
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 





Keck Geology Consortium:  Projects 2010-2011 
Short Contributions— Volcán Barú, Panama 

 
LATE PLEISTOCENE EDIFICE FAILURE AND SECTOR COLLAPSE OF VOLCÁN 
BARÚ, PANAMA   
Project Faculty:  THOMAS GARDNER, Trinity University, KRISTIN MORELL, Penn State 
University 
 
PETROLOGIC EVIDENCE FOR MAFIC RECHARGE AT VOLCÁN BARÚ, PANAMA  
SHANNON BRADY, Union College 
Research Advisor: Holli Frey 
 
VOLUME CONSTRAINT AND POTENTIAL SECONDARY VOLUME INPUTS OF 
LATE PLEISTOCENE AGE SECTOR COLLAPSE, VOLCÁN BARÚ, PANAMA  
LOGAN SCHUMACHER, Pomona College 
Research Advisor: Eric Grosfils 
 
VOLCÁN BARÚ DEBRIS AVALANCHE FACIES AND AGES   
HANNAH ZELLNER, Trinity University 
Research Advisor: Thomas Gardner 

 
Keck Geology Consortium 

Pomona College 
185 E. 6th St., Claremont, CA  91711 

Keckgeology.org 
  





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

4

DISCUSSION

A comparison between the missing-edifice maximum 
volume estimates (Sherrod et al., 2007) and GIS 
model derived debris flow minimum volume esti-
mates shows a minimum volume disparity of approxi-
mately 8.6 km3.  One third greater than the missing 
edifice volume, this disparity is a clear indicator of an 
additional necessary volume source beyond that of the 
displaced edifice.  There are several possible sources 
for this additional volume.    A volcanic eruption oc-
curring concurrently with the sector collapse event 
could provide additional volume as juvenile material 
integrated into the debris flow.  So far no exposures 
have exhibited evidence of tephra or other volcanic 
beds associated with a proposed concurrent eruption 
however other work on this Keck Project has shown 
mineral textures indicating mafic recharge, a chem-
istry associated with eruptive events and a potential 
trigger for a large eruption.  The possibility of a 
concurrent volcanic eruption indicated by debris flow 
mineralogy would fulfill the necessary additional vol-
ume source.  A second possible solution to the volume 
disparity is an unexpectedly low sliding plane during 
flank collapse displacing portions of the edifice sev-
eral kilometers from the center point, and deeper into 
the edifice structure than is shown by the modern day 
topography.  800-1000 years juvenile flows and ero-
sional lahars could refill a deep amphitheater structure 
to mask this large volume in an edifice reconstruction 
calculation.  This is a likely additional volume source 
in the case of Volcán Barú, where volume the poorly 
exposed in-amphitheater lava flows may have been 
easily underestimated by Sherrod.  A third possibil-
ity is that this sector collapse event was followed 
and possibly preceded by a cycle of smaller debris 
flow events, possibly fueled by dome reconstruction 
and juvenile volcanics.  This would not necessarily 
require multiple large collapse events, but rather a 
single large event of shattered block movement, with 
larger associated periods of primarily lahar activ-
ity.  This hypothesis is supported by the radiometric 
dating, which indicates a period of 800-1000 years of 
lahar activity following the main event (Zellner, this 
volume, Sherrod et al., 2007).  These solutions are not 
mutually exclusive, and the volume disparity is likely 
due to some degree of juvenile volcanics and lahar 
activity originating from Volcán Barú’s edifice.  

into account.  Estimates of debris expansion based 
on density measurements of Mount St. Helens and 
other modern sector-collapse events indicate a volume 
expansion of the debris blocks of approximately 20 
percent during the sliding (Glicken, 1991).  This is 
mostly due to shattering and matrix formation within 
edifice blocks during their lateral displacement, a 
process that occurs primarily due to loss of strength 
and high pore pressure of saturated material (Voight 
et al, 1983).  Accounting for this expected increase in 
volume during deposition is necessary for a compari-
son of debris-flow and missing edifice volumes.  The 
determined minimum debris flow volume constraint 
normalized for expected volumetric expansion is 
38.6km3.  

Figure 4, Interpolation Volume Rasters.  
Volume rasters of IDW and spline interpolations.  Blue 
zones indicate positive model depths, red zones indicate 
negative model depths.  Red zones are known regions of 
error.  Images 1 and 2 show the minimal variations ob-
served.  Images 3 and 4 show negative depth error due to 
high and low IDW power settings.   
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