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

April 2015
Union College, Schenectady, NY

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

Dr. Holli Frey
Symposium Convener
Union College

Carol Morgan
Keck Geology Consortium Administrative Assistant

Christina Kelly
Symposium Proceedings Layout & Design
Office of Communication & Marketing
Scripps 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-EIGHTH ANNUAL KECK

RESEARCH SYMPOSIUM IN GEOLOGY
ISSN# 1528-7491

April 2015
Robert J. Varga Keck Geology Consortium Christina Kelly
Editor and Keck Director Pomona College Proceedings Layout & Design
Pomona College 185 E 6" St., Claremont, CA Scripps College
91711

Keck Geology Consortium Member Institutions:

Ambherst 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

2014-2015 PROJECTS

RESILIENCE OF ENDANGERED ACROPORA SP. CORALS IN BELIZE. WHY IS CORAL GARDENS
REEF THRIVING?:

Faculty: LISA GREER, Washington & Lee University, HALARD LESCINSKY, Otterbein University, KARL
WIRTH, Macalester College

Students: ZEBULON MARTIN, Otterbein University, JAMES BUSCH, Washington & Lee University,
SHANNON DILLON, Colgate University, SARAH HOLMES, Beloit College, GABRIELA GARCIA, Oberlin
College, SARAH BENDER, The College of Wooster, ERIN PEELING, Pennsylvania State University, GREGORY
MAK, Trinity University, THOMAS HEROLD, The College of Wooster, ADELE IRWIN, Washington & Lee
University, ILLIAN DECORTE, Macalester College

TECTONIC EVOLUTION OF THE CHUGACH-PRINCE WILLIAM TERRANE, SOUTH CENTRAL
ALASKA:

Faculty: CAM DAVIDSON, Carleton College, JOHN GARVER Union College

Students: KAITLYN SUAREZ, Union College, WILLIAM GRIMM, Carleton College, RANIER LEMPERT,
Ambherst College, ELAINE YOUNG, Ohio Wesleyan University, FRANK MOLINEK, Carleton College, EILEEN
ALEJOS, Union College

EXPLORING THE PROTEROZOIC BIG SKY OROGENY IN SW MONTANA: METASUPRACRUSTAL
ROCKS OF THE RUBY RANGE

Faculty: TEKLA HARMS, Ambherst College, JULIE BALDWIN, University of Montana

Students: BRIANNA BERG, University of Montana, AMAR MUKUNDA, Ambherst College, REBECCA BLAND,
Mt. Holyoke College, JACOB HUGHES, Western Kentucky University, LUIS RODRIGUEZ, Universidad de
Puerto Rico-Mayaguez , MARIAH ARMENTA, University of Arizona, CLEMENTINE HAMELIN, Smith College

Funding Provided by:
Keck Geology Consortium Member Institutions
The National Science Foundation Grant NSF-REU 1358987
ExxonMobil Corporation



GEOMORPHOLOGIC AND PALEOENVIRONMENTAL CHANGE IN GLACIER NATIONAL PARK,
MONTANA:

Faculty: KELLY MACGREGOR, Macalester College, AMY MYRBO, LabCore, University of

Minnesota

Students: ERIC STEPHENS, Macalester College, KARLY CLIPPINGER, Beloit College, ASHLEIGH,
COVARRUBIAS, California State University-San Bernardino, GRAYSON CARLILE, Whitman College,
MADISON ANDRES, Colorado College, EMILY DIENER, Macalester College

ANTARCTIC PLIOCENE AND LOWER PLEISTOCENE (GELASIAN) PALEOCLIMATE
RECONSTRUCTED FROM OCEAN DRILLING PROGRAM WEDDELL SEA CORES:

Faculty: SUZANNE O’CONNELL, Wesleyan University

Students: JAMES HALL, Wesleyan University, CASSANDRE STIRPE, Vassar College, HALI ENGLERT,
Macalester College

HOLOCENE CLIMATIC CHANGE AND ACTIVE TECTONICS IN THE PERUVIAN ANDES:
IMPACTS ON GLACIERS AND LAKES:

Faculty: DON RODBELL & DAVID GILLIKIN, Union College

Students: NICHOLAS WEIDHAAS, Union College, ALIA PAYNE, Macalester College, JULIE DANIELS,
Northern Illinois University

GEOLOGICAL HAZARDS, CLIMATE CHANGE, AND HUMAN/ECOSYSTEMS RESILIENCE IN THE
ISLANDS OF THE FOUR MOUNTAINS, ALASKA

Faculty: KIRSTEN NICOLAYSEN, Whitman College

Students: LYDIA LOOPESKO, Whitman College, ANNE FULTON, Pomona College, THOMAS BARTLETT,
Colgate University

CALIBRATING NATURAL BASALTIC LAVA FLOWS WITH LARGE-SCALE LAVA EXPERIMENTS:
Faculty: JEFF KARSON, Syracuse University, RICK HAZLETT, Pomona College

Students: MARY BROMFIELD, Syracuse University, NICHOLAS BROWNE, Pomona College, NELL DAVIS,
Williams College, KELSA WARNER, The University of the South, CHRISTOPHER PELLAND, Lafayette
College, WILLA ROWEN, Oberlin College

FIRE AND CATASTROPHIC FLOODING, FOURMILE CATCHMENT, FRONT RANGE, COLORADO:
Faculty: DAVID DETHIER, Williams College, WILLIAM. B. OUIMET, University of Connecticut, WILLIAM
KASTE, The College of William and Mary

Students: GREGORY HARRIS, University of Connecticut, EDWARD ABRAHAMS, The College of William &
Mary, CHARLES KAUFMAN, Carleton College, VICTOR MAJOR, Williams College, RACHEL SAMUELS,
Washington & Lee University, MANEH KOTIKIAN, Mt. Holyoke College

SOPHOMORE PROJECT: AQUATIC BIOGEOCHEMISTRY: TRACKING POLLUTION IN RIVER
SYSTEMS

Faculty: ANOUK VERHEYDEN-GILLIKIN, Union College

Students: CELINA BRIEVA, Mt. Holyoke College, SARA GUTIERREZ, University of California-Berkeley,
ALESIA HUNTER, Beloit College, ANNY KELLY SAINVIL, Smith College, LARENZ STOREY, Union College,
ANGEL TATE, Oberlin College

Funding Provided by:
Keck Geology Consortium Member Institutions
The National Science Foundation Grant NSF-REU 1358987
ExxonMobil Corporation



Keck Geology Consortium: Projects 2014-2015
Short Contributions— Paleoclimate Change from
Peruvian Lake Deposits Project

HOLOCENE CLIMATIC CHANGE AND ACTIVE TECTONICS IN THE PERUVIAN ANDES:
IMPACTS ON GLACIERS AND LAKES

DON RODBELL, Union College

DAVID GILLIKIN, Union College

BIOGEOCHEMISTRY AND SEDIMENT TRANSPORT THROUGH A TROPICAL ANDEAN
PATERNOSTER LAKE SYSTEM: A MODERN CALIBRATION PROXY FOR LIMNOLOGICALLY-
BASED PALEOCLIMATE RECONSTRUCTIONS

NICHOLAS WEIDHAAS, Union College

Research Advisors: Donald Rodbell and David Gillikin

GLACIAL VARIABILITY IN THE PERUVIAN ANDES AS RECORDED IN LAKE SEDIMENTS
ALIA PAYNE, Macalester College
Research Advisors: Kelly MacGregor, Macalester College

HOLOCENE CLIMATE VARIABILITY IN THE PERUVIAN ANDES RECORDED IN PROGLACIAL
LAKE SEDIMENTS FROM LAGUNA PEROLCOCHA IN THE QUILCAYHUANCA VALLEY

JULIE DANIELS, Northern Illinois University

Research Advisor: Nathan Stansell

Funding Provided by:
Keck Geology Consortium Member Institutions
The National Science Foundation Grant NSF-REU 1358987
ExxonMobil Corporation



KECK

Geology Consortium

Learning Sclence
Through Research

Short Contributions

28th Annual Symposium Volume
25th April, 2015

ISBN: 1528-7491

Published by Keck Geology Consortium

HOLOCENE CLIMATIC CHANGE AND ACTIVE TECTONICS
IN THE PERUVIAN ANDES:
IMPACTS ON GLACIERS AND LAKES

DONALD T. RODBELL, Union College
DAVID P. GILLIKIN, Union College

INTRODUCTION

Mountain glaciers are one of the best recorders of
atmospheric change over the continents, and numerous
workers have highlighted the importance of glacial deposits
in tropical paleoclimate studies (Porter, 2001; Mark and
Seltzer, 2005; Polissar et al., 2006a; Rodbell et al., 2009;
Hastenrath, 2009; Licciardi et al., 2009). Glaciers are also
an important water resource in the tropics, and documenting
the timing and causes of past variability is needed to
predict future runoff changes. Studies of ice volume change
in the tropics, the heat engine of Earth, provide useful
information about past shifts in atmospheric water vapor
content (Broecker, 1997), and such studies are important
for understanding the role of the low latitude hydrologic
cycle in modulating global temperature and moisture-
balance fluctuations (Seager et al., 2000). However, these
studies are currently confounded by a discontinuous record
of Holocene glacial variability, one that is only broadly
defined: restricted ice cover early in the Holocene, followed
by a regionally complicated glacial history during the
middle and late Holocene (e.g., Rodbell et al., 2009).
While there are no current studies on modern sediment
yields in glaciated catchments in the tropical Andes, climate
and topographic conditions suggest that rates could be
relatively high and closely related to climate-mediated
glacier mass balances changes. Given a homogeneous
temperature regime, tropical glaciers are highly sensitive to
moisture related fluxes and variables such as accumulation,
albedo, cloudiness, atmospheric long wave emission,

and sublimation (Kaser et al., 2003; Vuille et al., 2008).
Tropical Andean glaciers are warm-based, have strong
vertical mass balance gradients, and are marked by year-
round ablation (Kaser, 2001). Seasonally, maximum rates
of ablation are coincident with maximum accumulation,

as melt rates increase 30% in the wet season (Kaser e al.,
1990). With high annual precipitation, mass turnover is

sizeable and glaciers have short response times to changes
in net balance, as demonstrated by the synchrony of
hydrologically-derived mass balance with observations of
terminus positions (Kaser et al., 2003). Variations in glacial
flour flux should, therefore, closely correspond to variations
in ice extent with a lag time of less than a few years.

Recent studies focusing on Holocene glaciation in the
Southern Hemisphere have illustrated both the exciting
potential for better moraine chronologies to elucidate global
climate dynamics (Licciardi et al., 2009; Schaefer et al.,
2009), and also the limitations of inherently discontinuous
moraine records for discerning the relative scale
(“footprint™) of local and global forcing on glacier changes.
There remains uncertainty about the relative timing of
glacier advances across the globe during the Holocene,

and whether these events are globally synchronous or

if significant leads and lags took place (Balco, 2009;
Schaefer et al., 2009). Our research advances the scientific
understanding of climate change in the tropical Andes by
investigating several temporal and spatial scales of how
these changes are recorded in lake sediments.

PROJECT OVERVIEW

A prime goal of this year’s project is to test proxies

of glacial extent by studying various temporal and
spatial scales of sedimentological records. Our main
focus is a paternoster system of lakes in the glaciated
Queshque Valley on the western side of the Cordillera
Blanca in the western Andes of central Peru (Fig 1).
There, we investigated several climate proxies from
the ice-contact lake at the toe of the modern glacier
downvalley 8 km though three other moraine-dammed
lakes and their connecting streams. We also investigate
short cores in these same lakes to determine how
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Figure 1. Location map of the two valleys studied in the
Cordillera Blanca, Peru.

these proxies correlate though time within the same
valley. Our final objective is to document the spatial
variability of the sedimentologic and geochemical
records by examining sediment cores from the
glaciated Quilcayhunaca Valley, 40 km to the north.

The Peru Keck group spent three weeks in Peru,
using the city of Huaraz as our base (~3000 meters
above sea level (masl)). We camped for 10 nights in
Queshque Valley sampling the lakes, which range
from 4685 masl to 4250 masl over a nearly 8 km
distance. We then spent an additional 5 nights in
Quilcayhuanca Valley, where we hiked up to the lake
Perolcocha at 4720 masl from our camp at 4150 masl.

Nick Weidhaas (Union College) has been investigating

the modern sediment supply in the Queshque Valley.
The aim is to determine how proxies (e.g., clastics,
elemental signature, stable isotopes, etc.) vary with
distance from the glacier. Nick sampled surface
sediments from the lakes as well as water chemistry
in lakes and intervening streams. His work revealed
that as new lakes form they act as sediment traps and
can alter the amount of glacially derived sediments
delivered to lakes downvalley. Nick also documented
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the diurnal cycle of proglacial sediment yield to the
paternoster lake sequence.

Alia Payne (Macalester College) has been studying
short cores from the ice contact lake downvalley

to the lowest lake in the paternoster sequence. Her
results reveal that over the last centurion, the upvalley
lakes have captured more of magnetic signal derived
from glacial erosion than have downvalley lakes.
Likewise, total organic carbon is lowest in upvalley
lakes and highest in downvalley lakes, reflecting
increased biologic productivity in the more distal
settings. All lakes in distal settings show a pronounced
increase in organic productivity over the past several
centuries, which records the progressive diminution of
suspended clastic input into these lakes in response to
recent ice retreat.

Julie Daniels (Northern Illinois University) expanded
the study into another valley by studying sediment
cores from Laguna Perolcocha, in Quebrada
Quilcayhunaca. The Perlococha record reveals
pronounced intervals of enhanced glacial sediment
flux during the early Holocene, between 5 and 2 ka,
and during the last several centuries, which is broadly
consistent with the record from the Queshque Valley.
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