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a b s t r a c t

Fresh deposits above the margins of Reedy Glacier show that maximum ice levels during the last
glaciation were several hundred meters above present near the glacier mouth and converged to less than
60 m above the present-day surface at the head of the glacier. Exposure ages of samples from five sites
along its margin show that Reedy Glacier and its tributaries thickened asynchronously between 17 and
7 kyr BP At the Quartz Hills, located midway along the glacier, maximum ice levels were reached during
the period 17–14 kyr BP. Farther up-glacier the ice surface reached its maximum elevation more recently:
14.7–10.2 kyr BP at the Caloplaca Hills; 9.1–7.7 kyr BP at Mims Spur; and around 7 kyr BP at Hatcher
Bluffs. We attribute this time-transgressive behavior to two different processes: At the glacier mouth,
growth of grounded ice and subsequent deglaciation in the Ross Sea embayment caused a wave of
thickening and then thinning to propagate up-glacier. During the Lateglacial and Holocene, increased
snow accumulation on the East Antarctic Ice Sheet caused transient thickening at the head of the glacier.
An important result of this work is that moraines deposited along Reedy Glacier during the last ice age
cannot be correlated to reconstruct a single glacial maximum longitudinal profile. The profile steepened
during deglaciation of the Ross Sea, thinning at the Quartz Hills after 13 kyr BP while thickening
upstream. Near its confluence with Mercer Ice Stream, rapid thinning beginning prior to 7–8 kyr BP
reduced the level of Reedy Glacier to close to its present level. Thinning over the past 1000 years has
lowered the glacier by less than 20 m.

� 2010 Elsevier Ltd. All rights reserved.
1. Introduction

During the last glacial maximum (LGM) the Antarctic Ice Sheet
filled the Ross Sea Embayment. The northern extent of the LGM ice
sheet near Coulman Island, and its retreat history during the early
Holocene have been established through a combination of marine
geophysics and geology (Anderson et al., 1992; Licht et al., 1996;
Shipp et al., 1999; Licht and Andrews, 2002), and geologic studies
along the coast from Terra Nova Bay south to Hatherton Glacier
(Bockheim et al.,1989; Orombelli et al.,1990; Hall and Denton, 2000;
Baroni and Hall, 2004; Hall et al., 2004). Conway et al. (1999) applied
these data to the model by Stuiver et al. (1981) that compares the
retreating ice-sheet grounding line to a ‘swinging gate’, which swept
south along the Transantarctic Mountains (TAM) while remaining
pinned north of Roosevelt Island until after 3.2 kyr BP The age control
of Conway et al. (1999) raised the possibility that grounding-line
ment of Geosciences, Rieke
WA 98447, USA. Tel.: þ1 253
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retreat was ongoing. Reconstructions of ice thickness in the Ross Sea
(e.g., Denton and Hughes, 2002; Huybrechts, 2002) are constrained
by measurements of lateral moraines and drift sheets along the
margins of outlet glaciers that drain ice from East Antarctica into the
Ross Embayment (Oliver, 1964; Mercer, 1968; Mayewski, 1975;
Bockheim et al., 1989; Denton et al., 1989). Reedy Glacier is the
southernmost of these glaciers. Unlike the outlet glaciers to the
north, which now flow into the floating Ross Ice Shelf, Reedy Glacier
merges into Mercer Ice Stream upstream from its present-day
grounding line in the southeastern Ross Embayment (Fig. 1).

Mercer (1968) mapped lateral deposits of decreasing relative
age along the margins of Reedy Glacier, which he termed the Reedy
I, Reedy II, and Reedy III drifts. He identified the youngest of these
(Reedy III) as dating from the last glacial maximum, based on its
unweathered appearance. In order to develop an absolute chro-
nology, fieldwork was conducted on Reedy Glacier during 2003–
2004 and 2004–2005. We made glaciological measurements and
mapped and sampled glacial deposits, which are described in detail
in a companion paper (Bromley et al., 2010). Here, we focus on
Reedy III and younger recessional deposits; we will use the terms
‘‘last local glacial maximum’’ and ‘‘last glaciation’’ to describe local
changes in the thickness of the glacier which left behind Reedy III
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Fig. 1. Area map of Reedy Glacier showing sampling sites, and tributary glaciers.
Topography derived from the RAMP-DEM version 2 (Liu et al., 2001). Feature names
provided by the Antarctic Digital Database (SCAR, 2002), and USGS topographic maps.
Graphics by Dr. Greg Balco.
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deposits. We present exposure ages based on cosmic ray produced
10Be in glacial erratics, and use these ages to track the evolution of
the glacier surface profile over the past w17 kyr. We relate the ice-
thickness history of Reedy Glacier to the growth and retreat of the
Ross Sea ice sheet in the Ross Embayment downstream, and the
East Antarctic Ice Sheet upstream. In addition, our results indicate
that grounding-line retreat in this sector of the WAIS had
substantially slowed by w1 kyr BP.

2. Regional setting

2.1. Glaciology

Reedy Glacier originates from the polar plateau (86.5�S, 126�W)
at nearly 2000 m above sea level (asl) and flows northward 140 km,
where it emerges from the TAM at w600 m asl as the main tribu-
tary of Mercer Ice Stream (Fig. 1). The glacier is flanked by the
Wisconsin Range to the east and by the Queen Maud Mountains to
the west. The RAMP digital elevation database (Liu et al., 2001)
indicates that the glacier catchment covers s25,000 km2 of the
polar plateau. Ice-surface velocities derived from repeat survey of
poles set across the glacier at the Quartz Hills (w13 months
between measurements) using the Global Positioning System (GPS)
indicate a center-line velocity of w170 m/yr, which is consistent
with values derived from InSAR data (Joughin and Tulaczyk, 2002).
Our ground-based radar measurements across the glacier at the
Quartz Hills indicate the ice there is as much as 2 km thick; bed-
elevation near the middle of the glacier is about 850 m below sea
level. Present-day ice flux is w2 km3/yr.

Reedy Glacier has several tributaries (Fig. 1), but their geometry
and flow rates indicate that their contribution to the overall ice flux
is small. For example, repeat GPS measurements of a survey pole in
Colorado Glacier indicate little or no ice-flow toward Reedy Glacier,
and a point radar measurement on Wotkyns Glacier indicates that
the ice-thickness is less than 750 m.

Surface mass balance varies along the glacier. In the upper
reaches of the glacier the mass balance is positive, but pole
measurements across the glacier in the blue-ice region near the
Quartz Hills indicate ablation of 0.19–0.25 m/yr ice equivalent (w13
months between measurements). Surprisingly, this is similar to the
ablation rate measured at similar elevations on blue-ice areas of
Taylor Glacier more than 1200 km to the northwest (Robinson,
1984; Kavanaugh et al., 2009).

2.2. Glacial deposits

Glacial deposits consisting of both rounded basal and angular
surficial material are common adjacent to Reedy Glacier (see
Bromley et al., 2010). Near the head of the glacier, deposits are thin
and sparse, typically consisting of isolated cobbles and boulders
lodged on the slopes of protruding nunataks (Fig. 2). We infer that
basal clasts become lodged as ice flows up and around such
obstructions and are exposed when the glacier thins. On the tip of
Mims Spur (Fig. 1), a 2 m-high ice-cored lateral moraine marks the
upper limit of ice thickening (Fig. 2).

Down-glacier at the confluence of Colorado and Reedy Glaciers,
an ice-cored medial moraine composed of fresh cobbles and
boulders has formed by sublimation (Fig. 3). The source of debris is
an ablation field on the ice surface at the foot of the Quartz Hills. Till
accumulated in this way can become stranded on the underlying
topography if the glacier thins, leaving draped, ice-cored deposits
on the hill slopes. Such deposits are typical of Reedy III drift,
particularly in the Quartz Hills. Erratics originating from ablation
till will yield surface-exposure ages that pre-date their eventual
deposition. The difference between exposure and depositional ages
can be significant when the ice surface maintains a stable elevation
for a period of time; during periods of deglaciation the difference
will be smaller. The range of ages in such deposits provides limiting
constraints on the timing and duration of periods of stability, and
on rates of thinning during deglaciation.

During its last expansion Reedy Glacier was much wider at its
mouth and overran all of the low nunataks on its western margin
(Fig. 1), as indicated by the presence of recessional drift on these
peaks. This drift is concentrated on the lower slopes of the peaks
and extends on to ice-surfaces upstream from them in several
places. We distinguish three types of debris accumulations (Fig. 4):
(1) Supraglacial till covering blue-ice ablation patches between and
adjacent to the nunataks. These ‘‘drifting moraines’’ (Chinn, 1994)
contain rock that has not yet been deposited; exposure ages of
cobbles from two of these ablation fields range from 130 to 320
(�30–50) years (discussed below). (2) Drapes of till covering low-
elevation nunataks formed when ablation till of type 1 became
stranded as underlying ice thinned. (3) Sparsely scattered,
unweathered erratics on bedrock or older till cover near the
summits of nunataks. We infer that these erratics are lodged at the
glacier bed, and uncovered during recession. We cannot rule out
the possibility that they also originated as supraglacial ablation till
(i.e., type 1), but the sparsity of debris contrasts with modern
examples of blue-ice ablation till in the region (compare Fig. 4B and



Fig. 2. Glacial deposits found near the head of Reedy Glacier. A) Ice-cored moraine (1920 m asl) at Mims Spur, facing northwest. B) Erratic in sparse Reedy III deposit on a broad
bedrock bench at Polygon Spur. C) Northwest-facing image of till-covered ablation area at Hatcher Bluffs near the head of Reedy Glacier. Reedy Glacier flows toward the upper right
corner of the photograph and is w15 km wide in this location.
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C). The concentration of ablation till on the ice around and between
nunataks, and its absence on the fast-flowing glacier surface,
suggests that it begins to accumulate mostly after nunataks emerge,
pinning flow and producing areas of rapidly subliming, slow-
flowing ice (Chinn, 1994).

3. Methods

3.1. Glacial geologic mapping

Bromley et al. (2010) mapped the distribution, elevation,
morphology, and geometry of moraines, drift sheets, erratics, and
glacial erosional features on enlarged vertical aerial photographs
with a scale of 1:20,000. At least eight major drift units were
identified based on characterization of drift stratigraphy, sedi-
mentology, lithology and weathering characteristics of clast pop-
ulations. As discussed above, deposits from the most recent
glaciation and subsequent recession generally consist of fresh ice-
cored (or formerly ice-cored) till that overlies bedrock or older
weathered till surfaces. Exposure dating of erratics from these
deposits (see below) confirms the drift boundaries delineated by
glacial geologic mapping.

3.2. Exposure dating

We dated Reedy III deposits using established cosmogenic
nuclide methods (e.g., Brown et al., 1991; Lal, 1991; Nishiizumi
et al., 1991; Gosse and Phillips, 2001; Balco et al., 2008). Exposure
dating in Antarctica is complicated by (i) recycling of material from
old deposits into younger moraines, (ii) the ability of cold-based
glacier margins to advance over existing drift with little distur-
bance, and (iii) the need to distinguish between sub-glacially
derived clasts suitable for dating, and supraglacial material that
may have been exposed to cosmic rays at its source. In addition,
disturbance by periglacial activity or collapse of ice-cored moraines
after deposition can overturn or bury and exhume samples, leading
to underestimation of exposure ages (Stone et al., 2003; Sugden
et al., 2005; Ackert et al., 2007). In order to minimize these
effects we collected the freshest possible erratics resting stably on
bedrock, or on compacted pavements from previous glaciations, or
perched on large boulders. In addition, we collected and processed
a large number of samples from each site in order to be able to
detect consistent ages or trends in age with elevation. Samples
were collected over two field seasons in 2003–2004 and 2004–
2005. Topographic map elevations are unreliable in the field area,
so relative elevations were measured with a high-precision digital
barometer (reading to�0.1 m). These were converted to altitude by
calibration to campsite and waypoint altitudes measured with
a dual-phase geodetic GPS receiver. Overall accuracy in altitudes is
typically �3–4 m, based on repeat measurements. Shielding due to
surrounding topography was measured from digital fisheye
photographs (184� field of view) at each site.

In preparation for 10Be analysis, we separated quartz using
heavy liquids and by etching samples with dilute hydrofluoric acid
(Kohl and Nishiizumi, 1992). We extracted 10Be from quartz using
a procedure developed by Ditchburn and Whitehead (1994; see



Fig. 3. Glacial deposits found in the Quartz Hills, Reedy Glacier. A) Till-covered blue-ice ablation area at the confluence of Reedy and Colorado Glaciers, facing roughly northeast.
Reedy Glacier is w10 km wide in this location. B) Upper limit of the Reedy III deposit in the Quartz Hills, w1400 m asl. The margin of relatively unweathered, gray, Reedy III till is
visible in the foreground. In contrast, the older, more weathered Reedy II deposit is visible in the background. C) Reedy III deposit in a south-facing gully in the Quartz Hills. Reedy
Glacier flows to the left margin of the photograph.
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also Stone et al., 2001). Isotope ratios were measured at the Law-
rence Livermore National Laboratory Center for Accelerator Mass
Spectrometry (LLNL-CAMS) and Purdue Rare Isotope Measurement
Laboratory (PRIME Lab). Exposure ages for 93 samples (Tables 1–3)
was calculated using version 2.1 of the CRONUS calculator (Balco
et al., 2008). Uncertainties shown in the tables are based on fully
propagated measurement errors and uncertainties in calibration of
the Be-10 production rates. They do not include possible systematic
errors in production rates which might result from changing air
pressure at the sites, either due to climatic changes or isostatic
rebound (e.g., Stone, 2000; Staiger et al., 2007).

4. Results

We dated the upper limit of Reedy III deposits at four locations
along the margin of the glacier and its tributaries (Hatcher Bluffs,
Mims Spur, Caloplaca Hills, Quartz Hills). Nunataks and peaks
down-glacier from the Quartz Hills all were overrun during this
maximum; thus, there is no record of the last glacial maximum limit
for the lower half of the glacier. Our results show that Reedy Glacier
and its tributaries reached maximum ice thickness at different times
at different locations on the glacier. Post-glacial thinning was dated
using exposure ages of erratics located at elevations below the
upper limit of the Reedy III deposits at five locations (Hatcher Bluffs,
Mims Spur, Polygon Spur, Quartz Hills, and lower Reedy Glacier).
Exposure ages are presented in Tables 1–3.

4.1. Surface-exposure ages of the upper limit of Reedy III deposits

4.1.1. Quartz Hills
The Reedy III deposit at the Quartz Hills is an ablation till that

covers part of a broad bench above the confluence of Reedy and
Colorado Glaciers (Fig. 5, Bromley et al., 2010). The deposit consists
of up to 30 cm of sand and cobbles, plus larger boulders, overlying an



Fig. 4. Glacial deposits found near the mouth of Reedy Glacier. A) Drape deposit covering a recently emerged nunatak (730 m asl). B) Glacial erratic on the summit of Pip’s Peak
(informal name, 893 m asl), facing roughly east. Reedy Glacier flows to the left, beyond the low nunataks in the mid-ground of the photograph. C) ‘‘Drifting moraine’’ in a blue-ice
ablation area (630 m asl) at the foot of Cohen Nunatak, at the mouth of Reedy Glacier, facing roughly northeast. Reedy Glacier flows to the northwest through the mid-ground of the
photograph. D) Close up of the ‘‘drifting moraine’’ deposit shown in C.
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ice core several meters thick. However, near the edge of the bench it
thins and erratics are scattered across an older, compacted till
surface. The elevation of the upper Reedy III limit ranges from 1410
to 1360 m, roughly 210–250 m above the modern glacier surface.
Today at the confluence, a medial moraine originates in a large till-
covered, blue-ice ablation area at the foot of the Quartz Hills
(Fig. 3A). The extent and lithology of the ablation till on the bench
above the confluence suggests that an analogous deposit existed
during the last glaciation. Six of twelve surface-exposure ages from
the upper limit of this deposit yield a weighted mean of
16.0� 0.2 kyr BP, and range from 17.0�1.5 kyr BP to 14.1�1.3 kyr BP
(Table 1, Figs. 5 and 6). We attribute this range to exposure in an
ablation field similar to the one found at the base of the Quartz Hills
today. This interpretation suggests that maximum ice thickness
persisted for at least w3 kyr, lasting from 17.0� 1.5 kyr BP or earlier
to 14.1 � 1.5 kyr BP or later (Table 1, Figs. 5 and 6). Six additional
samples with exposure ages ranging from 93 to 33 kyr BP likely
reflect prior exposure, either in the Quartz Hills or at another
location up-glacier. The extent and thickness of this deposit also
suggests that much of the material was present in the Quartz Hills
prior to ice advance, and was simply reworked in situ.

4.1.2. Caloplaca Hills
The Reedy III deposit at the Caloplaca Hills indicates that ice

from the tributary Wotkyns Glacier flowed southward into
a valley parallel to Reedy Glacier (Fig. 7; Bromley et al., 2010). The
upper limit is marked by fresh erratics perched on top of
weathered, embedded boulders (Fig. 7). Exposure ages of four of
these erratics yield a weighted mean of 11.6 � 0.2 kyr BP, and
range from 14.7 � 1.3 kyr BP to 10.2 � 1.0 kyr BP (Table 2, Fig. 8).
Possible explanations for this range of ages include (1) multiple
ice advances, or (2) a sustained maximum thickness of Wotkyns
Glacier beginning before 14.7 � 1.3 kyr BP and remaining at this
maximum elevation until 10.2 � 1.0 kyr BP or later. The spread in
ages down to values younger than the age of the Reedy III limit at
Quartz Hills is not due to disturbance, burial or overturning of the
samples, which come from both large stable blocks and cobbles
perched on top of similar blocks (Fig. 7). Neither the morphology
of the deposit nor the location of the young vs. old samples
suggests that they were laid down in separate advances. The
oldest age, 14.7 � 1.3 kyr BP, coincides with the highstand of the
glacier at Quartz Hills, but the younger ages, around 10.3 kyr BP,
postdate the onset of thinning there. We conclude that Wotkyns
and Reedy Glaciers thickened synchronously, but Wotkyns and
upper Reedy Glacier at Caloplaca Hills remained close to their
maximum thickness after the onset of deglaciation at Quartz Hills.
Five samples with exposure ages ranging from 117 to 25 kyr BP
(Table 2, Fig. 8) are significantly older than the cluster of four
younger ages. Thus, we interpret these as evidence of prior
exposure either locally or farther up-glacier.

4.1.3. Mims Spur
Mims Spur descends from the Wisconsin Plateau along the

northern margin of McCarthy Glacier toward its confluence with



Table 1
Surface-exposure ages from the Quartz Hills, Reedy Glacier.

Sample Latitude
(deg S)

Longitude
(deg W)

Altitude
(m asl)

Thickness
correction

Horizon
correction

[Be-10]a

(104 atom/g)
Exposure ageb

(kyr)
Rangec

(kyr)

Reedy III limit (glacial maximum deposits; W to E)
03-RDY-005-QZH 85.90023 132.78708 1403 0.970 0.989 71.8 � 1.5 32.7 � 2.9 (0.7) 32.2–34.4
03-RDY-007-QZH 85.90123 132.75317 1401 0.941 0.991 30.3 � 0.7 14.1 � 1.3 (0.3) 14.0–14.9
03-RDY-008-QZH 85.90123 132.75317 1400 0.945 0.991 123.7 � 2.4 58.0 � 5.2 (1.1) 57.0–61.1
03-RDY-009-QZH 85.90322 132.69650 1363 0.929 0.983 31.9 � 0.7 15.6 � 1.4 (0.4) 15.5–16.5
03-RDY-021-QZH 85.90260 132.69640 1353 0.949 0.989 68.8 � 1.9 33.3 � 3.1 (0.9) 32.9–35.1
03-RDY-019-QZH 85.90360 132.68273 1359 0.929 0.990 33.7 � 1 16.5 � 1.5 (0.5) 16.4–17.4
03-RDY-024-QZH 85.90448 132.54638 1391 0.933 0.999 36.3 � 0.9 17.0 � 1.5 (0.4) 16.9–17.9
03-RDY-025-QZH 85.90448 132.54638 1391 0.949 0.999 115.4 � 2.2 53.8 � 4.8 (1.1) 53.0–56.7
03-RDY-026-QZH 85.90453 132.51820 1392 0.953 0.999 130.1 � 1.9 60.5 � 5.4 (0.9) 59.5–63.7
03-RDY-027-QZH 85.90453 132.49523 1399 0.937 0.989 32.8 � 0.8 15.4 � 1.4 (0.4) 15.3–16.2
03-RDY-077-QZH 85.90452 132.49380 1390 0.957 0.989 35.3 � 0.7 16.4 � 1.5 (0.3) 16.2–17.2
03-RDY-028-QZH 85.90452 132.49345 1394 0.943 0.989 195.1 � 2.7 93.1 � 8.4 (1.3) 91.4–98.1
Weighted mean of samples with a simple exposure history 16.0 � 0.2

Recessional deposits below Reedy III deposit on Quartz Hills bench (by altitude)
03-RDY-056-QZH 85.89955 132.57832 1310 0.945 0.999 26.6 � 0.8 13.2 � 1.2 (0.4) 13.1–13.9
03-RDY-057-QZH 85.89955 132.57832 1310 0.941 0.999 17.9 � 1.4 8.9 � 1.0 (0.7) 8.9–9.4
03-RDY-058-QZH 85.89955 132.57832 1310 0.925 0.999 19.3 � 0.5 9.7 � 0.9 (0.2) 9.7–10.3
03-RDY-055-QZH 85.89935 132.58710 1309 0.921 0.999 26.4 � 0.6 13.4 � 1.2 (0.3) 13.4–14.1
03-RDY-048-QZH 85.89832 132.59722 1302 0.974 0.999 16.7 � 0.4 8.1 � 0.7 (0.2) 8.1–8.6
03-RDY-045-QZH 85.89838 132.59863 1296 0.957 0.998 20.2 � 0.5 10.0 � 0.9 (0.2) 10.0–10.6
03-RDY-046-QZH 85.89838 132.59863 1296 0.949 0.999 28.8 � 0.5 14.4 � 1.3 (0.3) 14.3–15.2
03-RDY-053-QZH 85.89878 132.59013 1294 0.941 0.998 480 � 8 256 � 24 (5) 252–271
03-RDY-050-QZH 85.89867 132.58910 1293 0.949 0.998 70.2 � 1.2 35.3 � 3.1 (0.6) 35.0–37.3
03-RDY-052-QZH 85.89867 132.58910 1293 0.941 0.998 20.8 � 0.6 10.5 � 1.0 (0.3) 10.5–11.1
03-RDY-052-QZH_RPT 85.89867 132.58910 1293 0.941 0.998 20.2 � 0.7 10.2 � 1.0 (0.4) 10.2–10.8
03-RDY-033-QZH 85.89733 132.60530 1290 0.974 0.998 19.5 � 0.5 9.5 � 0.9 (0.2) 9.5–10.1
03-RDY-036-QZH 85.89753 132.60825 1282 0.949 0.998 100.3 � 1.9 51.1 � 4.6 (1.0) 50.6–54.0
03-RDY-037-QZH 85.89753 132.60825 1282 0.957 0.998 15.1 � 0.4 7.6 � 0.7 (0.2) 7.5–8.0
03-RDY-032-QZH 85.89758 132.61042 1280 0.933 0.998 28.9 � 0.7 14.9 � 1.3 (0.3) 14.9–15.7
03-RDY-030-QZH 85.89788 132.61377 1280 0.933 0.998 23.5 � 0.6 12.1 � 1.1 (0.3) 12.1–12.8
03-RDY-029-QZH 85.89803 132.61128 1276 0.961 0.997 16 � 0.9 8.0 � 0.8 (0.5) 8.0–8.5
03-RDY-038-QZH 85.89690 132.62010 1272 0.945 0.998 13.8 � 0.8 7.0 � 0.7 (0.4) 7.0–7.4
03-RDY-041-QZH 85.89717 132.61902 1266 0.953 0.998 493 � 9 266 � 25 (5) 262–283
03-RDY-042-QZH 85.89627 132.63007 1246 0.953 0.998 17.4 � 1.3 9.0 � 1.0 (0.7) 9.0–9.5
03-RDY-043-QZH 85.89627 132.63007 1246 0.949 0.998 19.9 � 1.1 10.3 � 1.1 (0.5) 10.3–10.9

Recessional deposits on bluff overlooking glacier (by altitude)
04-RDY-105-QZHL 85.91008 132.34532 1310 0.941 0.955 21.7 � 0.8 11.3 � 1.1 (0.4) 11.3–11.9
04-RDY-104-QZHL 85.91013 132.34377 1304 0.925 0.939 12.6 � 0.6 6.8 � 0.7 (0.3) 6.7–7.1
04-RDY-102-QZHL 85.90997 132.34222 1284 0.929 0.868 67.1 � 1.7 39.8 � 3.6 (1.0) 39.4–42.1
04-RDY-103-QZHL 85.90997 132.34222 1284 0.929 0.852 27.2 � 1 16.4 � 1.6 (0.6) 16.3–17.3

Italics indicate samples assumed to have a complex exposure history.
Full CRONUS calculator input data for checking/recalculation of these results archived at: http://depts.washington.edu/cosmolab/data/.

a Be-10 concentrations based on Be isotopic measurements normalized to pre-2007 values of the KNSTD standard series. Multiply by 1.106 for values compatible with post-
2007 normalization. See Nishiizumi et al. (2007).

b Simple exposure age assuming steady production rate; altitude corrections per Lal (1991) as implemented in the CRONUS calculator (http://hess.ess.washington.edu/
math/). Uncertainties are external errors including all known analytical and production rate contributions propagated at the �1s level. Values in parentheses are internal
errors, which do not include contributions to uncertainty in the final exposure ages common to all samples, such as production rate and scaling errors. External errors should
be used when comparing these ages to ages obtained with other dating methods. Internal errors should be used to assess the consistency of exposure ages at a given site.

c Range of exposure ages returned by the four paleomagnetically corrected production rate scaling methods implemented in the CRONUS calculator. As noted in (b) above,
these ranges are appropriate for external comparisons with other dating methods, and should not be used to assess the internal consistency of ages from a given site.
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Olentangy Glacier (Fig. 1.). The area, along with adjacent Polygon
Spur, is w20 km upstream from the junction of Olentangy Glacier
with Reedy Glacier. The Reedy III drift limit, which closely parallels
the McCarthy Glacier margin today, decreases from 2034 m to
1936 m across the face of Mims Spur, w140 m higher than
McCarthy Glacier (Fig. 9, Bromley et al., 2010). At its south end, the
upper limit of the Reedy III deposit is marked by a faint alignment of
fresh boulders and cobbles; down-glacier the density of erratics
increases and develops into a 2-m-high ice-cored moraine running
across the north ridge of Mims Spur (Fig. 2). Six surface-exposure
ages from this moraine yield a weighted mean of 8.6 � 0.1 kyr BP,
and range from 9.1 � 0.9 kyr BP to 7.7 � 0.7 kyr BP Although our
samples include both perched cobbles and large boulders, this
range of ages could be attributed to gradual degradation of the ice-
cored moraine. It is also possible that McCarthy Glacier reached
a maximum thickness by 9.1�0.9 kyr BP, and remained close to this
maximum elevation until 7.7 � 0.7 kyr BP (Table 2, Fig. 10). We can
neither prove nor rule out either scenario; thus, we take the
weighted mean as an indication of a relatively short-lived glacial
maximum occurring around w8.6 kyr BP. Exposure ages of deposits
at the Quartz Hills and the Caloplaca Hills show that ice had already
retreated from maximum elevations by that time.

4.1.4. Hatcher Bluffs
The most recent ice thickening apparent in surface-exposure

age data from Reedy Glacier is evident at Hatcher Bluffs,
a nunatak at the head of the glacier (Fig. 1). A thick drape of ablation
till covers the blue-ice surface that surrounds the nunatak, but only
a few fresh erratics perched on a narrow, steep-sided, weathered
bedrock ridge provide evidence for thicker ice in the past (Fig. 2).
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Table 2
Surface-exposure ages of deposits near the head of Reedy Glacier.

Sample Latitude
(deg S)

Longitude
(deg W)

Altitude
(m asl)

Thickness
correction

Horizon
correction

[Be-10]a

(104 atom/g)
Exposure
ageb (kyr)

Rangec

(kyr)

Caloplaca Hills
Reedy III limit (glacial maximum deposits; W to E)d

03-RDY-135-CPH 86.07692 131.22337 1660 0.957 0.985 252.8 � 3.5 97.1 � 8.7 (1.4) 93.9–101
03-RDY-133-CPH 86.07808 131.22262 1704 0.957 0.999 70.3 � 1.4 25.3 � 2.3 (0.5) 24.6–26.3
03-RDY-117-CPH 86.08975 130.96432 1528 0.949 0.979 24.1 � 0.9 10.2 � 1.0 (0.4) 10.1–10.6
03-RDY-118-CPH 86.08975 130.96432 1528 0.941 0.982 263.9 � 3.9 115 � 10 (2) 112–120
03-RDY-128-CPH 86.09003 130.96353 1529 0.945 0.985 271.7 � 4.4 117 � 11 (2) 114–123
03-RDY-127-CPH 86.08998 130.95963 1525 0.945 0.986 34.7 � 0.8 14.7 � 1.3 (0.3) 14.5–15.4
03-RDY-124-CPH 86.08908 130.93792 1516 0.949 0.989 26.7 � 0.6 11.3 � 1.0 (0.3) 11.2–11.8
03-RDY-123-CPH 86.08908 130.92145 1522 0.927 0.989 24.1 � 0.7 10.4 � 0.9 (0.3) 10.3–10.9
03-RDY-121-CPH 86.08825 130.90778 1517 0.951 0.992 105.2 � 2.0 44.6 � 4.0 (0.9) 43.6–46.7
Weighted mean of samples with a simple exposure history 11.6 � 0.2

Mim’s Spur
Reedy III limit (glacial maximum deposits; approx. N to S along moraine)e

04-RDY-168-MIM 86.04250 125.74313 1924 0.937 0.994 28.2 � 1.4 8.8 � 0.9 (0.4) 8.5–9.1
04-RDY-169-MIM 86.04247 125.74425 1923 0.970 0.987 28.9 � 1.3 8.8 � 0.9 (0.4) 8.5–9.0
04-RDY-170-MIM 86.04237 125.74607 1917 0.929 0.993 28.6 � 1.4 9.1 � 0.9 (0.5) 8.7–9.3
04-RDY-174-MIM 86.04386 125.70660 1988 0.970 0.992 28.8 � 9.1 8.3 � 2.8 (2.7) 8.0–8.5
04-RDY-174-MIM-RPT 86.04386 125.70660 1988 0.970 0.992 28.1 � 0.7 8.1 � 0.7 (0.2) 7.8–8.3
04-RDY-178-MIM 86.04395 125.71752 1966 0.953 0.988 29.5 � 10.3 8.9 � 3.2 (3.1) 8.5–9.1
04-RDY-178-MIM-RPT 86.04395 125.71752 1966 0.953 0.988 25.7 � 0.6 7.7 � 0.7 (0.2) 7.4–7.9
04-RDY-179-MIM 86.04405 125.71328 1970 0.953 0.989 29.8 � 0.9 8.9 � 0.8 (0.3) 8.5–9.1
Weighted mean 8.6 � 0.1

Recessional deposits (by distance below Reedy III limit)
04-RDY-181-MIM 86.04250 125.75835 1895 0.921 0.996 23.8 � 0.7 7.7 � 0.7 (0.2) 7.4–7.9
04-RDY-183-MIM 86.04262 125.75902 1892 0.945 0.994 52.2 � 1.7 16.6 � 1.5 (0.5) 16–17.1
04-RDY-186-MIM 86.04400 125.80575 1826 0.961 0.991 420 � 18 143 � 14 (6) 136–147

Polygon Spur
Recessional deposits (by distance from glacier margin; farthest to closest)
04-RDY-154-PGN 86.01080 126.24662 1654 0.970 0.999 56.1 � 2.8 20.7 � 2.1 (1.1) 20.2–21.6
04-RDY-157-PGN 86.01013 126.24988 1660 0.957 0.999 17.6 � 1.6 6.5 � 0.8 (0.6) 6.4–6.8
04-RDY-159-PGN 86.01117 126.25185 1656 0.949 0.999 119.8 � 2.7 45.3 � 4.1 (1.0) 44.0–47.2
04-RDY-160-PGN 86.01145 126.25898 1657 0.953 0.994 14.1 � 0.8 5.3 � 0.6 (0.3) 5.2–5.5

Hatcher Bluffs
Reedy III limit (upper limit of glacial maximum deposit on N spur)
04-RDY-210-HCH 86.32798 126.08850 1956 0.983 0.998 25 � 1.2 7.3 � 0.7 (0.4) 7.0–7.5
04-RDY-211-HCH 86.32798 126.08850 1956 0.945 0.982 11.3 � 0.7 3.5 � 0.4 (0.2) 3.3–3.5
Weighted mean 4.8 � 0.2

Recessional deposits below Reedy III limit
04-RDY-212-HCH 86.32785 126.13314 1943 0.976 0.999 15.4 � 1.5 4.6 � 0.6 (0.4) 4.4–4.7

Italics indicate samples assumed to have a complex exposure history.
Full CRONUS calculator input data for checking/recalculation of these results archived at: http://depts.washington.edu/cosmolab/data/.

a Be-10 concentrations based on Be isotopic measurements normalized to pre-2007 values of the KNSTD standard series. Multiply by 1.106 for values compatible with post-
2007 normalization. See Nishiizumi et al. (2007).

b Simple exposure age assuming steady production rate; altitude corrections per Lal (1991) as implemented in the CRONUS calculator (http://hess.ess.washington.edu/
math/). External uncertainties propagated at the �1s level. Internal uncertainties in parentheses. See notes to Table 1.

c Range of exposure ages returned by the four paleomagnetically corrected production rate scaling methods implemented in the CRONUS calculator. See notes to Table 1.
d See location of Reedy III limit in Fig. 7.
e See location of Reedy III limit in Fig. 9.
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An exposure age of one erratic collected from this ridge suggests
that a maximum ice surface exceeded the modern ice surface by at
least 50 m, at 7.3 � 0.7 kyr BP (Table 2). A second sample from the
same elevation yields a surface-exposure age of 3.5 � 0.4 kyr BP
These samples were the highest occurrence of glacially-derived
material on a narrow, steep-sided, weathered bedrock ridge,
which accumulated only a few, relatively unweathered erratics
during the maximum. Possible explanations for these two ages
include (1) two separate ice advances, or (2) a sustained maximum
thickness of Reedy Glacier beginning before 7.3 kyr BP and
remaining at the maximum elevation until 3.5� 0.4 kyr BP. We find
no evidence of multiple ice advances or of a similarly-timed
maximum ice thickness at other sampling locations along Reedy
Glacier; results discussed in the following section indicate that
a steady retreat of ice at the mouth of Reedy Glacier was underway
by 7.8 � 0.7 kyr BP.

4.2. Surface-exposure ages of recessional deposits at Reedy Glacier

Exposure ages from recessional deposits reflect two processes:
retreat of the glacier margin from its maximum extent and
stranding of cobbles initially exposed in till-covered ablation
zones. As a result, even undisturbed samples at the same elevation
can have different exposure ages. To aid interpretation, we assign
recessional deposits to three groups: (I) recessional deposits with
ages similar to those from the Reedy III limit are interpreted as
evidence of a debris-covered, blue-ice ablation field that extended
out from the margin during the glacial maximum. That is, these

http://depts.washington.edu/cosmolab/data/
http://hess.ess.washington.edu/math/
http://hess.ess.washington.edu/math/


Table 3
Surface-exposure ages of recessional deposits on nunataks beside lower Reedy Glacier.

Sample Latitude
(deg S)

Longitude
(deg W)

Altitude
(m asl)

Thickness
correction

Horizon
correction

[Be-10]a

(104 atom/g)
Exposure
ageb (kyr)

Rangec

(kyr)

Langford Peak
Summit erratics
04-RDY-074-LNG 85.54638 135.36480 1060 0.949 0.999 12.2 � 0.4 7.4 � 0.7 (0.2) 7.4–7.8
04-RDY-076-LNG 85.54642 135.37515 1050 0.957 0.997 12.5 � 0.3 7.6 � 0.7 (0.2) 7.6–8.1

Racine Nunatak
Recessional deposits (by altitude)
04-RDY-059-RCN 85.45907 136.31717 908 0.941 1.000 11.2 � 0.3 7.8 � 0.7 (0.2) 7.8–8.3
04-RDY-061-RCN 85.46152 136.24397 853 0.949 1.000 9.9 � 0.3 7.2 � 0.7 (0.2) 7.2–7.7
04-RDY-064-RCN 85.46327 136.23030 806 0.945 0.999 8.4 � 0.3 6.4 � 0.6 (0.2) 6.4–6.8

Pip’s Peak
Recessional deposits (by altitude)
04-RDY-041-UNN 85.43522 135.93657 898 0.949 1.000 10.6 � 0.3 7.4 � 0.7 (0.2) 7.4–7.9
04-RDY-040-UNN 85.43520 135.93548 896 0.961 1.000 10.1 � 0.2 6.9 � 0.6 (0.2) 6.9–7.4
04-RDY-042-UNN 85.43533 135.94978 896 0.941 1.000 10.2 � 0.2 7.2 � 0.6 (0.2) 7.2–7.6
04-RDY-039-UNN 85.42880 135.88902 811 0.953 1.000 8.9 � 0.3 6.7 � 0.6 (0.2) 6.7–7.1
04-RDY-038-UNN 85.42870 135.88933 810 0.941 1.000 8.8 � 0.2 6.7 � 0.6 (0.2) 6.7–7.1
04-RDY-036-UNN 85.42590 135.88608 773 0.937 1.000 8.6 � 0.2 6.7 � 0.6 (0.2) 6.7–7.2
04-RDY-037-UNN 85.42660 135.88468 773 0.937 0.995 4.9 � 0.1 3.9 � 0.4 (0.1) 3.9–4.1
04-RDY-035-UNN 85.42443 135.88128 745 0.949 0.994 0.6 � 0.1 0.51 � 0.07 (0.06) 0.51–0.54

Cohen Nunatak
Recessional deposits (by altitude)
03-RDY-139-CHN 85.39980 136.22203 745 0.949 1.000 8.5 � 0.3 6.8 � 0.6 (0.3) 6.8–7.3
03-RDY-151-CHN 85.39982 136.21527 724 0.961 1.000 8.2 � 0.2 6.6 � 0.6 (0.2) 6.6–7.1
03-RDY-146-CHN 85.39970 136.19603 680 0.937 0.999 5.7 � 0.2 4.9 � 0.4 (0.1) 4.9–5.2
03-RDY-141-CHN 85.39973 136.18645 641 0.949 0.991 1.6 � 0.2 1.4 � 0.2 (0.15) 1.4–1.5
03-RDY-142-CHN 85.39973 136.18645 641 0.937 0.991 1.9 � 0.1 1.7 � 0.2 (0.08) 1.7–1.8

Outcrops along Reedy Glacier margin (upstream to downstream)
04-RDY-031-BRK 85.41232 135.84777 750 0.978 1.000 0.8 � 0.1 0.58 � 0.08 (0.06) 0.58–0.62
04-RDY-032-BRK 85.41232 135.84782 749 0.941 1.000 0.8 � 0.1 0.67 � 0.07 (0.04) 0.67–0.71
04-RDY-016-SKL 85.40540 135.91125 736 0.953 1.000 4.6 � 0.1 3.65 � 0.34 (0.11) 3.65–3.91
04-RDY-015-SKL 85.40537 135.91193 735 0.987 1.000 4.7 � 0.2 3.61 � 0.34 (0.12) 3.61–3.87
04-RDY-022-SKL-RPT 85.40572 135.86155 728 0.949 0.998 1.0 � 0.1 0.82 � 0.10 (0.06) 0.82–0.88
04-RDY-003-JGN 85.38615 136.27515 633 0.933 0.992 0.6 � 0.1 0.52 � 0.07 (0.05) 0.52–0.56

‘‘Drifting’’ (blue-ice) moraines near Cohen Nunatak
04-RDY-068-DRM 85.38845 136.19483 637 0.949 0.999 0.3 � 0 0.28 � 0.05 (0.04) 0.28–0.30
04-RDY-070-DRM 85.39452 136.19140 631 0.945 0.999 0.4 � 0.1 0.32 � 0.05 (0.05) 0.32–0.34
03-RDY-153-CHN 85.41313 136.23483 587 0.949 1.000 0.2 � 0 0.22 � 0.04 (0.03) 0.22–0.24
03-RDY-154-CHN 85.41313 136.23483 587 0.949 1.000 0.1 � 0 0.13 � 0.03 (0.03) 0.13–0.14

Full CRONUS calculator input data for checking/recalculation of these results archived at: http://depts.washington.edu/cosmolab/data/.
a Be-10 concentrations based on Be isotopic measurements normalized to pre-2007 values of the KNSTD standard series. Multiply by 1.106 for values compatible with post-

2007 normalization. See Nishiizumi et al. (2007).
b Simple exposure age assuming steady production rate; altitude corrections per Lal (1991) as implemented in the CRONUS calculator (http://hess.ess.washington.edu/

math/). External uncertainties propagated at the �1s level. Internal uncertainties in parentheses. See notes to Table 1.
c Range of exposure ages returned by the four paleomagnetically corrected production rate scaling methods implemented in the CRONUS calculator. See notes to Table 1.
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erratics were exposed on the ice surface during the glacial
maximum, but were not deposited until ice beneath them
sublimed away, stranding them at a range of altitudes; (II) samples
with ages younger than the time of the glacial maximum became
exposed after the glacier had begun thinning; these also may span
a wide range of ages because material may have been stranded on
slowly thinning ablation fields; (III) as discussed previously, we
assume that samples with exposure ages that greatly exceed the
time of the glacial maximum are recycled, having been exposed
previously in older deposits. We assume all other ages are essen-
tially correct and have not been affected by post-depositional
processes. If one accepts this, as well as the interpretation of the
three groups, then ages in the second group constrain the timing
of retreat from the maximum position. That is, samples with the
youngest surface-exposure ages at a given elevation set
a maximum limit on ice thickness at that time. Likewise, the
highest erratic of a given age sets a minimum limit on the ice
thickness.
4.2.1. Quartz Hills
We analyzed 24 erratics from recessional deposits below the

Reedy III limit in the Quartz Hills; 20 samples were collected from
the north slope leading to the bench, and four were collected
from the bluff that overlooks the glacier (Fig. 3; Table 1). Of the
twenty-four recessional samples, three fall within the range of
the glacial maximum (17.0–14.1 kyr BP); we interpret these as
Group I samples. Five samples greatly exceed the timing of
maximum ice thickness; we interpret these as Group III samples.
The ages and elevations of the other 16 samples (Group II) afford
constraints on the maximum and minimum elevations of the
glacier at given times (Fig. 6). Results indicate that thinning was
underway by w13 kyr BP, the age of the oldest recessional sample
younger than the age range found at the maximum elevation. The
maximum elevation of the ice margin decreased from
w1400 m asl at 14.1 kyr BP to 1310 m by 9 kyr BP, to 1270 m by
7.0 kyr BP. Further, the lack of exposure ages younger than
7.0 kyr BP at elevations above 1272 m asl suggests that the glacier
had thinned by w130 m between 14.1 kyr BP and 7.0 kyr BP. This
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Fig. 5. Glacial geologic map of the Quartz Hills from Bromley et al. (2010). Shaded areas indicate the extent of the Reedy III deposit. White circles show location of samples from the
upper limit of the Reedy III deposit. Dark gray circles show location of samples from recessional deposits. Glacial geologic mapping is explained in greater detail by Bromley et al.
(2010).
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amounts to w130 m in 7.1 kyr, or an average thinning rate of
w20 cm/yr.

4.2.2. Lower Reedy Glacier
During the last glaciation Reedy Glacier overran peaks at its

mouth and there is no record of its maximum thickness there.
Deposits on these peaks date from the time of ice retreat. Langford
Peak (1060 m asl), located 43 km down-glacier from the Quartz Hills
and w25 km from the mouth emerged 7.5 � 0.5 kyr BP (Table 3).
Exposure ages of samples from nunataks closer to the confluence of
Reedy Glacier and Mercer Ice Stream, all indicate that their summits
emerged at about the same time: Racine Nunatak (853 m asl)
emerged 7.8 � 0.7 kyr BP; Pip’s Peak (898 m asl) emerged by
7.2� 0.4 kyr BP (mean age of three summit erratics); Cohen Nunatak
(745 m asl) emerged by 6.8 � 0.6 kyr BP (Table 3).

Erratics lower on these peaks have younger ages. However,
interpreting the thinning history of Reedy Glacier from these data is
complicated because the peaks are set back different distances from
its margin (e.g., Racine Nunatak is 6 km, and Cohen Nunatak 2 km
from the glacier edge). Two of these peaks, Racine Nunatak and
Pip’s Peak, emerged fully in 1–3 kyr after their summits emerged
(Table 3). Cohen Nunatak, which is now isolated from the main
glacier by a bedrock ridge that outcrops as a string of low knolls
along the glacier margin (Fig. 4), emerged more slowly. Ice here
thinned from 745 m asl at 6.8 kyr BP, to 680 m at 4.9 kyr BP, to
640 m (the base of the nunatak) by 1.5 kyr BP (Table 3). Erratics
from the low bedrock outcrops along the modern glacier margin
are generally much younger (w500–800 yrs BP) than those on the
main peaks. Exceptions are two erratics collected from a small knoll
just 30 m above the crevassed glacier margin that have been
exposed for 3.6 kyr. It is possible that these erratics spent consid-
erable time on the glacier surface in a local blue-ice moraine field
before being deposited. However, 4 clasts from two nearby patches
of ‘‘drifting’’ ablation till have been exposed for much less time,
ranging from 130 to 320 (�30–50) years. In addition, we suspect
that some of the complexity in these data is due to the complicated
bed topography of this area which likely pinned and obstructed
migration of the glacier margin as flow contracted into the present
trough.

4.2.3. Polygon Spur
We collected four fresh erratics from a broad, undulating

bedrock bench at Polygon Spur (Fig. 2), approximately 30 m above
the closest ice margin (we note however, that the margin rises and
falls by more than 120 m elsewhere around the periphery of
Polygon Spur, and it is therefore difficult to infer changes in
the thickness of the adjacent glaciers from these samples). The
samples were collected from within a diffuse deposit of
unweathered erratics with a poorly defined outer margin (Bromley
et al., 2010), but we assume that these erratics were exposed as ice
retreated across the bench from its maximum extent. Two of the
four erratics yielded ages of 6.5 � 0.8 kyr and 5.3 � 0.6 kyr BP
(Table 2), which are consistent with evidence that retreat from the
maximum ice thickness at adjoining Mims Spur occurred after
7.7 � 0.7 kyr BP The remaining two erratics yielded much older
ages, and thus are presumed to have been previously exposed
(Group III).

4.2.4. Mims Spur
Two of three samples from recessional deposits at Mims Spur

fall into Group III, with surface-exposure ages of 16.6 � 1.5, and
143 � 14 kyr BP, which exceed the age of maximum ice thickness at
this location (Table 2). The third sample yielded an age of
7.7 � 0.7 kyr BP, which cannot be distinguished from the age of the
maximum. We interpret this result as a Group II recessional
deposit. Thus, available data from Mims Spur suggest that the
glacier surface there has thinned about 140 m since 7.7 kyr BP, but
results from the recessional samples do not constrain the thinning
history. As noted above, two recessional samples from Polygon Spur
suggest that the nearby glacier margin had dropped to within 30 m



Fig. 6. A – C) Probability density functions of surface-exposure age results from erratics collected from the maximum moraine in the Quartz Hills (at the upper limit of the Reedy III
deposit), and from recessional deposits below the upper limit of the Reedy III deposit. Each exposure age and its internal uncertainty are represented by a small Gaussian curve.
Dashed line represents the total probability density function of all samples reported in each panel (see footnote to Table 1). D) Surface-exposure ages from the maximum moraine
and from recessional deposits in the Quartz Hills, plotted by altitude of sample. Exposure ages indicative of prior exposure are not included.
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of its present elevation by 5.3 kyr BP. It is possible that these
changes reflect localised adjustments of the complex ice margin
surrounding Polygon and Mims Spurs. Alternatively, they suggest
that deglaciation of Polygon Spur occurred rapidly and that much of
the area had been exposed by w6 kyr BP.

4.2.5. Hatcher Bluffs
At Hatcher Bluffs, a sample 13 m below the Reedy III upper limit

dates to 4.6 � 0.6 kyr BP (Table 2) within the range established for
the upper limit (7.3–3.5 kyr BP). We infer that it was exposed at the
ice surface during the glacial maximum, but did not reach the ice
margin (a Group I type deposit); it was not deposited until after the
glacier thinned by 13 m. Our data indicate that the glacier surface at
Hatcher Bluffs has thinned about 50 m in the past 3.5 kyr.
5. Discussion

5.1. Evolution of glacier profile

Our spatially distributed exposure ages indicate that the timing
of the glacial maximum along the length of Reedy Glacier was not
synchronous. From dates at the Quartz Hills, located about halfway
up the glacier, we infer the maximum limit was reached by
17 kyr BP and persisted until at least 14 kyr BP This is the earliest
recorded maximum at Reedy Glacier. Farther upstream, the glacier
remained at its maximum thickness until more recently. We
assume the cluster of ages from the Caloplaca Hills (14.7–
10.2 kyr BP; Table 2) represents the age and minimum duration of
thicker ice at that site. At Mims Spur, the Reedy III maximum limit



Fig. 7. A) Glacial geologic map of the Caloplaca Hills from Bromley et al. (2010). Shaded areas indicate the extent of the Reedy III deposit. White circles show location of samples
from the upper limit of the Reedy III deposit. Glacial geologic mapping is explained in greater detail by Bromley et al. (2010). B) Unweathered erratics perched on embedded,
weathered boulders at the upper limit of the Reedy III deposit in the Caloplaca Hills.
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was reached by 9.1 kyr BP and ice remained there until at least
7.7 kyr BP At Hatcher Bluffs a single exposure age indicates that the
ice surface there was near its maximum at 7.3 kyr BP. A second
sample suggests that ice may have remained at this elevation until
Fig. 8. A – B) Probability density functions of surface-exposure age results from erratics colle
III deposit). Each exposure age and its internal uncertainty are represented by a small Gaus
reported in each panel (see footnote to Table 1).
3.5 kyr BP (Table 2). Although it is possible that older erratics dating
to the Quartz Hills maximum were not sampled at the locations
upstream, the clustering of exposure ages from Reedy III deposits at
Caloplaca Hills and especially at Mims Spur suggest that this was
cted from the maximum moraine in the Caloplaca Hills (at the upper limit of the Reedy
sian curve. Dashed line represents the total probability density function of all samples



Fig. 9. Glacial geologic map of Mims Spur from Bromley et al. (2010). Shaded areas
indicate the extent of the Reedy III deposit. White circles show location of samples
from the upper limit of the Reedy III deposit. Dark gray circles show location of
samples from recessional deposits. Glacial geologic mapping is explained in greater
detail by Bromley et al. (2010).
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not the case. Another possibility is that an advance of Olentangy
and McCarthy Glaciers caused localised thickening at Mims Spur
unrelated to Reedy Glacier downstream, but this seems unlikely
because of the proximity of Mims Spur to Reedy Glacier (20 km)
and the fact that these glaciers share similar and adjacent accu-
mulation areas on the polar plateau.

Our leading hypothesis is that thickening started near the
mouth of the Reedy Glacier in response to buttressing of flow from
grounded ice in the Ross Sea, which caused a wave of thickening to
propagate upstream. Likewise, a wave of thinning would propa-
gate up-glacier as grounded ice in the Ross Embayment retreated
and thinned. Following this hypothesis, we interpret the high-
stand at the Quartz Hills as evidence that buttressing near the
mouth started prior to 17 kyr BP, and the onset of deglaciation at
the Quartz Hills 13 kyr BP as evidence that the Ross Sea ice sheet
was thinning by that time. In contrast, thickening up-glacier
continued long after deglaciation was underway in the Quartz
Hills. We attribute this apparent thickening during the early-mid
Holocene to be a response to increased snow accumulation in
East Antarctica (Lorius et al., 1985; Petit et al., 1999). A transient
ice-flow model of the Reedy Glacier with realistic boundary
conditions is needed to fully test this conceptual model, however
ice-sheet models (e.g., Ackert et al., 2007) consistently show
maximum elevations near the ice divide were reached in the early
Holocene.
5.2. Thickness of last glacial maximum ice in the southeastern Ross
Embayment

Our data place new constraints on the thickness of the Ross Ice
Sheet in the southeastern corner of the Ross Embayment during
the last glacial maximum in the region. Although we cannot
constrain the pattern of ice-stream drainage beyond the mouth of
Reedy Glacier, we can establish that the maximum possible eleva-
tion of the ice sheet was 1400 m (the elevation of maximum ice
thickness at the Quartz Hills). The summit of Langford Peak
(1060 m asl) emerged at 7.5 kyr BP when ice at the Quartz Hills,
43 km farther up-glacier stood at w1280 m (Tables 1 and 3); hence
the surface slope of the lower reaches of the glacier at that time
was w0.005. Comparison with the modern slope (0.0079) shows
that the surface profile was less steep during the glacial maximum,
and became steeper during deglaciation (Denton and Hughes,
2000). It is likely that the surface slope was shallower than that
7.5 kyr ago, midway through deglaciation, but we use this slope to
estimate a minimum local glacial maximum elevation at the glacier
mouth of 1060 m asl.

Our bracketing range for the elevation of ice near the mouth of
Reedy Glacier during the glacial maximum (1060–1400 m asl) is
lower than the value of 1700 m asl used in reconstructions by
Denton and Hughes (2002) and Huybrechts (2002), indicating that
these models overestimate the volume of Ross Sea ice and its
contribution to global sea-level change. However, our surface
elevations are higher than the reconstruction of Mercer Ice Stream
during the last glacial maximum presented by Ackert et al. (2007);
it is possible that the value they used to parameterize the basal
traction for Mercer Ice Stream is too small. Increased basal traction
would cause discharge from Mercer Ice Stream to slow and ice-
surface elevations to increase. Our data indicate that the Ross Ice
Sheet downstream of Reedy Glacier was 450–800 m thicker during
the last glaciation than present-day ice at the glacier mouth. The
timing of the glacial maximum recorded at the Quartz Hills (17.0–
14.1 kyr BP) is consistent with data for maximum ice extent from
farther north in the Transantarctic Mountains and Ross Sea (e.g.,
Bockheim et al., 1989; Licht et al., 1996; Hall and Denton, 2000;
Licht and Andrews, 2002).
5.3. Deglaciation of the southeastern Ross Embayment

Exposure ages from the Quartz Hills indicate that deglaciation of
the lower reaches of Reedy Glacier was underway by 13 kyr BP,
similar to the timing of initial ice-thinning farther north (Bockheim
et al., 1989; Hall and Denton, 2000). This is similar to model results
that indicate Siple Dome thinned w350 m sometime between 15
and 10 kyr BP (Price et al., 2007) and models that suggest increased
ice-stream discharge and thinning in response to post-glacial
warming was delayed until about 13 kyr BP (Parizek et al., 2003).

However, unlike Siple Dome, thinning of Reedy Glacier
continued through the Holocene. Ice-elevations near the glacier
mouth decreased w100 m after 7 kyr BP. The average rate of
thinning over the past 1000 years has been less than 0.02 m/yr.
Exposure ages show that outcrops 5–40 m above the glacier surface
in the present shear margin were uncovered within the past 500–
800 years, indicating continued slow thinning of the region.



Fig. 10. A – B) Probability density functions of surface-exposure age results from erratics collected from the maximum moraine at Mims Spur (at the upper limit of the Reedy III
deposit), and from recessional deposits below the upper limit of the Reedy III deposit. Each exposure age and its internal uncertainty are represented by a small Gaussian curve.
Dashed line represents the total probability density function of all samples reported in each panel (see footnote to Table 1). C) Surface-exposure ages from the maximum moraine
and from recessional deposits at Mims Spur, plotted by altitude of sample. Exposure ages indicative of prior exposure are not included.
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6. Conclusions

We dated both the maximum and recessional positions of Reedy
Glacier following the LGM. Exposure ages show that the maximum
position was not synchronous along the glacier. The maximum at
the Quartz Hills was reached by 17.0 kyr BP and persisted until at
least 14.1 kyr BP Thinning was underway at Quartz Hills by
13 kyr BP In contrast, farther up-glacier ice was still thickening at
this time. We attribute this asynchronous behavior along the
glacier to the effects of two different processes. At the glacier
mouth, growth and subsequent deglaciation of the Ross Sea ice
sheet caused a wave of thickening and then thinning to propagate
up-glacier. The response to forcing at the mouth was delayed and
attenuated at the head of the glacier, but postglacial increase of
accumulation in East Antarctica increased the flux of ice into the
upper reaches of the glacier, causing transient thickening at the
glacier head. Our data suggest that the glacier did not attain equi-
librium during the last glaciation.
Our results constrain the thickness of grounded ice in the
southeastern corner of the Ross Sea during the last local glacial
maximum to within the range of 1060–1400 m asl, with the lower
end of the estimate resulting from use of a surface profile dropping
steeply from the Quartz Hills, and the upper limit results from use of
a flat glacier surface extending from the Quartz Hills. This maximum
was reached in the Quartz Hills at 17.0–14.1 kyr BP, timing which is
consistent with dates from other sites in the Ross Embayment. The
reconstructed surface elevation, however, is several hundred meters
lower than used in some recent regional LGM models for this part of
Antarctica. Deglaciation of the lower reaches of Reedy Glacier was
underway by 13 kyr BP At its confluence with Mercer Ice Stream the
glacier has thinned by less than 20 m in the past 1000 years.
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