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[1] We use cosmogenic radionuclide (CRN) exposure ages from polished, striated
bedrock to constrain numerical simulations of deglaciation in the Middle Boulder Creek
Valley, Colorado Front Range, and the Animas River Valley, San Juan Mountains,
Colorado. In both valleys, the cosmogenic ages suggest initiation of deglaciation ~20 ka
and ongoing retreat until 12—13 ka. While the first-order trend in CRN concentrations
in each valley suggests a monotonic glacial retreat, we evaluate other retreat scenarios
with different implications for post-Last Glacial Maximum regional climate. We use a 2-D
numerical glacier simulation with a CRN layer to investigate how CRN-based deglaciation
records are affected by retreat histories that are punctuated by periods of glacier readvance.
The CRN layer simulates both production during periods of exposure and reduction by
glacial erosion during readvances. We simulate glacial occupation of the valleys as they
respond to equilibrium line altitude (ELA) histories characterized by stepwise change,
gradual rise, or a rise punctuated by short periods of lowering. Each scenario generates a
distinct spatial pattern of concentrations in the CRN layer. These results and the spatial
pattern of measured concentrations in bedrock constrain the range of ELA histories

that reproduce the CRN pattern in each valley. In the Animas River Valley, the exposure
ages are well explained by a linear ELA rise from full glacial to deglacial conditions. Ages

in Middle Boulder Creek Valley are best explained by a deglaciation history including
a stillstand or partial readvance between 16 and 14 ka, followed by rapid retreat.
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1. Introduction

[2] Deglaciation records of alpine ice are valuable proxies
for local and regional climate variability [e.g., Oerlemans,
1994; Klok and Oerlemans, 2004]. The complex dynamics of
the climate-glacier coupling require that multiple lines of
evidence constrain records of deglaciation. For example, '*C
ages in tarn sediment cores provide minimum limiting ages
for headwater deglaciation [e.g., Menounos and Reasoner,
1997; Toney and Anderson, 2006], and *C and cosmogenic
radionuclide (CRN) ages from glacial deposits constrain the
timing of moraine stabilization following initial glacier
retreat [Benson et al., 2005; Briner et al., 2005]. In situ
14C, 10Be, and other CRNs in bedrock can reveal the timing of
deglaciation of specific sites on a glacier’s bed, allowing
retreat histories to be constructed in the absence of datable
recessional moraines [e.g., Nishiizumi et al., 1989; Colgan et
al., 2002; Miller et al., 2006; Guido et al., 2007]. Each of
these methods has its own set of limitations and sources of
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uncertainty, and in some cases, data sets are not directly
comparable.

[3] Following the global Last Glacial Maximum (LGM,;
~21 ka), alpine glaciers and ice caps throughout western
North America (WNA) appear to have undergone a multi-
phase retreat. Initial retreat from LGM positions occurred
18—21 ka in most dated localities [Pierce, 2003; Kaufman et
al., 2003]. After this initial retreat, another period of
moraine formation is dated to between 15 and 17 ka; this
probably represents a stillstand or readvance during degla-
ciation. In some locations, and particularly in the northern
Rocky Mountains [Licciardi et al., 2004; Pierce, 2003], this
event appears to have overridden the LGM position. In
more southerly or coastal locations such as the Sawatch
Range [Brugger, 2005; Briner, 2007], and the Cascade
Range and Sierra Nevada [Kaufinan et al., 2003], it is
recorded as a second moraine set inside the LGM footprint.
Rapid retreat appears to have been underway again by 14 ka
across WNA and was largely complete by 12.5 ka. There is
disagreement in the literature as to whether all of these
phases were synchronous across WNA. Some have argued
for broadly synchronous retreat across a wide range of
latitudes [Benson et al., 2005], while others argue for
widespread variability in this timing because of spatial
variations in available moisture [Munroe et al., 2006], the
influence of the Laurentide Ice Sheet [Licciardi et al.,
2004], and atmospheric transmission of North Atlantic
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