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Abstract Understanding ice sheet evolution through the geologic past can help constrain ice sheet
models that predict future ice dynamics. Existing geological records of grounding line retreat in the Ross
Sea, Antarctica, have been confined to ice-free and terrestrial archives, which reflect dynamics from periods
of more extensive ice cover. Therefore, our perspective of grounding line retreat since the Last Glacial
Maximum remains incomplete. Sediments beneath Ross Ice Shelf and grounded ice offer complementary
insight into the southernmost extent of grounding line retreat, yielding a more complete view of ice
dynamics during deglaciation. Here we thermochemically separate the youngest organic carbon to estimate
ages from sediments extracted near the Whillans Ice Stream grounding line to provide direct evidence of
mid-Holocene (7.5-4.8 kyr B.P.) grounding line retreat in that region. Our study demonstrates the utility of
accurately dated, grounding-line-proximal sediment deposits for reconstructing past interactions between
marine and subglacial environments.

Plain Language Summary Ice sheet grounding lines, where ice loses contact with the underlying
bed and transitions to an ice shelf floating on the ocean, are critical areas that govern the stability of
marine-based ice sheets. However, the short period (years to decades) that we have been able to map
grounding lines from ground, airborne, and satellite observations compared to the long periods over which
ice sheets change (centuries to millenia) limits our knowledge of grounding line stability. We focus our
geologic perspective of grounding line retreat in the Ross Sea, a region that has experienced a high degree of
change throughout the last glacial-interglacial cycle. Prior work reconstructing the timeline of ice sheet
change in this region is based heavily on ice-free marine sedimentary records, where dates of the first open
marine sedimentation after ice retreat can be estimated. Dating sediments from beneath floating ice shelves
and near grounding lines has proven difficult for both logistical and methodological reasons, limiting

our understanding of grounding line evolution. We used novel radiocarbon dating methods on sediments
collected from beneath the floating Ross Ice Shelf to find that the grounding line retreated inland of the
current position during the mid-Holocene and subsequently readvanced.

1. Introduction

The West Antarctic Ice Sheet (WAIS) is a marine-based ice sheet susceptible to rapid retreat and possible col-
lapse in the face of projected warming (e.g., DeConto & Pollard, 2016; Golledge et al., 2015; Mercer, 1978).
The marine ice sheet instability (MISI) hypothesis suggests that ice sheet grounding lines, where ice transi-
tions from grounded to floating, are critical for large-scale ice sheet evolution (e.g., Hughes, 1973;
Mercer, 1978; Schoof, 2007; Weertman, 1974). Through both observations and modeling, it has been demon-
strated that multiple processes can individually or cumulatively impact the stability of a grounding line
on different timescales: sea level (e.g., Schoof, 2007); intrusion of warm water (Rignot & Jacobs, 2002), iso-
static adjustment (e.g., Gomez et al., 2010; Whitehouse et al., 2019); underlying topography and bathymetry
(e.g., Halberstadt et al., 2016; Matsuoka et al., 2015); and sedimentary accumulation (e.g., Alley et al., 2007;
Simkins et al., 2018). Therefore, quantifying long-term stability of WAIS grounding lines can constrain esti-
mates of future contributions of Antarctic Ice Sheet mass loss (DeConto & Pollard, 2016). Despite the long
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Figure 1. Map of study location. (a) Ross Sea sector (inset showing extent on Antarctica) with historical subglacial core
site locations (gray circles) and Whillans Grounding Zone (WGZ) site (this study; yellow star). Ice velocity (Mouginot
et al., 2019) overlain on an imagery mosaic (Scambos et al., 2007), with active subglacial lake areas (blue polygons;
Siegfried & Fricker, 2018) and grounding line (white; Depoorter et al., 2013) indicated. (b) WGZ embayment showing
core site relative to grounding line.

timescales over which grounding line dynamics can change, direct observations of grounding line dynamics
have only been made over the past decade (e.g., Joughin et al., 2016; Rignot et al., 2014). Present-day subice
sediments provide an underexplored archive of grounding line retreat and advance, which can be leveraged
to extend the record of grounding line stability into the geologic past.

Deglaciation of the Ross Sea since the Last Glacial Maximum (LGM) provides one of the best examples of
significant Antarctic ice retreat in the geologic record and thus serves as an analog for the future of
marine-based ice sheet sectors. Marine geological evidence on the Ross Sea continental shelf (e.g.,
Anderson et al., 2002, 2014; Bentley et al., 2014; Mosola & Anderson, 2006; Simkins et al., 2018) and terres-
trial evidence surrounding the Ross Sea (e.g., Hall & Denton, 2000; Hall et al., 2013; Spector et al., 2017;
Stuiver et al.,, 1981) have been used to chronicle the pattern of retreat during the last deglaciation.
Although this region has been heavily investigated, there remains an active debate surrounding the style
and timing of deglaciation here. The paradigm of a “swinging gate” deglacial pattern persisted for several
decades, wherein Roosevelt Island serves as a pinning point in the eastern Ross Sea, and the grounding line
migrates southward along the Transantarctic Mountains in the western Ross Sea (Conway et al., 1999). More
recently, periods of rapid Holocene retreat (Spector et al., 2017) and readvance (Greenwood et al., 2018;
Kingslake et al., 2018) have been suggested, and varied styles of retreat resulting from differences in physio-
graphy and bathymetry across the Ross Sea have been proposed (Halberstadt et al., 2016; Prothro
et al., 2020).

Evaluating the full extent of deglaciation in the Ross Embayment requires dateable deposits from beneath
the contemporary Ross Ice Shelf (RIS); however, thick ice cover, with 95% of RIS area between 211 and
764 m thick (Morlighem, 2019; Morlighem et al., 2020), limits direct access to these sediments. Before the
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Whillans Ice Stream Subglacial Access Research Drilling (WISSARD) Project, the only sediment samples
retrieved from beneath RIS were collected at site J9 (Figure 1a) as part of the RIS Project (Clough &
Hansen, 1979). Sediments from J9, along with sediments from beneath the Siple Coast ice streams flowing
into RIS (Figure 1a), contain Miocene, Pliocene, and Pleistocene aged microfossils (Coenen et al., 2019;
Harwood et al., 1989; Scherer, 1991, Scherer et al., 1998), as well as measurable radiocarbon (Kingslake
et al., 2018). Knowledge that diachronous marine influence on subglacial sediments introduces a chronolo-
gic range on the order of millions of years should thus raise caution on how time-diagnostic data from sub-
glacial sediments are interpreted. We analyzed a grounding-line-proximal sediment core from Whillans Ice
Stream to provide accurate chronological constraints on grounding line stabilization. We employed Ramped
PyrOx (RPO) radiocarbon (**C) dating, specifically designed to thermochemically deconvolve mixtures of
acid-insoluble organic material (AIOM) and remove biases from glacially reworked carbon, to directly test
a recent model-based hypothesis of Holocene grounding line retreat and readvance (Kingslake et al., 2018).

2. Study Location and Methods
2.1. Study Location and Borehole Operations

The Whillans Ice Stream grounding zone (WGZ) is one of the most studied areas of WAIS (e.g., Christianson
et al., 2013; Horgan, Alley, et al., 2013; Horgan, Christianson, et al., 2013; Jacobel et al., 2014; MacGregor
et al., 2011). WGZ is influenced by glacial and glaciofluvial processes, including sediment transport down-
stream by till deformation (e.g., Alley et al., 1986; Blankenship et al., 1986; Kamb, 2001), englacial sediment
transport and deposition by basal melt (e.g., Christianson et al., 2016; Christoffersen et al., 2010), and trans-
port of suspended sediment by the subglacial hydrologic system (e.g., Alley, 1989; Horgan, Christianson,
et al., 2013). Though an actively accreting grounding zone wedge has been identified elsewhere in the
Whillans Ice Stream system (Alley et al., 2007; Anandakrishnan et al., 2007), a comprehensive geophysical
survey across the grounding line at our study site (84.33543°S, 163.61187°W; Figure 1b) identified no evi-
dence for grounding zone wedge deposition (Horgan, Christianson, et al., 2013). Instead, the sedimentary
system accessed as part of the WISSARD Project (2014-2015) consists of recent sedimentation from basal
melt (Movie S1 in the supporting information) underlain by subglacial till (Horgan, Christianson,
et al., 2013). We collected a 70 cm-long gravity core through a hot-water-drilled borehole (Rack, 2016;
Tulaczyk et al., 2014) located ~3 km downstream from the modern grounding line of Whillans Ice Stream
(Begeman et al., 2018, 2020).

2.2. Geochemical and Microfossil Preparation

We determined total organic carbon (%TOC) of WGZ sediments (Text S1) with a Carlo-Erba NAN2500
Series-II Elemental Analyzer using a small aliquot of each sample. We prepared individual samples (5, 13,
40, and 62 cm) for radiocarbon dating with RPO, which employs a temperature ramp of 5°C per minute
to leverage the thermochemical reactivity of AIOM within a sediment sample (Rosenheim et al., 2008;
Text S2). Aliquots of CO, from RPO preparation were sent to the National Ocean Sciences Accelerator
Mass Spectrometry (NOSAMS) facility for determination of **C/'2C ratios and 8'*C. We prepared slides
for individual samples (3, 32, and 64 cm) after the methods of Scherer (1994) and Warnock and
Scherer (2015), which allows for a random distribution of diatoms to be settled over a known surface area
for quantification of absolute diatom abundance.

2.3. RPO Data Treatment

We normalized the thermograph (evolution of CO, as a function of temperature from the RPO process) of
each sample to total pCO, produced in each run to compare the thermochemical stability of carbon separa-
tion at each core depth. We iteratively decomposed each thermograph into reaction components, assuming a
Gaussian distribution of activation energies in the temperature domain within each component and using a
nonlinear least squares technique to minimize residuals. To quantitatively relate information from thermo-
graphs to carbon bond strength and chemical stability, we modeled thermal activation energy distributions
for each sample following Hemingway (2017) and Hemingway et al. (2017). We blank corrected all '*C ages
to account for uncertainty due to the RPO preparation process (Fernandez et al., 2014; Text S3). We cali-
brated radiocarbon ages (**C year) of low temperature RPO intervals to calendar years (year B.P.) using
the Marinel3 curve in Calib 7.1 (Stuiver et al., 2020) and a local reservoir correction of 1,101 + 120 years

VENTURELLI ET AL.

30f11



Ay

.
NI Geophysical Research Letters 10.1029/2020GL088476
AND SPACE SCIENCE
(a) som 1| owE 1 midE " hehE  FSRsoT]q045
| |
== 13cm Q | L RPO2 (704
\ == 40 cm [ [ > RPO3| {035
o -— 8' l 0 AP 103 3
S 62 cm ) | | /A RPO5 8
o 40.25
3 a | | 3
N [ [ Ho2
©
g | || 40.15
5 | O | >
-0.1
z L NN 0
]
| 0.
/ > » 0.05
[ & A 1o
L 1 L L L L L T~ L P B l L L 1 1
100 200 300 400 500 600 700 800 120 140 160 180 200 220 240 260
800 =
(b) I\ 5 om thermograph | () N | [—Regularized p(0,E) distribution|. 0.020
600} ,—' \\ : ﬁg:&iﬂ?g;@iin \ E range for each RPO interval
! —0.015
400 / Jo.o10
200 0 -o.005
600 T T - —
(C) — lsGstt:irnmrz‘)]g:jzp;h (h) —Regularized p(0,E) dlstrlbutlonL
- uSSI: f
400k ~ \ndividual Gaussian | | E range for each RPO intervalH0.015
: -0.010
2001 l
° | —-0.005
E A | ~ -
=} °
E -
2800 - m
ON (d) — 4OGcm thermogrdar:h (|) —Regularized p(0,E) distribution[‘ 0.020
- -+ 3 Gaussian model i
%600 = ~ 7 \ndividual Gaussian (N E range for each RPQ interval 10015
4001 0.010
200 0.005
800 I T -
(e) === 62 cm thermograph |||—Regularized p(0, E) distribution (J) -10.025
600 |- - ﬁqgs&ﬁ?g;ﬂu‘iin [ E range for each RPO interval l —0.020
|
400k 0.015
0.010
2001 0.005
100 200 300 400 500 600 700 800 120 140 160 180 200 220 240 260
Temperature (°C) E (kJ mol™)

Figure 2. (a) Thermographs for all samples. Gaussian decompositions of thermographs for (b) 5, (c) 13, (d) 40, and

(e) 62 cm core depths, showing modeled temperature ranges for individual carbon components. (f) Activation energy
(E) versus fraction modern (Fm) for all RPO intervals with measurable 14¢ activity. Dotted lines separate organic carbon
into low-E (<150 kJ mol_l), mid-E (150-185 kJ mol_l), and high-E (>185 kJ mol_l). Modeled energy distributions
(p(0, E)) at (g) 5, (h) 13, (i) 40, and (j) 62 cm core depths show the range of energy distributions in each RPO interval.

reflecting measured living amphipods from the site and prescribed uncertainties on reservoir ages due to
different water masses intruding onto the Antarctic margin (Hall et al., 2010; King et al., 2018; Kingslake
et al., 2018; Text S4).

3. Results
3.1. Thermographs and Activation Energy Distributions
Separation of AIOM with RPO results in qualitative information about thermochemical stability

(Figures 2a-2e) and quantitative information about the stability of organic carbon in these sediments
(Figures 2f-2j). Samples analyzed at 5, 13, and 62 cm fit a four-component Gaussian model (Figures 2b,
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Table 1

Table of Radiocarbon Results

Sample

Sample size (umol) Reported Fm + (1o) Blank corrected Fm + (1o) Age (14C years) + (1o) st3c (%o0)

WGZ 5 cm: RPO 1
WGZ 5 cm: RPO 2
WGZ 5 cm: RPO 3
WGZ 5 cm: RPO 4
‘WGZ 5 cm: RPO 5

WGZ 13 cm:
WGZ 13 cm:
WGZ 13 cm:
WGZ 13 cm:
WGZ 13 cm:
‘WGZ 40 cm:
WGZ 40 cm:
WGZ 40 cm:
WGZ 40 cm:
WGZ 40 cm:
WGZ 62 cm:
WGZ 62 cm:
WGZ 62 cm:
WGZ 62 cm:
WGZ 62 cm:

RPO 1
RPO 2
RPO 3
RPO 4
RPO 5
RPO 1
RPO 2
RPO 3
RPO 4
RPO 5
RPO 1
RPO 2
RPO 3
RPO 4
RPO 5

12.4
19.1
14.8
12.5
24.2
12.1
13.5
12.7
12.4
10.3
13.4
15.2
154
13.6
11.8
13.6
16.6
17.5
24.1
16.6

0.3046 0.0012 0.2952 0.0080 9,800 220 —27.6
0.1375 0.0012 0.1287 0.0064 16,450 300 —25.7
0.1031 0.0011 0.0910 0.0084 19,250 740 —25.7
0.0852 0.0012 0.0705 0.0101 21,300 1,200 —25.1
0.0158 0.0011 0.0073 0.0057 39,500 6,300 —22.2
0.4032 0.0013 0.3961 0.0073 7,440 150 —30.3
0.1703 0.0010 0.1586 0.0085 14,800 430 =273
0.1492 0.0010 0.1363 0.0093 16,000 550 —27.1
0.0869 0.0009 0.0721 0.0102 21,100 1,100 —27.6
0.0170 0.0009 —0.0030 0.0132 >30,200 = —-22.9
0.2992 0.0137 0.2904 0.0158 9,930 440 —29.0
0.0771 0.0008 0.0648 0.0084 22,000 1,000 —26.8
0.0510 0.0008 0.0383 0.0085 26,200 1800 —26.1
0.0128 0.0008 —0.0024 0.0100 >32,400 = —26.4
0.0122 0.0008 —0.0053 0.0116 >32,400 = —21.2
0.3154 0.0012 0.3070 0.0073 9,490 190 —28.3
0.1005 0.0011 0.0897 0.0075 19,350 680 =277
0.0649 0.0011 0.0540 0.0074 23,400 1,100 —26.5
0.0199 0.0011 0.0114 0.0057 35,900 4,000 —25.6
0.0087 0.0012 —0.0038 0.0083 >35,000 = -21.0

Note. Reported fraction modern (Fm) is data directly from NOSAMS. Blank Corrected Fm values have been corrected to account for uncertainty resulting from
RPO preparation. Italicized items are used to show that these ages are near the limits of measurable radiocarbon.

2¢, and 2e), whereas the 40 cm sample did not contain the low temperature Gaussian component present at
other depths, fitting best with a three-component Gaussian model (Figure 2d). The 5, 13, and 40 cm samples
reacted at lower temperatures, represented by a large low temperature (350°C) peak, whereas the 62 cm
eluted more CO, at a higher temperature (505°C). Thermal decomposition activation energy distributions
(Figures 2g-2j) reveal that RPO intervals range in activation energies across low (<150 kJ mol™"),
medium (150 < E < 185 kJ mol™"), and high (>185 kI mol™") energy ranges, demonstrating that
subglacial organic carbon contains diverse bond structures rather than a homogeneous pool of refractory
carbon (Hemingway et al., 2018). We separated the low-energy component in the lowest temperature
interval of each of our samples, which yielded distinctly different activation energies from higher
temperature intervals (Figure 2f). Though not useful for chronological purposes, higher temperature RPO
intervals (RPO 2-5) were characterized by higher activation energies. Generally, these fractions contain
less radiocarbon (i.e., are older) than other fractions (Rosenheim & Galy, 2012; Rosenheim, Roe,
et al., 2013; Rosenheim, Santoro, et al., 2013; Williams et al., 2015), unless the low-energy radiocarbon
from was from a frozen labile source like permafrost (Schreiner et al., 2014; Zhang et al., 2017) or volatile
petroleum carbon (Pendergraft & Rosenheim, 2014). Combined with stable isotopic data, mid- and high-E
data can be useful in Antarctic sediments for identifying sources and amounts of relict organic carbon in
a grounding-line-proximal environment.

3.2. Geochemical and Diatom Data

Sediments from WGZ had low %TOC (0.03-0.21%; Table S1) and low diatom abundances (500 to 1,000 valves
per gram dry sediment; Text S5). The most commonly observed diatom species were Denticulopsis simonse-
nii, Pyxilla reticulata, Stephanopyxis sp., and Paralia sulcata. None of the diatom specimens observed in our
study were species that are common living taxa in the modern Ross Sea. Five aliquots of CO, at 5, 13, 40, and
62 cm resulted in a spectrum of isotopic data and '*C ages for all samples (Table 1; Figure 3). The most ther-
mochemically reactive aliquot of carbon was separated into the lowest-temperature RPO interval, contain-
ing 15% of the total sample at 5, 40, and 62 cm and 19% of the total sample at 13 cm determined by mass.
Low-temperature aliquots for each sample contained the highest **C concentrations for each of the four
spectra, resulting in ages from 9,900 to 7,400 '*C year and lacking stratigraphic order (Figure 3). Values of
8'3C ranged from —30.3% to —27.6%c VPDB in low temperature intervals. Radiocarbon concentrations
decreased throughout the spectra, resulting in increasing ages and increasing 8'°C values with
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Figure 3. (a) RPO e age spectra and (b) calibrated radiocarbon ages for low temperature RPO intervals. Where
intervals are not indicated with a point in (a), radiocarbon content was less than the uncertainty of radiocarbon
content or negative. We display these intervals with an arrow toward higher age to indicate limitations of reporting
radiocarbon concentrations close to background.

temperature (Table 1). High temperature intervals from 13, 40, and 62 cm samples resulted in **C sample
activity less than the uncertainty of radiocarbon content and are reported as minimum ages after Stuiver
and Polach (1977). Weighted arithmetic means of age spectra result in ages of 26,800-14,900 “*C years,
not in stratigraphic order (Table S1).

4. Discussion
4.1. RPO Under Ice

The WGZ sedimentary system is composed of material influenced by glacial and subglaciofluvial processes
(e.g., Christianson et al., 2013; Horgan, Alley, et al., 2013; Horgan, Christianson, et al., 2013; Vick-Majors
et al., 2020). In a subice shelf setting, the proportion of preaged carbon transported from the continent
(allochthonous material) is present in much higher proportion than carbon input from the marine environ-
ment (autochthonous material), with ages of these components reflecting the dynamic processes occurring
before deposition (Subt et al., 2017). The application of RPO at WGZ builds upon previous work with
Antarctic marine sediments to improve deglacial chronology by exploiting differences in thermochemical
stability between autochthonous organic material and allochthonous organic material (Rosenheim
et al., 2008; Rosenheim, Roe, et al., 2013; Subt et al., 2016, 2017). In order to interpret **C concentrations
measured in low-carbon, subglacial sediments as a chronological constraint on grounding line retreat,
separation of autochthonous organic material from high proportions of allochthonous material is
imperative.

4.2. Comparison to Previous '*C Dating

We identify the presence of 9,900 to 7,400 '*C year old (Figure 3a) organic carbon in low temperature RPO
intervals throughout our core. Recent work interpreted the presence of radiocarbon from bulk-dated subgla-
cial sediment samples at WGZ, as well as upstream Whillans, Kamb, and Bindschadler ice streams, as evi-
dence for exposure of the subglacial environment to marine water during the Holocene (Kingslake
et al., 2018). This interpretation is consistent with stable carbon isotopic data in our study, falling within a
typical range of marine organic material in the Ross Sea (Villinski et al., 2000). The lack of common modern
Ross Sea diatoms observed here implies that marine incursion occurred under subice-shelf conditions rather
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Figure 4. Conceptual model illustrating Whillans Ice Stream grounding zone line through (a) LGM, (b) mid-Holocene
retreat, and (c) readvance to present position (Depoorter et al., 2013) based on RPO (e ages in this study.

than with the onset of open marine conditions (Smith et al., 2019). Dissolved inorganic carbon beneath RIS
can be fixed by chemolithoautotrophic ammonium oxidizing bacteria to produce new particulate organic
carbon (Horrigan, 1981; Priscu et al., 1990). Therefore, the presence of radiocarbon in our sediments
likely reflects the timing of this microbial process when the subglacial environment was exposed to
marine water.

Weighted arithmetic means of RPO age spectra are comparable to bulk-dated ages from the same AIOM
samples taken from riverine settings (Rosenheim & Galy, 2012) and the Bellingshausen Sea (Rosenheim,
Roe, et al., 2013); in highly detrital sediments, however, weighted arithmetic mean ages have been shown
to result in slightly younger ages than conventional bulk dates (Subt et al., 2017). Bulk-dated samples from
other WGZ cores resulted in ages from 28,600 to 20,200 e year (Kingslake et al., 2018). Mean ages
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calculated from RPO age spectra in our study resulted in ages ranging from 26,800 to 14,900 **C years old
(Table S2). Younger calculated bulk ages for the same sediments may be explained by slight differences in
pretreatment of material having a different effect on young labile organic carbon, as preparation techniques
can influence dating efforts (Bao et al., 2019). Combined with heterogeneous sedimentation in a low-carbon,
ice-proximal depositional environment, small differences in extremely low ratios of **C/*C can be expected
when interpreted as ages, consistent with Subt et al. (2017). Nonetheless, low temperature RPO intervals
here are 7,500 to 17,800 “*C years younger than previously bulk-dated samples from WGZ (Kingslake
et al., 2018).

4.3. Whillans Ice Stream Grounding Line Retreat

Isolation of low-energy bonded carbon in low-temperature RPO intervals demonstrates that we have mini-
mized the amount of relict carbon incorporated in our dated samples, reducing geological uncertainty in dat-
ing grounding-line-proximal sediment. We calibrated our low temperature RPO intervals to calendar years
(Figure 3b) and interpret the mid-Holocene ages (7.5-4.8 kyr B.P.) as chronological constraints of grounding
line retreat. The incorporation of marine carbon in these sediments supports the hypothesis that the
upstream Whillans Ice Stream subglacial system was previously exposed to the marine environment.
These results imply that the grounding line retreated beyond its current position in the mid-Holocene and
subsequently readvanced to the current position, rather than a progressive retreat of the grounding line in
the Ross Sea since the LGM (Figure 4). Thus, the paradigm of a unidirectional retreat, pinned at
Roosevelt Island at 3.2 kyr B.P. (e.g., Conway et al., 1999; Lowry et al., 2019), is not consistent with our
results. WGZ RPO *C data support the model of grounding line and readvance following the LGM
(Greenwood et al., 2018; Kingslake et al., 2018). However, our dates from WGZ indicate that grounding line
retreat occurred at least 2 kyr later, during the mid-Holocene, rather than the early Holocene (9.7 kyr B.P.) as
simulated by Kingslake et al. (2018).

4.4. Implications for Deglacial History of Ross Sea

Our record from WGZ provides new insight into the large-scale deglacial history of the Ross Sea. During the
LGM, grounded ice filled the Ross Sea (Figure 4a) to the continental shelf edge (e.g., Bentley et al., 2014;
Mosola & Anderson, 2006). Exposure ages indicate that Beardmore and Scott Glaciers, which deliver ice
to the central Ross Sea, maintained LGM ice thickness until between 16.7 and 14.4 kyr B.P. (Spector
et al., 2017). These terrestrial records are consistent with the marine AIO (Prothro et al., 2020) and forami-
niferal (Licht, 2004) constrained '*C ages for timing of initiation of grounding line retreat from the continen-
tal shelf edge. As deglaciation persisted in the western Ross Sea, foraminiferal *C ages indicate open marine
conditions east of Ross Island 8.6 kyr B.P. (McKay et al., 2016), consistent with '°Be exposure ages indicating
grounding line retreat to the mouths of Beardmore and Shackleton glaciers (Spector et al., 2017).
Collectively, these records indicate that full deglaciation of the western Ross Sea precedes grounding line
retreat of Whillans Ice Stream by ~1 kyr. Dates from WGZ falls closer to the deglacial history in the western
Ross Sea than in the eastern Ross Sea (e.g., Bart, Anderson, et al., 2017; Bart, Krogmeier, et al., 2017). This
interpretation is consistent with the tectonic boundary identified between East and West Antarctica beneath
RIS, which has been suggested to control bathymetry and oceanic circulation (Tinto et al., 2019). We thus
contend that grounding line retreat at Whillans Ice Stream likely responded to western Ross Sea oceanic
conditions, whereas grounding line retreat at other ice streams along the Siple Coast (i.e., Bindschadler
ice stream) may have been more strongly influenced by eastern Ross Sea oceanic conditions. The occurrence
of retreat at WGZ supports physiographic control of grounding line retreat through embayments
(Halberstadt et al., 2016), but widespread transects of subice sediment cores dated with RPO **C or similarly
accurate methods are needed to fully constrain the southernmost extent of this process.

5. Conclusions

We present the most accurately dated record of sediments collected from the southernmost portion of the
marine cavity beneath RIS. Our record reveals the exposure of subglacial sediments underlying Whillans
Ice Stream to marine water between 7.5 and 4.8 kyr B.P. Combined with the broader record of Ross Sea
deglaciation, our work supports a retreat and readvance of the grounding line but amends previously mod-
eled timing from the early-Holocene to the mid-Holocene. Our retreat chronology reveals a variable Siple
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