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Abstract. Marine ice sheets are low-pass filters of climate variability that take centuries to millenia to adjust to
interior and near-terminus changes in mass balance. Constraining these long-term changes from satellite altimetry and
velocity observations that span only the last 40 years is challenging. Here, we take a different approach, synthesizing
different data sources to infer changes in the configurations of van der Veen and Mercer Ice Streams on the Siple5

Coast over the past 3000 years. Englacial radar data from Conway Ice Ridge reveal smooth, surface conformal layers
overlying disrupted stratigraphy that suggest the van der Veen Ice Stream was 40 km wider over 3000 years ago.
Englacial layer dating indicates that the ice stream narrowed to its present configuration between ∼ 3000 and ∼ 1000
years ago. Similarly disrupted stratigraphy and buried crevasses suggest that ice flowing from Mercer to Whillans
Ice Stream across the northwestern tip of the ridge slowed shortly after van der Veen narrowed. Using an ice-flow10

model capable of simulating shear-margin migration, we evaluate whether small changes in ice thickness can lead
to large changes in shear-margin location. Our results suggest that the tip of Conway Ice Ridge is sensitive to ice
thickness change, and that when the basal strength at the tip of the ridge increases with the ice thickness above
flotation, the ice-stream shear margin locations can change quickly.

Plain Language Summary15

In Antarctica, ice discharge to the ocean through fast flowing rivers called ice streams accounts for almost all of
the continent’s present ice mass loss. Ice from slower-moving banks of these streams, called ice ridges, is affected by
the neighboring ice streams. Changes in the size and flow of these rivers of ice can alter the thickness and flow of
these slower flowing ice ridges. In this study, we use radar data collected across Conway Ice Ridge to constrain the
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ice-flow history of the neighboring ice streams. This is possible because the flow history of the slow-moving ice is20

imprinted on the internal structure of the ice ridge, which we can image using radar technology. The ridge structure
we image indicates that regional ice flow slowed near Conway Ice Ridge 3000 years ago to the speeds we observe
today. Using a numerical model designed to represent the boundary where ice transitions from slow to fast flowing,
we evaluate the sensitivity of Conway Ice Ridge to changes in ice thickness. Our sensitivity study suggests that when
the neighboring ice streams are thinner and where the bed provides less resistance to flow, margins at the tip of25

Conway Ice Ridge can migrate large distances (10 km) quickly.

1 Introduction

The Siple and Gould Coast ice streams are some of the most well-studied ice-stream systems in Antarctica. Monitoring
programs dedicated to understanding the physical controls of streaming ice flow through these tributaries into the
Ross Ice Shelf date back to the International Geophysical Year (1957-58; i.e. Crary, 1961; Crary et al., 1962).30

This early work inspired several large-scale projects (Ross Ice Shelf Project, Siple Coast Project, TAMSEIS, drilling
of Whillans Subglacial Lake, Mercer subglacial Lake, and SWAIS2c) and studies (MacAyeal and Thomas, 1979;
Alley and Whillans, 1991; Bindschadler, 1993; Clough and Hansen, 1979; Tulaczyk et al., 2014; Priscu et al., 2021)
that have shaped fundamental understanding of the mechanics that control streaming flow and flow history in the
Ross Sector during the Holocene (Anandakrishnan and Alley, 1997; Tulaczyk et al., 2000; Bindschadler et al., 2003;35

Catania et al., 2006; Winberry et al., 2009, 2011, 2014; Zoet and Iverson, 2020; Siegfried et al., 2023). The relatively
simple geometry, but varied thermomechanical behavior of the Siple Coast ice streams over the relatively recent past
(since the Last Glacial Maximum) combined with the rich paleo and modern datasets make the Siple and Gould
Coast ice streams a compelling natural laboratory for understanding ice-stream evolution.

The mid to late Holocene epoch (11.7 ka BP - present) is generally considered to be a period of relative climate40

stability with variations in global average temperatures of less than (±0.5◦ C) and relatively small changes in global
ice volume (Jones et al., 2022). However, growing evidence suggests that the West Antarctic Ice Sheet was smaller
than the present configuration during the mid-Holocene (8.2-4.2 ka) and subsequently re-advanced over the last
several thousand years (Kingslake et al., 2018; Venturelli et al., 2020, 2023). The most direct evidence supporting
readvance in the Ross Sector has come from radiocarbon dating of subglacial till from the Whillans and Mercer Ice45

Streams (i.e. Venturelli et al., 2023). These ice streams drain ice from the continental margin of the West and East
Antarctic Ice Sheet and retreated so that Subglacial Lake Whillans and Subglacial Lake Mercer were well connected
to the Ross Sea between 7.5 and 5.3 ka BP (Venturelli et al., 2020, 2023; Siegfried et al., 2023). Constraints from
radiocarbon dating complement analysis of porewater chemistry from the same subglacial lakes, which support the
hypothesis that the West Antarctic Ice Sheet readvanced over this region between 1.1 and 1.5 ka B.P (Neuhaus50

et al., 2021). These dated geochemical markers also agree with global reconstructions of past sea levels that suggest
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that the West Antarctic Ice Sheet and the Ross Sector in particular contributed signi�cantly to sea level during the

mid-Holocene (Ólafur and Christian, 1999; Creel et al., 2023).

Geophysical observations have also hinted at recent re-advance: borehole temperatures have been used to date the

grounding and formation of Crary Ice Rise between 1.5 and 1.0 ka BP (Bindschadler et al., 1990). Magnetotelluric55

data suggest that the sediment beneath grounded interior regions of the Ross Embayment is highly conductive,

consistent with sediments saturated with a mixture of freshwater and fossil seawater (Gustafson et al., 2022). Buried

crevasses and disturbed englacial stratigraphic signals recorded in radar data have been interpreted as markers of past

ice-�ow change in the Ross Embayment during the Holocene (Gades et al., 2000; Jacobel et al., 2000; Nereson and

Raymond, 2001; Conway et al., 2002; Siegert et al., 2004b; Catania et al., 2005, 2006, 2010; Hulbe and Fahnestock,60

2007; Holschuh et al., 2018; Hillebrand et al., 2021).

The ability to use englacial stratigraphy to understand changes in ice �ow is predicated on the linkage between

dated stratigraphic changes and �ow history. Ice that �ows slowly records a longer strain history than ice in streaming

�ow, which makes slow-�owing regions easier to link to regional changes in englacial stress and strain. One promising

location where modern changes in ice �ow motivate geophysical data collection and realistic model simulations of65

ice-stream evolution are the ice ridges that separate the Siple and Gould Coast Ice Streams (Shabtaie et al., 1987;

Matsuoka et al., 2015). Ice �ow from the centers of these ridges often produce their own radial �ow pattern away

from central ice divides (ice-�ow analogs to watersheds). Because ice �ows slowly over these inter-stream ridges, it

may be possible to use the stratigraphy to interpret recent periods when the migration of neighboring ice streams

previously cut across the ridge.70

Many of the inter-stream ridges and ice rises located along the Siple and Gould Coasts show signs of stable divides

in surface imagery (Siple Dome, Engelhardt Ice Ridge, and Roosevelt Island; Fig. 1). An exception is Conway Ice

Ridge located in the western part of the Siple Coast. Unlike Engelhardt Ridge or Siple Dome, Conway Ice Ridge

does not have a single divide (Matsuoka et al., 2015). The surface elevation of the ridge slopes relatively steeply

toward the grounding line driving �ow down the ridge rather than orthogonal to the ridge axis (Joughin et al., 2002;75

Mouginot et al., 2019). Conway Ice Ridge may also be particularly well suited for understanding ice sheet readvance

because it sits at the junction of van der Veen, Whillans, and Mercer Ice Streams. Surveying the englacial structure

of Conway Ice Ridge presents an opportunity to link the geologic history of grounding-zone changes recorded in

sediment records collected from beneath the ice streams that �ow past Conway Ice Ridge with the mechanics and

strain history recorded in Conway Ice Ridge englacial stratigraphy.80

Here, we interpret detailed ice-penetrating radar surveys collected on Conway Ice Ridge that reveal past ice-�ow

conditions over the ridge and the adjacent van der Veen and Mercer Ice Streams. We complement these observations

with model simulations of the ridge to constrain the physical mechanisms that might have promoted these changes.

Together, our observations and model simulations of Conway Ice Ridge suggest that the neighboring van der Veen Ice

Stream and the con�uence of van der Veen and Mercer Ice Streams were thinner and moved faster before thickening,85

advancing, and stagnating to their present �ow con�guration in the last three thousand years. These observations
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