PROJECT SUMMARY
Overview:
This proposal seeks funding for a two year project to identify and develop a geochemical and
geochronological database for tephras from IODP Sites U1417 & U1418 drilled in the Gulf of
Alaska. A combination of data will be collected to determine: (i) tephra sources from the
region’s three major volcanic provinces; (ii) the late Miocene-to-present evolution of eruptive
volcanism along the Gulf of Alaska margin; and (iii) construct a marine tephra database for
use in terrestrial paleoclimatic studies. Methods will include: microscope and magnetic susceptibility
identification of tephra; grain-specific major and trace element geochemical fingerprinting;
and 40Ar/39Ar radiometric dating of glass, hornblende, biotite, and/or sanidine. These results
will be integrated with the paleomagnetic, stable 18O isotope, and microfossil chronostratigraphies
of Sites U1417 & U1418, and with existing terrestrial Alaskan and Canadian Yukon tephra data.

Intellectual Merit :
Located along the northeast corner of the Pacific Ocean’s "Ring of Fire," the Gulf of Alaska
margin is one of the most volcanically active regions in the world. However, continuous records
of past volcanism are rare due to the extensive Pleistocene glaciations. The exceptional recovery
at Sites U1417 & U1418 has yielded continuous deepwater sediments that range from modern into
the late Miocene. Therefore, Sites U1417 & U1418 offer a rare opportunity to examine the development
and evolution of Gulf of Alaska volcanism during key tectonic and climatic events during the
late Cenozoic time period. The Gulf of Alaska margin is rimmed by three volcanic zones, the
Aleutian and Wrangell Volcanic Arcs, and the Northern Cordilleran Volcanic Province. All three
regions have distinct geochemical signatures, and a history of explosive tephra-producing
volcanic activity throughout the late Cenozoic. We propose to determine the tephra-fall frequency
as a proxy for eruption frequency of these volcanic zones in the context of known regional
changes in tectonic and climate boundary forces in the Gulf of Alaska. The Wrangell Arc is
possibly affected by the progressive flat-slab subduction of the Yakutat microplate, while
all three provinces were likely influenced by a change in both speed and angle of convergence
of the Pacific Plate with North America at ~6 Ma. Additionally, after ~3 Ma, the initiation
of major glaciation in the Gulf of Alaska may have affected the magmatic flux histories of
these volcanic zones. Paleoclimatic reconstructions across Alaska and the Canadian Yukon based
on terrestrial proxy data are often hampered by poor chronostratigraphic control, yet frequently
contain numerous identified late Miocene-to-present tephra deposits. However, due to the discontinuous
nature of ancient terrestrial outcrops, there are extensive controversies regarding the age
of these dated tephras. The tephra geochemical/geochronology database that will be generated
from Sites U1417 & U1418, when further integrated with ongoing paleomagnetic, stable 18O isotope,
and biostratigraphic age control studies, will provide a unique tool for constraining the
true age of southern Alaska’s terrestrial tephra deposits. The overall results of this research
will provide new constraints on (i) the effect of different tectonic-climate boundary forces
on eruptive volcanic frequency, (ii) the genetic relationship between variations in eruption
rate and the initiation of the Northern Hemisphere glaciations, and (iii) create a public
database of well dated geochemically fingerprinted marine tephras to provide an improved framework
for reconstructing the paleoclimatic history of Alaska and the Yukon.

Broader Impacts :
Graduate research and science education will be a foundation of this project. The proposed
study will provide new opportunities for a graduate student to learn and integrate a diverse
suite of state-of-the-art laboratory skills and the opportunity for the student participant
to present results at scientific meetings. The graduate student will gain additional experience
as they collaborate directly with researchers at USGS. Results of this work will be disseminated
in scientific journals, a USGS Fact Sheet for the general public, and data with sample information
will be archived in digital databases. Analytical data will be made publicly available through
established geoinformatic databases (e.g., NSF-funded EarthChem). The results from this proposed
work will also be disseminated amongst the other IODP Expedition 341 participants (both shipboard
and shore-based) to further ancillary expedition objectives.
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DEVELOPING A TEPHRA DATABASE FOR IODP SITES U1417 & U1418: LATE MIOCENE TO
PRESENT EVOLUTION OF ERUPTIVE VOLCANISM ALONG THE GULF OF ALASKA MARGIN
1.0 INTRODUCTION TO PROPOSED RESEARCH
Eruptive volcanism can be influenced by a range of tectonic processes. For example, transitions
between high-angle and highly-oblique convergence along with variations in convergence rate are
recognized worldwide to influence the rate of eruptive magmatism along convergent margins (Verplanck
and Duncan,1987; Scheuber et al., 1994). More debated is the role climatic fluctuations have on eruptive
volcanism. Both deglaciation (e.g. Watt et. al, 2013) and glacial loading (Sigvaldason et al., 1992) have
been suggested to play a role in eruption frequency. Indirectly, climate driven increases in erosion rate
can lead to changes in eruptive volcanism by affecting the sediment supply to the trench and the resulting
magma chemistry and volume (Cross and Pilger, 1982; Stern and Kilian, 1996), as can tectonic driven
increases in sediment flux (Enkelmann et al., 2008). Conversely, a tectonic driven increase in eruptive
frequency may also affect the climate system (Bray, 1974; Ganino and Arndt, 2009).
Located along the northeast corner of the Pacific Ocean’s “Ring of Fire,” the Gulf of Alaska
margin is one of the most volcanically active regions in the world with a history of generally continuous
arc volcanism since ~46 Ma (Richter et al., 1990, Jicha et al., 2006) and a well constrained history of late
Cenozoic glaciations (Hamilton, 1994) (Fig. 1). The choice of the southern Alaska margin as the highest
priority target for the Subduction Cycles and Deformation initiative of GeoPRISMS is confirmation from
the research community that it has a model volcanic arc, both along strike and through time. The recovery
of >7 million years of continuous tephra deposition during IODP Expedition 341 in the northern Gulf of
Alaska (Figs. 1 and 2), makes it a prime location to investigate the effects of known tectonic and climatic
events on volcanic processes along a long-lived convergent margin.
Figure 1: Map of IODP Sites U1417
and U1418,showing the distribution
of Pleistocene ice extents
(Manley and Kaufman,
2002) and projected
drill site tectonic pathways
(estimated from Wessel
et al., 2006). Key tephra
localities and major
volcanic provinces
of Alaska also indicated.
Inset: Active arc
volcanoes &
imaged Yakutat Slab
(EberhartPhillips, 2006)
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Figure 2: Transect of IODP Expedition 341 sites. U1417 and U1418 contain the longest and most continuous
records of Gulf of Alaska marine sedimentation collected (Exp. 341 Scientists, 2013).

2.0 GEOLOGICAL SETTING AND SIGNIFIGANCE OF A CONTINUOUS LATE MIOCENE
TO PRESENT RECORD OF ERUPTIVE VOLCANISM IN THE GULF OF ALASKA
Alaska’s southern margin has been at the apex of the circum proto-Pacific and Pacific subduction
machine since at least the Triassic (Amato et al. 2007). This long lived subduction zone has been the site
of numerous terrane accretionary occurrences (Trop and Ridgway, 2007; Nokleberg and Richter, 2007)
and the locale of late Mesozoic (Amato et al. 2010) and early Tertiary spreading ridge-subduction events
(e.g. Benowitz et al., 2012). Though the region has a dynamic history, the three modern major volcanic
zones that ring the margin are long lived. The western Aleutian Arc has been active since at least ~46 Ma
(Jicha et al., 2006; Layer et al., 2007), and the Wrangell Arc (also known as the eastern Aleutian Arc)
since ~25 Ma (Richter et al., 1990; Trop et al., 2012; Milde et al., 2013). The Northern Cordilleran
Volcanic Province (NCVP) has been active since ~20 Ma (Edwards and Russell, 1999, 2000), and is
located to the east of the North American transform boundary.
The geochemical signature of tephra (volcanic ash) from all three volcanic provinces is unique
because of their different tectonic-environmental regimes (Fig. 3). The Aleutian Arc is over 2000 km long
with a more classical arc geochemistry that has also been affected by sediment input along the Aleutian
Megathrust Fault (Kelemen et al., 2003; Singer et al., 2007), while the geochemistry of the Wrangell Arc
is affected by slab edge melting of the Yakutat microplate that has been undergoing flat-slab subduction
since ~25 Ma (Fig. 1) (Richter et al., 1990; Preece et al., 2004, Thorkelson et al., 2011; Benowitz et al.,
2013). Volcanism in the Northern Cordilleran Volcanic Province is related to extension (Edward and
Russell, 1999, 2000). This trilogy of volcanic zones provides the ability to distinguish if known tectonic
and climatic events affected each region’s eruptive frequency:
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Figure 3: Geochemical analyses of tephra reference compositions and volcanic arc provenance datasets relevant to
IODP Sites U1417 and U1418. (a) Total alkali-silica (Le Bas et al., 1986), (b) Al2O3-SiO2, and (c) rare-earthelement (REE) diagrams showing compositional ranges of deposits from the Northern Cordilleran Volcanic
Province (NCVP), the Aleutian Volcanic Arc (Type 1 tephra), and the Wrangell Volcanic Arc (Type 2 tephra)
(provenance datasets from Preece et al., 1999; Edwards and Russell, 2000; Jensen et al., 2008). Grubstake and
McCallum datasets from Benowitz et al., 2007; ODP 887 REE data from Cao et al. (1995). The NCVP is dominated
by mafic compositions, and some co-eruptive alkali-rich felsic deposits since <2.6 Ma. Because both IODP Sites
U1417 and U1418 are ~1000 km distant from the NCVP during the Pleistocene, and the NCVP is largely downwind
from these sites, the felsic contribution from NCVP will likely be minimal. Pilot tephra samples analyzed from
DSDP 178 show major oxide compositions suggest sources from both the Aleutian and Wrangell Volcanic Arcs.

1) During the late Miocene there was a significant change in obliquity of the incoming Pacific
plate relative to the Aleutian Trench (~15˚ clockwise rotation and a ~33% increase in Pacific Plate
convergence; Engebretson et al., 1985; Austerman et al., 2011). Constraints on if there is an region wide
increase in eruptive frequency along the Gulf of Alaska margin at ~6 Ma as documented elsewhere along
the Pacific margin (Cambray and Cadet, 1994) are hampered by poor core recovery during past deep sea
drilling operations (Kulm, 1973; Pratt et al., 1973), diagenesis of tephra after marine deposition (e.g.,
Hein et al., 1978), and preservation issues with the terrestrial record (e.g., extensive Pleistocene glaciation
in Alaska; e.g., Manley and Kaufman, 2002).
2) There is continued debate on the role of the indenting Yakutat microplate as a function of
time. Numerous researchers have suggested that there was a collision of a continental affinity/thicker
crustal segment of Yakutat microplate with the north-east corner of the Pacific subduction zone during the
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late Miocene (Plafker et al. 1992, O’Sullivan and Currie, 1996; Enkelmann et al., 2008). These research
groups all applied thermochronology techniques to reach their conclusion. Because of the relationship
between subduction and magma generation along the Pacific margin, the history of late Miocene to
present eruptive frequency in the Gulf of Alaska would provide an independent means to evaluate this
hypothesis.
3) The same research groups and others (Hallet et al., 1996, Sheaf et al., 2003; Berger et al.,
2008; e.g. Spotila and Berger, 2010) have also documented an increase in erosion rate and sediment
supply to the Gulf of Alaska trench during the Pliocene-Quaternary (Scholl et al., 1982 Reece et al.,
2013). A similar increase in sediment production has also been documented elsewhere in the world
(Hay et al., 2002). The precise timing of this increase in erosion rate and sediment production is
fundamental to deconvolving the input of tectonism versus climatic drivers affecting orogenesis in the
St. Elias Mountains (e.g. Spotila and Berger, 2010). Variations in sediment supply to the trench can
have a strong effect on trends in the geochemistry and volume of volcanic products. Documenting
trends in volcanic arc eruption geochemistry with precise geochronology constraints can add additional
constraints on the timing of sediment production along the Gulf of Alaska margin in the context of
known climatic events.
4) The same “chicken-and-egg” tectonics-vs-climate controversy that applies to surface uplift
(Ruddiman and Mayo, 1988, Molnar and England, 1990) has been a subject of discussion in relation to
eruptive frequency trends for over ~30 years (Hein et al., 1978, e.g. Watt et al., 2013). The eruptive
history of the Gulf of Alaska, having experienced extensive late Cenozoic glaciations (Fig. 1) (e.g.,
Manley and Kaufman, 2002) is a prime location to test if there is a correlation between the initiation of
the Northern Hemisphere glaciations (Lisiecki and Raymo, 2005), intensification of Quaternary glacial
fluctuations (Zachos et al., 2001; Lisiecki and Raymo, 2007) and an increase in eruptive frequency (Jull
and McKinzie, 1996). Conversely the trend in eruptive volcanism along the Gulf of Alaska may provide
further evidence of an increase in eruptive volcanism influencing the start of the Northern Hemisphere
glaciations (Prueher and Rea, 2001).
The geological record of the eruptive activity of the Aleutian & Wrangell Arcs, and the Northern
Cordilleran Volcanic Province, is limited by subsequent eruptions and Quaternary glaciations (Fig. 1) and
is likely incomplete (Finzel et al, 2011). While there is an Alaskan and Canadian Yukon terrestrial tephra
record for the Gulf of Alaska margin, it is hampered by the discontinuous nature of terrestrial sediment
deposition and preservation. Nevertheless, terrestrial tephras have been dated from the late Miocene to the
Holocene, and across Alaska and the Canadian Yukon, yet there are extensive controversies on the age of
these dated tephra deposits (Berger et al. 1996). Paleoclimatic reconstructions from the Yukon River
Basin core (~15 Ma to ~4 Ma; White et al., 1997;Ager, T.A., and Fouch, T.D., 1995, unpub. data), the
Kenai Coal Fields (~10 Ma to ~4 Ma; Dallagge and Layer, 2004) the McCallum Creek strata (~6 Ma to
~4 Ma; Kunk, 1995; White et al., 1997; Benowitz et al., 2007), the loess deposits of Interior Alaska (~3
Ma to present; Westgate et al., 1990; Pewe et al., 2009), and the Canadian Yukon (~2 Ma to present;
Westgate and Preece, 2001; Froese et al., 2002) would therefore benefit from better high-resolution
chronostratigraphic control. The chronological difficulties exhibited by these widespread locations clearly
indicate the need of an independent database of geochemically-fingerprinted tephras that are tied to
absolute radiometric dates and cross-correlated with other relative geochronology datums.
To better constrain the eruptive volcanic history of the Gulf of Alaska margin, our research will
focus on over 100 tephras recovered from IODP Sites U1417 & U1418 (Figs. 1 and 4). These generally
pristine tephras (Addison, unpublished observations) represent the most complete record of volcanism
along the Gulf of Alaska margin since late Miocene times to the present (Fig. 4). The ability to source and
precisely date these tephras will allow us to track the volcanic response (geochemical and frequency) to
punctuated tectonic and climatic events of three distinct volcanic zones. Tephra layers that do not
geochemically fall under the three main volcanic zones will be cataloged for future researchers for source
identification.
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Figure 4: (a) IODP Site
U1417 shipboard age-depth
model, showing the
composite age model that
extends to the bottom of the
recovered U1417 core.
Frames b and c show
magnifications of the 0-6
and 0-2 Ma periods,
respectively. A critical
result is that there are >100
tephras recovered during
the last ~5 Ma. (d) Site
U1418 age-depth model.
Intervals not examined in
detail for tephra occurrence
are noted for both Sites.
The lower sections of core
U1417 have not been
sampled yet, but tephras
have been identified by
geophysical logging and
linescan photo-imaging for
sampling. Age-depth model
data from Expedition 341
Scientists (2013).

In the context of the above tectonic and climatic framework, we propose to answer the
following fundamental questions on the Gulf of Alaska late Miocene to present history of eruptive
volcanism using the following methods:

Research Questions
1) What are the volcanic zone sources for the
individual tephra deposits in IODP sites 1417 and
1418?

2) What was the timing of these eruptive events?

3) What was the late Miocene to present eruptive
frequency for the three main volcanic provinces
along the Gulf of Alaska margin?
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Methods
Geochemical data: Major oxides, trace metal
compositions, and rare-earth-element patterns
on populations of glass shards separated from
tephra beds
Geochronologic data: 40Ar/39Ar on selected
mineral and glass separates integrated with
paleomagnetic, stable δ18O isotope, and
microfossil chronostratigraphies of Sites
U1417 & U1418
Synthesis of geochemical and
geochronological results: The occurrence of
deposits from specific volcanic provinces
will be considered in the time-frequency
domain

We will integrate our data to test these fundamental questions:
• Test the effect of a ~6 Ma change in the relative vector of the Pacific Plate- We predict this
significant change in convergence angle and velocity of the incoming Pacific plate will be reflected in
an increase in eruptive frequency in all three distinct volcanic provinces ringing the Gulf of the
Alaska margin.
• Test the effect of the progression of a thicker Yakutat Microplate-We predict such a change in the
impact of the Yakutat indenter would be reflected in a trend change in the geochemistry and eruptive
frequency of the Wrangell Arc. Due to the relative location of the subducting Yakutat Microplate
(Fig. 1), the Aleutian Arc and the Northern Cordilleran Volcanic Province would not be affected by
this tectonic event, allowing us to isolate the effect of this tectonic event.
• Test the effect of an increase in sediment supply to the Aleutian Trench- We predict the inferred
increase in sediment supply would be reflected in a trend change in eruptive volume and
geochemistry of the Aleutian Arc with a lag of ~0.2 Ma to account for transport time down the trench
(based on a convergence rate of 5 mm/yr). Due to the relative location of the trench and the physical
oceanography associated with the Alaska Current/Alaska Stream moving sediment westwards, the
interior Wrangell Arc and the Northern Cordilleran Volcanic Province would not be affected by such
an increase in sediment supply.
• Test the feedback between regional eruptive activity and Gulf of Alaska climate- We predict there
will be changes in eruptive frequencies at all three volcanic zones relative to the initiation of the
Northern Hemisphere glaciations at ~3 Ma, as well as the Mid-Pleistocene Transition at ~1 Ma.
3.0 RESEARCH OBJECTIVES, PREVIOUS RESULTS, METHODS, AND PRELIMINARY
RESULTS
The primary goal for this research is to constrain eruptive frequency of three distinct volcanic
provinces along a major convergent margin during a time of dynamic tectonic events and significant
climatic fluctuations. This goal will be accomplished by integrating data on Gulf of Alaska tephras from
IODP Sites U1417 and U1418 in the framework of three objectives: 1) determine geochemical
compositions, 2) establish a geochronologic framework, and 3) evaluate changes in eruptive frequency
through time for each volcanic province. A secondary goal is to create a robust database of
geochemically-fingerprinted marine tephras that are tied to both absolute radiometric dates and crosscorrelated with other geochronological techniques applied to IODP Sites U1417 and U1418. This legacy
database will be essential for better chronostratigraphic control for terrestrial paleoclimate proxy sites
across Alaska and the Canadian Yukon (see Letter of Support from Dr. Duane Froese).
3.1 Previous research:
Overview of IODP Sites U1417 & U1418 (results excerpted from Exp. 341 Scientists, 2013)
During Expedition 341, Sites U1417 and U1418 were recovered from >3 km water depth in the
northern Gulf of Alaska (Figs. 1, 2). Site U1417 is ~700 m long (composite corrected core depth, CCSFB), and contains a complete and continuous interval from the core top to ~200 m. Site U1418 is ~910 m
long (CCSF-B), and contains a complete and continuous interval from the core top to ~270 m.
Preliminary shipboard age-depth models for Sites U1417 and U1418 based on paleomagnetic datums,
biostratigraphy, and an inferred basement contact, indicate both cores are continuous with basal ages of
~39 and ~1.2 Ma, respectively (Fig. 4). The fully recovered sections of U1417 and U1418 date to ~1.8
and ~0.3 Ma, respectively, and Site U1417 contains no apparent hiatuses through the late Miocene.
U1417 is composed of four general lithostratigraphic units (Fig. 2), with the upper two units (Unit
1: glaciogenic sediment with lonestones and localized diatom ooze; Unit 2: interbedded biogenic and
glaciogenic sediment) also being found at U1418. Below these two units, U1417 is composed of a
strongly bioturbated mud (Units 3 and 4), which overlies a color-banded mud & silt (Unit 5) that is
interpreted to represent clastic wedge sedimentation, while the upper two units in U1418 overlie a mass
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transport deposit. Volcanic glass is a ubiquitous background component in the Gulf of Alaska at both
Sites, but there are also many distinct beds, with sedimentary structures that suggest deposition as either
primary air-fall or secondary volcaniclastic/turbidite deposition (Fig. 5).
Figure 5: Tephra depositional structures observed in Sites
U1417 and U1418. The image on the right demonstrates
both primary air-fall deposition (moderately bioturbated)
and subsequent reworked volcaniclastic deposition,
presumably derived from tephra deposition at shallower
depths that were then transported to deeper waters as
several turbidites. Upper contacts on both images show
evidence of bioturbation. Due to the relatively short period
of time between the deposition of air-fall tephra deposits
and volcaniclastic-rich turbidite deposits, both will be
considered as tephra deposits in the context of this study.

Previous marine tephra studies in the Gulf of Alaska
Very few studies of the distribution and geochemistry
of tephra deposits in the Gulf of Alaska have been
published. One of the earliest studies, by Nayudu (1964), found evidence for at least three tephra deposits
in the central Gulf of Alaska, including the AD 1912 Katmai tephra (e.g., Hildreth and Fierstein, 2012).
Many tephra deposits were recovered during Leg 18 of the Deep Sea Drilling Project, particularly at Site
178 (Pratt et al., 1973), which was re-drilled by IODP Site U1417 because of the very low core recovery
at DSDP 178 (<40% recovery). Pratt et al. examined 53 samples of tephra for CIPW normative
mineralogy estimated from smear slide petrographic samples, but their results are of limited utility as they
did not measure tephra geochemistry directly. Using these DSDP samples and additional material,
Scheidegger and Kulm (1975), Hogan et al. (1978), Hein et al. (1978), Rea and Scheidegger (1979), and
Reinik-Smith (1990) examined marine and terrestrial records from the Gulf of Alaska and the Aleutian
Ridge to evaluate changes in volcanism during the Miocene and younger time intervals, an objective
similar to our own proposed work. We will build on these foundational studies of eruptive frequency and
trends in geochemistry with (i) the increased core recovery of Sites U1417 and U1418, (ii) improved
geochemistry methods, and (iii) improved cross-correlated geochronology precision.
Later work during ODP Leg 145 at Site 887 by Cao et al. (1995) incorporated both EPMA and
solution-based ICP-MS to characterize 82 tephra layers. While their published data will be of great utility
for the project proposed here, Cao et al. did not attempt to correlate the observed tephras in ODP 887 to
any adjacent marine or terrestrial deposit, thus pre-empting the use of these tephras as chronostratigraphic
horizons that could be extended to other locations. Later work by Addison et al. (2010) that was focused
on Holocene and deglacial deposits of the geochemically unique Quaternary Mt. Edgecumbe Volcanic
Field along the Southeast Alaska continental shelf drew the first marine-terrestrial eruptive source tephra
correlations in the Gulf of Alaska (Fig. 1). These authors were able to geochemically correlate the
regionally important Mt. Edgecumbe dacite tephra between Sitka Sound, terrestrial outcrops near Sitka,
AK (Beget and Motyka, 1998), and a nearby lake sediment core (Riehle et al., 1992).
Our ability to geochemically source tephras to tectonically unique volcanic provinces allows us to
further distinguish between numerous possible drivers for variations in eruptive frequency and
geochemical trends over time that previous researchers identified. In particular, the correlation between
eruptive frequency and geochemical property fluctuations at ~5 Ma, ~2.5 Ma, and ~.5 Ma (e.g. Hein et
al., 19780 deserve special consideration. Were these documented changes specific to the Aleutian Arc, or
were they experienced by the Wrangell Arc and/or the Northern Cordillera Volcanic Province also? If so,
then do these new results imply a region-wide response to changes in tectonism and/or climate dynamics?
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3.2 Tephra identification and sample pre-processing:
Initial logging efforts by the ship-based Expedition 341 Science Party that used a combination of
physical property geophysical logging (eg. magnetic susceptibility), linescan photographic imaging, and
visual core descriptions yielded the identification of 37 & 8 tephra horizons at Sites U1417 and U1418,
respectively. These tephra samples were collected for Addison & Benowitz during the Exp. 341 Sampling
Party in November 2013. A detailed follow-up examination of the upper 400 m (CCSF-B scale) of Site
U1417 by Addison using detailed smear slide analysis with a petrographic light microscope has yielded
an additional 101 tephra horizons that are currently being sampled by the IODP Core Repository staff in
College Station, TX. A second trip to the Repository is planned to complete the detailed smear slide
analyses of the lower sections of U1417 and U1418, and complete the remaining sampling. We consider
both discrete tephra beds and pods as tephra deposits, but also dispersed tephra (if >15% glass) and
bentonite beds following the guidelines of Hein et al. (1978). We will also consider both primary air-fall
deposits (“tephra-fall” deposits) and volcaniclastic deposits (Fig. 5) in our inventory of tephra beds. This
conservative approach will allow us to give an estimate for the minimum number of significant tephra
beds present, and assist us in ensuring our data is more similar to the correlative data of early researchers
(e.g., Hein et al., 1978).
Upon receipt of bulk tephra samples from the IODP Repository by Benowitz at the University of
Alaska Fairbanks (UAF), bulk tephra samples will be sieved to concentrate the >50 µm fraction, and then
immersion in sodium polytungstate will be used to separate volcanic glass from the heavy mineral
fraction of the residual sediment. A split of the glass separates will be sent to Addison at USGS (Menlo
Park, CA) for tephra geochemistry, while the remainder of the glass and heavy minerals will be retained
by Benowitz for 40Ar/39Ar geochronology and as a resource made available to future researchers.
3.3 Tephra geochemistry:
Tephra glass samples will be sent to Spectrum Petrographics, Inc. (Vancouver, WA) for
preparation of grain-mount-type thin sections (<1 µm polish; 100 µm thick) that will be useable for both
electron probe microanalysis (EPMA) and laser-ablation inductively-coupled plasma mass spectrometry
(LA-ICP-MS). Thin sections will then be analyzed for shard-specific major oxide concentrations at the
USGS EPMA facility in Menlo Park, CA. Following the methods described in Addison et al. (2010), at
least 40 glass shards per sample will be analyzed to minimize intrasample variations, and to ensure data
quality and permit easier geochemical correlations with literature values, a suite of international tephra
standards that include mafic, intermediate, and felsic tephra compositions (Kuehn et al., 2011) will be run
alongside samples as internal standards. Whenever possible, reference samples will also be run alongside
IODP tephra samples to minimize inter-laboratory analytical differences. During EPMA analysis,
photomosaics using both reflected light and backscatter electron imaging (to assist with avoidance of
minerals and microlites within the glass) will be made of each IODP sample, and the locations of EPMA
spot analyses will be recorded. EPMA analysis is planned for all tephra samples collected from IODP
Sites U1417 and U1418 (~150 samples).
Upon completion of the EPMA work, a large subset of tephra samples will also be analyzed using
shard-specific LA-ICP-MS to measure trace metal concentrations, specifically targeting those elements
that are most diagnostic to distinguish between Aleutian (Type 1) and Wrangell (Type 2) tephras (Fig. 3),
such as the rare earth elements (Preece et al., 1999), the Rb-Y-Nb and Rb-Yb-Ta systems (Pearce et al.,
1984), and other key trace metals (Brown et al., 1984; McLennan et al., 1993). As in the EPMA work,
LA-ICP-MS will target at least 20-30 shards per sample, and photomosaics will be used to target the same
glass shards that were analyzed by EPMA. Because it is not feasible to perform LA-ICP-MS on all
samples due to budget reasons, we focus LA-ICP-MS analysis especially on those samples that lie in the
regions of overlap on major oxide diagrams between Type 1 and Type 2 compositions (Fig. 3).
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3. 4 Geochronology: Radiometric 40Ar/39Ar Analyses
Tephrochronology using the 40Ar/39Ar technique on bulk glass shards and individual mineral
phenocrysts (e.g., sanidine, hornblende, and biotite) has proven to be a valuable tool for
chronostratigraphy (McDougall and Harrison, 1999). Hogan et al. (1978) demonstrated the utility of
40
Ar/39Ar tephrochronology to cores from the Gulf of Alaska and the robustness of the application to glass
separates cross-correlated to other geochronology techniques. The application of high precision
tephrochronology to constrain the timing of variations in sediment and tectonic flux has been
demonstrated to be a useful tool for tectono-climatic reconstruction from deep sea cores (e.g., Reece et al.
2011, 2013).
40
Ar/39Ar dating will be done by step-heating (Layer et al., 1987) and single grain fusion methods
(e.g. Hodges et al., 2005 ) using a Coherent Innova 300® 6-watt argon-ion laser and an automated VG3600 mass spectrometer at the UAF geochronology facility as outlined in Benowitz et al. (2013).
Minerals and pure glass separates will be prepared using standard magnetic and heavy liquid techniques
and optical picking for purity. We have budgeted for 30 40Ar/39Ar dates which will include both bulk glass
and phenocryst dating (if present) to leverage our data with geochronological control by other
complementary methods. We will focus our 40Ar/39Ar tephra dating on the lower section of core U1417
and key horizons for our research goals (e.g., tephras around ~6 Ma, time of Pacific plate vector change;
tephras below and above ~3 Ma, which is the approximate time of the initiation of the Northern
Hemisphere glaciations).
Additional chronological methods applied to IODP Sites U1417 and U1418
Other Exp. 341 participants are applying paleomagnetic, stable δ18O isotope, and microfossil
geochronology techniques to the cores recovered at Sites U1417 and U1418 (see attached Letters of
Support). The application of four different geochronology techniques to the same cores will allow the
inter-calibration of chronostratigraphic determinations. This multi-technique geochronology effort will
also allow all researchers to optimize both the precision of age determinations and fill in gaps between
methods (e.g., ambiguous paleomagnetic age determinations due to core recovery issues).
3.5 Geochemical correlation and volcanic provenance of tephra deposits:
The combined geochemical and chronological data collected with this project will allow our
group to: (i) determine the volcanic provenance of individual tephra beds; (ii) permit the stratigraphic
correlation of tephra beds between IODP Sites U1417 & U1418; and (iii) correlate these tephra deposits
to other marine and terrestrial deposits in the literature.
A pilot study was conducted to determine the efficacy of our approach, using pre-existing tephra
samples from DSDP 178, which was re-cored by nearby Site U1417 (Fig. 1). We found that major oxide
EPMA data indicates both Aleutian- and Wrangell-derived sources are present, though some samples lie
in the region(s) of overlap between these compositional ranges (Fig. 3). Paired 40Ar/39Ar dating on these
same DSDP samples shows that tephra deposition at DSDP 178 has a long history from both the Wrangell
and Aleutian Arcs (Table 1), thus implying that similar deposits will be found at Site U1417.
Table 1: Summary of geochronology and volcanic provenance data for DSDP 178 tephras.
DSDP 178 Core-Section-Depth (mbsf) Volcanic rock type Plateau age (Ma)
sample ID
& Top/Bottom depth (cm)
1864005
34-06-333.56, 106 to 109
Rhyolite
4.5 ± 0.2
1864040
18-02-152.63, 113 to 117
Andesite/dacite
0.9 ± 0.2
1864057
03-04-20.73, 123 to 132
Rhyolite
0.001 ± 0.3*

Volcanic
provenance
Wrangell
Aleutian
Wrangell

* too young to precisely date

1864074
1864102
1864154
1864172

39-05-398.60, 110 to 120
28-02-242.32, 132 to 137
10-02-80.55, 105 to 108
44-04-461.20, 70 to 79

Rhyolite
Rhyolite
Rhyolite
Rhyolite/dacite
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4.8 ± 0.6
3.0 ± 0.2
1.8 ± 0.1
6.1 ± 0.6

Wrangell
Wrangell
?Aleutian
?Aleutian

Figure 6: Hierarchical
cluster analysis of DSDP
178 tephras and datasets of
Preece et al. (1999) and
Preece et al. (2000).
Results indicate that (i)
non-rhyolitic tephras are
distinct from the rest of the
population, (ii) results are
comparable between this
analysis and that of the
combined Preece et al.
datasets based on the
clustering of the Old Crow
Tephra, (iii) three DSDP
178 tephras are positively
identified as Type II
tephras, and (iv) four
DSDP 178 tephras are
inconclusive for Type I or II
volcanic provenance. Prior
to analysis, all
concentrations were
transformed into standard
Z-values. Due to missing
values, MnO and MgO
concentrations were not
used.

While oxide variation
diagrams and REE
patterns are common
tools used for tephra
correlations (e.g., Fig 3),
our research group will also employ a set of multivariate statistical tools to ensure our geochemical
correlations are robust, including the error-weighted multivariate similarity coefficient (Borchardt et al.,
1972; Borchardt, 1974; Addison et al., 2010); discriminant function analysis (Stokes and Lowe, 1988;
Addison et al., 2013); principal component analysis (Pouget et al., 2014); and multivariate hierarchical
cluster analysis (Fig. 6). These techniques will be especially useful for this project because, unlike
standard tephra correlation approaches that utilize only major oxide EPMA geochemical datasets, the
added trace metal data from the LA-ICP-MS analysis will greatly expand the available matrix for
fingerprinting (e.g., instead of only ~9 elements, we will instead utilize >20 elements). When these
correlations are further constrained by our 40Ar/39Ar geochronology data, our results will be especially
robust.
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3.6 Regional high-latitude chronostratigraphy:
Continuous records of dated tephra deposition from the terrestrial Alaskan and Canadian Yukon
environments that extend from the late Miocene to present are non-existent. However, several
discontinuous records exist, many of which have independent age control (Fig. 1). The Pleistocene loess
deposits of Interior Alaska and the Yukon contain perhaps the most extensive terrestrial records of tephra
deposition, but these locations also contain large unconformities (e.g., Pewe et al., 2009; Preece et al.,
2011; etc.). Nevertheless, many of the tephra units contained in these locations have been dated either
directly by isothermal fission-track methods (Westgate et al., 1990), or indirectly by 14C (e.g. Pewe et al.,
2009), optically-stimulated luminescence (Berger, 2003), or paleomagnetic reversal stratigraphies (e.g.
Beget et al., 2008). Additional locations that also contain potentially correlative tephra units (Fig. 1)
include: the Neogene coalfields of the Kenai Peninsula (Reinink-Smith, 1990, 1995; Dallegge and Layer,
2004); McCallum Creek outcrop in the Alaska Range (e.g. White et al., 1997); the Fort Yukon terrestrial
drilling project ((see Letter of Support from Dr. Duane Froese); and IODP Site U1339 in the Bering Sea
(unpublished data from Addison). Correlative tephra units from these locations, if identified at Sites
U1417 & U1418, will permit transfer of independent age control between these locations and the Gulf of
Alaska IODP cores.
An excellent example
of the chronostratigraphic
application of
tephrochronology lies in the
potential to use the Old Crow
Tephra (Westgate, 1988;
Beget and Keskinen, 2003;
Preece et al., 2011) as an
isochron to tie several
terrestrial locations together
with the depositional records
at Sites U1417 & U1418.
The Old Crow Tephra has
been directly dated at ~124 ±
10 ka, and is thought to derive
from the Emmons Lake
Volcanic Center in the eastern
Aleutian Arc (Preece et al.,
2011). The Old Crow Tephra
has been identified across
Figure 7: Terrestrial dispersal pattern of Old Crow Tephra, excerpted from
Interior Alaska, the North
Preece et al. (2011). Thickness (cm) of deposit indicated at each site, with
Slope, and into the Canadian
conservative isopachs drawn
Yukon (Fig. 7). Due to the
widespread deposition of the Old Crow Tephra, it is fully expected to be discovered at both Sites U1417
& U1418. If so, then the Old Crow Tephra will serve as a physical link between diverse sites of
paleoclimatic significance due to its occurrence at the transition between Marine Isotope Stages 6 & 5e,
such as the Eva Creek Interglaciation Forest Bed in Interior Alaska (Pewe et al., 1997), floodplain
deposits on the North Slope (Elias et al., 1999), coastal deposits along the Bering Sea (Kaufman et al.,
2001), marine conditions in the eastern Bering Sea at IODP Site U1339 (unpublished data by Addison et
al.), and the northern Gulf of Alaska as interpreted from paleoclimatic proxy datasets at IODP Sites
U1417 and U1418.
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3.7 Calculating eruptive frequencies of major Alaskan volcanic provinces:
After determining the provenance of tephra deposits using geochemical fingerprinting, the occurrence of
deposits from each volcanic province will be determined as a function of time at both Sites U1417 and
U1418 using standard time-series statistical tests. However, we recognize that our estimates of tephra
frequency are minimums, as they do not account for factors that influence our tephra depositional records,
such as sections of poor core recovery at Sites U1417 and U1418, or factors that influence marine tephra
deposition (e.g., wind direction, volcanic explosivity, ocean conditions, sea ice cover) or preservation
(e.g., intense bioturbation of marine sediments, geochemical alteration, etc.).
The calculation of eruptive frequency for each volcanic province considered in this proposal will
require improved chronologies for both Sites beyond the preliminary age-depth models that were
developed by the shipboard Expedition 341 participants. These improved age-depth models will include a
combination of radiocarbon dating, stable δ18O stratigraphy (see Letter of Support from Dr. Alan Mix),
paleointensity chronologies (see Letter of Support from Dr. Joseph Stoner) and experimental 10Be/26Al
cosmogenic dating (see Letter of Support from Dr. Maureen Davies), as well as the 40Ar/39Ar tephra
geochronology and correlation dates which are the centerpiece of this proposal. The derived frequencies
of eruptive events from the Aleutian, Wrangell Arcs and Northern Cordilleran Volcanic Province will
then be evaluated in light of regional tectonic and climatic events.
4.0 WORK PLAN
Working in conjunction with one another, PI Benowitz and Senior Personnel Addison will
complete sampling of tephra deposits from U1417 and U1418 using a combination of core logs, physical
property data, and petrographic light microscopy. This approach has already been applied to the upper
~400 m of U1417 which has yielded the identification of >100 individual tephra beds; as participants in
Expedition 341, we are eligible to sample these cores during the standard IODP 1-yr sample moratorium.
Further sampled tephra deposits will then be transferred to UAF, where Benowitz and his student will
perform pre-processing to purify and separate tephra glass and heavy minerals from all the selected
tephras.
Upon receipt of splits of the glass separates, Addison will then submit these samples to Spectrum
Petrographics, Inc. to have high-quality thin sections made for electron probe microanalysis (EPMA) and
LA-ICP-MS. Addison will then perform grain-specific EPMA at the USGS Menlo Park EPMA facility
(under the direction of Dr. Leslie Hayden; see Letter of Support). Subsequent trace metal analysis of the
same samples (and grains) will then be performed at the USGS Denver LA-ICP-MS facility (under the
direction of Dr. Alan Koenig; see Letter of Support). Addison will also develop automated computer
scripts to process the large geochemical datasets that the paired EPMA and LA-ICP-MS analyses will
generate.
Benowitz and his student will perform single grain fusion 40Ar/39Ar analysis of the large grain
fraction (>~250 microns) of glass and hornblende, biotite and/or sanidine (if present) and bulk 40Ar/39Ar
analysis of hornblende, biotite and/or sanidine if present at smaller grain sizes. In addition bulk 40Ar/39Ar
glass analysis will be performed regardless of the presence of a large grain size/additional mineral phases.
These bulk glass ages will provide a correlation tool to assist with developing a better geochronological
framework for paleoclimate-significant terrestrial Alaska and Yukon tephra beds which are predominately
glass rich and phenocryst poor (e.g. Preece et al., 2000).
Following completion of all analyses, the combined geochemical and chronology datasets will be
integrated and synthesized with (i) complementary age control techniques for Sites U1417 and U1418
generated by other Exp. 341 participants; (ii) existing terrestrial Alaskan and Canadian Yukon tephra
data; and (iii) volcanic zone eruptive frequencies will be calculated in the context of known Gulf of
Alaska tectonic events and climatic fluctuations.
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Detailed work plan and completion schedule
Task

Personnel

Year 1 (2014)

IODP U1417
& U1418
tephra
sampling

Addison,
Benowitz
And/or
UAF
student

• Complete identification and
sampling of deep tephra
samples at IODP Repository in
College Station, TX.

Tephra preprocessing &
sample
database
Tephra glass
geochemistry

Benowitz,
UAF
student

40

Ar/39Ar
geochronology

Benowitz,
UAF
student

• Purification and separation of
tephra and heavy minerals
from background marine
sediments.
• Submit samples to Spectrum
Petrographics, for preparation
of thin-section samples.
• Measure major oxide
geochemistry with USGS
Menlo Park EPMA on 50
samples.
• Develop automated computer
script to process large tephra
geochemical dataset.
• Irradiate glass and mineral
separates

Geochemical
and
geochronology
database

Addison,
Benowitz

Educational
activities
and
presentation
of results

Addison,
Benowitz,
UAF
student

Synthesis and
manuscripts

Addison,
Benowitz,
UAF
student

Addison

Year 2 (Spring
2015)

• Project team meeting at AGU
Fall Meeting.
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• Curate glass and
mineral separates
for Exp. 341 &
other parties.
• Complete major
oxide analysis
with USGS
Menlo Park
EPMA.
• Measure trace
metal data at
USGS Denver
LA-ICP-MS on
50 samples.
• UAF student and
Benowitz will
perform
40
Ar/39Ar
analysis on glass
± other minerals.
• Distribute initial
results to IODP
Exp. 341.
• Integrate results
w/other age
control data for
U1417 & U1418.
• UAF student will
visit the USGS
Menlo Park
EPMA & assist
Addison with
geochemical
fingerprinting.

Year 2 (Fall 2015)

• Complete trace
metal data at
USGS Denver
LA-ICP-MS.
• Perform
statistical
analysis of
geochemical
fingerprints and
sources.
• Complete
40
Ar/39Ar
geochronology
analysis.

• Submit published
results to online
international
repositories for
geochemistry &
geochronology
(Earthchem).
• All authors
prepare USGS
Fact Sheet.
• All authors
present results at
AGU conference.
• All authors
present results at
IODP Exp. 341
post-cruise
meeting.

• Submit results for IODP Exp. 341
Scientific Proceedings volume.
• Synthesize data to determine effects of
tectonism/climate on individual
volcanic arc eruptive histories.
• Prepare manuscripts.

5.0 PROJECT PERSONNEL
This work will involve the collaboration of a USGS research scientist and a University research assistant
professor. The principal scientists who will conduct the proposed research are Jason Addison (USGS) and
Jeff Benowitz (University of Alaska at Fairbanks). In this collaborative project Addison brings experience
in geochemical fingerprinting terrestrial and marine tephras sourced from the Gulf of Alaska margin.
Benowitz brings expertise in geochronology with experience dating both terrestrial and marine tephras,
and is an expert on Alaska tectonics. Both researchers bring experience on the late Cenozoic paleoclimate
history of southern Alaska.
6.0 BROADER IMPACTS
6.1 Objectives of IODP Expedition 341: By documenting the long-term history of eruptive volcanism
along the Gulf of Alaska margin and providing additional chronostratigraphy using volcanic tephra beds
preserved at Sites U1417 and U1418, the scientific goals of this research project will directly benefit two
of the stated objectives of Expedition 341: 1) document the tectonic response of an active orogenic system
to late Miocene to recent climate change, and 2) document the spatial and temporal behavior during the
Neogene of the geomagnetic field at extremely high temporal resolution in an under sampled region of the
globe. The additional chronostratigraphic constraints that will result from this study will also assist with
the other major goals of Expedition 341 by providing improved age-control for other proxy measurements
at Sites U1417 & U1418: i) establish the timing of advance and retreat phases of the northwestern
Cordilleran ice sheet to test its relation to dynamics of other global ice sheets; ii) implement an expanded
source-to-sink study of the complex interactions between glacial, tectonic, and oceanographic processes
responsible for creation of one of the thickest Neogene high-latitude continental margin sequences; and
iii) understand the dynamics of productivity, nutrients, freshwater input to the ocean, and surface and
subsurface circulation in the northeast Pacific and their role in the global carbon cycle. (Excerpted from
Exp. 341 Scientists, 2013) (see Letters of Support from Sean Gulick, John Jaeger, and Ken Ridgway).
6.2 Science Education: This proposal will include one M.S. student from UAF with a focus on
laboratory work during the second year of this study. A significant benefit of the proposed research for
the UAF student is that they will participate in a range of high-level analytical data collection. While
working in the labs at USGS Menlo Park and UAF, the student will have the opportunity to conduct
radiometric dating and geochemical analyses using state-of-the-art facilities. The M.S. student will also be
the lead on sample preparation and radiometric dating of selected tephras. Through this experience the
student will learn to integrate diverse data sets for testing scientific hypotheses, which will foster their
problem-solving abilities. USGS personnel (Addison) will provide career mentoring for the UAF student.
Finally, the M.S. student will also have the opportunity to present results at national meetings.
6.3 Regional Integration of Research Results: The proposed study will provide the first comprehensive
age and geochemical data set for the late Miocene to present eruptive volcanic history of the Gulf of
Alaska margin. An explicit product that will result from this research is a publically-available database of
marine tephra geochemistry and radiometric 40Ar/39Ar dating. One of the seven highlighted questions of
the Subduction Cycles and Deformation Initiative of the NSF-sponsored GeoPRISMS Program is to
document the physical and chemical conditions that control subduction zone initiation, and our Gulf of
Alaska record of eruptive volcanism will be of direct benefit to researchers involved in subduction zone
process studies. Our Gulf of Alaska marine tephra database will also be of great benefit to paleoclimatic
studies across Alaska and the Canadian Yukon that include undated tephra deposits because the Gulf of
Alaska marine tephra database will provide an independent record of dated and geochemically analyzed
tephras which will be searchable by the research community.
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6.4 Public Outreach and Dissemination: Results of this work will be disseminated in peer-reviewed
scientific journals. Results also will be disseminated at professional meetings which are ideal settings for
graduate students to present their research and gain professional experience. The results of this study will
also be summarized in a USGS Fact Sheet, a publication that is intended for the general public; costs for
publication will be covered by the USGS (via Addison). Analytical data and sample indexes will be made
publicly available through established geoinformatic databases (see Data Management Plan). The digital
database will enhance access to geochemical and radiometric age data to provide an improved framework
on regional tectonics resulting from plate boundary processes to be studied by the upcoming GeoPRISMS
initiative with a focus on the evolution of the Aleutian Volcanic Arc, and in anticipation of the
deployment of EarthScope's USArray program to Alaska.
7.0 RESULTS FROM CURRENT AND RECENT NSF FUNDING
Benowitz, J. (in collaboration with Sean Bemis, U. Kentucky) EAR-1249885, $193,965, 06/01/13- on
going. Collaborative Research: A late Cenozoic record of restraining bend initiation and evolution along
the Denali Fault at Mt. McKinley, Alaska. Intellectual Merit: To date J. Benowitz has performed project
field work, sample preparation and produced two meeting abstracts. Broader Impacts: consulted with the
Museum of the North on an exhibition on Mt. McKinley, assisted Denali National Park with
communicating the geology of the Park to the public, published an article on the formation of the Alaska
Range in Alpinist magazine, and the Fairbanks News Miner published a feature article on an aspect of this
work. Benowitz is also co-leading a session at the 2014 Seismological Society of America Meeting on
Geometric Complexities Along Strike-Slip Systems: New Insights on Seismic Hazards, Earthquake
Behavior, and Fault System Evolution.



'

E. REFERENCES CITED
Addison, J. A., Beget, J. E., Ager, T. A., and Finney, B. P., 2010, Marine tephrochronology of the Mt.
Edgecumbe Volcanic Field, Southeast Alaska, USA: Quaternary Research, v. 73, p. 277-292.
Addison, J. A., Finney, B. P., Jaeger, J. M., Stoner, J. S., Norris, R. D., and Hangsterfer, A., 2013,
Integrating satellite observations and modern climate measurements with the recent sedimentary record:
an example from Southeast Alaska: Journal of Geophysical Research-Oceans, v. 118, p. 3444-3461.
Amato, J. M., Bogar, M. J., Gehrels, G. E., Farmer, G. L., and McIntosh, W. C., 2007, The Tlikakila
complex in southern Alaska: A suprasubduction-zone ophiolite between the Wrangellia Composite
terrane and North America. Special Papers-Geological Society of America, v. 431, p. 227.
Amato, J. M., and Pavlis, T. L., 2010, Detrital zircon ages from the Chugach terrane, southern Alaska,
reveal multiple episodes of accretion and erosion in a subduction complex. Geology, v. 38(5), p. 459-462
Austermann, J., Ben-Avraham, Z., Bird, P., Heidbach, O., Schubert, G., and Stock, J. M., 2011,
Quantifying the forces needed for the rapid change of Pacific plate motion at 6 Ma. Earth and Planetary
Science Letters, v. 307(3), p. 289-297.
Beget, J.E., Layer, P., Stone, D., Benowitz, J., and Addison, J., 2008, Evidence of permafrost formation
two million years ago in central Alaska: in Ninth international conference on Permafrost, Fairbanks, AK,
2008, v. 9, p. 95 - 100.
Beget, J. E., and Keskinen, M. J., 2003, Trace-element geochemistry of individual glass shards of the Old
Crow tephra and the age of the Delta glaciation, central Alaska: Quaternary Research, v. 60, no. 1, p. 6369.
Beget, J. E., and Motyka, R. J., 1998, New dates on late Pleistocene dacitic tephra from the Mount
Edgecumbe volcanic field, southeastern Alaska: Quaternary Research, v. 49, no. 1, p. 123-125.
Benowitz, J., Layer, P.W., and VanLaningham, S., 2013, Persistent Long-Term (~24 Ma) Exhumation in
the Eastern Alaska Range Constrained by Stacked Thermochronology, Geological Society of London
Special Volume, 40Ar/39Ar Dating: from Geochronology to Thermochronology, from Archaeology to
Planetary Sciences.
Benowitz, J. A., Haeussler, P.J., Layer, P.W., O'Sullivan, P.B., Wallace, W.K. and Gillis,
R.J., 2012, Cenozoic tectono-thermal history of the Tordrillo Mountains, Alaska: Paleocene-Eocene ridge
subduction, decreasing relief, and late Neogene faulting, Geochem. Geophys. Geosyst., 13, Q04009,
doi:10.1029/2011GC003951.
Benowitz, J.A., Fowelll, S.J., Addision, J., and Layer, P.W., 2007, Tectonic and paleoclimatic
significance of early Pliocene palynofloras from the southeastern Alaska Range. Geol. Soc. Am. Abstract
in Programs, v. 39 (4), p. 29-7.
Berger, A. L., Spotila, J. A. , Chapman, J. B., Pavlis, T. L., Enkelmann, E. E., Ruppert, N. A. and
Buscher, J. T. 2008, Architecture, kinematics, and exhumation of a convergent orogenic wedge: A
thermochronological investigation of tectonic-climatic interactions in the central St. Elias orogen, Alaska.
Earth Planet. Sci. Lett., v. 270, p. 13 – 24, doi:10.1016/j.epsl.2008.02.034.
Berger, G. W., 2003, Luminescence chronology of late Pleistocene loess-paleosol and tephra sequences
near Fairbanks, Alaska: Quaternary Research, v. 60, no. 1, p. 70-83.



(

Borchardt, G. A., 1974, The SIMAN coefficient for similarity analysis: Classification Society Bulletin, v.
3, no. 2, p. 2-8.
Borchardt, G. A., Aruscavage, P. J., and Millard, H. T., Jr., 1972, Correlation of the Bishop Ash, a
Pleistocene marker bed, using instrumental neutron activation analysis: Journal of Sedimentary Petrology,
v. 42, no. 2, p. 301-306.
Bray, J. R, 1974, Volcanism and glaciation during the past 40 millenia, Nature, v. 252, p. 679-680.
Brown, G. C., Thorpe, R. S., and Webb, P. C., 1984, The geochemical characteristics of granitoids in
contrasting arcs and comments on magma sources: Journal of the Geological Society of London, v. 141,
p. 411-426.
Cambray, H., and Cadet, J. P., 1994), Testing global synchronism in peri-Pacific arc volcanism. Journal
of volcanology and geothermal research, v. 63(3), p. 145-164
Cao, L.-Q., Arculus, R. J., and McKelvey, B. C., 1995, Data report: Geochemistry of volcanic ashes
recovered from Hole 887A, in Rea, D. K., Busov, I. A., Scholl, D. W., and Allan, J. F., eds., Proceedings
of the Ocean Drilling Program, Scientific Results, Vol. 145: College Station, TX, p. 661-669.
Cross, T. A., and Pilger, R. H., 1982, Controls of subduction geometry, location of magmatic arcs, and
tectonics of arc and back-arc regions. Geological Society of America Bulletin, v. 93(6), p. 545-562.
Dallegge, T. A., and Layer, P. W., 2004, Revised chronostratigraphy of the Kenai Group from 40Ar/39Ar
dating of low-potassium bearing minerals, Cook Inlet Basin, Alaska: Canadian Journal of Earth Sciences,
v. 41, no. 10, p. 1159-1179.
Eberhart-Phillips, D., Christensen, D.H., Brocher, T.M., Hansen, R., Ruppert, N.A., Haeussler, P.J., and
Abers, G.A., 2006, Imaging the transition from Aleutian subduction to Yakutat collision in central
Alaska, with local earthquakes and active source data. J. Geophys. Res., 111, B11303,
doi:10.1029/2005JB004240.
Edwards, B. R., and Russell, J. K., 2000, Distribution, nature, and origin of Neogene-Quaternary
magmatism in the northern Cordilleran volcanic province, Canada: Geological Society of America
Bulletin, v. 112, no. 8, p. 1280-1295.
Edwards, B. R. and Russell, J. K., 1999, Northern Cordilleran volcanic province: A northern Basin and
Range?. Geology, v. 27(3), p. 243-246.
Elias, S. A., Hamilton, T. D., Edwards, M. E., Beget, J. E., Krumhardt, A. P., and Lavoie, C., 1999, Late
Pleistocene environments of the western Noatak basin, northwestern Alaska: Geological Society of
America Bulletin, v. 111, no. 5, p. 769-789.
Engebretson, D.C., Cox, A., and Gordon, R.G., 1985, Relative motions between oceanic and continental
plates in the Pacific Basin, Special Paper – Geol. Soc. of Am., v. 206, p. 59.
Enkelmann, E., Garver, J.I., and Pavlis, T.L., 2008, Rapid exhumation of ice-covered rocks of the
Chugach-St.Elias orogen, SE-Alaska. Geology, v. 36, no. 12, p. 915-918 doi:10.1130/G2252A.1
Expedition 341 Scientists, 2013, Southern Alaska Margin: interactions of tectonics, climate and
sedimentation, IODP Preliminary Reports.



(

Finzel, E. S., Trop, J. M., Ridgway, K. D., and Enkelmann, E., 2011, Upper plate proxies for flat-slab
subduction processes in southern Alaska. Earth and Planetary Science Letters, v. 303(3), p. 348-360.
Froese, D., Westgate, J., Preece, S., and Storer, J., 2002, Age and significance of the Late Pleistocene
Dawson tephra in eastern Beringia: Quaternary Science Reviews, v. 21, no. 20-22, p. 2137-2142.
Ganino, C., and Arndt, N. T. ,2009, Climate changes caused by degassing of sediments during the
emplacement of large igneous provinces. Geology, v. 37(4), p. 323-326.
Hay, W.W., Soeding, E., DeConto, R.M., and Wold, C.N., 2002, The late Cenozoic uplift—climate
change paradox. Int. J. Earth Sci., v. 91(5), p. 746–774. doi:10.1007/s00531-002-0263-1
Hallet, B., Hunter, L., and Bogen, J., 1996, Rates of erosion and sediment evacuation by glaciers: A
review of field data and their implications: Global and Planetary Change, v. 12, no. 1-4, p. 213-235.
Hein, J. R., Scholl, D. W., and Miller, J., 1978, Episodes of Aleutian Ridge explosive volcanism: Science,
v. 1999, no. 4325, p. 137-141.
Hildreth, W., and Fierstein, J., 2012, The Novarupta-Katmai eruption of 1912, largest eruption of the
twentieth century : centennial perspectives, Reston, Va., U.S. Dept. of the Interior, U.S. Geological
Survey, Professional paper, v. 1791, xiv, p. 259.
Hodges, K. V., Ruhl, K. W., Wobus, C. W., and Pringle, M. S., 2005, 40Ar/39Ar thermochronology of
detrital minerals. Reviews in mineralogy and geochemistry, v. 58(1), p. 239-257.
Hogan, L. G., Scheidegger, K. F., Kulm, L. D., Dymond, J., and Mikkelsen, N., 1978, Biostratigraphic
and tectonic implications of 40Ar/39Ar dates of ash layers from the northeast Gulf of Alaska. Geological
Society of America Bulletin, v. 89(8), p. 1259-1264.
Jensen, B. J. L., Froese, D. G., Preece, S. J., Westgate, J. A., and Stachel, T., 2008, An extensive middle
to late Pleistocene tephrochronologic record from east-central Alaska: Quaternary Science Reviews, v.
27, no. 3-4, p. 411-427.
Jicha, B. R., Scholl, D. W., Singer, B. S., Yogodzinski, G. M., and Kay, S. M., 2006, Revised age of
Aleutian Island Arc formation implies high rate of magma production. Geology, v. 34(8), p. 661-664.
Jull, M., and McKenzie, D., 1996, The effect of deglaciation on mantle melting beneath Iceland. Journal
of Geophysical Research: Solid Earth (1978–2012),101(B10), 21815-21828.
Kaufman, D. S., Manley, W. F., Wolfe, A. P., Hu, F. S., Preece, S. J., Westgate, J. A., and Forman, S. L.,
2001, The last interglacial to glacial transition, Togiak Bay, southwestern Alaska: Quaternary Research,
v. 55, no. 2, p. 190-202.
Kelemen, P. B., Yogodzinski, G. M., and Scholl, D. W., 2003, Along-strike variation in the Aleutian
island arc: Genesis of high Mg# andesite and implications for continental crust. Geophysical Monograph
Series, v. 138, p. 223-276.
Kuehn, S. C., Froese, D. G., Shane, P. A. R., and participants, I. i., 2011, The INTAV intercomparison of
electron-beam microanalysis of glass by tephrochronology laboratories: results and recommendations:
Quaternary International, v. 246, p. 19-47.



(

Kulm, L. D., von Huene, R., Duncan, J. R., Ingle, J. C., Kling, S. A., Piper, D. J. W., Pratt, R. M.,
Scharder, H.-J., Wise, S. W., and Musich, L. F., 1973, Introduction, in Musich, L. F., and Weser, O. E.,
eds., Initial reports of the Deep Sea Drilling Project, Leg 18: Washington D.C., US Government Printing
Office, p. 5-8.
Kunk, M. J., 1995, 40Ar/39Ar Age-spectrum Data for Hornblende, Plagioclase and Biotite from Tephras
Collected at Dan Creek and McCallum Creek, Alaska and in the Klondike Placer District Near Dawson,
Yukon Territory. US Department of the Interior, Geological Survey.
Layer, P.W., Scholl, D.W., and Newberry, R.J., 2007, Ages of Igneous Basement From the Komandorsky
Islands, Far Western Aleutian Ridge, EOS, T. Am. Geophys. Un., v. 88(52), Fall Meet. Suppl., Abstract.
Layer, P. W., Hall, C. M., and York, D., 1987, The derivation of 40Ar/39Ar age spectra of single grains of
hornblende and biotite by laser stepheating.Geophysical Research Letters, v. 14(7), p. 757-760.
Le Bas, M. J., Lemaitre, R. W., Streckeisen, A., and Zanettin, B., 1986, A chemical classification of
volcanic rocks based on the total alkali silica diagram: Journal of Petrology, v. 27, no. 3, p. 745-750.
Lisiecki, L. E., and Raymo, M. E., 2005, A Pliocene-Pleistocene stack of 57 globally distributed benthic
delta O-18 records: Paleoceanography, v. 20, no. 1.
Lisiecki, L. E., and Raymo, M. E., 2007, Plio-Pleistocene climate evolution: trends and transitions in
glacial cycle dynamics: Quaternary Science Reviews, v. 26, no. 1-2, p. 56-69.
Manley, W. F., and Kaufman, D. S., 2002, Alaska PaleoGlacier Atlas (v. 1), Institute of Arctic and Alpine
Research (INSTAAR), University of Colorado.
McDougall I., and Harrison T.M., 1998,Geochronology and Thermochronology by the 40Ar/39Ar Method.
Oxford University Press, New York
McLennan, S. M., Hemming, S. R., McDaniel, D. K., and Hanson, G. N., 1993, Geochemical approaches
to sedimentation, provenance, and tectonics, in Johnsson, M. J., and Basu, A., eds., Processes controlling
the composition of clastic sediments, Volume Special Paper 284: Boulder, CO, Geological Society of
America, p. 21-40.
Milde, E.R., Fitgerald, P.G., Benowitz, J.A., 2013, Applying low-temperature thermochronology to
constraint the tectonic history of the strike-slip Totschudna fault system, southeastern Aalska, Geological
Society of America Abstracts with Programs. Vol. 45. No. 7.
Molnar, P., and England, P., 1990, Late Cenozoic uplift of mountain ranges and global climate change:
chicken or egg?. Nature, v. 346(6279), p. 29-34.
Nokleberg, W. J., and Richter, D. H., 2007, Origin of narrow terranes and adjacent major terranes
occurring along the Denali fault in the Eastern and Central Alaska Range, Alaska. Special PapersGeological Society of America, v. 431, 129.
Nayudu, Y. R., 1964, Volcanic ash deposits in the Gulf of Alaska and problems of correlation of deep-sea
ash deposits: Marine Geology, v. 1, p. 194-212.



(

O’Sullivan, P.B. and Currie, L.D. 1996, Thermotectonic history of Mt. Logan, Yukon Territory, Canada;
implications of multiple episodes of middle to late Cenozoic denudation. Earth Planet. Sci. Let., v. 144, p.
251–261.
Pearce, J. A., Harris, N. B. W., and Tindle, A. G., 1984, Trace element discrimination diagrams for the
tectonic interpretation of granitic rocks: Journal of Petrology, v. 25, p. 956-983.
Pewe, T. L., Berger, G. W., Westgate, J. A., Brown, P. M., and Leavitt, S. W., 1997, Eva Interglaciation
Forest Bed, unglaciated east-central Alaska: global warming 125,000 years ago, Boulder, CO, Geological
Society of America, 54 p.:
Pewe, T. L., Westgate, J. A., Preece, S. J., Brown, P. M., and Leavitt, S. W., 2009, Late Pliocene Dawson
Cut Forest Bed and new tephrochronological findings in the Gold Hill Loess, east-central Alaska:
Geological Society of America Bulletin, v. 121, no. 1-2, p. 294-320.
Plafker, G., Naeser, C. W., Zimmermann, R. A., Lull, J. S., and Hudson, T., 1992, Cenozoic uplift history
of the Mount McKinley area in the central Alaska Range based on fission-track dating. US Geological
Survey Bulletin, 2041, p. 202-212.
Pouget, S., Bursik, M., Cortes, J. A., and Hayward, C., 2014, Use of principal component analysis for
identification of Rockland and Trego Hot Springs tephras in the Hat Creek graben, northeastern
California, USA: Quaternary Research, v. 81, p. 125-137.
Pratt, R. M., Scheidegger, K. F., and Kulm, L. D., 1973, Volcanic ash from DSDP Site 178, Gulf of
Alaska, in Musich, L. F., and Weser, O. E., eds., Initial reports of the Deep Sea Drilling Project, Leg 18:
Washington D.C., US Government Printing Office, p. 833-834.
Preece, S. J., and Hart, W. K., 2004, Geochemical variations in the < 5 Ma Wrangell Volcanic Field,
Alaska: implications for the magmatic and tectonic development of a complex continental arc system:
Tectonophysics, v. 392, no. 1-4, p. 165-191.
Preece, S. J., Pearce, N. J. G., Westgate, J. A., Froese, D. G., Jensen, B. J. L., and Perkins, W. T., 2011a,
Old Crow tephra across eastern Beringia: a single cataclysmic eruption at the close of Marine
Isotope Stage 6: Quaternary Science Reviews, v. 30, no. 17-18, p. 2069-2090.
Preece, S. J., Westgate, J. A., Alloway, B. V., and Milner, M. W., 2000, Characterization, identity,
distribution, and source of late Cenozoic tephra beds in the Klondike district of the Yukon,
Canada: Canadian Journal of Earth Sciences, v. 37, no. 7, p. 983-996.
Preece, S. J., Westgate, J. A., Froese, D. G., Pearce, N. J. G., and Perkins, W. T., 2011b, A catalogue of
late Cenozoic tephra beds in the Klondike goldfields and adjacent areas, Yukon Territory: Canadian
Journal of Earth Sciences, v. 48, no. 10, p. 1386-1418.
Preece, S. J., Westgate, J. A., Stemper, B. A., and Pewe, T. L., 1999, Tephrochronology of late Cenozoic
loess at Fairbanks, central Alaska: Geological Society of America Bulletin, v. 111, no. 1, p. 71-90.
Prueher, L. M., and Rea, D. K., 2001, Volcanic triggering of late Pliocene glaciation: Evidence from the
flux of volcanic glass and ice-rafted debris to the North Pacific Ocean. Palaeogeography,
Palaeoclimatology, Palaeoecology, v. 173(3), p. 215-230.



(

Rea, D. K., and Scheidegger, K. F., 1979, Eastern Pacific spreading rate fluctuation and its relation to
Pacific area volcanic episodes. Journal of volcanology and Geothermal Research, v. 5(1), p. 135-148.
Reece, R. S., Gulick, S. P., Christeson, G. L., Horton, B. K., Avendonk, H., and Barth, G., 2013, The role
of farfield tectonic stress in oceanic intraplate deformation, Gulf of Alaska. Journal of Geophysical
Research: Solid Earth, v. 118(5), p. 1862-1872.
Reece, R. S., Gulick, S. P., Horton, B. K., Christeson, G. L., and Worthington, L. L., 2011, Tectonic and
climatic influence on the evolution of the Surveyor Fan and Channel system, Gulf of
Alaska. Geosphere, v. 7(4), p. 830-844.
Reinink-Smith, L. M., 1990, Relative frequency of Neogene volcanic events as recorded in coal partings
from the Kenai lowland, Alaska: A comparison with deep-sea core data. Geological Society of America
Bulletin, v. 102(6), p. 830-840.
Reinink-Smith, L. M., 1995, Tephra layers as correlation tools of Neogene coal-bearing strata from the
Kenai Lowland, Alaska: Geological Society of America Bulletin, v. 107, no. 3, p. 340-353.
Richter, D. H., Smith, J. G., Lanphere, M. A., Dalrymple, G. B., Reed, B. L., and Shew, N., 1990, Age
and progression of volcanism, Wrangell volcanic field, Alaska. Bulletin of volcanology, v. 53(1), p. 2944.
Riehle, J. R., Mann, D. H., Peteet, D. M., Engstrom, D. R., Brew, D. A., and Meyer, C. E., 1992, The
Mount Edgecumbe tephra deposits, a marker horizon in southeastern Alaska near the Pleistocene
Holocene boundary: Quaternary Research, v. 37, no. 2, p. 183-202.
Ruddiman, W. F., Raymo, M. E., Lamb, H. H., and Andrews, J. T., 1988, Northern Hemisphere Climate
Regimes During the Past 3 Ma: Possible Tectonic Connections [and Discussion]. Philosophical
Transactions of the Royal Society of London. B, Biological Sciences, v.318(1191), p. 411-430.
Scheidegger, K. F., and Kulm, L. D., 1975, Late Cenozoic volcanism in the Aleutian Arc: Information
from ash layers in the northeastern Gulf of Alaska.Geological Society of America Bulletin, v. 86(10), p.
1407-1412.
Scheuber, E., Bogdanic, T., Jensen, A., and Reutter, K. J., 1994, Tectonic development of the north
Chilean Andes in relation to plate convergence and magmatism since the Jurassic. In Tectonics of the
southern central Andes (p. 121-139). Springer Berlin Heidelberg.
Scholl, D. W., Vallier, T. L., and Stevenson, A. J., 1982, Sedimentation and deformation in the Amlia
fracture zone sector of the Aleutian Trench. Marine Geology, v. 48(1), p. 105-134.
Sheaf, M.A., Serpa, L., and Pavlis, T.L., 2003, Exhumation rates in the St. Elias Mountains, Alaska.
Tectonophysics, v. 367(1–2): p.1–11.
Sigvaldason, G. E., Annertz, K., and Nilsson, M., 1992, Effect of glacier loading/deloading on volcanism:
postglacial volcanic production rate of the Dyngjufjöll area, central Iceland. Bulletin of Volcanology, v.
54(5), p. 385-392.
Singer, B. S., Jicha, B. R., Leeman, W. P., Rogers, N. W., Thirlwall, M. F., Ryan, J., and Nicolaysen, K.
E., 2007, Along-strike trace element and isotopic variation in Aleutian Island arc basalt: Subduction melts
sediments and dehydrates serpentine. Journal of Geophysical Research, v. 112(B6), B06206.



(

Spotila, J. A., and Berger, A. L., 2010, Exhumation at orogenic indentor corners under long-term glacial
conditions: Example of the St. Elias orogen, Southern Alaska. Tectonophysics, v. 490(3), p. 241-256.
Stern, C. R., and Kilian, R., 1996, Role of the subducted slab, mantle wedge and continental crust in the
generation of adakites from the Andean Austral Volcanic Zone. Contributions to Mineralogy and
Petrology, v. 123(3), p. 263-281.
Stokes, S., and Lowe, D. J., 1988, Discriminant function analysis of late Quaternary tephras from five
volcanoes in New Zealand using glass shard major element chemistry: Quaternary Research, v. 30, no. 3,
p. 270-283.
Trop, J. M., and Ridgway, K. D., 2007, Mesozoic and Cenozoic tectonic growth of southern Alaska: A
sedimentary basin perspective. Special papers-Geological Society of America, v. 431, 44.
Trop, J.M., Snyder, D., Hart, W.K., and Idleman, B.D., 2012, Miocene basin development and volcanism
along a strike-slip to flat-slab subduction transition: stratigraphy, geochemistry, and geochronology of the
central Wrangell volcanic belt, Yakutat-North America collision zone: Geosphere v. 8; no. 4; p. 805–834
doi:10.1130/GES00762.1
Thorkelson, D. J., Madsen, J. K., and Sluggett, C. L., 2011, Mantle flow through the Northern Cordilleran
slab window revealed by volcanic geochemistry.Geology, v. 39(3), p. 267-270.
Verplanck, E. P., and Duncan, R. A., 1987, Temporal variations in plate convergence and eruption rates
in the Western Cascades, Oregon. Tectonics, v. 6(2), p. 197-209.
Watt, S. F., Pyle, D. M., and Mather, T. A. 2013, The volcanic response to deglaciation: Evidence from
glaciated arcs and a reassessment of global eruption records. Earth-Science Reviews, v. 122, p. 77-102.
Wessel, P., Harada, Y., and Kroenke, L. W., 2006, Toward a self-consistent, high-resolution absolute
plate motion model for the Pacific: Geochemistry Geophysics Geosystems, v. 7.
Westgate, J., 1988, Isothermal Plateau Fission-Track Age of the Late Pleistocene Old Crow Tephra,
Alaska: Geophysical Research Letters, v. 15, no. 4, p. 376-379.
Westgate, J. A., Preece, S. J., Froese, D. G., Walter, R. C., Sandhu, A. S., and Schweger, C. E., 2001,
Dating early and middle (Reid) pleistocene glaciations in central Yukon by tephrochronology: Quaternary
Research, v. 56, no. 3, p. 335-348.
Westgate, J. A., Stemper, B. A., and Pewe, T. L., 1990, A 3-My Record of Pliocene-Pleistocene Loess in
Interior Alaska: Geology, v. 18, no. 9, p. 858-861.
White, J. M., Ager, T. A., Adam, D. P., Leopold, E. B., Liu, G., Jette, H., and Schweger, C. E., 1997, An
18 million year record of vegetation and climate change in northwestern Canada and Alaska: Tectonic
and global climatic correlates: Palaeogeography Palaeoclimatology Palaeoecology, v. 130, no. 1-4, p.
293-306.
Zachos, J., Pagani, M., Sloan, L., Thomas, E., and Billups, K., 2001, Trends, rhythms, and aberrations in
global climate 65 Ma to present: Science, v. 292, no. 5517, p. 686-693.



(

F. BIOGRAPHICAL SKETCH
UNIVERSITY OF ALASKA FAIRBANKS
JEFF APPLE BENOWITZ
Department of Geology and Geophysics
University of Alaska Fairbanks
308 Reichardt Building
900 Yukon Drive
Fairbanks, Alaska 99775

Phone: (907) 474-7010
Email: jbenowitz@alaska.edu

PROFESSIONAL PREPARATION
University of Alaska Fairbanks
University of Alaska Fairbanks
University of Alaska Fairbanks

Geology
Creative Writing
Geology

B.S., 1992
M.F.A., 2004
Ph.D., August 2011

APPOINTMENTS
2013 – present: Research Associate Professor/Geochronology Lab Manager
University of Alaska Fairbanks Geophysical Institute
2011 – 2013: Research Associate/Geochronology Lab Manager
University of Alaska Fairbanks Geophysical Institute
PRODUCTS
Most Closely Related to the project:
2013
Arce, J. L., Layer, P. W., Lassiter, J. C., Benowitz, J. A., Macías, J. L., & RamírezEspinosa, J., 40Ar/39Ar dating, geochemistry, and isotopic analyses of the quaternary
Chichinautzin volcanic field, south of Mexico City: implications for timing, eruption rate,
and distribution of volcanism. Bulletin of Volcanology, 75(12), 1-25.
2013
Benowitz, J., Layer, P.W., VanLaningham, S., Persistent Long-Term (~24
Ma) Exhumation in the Eastern Alaska Range Constrained by Stacked
Thermochronology, Geological Society of London Special Volume, 40Ar/39Ar Dating:
from Geochronology to Thermochronology, from Archaeology to Planetary Sciences.
2013
Benowitz, J., Roeske, S., Cole, R., Layer, P.W., Fitzgerald, P.G., Haeussler, P.J.,
Armstrong, P.A., and O’Sullivan, P.B., An inboard perspective of the Cenozoic
tectono-magmatic history of Alaska’s southern Convergent margin. Geological
Society of America Abstracts with Programs, Vol. 45, No. 7.
2012
Benowitz, J. A., P. J. Haeussler, P. W. Layer, P. B. O'Sullivan, W. K. Wallace and R. J.
Gillis, Cenozoic tectono-thermal history of the Tordrillo Mountains, Alaska: PaleoceneEocene ridge subduction, decreasing relief, and late Neogene faulting, Geochem.
Geophys. Geosyst., 13, Q04009, doi:10.1029/2011GC003951.
2007
Benowitz, J.A., Fowell, S.J., Addison, J., and Layer, P., Tectonic and paleoclimatic
significance of Early Pliocene palynofloras from the southwestern Alaska Range.
Geological Society of America Abstracts with Programs, Cordilleran Section.
Other Significant Products
2013
Arce, J. L., Layer, P. W., Morales, C. E., Benowitz, J. A., Rangel, E., and Escolero, O.,
New constraints on the subsurface geology of the Mexico City Basin: The San Lorenzo
Tezonco deep well, on the basis of 40Ar/ 39Ar geochronology and whole-rock chemistry.

)

2011

Journal of Volcanology and Geothermal Research.
Benowitz, J., P. Layer, P. Armstrong, S. Perry, P. Haeussler, P. Fitzgerald, and S.
VanLaningham, Spatial Variations in Focused Exhumation Along a Continental-Scale
Strike-Slip Fault: the Denali Fault of the Eastern Alaska Range, Geosphere, v. 7; no. 2; p.
455-467; DOI: 10.1130/GES00589.1

SYNERGISTIC ACTIVITES
2013
2012

2012
2011

2010
2008

Attend (U-Th)/He dating workshop with Rebecca Flowers at the University of Colorado
geochronology facility.
Co-led a session at the American Geophysical Union Annual meeting (San Francisco,
CA) on Alaska strike-slip fault systems. Co-led a session at the Geological Society of
America Annual meeting (Charlotte, NC) on deformation patterns along strike-slip fault
systems.
Attend U-Pb dating workshop with George Gehrels at the Geological Society of America
Annual meeting (Charlotte, NC)
Lecturer for the Fairbanks, Alaska OSHER life long learning senior lecturer series on
thermochronology and mountaineering. Gave multiple tours of the University of Alaska
Fairbanks geochronology facility and discussed the use of thermochronology as a tool to
study the uplife history of the Alaska Range with over 60 local K-12 students.
Attend (U-Th)/He dating workshop with Fin Stuart at the University of Glasgow SUERC
geochronology facility.
Co-led (with Dr. Paul Fitzgerald and Stephanie Perry) the FT2008 11th International
Conference on Thermochronometry across southern Alaska with an emphasis on the
Denali Fault and the Alaska Range

COLLABORATORS & OTHER AFFILIATIONS
Collaborators & Co-Editors
Jason Addison
Phil Armstrong
Jim Beget
Eva Enkelmann
Paul Fitzgerald
Sarah Fowell
Robert Gillis
Peter Haeussler
Paul Layer
Elizabeth Nadin
Paul O’Sullivan
Stephanie Perry
Sarah Roeske
Maciej Slwininski
Sam VanLaningham
Wes Wallace

USGS
Fullerton College
University of Alaska Fairbanks
University of Tubingen
Syracuse University
University of Alaska Fairbanks
Alaska Division of Geological and Geophysical Surveys
USGS
University of Alaska Fairbanks
University of Alaska Fairbanks
A to Z
Exxon
University of U.C. Davis
University of Alaska Fairbanks
University of Alaska Fairbanks
University of Alaska Fairbanks

Graduate Advisors
Paul Layer

University of Alaska Fairbanks

Thesis Advisor and Postgraduate-Scholar Sponsor: N/A
Total Number or Graduate Students Advised and Postdoctoral Scholars Sponsored: 0

)

F. BIOGRAPHICAL SKETCH
USGS
_____________________________________________________________________________________
JASON A. ADDISON
United States Geological Survey
345 Middlefield Road, MS 910
Menlo Park, CA 94025

Office: 650-329-5271
Email: jaddison@usgs.gov
Website: https://profile.usgs.gov/jaddison/

PROFESSIONAL PREPARATION
University of Washington
Geological Sciences (with Distinction)
Aquatic & Fisheries Sciences (with Distinction)
University of Alaska Fairbanks
Geological Sciences
US Geological Survey
Mendenhall Postdoctoral Fellow

B.S., 2004
B.S., 2004
PhD, 2009
2011-2014

APPOINTMENTS
2011 – Present
Research Geologist
US Geological Survey
Volcano Science Center/Climate & Land Use Change Research & Development
RECENT PRODUCTS
(i) Related to proposal
Misarti, N., Finney, B.P., Jordan, J.W., Maschner, H.D.G., Addison, J.A., Shapley, M., Krumhardt, A.,
Beget, J.E., 2012, Early retreat of the Alaska Peninsula Glacier Complex and the implications for
coastal migrations of First Americans. Quaternary Science Reviews 48, 1-6.
http://www.sciencedirect.com/science/article/pii/S0277379112002016.
Addison, J.A., Beget, J.E., Ager, T.A., Finney, B.P., 2010, Marine tephrochronology of the Mt.
Edgecumbe Volcanic Field, Southeast Alaska, USA. Quaternary Research 73, 277-292.
http://www.sciencedirect.com/science/article/pii/S0033589409001264.
Benowitz, J.A., Fowell, S.J., Addison, J.A., and Layer, P., 2007, Tectonic and paleoclimatic significance
of early Pliocene palynofloras from the southeastern Alaska Range. Proceedings of the 103rd
Annual Meeting of the Geological Society of America – Cordilleran Section. Bellingham, WA, 46 May 2007. https://gsa.confex.com/gsa/2007CD/finalprogram/abstract_121318.htm
(ii) Other recent relevant products
Addison, J.A., Finney, B.P., Jaeger, J.M., Stoner, J.S., Norris, R.D., Hangsterfer, A., 2013, Integrating
satellite observations and modern climate measurements with the recent sedimentary record: an
example from Southeast Alaska. Journal of Geophysical Research – Oceans 118, 3444-3461,
doi:10.1002/jgrc.20243.
http://onlinelibrary.wiley.com/doi/10.1002/jgrc.20243/pdf
Addison, J.A., Finney, B.P., Dean, W.E., Davies, M.H., Mix, A.C., Stoner, J.S., Jaeger, J.M., 2012,
Productivity and sedimentary d15N variability for the last 17,000 years along the northern Gulf of
Alaska continental slope. Paleoceanography 27, PA3206, doi:10.1029/2011PA002235.
http://onlinelibrary.wiley.com/doi/10.1029/2011PA002161/full.
Barron, J., Metcalfe, S., and Addison, J., 2012, Response of the North American monsoon to regional
changes in ocean surface temperature. Paleoceanography 27, PA3206,
doi:10.1029/2011PA002235. http://onlinelibrary.wiley.com/doi/10.1029/2011PA002235/full.
Davies, M., Mix, A., Stoner, J., Addison, J., Jaeger, J., Finney, B., and Wiest, J., 2011, The deglacial
transition on the Southeastern Alaska Margin: meltwater input, sealevel rise, marine productivity,
and sedimentary anoxia. Paleoceanography 26, PA2223, doi:10.1029/2010PA002051.
http://onlinelibrary.wiley.com/doi/10.1029/2010PA002051/full.

)

Beget, J. and Addison, J., 2007, Methane gas release from the Storegga submarine landslide linked to
early-Holocene climate change: a speculative hypothesis. The Holocene 17(3), pp. 291 - 295.
http://hol.sagepub.com/content/17/3/291.
SYNERGISTIC ACTIVITIES
2012 – current
Participant in international PAGES Ocean2k Working Group synthesis
2011 – current
Leading team to develop new protocols to study laminated sediments using the
Stanford Synchrotron Radiation Lightsource facility
2011 – current
USGS Volcano Science Center Seminar co-organizer
2011
USGS Postdoctoral/New Scientist Colloquium organizer (talk & poster
presentations from 13 scientists; live webcast; proceedings volume)
2010 – 2012
Invited speaker at Univ. of California Santa Cruz; USGS Santa Cruz; USGS
Anchorage; Geological Society of America annual meeting
2008
Field trip stop co-leader (with Jim Beget) for Ninth International Conference on
Permafrost
RECENT CO-AUTHORS AND COLLABORATORS
Thomas Ager – US Geological Survey
John Jaeger – Univ. of Florida
Lesleigh Anderson – US Geological Survey
James Jordan – Antioch Univ.
John Barron – US Geological Survey
Andrea Krumhardt – Univ. of Alaska Fairbanks
James Beget – Univ. of Alaska Fairbanks
Herbert Maschner – Idaho State Univ.
David Bukry – US Geological Survey
Sarah Metcalfe – Univ. of Nottingham
Maureen Davies – Australian National Univ.
Nicole Misarti – Univ. of Alaska Fairbanks
Walt Dean – US Geological Survey
Alan Mix – Oregon State Univ.
Bruce Finney – Idaho State Univ.
Richard Norris – Scripps Institution of
Andrea Foster – US Geological Survey
Oceanography, Univ. of California San
Alexandra Hangsterfer - Scripps Institution of
Diego
Oceanography, Univ. of California San
Cody Routson – Univ. of Arizona
Diego
Mark Shapley – Idaho State Univ.
Naomi Harada – Japan Agency for MarineMaciej Sliwinski – Univ. of Alaska Fairbanks
Earth Science and Technology (JAMSTEC)
Joseph Stoner – Oregon State Univ.
Sarah Hayes – Univ. of Alaska Fairbanks
Jason Wiest – Oregon State Univ.
GRADUATE ADVISORS AND POSTDOCTORAL MENTORS
Bruce P. Finney – Idaho State University
James E. Beget – University of Alaska Fairbanks
John Barron – US Geological Survey
Lesleigh Anderson – US Geological Survey
THESIS ADVISOR AND POSTGRADUATE SCHOLAR SPONSOR
Casey Loofbourrow – Humboldt University (graduate committee member)

)

I. FACILITIES, EQUIPMENT, AND OTHER RESOURCES
Laboratory:
UNIVERSITY OF ALASKA FAIRBANKS:
Geochronology Laboratory
The 40Ar/39Ar age determinations will be performed at the Geochronology Laboratory in the Geophysical
Institute, University of Alaska. This facility has been in operation since 1972 as a K-Ar dating laboratory
and since 1989 as a 40Ar/39Ar facility. The laboratory has facilities for sample preparation, including a
fully equipped rock crushing room, Frantz magneticseparators, and heavy liquids (sodium polytungstate).
The primary spectrometer is a VG3600, installed in 1994, which is connected 'on-line' to a Coherent 6watt laser-heating system and to a Modifications, Ltd. resistance-style furnace; both with a low-blank
extraction line. This system came on line in May 1994 and is used to do single-step fusions and stepheating experiments on single mineral crystals and small-multicrystal aliquots. The spectrometer is fully
computer controlled, and the laser and furnace systems are fully automated. A full-time laboratory
research assistant professor and undergraduate student assistant staff the laboratory. We have upgraded
the VG3600 electronics through an NSF Instrumentation and Facilities Grant (EAR-0237360, Awarded
5/1/03). This allows for improved signal to noise ratio and increased stability and sensitivity. We have
implemented MDD software acquired from UCLA for analysis of K-feldspar samples.
MAJOR EQUIPMENT: List the most important items available for this project and, as appropriate,
identify the location and pertinent capabilities of each.
See above.
OTHER RESOURCES:
The Geophysical Institute at UAF also has a wide array of support services available, which will be called
upon to support this project. Facilities include an Electronics Shop, Machine Shop, Computer Resource
Center, Word Processing Center, Photographic and Drafting Center, and Business Office. The Glaciology
group has the necessary equipment to support field work in Alaska. UAF is a research university with a
research library and computer support.
Laboratory: US GEOLOGICAL SOCIETY
Electron probe microanalysis (EPMA) Laboratory
Volcano Science Center (VSC) at the US Geological Survey (Menlo Park, CA)
The USGS VSC operates a JEOL 8900 EPMA, under the direction of Dr. Leslie Hayden (see attached
Letter of Support). The JEOL 8900 is a fully automated, quantitative instrument equipped with five
wavelength x-ray spectrometers and twelve analyzing crystals enabling analysis of all elements heavier
than lithium. The JEOL 8900 is also equipped with digital secondary and backscattered electron imaging,
as well as automated optical auto-focusing and a fully integrated energy dispersive x-ray spectrometer for
qualitative and quantitative x-ray analysis. This instrument is capable of fully automated, unattended
analysis for twenty-four-hour operation. Accurate quantitative analysis is a fundamental component of
VSC microanalytical studies, and the JEOL 8900 EPMA provides accurate chemical compositions from a
volume <2 mm in diameter with a precision of +/- 1% relative concentration for major and minor
elements, and a precision equal to counting statistics for trace elements. The detection limit for most
elements is between 100 and 500 ppm. The VSC EPMA lab maintains hundreds of well-characterized
standards that provide the ability to produce the highest quality quantitative analyses of most materials
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including metals, ceramics, and all types of geological samples. The JEOL 8900 EPMA also provides the
ability to perform quantitative elemental x-ray mapping and line scan profile analysis, with a spatial
resolution of ~1 mm for most materials. The VSC EPMA lab also operates a carbon coating system,
which is required for thin-section samples to be analyzed by EPMA.
Laser Ablation ICP-MS (LA-ICP-MS) Laboratory
Crustal Geophysics & Geochemistry Science Center at the US Geological Survey (Denver, CO)
The USGS Laser Ablation Inductively-Coupled Plasma Mass Spectrometry (LA-ICP-MS) facility, under
the direction of Dr. Alan Koenig (see attached Letter of Support), operates two quadrupole ICPMS systems dedicated to laser ablation work to perform direct analyses of virtually any material for trace
element concentrations. The laboratory currently uses an ELAN 6000 quadrupole ICP-MS and an
ELAN DRC. Several laser ablation systems are available covering a wide range of specific applications,
including a solid-state 193 nm system, a 213 nm system, a 266 nm system and a large-spot-capable
266 nm system. The high energy UV laser ablation (LA) system produces craters in the sample ranging in
size from 2 microns to 1200 microns, and the ablated material is swept from the sample cell directly into
the plasma of the ICP-MS. The ablated material is then ionized similarly to any liquid sample aerosol.
The LA system is fully computer controlled with a real-time video imaging system capable of reflected
and transmitted light (polarized light available) viewing. The system can be programmed to ablate
continuous lines, spots or a variety of more complex ablation patterns. The LA-ICP-MS system
employed by the lab routinely accepts standard thin sections, thick sections, thin section sized chips up to
1 cm thick, microprobe round mounts or any sample less than 1.5 cm thick and less than 45mm in
diameter. LA-ICP-MS is capable of determining many trace elements down to low ppm or ppb levels,
although absolute detection levels are highly element-, sample matrix- and spot-size- dependent.
The USGS LA-ICP-MS facility has been involved in a wide variety of studies involving geological,
biological, environmental and material science related samples. The lab works closely with
the USGS Geochemical Reference Materials Program, developing and characterizing new microanalytical
reference materials.
Contract: Spectrum Petrographics, Inc. (http://www.petrography.com/)
Spectrum Petrographics is a Vancouver, WA, based company that specializes in the manufacturing of
geological thin-section samples. They commonly work with hard rock and loose powder samples. When
preparing IODP tephra samples (classified as loose powders), Spectrum will use a low-viscosity, lowtrace-metal embedding epoxy (EPOTEK 301©) to attach individual particles to a standard petrographic
slide (27x46 mm). The resulting cured epoxy+tephra sample will then be cut to ~100 mm thickness (for
use in both EPMA and LA-ICP-MS analyses), and polished to a <1 mm surface roughness. Each thinsection slide will hold ~6 tephra samples.
MAJOR EQUIPMENT: List the most important items available for this project and, as appropriate,
identify the location and pertinent capabilities of each.
See above.
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J. SPECIAL INFORMATION AND SUPPLEMENTARY DOCUMENTATION
DATA MANAGEMENT PLAN
Our data management plan will ensure permanent archiving and public access to all data and samples.
Permanent Archiving of Data
Data files and samples will be made available to all participants of this research project, and we will
conduct regular meetings of team members using Internet-based meeting and collaboration tools (e.g.,
Google Drive document sharing, WebEx conferencing hosted by USGS, Skype, etc.).
Tephra identification data and lab data (geochronology and geochemistry results) will be generated by
this research. Tephra identification will include both samples and data:
• High-resolution linescan core images that show tephra deposits in-situ following core recovery and
splitting procedures.
• Point-source magnetic susceptibility data of tephra deposits.
• An extensive library of permanent smear slide samples of each tephra from both Sites U1417 & U1418
for petrographic light microscopy.
• Detailed spreadsheets that include IODP site/hole/core/section/offset information; depth conversion to
the corrected composite depth scale (CCSF-B); approximate interpolated ages based on shipboard agedepth models; relative proportion of volcanic glass concentration; glass shard morphologies observed in
smear slide samples; and sedimentary structures associated with each deposit.
Lab data and samples will include:
• Sieved and separated sediment samples, comprised of purified glass or heavy mineral components.
• Polished thin-section samples of every tephra collected from Sites U1417 and U1418.
• Photomosaics of thin sections under both reflected light and backscatter electron imaging.
• Major element measurements by electron probe microanalysis (EPMA).
• Trace element measurements by LA-ICP-MS.
• Multivariate statistical analyses of tephra geochemical datasets.
• 40Ar/39Ar geochronology measurements on different mineral separates.
As they are acquired, the lab data will be organized in spreadsheets with unique sample numbers (e.g.,
International Geo Sample Numbers (IGSN) using the System for Earth Sample Registration (SESAR), as
described in the following section on Access to Data and Samples). Because of the wide range of
analytical data, we will maintain separate spreadsheets for each analytical technique, which will contain
the raw data. A master spreadsheet will also be compiled to contain the complete data results for each
unique sample.
Archiving sample collections continues to be a topic of concern for geologists. The USGS and UAF
Geology Department have space available within their facilities for storing research samples. Upon
completion of the project, 40Ar/39Ar samples will be moved to a long-term sample storage space within
the UAF Geochronology Facility (Benowitz) that maintains an >40-year sample collection. The
permanent smear slide library, remaining volcanic glass samples, and thin-section samples will be
archived at the USGS Volcano Science Center, where there is sufficient long-term storage for research
samples.
Access to Data and Samples
Providing access to the data and sample collection to outside users can be done in a number of different
ways. Clearly the main route is through timely publication. Once data are in press, they will also be
uploaded to established Internet-accessible online archives. Three existing sites, SESAR, NAVDAT (the
Western North American Volcanic and Intrusive Rock Database, which is part of the NSF-funded
EarthChem consortium for igneous rock geoinformatics), and the NOAA NCDC Paleoclimate Database,
are relevant to this project and allow archived sample lists and data to be easily searched by the public.
Below are brief descriptions of how we would utilize these sites:

-

a) SESAR (System for Earth Sample Registration): allows users to create international geosample
numbers (IGSN) that become linked to all data generated from this sample. We envision using this for all
samples from which we generate data, including geochemistry, geochronology, thermochronology, and
kinematic interpretations. This site recently has become available to international users.
b) NAVDAT – Using the IGSN, users can provide details on igneous rock geochemistry. This site will be
useful not only for curating data from publications, but also for providing supplemental data that often are
buried in journal article appendices.
c) NOAA National Climatic Data Center (NCDC) Paleoclimatology Database – The refined age-depth
models for Sites U1417 and U1418 that will be generated using the multiple age control techniques from
Expedition 341 (including our tephra-based geochronology results) will be made available to the
paleoclimate community through the NOAA-funded NCDC Paleoclimatology Database. These age-depth
models will be of particular interest to researchers that develop new proxy datasets from either Sites
U1417 or U1418, which also require age-depth information for their samples.
We see that the primary advantages of the three sites above are that they permit easy searching of their
archives, and provide contact information for both curators and users. We also anticipate sharing sample
fractions with colleagues in other research institutions who might be interested in conducting further
geochemical analyses.

-

United States Department of the Interior
U.S. GEOLOGICAL SURVEY
Volcano Hazards Team
MS 910
345 Middlefield Road
Menlo Park, California 94025

12 February 2014
To the Review Panel,
I am looking forward to collaborating with Dr. Jeff Benowitz on the National Science Foundation
proposal, “Developing a tephra database for IODP Sites U1417 & U1418: Late Miocene to
present evolution of eruptive volcanism along the Gulf of Alaska margin.” My role in this
research will be to spearhead the tephra geochemical analyses of the tephra deposits recovered by
IODP Expedition 341 to the Gulf of Alaska. This dataset will be complementary with Dr.
Benowitz’s expertise in radiometric dating of volcanic deposits.
My background makes me a perfect collaborator for Dr. Benowitz, as I am an
experienced volcanic glass (tephra) geochemist, and I have ten years’ experience with tephra
studies in both marine and terrestrial sediment records. I am also a specialist in the late Cenozoic
history of the Gulf of Alaska region. In turn, I pair this experience with an active research
program in the paleoceanographic development of the North Pacific Ocean, using geochemical
records of primary productivity, detrital sediment provenance, and paleoanoxia. I am also an
expert in a variety of geochemical methods specifically relevant to this proposed work: electron
probe microanalysis (EPMA); inductively-coupled plasma mass spectrometry (ICP-MS); X-ray
fluorometry (conventional wavelength-dispersive XRF and energy-dispersive XRF, which
includes sediment core scanner XRF and handheld XRF); stable isotope (G13C and G15N)
geochemistry; and synchrotron-based P-XRF and P-XANES spectroscopy.
During the course of this project, I will assist Dr. Benowitz by: (1) identifying tephra
deposits in the recovered core sections from Sites U1417 & U1418; (2) operating the EPMA at
the USGS office in Menlo Park, CA, in conjunction with lab staff; (3) overseeing the LA-ICPMS studies at the USGS office in Denver, CO, in conjunction with lab staff; (4) providing
geochemical data analysis and assistance with tephra stratigraphic correlations; (5) mentoring Dr.
Benowitz’s graduate student on volcanic glass geochemistry and other activities related to this
proposal; and (6) collaborating fully on project results, manuscripts, and public presentations. As
part of this collaboration, USGS will fund my attendance at the AGU Fall Meeting to present
results from this research, as well as my travel and associated costs to attend the 2 nd Post-Cruise
Meeting for IODP Expedition 341.
In closing, I’m quite excited to work with Dr. Benowitz to further develop the history of
volcanic activity along the Gulf of Alaska margin. Please feel free to contact me with any further
questions at 650-329-5271, or by email at jaddison@usgs.gov.
Sincerely,

Jason A. Addison, PhD.
Research Geologist,
US Geological Survey
Volcano Science Center

-

College of Earth, Ocean, and Atmospheric Sciences
Oregon State University, 104 CEOAS Administration Building, Corvallis, Oregon 97331-5503
T 541-737-3504 | F 541-737-2064 | http://ceoas.oregonstate.edu

February 12, 2014
RE: Dr. Jeff Benowitz and Dr. Jason Addison’s (Exp 341 Proposal)
Dear Jeff and Jason This is a letter of support for your proposed study of tephra stratigraphy and chronology in IODP Sites
U1417 and U1418. Your work will provide tremendously useful chronological constraints in the older
materials.
My own work (proposed with Joe Stoner here at OSU for the NSF-EOR funding, and in collaboration
with Guillaume St. Onge of Univ. Quebec at Rimouski) will provide oxygen and carbon isotope and
paleomagnetic stratigraphy on Sites U1417 and U1419, and (in conjunction with shipboard scientist Dr.
Hiro Asahi of Pusan University Korea) Site U1418. Shipboard paleomagnetics were spectacularly
successful, and we have already generated pilot study stable isotope data in Sites U1418 and U1419,
demonstrating the viability of this work. The best stable isotope stratigraphy and chronology will be in
the past ~1 million years (i.e., all of Sites U1418 and U1419, and the upper part of U1417) and we
expect the chronologic uncertainties within the continuous spliced intervals to be on the order of 5 ka or
better. The paleomagnetic stratigraphies will extend further in time, however in the intervals of
incomplete recovery beyond the splices, several options may exist for interpretation — it is here that the
tephra dates will provide much-needed chronologic constraints to guide interpretation of the
paleomagnetics. In the intervals older than about 1 Ma (which are found only in Site U1417), the
preservation of foraminifera was sometimes poor — although some stable isotope data may emerge from
this interval, it is likely that the combination of paleomagnetism, biostratigraphy, and ash geochronology
will provide the best age constraints.
I am also funded (with Brian Haley at OSU) to develop e-Nd information based on weak leaches of
oxide coatings. These studies offer the potential to inform us about variations in deep water mass
sources. Although we have developed methods of leaching that are relatively specific to the oxides, it is
possible that e-Nd measurements may be sensitive to contamination from ash. Our intent is to avoid the
ash layers for this study, so your inventory of ashes will provide us with an optimized sampling and
analytical strategy. If our data finds some unknown crypto-ash deposits, we will plan to keep you
informed about their location.
I will you best of luck with your study, and look forward to comparing our results.
Best wishes,
Alan Mix
Alan Mix
Professor, College of Oceanic & Atmospheric Sciences
COAS Administration Building 104
Oregon State University
Corvallis, OR 97331-5503 USA
mix@coas.oregonstate.edu

-

Wednesday 30 October 2013

Dr. Maureen Davies
ARC Super Science Fellow
College of Physical and Mathematical Sciences
Research School of Earth Sciences
The Australian National University
T: +61 2 6125 9597
F: +61 2 6125 3855
maureen.davies@anu.edu.au
Canberra ACT 0200 Australia
www.anu.edu.au

Dear Jason and Jeff,
This is to acknowledge my willingness to collaborate in your proposed development of a tephra database
for the Gulf of Alaska using materials recovered during IODP Expedition 341. At the Australian National
University (ANU), we are generating radiocarbon records from benthic and planktonic foraminifera at Site
U1417. It is our intention to develop a high-resolution chronology for this site, spanning the last ~50,000
ybp. In conjunction with the stable isotope records being developed at Oregon State University, this
chronology should provide strong independent stratigraphic control for the late Pleistocene tephra deposits
you intend to date.
10

26

At ANU we are also evaluating in-situ concentrations of Be/ Al ratios in quartz ice-rafted debris at several
of the IODP Expedition 341 sites, in order to assess the potential to ‘burial date’ marine sediment deposits
up to ~5,000,000 ybp. The existence of a well-constrained geochemical database of regional Pleistocene
and Pliocene tephras would very much support the development of this method, as it would allow us to
independently correlate deposits and evaluate consistency of cosmogenic isotope concentrations in the icerafted debris between sites.
As an Australia Research Council Super Science Fellow in the Research School of Earth Sciences (RSES)
at the Australian National University, my salary is covered and I have full access to the ANU accelerator
facilities. This includes the Heavy Ion Accelerator Facility (HIAF), which includes a 14UD pelletron
accelerator and a superconducting 'booster' linear accelerator (LINAC), with which I am studying beryllium
14
and aluminum isotopes, as well as an NEC single-stage accelerator optimized for high-precision C
analyses in small samples (http://rses.anu.edu.au/facilities/single-stage-accelerator-mass-spectrometer).
Relevant to your proposed study, this instrument and our sample preparation facilities are capable of
providing precise radiocarbon dates over an age range of >45,000 years, requiring <500 micrograms
calcite through the last glacial maximum.
As a shipboard participant on Expedition 341 representing the ANZIC Consortium, I am funded for post cruise research and expect to provide approximately 200 radiocarbon dates (roughly 100 benthic-planktic
pairs) at Site U1417. I understand that the group from the Atmospheric and Oceanic Research Institute at
University of Tokyo will be providing additional radiocarbon dates at Site U1418, which will further support
the late-Pleistocene chronology for the tephra database which you propose to develop.
I look forward to working with both of you on this exciting project.
Sincerely,
Dr. Maureen Davies

1 | ANU RESEARCH SCHOOL OF EARTH SCIENCES

-
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February 5th, 2014

United States Geological Survey
Laser Ablation ICP-MS Facility
Dear Jeff and coworkers,

We enthusiastically support access the US Geological Survey Laser Ablation ICP-MS Facility for your
proposed work entitled “Developing a tephra database for IODP Sites U14174 & U1418: Late Miocene to
present evolution of eruptive volcanism along the Gulf of Alaska margin” Access to the LA-ICP-MS for
this type of collaborative work is granted at a cost of $600 per analytical day, with analytical days being up
to 16 hours per day. The USGS LA-ICP-MS Facility is located at the Denver Federal Center in Lakewood,
Colorado. We are currently one of the most well equipped LA-ICP-MS laboratory in North America with
instrumentation dedicated to trace element analyses by LA-ICP-MS. With some of the most state of the art
laser ablation systems (5 in total) available on the market today, we are equipped for the widest range of
trace element and isotopic analyses. Access to the facility includes analytical support, experimental design
assistance, data processing and interpretation support as needed. Typical analytical days can include up to
50 to 200 analyses (single spot analyses) per day (project and sampling strategy dependant).
The suitability of the proposed work is well within the capabilities of our lab. We have extensive
experience with trace elements in accessory minerals, glasses, fluid and melt inclusions and other LA
applications. The proposal utilizes a strong plan to maximize the key benefits of the complimentary
techniques such as electron microprobe, geochronology and LA-ICP-MS. We are currently well situated for
doing trace elements in tephra by LA-ICP-MS. The USGS is currently the only organization or research
group actively developing international geochemical reference materials design specifically for the
calibration of LA-ICP-MS trace element in geological materials. Due to this development we access to
extensive suite of calibration materials for trace elements in glasses that are often available to us internally
before they are distributed internationally. This puts this lab in a unique and advantageous position
specifically for this type of work.
As part of the collaboration between the USGS and University of Alaska, I am pleased to accept supported
collaboration. Since this is a collaborative project with UAF and USGS staff such as Jason Addison (USGS
Menlo Park) this project will build on interaction within USGS sites and provide a strong level of
interaction between institutions. I would welcome the opportunity to provide guidance and mentoring to the
students and researchers involved in this project.
I feel very strongly that the proposed work is feasible, utilizes the appropriate analytical methods, will be
able to contribute strong science to our understanding of the evolution of late Miocene to present eruptive
volcanism in the Gulf of Alaska as well as the advancement of tephra geochemical data for the region. I
welcome the opportunity to not only provide access to our lab for your needs, but also to interact with
yourself, your colleagues and your students in support of the proposed work.
Sincerely,
Alan Koenig
Research Geologist and Lab Manager
US Geological Survey LA-ICP-MS Facility
Denver, CO
303-236-2475
akoenig@usgs.gov

-
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11 February 2014
Dr. Jeff Benowitz
Geophysical Institute
University of Alaska Fairbanks
Dear Jeff,
This is a letter of support for the NSF proposal “DEVELOPING A TEPHRA DATABASE FOR IODP SITES
U1417 & U1418: LATE MIOCENE TO PRESENT EVOLUTION OF ERUPTIVE VOLCANISM ALONG THE
GULF OF ALASKA MARGIN. The proposed research will be of use to a wide range of earth scientists

interested in the links between volcanism, climate, and tectonics along convergent margins. The
establishment of a geochronologic framework for the offshore cores from Expedition 341 will be of
use to all future researchers that will work with data from this cruise. Your results will also be of
critical use to my future work on the provenance of strata in the cores.

Sincerely,

Ken Ridgway
Professor

Civil Engineering Building • 550 Stadium Mall Drive • West Lafayette, IN 47907-2051
(765) 494-3258 • FAX: (765) 496-1210
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College of Earth, Ocean, and Atmospheric Sciences
Oregon State University, 104 CEOAS Administration Building, Corvallis, Oregon 97331-5503
T 541-737-3504 | F 541-737-2064 | http://ceoas.oregonstate.edu

February 17, 2014
Dr. Jeff Benowitz
Research Assistant Professor
Geochronology Facility Lab Manager
Geophysical Institute
University of Alaska Fairbanks
RE: Dr. Jeff Benowitz and Dr. Jason Addison’s (Exp 341 Proposal)
Dear Jeff,
I am very excited to hear about your research plans for developing a tephra database for
the Gulf of Alaska based on material collected at Sites U1417 and U1418. As you know, I
sailed on Expedition 341 and worked extensively developing the paleomagnetic record from the
shipboard data. I also intend a shorebased u-channel paleomagnetic study of APC recovered
interval of Site U1417 and a discrete sample study of the RCB recovered section (same time
interval) at Site U1418. These records show great potential for development of high-resolution
relative paleointensity chronologies for the last 1.2 Ma. Intercalibration of our datasets will be
mutually beneficial as we develop a stratigraphic template that will be extremely important for
many other studies. In the XCB and RCB recovered intervals below, shipboard magnetic
polarity interpretations through the Gauss/Matuyama boundary (~ 330 mcd) were
straightforward, whereas below, clear polarity reversals are observed, but because of poor core
recovery, unambiguous interpretation was not possible. With biostratigraphy somewhat lacking,
your studies are likely to be exceptionally important for providing the independent age control
required to refine the magnetic polarity record and the age of these sediments. Your study will
likely motivate me and/or others to work on this very important part of the record. I am
therefore excited to collaborate with you on this project and will be happy to share data.
Best Regards,




Joseph S. Stoner
Associate Professor
Director of the Marine Geology Repository
College of Earth Ocean and Atmospheric Sciences
Oregon State University
Corvallis, OR 97331
jstoner@coas.oregonstate.edu
(541) 737-9002

-

Earth and Atmospheric Sciences
Faculty of Science
1-26 Earth Sciences Building
Edmonton, Alberta, Canada T6G 2E3

www.ualberta.ca/eas
duane.froese@ualberta.ca

Tel: 780.492.1968
Fax: 780.492.2030

February 10, 2014
Dr. Jeff Benowitz
College of Natural Science & Mathematics
Geophysical Institute
University of Alaska Fairbanks
PO Box 755940
Fairbanks, AK 99775
Dear Jeff,
I have read your proposal “Late Miocene to present evolution of eruptive volcanism along the Gulf of
Alaska margin” and I am keen to see this project move forward and to develop some collaborations with
you and Dr. Addison toward this effort.
This project will fill an important void in our understanding of the Miocene to Pliocene evolution of
southern Alaska and should allow the first correlations of tephra from the North Pacific to the
remarkable terrestrial records of Beringia preserved in the interior of Alaska and Yukon. This is an
exciting possibility and I do hope that this project will be funded to see this realized.
This work overlaps with several efforts from my group and I see several opportunities for collaboration
with your proposed research. One major effort we are presently making is on the late Miocene and
Pliocene climate of Yukon and interior Alaska as revealed from stable isotopes (n-alkane biomarkers)
and pollen from the 15-4 Ma lacustrine record at Fort Yukon (interior Alaska) that the USGS drilled in
1994. We resurrected this project to try and constrain the development of continentality in the interior
from this multi-proxy record. Given the dozen or so tephras within that record, mostly from the
Aleutian-Arc, there is great potential to overlap during the interval you are considering and make robust
corrleations through tephrochronology.
As well, our group has worked extensively on the terrestrial record of interior Alaska and Yukon, from
the Pliocene through Pleistocene, and defined about 150 distal tephra beds from this interval across the
region. We will be keen to compare tephra chemistry data with your work, and coordinate analyses to
ensure that common secondary standards are used in our respective analyses so that the datasets are
usable to establish correlations and for future work across the region.
I wish you luck with your proposal and look forward to the collaborations.
Sincerely,

Duane Froese
Associate Professor and Canada Research Chair,
Department of Earth and Atmospheric Sciences
University of Alberta
Edmonton, Alberta
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