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Abstract: Hubbard Glacier, near Yakutat, Alaska, is the largest non-polar 
tidewater glacier in the world. In contrast to most glaciers in southeast 
Alaska, Hubbard Glacier continues to advance and has thickened at an 
average rate of 35 m yr–1. Twice since 1986 Hubbard Glacier has advanced 
enough to cause a temporary closure of Russell Fiord. If Hubbard Glacier 
continues to advance, a permanent closure of Russell Fiord would 
ultimately cause significant damage to the town of Yakutat and the 
economic fisheries that sustain it. This report presents the results of a 
first-of-its-kind survey of the submarine and terrestrial environment of the 
Hubbard Glacier tidewater terminus and the area surrounding Gilbert 
Point. High-resolution, multibeam bathymetry and current velocity 
profiles, combined with simultaneously acquired high-resolution LiDAR 
topography, provide a detailed look at the section of the glacier where ice 
damming of Russell Fiord is likely to occur. 

DISCLAIMER: The contents of this report are not to be used for advertising, publication, or promotional purposes. 
Citation of trade names does not constitute an official endorsement or approval of the use of such commercial products. 
All product names and trademarks cited are the property of their respective owners. The findings of this report are not to 
be construed as an official Department of the Army position unless so designated by other authorized documents. 
 
DESTROY THIS REPORT WHEN NO LONGER NEEDED. DO NOT RETURN IT TO THE ORIGINATOR. 
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1 Introduction and Background 

Hubbard Glacier, near Yakutat, Alaska, is the largest non-polar tidewater 
glacier in the world. It encompasses an area of approximately 3500 km2, 
flowing 120 km from the flanks of Mt. Logan (5959 m above sea level) in 
the Wrangell–St. Elias Mountains (Canada) to sea level, where its termi-
nus widens to approximately 13 km and discharges into Disenchantment 
Bay and Russell Fiord (Figure 1). In contrast to most glaciers in southeast 
Alaska, Hubbard Glacier continues to advance and has thickened at an 
average rate of 35 m yr–1 over the past 15 years (Ritchie et al. 2008). The 
high accumulation area ratio (0.95) of Hubbard Glacier suggests that it 
will continue to advance for hundreds of years, barring any significant 
changes in climate that would alter its Equilibrium Line Altitude (Mayo 
1988; Trabant et al. 1991). 

 
Figure 1. Location map illustrating Hubbard Glacier in relation to Gilbert Point and Russell Fiord. The 

community of Yakutat is approximately 55 km to the south. Left: The dashed inset box represents the area 
surveyed between Russell Fiord and Disenchantment Bay near the Hubbard Glacier terminus. The image base 
is a 2.4-m multispectral RGB false-color composite Quickbird satellite image acquired on 18 September 2007. 
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Because of its continued advance, Hubbard Glacier blocked the entrance to 
Russell Fiord east of Gilbert Point in 1986 and 2002, forming a 64-km-
long ice-dammed lake (Mayo 1989; Trabant et al. 2003; Motyka and 
Truffer 2007) (Figure 1). During both closure events, the dams failed and 
generated two of the largest outburst floods ever recorded worldwide in 
historic times.  

Understanding the dynamics of the ice margin here is critical to under-
standing how ice dams are created and whether Russell Fiord could be 
permanently closed by Hubbard Glacier in the future. A permanent 
closure of Russell Fiord would have significant environmental and 
economic impacts to the downstream community of Yakutat. If an ice dam 
remains stable and the water level reaches an elevation of 40.2 m above 
sea level, waters from Russell Lake will flow through a former channel in 
an end moraine at the southern end of the fiord and into the Situk River, 
significantly altering the river’s hydrology. The Situk River supports one of 
the most productive commercial and sport fisheries in southeast Alaska; 
this flooding could destroy the fishery, damaging the local economy as well 
as critical infrastructure in Yakutat. 

This report presents the results of a first-of-its-kind survey of the 
submarine and terrestrial environment of the Hubbard Glacier tidewater 
terminus and the area surrounding Gilbert Point. High-resolution, 
multibeam bathymetry and current velocity profiles combined with 
simultaneously acquired high-resolution LiDAR topography provide a 
detailed look at the section of the glacier where ice damming of Russell 
Fiord is likely to occur. The primary objective was to obtain high-
resolution baseline data on seabed elevations to characterize sediment 
accumulations and bed morphologies related to glacier advance and 
retreat for analyzing potential ice dam closure events. The National 
Oceanic and Atmospheric Administration (NOAA) (1984, 2000) collected 
bathymetric data in 1978–1979, 1999, and 2006 within Disenchantment 
Bay and mapped large regions of the bay, yet they omitted areas near the 
glacier terminus within the channel between Gilbert Point and upper 
Russell Fiord. Our investigations will address an important gap in our 
knowledge of the ice margin environment affecting the advance of 
Hubbard Glacier. 

Our field investigation was conducted 17–18 October 2008, with data 
acquisition occurring within the gap between the calving ice face and 
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Gilbert Point and in the waters within the entrances to Russell Fiord and 
Disenchantment Bay (Figure 1, dashed box). Because of extensive floating 
ice and extreme currents, the ice margin areas beyond the entrances could 
not be surveyed during this investigation. 
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2 Approach/Methods 

Bathymetry, acoustic backscatter (side-scan sonar), and terrestrial 
measurements were made within the gap between Gilbert Point and the 
terminus of Hubbard Glacier during rising, falling, and near-slack high 
tide using an interferometric (phase-measuring) swath sonar system and a 
high-resolution two-dimensional/three-dimensional (2D/3D) terrestrial 
LiDAR scanner. The GeoSwath system was mounted on the aluminum hull 
of a 9-m North River vessel (Figure 2) and was operated at a frequency of 
250 kHz. 

The GeoSwath system (250 kHz) measures both bathymetry and seabed 
acoustic backscatter, providing co-registered depth soundings and side-
scan sonar information in water depths ranging from 0.5 to greater than 
150 m. In contrast to fixed-angle algorithms utilized by beam-forming 
multibeams, interferometric swath systems determine the angle and travel 
time for every sampling interval (approximately 50 ms). Measuring angles 
from phase shifts at rapid sampling intervals provides a greater density of 
soundings at the outer ranges, resulting in a wide horizontal swath 
(approximately 8–10 times the water depth) in shallow water and 
resolutions of 3D features ranging in size from centimeters to kilometers.  

The GeoSwath system meets the standards of the International 
Hydrographic Organization (IHO). (This standard requires detection of 
cubic features greater than 2 m at a depth of less than 40 m; at depths 
greater than 100 m, the vertical uncertainty requirement exceeds 2.5 m.) 
The GeoSwath has a published maximum depth of 150 m and a maximum 
coverage width of 10–12 times the water depth up to a total width of 400 
m. At these maximum distances, the data density may be reduced, the 
scatter in data increases, and errors in attitude become more significant. 
Also, in depths less than 40 m, the 200-m range from the transducer will 
be reduced. This is significant in some of the shallow areas along the 
glacier.  

A Riegl LMS-Z420i LiDAR scanner was operated in a 2D capture mode of 
operation in tandem during acquisition efforts (Figure 3). The laser scans 
an 80-degree vertical pattern at a rate of 24,000 measurements per 
second. The rotation rate of the mirror is user selectable and is typically  
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Figure 2. GeoSwath multibeam bathymetry system. Left: GeoSwath system mounted to the gunnels of the 

vessel during the installation process. Center and Right: GeoSwath system submerged during data acquisition. 

set at 6–12 scans per second. (These rates are compatible with the 7-Hz 
update rate of the side-scan sonar system.) In addition, an RDI 600-kHz 
Workhorse Sentinel Acoustic Doppler Current Profiler (ADCP) with 
bottom track was used to measure 3D tidal current velocities and 
directions.  

An Applanix Position and Orientation System for Marine Vessels (POS 
MV) system was used to measure the vessel’s inertial position, along with 
its angular orientation. These measurements are typically acquired at a 
rate of up to 200 Hz. Each trajectory measurement is described by seven 
variables. They are three position coordinates (typically latitude, longi-
tude, and elevation relative to some datum), three angular coordinates 
(roll, pitch, and heading), and a time stamp. These seven variables  

 
Figure 3. Terrestrial LiDAR scanner (silver cylinder), IMU (left black can), and GPS antenna 

mounted to the gunnels of the vessel. 
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completely describe the vessel’s position and orientation at each sample 
time. The positions of the LiDAR and GeoSwath data are computed 
relative to the vessel’s trajectory. Thus, the absolute accuracy of the LiDAR 
data is a direct function of the accuracy of the trajectory. Precise horizontal 
and vertical control was obtained with a dual-channel global positioning 
system (GPS; Trimble Real Time Kinematic) that was positioned over a 
fixed relative benchmark on Haenke Island and radio-linked directly to the 
vessel. The reference frame utilized was World Geodetic Survey 1984, 
NAVD88 vertical datum. 

All equipment was mounted on the hull of the vessel while out of the water 
(Figure 2). Precise measurements were made to define the relative 
positions and orientations of the survey sensors.  

Supplemental data were also collected during the survey for instrument 
correction and calibration. These data included water levels monitored via 
GPS to make temporal corrections to tide levels in Disenchantment Bay 
relative to the NOAA Yakutat tidal benchmark. Vertical profiles of water 
quality were also collected in the vicinity of Gilbert Point using a SeaBird 
Electronics Conductivity, Temperature, Depth (CTD) sensor 1903; these 
measurements were necessary for making post-processing corrections to 
the bathymetry and acoustics data. 
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3 Study Limitations 

Fiord conditions adjacent to the ice face and within the gap limited the 
extent of the survey. Floating icebergs and mélange directly west of the 
surveyed area prohibited further data acquisition along the ice terminus. 
Floating ice within the gap further limited acquisition efforts during ebb 
and flood tidal cycles, as eddy formations and current velocities in excess 
of 5 m s–1 created potential boat operator control issues.  

During the investigation, the ice face was relatively active along the 
western half of the surveyed area, in contrast to the area closest to Russell 
Fiord. A distance of approximately 200 m from the ice face was 
maintained during each traverse past actively calving reaches of the ice 
face. Furthermore, the survey relied on real-time radio-linked GPS signals 
from a temporary benchmark established on Haenke Island (Figure 4). 
Because of the varied terrain in the vicinity of Gilbert Point, GPS signals 
degraded significantly near the head of Russell Fiord, limiting the survey 
area extent into the fiord. 
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Figure 4. Color-scaled multibeam digital elevation model acquired 17–18 October 2008, overlaid onto a 
GeoEye-1 panchromatic (450–800 nm) 0.41-m-resolution satellite image acquired on 25 October 2008.  

 



ERDC TR-10-8  9 

 

4 Data Processing 

4.1 GeoSwath bathymetry 

Following data collection efforts, the initial GeoSwath, LiDAR, ADCP, and 
GPS data post-processing and reduction were conducted by the U.S. Army 
Corps of Engineers Field Data Acquisition and Analysis Branch at the 
Coastal Hydraulics Laboratory in Vicksburg, MS. Post-processing included 
using proprietary software provided by GeoAcoustics. The raw GeoSwath 
files from the instrument contain azimuth, range, and amplitude alongside 
position and motion information. The position data are based on latitude 
and longitude, which were converted to Universal Transverse Mercator 
(UTM) coordinates. Tidal data with water level and time stamps were 
generated using post-processed data from the onboard GPS. Depth and 
sound velocity measurements were derived from CTD casts. Additional 
measured offsets between the POSMV output position and the head of the 
GeoSwath sensor; time-tagged sound velocity at the head and depths from 
the single-beam fathometer; and role, pitch, and yaw offsets from patch 
tests were derived for a final calibration file. 

After the corrections in the files were applied to the data, the software was 
used to apply a series of data reduction filters. Specific filters vary 
depending on conditions, but typically the data are filtered in order by 
return amplitude, range, or depth from the transducers, a cross-track filter 
on a single ping, and a filter from ping to ping. Data from the single-beam 
echo sounder were also edited. The depth data were placed in a grid, and 
additional filtering and statistical analyses were performed. A single 
averaged point was output for each nadir-looking grid cell. GeoSwath data 
along the submarine vertical ice face were processed separately. The data 
along the ice face exhibited considerable scatter because of the extremely 
irregular nature of the ice face. 

4.2 LiDAR topography 

LiDAR measurements were collected at a rate of 200 points s–1 using 
Hysweep software from Hypack Inc. with an Internet Protocol-based 
connection. The software simultaneously logs position and motion data 
from the POSMV for real-time corrections and display of information in 
the field. The data were further filtered to use only data collected with real-
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time kinematic GPS positions and corrected heave values. Final data were 
edited using a point cloud editor, and reflections from floating ice on the 
water surface were deleted prior to exporting data in an X, Y, Z format. 
Digital elevation models (DEMs) of the surface topography of Gilbert Point 
and the terminus ice face above and below the water were then generated 
using Applied Imagery’s Quick Terrain Modeler Software (Figure 5). 

 
Figure 5. Surface topography of Gilbert Point, color shaded by elevation, derived from a 

ground-based terrestrial LiDAR scanner. Fractures and foliations in the bedrock, as well as 
the rough, irregular relief of the face, are evident. 

4.3 Acoustic Doppler Current Profiler 

The ADCP data were collected using RD Instruments WinRiver software. 
The system logs the data stream from the ADCP while simultaneously 
logging position and heading information from the vessel. The system 
failed to collect data below about 55 m deep because of frequency and 
signal strength limitations and water temperatures. The ADCP data can 
reference either the channel bottom or the GPS position. The software was 
used to export text files containing time, position, depth, and velocity data. 
The data were then processed to show depth-averaged velocities with 
positions that could be input into a GIS. Plots of cross-section velocity, 
velocity magnitudes, and depth-averaged velocity vectors and calculated 
discharge along specific acquisition lines were calculated.  
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4.4 GPS corrections for Mean Lower Low Water (MLLW) 

NOAA has an established tide station in Yakutat (Station ID: 9453220). 
The station has established tidal benchmarks and tidal ranges. During 
work in June 1999, NOAA established temporary gages for 6 days in 
Disenchantment Bay (Station ID: 9453196) and in Russell Fiord (Station 
ID: 9453178). Both sites were near the current location of Hubbard 
Glacier. After the mean of each data set was removed, the water levels in 
Disenchantment Bay closely tracked the water level at Yakutat with 
respect to both phase and amplitude. The amplitude of the water level 
changes in Russell Fiord for the 6-day period was significantly less than in 
Disenchantment Bay, and the water level changes in the fiord lagged those 
in the bay. The tide data have no information about the constriction of the 
Hubbard Glacier on the flow of water between the bay and the fiord. The 
6 days of data were collected in the summer and do not account for 
seasonal anomalies or long-term trends. 

A dual-frequency GPS was placed at tidal benchmark BM 3220Z at the 
Yakutat gage. The benchmark has an elevation of 8.195 m MLLW. The 
GPS data were sent to the National Geodetic Survey (NGS) for processing 
using their OPUS software. Calculated values of the ellipsoid height at the 
benchmark agreed closely with the published ellipsoid height from the 
NGS data sheet. The NGS data sheet does not show a NAVD88 elevation, 
but the calculated NAVD88 elevation of the benchmark based on the 
Geoid 06 model was 7.485 m. These data show that the MLLW datum at 
Yakutat is 0.71 m below the NAVD88 datum. 

A temporary benchmark (TBM) was established across from Hubbard 
Glacier near the field measurement site on Haenke Island. Dual-frequency 
GPS data were collected on the TBM while additional field data were 
collected. The GPS data were again processed by OPUS to establish both 
an ellipsoid height and a NAVD88 elevation based on the Geoid 06 model. 
The real-time survey data were post-processed using the OPUS position 
and elevation and then converted to MLLW using the 0.71-m difference 
established at Yakutat. Possible problems with these calculations are 
potential errors in the Geoid 06 model. (There were significant changes 
between Geoid 03 and Geoid 06.) An error in the Geoid 06 model would 
not show the true water level differences between Yakutat and the 
Hubbard Glacier area. Post-processed GPS data from the boat tracks 
showed changes in water levels of up to 1 m from Disenchantment Bay to 
Russell Fiord during the survey. Since all of the survey work is in this area 
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of changing water levels, water level datums such as MLLW from Yakutat 
may not be accurate. Future studies could be improved by installing tide 
gages near the study area to better determine water level ranges, even 
though these ranges would probably vary depending on glacier location. 



ERDC TR-10-8  13 

 

5 Discussion 

5.1 Multibeam bathymetry and interpretation 

Multibeam data were acquired along 18 transects encompassing an area 
approximately 4,000 m long by 600 m wide within the channel in the 
vicinity of Gilbert Point. The multibeam survey provided the first look at 
the submarine environment proximal to Hubbard Glacier, including the 
interface between the ice face and the submarine terminal moraine it rests 
on. Water depths within the narrow stretch between the ice face and the 
Gilbert Point shoreline typically range from –15 to –35 m below MLLW 
(BMLLW), with regions reaching as deep as –116 m BMLLW (Figure 6). 

 
Figure 6. Survey line locations (grey-black lines) of the vessel during data acquisition superimposed onto a 

bathymetric relief map color-shaded by elevation and a GeoEye-1 panchromatic satellite image, acquired on 
25 October  2008. Surveying could not be conducted in the black area near the entrance to Russell Fiord 

because of a large eddy filled with icebergs. 
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Various geologic, subglacial, and ice-marginal features were clearly 
revealed by the survey. Overall, strong returns from the bed and observa-
tions of limited bed material in motion within ADCP measurements 
suggest that erosion by tidal currents has removed most finer-grained 
material within the narrow reach between Gilbert Point and the ice face, 
thereby developing an apparent armored bed. Within the submarine bed, 
geologic structures are evident, including an area of shallow bedrock 
directly northwest of Gilbert Point (a flat triangular area) and a reef 
farther west that becomes exposed during low tide. Glacially generated 
bedforms occur throughout the area surveyed. In particular, the former 
bed of the glacier where it seasonally advanced into the gap is well 
preserved, revealing streamlined bedforms aligned parallel to glacier flow 
and morainal ridges aligned perpendicular to the ice face, most appearing 
very rough and possibly composed of coarse materials (Figure 7). The best-
developed streamlined bedforms, which are generally 1 m or less in 
elevation, sit between the ice margin and a ridge of sediment. This ridge, 
which ranges from approximately 5 to 10 m in height on its eastern side 
and approximately 10 to 15 m on its western side, is interpreted as ice-
generated or marginally deposited sediment that marks the approximate 
maximum position of the ice margin for the 2008 season (Figure 7B). 
Laser ranging data of the ice margin location from Gilbert Point agree well 
with the maximum advance position of the ice face on 27 June 2008. On 
that date, the gap between Gilbert Point and the ice face at its narrowest 
point was approximately 140 m wide. Thus, the linear ridges behind or up-
glacier of the advance moraine, which are also associated with linear 
scours, are interpreted as subglacial bedforms (flutes) resulting from the 
glacier sole sliding across its bed and are aligned in the direction of ice 
flow. 

Numerous ridges of low relief (approximately 1 to 1.5 m, exceptionally to 
3 m high) also occur between the ice face and the maximum seasonal 
advance position (Figure 7B bottom). These ridges, which lie approxi-
mately parallel to the ice face, are interpreted as recessional moraines that 
mark short-term locations of the ice face as the margin retreated from its 
maximum seasonal advance position on 27 June 2008 to its position 
during the October survey. At some locations these curvilinear ridges are 
superimposed over the linear flutes, indicating that they formed after the 
flutes developed. In addition to ice-generated features, there is evidence of 
fluvial bedforms, including dunes or mega-ripples in the dominant 
channel (Figure 7D). They are approximately perpendicular to the ice face 
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Figure 7. Color-shaded DEM showing geologic, glacial, and hydrologic features. A: Interpreted geologic bedrock 

and structure. B: Morainal ridges formed during the seasonal retreat of 2008. C: Subglacial bedforms and 
lineations (scours, ridges, and flutes) developed by ice sliding. D: Current-generated dunes or mega-ripples 

within the probable thalweg of the dominant channel during the seasonal maximum of ice advance. E: 
Erosional basin eroded within the last year, most likely from both ice advance and subglacial stream activity.  

and are approximately 1 m in height and have a spacing of several meters. 
These large bedforms may be a product of the constriction of the channel 
by seasonal ice advance beyond the outermost moraine and the resulting 
reduction in cross-sectional area to accommodate tidal flux. 
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Larger-scale features along the bed and ice margin are also evident, 
including a section of the ice margin that extends into a deep basin 
(approximately –115 m BMLLW) just west of Gilbert Point (Figure 8). The 
ice face overhangs a part of this basin, and the data suggest that the bed 
continues to deepen with distance into and beneath the ice face. An 
arcuate ridge along the outside edge of the basin (down-fiord) appears to 
be a continuation of the moraine developed by the maximum seasonal 
position of the ice terminus at the end of June 2008. This evidence 
suggests that the basin was eroded by ice advance and potentially from a 
subglacial discharge, although there is no direct evidence of the latter.  

 
Figure 8. Large sediment basin along the western margin of the surveyed area and the ice terminus face. 

A: Oblique perspective of the bathymetric point cloud and the terrestrial LiDAR topography, both color shaded 
by elevation. B: Detailed plan view subset of the basin and overhanging ice margin. C: The glacier terminus 
with layering revealing the structure of the ice above and adjacent to the submarine basin (photograph by 

D. Finnegan, October 2008). 



ERDC TR-10-8  17 

 

Evidence of the basin further manifests itself through inverse topographic 
expression on the surface of the glacier and the internal layering (Figure 
8C). 

5.2 Multibeam analysis 

Efforts to quantify changes in the submarine bed elevations were 
conducted by comparing DEM elevations from this investigation with 
previous bathymetric data collected by NOAA (2006). ESRI ArcGIS 
software was used to calculate the differences between the two 5-m DEMs. 
(The area of the NOAA 2006 survey did not include the entire region 
within the gap between the ice terminus and Gilbert Point, so only a 
limited area was comparable with our results.) For visual comparison, the 
resulting DEM was classified to highlight regions of sediment deposition 
and erosion (Figure 9). Changes in elevation indicate areas of deposition of 
up to 20 m and erosion in excess of 50 m deep, with the greatest change 
occurring along the margin within the previously mentioned basin. 

 
Figure 9. Bathymetric DEM difference classification map comparing the bathymetry acquired 

by NOAA on 7 September 2006 and the bathymetry acquired during this investigation, 
approximately 2 years later. 

A previous survey of the channel area by fathometer profiling conducted 
by Motyka et al. (2008) allows for further qualitative visual comparison of 
sediment erosion and deposition. This visual comparison suggests that 
most of the erosion of the deep basin took place between October 2007 
and October 2008 and occurred mostly east of the area identified as 
moraine in Figure 10. The area of sedimentation that appears in the 2008 
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data set to the east of the deep basin falls approximately north of the laser 
ranger location (Figure 10). The location of the excavation in concert with 
the morainal arcuate ridge at the southern end of the basin suggests that 
the sediment was removed during the 2008 seasonal advance and retreat. 

 
Figure 10. Bathymetric map based on fathometer profiles acquired on 22 October 2007, at a 
5-m contour interval. The glacier terminus is from synthetic aperture radar images: (black) 22 

October 2007; (red) 25 August 2007; (blue) 14 June 2007 (from Motyka et al. 2008). 

5.3 ADCP current measurements 

ADCP current velocity measurements were made concurrently during the 
multibeam survey. The data presented here represent preliminary results 
for selected velocity profiles within the study area. Cross sections 
beginning just inside Disenchantment Bay and traversing through the gap 
were measured to estimate cross-sectional velocities and discharge during 
flood tide (Figure 11). During our survey, which began prior to high tide, 
the ADCP data showed currents generally flowing into the channel from 
Disenchantment Bay. Water level differences during the late stages of the 
flood tide were approximately 1 m lower within Russell Fiord than at the 
entrance to Disenchantment Bay (Figure 11). Within the main channel 
(line 24, Figure 12), currents were generally uniform, decreasing in 
magnitude slightly with depth. In the central channel off Gilbert Point, 
current velocities typically ranged from 2 to 3 m s–1, with peak velocities 
exceeding 5 m s–1 during influxes of flood waters from Disenchantment 
Bay. The area above the deep basin, which was generally out of the main 
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flow, had current velocities that increased with depth but were generally 
less than 1 m s–1 (Line 18, Figure 12). 

 
Figure 11. ADCP results. Top: Selected ADCP current profile locations (18, 22, 24t1, 24t2) 
superimposed onto a shaded-relief bathymetric DEM surface. The red arrows represent the 

depth-averaged current direction and magnitude of each profile. Bottom: Water surface 
elevations converted to MLLW from the surveyed GPS locations and the easting location of 

the boat position. The dashed white box represents the period of time for the velocity profiles 
plotted above. The lower plot indicates there is approximately a 1-m difference in water 

surface elevation between Disenchantment Bay and the entrance to Russell Fiord caused by 
the glacier constriction through the gap. 
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Figure 12. Velocity–depth profiles for two survey lines. Top: Results for line 22 at 

approximately 2320 UTC on 18 October 2008. This transect crossed just west of Gilbert Point 
and ended above the deep basin west of the channel entrance (see Fig. 11). The deep basin 
lies outside the main flow of flood waters into the gap, with slower currents and variable flow 

directions with depth. Bottom: Results for line 24t1 at approximately 2330 UTC on 18 
October 2008. This line is perpendicular to the channel from land (left side) towards the ice 

face (see Fig. 11). The velocity magnitude decreases near the ice face and below 20 m deep.  

Vertical cross sections of current velocities during flood flows for lines 22 
and 24t1 (Figure 12) show nearly uniform current structure and velocity 
range (approximately 3 m s–1), decreasing in magnitude close to the ice 
face. The average flow direction with depth in the channel during flood is 
represented in Figure 12 for profile 24t1. The cross sections also provide a 
first-order estimate of instantaneous discharge. The calculated discharge 
values varied from 19,500 to 23,200 m3 s–1 for lines 18 to 24 during late-
stage flooding near high tide. (These discharges include estimated flows in 
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the unmeasured zone on either end of the transect.) These values fall near 
the average discharge of approximately 24,000 m3 s–1 estimated by 
Trabant et al. (1991), assuming an average tide change of 2.7 m in Russell 
Fiord every 6 hours. Because the flow reverses direction every 6 hours, the 
peak discharge in each half cycle is thought to be larger. In addition, peak 
discharge depends directly on the width and configuration of the channel 
between the ice front and Gilbert Point, resulting in seasonal and annual 
variations in discharge and current velocities. 
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6 Conclusions 

The initial data obtained in this investigation are unique and extremely 
valuable in developing an understanding of the processes and conditions 
within the ice marginal environment in and around Gilbert Point, where 
Hubbard Glacier may ultimately dam the entrance to Russell Fiord. 

The depth of the moraine at the ice face is relatively shallow: approxi-
mately 5–25 m deep. It is inferred that seasonal ice advance moves 
material across the bed of the channel between the ice face and Gilbert 
Point; the farthest extent is marked by a terminal moraine. Bed lineations 
suggest that the glacier primarily moves by sliding across its bed, rather 
than through deformation of subglacial materials, and may be indicative of 
a hard surface and overconsolidated materials. During the seasonal retreat 
of the ice margin, smaller morainal ridges are sometimes formed along the 
base of the ice cliff, presumably where the recession is slowed and the ice 
face remains relatively stable to allow glacially derived sediment to 
accumulate. The fact that multiple morainal ridges were not found beyond 
those associated with this season’s advance and retreat suggests that these 
seasonal moraines are not well preserved and are likely eroded by 
extremely strong tidal currents, leaving only the coarsest boulders as a lag 
on the channel floor. The closest point the ice margin approached Gilbert 
Point in 2007 was about 120 m, and our results do not reveal a moraine at 
20 m beyond this year’s moraine that developed at 140 m.  

The data on currents during the rising and near-slack tidal conditions 
showed velocities through the water column to be nearly uniform with 
depth in the narrowest section between the ice face and Gilbert Point. Our 
observations suggest that large eddies develop in the Russell Fiord and 
Disenchantment Bay sides of the channel. Water levels during late stages 
of the flood tide were approximately 1 m lower in Russell Fiord than at the 
entrance to Disenchantment Bay, gradually falling as the tidal cycle 
reversed to ebb near the end of our survey.  

The observation that limited material was moving along the bed of the 
channel and that current velocities are upwards of 5 m s–1 suggest that the 
bed is primarily very coarse material or extremely hard and overconsoli-
dated, as would be the case if a subglacial diamicton developed beneath 
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the glacier when, in the historic past, the glacier terminated on Gilbert 
Point. Tarr and Martin (1914) suggested that a submarine moraine may 
occur here based on their early soundings of Russell Fiord, although this 
has not been verified. A subglacial diamicton is also likely to have been 
deposited during the most recent advance of the early 1600s, when ice 
split around Gilbert Point to form the Russell and Disenchantment arms of 
Hubbard Glacier (Barclay et al. 2001). 

While subglacial discharges were not present during our study, observa-
tions during the summer showed that subglacial water was emerging 
within the westernmost part of our survey area. This may correlate with 
the apparent tunnel located in the ice face adjacent to the deep (>100 m) 
basin area. Bedforms within the basin area indicate that ice was in contact 
with the bed, so the origin of the basin is probably not mainly by subglacial 
fluvial erosion. Deposits ringing the basin are interpreted as morainal 
banks along the former ice margin position. 
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7 Recommendations 

The dynamic behavior of Hubbard Glacier and, in particular, the seasonal 
advance and retreat of the ice margin may strongly alter the submarine 
bed within and adjacent to the gap at Gilbert Point. Our survey was 
conducted during the fall, when the ice margin was near its maximum 
seasonal retreat. Past fathometer surveys were also conducted during the 
fall, so there is no known record of the processes and conditions here 
during the period of advance each spring. Information about this period 
may be crucial for defining when closures take place. We recommend that 
such studies be undertaken in early May before the ice reduces the gap 
width beyond where it is safe to work by boat and when observations 
suggest there will be less floating ice than later in the spring. 

We had some difficulty conducting the survey because of ice conditions 
during the 2-day window available for this investigation. The time for the 
field work needs to be longer to allow for changes in floating ice 
conditions. This may require waiting nearby for currents and tides to move 
floating ice away. During this waiting period, measurements such as CTD 
casts and bottom sampling can be conducted nearby while the ice condi-
tions are monitored in case they open up. 

The mounting of instrumentation on the side of the boat led to unavoid-
able impacts with ice being transported by surface currents, potentially 
damaging the instruments as well as temporarily affecting data quality. 
Shields need to be fabricated to protect instruments while diverting ice 
masses away from the sensors as the boat motors through areas with light 
cover of icebergs. 

Tide gauges should be installed on both sides of the gap, at least during the 
bathymetric survey, with reference to WGS84. Tide height differs signi-
ficantly between Russell Fiord and Disenchantment Bay during the ebb 
and flood cycle, as well as within the gap as the direction of the tide is 
changing. This affects both data processing and ice marginal processes 
within the gap. 
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Acronyms 
2D/3D two dimensional/three dimensional 

ADCP Acoustic Doppler Current Profiler 

BMLLW below mean lower low water 

CHL Coastal and Hydraulics Laboratory 

CRREL Cold Regions Research and Engineering Laboratory 

CTD conductivity, temperature, depth 

DEM digital elevation models 

ERDC Engineer Research and Development Center 

GPS Global Positioning System 

IHO International Hydrographic Organization 

MLLW mean lower low water 

NGS National Geodetic Survey 

NOAA National Oceanic and Atmospheric Administration 

POS MV Position and Orientation System for Marine Vessels 

TBM temporary benchmark 

USACE United States Army Corps of Engineers 

UTM Universal Transverse Mercator 
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