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ABSTRACT:   Sedimentation rates in southern Alaska fjords are reported to be some of the highest in the world and the sediment is derived from active glacial erosion of bedrock hillslopes, fluvial catchments, and ice-marginal deposits.  However, the relative contribution of sediment to the fjords from these sources is not well constrained.  Active glacial erosion denudes broad valley floors, while fluvial tributary catchments may store fluvially-eroded sediment for remobilization during deglaciation.  In order to better understand the sediment flux into Taan Fjord, Icy Bay, Alaska, the geomorphology of an unglaciated tributary valley will be reconstructed in order to constrain the progression of sediment exhaustion from an ice marginal landscape at three points in time.  Historical maps, aerial photographs, geomorphic mapping and radiocarbon dates will constrain the extent of the trunk glacier at the end of the Little Ice Age, when the tributary’s outlet was blocked by the glacier and fluvially-eroded sediment was deposited against the glacier margin.  Air photos from 1978 will aid in reconstructing the landscape after the trunk glacier had retreated past the outlet of the tributary valley, lowering the base level, and allowing incision of the stream into the valley fill.  The current state of the landscape response will be constrained via surveying, topographic mapping, and measuring stream profiles, in order to estimate the volume of sediment removed from the valley since the glacier receded.  Results have implications for understanding the amount of control that the glaciers maintain over sedimentation from non-glaciated landscapes through advance and retreat, for understanding the amount of sediment produced in unglaciated basins during glacial timescales, for measuring the relaxation of the paraglacial sediment pulse over short time scales, and for quantifying the amount of non-glacially sourced sediment delivered to the fjord since the Little Ice Age.     

INTRODUCTION

Increased sedimentation rate into global sinks 2-4 Ma has been cited as evidence for global climate change during the Late Cenozoic.  Of interest is whether that increase was the cause of isostatic uplift of mountain ranges due to increased erosion, or effect of significant tectonic uplift of mountain ranges at that time (Molnar and England, 1990).  If global climate change is a cause for isostatic uplift of mountain ranges due to increased erosion, that change must be to a more erosive climate.  One explanation could be a switch to a more oscillatory climate at that time (Zhang et al., 2001), establishing a more erosive climate via sustained disequilibrium, while it has also been argued that a change to a colder and more extensively glaciated climate could effectively create increased denudation of mountain ranges (Hallet et. al., 1996).


Sedimentation rates in southern Alaskan fjords are some of the highest in the world owing to active uplift, high relief (~5000 m), and extensive glaciation.  Sediment traps in Alaskan fjords and seismic data from the Gulf of Alaska report sedimentation rates of ~8 – 100 mm yr-1 (Sheaf et al., 2000; Hallet et al., 1996).  However, maximum computed uplift rates are only up to 7 mm yr-1 , and denudation rates constrained by thermochronometry are closer to 0.4 -3 mm yr-1 (Bird, 1996; O’Sullivan and Currie, 1996).  If the sedimentation rates reported above are sustained over long time scales, virtually all of the topography in the region would be eroded.  Thus, it is necessary to understand the mechanisms for producing sediment pulses, and the sources from which sediment is derived in this region.  


Part of the uncertainty lies in using sediment volume as a measure of the erosive history of a catchment.  Many factors contribute to the complexity of erosion in glacial and periglacial systems (Evenson and Clinch, 1987).  Sedimentation probably occurs episodically, as fluvial and glacial systems are perturbated, causing increased sedimentation as the systems reequilibrate.  For example, in southern Alaska, while glaciers fill a trunk valley with ice, sediment eroded out of fluvial tributary valleys is temporarily stored against the glacier margin until the glacier recedes past the tributary outlet, causing rapid incision into the fill sediments (Meigs et al, 2002).  This creates a pulse of sediment, which, if extrapolated over time would overestimate the erosive potential catchment.  Spatial variability of erosion could also create anomalous records of sedimentation as unstable slopes have the potential to release huge amounts of bedrock from valley walls, while primary glacial bedrock erosion represents significant denudation limited to the broad valley floor.  In order to understand the erosive processes in this area, it is important to constrain the variability of the factors contributing to the total sediment flux. 
BACKGROUND
Glaciated landscapes


A glaciated landscape consists of glaciated and non-glaciated terrain, both of which are sources for eroded sediments (Evenson and Stephens, 1986).  Glaciers modulate the base level for non-glacial portions of glaciated landscapes.  Glacial advance across the outlet of a tributary valley, for example, causes 1) a rise in base level of the tributary stream, 2) sediment accumulation in the form of valley fill, and 3) storage of the sediment until the glacier recedes past the valley outlet.  Retreat of the trunk glacier past the outlet represents a drop in base level, which initiates rapid incision of stored sediments and bedrock in the tributary valley (Meigs et. al., in review).  This pulse of sedimentation relaxes with time, and may do so according to sediment exhaustion models proposed by Church and Ryder (1972) and Church and Slaymaker (1989).  Thus, landscape evolution in glaciated regions may be controlled by glacial advance and retreat cycles.

 Calculating the temporal variability of sediment storage and exhaustion from the tributary valleys will improve understanding of the relationship between the advance/retreat of glaciers, landscape evolution of pariglacial environments, and fjord sedimentation rates.  It will also provide a key dataset for calibrating sediment budgets for the glaciated mountainous terrains of southern Alaska, which are large relative to those for fluvial catchments of similar area (Hallet et. al. 1996; Koppes & Hallet, 2001).  Quantifying landscape evolution of glaciated regions has implications for the relative importance of climatic control of late Cenozoic sedimentation rates and disequilibrium as a driving force in accelerated sedimentation (Molnar and England, 1990; Harbor and Warburton, 1992; Zhang et. al. 2001).  The investigation also has implications for understanding the topographic control that climatic denudation has on the Chugach/St. Elias Range (Meigs and Sauber, 2000).

Mechanisms for a global increase in sedimentation


The idea that climate change can drive peak uplift of mountain ranges presupposes the need for a switch from a less to a more erosive climate (Molnar and England, 1990).  One argument that relates global climate to erosion is that glaciers are more efficient eroders than rivers, and thus, a colder climate is a more erosive climate, although there is some debate as to the relative erosion rates of glaciated versus non-glaciated catchments (Harbor and Warburton, 1993; Hallet et. al., 1996). 

Another mechanism to explain increased sedimentation rates is a switch from a period of relative climate stability to one in which frequent and abrupt climate changes are common (Zhang et al., 2001).  In this scenario, both glacial and fluvial processes are prevented from reaching equilibrium states.  Thus, more sediment will be shed as the systems constantly strive to reach equilibrium.

In southern Alaska, where reported sedimentation rates are the highest in the world (Hallet et al., 1996), glacial advance and retreat may have more of an effect on sedimentation rates than was previously thought.  For the Muir Glacier, Glacier Bay, Alaska, where the short-term (past ~80 yr) erosion rate exceeds long-term erosion rates by a factor of 5 +/- 1, Koppes and Hallet (2002) attributed the excess sedimentation rate to rapid retreat rate of the glacier.  This mechanism brings about rapid ice drawdown and increased ice velocity, which will increase bedrock erosion by the glacier.  In Taan Fjord, Icy Bay, Alaska, rapid erosion of fluvially eroded sediments stored near the glacier margin is occurring after drawdown and retreat of glacial ice.  Evidence of this process can be seen in aerial photographs, as large fan-delta complexes have been built into the fjord at tributary outlets.  This mechanism for supplying sediments to glacial valleys has been noted and quantified for several locations (i.e. Brooks, 1994; Muller, 1999; Weissmann, 2002), but has not been considered when quantifying sedimentation rates in Alaskan fjords. 


Paraglacial sedimentation models


Models for sediment removal from recently deglaciated terrain generally consist of a sharp spike in sedimentation after glacier retreat, followed by a relaxation in the rate of sediment removal as the system reequilibrates (Church and Ryder, 1972; Church and Slaymaker, 1989).  However the temporal variability of this relaxation is not well defined, especially with regard to rate of glacial retreat.


Models have shown that the relaxation of the sedimentation rate varies with area of the drainage basin.  Harbor and Warburton (1993) argue that large drainage basins (3 x 10 4 km 2) in British Columbia are still responding to the last glaciation and are actively eroding sediments stored along the valley.  In their model, smaller basins respond more quickly to glacial retreat than larger basins, but at three separate points in time, three different sized basins could have the same specific sediment yield.  


Paraglacial sedimentation can also occur over long timescales by remobilizing stored sediments that become available with changes in the landscape.  Ballantyne (2002) demonstrates this mechanism by considering a system in which sediment becomes available at some time period after sedimentation has returned to “normal primary denudation.”  These mechanisms provide a mechanism to create a pulse of sediment which normally would not occur, and which may be occurring during the retreat of Alaskan tidewater glaciers.  
 REGIONAL SETTING
Tectonic History


The southern Alaskan continental margin is a series of structurally bound accreted and metamorphosed tectonostratigraphic terranes, thrust onto the continent throughout the Mesozoic and Cenozoic (Plafker, 1987).  In the Chugach Mountains, the Chugach terrane was accreted in the latest Cretaceous or earliest Tertiary, and now forms the backstop along which the Prince William and Yakutat terranes are actively accreting.  The Yakutat block is a “microplate” structure that moves with a slightly slower velocity than the south-bounding Pacific plate, though the actual nature of this relationship is not well understood (Plafker, 1987; Bruns, 1985).  The terrane was transported to its current position during the late Cenozoic via dextral strike-slip along the Fairweather- Queen Charlotte transform fault system.  The oblique collision of the Yakutat block with southern Alaska creates extreme uplift of the Chugach Mountains.


Uplift of the Chugach and St. Elias Mountains along the northern margin of the Yakutat terrane led to rapid deposition of a thick (5-6 km) package of siliciclastic sediments since the late Oligocene (?).  The 5-km-thick Yakataga Formation records glacially deposited sediments beginning during latest Miocene time (~5.35 Ma), suggesting glacial control over the landscape since that time (Lagoe et al., 1993).  
Glacial History


Southern Alaska has probably been glaciated since at least 5 Ma based on dropstones and foraminiferal data from the lowest parts of the Yakataga Formation (Plafker and Addicott, 1976, Lagoe et al., 1993).  This foreland basin sequence contains glacial diamictite indicating the presence of glacial erosion along the coast.  Glacial landforms such as overdeepened basins, extensive fjord systems, and high relief predominate the southern coast, implying strong glacier control over landscape evolution. 

The coastal fjord of Icy Bay has existed since 1904, at which time the Guyot Glacier extended to an outer terminal moraine located just out of the bay opening in the Gulf of Alaska.  Since 1904, the glacier receded at a rate of ~1 km y-1 from 1904-1926, at ~0.4 km y-1 from 1926-1989, and ~1 km y-1 from 1989-1996 (Jaeger & Nittrouer, 1999; Porter, 1989).  The present terminus is fixed at the junction of the Coal, Daisy, and Hoof Hill valleys.  The receding glacier created a moraine which separates the lower basin of Icy Bay from an upper basin, where recent recession of the Guyot, Tyndall and Yahtse Glaciers have created four smaller fjords, including the Taan and the Tsaa fjords.  

Porter (1989) has constrained a 2000-yr record of glacial advance and retreat in Icy Bay, Alaska from radiocarbon dating of moraines within the fjord system.  This glacial history, along with early maps of the area and recent air photos provides excellent resolution for interpreting the rate of the most recent retreat of the Tyndall Glacier up the Taan Fjord.   
 RESEARCH OBJECTIVES
Framework


Assuming that sediment flux in a glacially dominated landscape are controlled by glacial distribution and extent, landscapes developed proximal to a trunk glacier should reflect the dynamic effect of the fluctuations.  In order to understand the variability of the changes reflected in the topography, a conceptual model has been built in order to test the implications of glacier advance and retreat for the adjacent landscapes (Fig ).  The model indicates that climate variability will be reflected in the landscape by varying degrees of sediment storage and stream incision along the tributary valleys.  



Tributary valleys store fluvially eroded sediment as long as the glacier provides a high base level.  At the maximum glacial advance, tributary valleys reach a maximum storage capacity, and material derived from within the fluvial basin is deposited as flat lying sequences on top of the stream’s typical “natural” valley profile.  The top of these valley fill sequences may thus represent the maximum thickness of a trunk glacier at the position of the tributary valley during a glacial advance.  Lateral moraines at the same elevation as the valley reflect this relationsip.  These two geomorphic surfaces may provide coeval age constraints representing glacial maximum.

With retreat up valley, the parabolic shape of the terminus of the glacier is drawn past the mouth of the tributary valley.  As the glacial ice thins, base level for the tributary stream is dropped slowly, and incision of the stream into the valley fill commences.  This drop in base level occurs slowly at first, and then more rapidly as the terminus of the glacier retreats passed the tributary outlet.  An increased sediment pulse delivered to the fjord is expected when the glacier retreats past the tributary outlet, as the stream rapidly incises the valley fill sediments.  This sediment “pulse” is deposited into the fjord, becoming part of the measured sediment volume. Timing and intensity of this pulse appears to be controlled by the retreat rate of the glacier.


It is also important to understand the nature of stream incision in order to quantify temporal variability of the sediment evacuation.  As the stream incises, rapid erosion rates occur at the knick point, and the knick point will migrate up valley with time.  The profile of the stream will incise to return to its typical profile, so erosion rates should decrease downstream of the knick point.

The mechanism presented above may help to explain the anomalously high sedimentation rates that have been calculated over short time periods in southern Alaska.  Fan-delta complexes with accompanying fluvial terraces and associated lateral moraines have been observed in Icy Bay, Alaska, making the area a premier candidate for understanding this process

Taan Fjord


The retreat of Tyndall Glacier since the end of the Little Ice Age created Taan Fjord (Porter, 1989).  This southern Alaskan fjord in Icy Bay is an ideal natural laboratory for examining the control of landscape evolution by glaciers because the timing of retreat of glaciers is known (Fig. 1) and the landscape can be reconstructed at three points in time: the end of the Little Ice Age (~1900 AD), 1978, and the present.  


I will focus on one tributary catchment (Fig. 2) and the response of its fluvial system through time to the retreat of the Tyndall Glacier.  Preliminary analysis of a 1978 air photo and topographic maps suggest that the retreat of the Tyndall Glacier up the fjord represents a large base level fall since the mid-1960’s. This timing provides an opportunity to look at landscape change in nearly “real time.”  Air photo interpretation indicates that a large volume of sediment is “missing” from the valley, as tributary streams have incised alluvial and colluvial valley-fill deposits.  This missing volume  has been transferred into the fjord, as indicated by fan-delta complexes at the tributary outlet.  Volume measurements of the missing sediment allow for calculation of the amount of non-glacial sediment removed from this tributary following the retreat of the glacier past its outlet.


Taan Fjord offers a unique environment to test the working model proposed above.  It can be tested by compiling field evidence which may show through quantification of sediment budgets that the model is at work in this system.  The investigation will determine 1) if the moraines and terraces represent timing of the Little Ice Age maximum, 2) whether fluvial terraces represent one or many periods of aggradation during glacial advane/retreat cylces, 3) the rate at and extent to which the knick point of the stream migrated up valley, which provides a dynamic volume of material that is “missing” from the landscape, and 4) if the timing of sediment evacuation rate is following the model proposed by Church and Ryder (1972).  Answering these questions will aid in discussing the possibility of calculating storage potential of the fluvial valleys and interpreting climatic control on sedimentation rates in this area.  
METHODS
Age Control


Preliminary investigation of aerial photography indicates that incised fill terraces in the tributary valleys of the Tyndall Glacier valley are at approximately the same elevation as end moraines thought to be deposited during the Little Ice Age maximum.  This means that deposition of the valley fills was occurring at this time, and that the incised terrace surface will date back to this time.  In order to test this hypothesis, the timing of deposition of the fill terraces with respect to the fluctuations of the Tyndall glacier must be established.


We will collect samples for radiocarbon analysis from the end moraines and from the terrace surfaces if suitable material can be found.  We may also test the applicability of optically-stimulated luminescence (OSL) techniques to this landscape as well. Ages will constrain the timing of deposition of valley fill material, so temporal patterns in sediment storage and exhaustion may be established.
Landscape Reconstructions


In order to establish variability in sediment storage and evacuation through time, the landscape in the valley will be reconstructed for three different positions of the trunk glacier relative to the tributary valley outlet.  Reconstructing the landscape at the end of the Little Ice Age (~1900 AD) will show what the valley would have looked like when the glacier blocked the tributary valley outlet and raised the tributary stream’s base level.  This reconstruction will be done by mapping the height and extent of incised stream terraces and moraines (Fig. 2).  Field work will also include doing stratigraphy and sedimentology on the terraces to determine the nature and relative timing of deposition within the terrace profile, including determination of whether the deposits represent one or multiple glacial advance/retreat cycles.  Second, the 1978 landscape will be reconstructed at the point when Tyndall Glacier had receded to just past the tributary outlet (Fig. 1).  Air photos will be used to map the upstream migration of knick points, which will aid in calculating the sediment removed at this point in time by the tributary stream.  The 1978 air photos will be used to measure change between the end of the Little Ice Age and 1978, and also between 1978 and the present by measuring the amount of knick point propagation and the terrace incision changes in the two time intervals to the extent possible.  The present landscape will be characterized by measurement of stream profiles and calculating both the amount of incision since 1978 and the total evacuation.  Attempts will be made to discriminate between incision into stored sediments and incision into primary bedrock. Measuring the extent of incision will yield a volume of material which is “missing” from the landscape, and has been deposited into Taan Fjord.  Comparing the percent evacuation through time will demonstrate the temporal variability of sediment remobilization due to non-glacial processes conditioned by glaciation.
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V  Timetable

Spring 2003: 

Further background investigation and site analysis; presentation of




complete thesis proposal

Summer 2003: 
Field season (late summer, 4-6 weeks)

Fall 2003: 


Radiocarbon analyses; preliminary presentation of results-AGU 



meeting in San Fransisco
Winter 2003-2004:
Preparation of thesis, submission of 1st draft by end of term

Spring 2004: 

Presentation of Thesis to faculty/defense

VI  Budget

	Item
	Total Cost

	1. Travel
	3450

	2. Food and camp necessities (grocery) investigator + field assistant
	900

	3. Air photos and maps 
	200

	4. Radiocarbon analyses
	1200

	5. Field assistant travel
	450

	Total amount 
	6200


Justification:

1. Travel to the proposed field site for the primary investigator will include:

   -roundtrip airfare from Portland, OR to Anchorage, AK estimated at ~$400

   -roundtrip airfare from Anchorage, AK to Yakutat, AK estimated at ~$250

   -rental of a boat and motor, costs in previous years were $2800

2. Food and camp necessities of grocery nature have been estimated at ~$75/person/week

3. Air photos and maps will be purchased for mapping in the field.

4. Radiocarbon analyses: 3 @ ~$400/sample.  Estimate from U. of Arizona AMS facility.

5. Field assistant will assist in mapping and sample collection for the six week field season.

VIII  Figures and Tables

Figures and tables were removed to meet the 1 MB upload requirement.
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