
ABSTRACT

-

Taku Glacier is the thickest and deepest temperate glacier so far measured in the world. 
However, the maximum depth has never been determined and the bed is estimated to be at 
least 600 meters below sea level. Understanding the shape of the bed topography is essential 
for predicting how the glacier will respond to climate change and how this will a� ect the future 
shoreline of Southeast Alaska. We collected both transverse and longitudinal transects of Taku 
Glacier using ground penetrating radar (GPR) operating at a frequency of 5 MHz, as well as 
similar profi les from several tributary glaciers including Demorest Glacier, Matthes Glacier 
and the Northwest Branch of Taku Glacier. Our goal was to combine previously collected 
seismic data, digital elevation models (DEMs), and gravimetric data with in situ GPR profi les to 
produce a bedrock topography model using ArcGIS and Python. Here we present geophysical 
results from the 2017 summer survey of Taku Glacier and its tributaries

BACKGROUND

-

With an area of more than 3700 km2, the Juneau Icefi eld is one of the largest icefi elds in 
North America with an elevation ranging from sea level to 2300 m above sea level (a.s.l). 
Emission scenarios modelled by Zieman et al. (2016) project the icefi eld will melt in its entirety 
by ~2200 CE given modeled climate change continues beyond 2099 CE. At a length of 60 
km and an area of 735 km2, Taku Glacier is the largest outlet glacier in the Juneau Icefi eld 
(Kienholz et al., 2015). Combined with its major tributaries, including the Demorest, Matthes 
and Northwest Branch, Taku makes up a signifi cant portion of the Juneau Icefi eld system. 
Previous studies on Taku Glacier include seismic profi les of ice thickness (Nolan et al., 2005; 
Nolan et al., 1995) and modeling of ice thickness (Huss & Farinotti, 2012). Using seismic 
testing, Nolan et al. (1995) measured a maximum ice thickness of 1477  ± 30 m and a minimum 
bed elevation of 600 m below sea level (b.s.l). The model used by Nolan et al. (1995) suggests 
that the bed crosses sea level 7 km up-glacier from Profi le 4. A morainal dam formation at 
the terminus of Taku Glacier has also been investigated (Motyka and Beget, 1996), which has 
implications for acting as a natural levee. This feature could determine if the Taku area will 
become a � ord or a lake if the glacier were to completely recede and/or if the levee would fail 
and create a catastrophic outburst fl ood.

METHODOLOGY

-

A Blue Systems Integrated IceRadar unit was used with a Narod 512 Hz 550 V transmitter 
to collect ground penetrating RADAR (GPR) data along di� erent profi les of Taku Glacier 
and its tributaries. The unit was equipped with an Embedded Processing Unit (EPU), which 
comprised of GPS and a touch-screen computer that displayed live 1D and 2D radargrams. 
Both radar and GPS data were logged continuously during operation with a 5 MHz antenna 
towed via snowmobile at ~5 MPH. Associated software, IceRadarAnalyzer, was used to analyze 
the data and pick bedrock horizons (Figure 2 & 3) to determine ice thickness. Comparisons 
between surface elevation and ice thickness were made for each transect to determine if the 
glacial bed extended below sea level. Radar transects were mapped in ArcMap 10.5 using 
embedded GPS coordinates projected on a 2017 LandSAT 8 satellite image (Figure 1). 

RESULTS

-

• The glacial bed was visible in 5 out of 18 transects including Demorest 1  (Figure 2) and NWB 
9 (Figure 3).

• Figure 2 shows glacial bed refl ectors in Demorest 1 visible to a maximum depth of 625 m. 
The subglacial topography slopes steeply towards the basin which was beyond the depth of 
the GPR signal.

• Figure 3 shows glacial bed refl ectors in NWB 9 visible to a depth of 542 m. 
• Ice thickness measurements recorded along Profi le 4 (>1425m) on Taku Glacier indicate 

that the bed is at least 319 m b.s.l. along this transect. 

CONCLUSION/DISCUSSION

-

Not only did challenging fi eldwork conditions result in intermittent data, but considerable ice 
thickness and high water content characteristic of temperate glaciers caused interference 
with the GPR signal. As a result, the glacial bed was not visible consistently to produce a 
robust model of bed topography. We propose that a higher power (+/-2000 V) and higher 
pulse repetition frequency (1500 to 2000 Hz) transmitter coupled with a 1-2 MHz antenna 
would increase penetration and resolve bed topography at more locations across the icefi eld 
(Conway et al., 2009). 

JIRP 2017 maximum ice thickness (>1425 m) measurements collected using GPR along 
Profi le 4 slightly exceed historical seismic measurements (1400 m) by Nolan et al. (1995) 
along the same profi le, thus strengthening the understanding of current conditions (Figure 
4a) and projected melt scenarios (Figure 4b) in the Taku basin. 

GPR ice thickness data constrain maximum bed elevations near the margins and indicate 
that the bottom of the Taku Basin is well below sea level at this location. Thus, the results of 
this study strongly support historical ice thickness measurements as well as previous models 
estimating that the bed of Taku Glacier rises above sea level between 38 and 48 km up-glacier 
from Taku Point (Nolan et al., 1995).

Based on JIRP 2017 ice thickness data, historical measurements and projected scenarios 
estimating total melt of Taku Glacier by ~2200 CE (Zieman et al., 2016), it is concluded that 
a � ord or large glacial lake will extend up the Taku basin at least 29 km from the 2017 terminus. 
This will change the future shoreline of Southeast Alaska signifi cantly and have implications 
for downstream communities, ecology and regional hydrology. 
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FIGURE 1

Demorest 1 radargram. The signal was stacked at 25 with a 
record length of 2700 samples. An exponential gain curve was 
applied along with a 30 MHz low pass fi lter during processing.

FIGURE 3

Northwest Branch 9 (NWB 9) radargram. An exponential gain curve 
was applied along with a 30 MHz low pass after during processing.
The signal was stacked 25 times with a record length of 3000
samples. 

FIGURE 2

MAPPING BEDROCK TOPOGRAPHY OF TAKU GLACIER

WITH LOW FREQUENCY GROUND 
PENETRATING RADAR
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Science illustration modelling the (a) 
current ice thickness conditions and 
(b) projected changes within the Taku 
Basin by ~2200 (Westhaver & Davis).
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