nature geoscience

Article

https://doi.org/10.1038/s41561-025-01889-9

Deglaciation ofthe Prudhoe Domein
northwestern Greenlandinresponseto

Holocene warming

Received: 28 February 2025

Accepted: 24 November 2025

Published online: 05 January 2026

W Check for updates

Caleb K. Walcott-George ® '
Allie Balter-Kennedy ® *®, Nicolas E. Young ®*, Tanner Kuhl®, Elliot Moravec®,
Sridhar Anandakrishnan’, Nathan T. Stevens ® 2, Benjamin Keisling ®°®,
Robert M. DeConto ®°, Vasileios Gkinis", Joseph A. MacGregor® &

Joerg M. Schaefer®*

, Nathan D. Brown®3, Jason P. Briner®",

Projections of future sea-level rise benefit from understanding the response
of pastice sheets to warming during past Quaternary interglacials.
Constraints on the extent ofinland Greenland Ice Sheet retreat during

the Middle Holocene (-8-4 thousand years before present) are limited
because geological records of a smaller-than-modern phase largely remain
beneath the modernice sheet. We drilled through 509 metres of firn and
iceat Prudhoe Dome, northwestern Greenland, to obtain sub-ice material
yielding direct evidence for the response of the northwest Greenland

ice sheet to Holocene warmth. Here we present infrared stimulated

luminescence measurements from sub-ice sediments that indicate that the
ground below the summit was exposed to sunlight 7.1 £ 1.1 thousand years
ago. This proposed complete deglaciation of Prudhoe Dome, coeval to
reduced extent at other ice caps across northern Greenland, is consistent
with interglacial-only 6'*0 values from the Prudhoe Dome ice column and
ice depth-age modelling. Our results point to a substantial response of the
northwest Greenland ice sheet to early Holocene warming, estimated to

be +3-5 °C from palaeoclimate data. This range of summer temperatures is

similar to projections of warming by 2100 CE.

The Greenland Ice Sheet (GrlS) has waxed and waned over the Quater-
nary, nearly completely deglaciating at least once in the last 1.1 Myr
(ref.1). Evaluating the response of the GrlS to past warming is necessary
to predictthe future response of the ice sheet and its contributions to
sea-level rise’. Existing reconstructions using lake sediment records
and radiocarbon dating of reworked organic materials found in Little
Ice Age deposits suggest the central and southern GriSretreated toits
minimum Holocene size between -5 and -3 thousands of years before
present (ka) before readvancing toits historical maximum (nomencla-
ture on Greenland for the recentice extent that often occurred during
theLittle Ice Age®) at-1850 CE and provide animportant framework for
evaluating GrlIS response to the most recent warm period*. However,

these studies usually provide loose constraints on the ice sheet foot-
printduring these minima, making it difficult to assess the specific local
responses of the GrlIS to Holocene warmth. Meanwhile, cosmogenic
nuclide and luminescence dating of sub-ice materials retrieved from
ice core drilling campaigns can provide direct constraints on when
locationsin Greenland’s farinterior were ice free in the past, resulting
in more precise depictions of ice sheet geometry'”. These studies have
spurred new drilling projects aiming to assess the magnitude of GrIS
inland retreat during the Holocene andits reaction to Holocene warmth
by collecting sub-ice sediments and bedrock from key locations around
the margins of the GrIS that can provide constraints on past ice sheet
extents®’. We present new infrared stimulated luminescence (IRSL)
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Fig.1|Maps of study area. a, Map of Greenland and surrounding areas with
modernice extents® showing study site in red box and the locations of Hans
Tausen (HT) and Flade Isblink (FI) ice caps, the Camp Century ice core site (CC),
the Agassiz Ice Capice core site (AG) and Deltasg (DS) and Wax Lips (WLL) lakes.
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b, Digital elevation map’® of areas surrounding Prudhoe Dome showing drill site.
masl, meters above sea level; m bsl, meters below sealevel. ¢, Cross section shows
ice thickness and bedrock topography of Prudhoe Dome measured by radar
sounding’ and the drill site.

measurements from sub-ice sediments below the summit of Prudhoe
Dome (PD), 8%0 (the deviation in the ratio of oxygen-18 relative to a
known standard) measurements of the overlyingice column and sim-
ple one-dimensional (1-D) ice depth-age modelling to provide robust
evidence that PD deglaciated during the Holocene.

Prudhoe Dome, northwestern Greenland, is an ~ 2,500 km? ice
dome with a maximum ice thickness of ~600 m attached to the main
body of the GrIS viaasaddle (Fig.1). Toits north and east, PD terminates
at Inglefield Land, whereas its western and southern portions mostly
terminate as marine outlet glaciers between narrow highlands. Arecent
synthesis of simulated GrIS basal thermal state indicates that the bed
of PD is probably cold based®. Intensely weathered bedrock surfaces
with high concentrations of cosmogenic nuclides suggest that the
GrIS was mostly cold based when it covered Inglefield Land during
the Quaternary®°, During the Last Glacial Maximum (LGM; 26-19 ka),
this sector of the GrIS expanded into Nares Strait, where it merged
with the Innuitian Ice Sheet and flowed southward into northern Baf-
fin Bay""?. Ice retreated to the coast of modern-day Inglefield Land by
~9 ka, before reaching the present GrIS margin in central Inglefield
Land at~7 ka (refs. 13-16). After ~7 ka, the GrIS continued to retreat to
asmaller-than-modern position until it began readvancingtoits Little
Ice Age maximum'®. The extent of the inland retreat of PD during the
Holocene, and the timing of minimum extent, remains unknown. To
assess this, we collected 3.0 m of sediment above 4.4 m of bedrock
from a topographic high under 509.4 m of ice at the centre of PD. We
also retained ice chips from the ice column for 60 measurements,
which provide information onthe presence or absence of Pleistocene
ice atthesite.

The Holocene deglaciation of PD
Luminescence ages from sediments record the duration since sedi-
ment grains were last exposed to sunlight. Minimum dose models of

single-grain equivalent dose (D.) derived from IRSL measurements on
sand-sized K-feldspar from amassive sand and angular gravel diamict
(Extended Data Figs.1and 2) in the upper 7.5 cm of the sub-ice sedi-
ments yield a burial age of 7.1 + 1.1 ka (Methods). Our depth profile of
D, estimates reveals a sharp decrease of D, towards the uppermost
sediments; values at depth (- 180 cm) of ~100 Gray (Gy) decrease to
14.4 £2.2 Gy at 0-2.5 cm (Fig. 2b).

At our site under the centre of PD, exposure of sediment grains
to sunlight occurs when PD is absent. Therefore, the burial age of
our uppermost sediments of 7.1 + 1.1 ka unambiguously requires PD
to have deglaciated from our ice dome summit drill site during the
Holocene. Decreasing D, values towards the surface are consistent
with sediment mixing in the upper ~10 cm (refs. 17,18). During sedi-
ment mixing, fully bleached grains from the surface become mixed
deeperintothe sediment column and deeper grains are brought closer
to the surface, where some become fully bleached (Fig. 3). Given the
high Arctic setting of our site, we suggest that during this period of
Holoceneice-free conditions, sediment mixing was driven by cryotur-
bation of an active layer within continuous permafrost sediments—a
dominantdriver of soil reworking in Arctic environments'. The pres-
ence of continuous, massive diamict from the surface to -47 cm also
supports our hypothesis of in situ mixing, as we find no evidence that
the uppermost sediments are sedimentologically different (Extended
Data Figs. 1and 2). Such mixing would occur until ice cap formation
at theice divide (the location of our drill site) as snow accumulated
and compressed into ice, causing cryoturbation to cease as the sedi-
ments became perennially frozen. Meanwhile, the previously bleached
sediments would begin to record this burial duration. Additionally,
because our drill siteis at the centre of PD along the ice divide (where
there is zero horizontal velocity), we posit that the sediments within
our core remained in situ during ice cap regrowth, rather than being
transported from elsewhere.

Nature Geoscience


http://www.nature.com/naturegeoscience

Article

https://doi.org/10.1038/s41561-025-01889-9

a b c d
0 0 ‘ 0
b ‘ Age: 7.1+ 1.1ka
‘ 00-2.5¢cm 500
2.5-5.0cm 400
05.0-7.5cm ° 200 - cc
S 10+ 2 3
2 2
%) © ° @
250 E O 200 T 400 ¢
sor g P R RN ~ B
— —_ 2 S5 0° g% 4 ©o ° >
£ £ T §Je 500 ° ° 10082 2 S
~ G N -2 el o o 0 ° E
< < el o Q %
= o
§ : g :
2 S
& o £
500 90 ) 0-7.5cm combined > < 800 | ]
97/1,000 grains measured Q
170F MAM-3 of D,;: 15.99 £ 1.86 Gy 2 j
Relative standard error (%)
50.0 25.0 16.7 125 10.0 830 LGM
Il Il Il Il Il Il |
T T T T T T T 1
740, 180 ‘ i o 2 4 6 8 10 12 1,200 .
10' 10 10° Precision -40 -30 -20
MAM-3 of D, (Gy) 8'%0 (%)

Fig.2 | Luminescence and §"*0 measurements. a, Simplified stratigraphiclog
ofthe ASIG (Agile Sub-Ice Geological Drill) core; blue box shows location of IRSL
measurements in panel b. b, Minimum dose model (MAM-3) of single-grain
D.withdepth. Blue line represents mean and transparent blue box represents
the lo error. Black box shows upper 0-7.5 cm used to calculate burial age in
panel. Breaks in y-axis are included to cover only the sediment sections where
we made luminescence measurements. ¢, Radial plot of single-grain K-feldspar
measurements combined for grains (each grain measurement is an open

circle) from 0 to 7.5 cm, and depths of individual grains are noted by varying
colours. Grey dashed line shows MAM-3 estimates of D, 20 error (grey bar).
Supplementary Fig.1provides additional details on interpreting luminescence
radial plots. Grains within the grey bar are represented by the pink grains in
Fig.3d, whereas grains outside the grey bar are represented by the red grains
inFig. 3d.d, 80 measurements from the overlying ice at our drill site (PD)
measured every ~ 3 m, along with measurements from the Camp Century (CC)
ice core*.
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Fig. 3| Conceptual model of luminescence resetting through sediment mixing
duringice-free periods. t1, Sediments are buried beneath ice and each individual
grainisaccumulating a luminescence signal (light red). t2, Ice retreats, exposing
the uppermost sediments to sunlight, resetting the luminescence signal (white
grains). Sediment is mixed, bringing some grains with no luminescence signal
(white) lower in the column and some grains with pre-existing luminescence
signals towards the surface (light red). t3, Ice regrows over the sediment, cutting
off sunlight. Sediments that saw sunlight before burial have no luminescence

signal (white), whereas sediments that were not brought to the surface retain
luminescence signals (light red); sediment mixing has pooled together these
grains with differing luminescence signals, where a minimum age model can
identify the youngest population of grains (Fig. 2c). t4, Sediment grains that saw
sunlight during t2 (pink) record burial ages since ice regrowth (dots in grey bar
inFig. 2¢c). Sediment grains that did not see sunlight during t2 (dark red) have
luminescence that built up during multiple periods of ice burial (grains outside of
grey barin Fig. 2d).

The skewed distribution of our D, values with a population of
low D, grains among alarger population of higher D, grains supports
this hypothesis, as only a portion of grains became bleached during
Holocene deglaciation (Figs. 2b and 3). We interpret our IRSL age from
the upper 7.5 cm of sediment (7.1 + 1.1 ka) as recording the cessation
of sediment mixing and the initiation of PD regrowth, thus serving as
aminimum age for deglaciation and amaximum age for reglaciation.
Additionally, we observe no major decrease in §'°0 in PD ice, similar
to that seen in the Camp Century ice core record at ~1,050 m, rep-
resenting Pleistocene ice (Fig. 2d). An apparent lack of Pleistocene
icein the PD ice column requires that PD fully melted following the
Younger Dryas and then reformed during the Holocene. This find-
ing is also compatible with the majority (14 of 25 model instances)
of plausible 1-D ice age-depth models of the ice column that predict

only Holocene ice ages there, with basal ice that dates to before -5 ka
(Extended Data Fig. 3).

The glacial history of northern Greenland

The deglaciation of PD during the Holocene is compatible with other
records of ice cap recession across northern Greenland (Fig.4). A pro-
glacial lake sediment record from Deltasg reveals that the North Ice
Cap, -180 km south of Prudhoe Dome, was smaller than present or
absent from-~10.1kato 1850 CE (ref. 20). An age-depth model based on
evidence of known-age volcanic eruptionsrecorded ina345-m-longice
core from Hans Tausen Ice Cap in northern Greenland (Fig. 1) suggest
itcompletely deglaciated sometime during the Holocene and later
regrew between 4.0 and 3.5ka (ref. 21). Proglacial threshold lake records
show that Flade Isblink ice cap (Fig. 1) was smaller than present from
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Fig. 4 |Regional palaeoclimate data compared against records of Arcticice
capretreat and growth. a-d, Regional palaeoclimate data (Fig. 1) compared
against records of Arctic ice cap retreat/absence (red) and growth/presence
(blue).a,July insolation at 65° (ref. 41). b, Agassiz Ice Cap annual §'*0 temperature
record with 20 error’. ¢, Agassiz Ice Cap summer melt-layer temperature record
with2oerror’. d, Wax Lips Lake, NW Greenland, chironomid July temperature
estimates and modern temperature™. e, Deltasg, NW Greenland, chironomid July
temperature reconstructions with 1o error. f, Summarized records of Arcticice

cap minimaand re-growth?. g, Summary of Greenland Ice Sheet Neoglaciation®.
h, Flade Isblink ice cap regrowth®. i, Hans Tausen ice cap regrowth?. Black dot
(mean) and 1o error bars show IRSL burial age of the uppermost 7.5 cm from our
sub-ice sediment core, derived from luminescence measurements on1,000
individual K-feldspar grains (Methods). Red bar shows period of PD deglaciation
from modern coast of Inglefield Land* ™ and blue shows regrowth/presence
after deglaciation.

~9.4t0 0.2 ka and that at least parts of the ice cap may have persisted
throughout the Holocene®. Ice-flow modelling and stable isotope meas-
urements from an ice core suggest the main portion of Flade Isblink
ice cap formed after 4.0 ka (ref. 23). Across much of the Arctic, ice caps
began to regrow by -4 ka following their Holocene minima (Fig. 4)**%.

Reviews of existing GrIS margin chronologies suggest that ice
retreat behind the modern margin was spatially heterogeneous across
Greenland, thoughit probably reached its minimum extent during the
Middle/Late Holocene (- 5-3 ka) and experienced several pronounced
periods of Neoglaciation***, However, its exact geometry is unknown
andthereislikely substantial variability in the timing of that minimum
extent across Greenland. In Inglefield Land, Hiawatha Glacier was
smaller than today from > 5.8 to < 1.9 ka, whereas Humboldt Glacier

retreated behind its present margin from sometime between> 3.6 and
<0.5ka (ref.16). Theserecords of ice cap and GriS retreat suggest acom-
plex pattern of ice sheet response to Holocene climate fluctuations.

Drivers of northern Greenland deglaciation and
regrowth

The deglaciation of PD broadly aligns with higher-than-modern Holo-
cene temperatures reconstructed across other parts of Greenland
between 10 and 4 ka, with large spatial variability***. Much of PD is
land terminating today and was probably completely land terminat-
ing during Holocene deglaciation, as it retreated within its modern
footprint and out of the fjords onits southern flanks. Thus retreat and
ultimately complete deglaciation would not have been influenced by
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ice-ocean interactions such as calving and submarine melting but
mostly governed by summer melt (surface mass balance). Summer
temperatures reached their maximum in northwestern Greenland
between-~10 and -7ka, asrecorded by chironomid assemblages in lake
sediment cores indicating July temperatures ~3 to 7 °C warmer than
modern®®*>?, Similarly, a melt-layer-derived summer temperature
record from nearby Agassiz Ice Cap on Ellesmere Island reveal tem-
peratures -3 °C higher than modern between ~11 and 9 ka (ref. 30).
Meanwhile a coeval §®0-based record of mean annual temperatures
from Agassiz Ice Cap shows ~-3-6 °C of warming in the Early/Middle
Holocene®. It appears that substantial Early and Middle Holocene
atmospheric warming drove increased surface melting to the point
of completely melting PD.

The full melt and regrowth of PD during the Early-Middle Holo-
cene points to an early and high amplitude summer warm anomaly in
northwestern Greenland, as evidenced in palaeoclimate records®* >,
While arecent ice core synthesis indicates a near-uniform Holocene
Thermal Maximum (HTM) onset by the mid-Holocene, our record
from PD suggests an earlier summer HTM, with Holocene summer tem-
peratures high enough to melt PD before 7.1 £ 1.1ka (ref. 32). Summer
temperatures then had to decrease sufficiently to subsequently regrow
PD within afew millennia. The Agassiz Ice Cap melt-layer-derived sum-
mer temperature record shows coolingin the early Holocene, but this
proxy does not quantify temperatures below -8 °C and thus does not
record any potential cooling below this threshold*’. Proxy data from
nearby lakes suggest elevated summer temperature was declining by
~8 ka (ref. 29). Combined, available data suggest an early termination
tosummer HTM conditions paired with relatively steady precipitation
through the Holocene®. However, given the differences in seasonality
recorded inice core records and the ablation-driven retreat of PD, an
increase inwinter temperatures may partially obfuscate some summer
cooling, leadingto atemporal mismatch between summer and annual
HTM conditions, making it difficult to assess the climate conditions
leading to the regrowth of PD***, We suspect that even subtle climate
shifts following the HTM, in which the snowline descended tointersect
the elevated topography below the PD summit, could be sufficient to
regrow PD to its modern configuration via self-amplifying elevation
feedbacks. Suchlarge summer Holocene temperature changesinnorth-
western Greenland may implicate Arctic amplification (for example,
sea-ice feedbacks) in leading to higher amplitude Holocene summer
temperature change in northern versus southern Greenland**>>*,

The magnitude of increased summer temperatures at the time
of PD deglaciation are within the range of simulated 2100 CE sum-
mer warming at PD of between 1.8 and 4.7 °C (CMIP5 (Coupled Model
Intercomparison Project)) and 2.4 and 5.7 °C (CMIP6)*. Given the likeli-
hood that CMIP projections underestimate the magnitude and rate of
Arcticamplification (and therefore warming), summer temperatures
at PD will probably reach levels that led to its Holocene deglaciation
by 2100*. However, the duration required to deglaciate PD under
these elevated temperatures remain unconstrained, suggesting that
mitigation of future warming might ameliorate future melting of PD.

Luminescence analysis of sub-ice materials constrain the timing
of minimum ice extent within the current GrlS footprint. Our IRSL
age paired with §'®0 measurements and ice accumulation modelling
unambiguously indicate the deglaciation and subsequent reglaciation
of Prudhoe Dome during the Early-Middle Holocene, pointing to a
highly sensitive northern GrlIS. This motivates future drilling efforts
across the GrlS and peripheral ice caps to map the spatial pattern of
inland retreat during the Holocene, offering additional insights into
the evolution of the GrIS under elevated Arctic warming.

Online content

Anymethods, additional references, Nature Portfolio reporting summa-
ries, source data, extended data, supplementary information, acknowl-
edgements, peer review information; details of author contributions

and competinginterests; and statements of data and code availability
areavailable at https://doi.org/10.1038/s41561-025-01889-9.
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Methods

Sub-ice drilling, ice, sediment and bedrock collection

We used the Agile Sub-Ice Geologic (ASIG) drill operated by the NSF
(National Science Foundation) Ice Drilling Program to drill through PD
andaccesstheicesheetbed atageophysically constrained topographic
high (880 m above sealevel (asl)) at theice divide (1,390 m asl). We col-
lected ice chips from drill cuttings every -3 m for 6'*0 measurements
of the ice column. At 509.4 mice depth, the drill encountered the ice
sheetbed uponwhichreturnfluidincluded sand grains along with the
ice chips. We thencollected a7.5-m-long core, comprising 3 m of frozen
sediment on top of 4.5 m of gneissic bedrock. The upper 7.5 cm of the
sediment core, drilledimmediately after flushing the sediment-bearing
cuttings, were keptin lightproof conditions for luminescence dating.

Luminescence dating

We sub-divided the light-shielded upper 7.5 cm into three segments
at 2.5-cm intervals. We later sub-sampled inner portions of the core
at8.0-11.2 cm, 81.5-88.0 cm and 167.9-173.2 cm under amber light at
-20 °C. We melted samples under amber light conditions at the Univer-
sity of Texas at Arlington Luminescence Lab (UTALL), where we used
standard heavy liquids and acid treatment to isolate 150-200 um potas-
sium feldspar grains. We determined equivalent dose (D,) values for
individual K-feldspar grains fromeach depthinterval using single-grain
post-infrared infrared stimulated luminescence measured at 225 °C
(p-IRIRSL,,5)*%. To test for fading, grains were irradiated, preheated and
then held at room temperature for delays ranging from about 23 min-
utes to 2 weeks (ref. 43). No signal fading was observed on these time-
scales (Supplementary Fig. 8). We calculated cumulative D, estimates
foreachdepthintervaland the combined measurements from 0-7.5 cm
usingathree-variable minimumage model (MAM-3) assuming 15% over-
dispersion for single dose populations (Supplementary Table1)**. We
sentaliquots (1-10 g) of material from four depthintervals, 0-7.5 cm,
8.0-11.2 cm, 81.5-88.0 cm and 173.3-177.8 cm for X-ray fluorescence
(XRF) and inductively coupled plasma mass spectrometry (ICP-MS)
measurements of radionuclides at SGS Canada (0-7.5 cm) or the Wash-
ington State University Peter Hooper GeoAnalytical Lab (8.0-11.2 cm,
81.5-88.0 cm and 173.3-177.8 cm). We measured water content by
measuring the mass of samples before melting and again after melting
and after drying sediments in a 50 °C oven overnight. We calculated
environmental dose rates for each segment of 2.5 cm from the upper
7.5 cmusing alpha, beta and gamma infinite matrix dose rates from
the Dose Rate and Age Calculator (DRAC), assuminginert overburden
iceand adepth-dependent total dose rate field within the underlying
sediment (Supplementary Tables2and 3)**¢. To calculate the minimum
age within the upper 7.5 cm, we used the average dose rate within this
interval and the minimum dose model of all grains within this interval
to calculate our burial age (Supplementary Table 4).

Oxygen isotope measurements
We collected ice chips following each drill run of 3 m, which consti-
tuted a mixture of ice chips from each run. We flushed the drill hole
between each run to remove residual ice chips. We performed triple
water isotope analysis (6§70, §®0, 8D) on drill ice chips using cavity
ring-down spectroscopy (Picarro L-2140i) with a high-throughput
vaporizer (Picarro A0212), following the protocol described in ref. 47
modified for drill chips. To prevent spectroscopic contamination from
residual drillliquid, weincorporated amelt-refreeze step in the sample
preparation procedure, allowing for the effective removal of organics.
The sampling procedure provided aresolution of -3 m.
Measurements are reported in per mille (%o) relative to the Vienna
Standard Mean Ocean Water and Standard Light Antarctic Precipitation
(VSMOW-SLAP) international scale, defined by reference materials.
We used three internal water standards with well-calibrated values
against VSMOW-SLAP (Table water standards). The light and heavy
standard materials (‘-22’and -40’) were used to construct a calibration

curve, whereasthe middle standard (‘'NEEM’) served as a reference for
accuracy estimation. Measurement precision was determined to be
+0.025%0 for 870, + 0.021%. for 80 and + 0.23%. for 8D.

Ice depth-age modelling

We evaluated three one-dimensional (1-D) steady-state ice-flow models
to assess plausible depth—-age relationships of the ice column at our
PD drill site (Extended Data Fig. 3)*%. More sophisticated, transient
and three-dimensional modelling of the age of the GrIS has recently
been demonstrated, but those models are presently too coarse (both
spatially and temporally) to meaningfully resolve the age structure of
the modern PD***°, The three models are all conventionally applied for
ice sheetinteriors™, and here we calculate them using a range of plau-
sible Holocene and LGM conditions to aid first-order interpretation
of our measured 80 drill ice chip record at PD. All three models are
calculated analytically. Besides the local ice thickness, their differing
underlying assumptions regarding local ice dynamics lead to their
dependence on either one or two model parameters, one of which
is always the surface accumulation rate (Nye). The other is either the
basal melt rate (Nye + basal melt) or the thickness of the basal shear
layer (Dansgaard-Johnsen). For each model parameter, we considered
arange of five possible values and identified one of those as the most
plausible based on past modelling of the GrlS, resulting in a total of 25
modelinstances™*2,

Data availability

Luminescence dataare available via Zenodo at https://doi.org/10.5281/
zenodo.17047558 (ref. 53) and in the Supplementary Information. Oxy-
genisotope dataareavailable viaPANGAEA at https://doi.org/10.1594/
PANGAEA.984743 (ref. 54) and in the Supplementary Information.
Model data are available via Zenodo at https://doi.org/10.5281/
zenodo.17048033 (ref. 55).

Code availability
MATLAB code and data used for ice depth-age modelling are available
viaZenodo at https://doi.org/10.5281/zenodo0.17048033 (ref. 54).
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Extended Data Fig. 1| ASIG Core log and core images/CT scans. CT scan is shown for the uppermost 7.5 cm collected in the dark. Photos are from the lower sections.
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Extended DataFig. 2| CT scanimage of the uppermost 7.5 cm of sediment
from the ASIG core. Sediment was collected in an opaque PVC tube for
luminescence analysis. During drilling or sample extraction, achunk of the
uppermost sediment became loose. However, using the CT scan image, we were
abletoreconstructits original orientation. In thisimage, the red lines on both

chunks show where they were connected, the blue line shows the original top
surface, and the yellow line shows the original side surface. The bright spot in
the top of theimage is a tooth from the drill chuck that was dropped down the
borehole during drill operations.
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Extended Data Fig. 3| One-dimensional steady-state models of the depth- simple shear below it. The first two models (Nye and Nye+melt) tend to produce
agerelationship of the ice column at the Prudhoe drill site. For each model younger ice columns, and regardless of parameter selection, they consistently
parameter in each model/panel, a range of five values is considered (see legend), indicate acompletely Holocene ice column. The latter model (Dansgaard-
and theresulting depth-age relationship shown is darker for increasing values. Johnsen) indicates that anon-negligible basal layer of Pleistocene ice is possible
For each model/panel, the best estimate of the modern value is shownas a atlower accumulation rates and higher basal shear layer thicknesses. From
thicker dashed line. A): Nye (sandwich) model depends only on accumulation this initial modeling, we conclude that no past major basal shear or melting
rate (bdot), the ice column deforms uniformly by pure shear and is not melting is required to reproduce the measured the 6180 drill ice chip record, and that
atthebed. B): Nye+melt model is the same as Nye (A), except that basal melting
(mdot) isincluded. C): Dansgaard-Johnsen model, where the ice column of

simplest explanation for that record isanice cap that regrew under ameanice
thickness H deforms by pure shear above a height h above the bed, and by

accumulation rate slightly lower than present.
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