KECK GEOLOGY CONSORTIUM

PROCEEDINGS OF THE TWENTY-FOURTH
ANNUAL KECK RESEARCH SYMPOSIUM IN
GEOLOGY

April 2011
Union College, Schenectady, NY

Dr. Robert J. Varga, Editor
Director, Keck Geology Consortium
Pomona College

Dr. Holli Frey
Symposium Convenor
Union College

Carol Morgan
Keck Geology Consortium Administrative Assistant

Diane Kadyk
Symposium Proceedings Layout & Design
Department of Earth & Environment
Franklin & Marshall College

Keck Geology Consortium
Geology Department, Pomona College
185 E. 6™ St., Claremont, CA 91711
(909) 607-0651, keckgeology@pomona.edu, keckgeology.org

ISSN# 1528-7491

The Consortium Colleges ~ The National Science Foundation ExxonMobil Corporation



KECK GEOLOGY CONSORTIUM
PROCEEDINGS OF THE TWENTY-FOURTH ANNUAL KECK

RESEARCH SYMPOSIUM IN GEOLOGY
ISSN# 1528-7491

April 2011
Robert J. Varga Keck Geology Consortium Diane Kadyk
Editor and Keck Director Pomona College Proceedings Layout & Design
Pomona College 185 E 6™ St., Claremont, CA Franklin & Marshall College
91711

Keck Geology Consortium Member Institutions:

Amherst College, Beloit College, Carleton College, Colgate University, The College of Wooster,
The Colorado College, Franklin & Marshall College, Macalester College, Mt Holyoke College,
Oberlin College, Pomona College, Smith College, Trinity University, Union College,
Washington & Lee University, Wesleyan University, Whitman College, Williams College

2010-2011 PROJECTS

FORMATION OF BASEMENT-INVOLVED FORELAND ARCHES: INTEGRATED STRUCTURAL AND
SEISMOLOGICAL RESEARCH IN THE BIGHORN MOUNTAINS, WYOMING

Faculty: CHRISTINE SIDDOWAY, MEGAN ANDERSON, Colorado College, ERIC ERSLEV, University of
Wyoming

Students: MOLLY CHAMBERLIN, Texas A&M University, ELIZABETH DALLEY, Oberlin College, JOHN
SPENCE HORNBUCKLE 111, Washington and Lee University, BRYAN MCATEE, Lafayette College, DAVID
OAKLEY, Williams College, DREW C. THAYER, Colorado College, CHAD TREXLER, Whitman College, TRIANA
N. UFRET, University of Puerto Rico, BRENNAN YOUNG, Utah State University.

EXPLORING THE PROTEROZOIC BIG SKY OROGENY IN SOUTHWEST MONTANA

Faculty: TEKLA A. HARMS, JOHN T. CHENEY, Ambherst College, JOHN BRADY, Smith College

Students: JESSE DAVENPORT, College of Wooster, KRISTINA DOYLE, Amherst College, B. PARKER HAYNES,
University of North Carolina - Chapel Hill, DANIELLE LERNER, Mount Holyoke College, CALEB O. LUCY,
Williams College, ALIANORA WALKER, Smith College.

INTERDISCIPLINARY STUDIES IN THE CRITICAL ZONE, BOULDER CREEK CATCHMENT,
FRONT RANGE, COLORADO

Faculty: DAVID P. DETHIER, Williams College, WILL OUIMET. University of Connecticut

Students: ERIN CAMP, Amherst College, EVAN N. DETHIER, Williams College, HAYLEY CORSON-RIKERT,
Wesleyan University, KEITH M. KANTACK, Williams College, ELLEN M. MALEY, Smith College, JAMES A.
MCCARTHY, Williams College, COREY SHIRCLIFF, Beloit College, KATHLEEN WARRELL, Georgia Tech
University, CIANNA E. WYSHNYSZKY, Amherst College.

SEDIMENT DYNAMICS & ENVIRONMENTS IN THE LOWER CONNECTICUT RIVER

Faculty: SUZANNE O’CONNELL, Wesleyan University

Students: LYNN M. GEIGER, Wellesley College, KARA JACOBACCI, University of Massachusetts (Amherst),
GABRIEL ROMERO, Pomona College.

GEOMORPHIC AND PALEOENVIRONMENTAL CHANGE IN GLACIER NATIONAL PARK,
MONTANA, U.S.A.

Faculty: KELLY MACGREGOR, Macalester College, CATHERINE RIIHIMAKI, Drew University, AMY MYRBO,
LacCore Lab, University of Minnesota, KRISTINA BRADY, LacCore Lab, University of Minnesota






Keck Geology Consortium: Projects 2010-2011
Short Contributions— Front Range, CO

INTERDISCIPLINARY STUDIES IN THE CRITICAL ZONE, BOULDER CREEK CATCHMENT,
FRONT RANGE, COLORADO
Project Faculty: DAVID P. DETHIER: Williams College, WILL OUIMET: University of Connecticut

CORING A 12KYR SPHAGNUM PEAT BOG: A SEARCH FOR MERCURY AND ITS IMPLICATIONS
ERIN CAMP, Amherst College
Research Advisor: Anna Martini

EXAMINING KNICKPOINTS IN THE BOULDER CREEK CATCHMENT, COLORADO
EVAN N. DETHIER, Williams College
Research Advisor: David P. Dethier

THE DISTRIBUTION OF PHOSPHORUS IN ALPINE AND UPLAND SOILS OF THE BOULDER
CREEK, COLORADO CATCHMENT

HAYLEY CORSON-RIKERT, Wesleyan University

Research Advisor: Timothy Ku

RECONSTRUCTING THE PINEDALE GLACIATION, GREEN LAKES VALLEY, COLORADO
KEITH M. KANTACK, Williams College
Research Advisor: David P. Dethier

CHARACTERIZATION OF TRACE METAL CONCENTRATIONS AND MINING LEGACY IN SOILS,
BOULDER COUNTY, COLORADO

ELLEN M. MALEY, Smith College

Research Advisor: Amy L. Rhodes

ASSESSING EOLIAN CONTRIBUTIONS TO SOILS IN THE BOULDER CREEK CATCHMENT,
COLORADO

JAMES A. MCCARTHY, Williams College

Research Advisor: David P. Dethier

USING POLLEN TO UNDERSTAND QUATERNARY PALEOENVIRONMENTS IN BETASSO GULCH,
COLORADO

COREY SHIRCLIFF, Beloit College

Research Advisor: Carl Mendelson

STREAM TERRACES IN THE CRITICAL ZONE - LOWER GORDON GULCH, COLORADO
KATHLEEN WARRELL, Georgia Tech
Research Advisor: Kurt Frankel

METEORIC “BE IN GORDON GULCH SOILS: IMPLICATIONS FOR HILLSLOPE PROCESSES AND
DEVELOPMENT

CIANNA E. WYSHNYSZKY, Amherst College

Research Advisor: Will Ouimet and Peter Crowley

Keck Geology Consortium
Pomona College
185 E. 6" St., Claremont, CA 91711
Keckgeology.org






[24th Annual Keck Symposium: 2011 Union College. Schenectady, NY

I calculated volumes for the moraine belts left by the
Pinedale glaciers that flowed from the Arapaho and
GLVs, along with the Rainbow Lakes and Horseshoe
Cirques.

The Arapaho/Green Lakes glacier deposited between
67.06x10° and 89.57x10° m?® of debris. The Horse-
shoe glacier deposited between 2.20 and 5.28x10°
m3. The Rainbow Lakes moraines occupied between
8.5x10° and 3.67x10° m>. (Table 2)

Erosion or lowering rates during the late Pinedale
maximum were calculated for each glacier based on
moraine volumes. These values are likely minima,
since the glaciers also released sediment as glacial
outwash, which was mainly transported downstream.
I calculated rates based on the entire catchment above
each moraine belt, as well as by assuming that mo-
rainal debris originated from just the cirque that held
the glacier. Results suggest that bed lowering was
0.25 to 2.98 mm per year for Horseshoe, 0.5 to 1.33
mm per year for Green Lakes and Arapaho, and 0.15
to 1.37 mm per year for Rainbow (Table 2).

DISCUSSION

The modeled glacier shows that while it covered an
impressive area, the GLV/Arapaho ice at maximum
was only 83 meters thick on average, and 240 meters
at its thickest. The glacier’s thinness likely reflects
relatively dry climate. Thinness may also suggest a
high ice velocity, but this is not likely given the cool
climate and low precipitation. High velocity could
also explain the area of ice below the ELA, which is
strikingly large considering the small accumulation
zone in the Arapaho and Green Lakes Valleys. Given
the stepped nature of the bed (slope ranges from flat
to near vertical), flow velocity was likely highly var-
ied.

The erosion rates calculated here are reasonable for

a small glacier in a relatively dry climate flowing
over hard rocks. In their glacial-valley profile model,
MacGregor and Anderson (2000) use an erosion rate
of 1 mm per year. Ward et al. (2009) use erosion
rates of 0.1, 1.0, and 10 mm per year in their model-
ing of the Middle Boulder Creek Valley glaciation. It
is important to realize that the rates calculated here

provide provisional upper and lower limits based on
field evidence. Lidar data provide a precise DEM
and GIS-based spatial analysis (kriging in this case),
which is a rational method for calculating the surface
beneath the late Pinedale morainal debris. We have
measured the depth of sediment and water in several
kettles and believe that 4 m is a reasonable estimate
for an average depth and thus a thickness to add to
the morainal belt. Additional field measurements and
shallow geophysics would allow us to better constrain
these values. Additionally we have not estimated the
volume of sediment that was carried away by glacio-
fluvial and fluvial processes. Finally, we have not es-
timated what fraction of the sediment in the moraines
was eroded by glaciers from the cirques and which
portion comes from slope processes in the rest of the
catchment. However, while these unestimated values
mainly prevent me from measuring the total glacial
erosion rate, the range of general lowering rates I
present for each location are well constrained.

One would expect the Rainbow and Horseshoe gla-
ciers to have nearly identical erosion rates, as they
are similar size cirques located less than 1 kilometer
apart on the same slope. However, Horseshoe gives
a greater rate of incision. This is likely the result of
bedrock differences and catchment size. While Rain-
bow is underlain with primarily metaseds, Horseshoe
is cutting into the coarser Boulder Creek Granodio-
rite. Additionally, Horseshoe sits in a catchment 60%
larger than Rainbow’s. This suggests that the perigla-
cial and other processes in the catchment contributed

an important fraction of the sediment in the moraine
belt.

When you consider cirque volume, these values indi-
cate that cutting the Green Lakes and Arapaho Valleys
to their present depth would require 11 glacier periods
of the same size as the 6000 years of the late Pinedale.
Cutting the Rainbow and Horseshoe cirques would
require 6.5 and 3.6 such glaciations, respectively. The
calculated cirque-cutting time values suggest that the
late Pinedale was a significant event in the morpho-
logic evolution of these features. These calculations
assume that the erosion rate would be the same in
previous glaciations.
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CONCLUSIONS

Using a combination of field evidence, numerical
modeling, and GIS data I was able to reconstruct the
Pinedale glaciation of the GLV region of the Colorado
Front Range.

Modeling suggests that the glacier reached an areal
extent of 22 km?, but that the ice was generally thin,
with an average thickness of 83 meters. This could
indicate high flow rate, but more likely reflects the
dry climate.

The calculated moraine volumes suggest that the
Pinedale represents a significant episode in the evo-
lution of Front Range morphology. The calculated
erosion rates, which are on the order of 1 mm per
year, represent a substantial movement of sediment
within the critical zone and exposure of large volumes
of fresh surfaces.

These results represent a work in progress. Further
work will include more detailed modeling of the
retreat of Pinedale ice, studying the development of
steps within the GLV, and determining the origin of
the polished boulders that sit 50 m above trimline on
the south-facing slope of the valley.
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