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Abstract

Global climate during the Neogene to Quaternary is distinguished by the transition 
into a colder, more variable world dominated by the onset and intensification of ma-
jor Northern Hemisphere glaciations and is associated with an increase in erosion 
rates and sediment delivery to basins. The effects of this increased erosion may be pro-
found, as worldwide analyses of orogenic belts have shown that earth systems cannot 
be considered to be the product of a series of distinct, decoupled tectonic and climatic 
processes. Rather, there is complex interplay between deformation, exhumation, and 
climate systems. Exhumation plays a key role in controlling the regional distribution 
of metamorphic rocks, local climate change, and development of structures through-
out an orogen. As tectonic processes influence regional climate by raising mountains 
that enhance orographic precipitation patterns and intensity, the Neogene–Quater-
nary climate transition likely affected tectonic processes through changes in erosion 
rates, which redistributed mass and subsequently altered stresses in orogenic wedges. 
Analytical models examining the coupling between glacial erosion and orogenic pro-
cesses reveal that glacial erosion can significantly modify the patterns and rates of 
erosion in an orogenic wedge. A critical question is, at what stage of the deteriorating 
Neogene climate is an orogen ultimately driven into subcriticality? Does this lead to 
increased exhumation in the glaciated core of a mountain belt, enhanced topo-
graphic relief, and migration of the locus of sediment accumulation to the toes of an 
orogen that impacts deformation patterns?

Addressing the linkages between global climate change, modification of the dynamics 
of surficial processes, and subsequent tectonic responses requires integrated studies of 
orogenic systems in areas that exemplify specific end-members of the problem. The 
Gulf of Alaska borders the St. Elias orogen of Alaska and Canada, the highest coastal 
mountain range on Earth and the highest range in North America. This orogen is <30 
Ma in age, and mountain building occurred during a period of significant global cli-
mate change, allowing this expedition to examine the response of an orogenic system 
to the establishment of a highly erosive glacial system. Additionally, the implications 
of the Neogene glacial growth in the circum-North Pacific are far-reaching, beyond a 
tectonic response to increased glacial erosion and exhumation. As climate determines 
the timing and patterns of precipitation, it controls glacial dynamics, erosion, and 
sediment/meltwater and chemical fluxes to the ocean. Establishing the timing of 
northwestern Cordilleran ice sheet (NCIS) advance–retreat cycles in southern Alaska 
will address a major challenge in Quaternary paleoclimatology, which is to know the 
extent to which glacial-age climate change was a synchronous worldwide event and 
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what the driving mechanisms were for potentially propagating millennial-scale 
warming–cooling cycles around the globe. Evidence of substantial changes in surface 
productivity in the Gulf of Alaska since the Last Glacial Maximum indicates that mil-
lennial-scale climate change and eustasy in the northeast Pacific Ocean has a first-or-
der effect on primary productivity. Thick Pleistocene glacimarine deposits of the Gulf 
of Alaska continental margin contain a rich history of climate change recorded in 
both proxy climate data and sediment accumulation rates that can help decipher the 
architecture of massive late Tertiary and Quaternary high-latitude Northern Hemi-
sphere continental margin sedimentary sequences. Exceptionally high rates of glaci-
genic sediment accumulation in this region also allow for development of a 
paleomagnetic record of geomagnetic field variability on submillennial scales to as-
sess geomagnetic persistence, a signature of the mantle’s influence on the geodynamo 
and the paleomagnetic record. 

Integrated Ocean Drilling Program (IODP) Expedition 341, which combines IODP 
Proposal 686-Full and ancillary proposal letter (APL)-786 will drill a cross-margin 
transect to investigate the northeast Pacific continental margin sedimentary record 
formed during orogenesis during a time of significant global climatic deterioration in 
the Pliocene–Pleistocene, which led to the development of the most aggressive ero-
sion agent on the planet, a temperate glacial system. Sedimentary provenance and pa-
leoclimatic, glacimarine, and structural sedimentary indicators tied to a 
multicomponent chronology will be used to generate detailed records of changes in 
the locus and magnitude of glacial erosion, degree of tectonic shortening, and sedi-
ment and freshwater delivery to the coastal ocean and their impact on oceanographic 
conditions in the Gulf of Alaska, and the resulting continental margin stratigraphic 
record on the interaction of these processes. Because the oceanographic processes in 
the Gulf of Alaska directly impact the Bering Sea, Expedition 341 will strongly com-
plement IODP Expedition 323 by addressing the late Neogene evolution of continen-
tal glaciation and freshwater and nutrient inputs, but in a more proximal source to 
glacial drivers of many of these processes.

Major objectives of planned drilling in the Gulf of Alaska are as follows:

1. Document the tectonic response of an active orogenic system to late Miocene to 
recent climate change.

2. Establish the timing of advance and retreat phases of the NCIS to test its relation 
to dynamics of other global ice sheets.
4
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3. Implement an expanded source-to-sink study of the complex interactions be-
tween glacial, tectonic, and oceanographic processes responsible for creation of 
one of the thickest Neogene–Quaternary high-latitude continental margin se-
quences.

4. 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.

5. Document the spatial and temporal behavior during the Neogene of the geomag-
netic field at extremely high temporal resolution in an undersampled region of 
the globe.

Schedule for Expedition 341

Integrated Ocean Drilling Program (IODP) Expedition 341 is based on drilling Propos-
als 686-Add and 786-APL (available at iodp.tamu.edu/scienceops/expeditions/ 
alaska_tectonics_climate.html). Following ranking by the IODP Scientific Advisory 
Structure, the expedition was scheduled for the research vessel R/V JOIDES Resolution,
operating under contract with the U.S. Implementing Organization (USIO). At the 
time of publication of this Scientific Prospectus, the expedition is scheduled to take 
place in summer 2013. A total of 61 days will be available for the coring and down-
hole measurements described in this report (for the current detailed schedule, see 
iodp.tamu.edu/scienceops/). Further details about the facilities aboard the JOIDES 
Resolution and the USIO can be found at www.iodp-usio.org/.

Introduction

Global climate during the Neogene to Quaternary is distinguished by the transition 
into a colder, more variable world dominated by the onset and intensification of ma-
jor Northern Hemisphere glaciations (Zachos et al., 2001). Corresponding to this al-
teration is a generally acknowledged global increase in sediment accumulation in 
both continental and marine sedimentary basins (Donnelly, 1982; Molnar and Eng-
land, 1990; Zhang et al., 2001; Hay et al., 2002; Molnar, 2004; Willett, 2010), which 
is attributed to increased erosion in orogenic belts related to larger-amplitude climate 
fluctuations (Zhang et al., 2001; Willett, 2010). For many orogenic settings, this in-
creased erosion may be driven by the expansion of alpine ice, but the direct correla-
tion between increased erosion and specific climate drivers is lacking. Yet, the 
5
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consequences of this increased erosion are potentially far-reaching. Worldwide 
analyses of orogenic belts (Koons, 1995; Pinter and Brandon, 1997; Pavlis et al., 1997; 
Zeitler et al., 2001; Hoth et al., 2006; Roe et al., 2006; Stolar et al., 2006; Whipple, 
2009) have shown that earth systems cannot be considered to be the product of a se-
ries of distinct, decoupled tectonic and climatic processes. Rather, there is a complex 
interplay between deformation, exhumation, and climate systems. 

Exhumation plays a key role in controlling the regional distribution of metamorphic 
rocks, local climate change, and development of structures throughout an orogen 
(Fig. F1). As tectonic processes influence regional climate by raising mountains that 
enhance orographic precipitation patterns and intensity, the Neogene–Quaternary 
climate transition likely affected tectonic processes through changes in erosion rates 
that redistributed mass and subsequently altered stresses in orogenic wedges (Willet, 
1999; Roe et al., 2006; Whipple, 2009). Analytical models examining the coupling be-
tween glacial erosion and orogenic processes reveal that glacial erosion can signifi-
cantly modify the patterns and rates of erosion in an orogenic wedge (Roe et al., 2006; 
Tomkin, 2007; Tomkin and Roe, 2007). Glacial climate interacts with mountain 
building through erosion and sediment transport, dispersal, and accumulation. At a 
critically tapered wedge, erosion in the inner part of an orogen results in increased 
thrusting in order to attempt to maintain critical taper (e.g., Berger et al., 2008a; 
Whipple, 2009). Deposition of the eroded sediments in the outer part of an orogen 
can in turn suppress deformation due to loading (e.g., Simpson, 2010; Worthington 
et al., 2010). A critical question is, at what stage of the deteriorating Neogene climate 
is an orogen ultimately driven into subcriticality? Does this lead to increased exhu-
mation in the glaciated core of a mountain belt, enhanced topographic relief, and mi-
gration of the locus of sediment accumulation to the toes of an orogen that impacts 
deformation patterns?

Addressing the linkages between global climate change, modification of the dynamics 
of surficial processes, and subsequent tectonic responses requires integrated studies of 
orogenic systems in areas that exemplify specific end-members of the problem. The 
Gulf of Alaska borders the St. Elias orogen of Alaska and Canada, the highest coastal 
mountain range on Earth and the highest range in North America (Fig. F2). This oro-
gen is <30 Ma in age, and mountain building occurred during a period of significant 
global climate change (Fig. F3), allowing this expedition to examine the response of 
an orogenic system to the establishment of a highly erosive glacial system (Hallet et 
al., 1996; Jaeger et al., 1998; Sheaf et al., 2003; Berger et al., 2008b; Enkelmann et al., 
2010; Spotila and Berger, 2010; Finzel et al., 2011). The sediments emanating from the 
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orogen are deposited in a relatively geographically confined area offshore, providing 
a rare opportunity to use the stratigraphic record to quantify spatial and temporal 
variations in the erosional flux from land to sea. The geological processes in southern 
Alaska are comparable to those observed in the Himalayan orogeny and include ex-
tremely high erosion rates, active faulting beneath mountains and alpine glaciers, 
and orogenesis coincident with extensive glacial cover. Important advantages of 
Alaska over the Himalaya include the proximity of a high coastal mountain range 
next to an energetic ocean with essentially no intervening basins to trap sediment. 
Therefore, tectonic and climatic signals have the potential to be quickly recorded in 
offshore areas with little modification resulting from long transport in rivers or tem-
porary storage in intervening sedimentary basins.

Additionally, the implications of the Neogene glacial growth in the circum-North Pa-
cific are far reaching beyond a tectonic response to increased glacial erosion and ex-
humation. As climate determines the timing and patterns of precipitation, it controls 
glacial dynamics, erosion, and sediment/meltwater fluxes to the ocean. Establishing 
the timing of northwestern Cordilleran ice sheet (NCIS) advance–retreat cycles will 
address a major challenge in Quaternary paleoclimatology, which is to know the ex-
tent to which glacial-age climate change was a synchronous worldwide event and 
what the driving mechanisms were for potentially propagating millennial-scale 
warming–cooling cycles around the globe (oceanic, atmospheric, or both) (Clapper-
ton, 2000; Mix et al., 2001; Hill et al., 2006). Although many paleoclimate and glaci-
ologic records provide strong evidence for millennial-scale climate change along the 
Gulf of Alaska margin (i.e., Last Glacial Maximum [LGM], Younger-Dryas, early Holo-
cene Hypsithermal, late Holocene Neoglacial) (Peteet and Mann, 1994; Mann et al., 
1998; Calkin et al., 2001; Davies et al., 2011), the timing and character of these vari-
ations in relation to North Atlantic or Southern Ocean records over the Pliocene–
Pleistocene are largely still unknown. NCIS glaciation is fueled by low rates of evapo-
transpiration, extensive North Pacific moisture delivery, and extreme rates of precip-
itation due to the predominant storm track coupled with orographic lift along the 
high coastal mountain range (Royer, 1982; Emile-Geay et al., 2003; Neal et al., 2010). 
Melting of this ice and return of the freshwater to the modern coastal ocean results in 
high specific discharge, presently two- to sixfold higher than the Amazon and Congo 
(Neal et al., 2010). This discharge creates nearly estuarine-like salinity conditions in 
the coastal ocean and is a substantial contributor to the freshwater budget of the Ber-
ing Sea and the Arctic Ocean (Weingartner et al., 2005), which in turn may impact 
the thermohaline stability of the North Atlantic during interglacials (Keigwin and 
Cook, 2007). North Pacific Intermediate Water episodically forms in the Gulf of 
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Alaska (You et al., 2000) but may have been much more significant during the last de-
glacial (Heinrich Event 1), potentially linked to global adjustment of thermohaline 
circulation and teleconnections that impact atmospheric moisture delivery to the 
North Pacific (Okazaki et al., 2010; Menviel et al., in press). The Gulf of Alaska/North 
Pacific Ocean is the largest high-nutrient–low-chlorophyll (HNLC) area in the North-
ern Hemisphere, and productivity in this area is largely iron-limited (Harrison et al., 
1999), with shelf oceanographic processes and surface water discharge appearing to 
play a role in regulating surface-ocean iron concentrations (Stabeno et al., 2004; 
Schroth et al., 2009; Wu et al., 2009). Evidence of substantial changes in surface pro-
ductivity in the Gulf of Alaska since the LGM (Davies et al., 2011; Addisson et al., sub-
mitted) indicates that millennial-scale climate change and eustasy in the northeast 
Pacific Ocean has a first-order effect on primary productivity. Furthermore, the modes 
of transfer of glacigenic sediments and the spatio-temporal variation in transfer rates 
are critical to deciphering the architecture of the massive (as thick as 5 km), high-lat-
itude late Tertiary and Quaternary Northern Hemisphere continental margin sedi-
mentary sequences (Riis, 1992; Vagnes et al., 1992; Eidvin et al., 1993; Lagoe et al., 
1993; Elverhøi et al., 1995; Powell and Cooper, 2002; Dahlgren et al., 2005). These 
thick deposits contain a rich history of climate change recorded in both proxy climate 
data (e.g., iceberg-rafted debris and microfossils) and sediment accumulation rates 
that, in part, reflect climate-driven glacial sediment yields. Exceptionally high rates 
of glacigenic sediment accumulation in the undersampled northeast Pacific also al-
low development of a paleomagnetic record of geomagnetic field variability on sub-
millennial scales to assess geomagnetic persistence, a signature of the mantle’s 
influence on the geodynamo and the paleomagnetic record (Gubbins et al., 2007; 
Stoner, 2009; Amit et al., 2010). 

Integrated Ocean Drilling Program (IODP) Expedition 341, which combines IODP 
Proposal 686-Full and ancillary proposal letter (APL)-786, will investigate the north-
east Pacific continental margin sedimentary record formed during orogenesis during 
a time of significant global climatic deterioration in the late Miocene to recent, which 
has led to development of the most aggressive erosion agent on the planet, a temper-
ate glacial system. Sedimentary provenance and paleoclimatic, glacimarine, and 
structural sedimentary indicators tied to a multicomponent chronology will be used 
to generate detailed records of changes in the locus and magnitude of glacial erosion 
and sediment and freshwater delivery to the coastal ocean and their impact on ocean-
ographic conditions in the Gulf of Alaska and the resulting continental margin stra-
tigraphic record on the interaction of these processes. Additionally, drilling on the 
Surveyor Fan, which undergoes a mixture of subduction and accretion at the Aleutian 
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Trench (Fig. F4), will recover a detailed Pleistocene tephra record of Aleutian arc vol-
canism and will aid in understanding how sediment inputs influence subduction 
zone processes. Because the oceanographic processes in the Gulf of Alaska directly im-
pact the Bering Sea, Expedition 341 will strongly complement IODP Expedition 323 
by addressing the late Neogene evolution of continental glaciation and freshwater 
and nutrient inputs, but in a more proximal source to the glacial drivers of many of 
these processes.

Background

Geological setting

Continental margin strata in southern Alaska are created from sediment derived from 
the Yakutat terrane and several antecedent Mesozoic-to-modern accreted terranes 
that compose much of the northern North American Cordillera (Fig. F5) (Plafker, 
1987; Plafker et al., 1994). The Yakutat terrane was likely excised from western Canada 
and translated to the northwest along the dextral Queen Charlotte-Fairweather Fault 
system (Plafker, 1987; Plafker et al., 1994; Landis, 2007; Perry et al., 2009) (Fig. F5). 
The age of initial Yakutat-North America subduction, when the leading edge of the 
microplate encountered the Aleutian Trench, and thus initiation of flat-slab subduc-
tion, is poorly constrained but may have occurred as early as ~40 Ma. Increased uplift 
has occurred in the past 10 m.y. associated with the convergence of increasingly thick 
crust and the formation of a syntaxial bend in the Pacific/North American plate 
boundary (Plafker et al., 1994; Rea and Snoeckx, 1995; White et al., 1997; Enkelmann 
et al., 2010; Finzel et al., 2011). Ongoing collision and flat-slab subduction of a thick 
(up to 35 km) oceanic plateau and cover strata (Christeson et al., 2010; Worthington 
et al., submitted) is constructing the present high topography of the Chugach-St. Elais 
Ranges (Pavlis et al., 2004; Eberhart-Phillips et al., 2006; Gulick et al., 2007), with ac-
tive tectonic deformation spread throughout southern Alaska and northwestern Can-
ada (Fig. F4) (Plafker et al., 1994; Mazzotti and Hyndman, 2002; Pavlis et al., 2004; 
Spotila et al., 2004; Eberhart-Phillips et al., 2006; Meigs et al., 2008; Spotila and 
Berger, 2010; Enkelmenn et al., 2010; Worthington et al., 2010; Finzel et al., 2011). 
Focused deformation occurs in two indentor corners (Fig. F4), one in the west that is 
experiencing thin-skinned young deformation (Bruhn et al., 2004) and the other in 
the east (Seward corner) (Spotilla and Berger, 2010; Enkelmann et al., 2010) where 
there is intense strain and high exhumation rates (“tectonic aneurysm”) associated 
with the change from strike-slip to collision (Enkelmann et al., 2008, 2010; Elliot et 
9
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al., 2010). The active deformation front for this convergence cuts diagonally from the 
eastern syntaxis near Mt. St. Elias along the Malaspina Fault, reaching Icy Bay and 
then across the shelf as the Pamplona zone, and down the slope to the Aleutian 
Trench, thereby linking Yakutat-North America deformation structures with the Pa-
cific-North America Faults (Bruns, 1983; Worthington et al., 2010). The northward 
boundary, or backstop, of deformation within the St. Elias orogen is debatable be-
cause of extensive ice cover and may include the Chugach-St. Elias Fault or the Con-
tact fault (Fig. F6) (Spotila and Berger, 2010; Enkelmann et al., 2010); however there 
are suggested far-field effects more than 1000 km away (Mazzotti and Hyndman, 
2002; Redfield et al., 2007).

The Yakutat terrane consists of Eocene to modern sedimentary rocks of the Kulthieth, 
Poul Creek, and Yakataga Formations that are primarily siliciclastic marine and glac-
imarine strata interbedded with volcanics and coal beds (Fig. F6) (Plafker et al., 1994). 
The Kulthieth Formation sediments are the oldest, deposited at ~60–35 Ma, and are 
composed of nonmarine to shallow-marine deltaic feldspathic and micaceous sand-
stones and siltstones formed during a general relative sea level regression (Risley et al., 
1992; Plafker et al., 1994; Perry et al., 2009). The Poul Creek Formation appears to 
conformably overlie the Kulthieth, ranging in age from late Eocene to Oligocene (Ris-
ley et al., 1992; Plafker et al., 1994). This formation is characterized by a high abun-
dance of argillaceous sediment that is in part glauconitic and organic rich, 
representing deposition during a general marine transgression in outer shelf/slope en-
vironments. It also contains waterlain basaltic tuff, andesitic breccia, pillow lava, and 
related deposits of the intertonguing Cenotaph volcanics (Plafker, 1987; Risley et al., 
1992; Plafker et al., 1994). The Yakataga Formation represents glacimarine siliciclastic 
shelf/slope deposits dating from the onset of St. Elias glaciation in the late Miocene 
(~5.5 Ma) to the present (Plafker et al., 1994; Lagoe et al., 1993; Risley et al., 1992; 
Plafker, 1987; Eyles et al., 1991). It is composed of oldest diamict, possibly debris 
flows, transitioning upward into turbidites, diamictites, mudstones, and shallow-wa-
ter sandstones with occasional coquinas and boulder pavements. The uppermost 
Yakataga mostly comprises facies that indicate significant lateral translation of the ice 
margin (paraglacial mudstones to boulder pavements). It is exposed onshore along 
the leading edge of the fold and thrust belt and is >5 km thick on the continental 
shelf. 

Volumetrically, the major potential contributors of sediment to the Yakutat terrane 
during the Cenozoic are the Wrangellia, Alexander, Chugach, and Yukon-Tanana ter-
ranes (Fig. F5). The Kulthieth and Poul Creek Formations are likely derived from a par-
10
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ent source in British Columbia (Cowan, 1982; Plafker, 1987; Plafker et al., 1994; 
Landis, 2007; Perry et al., 2009). At the time of Kulthieth and Poul Creek Formation 
deposition, sediment transport pathways likely originated from the east, deriving ma-
terial from the Intermontaine Belt (Cache Creek, Nisling, and the Stikine terranes), 
Coast Belt (Coast Plutonic Complex, Central Gneiss Complex), and Insular Belt 
(Wrangellia, Alexander, Chugach, and Yakutat terranes) in British Columbia during 
the latter stages of uplift (Fig. F5) (Gehrels and Berg, 1994; Plafker et al., 1994). The 
Wrangellia terrane consists of a lower section of Permian to Middle Triassic limestone, 
chert, and pelitic strata. These units are overlain by 4–5 km of mid-Triassic mafic lava 
flows and associated mafic and ultramafic rocks, providing a diagnostic isotopic and 
compositional marker of sediment derived from the Wrangellia terrane (Jones et al., 
1977; Nokleberg et al., 2001; Trop et al., 2002). The Alexander terrane consists of Pre-
cambrian(?) through Middle(?) Jurassic sedimentary, metamorphic, and plutonic 
rocks (Gehrels and Berg, 1994) with a distinctive magnetic mineralogy (Cowan et al., 
2006). The Chugach terrane consists mainly of highly deformed, weakly metamor-
phosed Upper Cretaceous graywacke and slate. These accretionary prism strata are in-
terpreted to have been mainly derived from plutonic and volcanic rocks of the Coast 
Plutonic Complex in British Columbia (Dumoulin, 1987). The final major terrane 
that may have contributed sediment to the Yakutat terrane is the Yukon-Tanana ter-
rane (Fig. F5). Polydeformed metamorphic rocks of this terrane consist mainly of 
quartz-mica schist, quartzite, metarhyolite, and gneissic plutonic rocks (Foster et al., 
1994). Protolith ages are only partly known but include middle Paleozoic radiometric 
ages for some of the igneous rocks and Devonian paleontologic ages for some of the 
carbonate strata (Gehrels and Saleeby, 1987; Plafker, 1987; Haeussler et al., 2006). 

Yakataga Formation and Surveyor Fan provenance is likely a combination of material 
supplied mostly from the exhuming fold and thrust belt (Kultieth, Poul Creek, and 
recycled Yakataga terranes) and the potential backstop of accretion provided by the 
Chugach and Prince William terranes, with minor contributions from more inboard 
terranes (Fig. F6). The Chugach-Prince William terranes are a subduction complex 
welded onto the continent when the Kula-Farallon Ridge subducted beneath the mar-
gin, resulting in high-temperature, low-pressure metamorphism (Plafker et al., 1994; 
Pavlis et al., 2004). The Chugach and Prince William terranes are lithologically similar 
and have been considered one composite terrane (Kusky et al., 1997). Age distribu-
tions of detrital zircons suggest metasedimentary flyschoidal rocks of the Chugach 
terrane are derived from inboard accreted terranes of British Columbia (Haeussler et 
al., 2006; Perry et al., 2009). The lithologies of the Chugach terrane are dominated by 
graywacke flysch and mélange units with substantial basaltic constituents. These 
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mafic units have undergone very low grade metamorphism in the westernmost ter-
rane, increasing in metamorphic grade to amphibolite-facies and phyllitic units of the 
Orca and Valdez groups in the Prince William terrane in the St. Elias region (Fig. F6) 
(Plafker et al., 1994; Haeussler et al., 2006). The Valdez group of the Prince William 
terrane north of the St. Elias Range is part of a mélange that is characterized by meta-
volcanic rocks and weakly foliated, green, glassy tuff, together with volcaniclastic 
graywacke and argillite (Plafker et al., 1994). Volcanic rocks of the southern margin of 
the Valdez group are dominantly tholeiitic pillow basalts with island-arc to mid-
ocean-ridge basalt (MORB) compositions (Plafker et al., 1994). The Orca group domi-
nates the Prince William terrane within the St. Elias Range. As with the Valdez group, 
this group is a deep-sea flysch complex with abundant oceanic basaltic rocks, sheeted 
dikes, and gabbroic intrusions of an ophiolite complex and underlies the Bagley Ice-
field along the contact fault system, from which the Bering Glacier sources (Plafker et 
al., 1994; Richter et al., 2006). Yakataga Formation strata accumulated in the later 
stages of the accretionary history of the Yakutat terrane. Sedimentary petrography of 
Yakataga lithic fragments reveals sedimentary, metasedimentary, and volcanic rock 
fragments. Zircon fission track, U-Th/He, and U/Pb analysis of the Yakataga Forma-
tion indicates intermixing of sediment derived from two or more sources, likely the 
Chugach-Prince William composite terrane and recycling of Poul Creek and Kulthieth 
rocks (Plafker et al., 1994; Enkelmann et al., 2008; Perry et al., 2009; Witmer et al., 
2009). 

Physical and oceanographic setting

The morphology of the Gulf of Alaska shelf seabed has been strongly influenced by 
active tectonics and glacial strata formation overprinted by glacial erosion (Carlson et 
al., 1982). The local bathymetry has been shaped by glacial and tectonic forces that 
produced five distinct across-shelf valleys in the study area: the Alsek Sea Valley, the 
Yakutat Sea Valley, the Bering Trough, the Kayak Trough, and the Hinchinbrook Sea 
Valley (Figs. F2, F7). These valleys are U-shaped, contain poorly sorted, glacially de-
rived diamict along their flanks, and presumably formed during the advance of major 
ice streams and glaciers (Carlson et al., 1982). The extent of grounded ice cover on the 
shelf during the last sea level lowstand is poorly constrained, but it may have ranged 
from only the across-shelf valleys to the entire shelf (Fig. F8) (Molnia, 1986; Manley 
and Kaufmann, 2002). The glaciers that reached the sea were probably grounded tide-
water, not floating ice sheets (Powell and Molnia, 1989). Little sampling has occurred 
on the continental slope or on Surveyor Fan. Grab samples recovered diamicton from 
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the continental slope, which likely date to the LGM (Molnia and Sangery, 1979). The 
recently acquired jumbo piston Core EW0408-85JC on the continental slope at Site 
KB-2A reveals slowly accumulating (<1 mm/y) Holocene-age silty clay in the vicinity 
of the Alaska Coastal Current (ACC) (Davies et al., 2011). Piston Core EW0408-87JC 
on the proximal Surveyor Fan (Site GOAL-16B) also contains slowly accumulating (<1 
mm/y), likely Holocene-age silty clay that may be derived from intermediate nephe-
loid layers supplied with sediment from the Alaska Coastal Current (Jaeger et al., 
2008). 

The modern oceanographic environment in the Gulf of Alaska is characterized by 
strong wintertime wave and wind energy, pronounced coastal currents, and deepwa-
ter gyres (Stabeno et al., 2004). The regional meteorology of the Gulf of Alaska is 
chiefly affected by energetic storms associated with the Aleutian Low Pressure System 
(ALPS). The Gulf of Alaska experiences mean wind speeds and frequency of gale-force 
winds similar to those of the western and central North Pacific (Stabeno et al., 2004). 
Cyclonic motion of the subarctic gyre drives circulation in the outer Gulf of Alaska 
with the inner Gulf dominated by the Alaska Coastal Current, a wind- and buoyancy-
forced coastal jet (Fig. F7) (Stabeno et al., 2004). The southern boundary of this sub-
arctic gyre, the North Pacific drift, diverges as it impinges on North America, with the 
northward branch becoming the Alaska Current (Fig. F7). The Alaska Current domi-
nates flow along the southwestern and southern Alaska continental slope, eventually 
transitioning into the Alaskan Stream farther to the west. Several large semiperma-
nent to seasonal eddies form within the Alaska Current, leading to important mixing 
of water masses across the continental margin (Stabeno et al., 2004).

Water and sediment are dispersed on the continental shelf by the Alaska Coastal Cur-
rent (Feely et al., 1979; Stabeno et al., 2004; Weingartner et al., 2005). The current is 
generally confined to within 40 km of the coast and has flow velocities occasionally 
in excess of 50 cm/s and mean annual transport of ~106 m3/s (Royer, 1982; Stabeno et 
al., 1995). Although primarily wind driven, the Alaska Coastal Current is enhanced 
by a baroclinic response to coastal freshwater discharge to the Gulf of Alaska (Royer 
1981, 1982). This freshwater flux is delivered via a series of small mountainous drain-
ages that experience high precipitation rates (2–6 m/y) due to adiabatic cooling of 
warm, moist air associated with the cyclonic storm systems of the ALPS (Weingartner 
et al., 2005). Freshwater and sediment discharges are lowest in winter when much 
precipitation is stored as snow and peak in late summer/fall when meltwater and pre-
cipitation rates are greatest (Stabeno et al., 2004; Neal et al., 2010). Runoff creates a 
sharp shallow (<50 m) halocline of salinity contrast >3 over the shelf in the fall but 
13
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during the winter is mixed (>100 m) and much more subdued (contrast of ~1) as a 
result of strong storms (Stabeno et al., 2004). Strong cyclonic winds dominate from 
fall through spring, peaking in December and January at 9 m/s, and intense (>14 m/
s) easterly coastal jets forced by mountain topography can occur (Stabeno et al., 
2004). These winds lead to downwelling conditions and near-bed (3 m above bed) 
nontidal maximum currents of 0.15 m/s in the summer and >0.3 m/s in the winter 
(Hayes and Schumacher, 1976; Hayes, 1979). Wave energy is highest in the winter 
months, decreasing in the summer. Monthly mean significant wave heights at Na-
tional Oceanic and Atmospheric Administration (NOAA) Buoy 46001 (Fig. F7) aver-
aged over 25 y are 3.5 ± 2 m (1σ), and maximum significant wave heights are 14 m in 
November and December (Gilhousen et al., 1983). Summer significant wave heights 
average 1.5 m at Buoy 46001, but maxima of 6–10 m can occur. 

Regional productivity in the Gulf of Alaska is strongly influenced by the interaction 
of high freshwater runoff and regional meteorology dictated by the ALPS. During fall 
through spring, strong cyclonic winds associated with the ALPS support onshore sur-
face Ekman transport and downwelling on the shelf, along with storm-induced verti-
cal mixing (Stabeno et al., 2004; Childers et al., 2005). During summer the onshore 
winds and subsequent downwelling conditions relax, allowing occasional brief peri-
ods of coastal upwelling in this dominantly downwelling system (Stabeno et al., 
2004). Primary productivity in the Gulf of Alaska in the winter is inhibited by low in-
solation and enhanced vertical mixing that limits the near-surface residence time of 
algae. Algal blooms occur over the shelf in the early spring due to the increased solar 
irradiance, wintertime replenished nutrient supply, and the onset of water column 
stratification leading to enhanced cell residence time in surface waters. Productivity 
remains relatively high through early summer but is followed by a reduction in sum-
mer due to nutrient limitation created by the strong halocline (Childers et al., 2005; 
Stabeno et al., 2004). Key nutrients (nitrate, silicic acid, and phosphate) are derived 
mostly from the subsurface ocean, via open-ocean upwelling, onshore Ekman trans-
port, tidal pumping, and storm or eddy mixing (Childers et al., 2005). Nutrients de-
livered by the fluvial system include iron and silicic acid (Stabeno et al., 2004). 
Relatively few data are available on the cycling of iron in this system, although it ap-
pears shelf processes and surface water discharge may play a role in regulating surface-
ocean iron concentrations (Stabeno et al., 2004; Schroth et al., 2009; Wu et al., 2009; 
Davies et al., 2011; Addison et al., submitted). In contrast to the productive coast, the 
central Gulf of Alaska is a high-nitrate low-chlorophyll (HNLC) region (Stabeno et al., 
2004), and primary productivity is likely limited by micronutrients such as iron (Boyd 
et al., 2004; Tsuda et al., 2005). Sources of iron to the central basin include curl-driven 
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upwelling, aeolian dust (Mahowald et al., 2005), advection of dissolved iron from the 
continental shelf and slope (Chase et al., 2007; Lam and Bishop, 2008), and terrestrial 
runoff (Stabeno et al., 2004; Royer, 2005). The Expedition 341 drill sites span from the 
productive nitrate-limited shelf system to the iron-limited open-ocean system.

Northwestern Cordilleran ice sheet dynamics

The glacial history of the Gulf of Alaska margin has been constructed through a com-
bination of surface outcrop sampling (e.g., Lagoe et al., 1993; Lagoe and Zellers, 1996; 
White et al., 1997), scientific drilling (Rea, Basov, Janecek, Palmer-Julson, et al., 1993; 
Rea and Snoeckx, 1995; Prueher and Rea, 1998), and industry well cuttings (Lagoe et 
al., 1993; Zellers, 1995; Lagoe and Zellers, 1996). The chronology of these events has 
been established through paleomagnetic and diatom/radiolarian biostratigraphic 
control at Ocean Drilling Program (ODP) Site 887 (Barron et al., 1995), more limited 
tephrochronology, paleomagnetic, and biostratigraphic control at Deep Sea Drilling 
Project (DSDP) Site 178 (Von Huene et al., 1973; Lagoe et al., 1993), and foraminiferal 
biostratigraphy in industry wells on the shelf (Zellers, 1995) and in the Yakataga For-
mation outcrops (Lagoe et al., 1993). A summary of glacial history and the associated 
sediment record is shown in Figure F3. Alpine glaciation along the margin may have 
initiated as early as ~7 Ma (Lagoe et al., 1993) and was well under way by 5.5 Ma (La-
goe et al., 1993; Rea and Snoeckx, 1995; White et al., 1997), when elevation of the 
Chugach-St. Elias mountain belt was sufficient to trap precipitation from storms gen-
erated in the Gulf of Alaska. Initial onset of tidewater glaciation, Lagoe et al.’s (1993) 
“Glacial Interval A,” is linked to the appearance of ice-rafted debris (IRD) in the 
Yakataga Formation at the Yakataga Reef outcrop at 5.5 Ma and at Site 887 from ~5 
Ma (Krissek, 1995) to 4.3 Ma (Rea and Snoeckx, 1995) (Fig. F3). A reduction in glaci-
marine sedimentation correlating with the ~4.5–2.8 Ma mid-Pliocene warm period 
(MPW) (Shackleton et al., 1995) is observed in marine and nonmarine records, 
though timing varies between different locales in the Gulf of Alaska region. In out-
crop and continental shelf samples, the MPW lasts from 4.2 Ma to 3.5–3.0 Ma (Lagoe 
and Zellers, 1996). At Site 887, the MPW lasts from 3.6 to 2.8 Ma (Rea, Basov, Janecek, 
Palmer-Julson, et al., 1993; Rea and Snoeckx, 1995). Renewed onset of intense glacia-
tion after ~3 Ma, “Glacial Interval B” (Lagoe et al., 1993), is characterized by an in-
crease in IRD accumulation at 2.6 Ma within deep-sea records (Lagoe et al., 1993; 
Prueher and Rea, 1998) and by thick successions of diamictite in outcrop (Lagoe et al., 
1993).
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At ~1 Ma, the rate of terrigenous sedimentation doubles, likely due to widespread gla-
cial advance associated with the mid-Pleistocene transition (MPT) that carved a series 
of U-shaped sea valleys to the shelf edge (Carlson, 1989; Lagoe et al., 1993; Rea and 
Snoeckx, 1995). This glacial intensification is referred to as “Glacial Interval C” 
(Berger et al., 2008a). Since the onset of Glacial Interval C, a series of 100 k.y. glacial–
interglacial cycles characterize the late Pleistocene climate signal. Recent high-resolu-
tion seismic reflection profiles in the Bering Trough image glacial erosion surfaces 
that extend to the shelf edge, likely correlating with widespread Pleistocene glacial 
advances potentially associated with the onset of Glacial Interval C (Berger et al., 
2008a). The northwestern lobe of the Cordilleran ice sheet was present on the shelf 
during the LGM (Fig. F8) (Davies et al., 2011), although the full extent of ice cover is 
poorly known (Molnia, 1986; Manley and Kaufman, 2002). Terrestrial records suggest 
that the regional LGM expression lasted from 23,000 to 14,700 cal y BP (calendar 
years before present), with evidence for millennial-scale cooling and transient glacial 
re-advances during deglaciation (Engstrom et al., 1990; Mann and Peteet; 1994, Bri-
ner et al., 2002; Hu et al., 2006; Davies et al., 2011). Retreat of the Bering Glacier off 
the continental shelf following the LGM likely occurred after 16,000 cal y BP, as indi-
cated by peat accumulation in parts of the Bering foreland, and had apparently re-
treated well onshore by 14,700 cal y BP (Peteet, 2007; Davies et al., 2011). 

Continental margin and Surveyor Fan stratigraphy

Varying degrees of glacial erosion, tectonic deformation, and rock exhumation in the 
St. Elias Range in southern Alaska and northwestern British Columbia since the Mio-
cene (Lagoe et al., 1993; Rea and Snoeckx, 1995; Enkelmann et al., 2010; Spotila and 
Berger, 2010) supplied sediment into the Gulf of Alaska, leading to periodic signifi-
cant increases in growth of the continental margin and Surveyor Fan (Stevenson and 
Embley, 1987; Lagoe et al., 1993; Rea and Snoeckx, 1995; Zellers, 1995; Worthington 
et al., 2010; Reece et al., in press). 

The seismic stratigraphy of the Bering Trough between the Kayak Island zone (KIZ) 
and Pamplona zone (PZ; Fig. F4) has been imaged at several scales. Regional seismic 
surfaces, deformation structures, and seismic sequences are observed (Table T1; Figs. 
F9, F10), but age control is coarse and limited to cuttings from industry wells (Zellers, 
1995). In high-resolution seismic Line GOA2505 and coincident crustal scale Line 
STEEP09, a series of erosive surfaces is imaged between the seafloor and Horizon 1; 
these surfaces are the signature of glacial advance–retreat cycles as outlined in Berger 
et al. (2008a), Willems (2009), and Worthington et al. (2008), with Horizon 1 being 
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hypothesized as the first glacial advance to the edge of the modern continental shelf 
(Figs. F9, F11) at the start of the MPT. Proposed Site GOAL-15B will sample across Ho-
rizon 1 to test this hypothesized timing.

These seismic profiles also cross active faults on the slope (BT1, BT2) and abandoned 
faults beneath the current shelf (BT3, BT4, BT5; Fig. F10). Structures BT3, BT4, and 
BT5 are currently buried by more than ~1500 ms two-way traveltime of undeformed 
sediments and have gradually been rendered inactive since before the early Pleisto-
cene deposition of Horizon 2 (Zellers, 1995; Berger et al., 2008a; Worthington et al., 
2008). Site GOAL-15B is located adjacent to BT4 with the goal of determining the age 
of cessation of deformation as indicated by the absence of growth strata above Hori-
zon 2 (Worthington et al., 2010). Lack of significant deformation in the sequences 
above Horizon 2 indicates that the underlying faults were abandoned prior to the 
MPT, possibly due to loading by sediments. On the forelimb of fold BT5, shelf-break 
seismic facies are present between 1.0 and 1.5 s two-way traveltime (TWTT), suggest-
ing a previous depositional shelf break at this location subsequent to the MPT. Trun-
cations of seismic strata, the presence of growth stratal packages on the backlimb, and 
overall geometry of BT5 provide evidence that this structure accommodated Yakutat-
North America convergence as a growth fold in addition to acting as the former shelf 
edge. The overall architecture of the continental margin is thus the product of cou-
pled depositional and tectonic processes. 

At the southeastern end of the STEEP09 seismic profile (Fig. F10), two currently active 
faults (BT1 and BT2) are present on the continental slope exhibiting less burial than 
the structures on the shelf. Scarps ~750 m and ~300 m high associated with the active 
slope structures are visible on high-resolution bathymetry of the continental slope 
(Worthington et al., 2008). Site GOAL-17B is located just landward of BT2, which ini-
tiated after the Pliocene–Pleistocene transition, given the lack of growth strata ob-
served below Horizon 3 (Fig. F10). The presence of two distinct sedimentary packages 
on BT2 is indicative of either a decrease in slope sedimentation during the early Pleis-
tocene or an increase in deformation rate across BT2. Between Horizons 1 and 2, the 
angle of the observed growth strata becomes less pronounced, indicating a gradual 
decrease in fault growth rate during the early–mid-Pleistocene. Above Horizon 1, sed-
iments are truncated by the anticline and are very slightly tilted toward the shelf, in-
dicating minimal deformation on BT2 from ~1 Ma to the present. Taken together, the 
overall geometries of the upper and lower sedimentary packages within the Bering 
Trough suggest a fundamental shift in margin architecture from primarily tectoni-
cally influenced to primary depositionally influenced (Fig. F12).
17



Expedition 341 Scientific Prospectus
Depositional basins on Khitrov Ridge along the continental slope west of the Bering 
Trough contain a sedimentary record of glacial–interglacial sedimentation over-
printed by active tectonic deformation (Fig. F13). The seismic facies at this site are in-
terpreted to represent contrasting hemipelagic (interglacial) and glacimarine (glacial 
maximum) cyclicity in sediment lithofacies. Processed CHIRP images, coincident 
with multichannel seismic (MCS) profiles, reveal that an upper postglacial transpar-
ent layer on the CHIRP profile that corresponds to the upper ~8 m of the sediment in 
Core EW0408-85JC dates to younger than 14.7 ka (Davies et al., 2011). The strong re-
flections in the CHIRP line and near the sediment/water interface to ~0.03 s (~8–25 
m) in MCS Line GOA3201 likely represent the glacimarine sediments associated with 
the local LGM (likely 15–30 ka at an average accumulation of ~1.2 m/k.y., although 
with extremely high rates for brief intervals; Davies et al., 2011). It is hypothesized 
that the less reflective layered sediments in the MCS profile represent interglacials or 
interstadials, when the Bering Glacier terminus was in a greatly retreated position rel-
ative to the shelf break and ice-rafting of sediment was much reduced to absent. In 
contrast, the highly reflective intervals indicate times when ice rafting was active and 
there were higher accumulation rates of coarser glacigenic sediment. Active faulting 
is imaged in high-resolution seismic Profile GOA3101, showing surface deformation 
indicative of significant amounts of extension (Fig. F13). The faults in this exten-
sional array, however, merge toward a common position, suggesting an underlying 
transtensional flower structure and a possible structural link between active structures 
within the offshore Yakutat block and the Aleutian Trench (Worthington et al., 2008) 
(Fig. F4).

The Neogene record of sedimentation on the Surveyor Fan, a terrigenous depocenter 
that comprises the majority of the Alaska Abyssal Plain (Fig. F7), comes from DSDP 
Leg 18 and ODP Leg 145 drilling. Leg 18 consisted of five sites drilled and interval-
cored across the southwestern corner of the Surveyor Fan, the Aleutian Trench, and 
up the slope of the accretionary prism (Fig. F2) (Kulm, Von Huene, et al., 1973). In 
1992, ODP Leg 145 occupied an additional site (887) in the far southwestern Gulf of 
Alaska on the Patton-Murray Seamounts (Fig. F2) (Rea, Basov, Janecek, Palmer-Julson, 
et al., 1993). Terrigenous turbidites, gravelly to diatomaceous mud, and claystone of 
the Surveyor Fan overlie marine chalk, barren clay, and basaltic basement of Pacific 
plate crust (Fig. F14) (Kulm and von Huene, 1973). The Chirikof and Surveyor Chan-
nel systems control present-day Surveyor Fan morphology and sediment distribution, 
but unlike other large deep-sea channels, they are not associated with a major fluvial 
system or submarine canyon (Fig. F7) (Ness and Kulm, 1973; Stevenson and Embley, 
1987; Carlson et al., 1996; Reece et al., in press). The Surveyor Channel is >700 km 
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long with three major tributaries (Ness and Kulm, 1973; Stevenson and Embley, 1987; 
Carlson et al., 1996; Reece et al., in press). Early studies divided the Surveyor Fan into 
two major sequences (Ness and Kulm, 1973; von Huene and Kulm, 1973; Stevenson 
and Embley, 1987), termed “upper” and “lower,” that were based on sedimentation 
rates and differences in acoustic facies imaged in two-dimensional (2-D) seismic re-
flection profiles. The boundary between the two sequences hypothetically repre-
sented a shift from a lower coarser grained facies to an upper finer grained facies 
possibly associated with Surveyor Channel inception and its control on fan sediment 
distribution during deposition of the upper sequence (Ness and Kulm, 1973; Steven-
son and Embley, 1987). Reece et al. (in press) used reprocessed U.S. Geological Survey 
(USGS) and recently acquired high-resolution and crustal-scale seismic reflection data 
to correlate stratigraphic changes and fan morphology through time. In contrast to 
the previous interpretation of two seismic sequences within the fan, they recognized 
three sequences that are regionally extensive deposits likely related to increases in ex-
humation on land and regional response to global changes in climate (Figs. F14, F15). 
Sequences I and II exhibit laminated, laterally semicontinuous reflectors consistent 
with turbiditic deposition (Reece et al., in press) (Fig. F15). Sequence III is thinly lam-
inated and contains reflectors that are laterally continuous, flatter, and smoother 
than those in the other sequences (Fig. F15). This seismic facies is especially promi-
nent on the bathymetric high at Site GOA16-1A (Fig. F16). Stratal relationships at the 
sequence boundaries are highly variable and greatly influenced by basement topog-
raphy and the presence of a mass transport deposit at the base of Sequence III in the 
northwestern portion of the fan (Fig. F15). Sequence II onlaps Sequence I in the in 
areas where Sequence I exhibits topography but is conformable in other locations. Se-
quence III onlaps sequence II in the proximal fan and downlaps it in the distal fan, 
where both sequences pinch out farther from the sediment source (Reece et al., in 
press). TWTT thickness (isopach maps) for the three sequences show a varying depo-
sitional history on the Surveyor Fan (Fig. F17) (Reece et al., in press). Sequence I de-
pocenters are prevalent in topographic lows between basement highs, showing no 
significant spatial variation, which reflects infilling of preexisting Pacific plate topog-
raphy. Deposits of Sequences II and III exhibit a distinct change in the locus of accu-
mulation to shelf proximal depocenters that thicken into the Yakutat slope, with 
Sequence III thicker and covering a much larger area. 

The correlation between seismic reflection profiles projected into the stratigraphy at 
DSDP Site 178 places tentative ages on sequence boundaries (Fig. F14). The Sequence 
I/II boundary occurs at ~330 m depth at Site 178, within a section of fine-grained sand 
to silty turbidites and interbedded diatomaceous ooze and mud with increasing dia-
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mictite upsection (Reece et al., in press; The Shipboard Scientific Party, 1973). The Se-
quence I/II boundary is placed at ~5 Ma, near the beginning of Glacial Interval A, 
based on 40Ar/39Ar dating of ash layers (Hogan et al., 1978) (Fig. F14). At 130 m depth, 
the Sequence II/III boundary lies within an interval of changing fan lithology. The 
section from 96 to 141 m contains abundant diamicton interbedded with silty clay 
and diatom-rich intervals, whereas the section from 141 to 280 m contains less 
diamicton, much more silty clay, and a fewer diatoms (The Shipboard Scientific Party, 
1973; Reece et al., in press). The Sequence II/III boundary is tentatively dated ~1 Ma 
based on correlation with a magnetic polarity reversal identified at Site 178 (von 
Huene et al., 1973) (Fig. F14), making it coincident with the onset of Glacial Interval 
C. Both sequence boundaries are synchronous with a doubling in terrigenous sedi-
ment flux observed at ODP Site 887 at ~5 Ma and ~1 Ma, but no regional sequence 
boundary projected into Site 178 correlates with the onset of Glacial Interval B (Reece 
et al., in press). 

Spatial variability in seismic facies and stratigraphy reveals the temporal evolution of 
fan stratigraphy. The thickening of Sequences II and III into the Yakutat terrane con-
tinental slope is evidence of the long-term connection of the Surveyor Fan to the Ya-
kutat shelf (Stevenson and Embley, 1987; Reece et al., in press). Due to dextral 
transform motion of the Pacific plate and Yakutat terranes along the Queen Char-
lotte-Fairweather Fault, Surveyor Fan provenance likely varies from southern Coast 
Mountains sources in older fan sediment to St. Elias Range in younger fan sediment, 
similar to the sedimentary strata on the Yakutat microplate (Fig. F18) (Perry et al., 
2009). The onset of Glacial Interval A led to a reorganization of fan sedimentation by 
spurring Surveyor Channel genesis (Reece et al., in press). The youngest phases of the 
Surveyor Channel created shelf-proximal depocenters at the base of the Yakutat ter-
rane slope. Glacial Interval C, with its corresponding ice advances to the shelf edge, 
extended the Surveyor Channel across the Alaskan Abyssal Plain and markedly in-
creased sediment flux to the Surveyor Fan. The Surveyor Channel system is a unique 
deepwater sediment delivery pathway because of its glacial source and trench termi-
nus, both of which may contribute to the Surveyor’s ability to maintain a major chan-
nel and evade avulsion over long periods of time (Stevenson and Embley, 1987; Reece 
et al., in press).

Tectonic-climate interactions

The climatic influence on the width, structural style, and distribution of deformation 
in mountain belts is well established through analog, numerical, and analytical mod-
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eling studies based on critical wedge theory (Willett, 1999; Roe et al., 2006; Stolar et 
al., 2006; Whipple, 2009). Generally, an increase in erosional intensity through gla-
cial or fluvial processes is predicted to accelerate rock uplift and decrease orogen 
width and relief (Whipple and Meade, 2004; Roe et al., 2006). In the Chugach-St. Elias 
mountains, the observed spatial patterns along the windward side of the orogen of 
increased exhumation rates and more deeply exhumed rocks, a relative deficiency of 
activity along the leeward side, and relatively shallow particle exhumation pathways 
are all indicative of a coupled tectonic-climate “wet prowedge” system (Fig. F6) 
(Berger et al., 2008a, 2008b; Meigs et al., 2008). Based on apatite (U-Th)/He thermo-
chronometry, in conjunction with offshore seismic data and modeling results, Berger 
et al. (2008a) proposed that a structural reorganization of the St. Elias orogen occurred 
associated with the onset of Glacial Interval C and the MPT. The proposed structural 
reorganization includes initiation of a large-scale backthrust onshore and deactiva-
tion of faults in the offshore frontal portion of the wedge (Fig. F6). However, offshore 
faulting has remained active in the St. Elias Range, primarily associated with the Pam-
plona zone fold-and-thrust deformation front (Bruns and Schwab, 1983; Chapman et 
al., 2008; Plafker et al., 1994; Meigs et al., 2008). Recent modeling (Malavieille, 2010; 
Simpson, 2010) suggests that the extent of active faulting and folding in a frontal 
wedge is highly dependent on the details of mass redistribution by climate drivers and 
the magnitude of incoming sediment load. 

However, the localization of exhumation solely along the windward equilibrium line 
altitude (ELA) as indicated by apatite (U-Th)/He thermochronometry (Berger et al. 
2008b) has been questioned based on reinterpretation of bedrock samples and obser-
vations of detrital thermochronometry from glaciers draining from the St. Elias Range 
(Enkelmann et al., 2008, 2010). A purely tectonic explanation has been proposed for 
the observed patterns of exhumation. These patterns are interpreted not to reflect a 
temporal increase in exhumation rates over the Pleistocene, but rather are simply 
driven by a southward progression of the Yakutat fold and thrust belt, perhaps influ-
enced by the westward arrival of the leading edge of the thicker sedimentary cover 
and crust of the Yakutat terrane (Meigs et al., 2008; Enklemann et al., 2009, 2010; 
Christenson et al., 2010; Worthington et al., submitted). Although, onshore thermo-
chronometry data alone cannot uniquely distinguish between orographically versus 
tectonically controlled temporal changes in erosion (Meigs et al., 2008).
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Gulf of Alaska paleoceanography

The Gulf of Alaska, located in the subarctic northeast Pacific Ocean, is an important 
component of Northern Hemisphere climate variability. Modern observations indi-
cate linkages between ALPS atmospheric conditions, North Pacific circulation, and 
marine ecosystem productivity, yet paleoceanographic data describing past changes 
in this system are sparse. Previous paleoceanographic studies of the Gulf of Alaska 
have been limited to lower temporal resolution records retrieved from lower sediment 
accumulation rate locales that were sampled to avoid dilution by turbidites and re-
main above the regionally high carbonate-compensation depth (CCD) (Zahn et al., 
1991; McDonald et al., 1999; Galbraith et al., 2007; Gebhardt et al., 2008). The late 
Pleistocene millennial-scale climate change typical of the North Atlantic has been in-
ferred from earlier work in the Gulf of Alaska but has only recently been confirmed 
for the Expedition 341 region (Barron et al., 2009; Davies et al., 2011; Addison et al., 
submitted). 

Core EW0408-85JC, collected on Khitrov Ridge at Expedition 341 proposed Site KB-
1A, has provided a detailed record of the last deglacial period to the present based on 
lithofacies analyses, siliceous microfossils, organic matter composition and biogenic 
silica concentrations, redox-sensitive metals, and oxygen isotope data from plank-
tonic and benthic foraminifers, all tied to a high-resolution age model (44 14C dates 
spanning 17,400 y) (Fig. F19). Surface water freshening likely due to glacial meltwater 
input began at 16,650 ± 170 cal y BP during an interval of relatively ice proximal sed-
imentation probably sourced from the Bering Glacier (Davies et al., 2011). A sharp 
lithofacies transition from diamict to laminated hemipelagic sediments indicates re-
treat of regional outlet glaciers onto land or into coastal fjords at 14,790 ± 380 cal y 
BP. A sudden warming and/or freshening of the Gulf of Alaska surface waters corre-
sponds with this lithofacies transition and coincides with the Bølling interstadial of 
Northern Europe and Greenland. Cooling and/or higher surface water salinities re-
turned during the Allerød interval, coincident with the Antarctic Cold Reversal, and 
continued until 11,740 ± 200 cal y BP, when onset of warming coincided with the end 
of the Younger Dryas (Davies et al., 2011). Two laminated opal-rich intervals (degla-
cial Bølling-Allerød [B-A] and the early Holocene) reveal discrete periods of enhanced 
water column productivity that likely correlate to similar features observed elsewhere 
on the margins of the North Pacific and are coeval with episodes of rapid sea level rise 
(Barron et al., 2009; Davies et al., 2011; Addison et al., submitted). Proxies for Holo-
cene productivity are consistently higher than during the colder periods of expanded 
regional glacial activity. The finding of low productivity during the glacial and stadial 
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intervals is consistent with previous findings from the open Gulf of Alaska, but are 
inconsistent with the hypothesis that such changes are the result of higher upper-
ocean stratification during cold intervals (Sigman et al., 2004; Jaccard et al., 2005). 
The B-A interval is laminated and enriched in redox-sensitive metals, suggesting pro-
ductivity-driven dysoxic-to-anoxic conditions in the water column. Enriched sedi-
mentary δ15N ratios are present in these laminated intervals, suggesting a link 
between productivity and N cycle dynamics (Addison et al., submitted). Remobiliza-
tion of iron from newly inundated continental shelves may have helped to fuel these 
episodes of elevated primary productivity and sedimentary anoxia (Davies et al., 
2011; Addison et al., submitted).

A temporal correspondence exists between water column and sedimentation events 
observed in Core EW0408-85JC and global last deglacial–early Holocene climate. In 
addition to the Bølling interstadial diamict–laminated facies transition, an early ter-
mination of the Bølling-Allerød warm interval observed in Core EW0408- 85JC rela-
tive to the North Atlantic appears in a number of high-latitude North Pacific records 
(Davies et al., 2011). When compared to the δ18O ice core records from Antarctica 
(Ruth et al., 2007) and Greenland (Andersen et al., 2006; Rasmussen et al., 2006; 
Svensson et al., 2006), the planktonic oxygen isotope pattern of Core EW0408-85JC 
bears some similarity to both of these records, lending support to the idea that North 
Pacific climate records reflect both North Atlantic and Southern Ocean forcing (Mix 
et al., 1999; Davies et al., 2011). 

Site survey data acquisition

In 2004, 1800 km of high-resolution MCS reflection profiles were collected in the Gulf 
of Alaska aboard the R/V Maurice Ewing (Fig. F2). The sources were dual 45/45 in3 GI 
(generator-injector [GI]) air guns with 3–5 m vertical resolution. For the lines over the 
Surveyor Fan, dual 105/105 in3 GI guns were used. Processing included trace regular-
ization, normal move-out correction, bandpass filtering, muting, f-k (frequency-wave 
number) filtering, stacking, water-bottom muting, and finite-difference migration 
(Gulick et al., 2007; Berger et al., 2008a). 

In 2008, ~1250 km of MCS reflection data and ~500 km of wide-angle seismic refrac-
tion data were acquired in the Gulf of Alaska as part of the St. Elias Erosion and Tec-
tonics Project (STEEP; Fig. F2). The primary tectonic survey targets included the 
offshore Yakutat-North America deformation front, the offshore St. Elias orogenic 
wedge, known as the Pamplona zone fold-thrust belt, and the Dangerous River zone 
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(DRZ). The survey also targeted the transition fault (results presented in Christeson et
al., 2010) and the offshore zone of seismicity in the Pacific plate known as the Gulf
of Alaska shear zone (Gulick et al., 2007; preliminary STEEP results presented in Reece
et al., 2009). Primary stratigraphic targets included mapping the shelf and Surveyor
Fan sediments to basement.

In 2011, ~3022 km of MCS reflection and ~600 km of wide-angle seismic refraction
data were acquired with supporting sonobuoy refraction data. The purpose of the
Gulf of Alaska seismic mapping program was to image the distal parts of the Surveyor
and Baranof Fans and the northern Pacific plate crustal structure that these sediment
bodies interact with. The program was funded through the USGS as part of the United
States assessment of Article 76 of the Law of the Sea Convention. The survey design
targeted two areas for assessment and a series of science targets to better understand
the tectonic-sedimentary system within the Gulf of Alaska. The two regions where the
Alaskan deep-sea fans cross the U.S. Exclusive Economic Zone are where the Surveyor
Fan system interacts with Aja Fracture Zone, potentially forming a thickened deposit,
and the distal Baranof Fan. Science targets include the Surveyor Channel and its in-
teraction with the Aleutian subduction zone, the Aja Fracture Zone, the Chirikof
Channel, and the channels of the Baranof Fan (Horizon, North, etc.). Expedition 341
Sites GOAL-18A, GOA18-1A, and GOA18-2A are in the imaged distal part of the Sur-
veyor Fan to the north and west of Surveyor Channel.

Acquisition parameters for both the 2008 and 2011 seismic reflection data included a
seismic source of 36 Bolt air guns with a total volume of 6600 in3 fired every 50 m.
Receivers were located in an 8 km long solid streamer at 12.5 m spacing. Common
midpoint spacing was 6.25 m. Seismic data processing included trace regularization,
normal move-out correction, bandpass filtering, muting, stacking and frequency-
wave number migration using Paradigm Geophysical FOCUS software (detailed seis-
mic processing work flow in Worthington, 2010). Vertical resolution at the seafloor
for this data set is 20–30 m.

Wide-angle reflection and refraction data were recorded along two profiles: STEEP01 is
oriented west-east, crossing the offshore Yakutat microplate from near the Bering Gla-
cier to east of the DRZ (Fig. F4); STEEP02 is oriented north-south and crosses the Yakutat
shelf, the Transition fault, and the adjacent Pacific plate (Fig. F2). For Profile STEEP01,
25 ocean bottom seismometers (OBS) were deployed at ~15 km spacing across the pro-
file. Data acquisition was simultaneous for the MCS and wide-angle data across
STEEP01, with shot spacing of 50 m. Data were recovered from 21 instruments. Process-
ing and survey details for Profile STEEP02 are presented in Christeson et al. (2010).
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Locations of a 1975 USGS survey and a 1979 survey by Western Geophysical are
shown in Figures F2 and F17. These seismic profiles provide ~30 m vertical resolution
and reliably image up to 4 s TWTT of the subsurface, ~3.5 km at 1750 m/s seismic ve-
locity. These profiles image major faults, fault-related folds, and unconformities,
roughly illustrating stratigraphic and structural relationships along the margin
(Bruns, 1983, 1985; Bruns and Schwab, 1983; Lagoe et al., 1993; Zellers, 1995). Pro-
cessing of the 1970s USGS data used in Reece et al. (in press) and Worthington et al.
(2010) included bandpass filtering, muting, normal move-out correction, and stack-
ing. The 1980s USGS data processing included trace editing and balancing, muting,
and bandpass filtering.

In addition to MCS data, high-resolution subbottom profiles and multibeam bathym-
etry exist for the Expedition 341 region. High-resolution subbottom profiles were col-
lected during the 2004 R/V Maurice Ewing cruise using a Bathy 2000-P CHIRP
subbottom profiler. High-resolution (5–20 m2) multibeam sonar data were collected
at the proposed drill sites. At shallower depths (<800 m) a SIMRAD EM1002 midwater
high-resolution multibeam sonar was used, and in deeper water (i.e., Site GOAL-16B),
a STN ATLAS Hydrosweep DS-2 multibeam sonar was used. Additionally, in 2005,
more than 162,000 km2 of high-resolution (~100 m2) multibeam sonar data were col-
lected along the base of the Yakutat slope in the Gulf of Alaska in support of the
United Nations Law of the Sea extended continental shelf investigation. Data were
collected aboard the R/V Kilo Moana and post-processed at the University of New
Hampshire Center for Coastal Studies (Mayer et al., 2005; Gardner et al., 2006). Ver-
tical accuracy is ~0.3%–0.5% of the water depth. Additional high-resolution SeaBeam
multibeam data were collected in 1988 by NOAA on the continental slope and prox-
imal Surveyor Fan southwest of Kayak Island. 

The supporting site survey data for Expedition 341 are archived at the IODP Site Sur-
vey Data Bank.

Scientific objectives

The aim of drilling the southern Alaska margin is to obtain a Neogene-to-recent sed-
imentary record of NCIS glaciation and its influence on tectonic processes and rela-
tionship with regional and global paleoclimatic changes. Focus is placed on
establishing the timing and locus of NCIS expansion during the Pliocene and Pleisto-
cene and its impact on surface processes and freshwater and sediment fluxes to the
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subarctic Pacific Ocean. Erosion and sediment redistribution during glacial–intergla-
cial cycles may have a direct effect on mountain building and deformation; thus, a 
goal is to determine the timing of changes in deformation patterns and sedimentary 
fluxes to the continental shelf and the adjacent deep-sea sediment fan. Priority is 
placed on documenting the NCIS response to global climate forcing. A unique com-
ponent of Expedition 341 is the availability of extensive adjacent onland studies of 
glacial and tectonic processes and existing seismic coverage on the margin, which, 
when coupled with the age and stratigraphic controls provided by drilling, will allow 
for a more complete source-to-sink study of the depositional history, glacial record, 
and sequence stratigraphic significance of these strata. Sampling the rapidly accumu-
lating Neogene glacimarine sediments will document the spatial and temporal behav-
ior of the geomagnetic field at extremely high temporal resolution. Such data are 
missing from this part of the planet and are required to assess the geodynamo pro-
cesses that control secular variation and geomagnetic polarity reversals.

To address these objectives we will core, log, and analyze sedimentary records from a 
potential five-site depth transect from the distal Surveyor Fan to the zone of active 
deformation on the outer shelf to recover strata that contain a record of the most sig-
nificant climate and tectonic events of the southern Alaska continental margin with 
varying temporal resolution and stratigraphic completeness. Of particular note are 
stratigraphic intervals that have the potential of preserving records of the key phases 
of the evolution of the NCIS, such as the late Miocene inception of tidewater glacia-
tion, warm early Pliocene events, large-scale early Pleistocene expansion of glacial 
coverage, and the mid-Pleistocene glacial intensification leading to the onset of 
highly erosive ice streams (Fig. F3). The expected chronostratigraphy and integrated 
multidisciplinary sediment provenance and climatic proxy record–based reconstruc-
tions of glacial dynamics are fundamental to understanding tectonic-climate inter-
play and the processes responsible for developing high-latitude continental margin 
stratigraphy.

Specific scientific objectives

1. Document the tectonic response of an active orogenic system to Pliocene and mid-Pleistocene 
climate change.

Our fundamental hypothesis is that the St. Elias orogen has undergone perturbation 
that has markedly changed the patterns and rates of deformation and exhumation in 
the orogenic wedge (Figs. F3, F6). Enhanced glacial erosion associated with the MPT 
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and the establishment of highly erosive ice streams lead to substantial mass redistri-
bution in the wedge, shutting down existing regions of active deformation and refo-
cusing the deformation and exhumation patterns of the orogen (Berger et al., 2008a; 
Worthington et al., 2008; 2010; Chapman et al., 2008). Testing the hypothesis that 
the MPT led to rapid intensification of erosion along the windward side of the moun-
tain range first requires that we establish the baseline erosion conditions in the oro-
gen prior to this climate perturbation, which involves integration of results of the 
Surveyor Fan seismic reflection data sets (Fig. F17) and sediment mass fluxes and 
provenance records from the most distal proposed Site GOA18-2A. Documenting cli-
matic influence on enhanced exhumation requires establishing a connection be-
tween a change in sediment provenance to more windward source rocks (e.g., Prince 
William and Yakutat terranes) and establishing glacial conditions, which will require 
sediment accumulation rates and provenance records from Sites GOA16-1A and 
GOA18-2A, as they likely contain a proximal and a distal (and complete) record of the 
Surveyor Fan sequences, respectively, but that are still within a reasonable drilling 
depth. Lastly, addressing the hypothesis that the onset of ice streams has completely 
altered the deformation and exhumation patterns in the orogenic wedge (Berger et 
al., 2008a) will require age control, sediment accumulation rates, and provenance re-
cords from the more proximal Sites GOAL-15C, GOA16-1A, and GOAL-17B near the 
Bering Glacier, where tectonic deformation patterns have been shown to evolve with 
sedimentation (Worthington et al., 2010). Drilling also will allow testing the alterna-
tive hypothesis that rates of exhumation and erosion have not changed in the past 5 
m.y. and that the locus of exhumation has steadily progressed southeastward with the 
encroachment of thicker crust (Enkelmann et al., 2008, 2009, 2010).

2. Establish the timing of Neogene advance and retreat phases of the northwestern Cordilleran ice 
sheet to test its relation to global ice sheet dynamics. 

Previous scientific drilling on glaciated margins similar to southern Alaska has pro-
vided a rich and detailed examination of global Neogene ice dynamics including 
DSDP Leg 18 (Kulm, von Huene, et al., 1973), DSDP Leg 28 (Hayes, Frakes, et al., 
1975), ODP Leg 105 (Srivastava, Aurthur, Clement, et al., 1987), ODP Leg 113 (Barker, 
Kennett, et al., 1988), ODP Leg 119 (Barron, Larsen, et al., 1989), ODP Leg 145 (Rea, 
Basov, Janecek, Palmer-Julson, et al., 1993), ODP Leg 152 (Larsen, Saunders, Clift, et 
al., 1994), ODP Leg 178 (Barker, Camerlenghi, Acton, et al., 2002), ODP Leg 188 
(O’Brien, Cooper, Richter, et al., 2001), and IODP Expedition 318 (Escutia, Brinkhuis, 
Klaus, et al., 2011). We expect that drilling on this glaciated margin will complement 
these expeditions by filling a substantial gap in knowledge of North American ice dy-
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namics by establishing the timing of advance and retreat phases of the NCIS through-
out the Quaternary. Establishing the timing of NCIS advance–retreat cycles will 
address a major challenge in Quaternary paleoclimatology, which is to know the ex-
tent to which glacial-age climate change was a synchronous worldwide event and 
what the driving mechanisms were for potentially propagating millennial-scale 
warming–cooling cycles around the globe (oceanic, atmospheric, or both) (Clapper-
ton, 2000; Mix et al., 2001; Hill et al., 2006). Although many records (Clark and 
Bartlein, 1995; Behl and Kennett, 1996; Hendy and Kennett, 1999; Grigg et al., 2001; 
Hendy and Cosma, 2008; Davies et al., 2011) provide strong evidence for millennial-
scale climate change in the northeast Pacific in the Quaternary, the timing and char-
acter of these variations in relation to North Atlantic or Southern Ocean records are 
still unknown, largely due to uncertainties resulting from the scarcity of high-resolu-
tion records from the region. The proposed study area is an ideal one to address these 
issues because the regional climate and oceanography are highly sensitive to atmo-
spheric-oceanic dynamics in the North Pacific (Bartlein et al., 1998). The Expedition 
341 drilling program will provide a higher-resolution chronology and a more com-
plete record of glacial activity in the St. Elias orogen, which will allow us to assess the 
timing of the changes relative to the established records of global forcing (i.e., global 
δ18O stack). 

3. Conduct an expanded source-to-sink study of the complex interactions between glacial, tectonic, 
and oceanographic processes responsible for creation of Neogene high-latitude continental margin 
sequences.

The Gulf of Alaska margin offers the opportunity for expanded study of the complex 
interactions between glacial, tectonic, and oceanographic processes responsible for 
creation of one of the thickest, most complete Neogene high-latitude continental 
margin sequences (Stevenson and Embley, 1987; Lagoe et al., 1993; Reece et al., in 
press). In southern Alaska, high sediment accumulation rates driven by the interac-
tion of glacial processes with a dynamic tectonic setting have resulted in the substan-
tial growth of this continental margin (Figs. F11, F12, F17) (Lagoe et al., 1993; Plafker, 
1994; Willems, 2009; Worthington et al., 2010), and the proposed drilling coupled 
with the onshore work accomplished as part of STEEP to examine sediment produc-
tion and transfer will allow us to document the depositional history, glaciological re-
cord, and sequence stratigraphic significance of these strata in a source-to-sink 
context. To test hypothetical models of glacial-sequence formation for temperate gla-
cimarine settings (Dunbar et al., 2008) and those specific to Alaska (Fig. F11) (Powell 
and Cooper, 2002; Willems, 2009), we will make use of the extensive seismic coverage 
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on the shelf and the age and stratigraphic controls provided by our drilling program. 
Emphasis will be placed on documenting how the sedimentary “signals” of tectonic 
and climate induced changes in sediment production vary through the morphody-
namic elements of glacimarine sediment dispersal systems.

4. 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.

Drilling on the Gulf of Alaska continental margin will create a high-resolution (mil-
lennial) view of variability in productivity and water column circulation under a 
range of different forcings, including global-scale factors such as insolation, CO2, and 
regional factors such as sea ice and runoff. The North Pacific is currently a low-salinity 
region, which inhibits large-scale intermediate and deep-water formation (Emile-
Geay et al., 2003). However, evidence exists for enhanced Pacific meridional over-
turning circulation (PMOC) that has antiphase activity with Atlantic meridional over-
turning circulation (AMOC) (Okazaki et al., 2010; Menviel et al., in press). The 
dynamics of Northern Hemisphere freshwater and precipitation fluxes to the respec-
tive Atlantic and Pacific Oceans may be the primary control on large-scale intermedi-
ate and deep water-column circulation in the Pacific. Drilling also will allow us to 
compare and contrast the magnitude and scales of variability in water column pro-
ductivity between glacial, interstadial, and interglacial conditions, which differ in de-
tail such as insolation forcing, sea level, and so on. Productivity maxima events are 
widespread around the rim of the North Pacific (e.g., Mix et al., 1999). At Site KB-2A, 
a high-resolution chronology based on nearby shallow piston coring links these 
events locally to episodes of global sea level rise, leading Davies et al. (2011) to con-
clude that remobilization of iron and other limiting nutrients from continental 
shelves and inundated estuaries during sea level rise (e.g., Lam and Bishop, 2008; Sev-
ermann et al., 2010) contributes to events of productivity and hypoxia around the 
margins of the North Pacific. Assessing this hypothesis will require finding similar 
events associated with earlier sea level rises in the region.

A consequence of this episodic enhancement of productivity coupled with glacial-in-
duced changes in terrigenous carbon supply is variability on a range of timescales and 
forcing conditions in the fluxes and burial of C, N, and Si and plankton assemblages 
on the Gulf of Alaska margin (Davies et al., 2011; Addison et al., submitted). In gen-
eral, the paleoproductivity questions addressed by this expedition are fairly unique 
and significant because this understudied region is very productive and hosts impor-
tant fisheries and ecosystems (Stabeno et al., 2004). Drilling offers a unique opportu-
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nity to study how the past Gulf of Alaska marine ecosystem behaved during earlier 
periods of warmth, several of which are likely models for future warming trends.

5. Document the spatial and temporal behavior during the Neogene of the geomagnetic field at 
extremely high temporal resolution in an undersampled region of the globe.

Over the last decade, our understanding of the paleomagnetic record during the Plio-
cene–Pleistocene has improved substantially, providing new techniques and signifi-
cantly improving stratigraphic resolution and reliability. Resulting largely from ODP/
IODP drilling of ocean sediments, we now know that the strength of the Earth’s mag-
netic field (paleointensity) varies globally on suborbital timescales for at least the last 
1.5 m.y. (e.g., Channell et al., 2009), that short-duration (millennial or less) geomag-
netic polarity events (magnetic excursions) are not only real, but common compo-
nents of field behavior (e.g., Lund et al., 2001, 2005; Channell et al., 2002), and that 
polarity transitions display complex though reproducible behaviors (e.g. Channell et 
al., 1998; Clement et al., 2004; Mazaud et al., 2009), all hinting at the dynamics that 
drive geomagnetic change. New records have also resulted in improved chronologies 
(Channell et al., 2008), allowing increasingly reliable temporal calibrations and im-
proved resolution of magnetic stratigraphic techniques. Global relative paleointen-
sity (RPI) stacks providing orbital resolution tuning targets extend back over 2 m.y. 
(Valet et al., 2005), suborbital resolution stacks extend back over 1.5 m.y. (Channell 
et al., 2009), and multi-millennial records are available for the last 75 k.y. (Laj et al., 
2004). Though constrained by fewer records, a western Pacific regional stack since 3 
Ma (Yamazaki and Oda, 2005) provides additional tuning targets that may prove to 
be globally applicable. The RPI record is being refined through ongoing IODP re-
search, and its integration with other stratigraphic and absolute dating techniques 
was a primary objective of North Atlantic IODP Expeditions 303 and 306 (e.g., Chan-
nell, Kanamatsu, Sato, Stein, Alvarez Zarikian, Malone, et al., 2006). RPI, together 
with the recognition of short-duration polarity events (e.g., Lund et al., 1998, 2001; 
Guyodo and Valet, 1999; Channell et al., 2002; Singer et al., 2002), provides addi-
tional stratigraphic opportunities through what has been termed the geomagnetic in-
stability timescale (Singer et al., 2002). 

Yet, much of this understanding is derived from data obtained from a limited part of 
the world. Historical data, dynamo models, and some paleomagnetic records attest to 
the importance of regions of concentrated flux that result in longitudinal asymmetry 
of the geomagnetic field. These asymmetries include subdued secular variation in the 
Pacific relative to the Atlantic hemisphere and regions of concentrated geomagnetic 
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flux (flux lobes or bundles) over Canada and Siberia at ~60°N latitude (Fig. F20). If 
truly long-lived, these imply that the structure of the geodynamo reflects lower man-
tle control, possibly through regulation of the long-term heat flux from the core 
(Bloxham and Gubbins, 1987; Bloxham, 2000). As such, these mantle-controlled 
non-axisymmetric flux concentrations could provide organizing structures that may 
control much of the dynamics of the geomagnetic field. 

The ability to develop magnetic stratigraphies that allow regional to global correla-
tion over a range of timescales will be important to the success of IODP drilling in 
southern Alaska. Preliminary paleomagnetic results from the Gulf of Alaska (Davies et 
al., unpubl. data) suggest that the proposed sites record geomagnetic field variability 
consistent on submillennial scales with independently dated Holocene paleosecular 
variation records from Alaskan lakes (Geiss and Banerjee, 2003) and across North 
America (Lund, 1996). Long paleomagnetic time series constrained by independent 
chronologies from radiocarbon dating, tephrachronology, and stable isotope stratig-
raphies would allow Pacific paleomagnetic secular variation and relative paleointen-
sity to be compared with the many records from the Atlantic (e.g., Channell, 1999, 
2006; Stoner et al., 2000; Lund et al., 2005). Outside of reversals and excursions, few 
of these studies have focused on the directional record, having concentrated on rela-
tive paleointensity. By linking paleomagnetic directions and intensity between these 
regions, we will be able to assess geomagnetic persistence, a signature of the mantle’s 
influence on the geodynamo and the paleomagnetic record (Gubbins et al., 2007; 
Stoner, 2009; Amit et al., 2010), and to facilitate a test of the hypothesis that hetero-
geneities of the lowermost mantle influence the structure of the geodynamo and, 
therefore, the behavior of the geomagnetic field (Cox and Doell, 1964).

Drilling and coring strategy

We propose to drill a depth transect in Miocene–modern continental margin clastic 
strata (continental margin glacimarine, turbidites, and hemipelagic and diatoma-
ceous clastic strata) using a combination of sites in water depths from 178 to 4218 m 
and drilled to ~150–1158 m depths. The operations plan and time estimates for the 
primary and alternate sites are summarized in Tables T2 and T3, respectively. Time 
estimates are based on formation lithologies and depths inferred from seismic and re-
gional geological interpretations, including prior drilling in this area (Leg 18 and in-
dustry; Risely et al., 1992). After departing from Victoria, British Columbia, Canada, 
we will transit for ~4 days to the Gulf of Alaska and prepare for drilling operations.
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The proposed drilling strategy begins with drilling at proposed Site KB-2A followed by 
proposed Sites GOAL-15C, GOAL-17B, GOA16-1A, and GOA18-2A. 

At Site KB-2A, three holes will be cored with the advanced piston corer (APC) to re-
fusal or ~200 meters below seafloor (mbsf). A fourth hole will be cored with the APC/
extended core barrel (XCB) ~400 mbsf. Nonmagnetic core barrels will be used in all 
APC sections, and the orientation of APC cores will be measured with the FlexIt tool 
in Hole A.

At Sites GOAL-15C and GOAL-17B, the first hole at each site (Hole A) will be APC 
cored to refusal (~250 mbsf) followed by XCB coring to ~1112 mbsf (GOAL-15C) or 
~1032 mbsf (GOAL-17B). We are approved by the Environmental Protection and 
Safety Panel (EPSP) to drill 10% deeper than these depths in case the velocity esti-
mates are incorrect. Nonmagnetic core barrels will be used in all APC sections. The 
orientation of APC cores will be measured with the FlexIt tool at Site GOAL-17B. 

At Site GOA16-1A, three holes will be cored with the APC to ~200 mbsf. A fourth hole 
will be APC/XCB cored to ~978 mbsf. At Site GOA18-2A, two holes will be cored with 
the APC to ~200 mbsf. A third hole will be APC/XCB cored to ~780 mbsf. A fourth 
hole will be APC/XCB cored to ~425 mbsf. While drilling/coring in Hole A for both 
these sites, a number of advanced piston coring temperature tool (APCT-3) and sedi-
ment temperature tool (SET) measurements will be made, as formation conditions 
permit, to complement existing data. Nonmagnetic core barrels will be used in all 
APC sections, and the orientation of APC cores will be measured with the FlexIt tool 
in Hole A.

After coring is completed at each site, holes will be conditioned, displaced with log-
ging mud, and logged as per the logging plan (see “Downhole measurements strat-
egy”).

Drilling operations in shallow water require special precautions to ensure safety for 
crew and equipment. Weather conditions (particularly sea state and resulting heave 
behavior of the vessel) are critical (see “Risks and contingency”).

Risks and contingency

There are a number of risks to achieving the objectives of this program. Weather and 
the nature of the sediments in the Gulf of Alaska may present operational risks that 
could negatively impact coring/logging operations, hole stability, core recovery, core 
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quality, and rate of penetration. Expedition 341 has been scheduled to take place dur-
ing the summer, the optimum weather season; however, severe weather may still oc-
cur and could adversely impact operational efficiency and transit speed. Additionally, 
the possible presence of ice rafted debris, chert layers, and glacial deposits could lead 
to bent core barrels and damaged APC shoes and XCB bits. A series of alternate sites 
are available for contingency operations.

Downhole measurements strategy

Wireline logging

We plan to acquire wireline logs from all sites proposed in the primary operations 
plan. Three standard IODP tool string configurations will be deployed in the deepest 
hole at each site. These are the triple combination (triple combo), Formation Micro-
Scanner (FMS)-sonic, and Versatile Seismic Imager (VSI) tool strings (Fig. F21). 

At each site logged the first tool string deployed will be the triple combo, which will 
measure density, neutron porosity, resistivity, and natural and spectral gamma ray, 
along with caliper. The caliper log provided by the density tool will allow an assess-
ment of hole conditions and the potential for success of subsequent logging runs. The 
second run will be the FMS-sonic and will record gamma ray, sonic velocity (for com-
pressional and shear waves), and high-resolution electrical images. The compres-
sional velocity logs will be combined with the density logs to generate synthetic 
seismograms for detailed seismic-log correlations. To calibrate the integration of well 
and seismic data, the third run in each hole will be a vertical seismic profile (VSP), 
recorded with the VSI, which will require use of a seismic sound source. The expected 
spacing between stations will be 50 m over the entire open interval of each hole 
logged. Spacing could be reduced for specific targets or adjusted for hole conditions. 
The seismic sound source used during the check shot/VSP survey will be subject to the 
IODP marine mammal policy and may have to be postponed or cancelled if certain 
policy conditions are not met. For more information on specific logging tools, please 
refer to iodp.ldeo.columbia.edu/TOOLS_LABS.

At three of the five primary sites we plan to deploy the high-resolution Lamont Do-
herty Earth Observatory (LDEO) magnetic properties tool string. This consists of the 
Magnetic Susceptibility Sonde (MSS) in combination with the Multisensor Magne-
tometer Module (MMM). These tools will acquire total field and three-axis magnetic 
field measurements and magnetic susceptibility. The MMM and MSS are currently un-
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der development at LDEO-Borehole Research Group (BRG), and it is anticipated that 
they will be available for deployment during Expedition 341. 

At sites (GOAL-17B and GOAL-15C) where the magnetic properties tool string is not 
deployed, the triple combo will be modified to replace the Dual Induction Tool (DIT-
E) resistivity tool with the MSS; this is called the “paleo-combo” (Fig. F22).

Formation temperature measurements

The downhole measurement plan includes a depth series of reconnaissance tempera-
ture measurements at Sites GOA16-1A and GOA18-2A within the Surveyor Fan, prin-
cipally using the APCT-3 tool, supplemented by the SET if necessary where sediments 
are more consolidated. The scientific objective of the temperature measurement plan 
is to provide sufficient data to reconstruct the thermal gradient at each site. This in-
formation will help constrain the subduction inputs and the history of burial diagen-
esis.

Sampling and data sharing strategy

Shipboard and shore-based researchers should refer to the IODP Sample, Data, and 
Obligations Policy (www.iodp.org/program-policies/). This document outlines the 
policy for distributing IODP samples and data. It also defines the obligations incurred 
by sample and data recipients. All requests for data and core samples must be ap-
proved by the Sample Allocation Committee (SAC). The SAC is composed of the Co-
Chief Scientists, Expedition Project Manager, and IODP Curator on shore and curato-
rial representative in place of the Curator onboard the ship. 

Every member of the science party is obligated to carry out scientific research for the 
expedition and publish it. For this purpose, shipboard and shore-based scientists are 
expected to submit sample requests (at smcs.iodp.org/) detailing their science plan 
at least 3 months before the beginning of the expedition. Based on sample requests 
submitted by this deadline and input from the scientific party, the SAC will prepare a 
tentative sampling plan that will be revised on the ship as dictated by recovery and 
cruise objectives. The sampling plan will be subject to modification depending upon 
the actual material recovered and collaborations that may evolve between scientists 
during the expedition. This planning process is necessary to coordinate the research 
to be conducted and to ensure that the scientific objectives are achieved. 
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Minimizing the overlap of measurements among the shipboard party and identified 
shore-based collaborators will be a factor in evaluating sample requests. Success will 
require collaboration, integration of complementary data sets, and consistent meth-
ods of analysis. Substantial collaboration and cooperation are highly encouraged.

Shipboard sampling will be restricted to acquiring ephemeral data types and to low- 
resolution sampling, mainly so that we can rapidly produce age model data critical to 
the overall objectives of the expedition and for planning for higher resolution sam-
pling postcruise. Whole-round samples will be taken for pore fluid chemistry, physi-
cal properties, and possibly microbiological experiments. Sampling for the bulk of 
individual scientists’ personal research will be postponed until a shore-based sam-
pling party to be implemented ~4 months after the expedition at the Gulf Coast Re-
pository (College Station, Texas, USA).

All collected data and samples will be protected by a 1 y moratorium period following 
the completion of the sampling party, during which time data and samples are avail-
able only to the Expedition 341 science party and approved shore-based participants. 
Modifications to the sampling plan during the expedition and the moratorium period 
require the approval of the SAC. 

There may be considerable demand for samples from a limited amount of cored ma-
terial for some critical intervals. Critical intervals may require special handling, a 
higher sampling density, reduced sample size, or continuous core sampling for a set 
of particular high-priority research objectives. The SAC may require an additional for-
mal sampling plan before critical intervals are sampled and a special sampling plan 
will be developed to maximize scientific participation and to preserve some material 
for future studies. The SAC can decide at any stage during the expedition or during 
the moratorium period which recovered intervals should be considered as critical.

At Sites KB-2A, GOA16-1A, and GOA18-2A we plan to split and describe on the ship 
only some of the holes acquired at each site and preserve selected intervals as whole-
round cores. Immediately following the expedition, the unsplit cores will be sent to 
shore-based laboratories to be scanned by computed tomography. Splitting and de-
scription of these cores will be accomplished last at the IODP Gulf Coast Repository.
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Table T1. Interpreted horizons on shelf seismic profiles (Worthington et al., 2010). Horizon color af-
ter Zellers (1995).

Horizon
Age
(Ma) Definition Color References

H1 ~1 Mid-Pleistocene Transition (MPT)—local angular erosional unconformity created 
by shelfal glacial advance

Violet Worthington et al. (2008); 
Berger et al. (2008a)

H2 ~1.8–1 Arbitrary time marker Blue —

H3 1.8 Pliocene–Pleistocene transition Yellow Zellers (1995)

H4 ~5.9 Yakataga Poul Creek contact; generally defines onset of glaciation Green Zellers (1995)

H5  Acoustic basement; contact between shelf sediment and Yakutat basement crust Purple —
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Table T2. Operations plan, primary sites. 

5.0
4.1

59°31.93'N 721 1.1

144°8.03'W 0.6

0.6

1.6 1.2

All APC sections begin with non-magnetic core barrels.

5.1

0.1

59°41.34'N 261 4.5 1.5

143°12.06'W

6.0

0.1

59°30.44'N 738 4.8 1.5

143°2.74'W

6.3

0.3

58°46.61'N 3703 1.8

144°29.60'W 1.3

1.3

7.6 2.1

14.1

0.6

56°57.60'N 4188 2.0

147°6.60'W 1.4

5.9 2.4

3.5

15.2

4.1

9.3 38.0 8.7

5.0
46.7

APC = advanced piston coring, XCB = extended core barrel coring. FMS = Formation MicroScanner, VIS = Versatile Seismic Imager, MMM = Multisensor Magnetometer Module.

All APC sections begin with non-magnetic core barrels.

Sub-Total Days on Site:

GOAL-15C

EPSP depth 
approved to 
1225 mbsf

GOAL-17B

EPSP depth 
approved to 
1045 mbsf

Sub-Total Days on Site:

Hole D: APC/XCB to 425 mbsf

Transit ~137 nmi to GOA18-2A@ 10.5 knots

Hole A: APC ~250 mbsf, XCB ~1032 mbsf w/orientation; Log w/ Triple Combo, FMS Sonic, and VSI

All APC sections begin with non-magnetic core barrels.

Sub-Total Days on Site:

Victoria End Expedition

Port Call Days: Total Operating Days:
Sub-Total on Site Days:

56.0
61.0

Transit ~1032 nmi to Victoria@ 10.5 knots

Total Expedition Days:

All APC sections begin with non-magnetic core barrels.

GOA18-2A

EPSP depth 
pending 
approval

Hole A: APC ~ 200 mbsf w/orientation and APCT3 measurements

Hole B: APC ~ 200 mbsf

Hole C: APC/XCB ~780 mbsf; Log w/ Triple Combo, FMS Sonic, VSI, and MMM

Transit ~62 nmi to GOA16-1A@ 10.5 knots

Hole A: APC ~ 200 mbsf w/orientation and APCT3 measurements

Hole B: APC ~ 200 mbsf

Hole D: APC/XCB to 978 mbsf; Log w/ Triple Combo, FMS Sonic, VSI, and MMM

Hole C: APC ~ 200 mbsf
GOA16-1A

EPSP depth 
approved to 
1100 mbsf

Proposed site
Location 
(latitude, 

longitude)

Seafloor 
depth 
(mbrf)

Victoria

Hole A: APC ~250 mbsf, XCB ~1112 mbsf; Log w/ Triple Combo, FMS Sonic, and VSI

Sub-Total Days on Site:

Transit ~12 nmi to GOAL-17B@ 8.0 knots

All APC sections begin with non-magnetic core barrels.

Sub-Total Days on Site:

Transit ~30 nmi to GOAL-15C@ 10.0 knots

KB-2A

EPSP depth 
approved to 417 

mbsf

Hole D: APC/XCB to 400 mbsf; Log w/ Triple Combo, FMS Sonic, VSI, and MMM

Operations description
Transit 
(days)

port call days

Hole C: APC  to ~200 mbsf

Coring/ 
drilling 
(days)

Begin Expedition

Logging 
(days)

Transit ~1037 nmi to KB-2A@ 10.5 knots

Hole A: APC to ~200 mbsf with orientation

Hole B: APC to ~200 mbsf
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Table T3. Operations plan, alternate sites.

59°42.06'N 189 4.7 1.5
143°7.20'W

6.2

58°46.35'N 3701 1.8
144°30.12'W 1.4

1.3
7.4 2.1

14.0

58°46.18'N 3701 1.8
144°29.79'W 1.4

1.3
7.8 2.2

14.5

56°57.38'N 4229 2.0
147°8.25'W 1.4

5.9 2.1
4.2

15.6

56°56.36'N 4273 2.0
147°22.37'W 1.4

5.8 2.3
4.2

15.7

APC = advanced piston coring, XCB = extended core barrel coring. FMS = Formation MicroScanner, VIS = Versatile Seismic Imager, MMM = Multisensor Magnetometer Module. 

GOA18-1A

EPSP depth 
pending 
approval

GOA15-1A

EPSP depth 
approved to 1200 

mbsf

GOA16-2A

EPSP depth 
approved to 1100 

mbsf

GOAL-16B

EPSP depth 
approved to 1100 

mbsf

GOAL-18A

EPSP depth 
approved to 856 

mbsf

Hole D: APC/XCB to 962 mbsf; Log w/ Triple Combo, FMS Sonic, VSI, and MMM

Hole A: APC ~200 mbsf, w/orientation and APCT3 measurements

Hole A: APC ~250 mbsf, XCB ~1158 mbsf w/ APCT3; Log w/ Triple Combo, FMS Sonic, and VSI

All APC sections begin with non-magnetic core barrels.
Sub-Total Days on Site:

Hole C: APC/XCB ~780 mbsf; Log w/Triple Combo, FMS Sonic, VSI, and MMM

Hole A: APC ~200 mbsf, w/orientation and APCT3 measurements

Sub-Total Days on Site:

Hole A: APC ~200 mbsf, w/orientation and APCT3 measurements
Hole B: APC ~ 200 mbsf
Hole C: APC ~200 mbsf 

All APC sections begin with non-magnetic core barrels.

All APC sections begin with non-magnetic core barrels.

Hole A: APC ~200 mbsf, w/orientation and APCT3 measurements

All APC sections begin with non-magnetic core barrels.
Sub-Total Days on Site:

Hole B: APC ~200 mbsf 

Hole D: APC/XCB to 500 mbsf

Hole B: APC ~200 mbsf 
Hole C: APC ~200 mbsf 
Hole D: APC/XCB to 986 mbsf; Log w/ Triple Combo, FMS Sonic, VSI, and MMM

Sub-Total Days on Site:

Logging 
(days)Proposed site

Location 
(latitude, 

longitude)

Seafloor 
depth 
(mbrf)

Operations description
Coring/ 
drilling 
(days)

All APC sections begin with non-magnetic core barrels.
Sub-Total Days on Site:

Hole B: APC ~200 mbsf 
Hole C: APC/XCB ~758 mbsf; Log w/Triple Combo, FMS Sonic, VSI, and MMM
Hole D: APC/XCB to 500 mbsf
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Figure F1. Conceptual model for the response of a one-sided critical taper wedge to a climate-driven 
erosional perturbation. Top: St. Elias orogen is in steady state during the Pliocene–late Pleistocene 
with tectonic influx and exhumation balanced by erosion and removal of material from the wedge. 
Lower: Mid-Pleistocene transition to longer-lived ice sheets and the formation of ice streams focuses 
erosion along the windward side at the glacial equilibrium line (ELA). Assuming that the tectonic 
influx remains steady, the onset of more intense glacial erosion increases exhumation rates (purple 
arrow) and rapid redistribution of mass to toe of orogenic wedge alters the internal stress loads, cre-
ating a new taper angle (β), shutting down active thrust sheets and repositioning active deformation 
to the new toe of the wedge (modified after Willet, 1999).
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P drilling locations (see inset) and the 
reflection data on the shelf. High-reso-
 and refraction lines (green) were col-
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Alaska and adjacent regions as modified from La-
(1993), Rea and Snoeckx (1995), and Lagoe and 
tonic events from Lagoe et al. (1993), Stevenson 
el et al. (2011). Oxygen isotope data from global 
e-rafted debris.
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Figure F4. Regional tectonic map of southern Alaska showing major faults, topography, and geo-
graphic landmarks. Pacific plate velocity vector from Demets and Dixon (1999). Yakutat terrane ve-
locity w.r.t. North America in red arrows (avg. = 47 mm/y from Elliot et al., 2010). Blue dashed line 
shows extent of subducted Yakutat slab from Eberhart-Phillips et al., (2006). Black dashed outline 
shows currently defined Yakutat terrane. Benioff zone depth contours at 50, 100, and 150 km. KIZ = 
Kayak Island zone, DRZ = Dangerous River zone, TACT = Trans-Alaska Crustal Transect. Figure from 
Worthington, 2010.
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Figure F5. Terrane map of Alaska showing major tectonostratigraphic terranes. Modified from 
Nokleburg et al. (2001).
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Figure F6. Proposed model of climate-related influences on orogen kinematics. A. Exhumational 
flux based on thermochronometry and architecture of the orogen prior to onset of glacial interval 
C, drawn along line A-A′ (Fig. F4) based on thermochronometry (Berger et al., 2008b; Spotila and 
Berger, 2010) and geologic data (Plafker et al., 1994; Bruhn et al., 2004). B. Exhumational flux based 
on thermochronometry and architecture of the orogen after the onset of glacial interval C. C. Inter-
pretative model of the effect of glacial erosion and deposition on the St. Elias critical wedge. Before 
glacial interval C (left), the critical Coulomb wedge is wider and has greater relief. After the intensi-
fication of glaciation (right), increased glacial erosion and offshore deposition reduced relief, con-
centrated deformation, required enhanced back thrusting, and forced the termination of foreland 
structures, thereby narrowing the wedge. For A, B, and C, straight dashed lines depict structures 
with only minor amounts of slip and wavy dashed lines depict inactive structures. Gray, green, and 
brown strata along windward site reflect Kultieth, Poul Creek, and Yakataga Formations, respec-
tively. Modified from Berger et al. (2008a, 2008b).
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nental margin, showing tectonic bound-
ring Trough, GS = Giacomini Seamount, 
daries adapted from Gulick et al. (2007); 
well, 1997); Yakutat terrane motion rela-
set: Location of Alaska Coastal Current 
 from Reece et al., in press.
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Figure F8. Alaska paleoglacier summary of Pleistocene glaciation across Alaska. Shown is the extent 
of glaciers during the late Wisconsin (LGM) glaciation and the maximum extent reached during the 
last 3 m.y. by valley glaciers, ice caps, and the NCIS. From Manley and Kaufmann (2002).
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Figure F9. GOA-2505 seismic section, uninterpreted (top) and interpreted (bottom). Interpreted sec-
tion shows structures BT4, BT5, and key horizons. Colored horizons are regional horizons inter-
preted throughout the study area. Black horizons are interpreted locally to define glacial 
depositional sequences in the upper 2 s of the record. From Worthington et al. (2010).
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Figure F10. A. STEEP09 seismic section, uninterpreted (top) and interpreted (bottom). Interpreted 
section shows structures BT1, BT2, BT3, BT4, and key horizons. Colored horizons are regional hori-
zons interpreted throughout the study area. Horizons A–F (black) are interpreted locally to define 
growth strata packages on fold limbs and glacial depositional sequences in the upper 2 s of the re-
cord. B. High-resolution (1002 m) bathymetry shows fault scarps on Yakutat slope associated with 
BT1 and BT2. Locations of seismic profiles STEEP09 (red) and GOA2505 (purple). From Worthington 
et al. (2010).

STEEP09

Bering T.

Transition F.

GOA2505

Bering Gl.

BT1

BT2

25 km

6.25 km SOUTHEAST

2

4

6

H2

H4

H3

H5

H1

VE ~ 3x

VE ~ 3x

???

BT1
BT2

BT3BT4

A
B

C D

E

F

A

B

Tw
o-w

ay Traveltim
e (s)

2

4

6

Tw
o-w

ay Traveltim
e (s)

YAK-NA deformation front

actively deforming
anticlines on slope
62



Expedition 341 Scientific Prospectus

63

ial systems tracts at proposed 
 glacial sediment deposited at 
e during glacial advance. Each 
equence geometries indicate a 
tion space could be eustatic in 
Figure F11. Glacial sequences and interpreted lithofacies of GOA-2505 seismic section based on glac
drill sites.  The GMiST includes sediment accumulated during interglacial periods. The GRST includes
the glacial grounding-line, and the GMaST is composed of sediment deposited at the continental slop
proposed drill core should sample at least eight interglacial intervals with thicknesses up to 5 ms. S
overall reduction in shelf accommodation space over the past 2 m.y.  Such a reduction in accommoda
nature and influenced by fluctuations of the Cordilleran ice sheet. After Willems (2009).
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Figure F12. A. High-resolution seismic Profile GOA-2505 imaging Bering Trough showing a distinct 
change in margin architecture from tectonically to depositionally influenced at the labeled ero-
sional unconformity. B. Interpretations for seismic Profile GOA-2505. Location of seismic profile 
shown in Figure F2. C. Schematic cross-section across frontal St. Elias wedge. Modified from 
Worthington et al., 2008, 2010.
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e shelf break at Khitrov Ridge. 
Site KB-2 is located upslope of 
dward end of seismic Profile 
Figure F13. High-resolution seismic profile (A) GOA-3101 and GOA-3102 and (B) CHIRP imaging th
Active deformation and faulting at seafloor soles into a transtensional flower structure and the drill 
these structures. Higher amplitude reflectors correspond in Core EW0408 85JC (located at the lan
GOA3101) to diamict (Davies et al., 2011). LGM = Last Glacial Maximum.
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Figure F14. Lithology and age control for DSDP Site 178. Modified from Lagoe et al. (1993). Partial 
seismic section from Line 13 of 1989 USGS Survey F689 (Fig. F7). IRD = ice-rafted debris, Ja = Jara-
millo, Oi = Olduvai. GI A, GI B, GI C = glacial Intervals A, B, and C. MPW = mid-Pliocene warm pe-
riod. 40Ar/39Ar ages from Hogan et al. (1978). Magnetic polarity stratigraphy from von Huene et al. 
(1973). Modified from Reece et al., in press.
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GS Survey F689 showing sequences newly defined by this study and approxi-
line location. Vertical exaggeration assumes 2000 m/s sediment acoustic veloc-
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Figure F16. STEEP13 seismic section and high-resolution seismic Profile GOA-3201 (inset) showin
quence III on the proximal Surveyor Fan. Proposed drill sites for the proximal fan penetrate all of Seq
posed mass transport deposit (MTD, Surveyor Slide) (Reece and Gulick, unpubl. data).
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Figure F17. Two-way travel time thickness maps of (A) Sequence I, Pacific plate formation to ~5.5 
Ma, (B) Sequence II, ~5.5–1 Ma, and (C) Sequence III, ~1 Ma to present. D. Seismic reflection data 
track lines used in the calculation. ASV = Alsek Sea Valley, BT = Bering Trough, KT = Kayak Trough, 
YSV = Yakutat Sea Valley. From Reece et al., in press. 
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Figure F19. Lithofacies and paleoceanographic data from Core EW0408-85JC. A. Computed tomog-
raphy (CT)-derived bulk density data. B. Opal (periods of lamination are delineated below the re-
cord by green bars). C. Planktonic δ18O (dark blue = Neogloboquadrina pachyderma, light blue = 
Globigerina bulloides). D. Benthic δ18O (solid squares = Uvigerina peregrina, open squares = Cibicidoides 
wuellerstorfi + 0.64, crossed squares = Nonionella sp. + 0.10). E. Planktonic-benthic δ18O (light pink 
squares). F. Planktonic δ13C (purple = N. pachyderma sinistral, pink-red = G. bulloides). G. Benthic 
δ13C (orange = U. peregrina + 0.20, orange open canted triangles = C. wuellerstorfi). For global context 
these data are presented next to (H) the Greenland ice core δ18O record (NGRIP; gray) (Andersen et 
al., 2006; Rasmussen et al., 2006; Svensson et al., 2006) and (I) the relative sea level (RSL) curve 
compiled in Sidall et al. (2009) (open blue squares). Timing of the North Atlantic Bølling-Allerød (B-
A) and Younger Dryas (Y-D) climate anomalies is highlighted in yellow and blue, respectively, as 
well as meltwater pulse (MWP) 1A (yellow, coeval with the B-A), and 1B (green). From Davies et al. 
(2011). (Figure shown on next page.)
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Figure F19 (continued). (Caption shown on previous page.)
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 quasistationary nondipole features (Gubbins and Kelly, 1993).
Figure F20. 5 m.y. time-averaged paleomagnetic field showing
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Figure F21. Standard downhole logging tool strings. GPIT = general purpose inclinometry tool, 
HNGS = Hostile Environment Natural Gamma Ray Sonde, APS = Accelerator Porosity Sonde, HLDS = 
Hostile Environment Litho-Density Sonde, DIT-E = Dual Induction Tool, DSI = Dipole Sonic Imager, 
MEST-B = Microelectrical Scanner Tool, FMS = Formation MicroScanner, VSI = Versatile Seismic Im-
ager.
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Figure F22. The “paleo combo” tool string is a variation of the triple combo tool string. GPIT = gen-
eral purpose inclinometry tool, HNGS = Hostile Environment Natural Gamma Ray Sonde, APS = Ac-
celerator Porosity Sonde, HLDS = Hostile Environment Litho-Density Sonde, MSS = Magnetic 
Susceptibility Sonde.
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Site summaries

Proposed Site GOAL-15C

Priority: Primary

Position: 59°41.3394′N, 143°12.0552′W
Water depth (mbrf): 261

Target drilling depth (mbsf): 1112

Approved maximum 
penetration (mbsf):

1225

Survey coverage: Inline GOA2505 (CDP 2845), Xline GOA2502 (CDP 1137), MCS line STEEP09 
(CDP 14018) (navigation and bathymetric maps Figs. AF2, AF8; seismic 
profiles Figs. AF3, AF4, AF5)

Objective: Tectonic and climate history of the Bering Glacier and Trough

Drilling and coring program: • Hole A: APC to ~250 mbsf with non-magnetic core barrels, XCB to ~1112 
mbsf

• See “Drilling and coring strategy” and Table T2
Downhole measurements 

program:
• Wireline logging with triple combo, FMS-sonic, and VSI tool strings
• See “Downhole measurements strategy” and Table T2

Anticipated lithology: Mud, silt, fine sand, volcanic ash, ice-rafted debris, diamict
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Site summaries (continued)

Proposed Site GOA15-1A

Priority: Alternate

Position: 59°42.0600′N, 143°7.2012′W
Water depth (mbrf): 189

Target drilling depth (mbsf): 1158

Approved maximum 
penetration (mbsf):

1200

Survey coverage: Inline GOA2503 (CDP 2336), Xline GOA2502 (CDP 758) (navigation and 
bathymetric maps Figs. AF6, AF8; seismic profiles Figs. AF5, AF7)

Objective: Tectonic and climate history of the Bering Glacier and Trough

Drilling and coring program: • Hole A: APC to ~250 mbsf with non-magnetic core barrels, XCB to ~1158 
mbsf

• See “Drilling and coring strategy” and Table T3
Downhole measurements 

program:
• Wireline logging with triple combo, FMS-sonic, and VSI tool strings
• See “Downhole measurements strategy” and Table T3

Anticipated lithology: Mud, silt, fine sand, volcanic ash, ice-rafted debris, diamict
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Site summaries (continued)

Proposed Site GOAL-17B

Priority: Primary

Position: 59°30.4398′N, 143°2.7378′W
Water depth (mbrf): 738

Target drilling depth (mbsf): 1032

Approved maximum 
penetration (mbsf):

1045

Survey coverage: Inline GOA2503 (CDP 576), Xline STEEP07B (CDP 2165) (navigation and 
bathymetric maps Figs. AF9, AF11; seismic profiles Figs. AF7, AF10)

Objective: • Tectonic and climate history of the slope
• Growth strata of active thrust

Drilling and coring program: • Hole A: APC to ~250 mbsf with non-magnetic core barrels and core 
orientation, XCB to ~1032 mbsf

• See “Drilling and coring strategy” and Table T2
Downhole measurements 

program:
• Wireline logging with triple combo, FMS-sonic, and VSI tool strings
• See “Downhole measurements strategy” and Table T3

Anticipated lithology: Mud, silt, sand, volcanic ash, ice-rafted debris, diamict
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Site summaries (continued)

Proposed Site GOA16-1A

Priority: Primary

Position: 58°46.6122′N, 144°29.5968′W
Water depth (mbrf): 3703

Target drilling depth (mbsf): 978

Approved maximum 
penetration (mbsf):

1100

Survey coverage: Inline GOA3202 (CDP 510), Xline STEEP07 (CDP 3592) (navigation and 
bathymetric maps Figs. AF12, AF13; seismic profiles Figs. AF15, AF16)

Objective: • Tectonic and climate history of upper Surveyor Fan and origin of  
Surveyor Fan sequence boundaries

• Provenance of unroofed sediments
Drilling and coring program: • Hole A: APC to ~200 mbsf with non-magnetic core barrels and core 

orientation
• Hole B: APC to ~200 mbsf with non-magnetic core barrels
• Hole C: APC to ~200 mbsf with non-magnetic core barrels
• Hole D: APC/XCB to 978 mbsf
• See “Drilling and coring strategy” and Table T2

Downhole measurements 
program:

• Hole A: APCT-3 (SET if needed) formation temperature measurements
• Hole D: wireline logging with triple combo, FMS-sonic, VSI, and Magnetic 

Properties tool strings
• See “Downhole measurements strategy” and Table T2

Anticipated lithology: Mud (possibly diatom rich), silt, fine sand, volcanic ash, ice-rafted debris
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Site summaries (continued)

Proposed Site GOA16-2A

Priority: Alternate

Position: 58°46.3476′N, 144°30.1200′W
Water depth (mbrf): 3701

Target drilling depth (mbsf): 962

Approved maximum 
penetration (mbsf):

1100

Survey coverage: Inline GOA3201 (CDP 535), STEEP07 (CDP 3478), Xline STEEP13 (CDP 21728) 
(navigation and bathymetric maps Figs. AF12, AF13; seismic profiles Figs. 
AF14, AF16, AF17)

Objective: • Tectonic and climate history of upper Surveyor Fan and origin of  
Surveyor Fan sequence boundaries

• Provenance of unroofed sediments
Drilling and coring program: • Hole A: APC to ~200 mbsf with non-magnetic core barrels and core 

orientation
• Hole B: APC to ~200 mbsf with non-magnetic core barrels
• Hole C: APC to ~200 mbsf with non-magnetic core barrels
• Hole D: APC/XCB to 962 mbsf
• See “Drilling and coring strategy” and Table T3

Downhole measurements 
program:

• Hole A: APCT-3 (SET if needed) formation temperature measurements
• Hole D: wireline logging with triple combo, FMS-sonic, VSI, and Magnetic 

Properties tool strings
• See “Downhole measurements strategy” and Table T3

Anticipated lithology: Mud (possibly diatom rich), silt, fine sand, volcanic ash, ice-rafted debris
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Site summaries (continued)

Proposed Site GOAL-16B

Priority: Alternate

Position: 58°46.1750′N, 144°29.7917′W
Water depth (mbrf): 3701

Target drilling depth (mbsf): 986

Approved maximum 
penetration (mbsf):

1100

Survey coverage: Inline GOA3201 (CDP 571), Xline GOA3202 (CDP 445) (navigation and 
bathymetric maps Figs. AF12, AF13; seismic profiles Figs. AF14, AF15)

Objective: • Tectonic and climate history of upper Surveyor Fan and origin of  
Surveyor Fan sequence boundaries

• Provenance of unroofed sediments
Drilling and coring program: • Hole A: APC to ~200 mbsf with non-magnetic core barrels and core 

orientation
• Hole B: APC to ~200 mbsf with non-magnetic core barrels
• Hole C: APC to ~200 mbsf with non-magnetic core barrels
• Hole D: APC/XCB to 986 mbsf
• See “Drilling and coring strategy” and Table T3

Downhole measurements 
program:

• Hole A: APCT-3 (SET if needed) formation temperature measurements
• Hole D: wireline logging with triple combo, FMS-sonic, VSI, and Magnetic 

Properties tool strings
• See “Downhole measurements strategy” and Table T3

Anticipated lithology: Mud (possibly diatom rich), silt, fine sand, volcanic ash, ice-rafted debris
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Site summaries (continued)

Proposed Site GOA18-2A

Priority: Primary

Position: 56.96°N 147.11°W

Water depth (mbrf): 4188

Target drilling depth (mbsf): 780 (sediment/basalt interface at 777 mbsf)

Approved maximum 
penetration (mbsf):

858 (pending EPSP review)

Survey coverage: Inline MGL1109MCS01 (Shotpoint 1399), MGL1109MCS14 (Shotpoint 1790) 
(navigation and bathymetric maps Figs. AF18, AF19; seismic profiles Figs. 
AF21, AF24)

Objective: • Tectonic and climate history from 10 Ma to recent
• Provenance of unroofed sediments

Drilling and coring program: • Hole A: APC to ~200 mbsf with non-magnetic core barrels and core 
orientation

• Hole B: APC to ~200 mbsf with non-magnetic core barrels
• Hole C: APC/XCB to 780 mbsf with non-magnetic core barrels
• Hole D: APC/XCB to 425 mbsf with non-magnetic core barrels
• See “Drilling and coring strategy” and Table T2

Downhole measurements 
program:

• Hole A: APCT-3 (SET if needed) formation temperature measurements
• Hole C: wireline logging with triple combo, FMS-sonic, VSI, and Magnetic 

Properties tool strings
• See “Downhole measurements strategy” and Table T2

Anticipated lithology: Mud (possibly diatom rich), silt, fine sand, volcanic ash, ice-rafted debris, basalt
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Site summaries (continued)

Proposed Site GOAL-18A

Priority: Alternate

Position: 56°57.3852′N, 147°8.2545′W
Water depth (mbrf): 4229

Target drilling depth (mbsf): 780 (sediment/basalt interface at 777 mbsf)

Approved maximum 
penetration (mbsf):

856

Survey coverage: Inline MGL1109MCS01 (Shotpoint 1423), Xline L-6-81 line 678-04/05 (JD157 
06:37) (navigation and bathymetric maps Figs. AF18, AF19; seismic profiles 
Figs. AF21, AF22)

Objective: • Tectonic and climate history from 10 Ma to recent
• Provenance of unroofed sediments

Drilling and coring program: • Hole A: APC to ~200 mbsf with non-magnetic core barrels and core 
orientation

• Hole B: APC to ~200 mbsf with non-magnetic core barrels
• Hole C: APC/XCB to 780 mbsf with non-magnetic core barrels
• Hole D: APC/XCB to 500 mbsf with non-magnetic core barrels
• See “Drilling and coring strategy” and Table T2

Downhole measurements 
program:

• Hole A: APCT-3 (SET if needed) formation temperature measurements
• Hole C: wireline logging with triple combo, FMS-sonic, VSI, and Magnetic 

Properties tool strings
• See “Downhole measurements strategy” and Table T2

Anticipated lithology: Mud (possibly diatom rich), silt, fine sand, volcanic ash, ice-rafted debris, basalt
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Site summaries (continued)

Proposed Site GOA18-1A

Priority: Alternate

Position: 56°56.3571′N, 147°22.3703′W 

Water depth (mbrf): 4273

Target drilling depth (mbsf): 758 (sediment/basalt interface at 755 mbsf)

Approved maximum 
penetration (mbsf):

834 (pending EPSP review)

Survey coverage: Inline MGL1109MCS01 (Shotpoint 1720), Xline F-6-89 line 13 (CDP 5380) 
(navigation and bathymetric maps Figs. AF18, AF20; seismic profiles Figs. 
AF21, AF23)

Objective: • Tectonic and climate history from 10 Ma to recent
• Provenance of unroofed sediments

Drilling and coring program: • Hole A: APC to ~200 mbsf with non-magnetic core barrels and core 
orientation

• Hole B: APC to ~200 mbsf with non-magnetic core barrels
• Hole C: APC/XCB to 758 mbsf with non-magnetic core barrels
• Hole D: APC/XCB to 500 mbsf with non-magnetic core barrels
• See “Drilling and coring strategy” and Table T3

Downhole measurements 
program:

• Hole A: APCT-3 (SET if needed) formation temperature measurements
• Hole C: wireline logging with triple combo, FMS-sonic, VSI, and Magnetic 

Properties tool strings
• See “Downhole measurements strategy” and Table T3

Anticipated lithology: Mud (possibly diatom rich), silt, fine sand, volcanic ash, ice-rafted debris, basalt
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Site summaries (continued)

Proposed Site KB-2A

Priority: Primary

Position: 59°31.93′N, 144°8.03′W
Water depth (mbrf): 721

Target drilling depth (mbsf): 400

Approved maximum 
penetration (mbsf):

417

Survey coverage: Inline GOA3101 (CDP 398) (navigation and bathymetric maps Figs. AF25, 
AF28; seismic profiles Figs. AF26, AF27)

Objective: • Constrain the timing of multiple glacial events of the northern Cordilleran Ice 
Sheet, to test its relation to global ice sheet dynamics

• Test role of North Pacific surface temperatures control of late Pleistocene 
glaciation at sub-century scale

• Document dynamics of productivity and intermediate water circulation in the 
Northeast Pacific

• Document paleomagnetic intensity and secular variation in NE Pacific to test 
hypothesis that lowermost mantle heterogeneities influence Earth’s 
magnetic field

Drilling and coring program: • Hole A: APC to ~200 mbsf with non-magnetic core barrels and core 
orientation

• Hole B: APC to ~200 mbsf with non-magnetic core barrels
• Hole C: APC to ~200 mbsf with non-magnetic core barrels
• Hole D: APC/XCB to 400 mbsf
• See “Drilling and coring strategy” and Table T2

Downhole measurements 
program:

• Hole D: wireline logging with triple combo, FMS-sonic, VSI, and Magnetic 
Properties tool strings

• See “Downhole measurements strategy” and Table T2
Anticipated lithology: Hemipelagic mud, glacimarine sediment with diamict
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Figure AF1. Overview bathymetry and seismic reflection profiles with proposed primary Sites 
GOAL-15C and GOAL-17B and alternate Site GOA15-1A, on the outer continental shelf and upper 
continental slope on the Gulf of Alaska near the Bering Trough. Line annotations are CDPs. Squares 
= navigation map area for close-up seismic profiles in Figures AF2, AF6, and AF9. See inset for ap-
proximate location.
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Figure AF2. Close-up navigation map of proposed primary Site GOAL-15C, showing seismic reflec-
tion profiles MGL08-014 STEEP09 (Fig. AF3), EW0408 GOA2505 (Fig. AF4), and EW0408 GOA2502
(Fig. AF5). GOAL-15C is located at crossing point of GOA2502 (CDP 1137) with GOA2505 (CDP
2845) and STEEP09 (CDP 14018).
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L08-014 MCS Line STEEP09 (NW–SE) with location of primary Site 
 depth = 250 m; target depth = 1112 mbsf).
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Figure AF5. Seismic profile of Maurice Ewing Cruise EW0408 MCS Line GOA2502 (SW–NE) with lo-
cation of primary Site GOAL-15C (143°12.0552′W, 59°41.3394′N; CDP 1137; water depth = 250 m; 
target depth = 1112 mbsf) and alternate Site GOA15-1A (143°7.2012′W, 59°42.0600′N; CDP 758; wa-
ter depth = 178 m; target depth = 1158 mbsf).
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Figure AF6. Close-up navigation map of proposed alternate Site GOA15-1A, showing seismic reflec-
tion Profiles EW0408 GOA2502 (Fig. AF5) and EW0408 GOA2503 (Fig. AF7). GOA15-1A is located 
at the crossing point of GOA2502 (CDP 758) with GOA2503 (CDP 2336).
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92

 with location of alternate Site GOA15-1A 
58 mbsf) and primary Site GOAL-17B 
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Figure AF7. Seismic profile of Maurice Ewing Cruise EW0408 MCS Line GOA2503 (NW–SE)
(143°7.2012′W, 59°42.0600′N; CDP 2336; water depth = 178 m; target depth = 11
(143°2.7378′W, 59°30.4398′N; CDP 576; water depth = 727 m; target depth = 1032 mbsf).
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Figure AF8. Swath bathymetric map with track chart of Maurice Ewing Cruise EW0408 around Sites 
GOAL-15C and GOA15-1A. 
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Figure AF9. Close-up navigation map of proposed primary Site GOAL-17B, showing seismic reflec-
tion Profiles EW0408 GOA2503 (Fig. AF7) and MGL08-014 MCS Line STEEP07b (Fig. AF10). GOAL-
17B is located at the crossing point of GOA2503 (CDP 576) with STEEP07b (CDP 2165).
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14 MCS Line STEEP07b (SW–NE) with location of primary Site 
7 m; target depth = 1032 mbsf).
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Figure AF10. Seismic profile of Marcus G. Langseth Cruise MGL08-0
GOAL-17B (143°2.7378′W, 59°30.4398′N; CDP 576; water depth = 72
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Figure AF11. Swath bathymetric map with track chart of Maurice Ewing Cruise EW0408 around Site 
GOAL-17B. 
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Figure AF12. Close-up navigation map of proposed primary Site GOA16-1A and alternate Sites 
GOAL-16B and GOA16-2A. Shown are seismic reflection Profiles EW0408 GOA3201 (Fig. AF14), 
GOA3202 (Fig. AF15), MGL08-014 MCS Line STEEP07 (Fig. AF16), and MGL08-014 MCS Line 
STEEP013 (Fig. AF17). GOA16-1A is located at the crossing point of GOA3202 (CDP 510) and 
STEEP07 (CDP 3592). GOAL-16B is located at the crossing point of GOA3201 (CDP 571) and 
GOA3202 (CDP 445). GOA16-2A is located at the crossing point of Line GOA3201 (CDP 535) and 
lines STEEP07 (CDP 3478) and STEEP13 (CDP 21728). See inset for approximate location.
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nd R/V Marcus G. Langseth Cruise MGL08-
 proximal Surveyor Fan.
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Figure AF13. Swath bathymetric map with track chart of Maurice Ewing Cruise EW0408 a
014 around primary Site GOA16-1A and alternate Sites GOAL-16B and GOA16-2A on the
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Figure AF14. Seismic profile of Maurice Ewing Cruise EW0408 MCS Line GOA3201 (NW–SE) with lo-
cation of alternate Site GOAL-16B (144°29.7917′W, 58°46.1750′N; CDP 571; water depth = 3690 m; 
target depth = 986 mbsf) and alternate Site GOA16-2A (144°30.1200′W, 58°46.3476′N; CDP 535; wa-
ter depth = 3690 m; target depth = 962 mbsf).
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Figure AF15. Seismic profile of Maurice Ewing Cruise EW0408 MCS Line GOA3202 (SW–NE) with lo-
cation of alternate Site GOAL-16B (144°29.7917′W, 58°46.1750′N; CDP 445; water depth = 3690 m; 
target depth = 986 mbsf) and primary Site GOA16-1A (144°29.5968′W, 58°46.6122′N; CDP 510; wa-
ter depth = 3692 m; target depth = 978 mbsf).
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7 (SW–NE) with location of primary Site 
 = 978 mbsf) and alternate Site GOA16-2A 
f).
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Figure AF16. Seismic profile of Marcus G. Langseth Cruise MGL08-014 MCS Line STEEP0
GOA16-1A (144°29.5968′W, 58°46.6122′N; CDP 3592; water depth = 3692 m; target depth
(144°30.1200′W, 58°46.3476′N; CDP 3478; water depth = 3690 m; target depth = 962 mbs
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with location of alternate Site 
sf).

STEEP13

1900019550

 km
Figure AF17. Seismic profile of Marcus G. Langseth Cruise MGL08-014 MCS Line STEEP13 (SW–NE) 
GOA16-2A (144°30.1200′W, 58°46.3476′N; CDP 21728; water depth = 3690 m; target depth = 962 mb
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Figure AF18. Overview bathymetry and seismic reflection profiles with proposed primary Site 
GOA18-2A and alternate Sites GOA18-1A and GOAL-18A, on Surveyor Fan. Squares = navigation 
map area for close-up seismic profiles in Figures AF19 and AF20. See inset for approximate location.
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Figure AF19. Close-up navigation map of proposed primary Site GOA18-2A (56.96°N, 147.11°W; 
water depth = 4177 m; target depth = 780 mbsf) and alternate Site GOAL-18A, which is a redrill of 
DSDP Site 178, showing seismic reflection Profiles MGL1109MCS01 (Fig. AF21), L-6-81 Line 678-04/
05 (Fig. AF22) and MGL1109MCS14 (Fig. AF24). GOAL-18A is located at the LORAN position of 
DSDP Site 178. Seismic Line L-6-81 attempted to cross Site 178, and with LORAN positioning preci-
sion of ~500 m may cross the drill site. GOAL-18A is closest to line MGL1109MCS01 (Shot point 
1423). 
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Figure AF20. Close-up navigation map of proposed alternate Site GOA18-1A, showing seismic re-
flection Profiles MGL1109MCS01 (Fig. AF21) and F-6-89 Line 13 (Fig. AF23). GOA18-1A is located at 
crossing point of MGL1109MCS01 (Shot 1723) and F-6-89 Line 13 (Shot/CDP 5380). This intersec-
tion is located at 56.94°N, 147.38°W in 4262 m water depth.
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with location of primary Site 
nd alternate Sites GOAL-18A 
-1A (56.94°N, 147.38°W; Shot 

SW
Figure AF21. Seismic profile of Marcus G. Langseth Cruise MGL11-09 MCS Line MCS01 (SW–NE) 
GOA18-2A (56.96°N, 147.11°W; Shot 1399; water depth = 4177 m; target depth = 780 mbsf) a
(147°8.2545′W, 56°57.3852′N; Shot 1423; water depth = 4218 m; target depth = 780 mbsf) and GOA18
1723; water depth = 4262 m; target depth = 758 mbsf).
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Figure AF22. Seismic profile of S.P. Lee Cruise L-6-81 Line 678-04/05 (NW–SE) with location of alter-
nate Site GOAL-18A (147°8.2545′W, 56°57.3852′N; Shot ~JD157 06:37; water depth = 4218 m; target 
depth = 780 mbsf). Site is located on course change from Line 04 to Line 05 and paper record was 
advanced at course change, with no data gaps.
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ocation of alternate Site GOA18-1A (56.94°N, 

NE

597757775677

E)
Figure AF23. Seismic profile of Farnella Cruise F-6-89 Line 13 (NE–SW) with l
147.38°W; CDP 5380; water depth = 4262 m; target depth = 758 mbsf).
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MCS14 (N–S) with location of primary Site GOA18-
bsf). 

S10 km
Figure AF24. Seismic profile of Marcus G. Langseth Cruise MGL11-09 MCS Line 
2A (56.96°N, 147.11°W; Shot 1790; water depth = 4177 m; target depth = 780 m
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Figure AF25. Close-up navigation map of proposed primary Site KB-2A, showing seismic reflection 
Profiles EW0408 GOA3101 (Fig. AF26) and EW0408 GOA3102 (Fig. AF27). KB-2A is located at cross-
ing point of GOA3101 (CDP 398) with GOA3102 (CDP 663).
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GOA3101 (NW–SE) with location of primary Site KB-2A 
00 mbsf).
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 line GOA3101 (NW-SE)
Figure AF26. Seismic profile of Maurice Ewing Cruise EW0408 MCS Line 
(144°08.03′W, 59°31.93′N; CDP 398; water depth = 710 m; target depth = 4
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(SW–NE) with location of primary Site KB-2A 

NE
300 200 100
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Figure AF27. Seismic profile of Maurice Ewing Cruise EW0408 MCS Line GOA3102 
(144°08.03′W, 59°31.93′N; CDP 663; water depth = 710 m; target depth = 400 mbsf).
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Figure AF28. Swath bathymetric map with track chart of Maurice Ewing Cruise EW0408 around Site 
KB-2A. 
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Expedition scientists and scientific participants

The current list of participants for Expedition 341 can be found at iodp.tamu.edu/ science-
ops/precruise/alaskamargin/participants.html.
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http://iodp.tamu.edu/scienceops/precruise/alaskamargin/participants.html
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