
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. 6th 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 

Editor and Keck Director 
Pomona College 

Keck Geology Consortium 
Pomona College 

185 E 6th St., Claremont, CA  
91711 

Diane Kadyk 
Proceedings Layout & Design 
Franklin & Marshall College 

 
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 III, 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, Amherst 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 



Students:  HANNAH BOURNE, Wesleyan University, JONATHAN GRIFFITH, Union College, JACQUELINE 
KUTVIRT, Macalester College, EMMA LOCATELLI, Macalester College, SARAH MATTESON, Bryn Mawr 
College, PERRY ODDO, Franklin and Marshall College, CLARK BRUNSON SIMCOE, Washington and Lee 
University. 
  
GEOLOGIC, GEOMORPHIC, AND ENVIRONMENTAL CHANGE AT THE NORTHERN 
TERMINATION OF THE LAKE HÖVSGÖL RIFT, MONGOLIA  
Faculty: KARL W. WEGMANN, North Carolina State University, TSALMAN AMGAA, Mongolian University of 
Science and Technology, KURT L. FRANKEL, Georgia Institute of Technology, ANDREW P. deWET, Franklin & 
Marshall College, AMGALAN BAYASAGALN, Mongolian University of Science and Technology. 
Students:  BRIANA BERKOWITZ, Beloit College, DAENA CHARLES, Union College, MELLISSA CROSS, Colgate 
University, JOHN MICHAELS, North Carolina State University, ERDENEBAYAR TSAGAANNARAN, Mongolian 
University of Science and Technology, BATTOGTOH DAMDINSUREN, Mongolian University of Science and 
Technology, DANIEL ROTHBERG, Colorado College, ESUGEI GANBOLD, ARANZAL ERDENE, Mongolian 
University of Science and Technology, AFSHAN SHAIKH, Georgia Institute of Technology, KRISTIN TADDEI, 
Franklin and Marshall College, GABRIELLE VANCE, Whitman College, ANDREW ZUZA, Cornell University. 
 
LATE PLEISTOCENE EDIFICE FAILURE AND SECTOR COLLAPSE OF VOLCÁN BARÚ, PANAMA 
Faculty: THOMAS GARDNER, Trinity University, KRISTIN MORELL, Penn State University 
Students:  SHANNON BRADY, Union College. LOGAN SCHUMACHER, Pomona College, HANNAH ZELLNER, 
Trinity University. 
 
KECK SIERRA: MAGMA-WALLROCK INTERACTIONS IN THE SEQUOIA REGION 
Faculty:  JADE STAR LACKEY, Pomona College, STACI L. LOEWY, California State University-Bakersfield 
Students:  MARY BADAME, Oberlin College, MEGAN D’ERRICO, Trinity University, STANLEY HENSLEY, 
California State University, Bakersfield, JULIA HOLLAND, Trinity University, JESSLYN STARNES, Denison 
University, JULIANNE M. WALLAN, Colgate University. 
 

Funding Provided by:   
Keck Geology Consortium Member Institutions 

The National Science Foundation Grant NSF-REU 1005122 
ExxonMobil Corporation 

  



Keck Geology Consortium:  Projects 2010-2011 
Short Contributions— Glacier National Park 

 
GEOMORPHIC AND PALEOENVIRONMENTAL CHANGE IN GLACIER NATIONAL PARK, 
MONTANA, U.S.A.  
Project Faculty: KELLY MACGREGOR, Macalester College, CATHERINE RIIHIMAKI, Drew University, AMY 
MYRBO, KRISTINA BRADY LacCore Lab, University of  Minnesota 
 
LINKAGES BETWEEN CLIMATE CHANGE, VOLCANISM, AND DIATOM PRODUCTIVITY OVER 
THE PAST 12,900 YEARS IN SWIFTCURRENT LAKE, GLACIER NATIONAL PARK, MONTANA  
HANNAH BOURNE, Wesleyan University 
Research Advisor: Tim Ku 
 
A CONTINUOUS LATE HOLOCENE RECORD OF PALEOCLIMATE CHANGE FROM GRINNELL 
LAKE SEDIMENT CORES, GLACIER NATIONAL PARK, MONTANA   
JONATHAN GRIFFITH, Union College 
Research Advisor: Donald Rodbell 
 
HOLOCENE FIRE HISTORY OF THE SOUTHERN SWIFTCURRENT BASIN: A 
PALEOENVIRONMENTAL STUDY OF GLACIER NATIONAL PARK   
JACQUELINE KUTVIRT, Macalester College 
Research Advisor: Kelly MacGregor 
 
VEGETATION HISTORY OF THE LATE HOLOCENE IN EAST GLACIER NATIONAL PARK, 
MONTANA: A PALEOENVIRONMENTAL STUDY 
EMMA LOCATELLI, Macalester College 
Research Advisor: Louisa Bradtmiller 
 
CARBON SIGNAL IN ALPINE LAKE SEDIMENT DURING THE HOLOCENE IN GLACIER 
NATIONAL PARK, MONTANA  
SARAH MATTESON, Bryn Mawr College 
Research Advisor: Don Barber 
 
GEOCHEMICAL EVIDENCE OF ANTHROPOGENIC IMPACTS ON SWIFTCURRENT LAKE, 
GLACIER NATIONAL PARK, MT  
PERRY ODDO, Franklin and Marshall College 
Research Advisor: Christopher J. Williams 
 
SUBSURFACE SEISMIC REFRACTION IMAGING OF GLACIAL TILL/BEDROCK INTERFACE IN 
GRINNELL VALLEY, GLACIER NATIONAL PARK, MONTANA 
CLARK BRUNSON SIMCOE, Washington and Lee University 
Research Advisor: Romain Meyer 

Keck Geology Consortium 
Pomona College 

185 E. 6th St., Claremont, CA  91711 
Keckgeology.org 

 
  





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

3

primarily Pinus pollen.  Swiftcurrent Zone 3 (1255-
770 cal yr BP) and Swiftcurrent Zone 4 (770-75 cal yr 
BP) overlap with the MWP and the LIA.  See Figures 
1 and 2 for specific values for each of the 20 samples 
and the average AP/NAP and xeric to mesic pollen 
ratios.

DISCUSSION

Swiftcurrent Zone 1 vegetation and climatic recon-
struction (5660 - 2200 cal yr BP)

Less forest cover and slightly more xeric taxa charac-
terize Zone 1 of Swiftcurrent Lake.  When compared 
with modern pollen rain studies from the Yellowstone 
National Park region, Zone 1 represents a period of 
steppe vegetation with patches of forest (Whitlock, 
1993).  Steppe vegetation most likely grew on the dry 
slopes, while the Picea/Abies/Pinus forest cover grew 
in the low, cool valley around the lake and in upper 
elevations where cooler temperatures prevent the 
growth of steppe vegetation. 

Specifically, the Zone 1 levels of Picea engelmannii 
(3.7%) and Poaceae (5%) are similar to the modern 
pollen rain of steppe vegetation (Whitlock, 1993).  
Lower levels of Artemisia pollen (2.6%) and higher 
levels of Abies lasiocarpa pollen (6.3%) more closely 
align with the Picea/Abies/Pinus forest type.  This 
bimodal pollen record most likely reflects the large 
change in elevations from the base of the valley floor 
(1488 m) to the upper reaches of the valley (2000 m).  
Steppe vegetation most likely grew on the dry slopes, 
while the Picea/Abies/Pinus forest cover grew in the 
low, cool valley around the lake and in upper eleva-
tions where cooler temperatures prevent the growth of 
steppe vegetation. 

Swiftcurrent Zone 2 vegetation and climate recon-
struction (2200 - 1050 cal yr BP)

The increase in Pinus pollen and decrease of Abies 
lasiocarpa, Alnus viridis, Artemisia, and Poaceae in-
dicate the initial development of forest at the expense 
of steppe vegetation in Zone 2.  Decreased amounts 
of A. lasiocarpa, A. viridis, and P. engelmanni pollen 
possibly reflect a slow and steady warming through-
out the time period.  Arboreal to non-arboreal pollen 

ratios increased suggesting an increase in forest cover.  
The increase in the xeric to mesic pollen ratio indi-
cates decreased moisture availability.  Total conifer 
taxa (Pinus, Abies, and Picea) increased, which sug-
gests and expansion of a Picea/Abies/Pinus forest that 
characterizes modern vegetation.  The high percent-
ages of Pinus likely reflects a cool, dry forest. A. 
lasiocarpa is an indicator of cool, moist climate, and 
thus the decrease in Abies alongside the increase in 
the xeric to mesic ratio suggests a drier climate.  The 
persistence of high P. engelmannii indicates that the 
climate was not warming, as Picea grows in colder 
conditions. 

Two potential explanations exist for the change in 
pollen abundance, specifically the increase in Pinus, 
the maintainance of high P. engelmannii, and the 
decrease in A. lasiocarpa.  The transition from steppe 
to a developing forest may be the result of a decrease 
in available moisture.  However, as the abundance of 
P. engelmannii did not change and it is characteristic 
of cold and moister conditions, this does not fully 
explain the change in vegetation.  Alternatively, the 
increase of Pinus and the decrease in Abies lasiocarpa 
could be argued as an indication of changing season-
ality.   Pinus contorta and P. flexilis are suited for a 
variety of growing seasons, but generally dominate 
in longer summers.  Both A. lasiocarpa and P. engel-
mannii require long, cold winters and short, cool sum-
mers to germinate and grow (Uchytil, 1991a, 1991b).  
If the summer season became either warmer or wetter 
in the valley, then both Picea and Abies would be 
affected.  Because the abundance of Picea did not 
change, the argument for a warmer summer does not 
hold, but a wetter summer could explain the decrease 
in Abies.  The average January and July precipitation 
for P. engelmannii are 24 mm and 200 mm respec-
tively, while the mean values for A. lasiocarpa are 
125 mm and 75 mm respectively.  However, the in-
crease in the xeric to mesic pollen ratio indicates that 
total moisture availability decreased.  If the summers 
between 2200 and 1255 cal yr BP became slightly 
wetter and the winters drier, then A. lasiocarpa would 
decrease in abundance.  The lack of change in the 
abundance of A. engelmanni may indicate the rate at 
which Pinus replaced the A. lasiocarpa to become the 
dominant species in the lower parts of the valley. 
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than the other samples (6.1 compared to 3.5, 3.8, and 
3.9).  At Swiftcurrent, the MWP was probably one of 
gradual warming, peaking ca. 950 - 750 cal yr BP, and 
increased summer precipitation. 

Swiftcurrent Zone 4 vegetation and climate history 
(565 cal yr BP - present).

 The increase in A. lasiocarpa and P. engelmannii in 
Zone 4 reflect the final establishment of the Picea/
Abies/Pinus forest that is characteristic of the mod-
ern Glacier National Park region.  The levels of A. 
lasiocarpa and P. engelmanni are steadier throughout 
the time period, with the exception in a small peak at 
the depth of 41.5 cm (ca. 600 cal yr BP).  Artemisia 
and Poaceae abundances are more even during this 
interval than in previous zones, indicating established 
steppe and forest regions.  Zone 4 was likely one of 
cool and moist conditions as indicated by the increase 
of Abies and Picea.  This time period directly over-
laps with the interval of the LIA.  The summers were 
likely cool and short with less precipitation than sum-
mers during Zones 2 and 3, which is consistent with 
the findings of other studies in the Northern Rocky 
Mountains (e.g., Power et al., 2006). 

CONCLUSIONS

The vegetation record of Swiftcurrent Lake reflects 
changes in environmental conditions during past 6000 
years.  Evidence from pollen indicates that the effects 
of the Medieval Warm Period and the Little Ice Age 
were present in eastern Glacier National Park.  During 
the MWP, Pinus and more xeric vegetation dominated 
the forest.  The mesic and steppe vegetation increased 
to pre-MWP levels during the LIA. Pollen and char-
coal studies of other lakes in the East Glacier National 
Park should be conducted to verify the regional extent 
of vegetation changes. 
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