an area of sandy
washovers. Similar deposits are also found in the
cores beneath the worm-tube reefs. These depos-
its comprise sedimentary facies 8.

Sedimentary facies 8: Sedimentary facies 8
consists of a grey very-fine to fine sand with

Baffin Bay incised valley 653
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32m
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occasional cross-bedding, laminations or mot-
tling. The sands contain few to several shell
fragments, including Anomalocardia cuneime-
ris, Anadara sp., Neritina (Vitta) virginea and
Meioceras nitidum. The sands are clean, well-
sorted and some of the sands are carbonate
coated.

Serpulid worm-tube reefs. Originally mapped by
J.P. Breuer, Rusnak (1960) and Andrews (1964)
showed a map of the location of over 120 serpulid
worm-tube reefs within Baffin Bay originally
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Fig. 10. Core photographs of the
facies comprising facies assemblage
2. (A) Sedimentary facies 12 repre-
senting open-bay deposits from

a less-arid time. (B) Sedimentary
facies 13 representing floodplain
deposits from a less-arid time. (C)
Sedimentary facies 14 representing
delta-plain deposits. (D) Sedimen-
tary facies 15 representing mouth-
bar or marine-influenced fluvial
deposits.
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Fig. 11. Aerial photography of: (A) the Trinity bayhead delta in Galveston Bay, Texas; and (B) the Guadalupe Delta
in San Antonio Bay, Texas. See Fig. 1 for bay locations. Aerial photographs courtesy of the Texas Natural Resources

Information System (http://www.tnris.state.tx.us).

created by J. P. Breuer (Fig. 2). The reefs appear to
fill the same ecological niches as oyster reefs in
other estuaries. The reefs occur in water depths
between 05 and 25 m and extend 8 to 15 cm
above mean sea-level and up to 40 cm above
mean sea-level during the lowest tides (Andrews,
1964). They occur mostly along the margins of the
bay and not in the bay centres.

In a detailed study of these reefs, Andrews
(1964) identifies two major types of serpulid
worm-tube reefs in Baffin Bay and Laguna Madre.
The first type of reef is a patch reef, which is a
small isolated reef between 5 and 10 m in diam-
eter and elongate perpendicular to the prevailing
wind direction (Andrews, 1964; Glumac et al.,
2004). The second type of reef is reef, which are
broad areas covered with scattered reef rocks.
Andrews (1964) also identifies two types of fabric
to the reef structure: random growth and oriented

growth. The random growth reef rocks consist of
worm-tubes that grew in random orientations.
The oriented growth reef rocks consist of worm-
tubes aligned parallel to one another (Fig. 17).
Andrews (1964) suggests that the random fabric to
the reef rock represents times of poor environ-
mental conditions, while the oriented fabric
represents growth of the reefs during optimal
environmental conditions. Glumac et al. (2004)
analysed oxygen and carbon isotopes from the
random and oriented tubes and found that the
random tubes had a larger range of isotope values,
while the oriented tubes had less variability in
isotope values. Glumac et al. (2004) suggested
that the greater variability in isotope values
indicated that the random worm-tubes grew
during time periods of rapidly changing water
temperature, salinity, and organic productivity
within Baffin Bay.
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A series of cores was obtained along a transect
orientated radially away from one of the lower
Baffin Bay reefs (Fig. 18). The reef sampled
appears to have grown on top of a sandy substrate
(facies 8), which is consistent with the observa-
tions of Andrews (1964) who found that they
always existed in areas of sandy or muddy-sand
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substrates. Two major facies are identified above
facies 8 within these cores.

Sedimentary facies 9: In the two cores closest to
the reef, a thin but distinctive facies about 10 cm
thick (facies 9, Table 2) is found between the
sandy interpreted substrate (facies 8) and another
facies consisting of alternating sandy shell hash,
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Fig. 13. Photographs of the algal mats covering the mud-flats in the upper reaches of Baffin Bay. (A) Mud flats during
low wind tide. (B) Mud flats inundated by high wind tide. (C) Algal mats during low wind tide. (D) Algal mats during
high wind tide. Persons for scale are ca 1-8 m tall.

shelly sand and sandy silt (facies 10, Table 2).
Sedimentary facies 9 consists of grey fine sands
with an occasional brown sand lamina and lam-
inae of plant material (Fig. 18). It contains the
gastropods Neritina virginea and Cerithium sp.,
both indicative of shallow grassy areas (Andrews,
1971), and an abundance of other shell and plant
fragments with some worm-tube fragments. The
sand grains are both calcareous as well as carbon-
ate-coated quartz grains. This facies represents the
grass flats around the serpulid reefs.
Sedimentary facies 10: Sedimentary facies 10
contains a tan-grey bedded sand with alternating
fine sandy shell hash and shelly fine sand with
sand silt laminae (Fig. 18). It is usually found
above facies 9. Facies 10 is dominated by bivalve
fragments and contains few worm-tube fragments.
Andrews (1964) made a similar observation that,
with the exception of the debris immediately
windward of the reef (<25 feet), on average less
than 5% of the coarse fraction (>63 pm) is

s

composed of worm-tube debris. The scarcity of
worm-tube debris testifies to the resilience of the
reefs in their present wave climate. The shell
fragments are dominantly Mulinia lateralis,
Brachidontes sp. and Anomalocardia cuneimeris.
The sand grains are carbonate-coated quartz or
carbonate grains. This facies represents the distal
worm-tube reef facies.

Barrier island sands. Although not sampled
specifically for this study, the barrier-island
deposits of Padre Island have been well-studied
by others (Fisk, 1959). The bases of several cores
in lower Baffin Bay sample a clean greenish-grey
very fine sand with faint laminations and in situ
carbonate nodules. These deposits are well-sorted
and composed almost exclusively of quartz. No
shell fragments, plant fragments, ostracods or
foraminifera were found within this facies. This
facies (facies 11) is interpreted to represent some
type of barrier-island deposit (for example, beach,
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Fig. 14. Core descriptions used to make the generalized dip profile of depositional environments through Baffin Bay.
See Fig. 1 for core locations. All ages are in calendar years BP.
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Fig. 15. Dip profile of depositional environments in Baffin Bay. See Fig. 14 for core descriptions. fs, flooding surface.

aeolian or wind flat). As beach, aeolian and
wind-flat deposits are very difficult to distinguish
within cores, no distinction is made as part of this
study.

Ooids. Although not sampled in this study, ooids
are found along the shallow shorelines of Baffin
Bay (Fig. 2); their occurrence is limited largely to
the northern shores of Baffin Bay and they are most
common around Kleberg Point (Land et al., 1979;
Fig. 2). Other notable concentrations of ooids are
found at the mouth of Baffin Bay and just to the
north of the mouth of Baffin Bay in Laguna
Madre (Rusnak, 1960; Freeman, 1962). Post-bomb
concentrations of "*C within the outside layers of
the ooids indicate that they are forming today
(Land et al., 1979). Rusnak (1960) noted that their
frequency decreases with distance from the shore,
consistent with wave-agitation as a requirement
for their formation. In addition, Freeman (1962)
noted a decrease in symmetry and polishing with
decreasing energy conditions.

Three types of coatings have been identified
within the ooids of Baffin Bay: tangential (con-
centric), micritic (aggregate or random) and radial
(Rusnak, 1960; Freeman, 1962; Dalrymple, 1964;
Land et al., 1979). The oolitic coatings are com-
posed of two major carbonate minerals: aragonite
and Mg-calcite (Land et al., 1979). Aragonite is
the most common mineral, but most radial coat-
ings are composed of Mg-calcite (Land et al.,
1979). The type of coating appears to be con-
trolled by the amount of wave agitation or
possibly the amount of environmental organic
acids rather than the Mg/Ca ratios of the waters or
the mineralogy of the substrate (Land et al.,
1979). In addition, Land et al. (1979) found no
conclusive evidence that the oolitic coatings
were controlled by algal activity, as some have
suggested.

Facies assemblage 2

In addition to the facies found in the modern
environments of Baffin Bay, four facies were
found within the cores that have no modern
analogues within Baffin Bay but have similarities
to modern environments in other Gulf of Mexico
estuaries further to the north (Fig. 10). These were
grouped into facies assemblage 2 and consist of
sedimentary facies 12 to 15. Facies assemblage 2
is only found in the deeper portions of the
incised-valley fill (Fig. 14).

Sedimentary facies 12. Sedimentary facies 12 is
a light grey clayey silt/sandy silt (very fine sand)
without any sedimentary structures (Fig. 10).
What makes this unit different from other facies
is the prevalence of shell material and the diver-
sity of fauna represented by the shell material.
Common molluscs within this facies include:
Mulinia lateralis, Retusa canaliculata, Macoma
tenta, Chione cancellata, Crassostrea virginica
and Nuculana acuta. Anomalocardia cuneimeris
is also occasionally found within this facies but
does not dominate the fauna as it does in the
estuarine units of facies assemblage 1. Based on
the fauna, sedimentary structures, presence of
foraminifera and association with seismic facies
interpreted to represent oyster reefs, sedimentary
facies 12 is interpreted as deposits from an open-
bay environment from a wetter time or a time
when the bay was not as isolated from the Gulf of
Mexico.

Sedimentary facies 13. Sedimentary facies 13 is
a stiff, dark bluish-grey sandy clay with plant
fragments (Fig. 10). Based on the absence of shell
material and foraminifera as well as its grain size
and presence of plant fragments, this unit is
interpreted to represent a fluvial floodplain
environment.
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island. See Fig. 1 for general location.

Sedimentary facies 14. Sedimentary facies 14
is a dark greenish-grey sandy (very fine sand)
mud with root casts, alternating mud sand
laminae and lots of plant fragments (Fig. 10). It
also contains the molluscs Turbonilla sp., Chione
cancellata and Retusa canaliculata. Based on the
root casts, fauna and presence of plant fragments,
this unit is interpreted to represent a bayhead-
delta plain.

Sedimentary facies 15. Sedimentary facies 15 is
a dark greenish-grey fine sand (>80% sand) with a
few shell fragments, ostracods, calcareous and
porcelaneous foraminifera and plant fragments
(Fig. 10). The shell fragments are mostly pelece-
pods and are not large enough for positive iden-
tification. Seismic profiles through this facies are
chaotic in nature (Fig. 6). Based on the presence of
plant and shell fragments and its grain size, this
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Fig. 17. Photograph of a section of worm-tube reef.

unit is interpreted to represent either a bayhead-
delta mouthbar or the deposits from the seaward-
most reaches of a fluvial channel.

Chronology

Samples from select mollusc shells and a few
plant fragments and algal mats were analysed for
'“C age at the University of Tokyo and Beta
Analytic, Inc. In all, 22 samples were dated
according to the methodology of Yokoyama et al.
(2000, 2006). A summary of the '*C dates is given
in Table 3. One important correction that needs to
be made to “*C dates when comparing with other
geologically dated events is the selection of an
appropriate radiocarbon reservoir. Simms et al.
(2009) obtained a paired optically stimulated
luminescence/'*C age from a shallow lagoon on
the southern margins of Baffin Bay. Simms et al.
found a reservoir correction of around 200 years
best brought optically stimulated luminescence
and '*C ages into agreement. A reservoir of
200 years falls within the range of other reservoirs
determined within the Gulf of Mexico (Aten,
1983). All ages in this study were corrected for
'2C/"C and appropriate carbon reservoirs and
calibrated using the northern hemisphere terres-
trial curve (after application of local **C reservoir)
of Calib 5.0 (Reimer et al., 2004). This approach
allows a comparison of the changes recorded

within the fill of Baffin Bay with changes found in
other studies throughout the Gulf of Mexico.

DISCUSSION

Holocene history

Facies assemblage 2 at the base of Baffin Bay is
similar to the facies found in other estuaries of the
north-western Gulf of Mexico (Shepard & Moore,
1960; McEwen, 1969; Anderson et al., 2008;
Maddox et al.,, 2008; Simms et al., 2008). The
bases of cores BB07-01 and BBO06-02 contain
facies very similar to other bayhead deltas of the
Texas estuaries (McEwen, 1969; Donaldson et al.,
1970; Simms et al., 2008). For example, facies 15,
which is interpreted as mouthbar deposits, is very
similar to the delta-front deposits described from
the modern Guadalupe and Trinity bayhead
deltas further to the north along the Gulf of
Mexico by Donaldson et al. (1970) and McEwen
(1969), respectively. However, these facies (facies
13, 14 and 15; Table 2) are not found among
the modern environments of Baffin Bay. The
existence of a well-developed bayhead delta
suggests that sediment supplied by the three
creeks flowing into Baffin Bay was greater during
the past than it is today. This difference suggests
that some significant changes have occurred
within the Baffin Bay system throughout the Late
Pleistocene and Holocene.

Flooding surfaces or transgressive overlap
boundaries (Fletcher et al., 1993; Anderson et al.,
2001) are common within the fill of Quaternary
systems; their causes can range from allocyclic
controls such as sea-level rise or climate changes
(Fletcher et al., 1993; Simms et al., 2008) or they
can be related to local autocyclic processes such
as the flooding of terraces (Rodriguez et al., 2005).
Within the fill of Baffin Bay (Texas) two, or
possibly three, distinct periods of large-scale
changes are identified. Two of these changes are
associated with flooding surfaces and one of these
changes is marked by a change in the character of
the fill. The flooding surfaces are identified as
prominent widespread continuous seismic reflec-
tions between seismic facies (Fig. 6) as well as
abrupt sedimentary contacts within cores (Fig. 9).

The older of the two flooding surfaces occurred
around 8 ka. The age of the flooding surface is
constrained by its position between 8600 to
9260 cal years and 7590 to 7970 cal years in core
BB07-11 and immediately below 7960 to 8405 cal
years in core BB07-01. This event is marked by a
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Fig. 18. Core descriptions and photograph of cores taken near a worm-tube reef. See Fig. 1 for core locations.

backstepping of the bayhead delta by >15 km as it
backsteps to a location landward of the seismic
survey (Fig. 8). This surface is marked by a
widespread continuous prominent reflection in
seismic profiles (Fig. 6), but is located between
core breaks in the two cores that sample to its
depth (cores BB06-02 and BB07-01). The one core
that does sample a complete section through this
contact is in a location seaward of the bayhead
delta in which open-bay deposits overlie open-
bay deposits; hence, no core constrains the
abruptness of the boundary in sedimentary sec-
tion. However, it is marked by a high amplitude
continuous seismic reflection (Fig. 6) suggesting a
strong impedance contrast consistent with an
abrupt sedimentary contact. Maps illustrating the
environments above and below the flooding sur-

face, largely constructed using seismic facies,
show a large change in the structure of the bay
(Fig. 8). A similar event is found within many
other estuaries across the Gulf of Mexico (Simms
et al., 2008; Anderson et al., 2008; Milliken et al.,
2008b,c; Rodriguez et al., 2008) and the world
(Hori & Saito, 2007; Cronin et al., 2007). Its timing
roughly corresponds to the 8:2 ka climatic event
recorded in the Greenland Ice Cores (Alley et al.,
1997) which, depending on location, also resulted
in a relative sea-level rise of 0-5 to 1 m (Kendall
et al., 2008). This flooding surface is interpreted
as the result of the sea-level rise associated with
this climate event.

The second period of large-scale change to
Baffin Bay occurred around 55 ka and is marked
by a change in sedimentary facies through most of
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the incised-valley fill (Fig. 15). This change is
more gradual than the changes associated with
the 8 ka event. The timing of the event is
constrained to be between 5730 to 6290 cal years
and 6280 to 6790 cal years in core BBO07-01,
between 4090 to 5320 cal years and 5750 to
6630 cal years in core BB07-11, and between
5320 to 5880 cal years and 6410 to 6910 cal years
in core BB06-02. Below this interval, facies 12 is
found (Fig. 14, Table 2), a facies characterised by
a much more diverse molluscan fauna. In addi-
tion, the laminated mud facies (facies 6) is only
found in the shallower portions of the incised-
valley fill (Fig. 14, Table 2). No carbonate muds
or algal mats were sampled below this interval. At
5-5 ka the bay environments represented by facies
assemblage 2 (for example, similar to other pres-
ent Texas bays) change to those environments of
its present, semi-arid character represented by
facies assemblage 1. This event is close to the
time that Padre Island formed (Fisk, 1959) and
also during the time of the Altithermal or mid-
Holocene drought throughout the central United
States (Antevs, 1955; Dean et al., 1996). Most

West
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climatic records from Texas show increased
aridity during this time (Bryant & Holloway,
1985; Toomey et al., 1993; Nordt et al., 2002).
The increase in aridity probably contributed to
the decrease in sediment supplied by the creeks
flowing into Baffin Bay as evidenced by the
change from a fluvial-dominated bayhead delta
to the modern mud-flats. The 55 ka event is
interpreted as representing the isolation of Baffin
Bay from the Gulf of Mexico by the formation of
Padre Island, concurrent with a regional drying
trend across the area. It is around 5-5 ka that
the current sedimentary characteristics of the
incised-valley fill were established.

A third event, a second possible flooding surface,
was identified within Baffin Bay. This flooding
surface is seen as a continuous and prominent
reflection in seismic profiles (Fig. 6) and an abrupt
contact in sedimentary facies in cores (Figs 9 and
15). In some cases, this event is marked by an
erosional surface across the internal spits (Fig. 19).
Within cores BB07-11 and BB06-02, it is marked by
a change from facies 3 to facies 6 or 5, marking the
flooding of mud-flats (Figs 9, 14 and 15). This
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Fig. 19. Seismic profile through an interpreted spit truncated during the time of the formation of the 4-8 ka flooding
surface. Also shown is a description of core BB07-04, which places some constraint on the age of the surface in this
location. See Fig. 8 for general location. All ages are in calendar years sp. TWTT, two-way travel time.
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backstepping event does not appear to be as
extensive as the two earlier events. However, the
full scale of this final backstepping event could not
be determined because the extremely shallow
water prevented the seismic survey from extending
into the upper reaches of Baffin Bay. Available age
constraints suggest that this event occurred around
4-8 ka. The event occurred between 4255 to
4835 cal years and 5320 to 5880 cal years in core
BB06-02, between 4870 to 5580 cal years and 4580
to 5440 cal years in core BB07-01, and between
5750106630 cal years and 4090 to 5320 cal yearsin
core BB07-11 (Figs 14 and 15). Some time after
40 ka, the mud-flats of Baffin Bay appear to
prograde seaward (Fig. 15). The bayhead deltas of
several other Gulf of Mexico estuaries show a
similar progradation in the Late Holocene suggest-
ing a regional cause (Shepard & Moore, 1960;
Anderson et al., 2008; Simms et al., 2008).

Criteria for recognising semi-arid and arid
incised-valley fill within the rock record

Facies assemblage 1 can be used to gain some
insights about the deposits found within incised
valleys that filled during time periods marked by
semi-arid and arid climates. Feldman et al. (2005)
summarised the differences among incised val-
leys formed in wet and dry climates based on
eight cyclothems in the Pennsylvanian of the
mid-continent USA. These authors found that
incised valleys formed during dry climates were
generally smaller in dimension (both depth of
incision as well as width) than those formed in
wet climates. In a study of Miocene shelf deposits
of the Eastern Mediterranean, Buchbinder &
Zilberman (1997) found only minor amounts of
incision associated with incised valleys during
the Messinian desiccation event in an arid set-
ting. Although the Baffin Bay incised valley is
smaller than other incised valleys from the more
humid Gulf of Mexico further to the east (e.g.
Trinity — Thomas & Anderson, 1994; Brazos —
Abdulah et al., 2004), other variables may explain
the smaller size of Baffin Bay. A study by
Mattheus et al. (2007) suggests that the size of
the drainage basin is more important than climate
in determining the cross-sectional dimensions of
incised valleys. The Rio Grande incised valley
(Banfield & Anderson, 2004) located about
140 km to the south of Baffin Bay is much larger
than the Baffin Bay incised valley, yet in a slightly
drier climate. However, the climate setting of
Baffin Bay has changed considerably through the
last 120 kyr and has not always been semi-arid.

Musgrove et al. (2001) suggested wetter climates
for Texas throughout much of the fall in sea-level
between 70 and 20 ka based on increased growth
rates of speleothems from caves in central Texas.
Based on the pollen and fauna of deposits from
central Texas, Bryant (1977) and Toomey et al.
(1993) suggest that the Last Glacial Maximum was
wetter than present (Bryant, 1977; Toomey et al.,
1993). Feldman et al. (2005) do suggest that other
factors could be contributing to the differences
between the dimensions of incised valleys from
the dry and wet cyclothems such as the character
of the substrate. Thus, more work needs to be
performed to determine whether drier climates
result in smaller incised valleys.

Nevertheless, some of the other observations of
Feldman et al. (2005) are in agreement with
observations from Baffin Bay. In particular, Feld-
man et al. (2005) noticed a scarcity of coal within
incised valleys from dry climates. Unlike other
estuaries further to the east in the Gulf of Mexico
(e.g. Galveston Bay — Anderson et al., 2008; Lake
Calcasieu — Milliken et al., 2008b; Sabine Lake —
Milliken et al., 2008c) or along the Atlantic Coast
of the USA (e.g. Chesapeake Bay — Nichols et al.,
1991), the upper bay and bay margins of Baffin
Bay are devoid of significant peat deposits.

Based on facies assemblage 1 from Baffin Bay,
several additional criteria can be used to identify
semi-arid or arid conditions within the fill of
incised valleys. The first is a fauna characteristic
of hypersaline conditions. Baffin Bay contains two
such examples. One example is the molluscs
which, in the earlier deposits from Baffin Bay,
interpreted as representing more mesic condi-
tions, were more diverse including the presence of
Crassostrea virginica (oysters), Retusa canalicu-
lata and Chione cancellata. Breuer (1957) reports
oyster mittens created by Native Americans sug-
gesting wetter climates or better connection with
the open Gulf of Mexico some time during the
past. However, today the bay is dominated by two
bivalves: Anomalocardia cuneimeris and Mulinia
lateralis (Breuer, 1957). This change to a low-
diversity fauna occurred around 5-5 ka. The sec-
ond example of fauna characteristic of hypersaline
conditions from Baffin Bay is the serpulid worm-
tube reefs. Today, serpulids are not the dominant
reef builders on a global scale; they only produce
reefs in environments such as the hypersaline
Baffin Bay or other hypersaline locations such as
palaeo Lago Enrichquillo in the Dominican
Republic (Glumac et al., 2004).

Another criterion is the presence of aeolian
deposits within the fill. Although not cored in
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this study, one of the southern tributary valleys of
the Baffin Bay System is choked with aeolian
dunes that have migrated into the valley (Fig. 20).
Along the West Sardinia coastline, Andreucci
et al. (2006) identified a series of marine isotope
stage 4 (MIS4, ca 60 to 70 ka) incised valleys
filled predominantly with coarse braided stream,
colluvial and aeolian deposits in an interpreted
semi-arid setting. Similarly, in a study of the
Upper Guadalupian (Late Permian) Yates Forma-
tion, Johnson (1997) identified a series of low-
stand incised valleys filled with fluvial and
aeolian deposits in an overall arid climate of the
Permian Basin of west Texas.

The hypersaline environment of Baffin Bay
favours the precipitation of carbonate mud and,
in a few instances, evaporites (e.g. a large gypsum
crystal recovered in core BB08-01); these may also
be a key in recognising incised valleys that form
in semi-arid and arid environments. However,
carbonates and gypsum alone cannot be used as
recognition of semi-arid or arid environmental
conditions. In the north-eastern Gulf of Mexico
along the Florida coast, carbonates form alongside
siliciclastic systems in a humid climate (Wright
et al., 2005). Cann & Cronin (2004) identified a
gypsum-bearing deposit in the Holocene Chesa-
peake Bay system that was forming not as the
result of semi-arid or arid climates but from the
influx and trapping of brine being produced from
underlying Miocene rocks.

The characteristics of associated floodplain
deposits also add insight into the climate setting
ofan incised valley. The fluvial floodplain deposits
before and after a shift to more arid conditions
within the Baffin Bay system are very different. The

Baffin Bay

L
-

2™ Tributary
Estuary-

Inactive Dune
Field

.
«Active Dune

Field

Fig. 20. Aerial photograph of the southern Baffin Bay
tributary choked in aeolian dunes. Note the locations of
relict dunes and active dunes. See Fig. 1 for general
location.
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base of core BB06-02 contains a very dark, organic-
rich floodplain deposit. On the other hand, core
LOCO07-01, recovered from the modern floodplain,
is very organic poor and has an abundance of
carbonate in the form of nodules; this results in a
very different colour and lower total organic
carbon values within the floodplain fluvial or
deltaic deposits of this semi-arid system.

CONCLUSIONS

Baffin Bay, Texas, is the flooded Last Glacial
Maximum incised valley of the Los Olmos, San
Fernando and Petronila Creeks. The Bay contains a
record of Holocene sedimentation over the last
10 kyr. Because of its semi-arid climate setting,
strong springtime and summer winds, and iso-
lation from the open Gulf of Mexico, several
depositional environments have formed within it
distinguishing its fill from other well-studied
Late Quaternary/Holocene incised-valley succes-
sions. These unusual depositional environments
include: (i) well-laminated interbedded siliciclas-
tic and carbonate muds within its central basin; (ii)
ooid beaches; (iii) shelly internal spits and barrier
islands; (iv) serpulid worm-tube reefs; and (v)
prograding mud-flats in its upper tributary arms.
These unusual depositional environments formed
around 5-5 ka. Prior to this time, the estuarine
environments were similar to those of other
incised valleys of the Gulf of Mexico and Atlantic
coasts, including the development of a well-
developed bayhead delta. The sedimentary fill of
Baffin Bay also records a major backstepping event
at 80 ka, probably correlative to the 8-2 ka event
recorded in many climate proxies worldwide and
marked by a small-order jump in sea-level.

Based on the deposits from Baffin Bay, five
criteria were identified that can be used to
recognise incised valleys that formed within a
semi-arid or arid environment: (i) hypersaline-
tolerant fauna; (ii) aeolian deposits; (iii) carbonate
and/or evaporite deposits; (iv) the absence of peat
or other organic-rich deposits in the upper-bay
and bay-margin areas; and (v) poorly developed
bayhead deltas.
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