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— Volcanic Hazards and Human Interaction, AK Project

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

ARCHAEOLOGICAL SITE STRATIGRAPHY AS A RECORD OF HUMAN RESILIENCE IN THE
ISLANDS OF FOUR MOUNTAINS, ALASKA

LYDIA LOOPESKO, Whitman College

Research Advisors: Kirsten Nicolaysen, Whitman College; Virginia Hatfield, University of Kansas

SILICIC LAVAS OF MT. TANA AND THE ISLANDS OF THE FOUR MOUNTAINS, AK
ANNE FULTON, Pomona College
Research Advisor: Jade Star Lackey

GEOCHEMICAL INVESTIGATION OF LITHIC TOOLS AND FLAKES FROM THE ISLANDS OF
FOUR MOUNTAINS, AK: DETERMINING SOURCES LOCATIONS AND INFERRING DISTRIBUTION
METHODS

TOM BARTLETT, Colgate University

Research Advisor: Martin Wong

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



Geology Consortium

Learniing Sclewnce
Through Research

Short Contributions

28th Annual Symposium Volume
25th April, 2015

ISBN: 1528-7491

Published by Keck Geology Consortium

SILICIC LAVAS OF MT. TANA AND THE ISLANDS OF THE
FOUR MOUNTAINS, AK

ANNE FULTON, Pomona College
Research Advisor: Jade Star Lackey

INTRODUCTION

The Islands of the Four Mountains (IFM) are a cluster
of small stratocones (5-10 km diameters, elevations
1300-1700 m) in the central Aleutian volcanic arc,
comprised of Tana, Cleveland, Carlisle, Kagamil,

and Herbert volcanoes. The Unangan (Aleut) people
inhabited the IFM periodically since circa 2990 “C
yBP (see Loopesko, 2015 this volume). Obsidian
flakes and tools as well as tools made of sparsely
plagioclase-phyric, non-glassy lavas have been
recovered from IFM archaeological deposits (see
Bartlett, 2015 this volume). This study focused on
sampling the most silicic lavas of four volcanoes to
determine what lithic resources people most utilized.
Additionally, geochemical analysis of these silicic
lavas provides an opportunity for new insight into the
volcanic and magmatic relationships among the [IFM
volcanoes, as well as with the rest of the Aleutian arc.

The majority of volcanoes in the United States lie
within the Aleutian volcanic arc, and more than 40
have been historically active since 1760 (Schaefer

& Nye, 2008). Despite the frequent activity of Mt.
Cleveland, there is little published geological data on
the IFM, and until 2014 all volcanic monitoring was
conducted remotely. Thus, it is critically important to
have monitoring systems in place for North Pacific
volcanoes and have a detailed understanding of the
geologic nature of these volcanoes to determine
volcanic history and potential future behavior. The
presence of highly explosive eruptions in the past in
the IFM, evidenced by an ignimbrite deposit identified
in this study, imply that similar events could happen
again.

The IFM are an intriguing group of islands in the
central Aleutians that stand out geochemically

and culturally in the region. Approximately 112
rock samples were collected from the IFM (Tana,
Cleveland, Carlisle, and Herbert) in 2014, including
over 30 targeted specifically for their silicic nature.
Whole rock XRF analyses give major and trace
element data, and a detailed SEM petrographic study
provide distinguishing textural data for the volcanic
deposits. The ignimbrite found on northern Tana
stands out as the most chemically and texturally
unique deposit and reveals much about the area’s
explosive history.

FIELD OBSERVATIONS

The primary focus of this study is Tana, the largest
and furthest east of the [FM volcanoes. Tana has a
series of overlapping eruptive centers and an active
hydrothermal system. Evidence of older eruptive
centers is present on Chuginadak’s southern most
point including Black Peak, the remnants of a large
dissected cone. Tana has an extensive history of
silicic volcanism overlain by Holocene mafic fissure
eruption on its western side (Fig. 1.). A previously
undocumented ignimbrite deposit on its northern
flanks is reported here, which is of great interest to this
project because it implies highly explosive volcanism
occurred in the past (Fig. 2). Moreover the glassy
nature of the welded portion is perhaps suitable for
tool manufacture; testing this hypothesis requires
petrographic and geochemical analysis.

Fine-grained silicic clasts and lavas that showed
conchoidal fracture were also targeted for their
potential as tool material. Two block and ash flows



East Tana

Figure 1. Schematic of Tana’s main morphological features.
Older silicic deposits are exposed on the coast, and deposits to
the east are noticeably siliceous. Mafic fissure deposits, including
several small cinder cones, overly older, more silicic lava flows
on Tana's western-most side.

Figure 2. (A) This photo shows the ignimbrite outcrops on the
east side of a small valley on Tana's north flank. Skiff Cove can
be seen in the distance. (B) The deposit is ~2 m thick at the upper
outcrop, and the surface is heavily weathered. (C) Lithic clasts
within the ignimbrite matrix are easily visible and angular.

with glassy lithic blocks from the northern flank of
Cleveland, one from the southern flank of Tana, and
dome fragments from the flanks of Herbert volcano
may be candidates for archeologically-significant
source materials and were thus sampled thoroughly.
A number of glassy lava flows are also exposed

on the coast of Tana very near one of the largest
archeological sites in the IFM.

METHODOLOGY

I collected 29 samples and aided in the collection of
some 83 additional samples from Tana, Cleveland,

Carlisle, and Herbert volcanoes in exposures ranging
from lava flows, silicic clasts in block and ash flows,
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a welded crystal lithic tuff, to a pumiceous tephra
deposit. Tana, the largest of the IFM volcanoes, due
to its proximity to archeological sites and its more
silicic outcrops provided the largest sample set. These
samples represent lava flows from the volcano’s
northwest, southwest, and southern flanks as well

as a newly documented ignimbrite deposit from

near the northern summit. The ignimbrite contains
large, welded fiammé, clasts of a separate origin, and
obsidian fragments

Samples of selected rocks were cut for standard
petrographic thin section analysis by polarizing
microscope, cathodoluminescence imaging, and with
a Hitachi SU-70 field emission Scanning Electron
Microscope equipped with backscattered and
secondary electron detectors as well as an energy-
dispersive spectrometer for qualitative chemical
analysis. Seventeen samples were powdered for
X-Ray Fluorescence (XRF) major element analysis at
Pomona College using a tungsten-carbide mill. This
was supplemented by XRF and ICP-MS analyses of
forty-two 2014 samples and more than 60 analyses
of samples obtained in 2002-2004 all performed at
the WSU Geoanalytical lab. Major and selected trace
element chemistry of bulk rock was obtained for
samples prepared as a single, low-dilution fused bead
that was analyzed by x-ray fluorescence at Pomona
College and Washington State University. Methods
and error analysis were similar to those used in Lackey
et al. (2012).

RESULTS

PETROGRAPHY

The glassy matrix of the Tana ignimbrite has 20%
plagioclase phenocrysts, and there are about 60%
plagioclase phenocrysts in the lithic clasts. The matrix
material exhibits vitrophyric texture with glomeroclots
of plagioclase, olivine, and opx, as well as embayed
plagioclase phenocrysts (Fig. 3-A.) The matrix also
contains unusually euhedral olivine and opx crystals,
as well as spherulite growth in the glassy groundmass
(Fig. 3-B). Resistant lithic clasts protruded from the
tuff and were typically elongate parallel to bedding
consistent with flattening or flow orientation. The
lithic clasts are highly crystalline and contain ~60%
plagioclase phenocrysts in stark contrast to the



28th Annual Symposium Volume, 25th April, 2015

textures including, sieve texture, oscillatory zoning,
and abundant melt inclusions.

GEOCHEMISTRY

For the most silicic lavas and ignimbrite (>63

wt.% Si0,) on Tana (including samples analyzed at
both Pomona College and WSU), ranges of oxide
concentrations normalized to a volatile free weight
percentage are: 62.57-67.60 Si0,, 0.65-0.88 TiO,,
14.93-16.75 Al,O,, 4.15-5.54 FeO*, 0.09-0.12 MnO,
1.22-2.88 MgO, 3.46-5.78 CaO, and 1.85-2.65 K O
(Fig. 4). Silicic Tana samples have an average SiO,
content of ~65 wt.% compared to an average of

~52 wt.% for the more mafic Tana fissure deposits
on the western flank. Other differences between

the older silicic deposits and the west Tana fissure
eruption include MgO (6.5 wt.% fissure), CaO (5.9
wt.% fissure), and K O (1.8 wt.% fissure). It is also
of note that the silicic deposits have an average

Rb concentration of 55.9 ppm, while the fissure
deposits only have an average of ~9.3 ppm. The Tana
ignimbrite matrix (bulk) rock plots in the dacite field
of the total alkalis-silica (TAS) diagram of La Maitre
(1989) at 67.6 wt.% SiO,, whereas the lithic clasts it
contains are basaltic andesite (56.3 wt.% SiO,).

Figure 3. (4) Photomicrograph of a glomeroclot from the Tana
ignimbrite matrix, as well as a heavily sieved plagioclase
phenocryst to the left. (B) Spherulite growth in the ignimbrite's

glassy groundmass. (C) The contact between the ignimbrite Figure 4 shows the compositional trends for all I[FM
matrix (with an embayed plagioclase in the lower left corner) volcanoes and obsidian samples from Okmok and
and one of the highly crystalline clasis. Akutan on a TAS diagram. Okmok and Akutan are

documented locations of Aleut obsidian use and their
ignimbrite matrix (Fig. 3-C) and contain ~15-20% chemical data are used to compare to IFM silicic
pyroxene phenocrysts. samples.

The glassy lava flows from Tana’s northern coast near  pISCUSSION
site CG02 contain an average of 25% plagioclase

phenocrysts. In nearly all samples plagioclase The IFM islands are a cluster of calc-alkaline
phenocrysts show sieve textures, reaction rims, volcanoes in between several tholeiitic volcanoes to
and oscillatory zoning and some had many crystal the east and west. Previous workers found that most
embayments. Sample 14TAAF-2 contains a highly Aleutian volcanoes are tholeiitic, including volcanic
crystalline xenolith or enclave that is very similar centers directly surrounding the IFM to the east and
texturally to the ignimbrite lithic clasts, except for a west (Kay et al., 1982; Zimmer et al., 2010). Tholeiitic
lower pyroxene concentration. volcanic centers tend to be large basaltic volcanoes
between or at segments boundaries, whereas calc-
The glassy lithics from the block and ash flows alkaline volcanoes tend to be smaller, primarily
on the northern side of Cleveland contain roughly andesitic, and at the centers of segments (Kay et al.,
35% plagioclase phenocrysts (0.5-3mm) and very 1982; Zimmer et al., 2010). The relatively small [FM
glassy groundmasses with little devitrification. The volcanoes are located at the center of an arc segment

plagioclase phenocrysts show extensive disequilibrium following Kay et al. (1982). Their compositions may

3
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Figure 4. Most IFM eruptions yield basaltic andesite and
andesite. Tana has the largest proportion of dacite thus far. Note
that the Cleveland field extends into the rhyolite range because
of a single 2001 pumice,; most of Cleveland s lavas are basaltic
andesite and andesite.
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Figure 5. Plot showing distinct subparallel trends that suggest
different magma sources and/or degrees of partial melting.

be due to greater crustal thickness at the center of the
segment plus an increased magmatic water input.

The Tana ignimbrite was found in exposures on both
sides of the valley that opens to Skiff Cove on the
northern flank of the volcano (Fig. 2). In outcrop, the
ignimbrite is 2-3 m thick, which is a minimum due to
a high level of erosion in the area. Large blocks (>2m
diameter) of similar ignimbrite material were found on
the beach ~8 km south at Concord Point (the southern
most point of Chuginadak Island) and ~18 km to the
northwest on the southeast side of Carlisle. The wide
distribution of ignimbrite blocks suggests a very large,
caldera forming eruption eruption from either Tana or
a nearby caldera system (P. Izbekov, pers. comm.).

CFE occurrence depends highly on tectonics, but the
main control is the flux of basaltic magma from the
mantle to produce and support large silicic systems
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(de Silva, 2008). CFE’s can be part of regional
ignimbrite flare-ups where spatially and temporally
related centers erupt when triggered by a major change
in mantle magma production (de Silva, 2008). With
magma production rates of 182 km*/km/m.y., the
Aleutian arc is one of the most rapidly evolving arc
systems (Jicha, Scholl, Singer, Yogodzinski, & Kay,
2006). The Aleutian arc has undergone several pulses
of high magma production in the Eocene, Miocene,
and Pliocene (Jicha et al., 2006). The most recent
increase in magma production in the Pliocene (~6-0
Ma) and likely resulting CFE’s could account for the
silicious ignimbrite found in the IFM.

In a high silica source, mafic grains should be in
disequilibrium, so it is rare for pyroxene crystals to
be euhedral in an ignimbrite or welded tuff. Because
the Tana ignimbrite contains unusually euhedral
phenocrysts, it is interpreted to have undergone a
magma-mixing episode immediately before eruption.
This very vigorous and quick mixing episode could
have been the final triggering mechanism for the
explosive ignimbrite-forming eruption (e.g., Bergantz
& Breidenthal, 2001). The lithic clasts within the
welded matrix of the igimbrite are highly crystalline
and likely too crystalline to have erupted as a flow
suggesting a hypabyssal source that was fragmented
by the explosive CFE eruption.

K O and Rb concentrations in silicic Tana lavas

and ignimbrite are notably higher than other [FM
values (Fig. 5.). Hydrothermal alteration is unlikely
to have caused the enriched Rb. Instead, Tana shows
evidence for significant input of crustal sediment

in the sub-arc mantle wedge. It is estimated that
roughly 20% of elements in subducted sediments are
recycled back into the volcanic arc, and this extent
is influenced by sediment flux and convergence rate
(Plank & Langmuir, 1993). Aleutian convergence
rates vary from 5 cm/a in the eastern parts of the arc
to 6.6-6.8 cm/a in the west near Seguam (Plank &
Langmuir, 1993; Jicha et al., 2006). If sediment is
high in an element, it is reflected in the arc volcanic
compositions. The trace element compositions from
Tana dacites are very close to reported sediment
bulk compositions. For example, bulk sediment
compositions for K O and Rb were recorded at 2.22
wt.% and 59.7 ppm respectively (Plank & Langmuir,



1993); Tana dacites and ignimbrite have roughly 2
wt.% K O and 45-69 ppm Rb, which are closer to
sediment compositions than any of the other [IFM
volcanoes. In sum, the Tana lavas are thought to
have melt sources with a higher sediment flux than
previously recognized in the Aleutian arc.

A major goal of this study was to test whether

Tana glassy dacites were possible sources for
archeologically-significant stone tools on the islands.
However, the majority of recovered tools and debitage
are of rhyolitic obsidian, although others range from
basalt to dacite (Bartlett 2015, this volume). The

Tana dacitic ignimbrite matrix has some small glassy
fragments, but these are not conclusive enough to be
an obsidian source. The ignimbrite’s matrix also has
the highest silica content in the entire area with the
exception of rare pumice from the 2001 Cleveland
eruption (Nicolaysen, pers. comm.), so it would have
been a great source of tool material if material from
outcrops is not hydrated and devitrified. As yet, there
have been no obsidian flows identified on the IFM.
The recovered aphyric, non-glassy tools have yet
unidentified sources. Obsidian data from Okmok,
Akutan, and Margaret Bay do not plot chemically with
any of the IFM data, implying that Tana’s lavas are
distinct from these other locations.

CONCLUSIONS

The Islands of the Four Mountains are a group of
small calc-alkaline volcanic cones in the central
Aleutian arc. Their magma generation included high
magmatic water content and varying levels of crustal
sediment input likely based on time of generation
and eruption. All volcanoes in the area appear to have
produced silicic eruptions at one or more points in
their histories. Relative to the other IFM volcanoes,
Tana is the most compositionally diverse with a
pronounced silicic phase in stratigraphically older
units. The Tana ignimbrite is of similar composition
as the Tana dacitic lava flows, but it includes unique,
highly crystalline basaltic andesite clasts from a
hypabyssal source. The welded ignimbrite is the first
documented evidence of large explosive eruptions in
the IFM, and may have been triggered by a mixing
event just preceding eruption. Stratigraphically, this
deposit is Quaternary in age and calls for further
investigation.
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This study of Tana’s silicic deposits has failed to

find an obsidian source on any of the Islands of the
Four Mountains, though it is possible that the welded
matrix of the ignimbrite, if crystal poor could have
provided suitable material for tools. Further analyses
and comparisons of IFM silicic lavas and prehistoric
tools are in progress.
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