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Yes that is correct. We have updated the text as follows: “However, relatively few glacial
records have been developed for mountain glaciers in the northern Rocky Mountains near
former ice sheet margins”



We have updated the text as follows: “Here, we report cosmogenic beryllium-10 surface
exposure ages and numerical glacier modeling results which show that mountain glaciers”

We appreciate the reviewer’s comments. However, we have declined to expand this
section into sentences in the interest of brevity.

We have updated the text as follows: “While surficial geologic records of Pleistocene
mountain glaciation in the northern Rocky Mountains of western Montana have been available
for decades (Alden, 1932; Carrara, 1987), these records have seldom been used to infer climate
conditions (e.g., Murray and Locke, 1989)”

We are unclear as to what this comment is suggesting.

We have updated the text as follows: “The glacier was over 25 km long at its maximum
extent and in many areas was over 200 meters thick with maximum ice thickness in excess of
300 meters as evidenced from trimline elevations”

We have updated the text as follows: “Ice thicknesses were thinner in the Absaroka
Range glaciers as compared to the Cut Bank glacier, with many areas hosting 100-200 meter
thick ice and maximum thicknesses in Pine Creek of 250-300 meters (Licciardi et al., 2001;
Licciardi and Pierce 2008).”

Yes, we think this probably more appropriate phrasing. We have updated the text as
follows: “Fullerton et al. (2004) inferred multiple Pinedale tills, two ages of Bull Lake till, and a
possible pre-Bull Lake till in moraine deposits at Cut Bank Creek and elsewhere along the
eastern front of the Lewis Range”

Thank you for pointing this out. We have recalibrated the age and updated the text as
follows: “No numerical ages are available for these deposits, although a radiocarbon age on a
wood fragment, underlying two latest Pleistocene tephra layers in lake sediment at Marias Pass,
provides a minimum age of 12,194+145 14C yr (Carrara, 1995) or 13.8-14.8 cal yr (Fullerton et



al., 2004; recalibrated here using IntCall3 (15); Reimer et al., 2013) for complete recession of at
least one east-side outlet glacier of the Northern Montana Ice Cap in the Glacier National Park
region.”

Here, we use the LGM definition from Clark et al. (2009), a time period (26.5-19.0 ka) of
global ice volume maximums (defined in the Previous Studies section), as a relative temporal
comparison for mountain glacier chronologies. We agree that it many mountain glaciers
occupied terminal positions after the global LGM — a point that our data demonstrate but we do
not take for granted as other data from WNA clearly show moraine abandonment during the
LGM (e.g. some canyons in the Wasatch Range of Utah).

Yes, we agree that as written the text is ambiguous. We have updated the text as follows:
“Terminal and recessional moraines at the southwestern front of the northern Absaroka Range
and in the neighboring Paradise Valley to the south have cosmogenic 10Be exposure ages that
were originally reported by Licciardi et al. (2001) and combined with additional data by
Licciardi and Pierce (2008; 2018). The terminal moraine in Pine Creek valley of the northern
Absaroka Range has a mean cosmogenic 10Be exposure age of 18.2 + 0.5 ka (+ 1 standard error
of the mean; recalculated using methods described in the Methods section) “



Yes, we agree with the reviewer here in that we are simply making a temporal
comparison to a time period of maximum global ice volumes. The use of the word ‘critically’ is
unnecessary and unhelpful and we have removed it from the sentence — indicating a basic
temporal comparison.

We have updated the text to reflect this edit.

Yes, we very much agree! The text has been updated for clarity as follows: “Modern
methods used to reconstruct paleo-glaciers, particularly distributed energy/mass-balance or
degree-day mass-balance models, have been successfully applied to sites in the Middle (Laabs et
al., 2006; Refsnider et al., 2008; Birkel et al., 2012; Quirk et al., 2018, 2020) and Southern
Rocky Mountains (Ward et al., 2009; Brugger, 2010; Brugger et al. 2018, 2019; Dithnforth and
Anderson, 2011; Leonard et al., 2014, 2017a; Schweinsberg et al., 2016)”

Yes!

We have included both the scaling scheme (LSD) and calibration data (Promontory
Point) used to calculate °Be exposure ages.

Yes, we see how this is unclear. We have, per your suggestion, coded the bedrock
samples from Pine Creek by color and have updated the caption text as follows: “Moraine
deposits are shown in yellow, cosmogenic 10Be boulder and bedrock sample locations are
indicated by red and green circles, respectively, with exposure ages (Promontory Point
calibration data and LSD scaling scheme) and analytical uncertainty (shown in ka) and sample
codes in blue text.”



Yes, it would be fantastic to have found and dated Bull Lake deposits in the area.
Unfortunately, none were mapped in the study area.

We see how this may be ambiguous and have updated the text in the Methods section for
clarity as follows: “Following moraine mapping and field verification, we selected moraines and
erratic boulders atop moraine crests for in-situ cosmogenic 10Be exposure dating to determine
landform ages. at Cut Bank Creek, South Fork Deep Creek, and Cascade Creek canyons. We
targeted two frontal moraines at Cut Bank Creek including the ice-distal terminal moraine.
Boulders atop a recessional moraine identified just beyond the mouth of Cut Bank Canyon were
also sampled to limit the time when moraine building at the mountain front ceased and ice retreat
commenced. At South Fork Deep Creek and Cascade Creek, we targeted lateral moraines
associated with maximum mapped ice extents. We collected samples from bedrock and erratic
boulders not associated with moraine deposits along a transect of Pine Creek canyon”

No.



I think I understand what the reviewer is getting at and have added the following text to
the Methods section: “We do not account for snow cover shielding on calculated exposure ages,
noting that snow shielding corrections (~3%; Marcott et al., 2019) are typically less than the total
uncertainty associated with production rate calibration and scaling schemes (~6%; Balco,
2020).”

This is a fair point. We have included exposure ages calculated with Promontory Point
and Primary (e.g. Borchers et al., 2016) calibration data and LSD, St, and LM scaling in an
additional supplemental table.

Yes agreed. We again have added a supplemental table that addresses these concerns and
added the following analysis to the Methods section text: “Exposure ages calculated using other
commonly used calibration (e.g. CRONUS-Earth primary 10Be calibration data; Borchers et al.,
2016) and scaling schemes (Stone et al., 2000) result in apparent age differences of 3-5%.”

Yes, we have updated the discussion of model uncertainty to indicate that the
uncertainties used were derived from sensitivity analyses — thus indicating how much the
‘secondary stuff’ matters.



Yes we have updated figure two to reflect bedrock and boulder sampling locations.

The internal uncertainty is the analytical uncertainty. In the figure caption, we state that
exposure ages are plotted with analytical uncertainties.

We have done exactly this.

Every exposure age reported uses PP calibration and LSD scaling except in the newly
added supplemental.

Good point. We have updated the text as follows to reflect this clarification: “The 10Be
exposure ages presented here for the South Fork Deep Creek (17.5 + 0.6 ka) and Cascade Creek
(16.9 + 0.1 ka) lateral moraines in the northern Absaroka Range appear slightly younger than
ages from the previously dated lateral moraine in the neighboring Pine Creek valley in the



northern Absaroka (10Be exposure age = 18.2 + 0.5 ka, with the standard error of ages
recalculated from Licciardi and Pierce, 2008) but do overlap within one standard error.”

Yes, we agree it is important for the reader to have an idea of how robust the
landform/abandonment ages are. We have already done this in the Results — Cosmogenic '’Be
Exposure Ages section (lines 426-438).

Moraine abandonment/landform age uncertainties are reported as the standard error of the
mean.

Yes.

We indicate the global LGM age range as 26.5-19.0 ka and can reiterate here.

This is a good point and one that we only implicitly made. We have updated the text to
state this explicitly as follows: “This pattern is observed throughout the Rocky Mountains and
suggests that the mountain glacier moraine chronology in western Montana differs from the rest
of the region, such that the outermost moraines do not represent the early Pinedale interval and
only represent the middle Pinedale interval suggesting similar or more extensive ice during the
middle as compared to the early Pinedale. This may reflect the importance of regional climatic
effects on mountain glaciation, especially the strengthening of westerly airflow and attendant
moisture delivery, as described above.”



It is always possible that deposits previously mapped as Bull Lake are, in fact, early
Pinedale deposits. However, we did not map or collect samples from any Bull Lake deposits.

Updated

This is an important point and one we thank the reviewer for bringing up. First, we have
made this explicit in the Method section Line 293: “It is important to note that in our simulations
we change monthly temperature and precipitation distributions for the entire year while glacier
mass-balance is primarily sensitive to ablation season temperatures and accumulation season
precipitation”.

Updated.

Good point. We have updated the Figure 7 (now Figure 8) extensively, including the use
of a age-depth model with Monte Carlo uncertainty analysis, with new caption: “Figure 8. Age-
distance (top) and age-elevation (bottom) ice retreat models for Pine Creek. Bedrock exposure
ages plotted with analytical uncertainties while the Pine Creek moraine age uncertainty is shown
as the standard error. In both transects, the data are relative to the Pine Creek headwall. Dark
curves represent median age models while dashed lines indicate boundaries of 95% confidence
interval (CI).”



Yes this is ambiguous as written. We have updated the text at the first use of the term
‘Lateglacial’ (Line 682) as follows: “However, the coherence of ice-retreat rates in the Absaroka
Range with locations across the Rockies from ca. 16 ka through the Lateglacial (i.e. (19-11.7 ka;
Reitner et al., 2016) suggests common factors driving deglaciation across the region. For
example, glacier retreat in Rocky Mountains after ca. 16 ka coincides with sustained increases in
atmospheric CO2 and regional temperature changes despite some glacier retreat lagging behind
initial rises in CO2 around 17 ka (Figure 8).”

We have updated the text as follows: “While the timing of initial abandonment of ice-
distal positions is variable at sites across the Rockies, which range from the end of the global
LGM to ca. 16 ka, the broad pattern and timing of subsequent deglaciation after ca. 16 ka is
similar across the Rocky Mountains (Figure 8)”

Yes, thank you for catching this. We define Lateglacial at first use (Line 709) as 19-11.7
ka; Reitner et al., 2016.



We have updated the figure caption text as follows: “...(D) Normalized glacier elevation
(i.e. 1 = terminus, 0 = headwall) for Pine Creek glacier in the Absaroka Range (red stars), Teton
Range, WY (green boxes), Wasatch Range, UT (black diamonds), Uinta Mountains, UT (white
triangles), Front Range, CO (blue inverted triangles), Sawatch Range, CO (blue circles), and San
Juan Range, CO (blue squares) based on cosmogenic exposure dating...”

I think much of the confusion regarding our use of the term LGM can be alleviated by
replacing with the phrase ‘global LGM’, in other words the LGM as defined by Clark et al. We
have updated throughout the text accordingly.

Yes, we have updated the figure caption text as follows: “Supplemental Figure 1. Model
results for Cut Bank (-9.2°C) and Lake Creek (-8.0°C) glaciers at maximum Pinedale extents
with 100% modern precipitation. Black lines indicate mapped glacier extents the simulations
attempted to match.”

We have restated in the supplemental table the concentration of the spike used. We used
the certified concentration and did not measure independently.



We have added the following line to the Results section (Line 387): “We corrected
sample '’Be/’Be ratios by subtracting the number of '°Be atoms in the corresponding blank from
the sample.”



