V51F-0349: Analysis of volcanic deposits from the 2001 eruption of Mt. Cleveland, Alaska using multisensor satellite data and field observations
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INTRODUCTION

OBJECTIVES

There are more than 80 active volcanoes that erupted during the
Holocene in Alaska with at least 40 of these historically (Miller et al., 1998).
These very remote and active volcanoes make up the Aleutian Island
volcanic arc, which is sparsely populated with only a few remote villages
scattered throughout the chain (Figure 1). They also have the ability to
cripple the heavily traveled air routes in this region from their ash clouds.
Some of these villages are in the shadows of these active volcanoes
making them vulnerable to volcanic hazards. Understanding the cause
and characteristics of the volcanic deposits is instrumental to determining
the hazards that may face one or more of these communities.

The objective of this study is to better understand the eruptive
characteristics and histories of snow-capped Aleutian stratovolcanoes
by using remote sensing and field observation data from the 2001 Mount
Cleveland eruption. This objective will be accomplished by:
1) Associating ASTER vesicularity techniques developed by Ramsey
and Christensen (1998) and modified by Ramsey and Fink (1999)
to the 2001 deposits on Mount Cleveland, and apply these results
to the rest of the volcano.
2) Produce a better chronology model for the 2001 eruption from,
satellite and field data, to constrain the emplacement time-frame
For the deposits.
3) Estimate an erosion rate of the deposit after the eruption.

METHODOLOGY
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Figure 1. Location maps of Mount Cleveland (right). Nikolski, the
nearest inhabited village, is shown in red on the middle map. The
top two maps were produced using the Generic Mapping Tools
(GMT) program (see the following websites for more information
on this software product: http://gmt.soest.hawaii.edu/ and
http://www.aquarius.geomar.de/). The bottom left map, outlined in
blue, is a modified version from Miller et al. (1998, Figure 74). The
picture to the left was taken from the International Space Station on
January 1, 2001 (notice the faint, narrow gas or steam plume
extending to the west-northwest from Mt. Cleveland).
Mt. Cleveland

The study area for this thesis is Mount Cleveland (Figure 1) on the western part of uninhabited
Chuginadak Island.
- Most recently active stratovolcano in the Central Aleutian Island chain
- Last erupted in February to March 2001
- Erupted at least 16 other times in the past 110 years (7 within the last 20 years - among most
active, annually, in the chain during this amount of time).
- 8 km in diameter with an elevation of 1730 meters.
- Closest settlement is Nikolski 75 km to the east on Umnak Island (Dean et al., 2002a; Simpson
et al., 2002; Myers, 1990).
- Only known volcano in Alaska to have produced an eruption that resulted in the death of one
American service member stationed on the island during World War II (1944: Silk, 1944).
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Satellite Data - Remote sensing offers an inexpensive alternative to the
costly and harsh conditions of field work in the Aleutian region. With
temporal resolutions ranging from multiple times per day to 35 days,
satellite sensors can provide effective change detection of a location,
barring poor weather conditions in some cases.
Field Observations - Use field photos from the 2001, 2002, and 2003 field
seasons for comparisons from each year to the next. Measurement of
the blocks found on the fan deposit taken to be associated with the
ASTER vesicularity technique (Figure 6).
Model - The 2001 eruption chronology model will be done by using
information provided by satellites, the photos taken before, during, and
after the eruption, and information gathered from Dean et al. (2002a
and 2004 in press). The goal is to constrain the amount of time it takes
for these pyroclastic deposits to reach their terminus.

ERUPTION AND OBSERVATION CHRONOLOGY

3

Associate vesicularity techniques of Ramsey and Christensen (1998)
and Ramsey and Fink (1999) to the deposits. Technique uses the five
thermal bands to examine the linear combination of two end-members
(glass and vesicles) that are deconvoluted through a least squares
regression to produce distribution percentages. Aid chronology model.
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Chronology model for the eruption deposits.

Chronology model for the eruption deposits.

Produce DEM of volcano to detect change in slope from the eruption.
Figure 6. Pyroclastic fan deposit grid point map. (A) Depiction of the
grid point map taken from the far left Landsat 7 ETM+ (5-4-2)
satellite image of November 22, 2001. This grid point map is
focused on the fan deposit (in red on satellite image) on the western
flank of Mt. Cleveland. Each square represents an enlargement of
each 30 meter pixel from the satellite image (not drawn to scale).
The GPS reference numbers in some squares represent the central
part of pixels that were initially determined to be on the fan deposit
before going out into the field. Blank squares are for guidance to
depict additional pixels that were originally not considered as being
on the fan deposit and could have been included in measurements,
but were then included only in the facies description after being
observed out in the field. (B) Same grid point map colorized to
depict the overall makeup of the depositional facies for each pixel.
Legend provided below for further clarification.
Pixels that are primarily A’a Block Facies.

Figure 8. A’a block and breadcrust bomb measurements at the grid points depicted in Figure
6. In this photo Jon Dehn holds a 35 cm ruler above a breadcrust bomb in order for computer
photo analysis after returning from the field. From the left side of the ruler to his thumb is 10
cm. Blocks within a 2 meter radius of the center of alternating grid points from Figure 6 that
had lengths greater than 1 foot were measured for their lengths and widths for block area
calculations using the area of an eclipse.

Figure 7. GPS traverse of the 2001 pyroclastic debris fan. Jon Dehn of AVO inspecting the
area for the next path to follow for the collection of data points for a GPS perimeter traverse
of fan deposit. He is standing next to one of the very large a’a blocks that can be seen in the
upper right corner of Figure 5 above.

DISCUSSION

Pixels that are primarily Breadcrust Bomb
Facies.
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Pixels that could be included, but originally
weren’t considered part of the fan deposit.
The dashed pattern was observed in the field
to be the facies of these unknown pixels.

122 123

Pixels that contain half or more of the 2001
A’a lava flow within them.
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Figure 5. Panoramic view of the 2001 pyroclastic fan deposit taken from the 2001 a’a lava flow looking from left to right to the southwest to northwest. Camp tents in the lower right for
scale (Teal Mountain Hardware Trango 2). In the upper right is the very large a’a blocks from the initial hot debris flow. The main lobe of the breadcrust bomb facies (secondary cooler
debris flow) is marked in the middle of the photo by a red BCB. This lobe is also the highest elevation on the fan deposit as seen in the middle of Figure 16. Where visible the edge of the
fan deposit is marked by a yellow line. Dominant depositional facies are marked by BCB for Breadcrust Bombs and AB for A’a Blocks.

PRELIMINARY RESULTS

Figure 2. Lahar down the southwest flank of Mount Cleveland. Photo was taken on February
2, 2001 by pilot Dean Cully and was then provided to the Alaska Volcano Observatory. The
photo was initially received before the initial eruption, but was not viewed until after the
eruption on February 19, 2001.

DATE
February 2, 2001

Figure 4. Photo taken by Cathy Cahill of the Geophysical
Institute UAF from a plane of the March 19th eruption.
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Figure 17. Previous pyroclastic deposits on the western flank. View from the southern part of
the fan deposit looking east-northeast. The southern lobe of the 2001 lava flow is next to the
older deposits, which lead to the conclusion that this was not the only time that pyroclastic
debris has flowed down this flank of the volcano. The sequence is labeled and displays that
the order of pyroclastic debris to a brecciated material to lava flow is a common occurrence
for this volcano and possibly other Aleutian stratovolcanoes.

Figure 3. 2001 a'a lava flow and pyroclastic deposits on the west flank of Mount Cleveland.
Photo was taken in September 2001 by Jon Dehn of AVO.

COMMENTS
Down SW flank (Figure 2); Not viewed by AVO
until after Feb. 19 eruption.
Anomaly might indicate lahar activity.
Anomalies at summit might indicate lahar activity.

Figure 16. Overhead view wireframe elevation contour image of the pyroclastic fan deposits.
Image not drawn to scale and actual perimeter of the fan deposit. Labels on the contour image
are BCB for Breadcrust Bomb facies and AB for A'a Block Facies. These labels indicate the
more concentrated of areas of each facies. One can see the three separate lobes of the
Breadcrust Bomb facies at the center and to the north on the fan deposit. For overall make-up
of each pixel of the fan deposit see Figure 6. The wireframe contour image was produced
using the software package of Surfer v. 7.05.

Figure 9. 2001eruption deposits. In these two photos taken by Burke Mees (© February 21,
st
2001) one can see the extent of the eruption deposits as of February 21 (in solid red and
yellow lines). The furthest extent of the 2001 a'a lava flow is in a dashed red line. Also visible
in the inset photo is the steam at the edges of the pyroclastic fan deposit that entered the
ocean indicating that is is still hot.

Anomaly might indicate lahar activity.
Anomaly might indicate initial deposition of pyroclastic fan.
Anomaly on SE flank; possible lahar.
Anomaly possibly from fan deposition.
Anomaly possibly from fan deposition.
Anomaly possibly from fan deposition.
Eruption plume SE and NW; anomaly from W flank lava
and possible debris flow.
Eruption plume SE and arcing from NE to NW;
anomaly from W flank lava and possible debris flow.
NW trending ash cloud moving NE; anomaly from W flank lava flow.
NW trending ash cloud moving NE; anomaly from W flank lava flow.
NW trending ash cloud moving NE; anomaly from W flank lava flow.
See Figures 7, 8, and 12 for description of observations.

Figure 10. March 11, 2001 eruption. The lower right image is the Landsat 7 ETM+ false color
composite image from the March 11th eruption with the bands of 7-5-4 in the red-green-blue
channels respectively. The image was also run through a square root enhancement to bring
out some features. As seen in the image the eruption plume is extending to the northeast
while the lava flow is visible from the summit to the western flank. On the very western part
of the lava flow there are three hotter centers that is possibly the location of the forking of the
lava flow. Also marked on the image (positions A and B) is the location of two other possible
lava flows. These two locations are also marked on the photo taken by Burke Mees (©
February 21, 2001). Though these two locations in the photo are not as pronounced, they
are the channels for the lava flows to flow down later in March. The Landsat 7 ETM+ image
was processed in ENVI v. 3.6.

Figure 11. March 11, 2001 eruption thermal band 6. Thermal image depicting where
the warmer parts of the eruption deposits are in relation to the summit. The brighter
the anomaly the warmer the deposit is. As compared to Figure 10, some of the
deposits are visible in the thermal image than in the false color composite since the
thermal energy can be seen through some thin clouds. Notice the eruption plume is
colder than the rest of the deposits because it equalizes faster with the atmosphere.
The Landsat 7 ETM+ image was processed in ENVI v. 3.6 and linearly enhanced.

NW trending ash cloud moving NE; anomaly from W flank lava flow.
NW trending ash cloud moving NE; anomaly from W flank lava flow.
NW trending ash cloud moving NE; anomaly from W flank lava flow.
NW trending ash cloud moving NE; anomaly from W flank lava flow.
Anomalies primarily W flank from lava flow.

Figure 18. 2001 Lava flow at the summit looking east at the western flank. This photo
displays the orientation of the deposits on the western flank of the volcano with the solid
yellow lines depicting the boundaries of the 2001 lava channel (dashed at the summit
because of uncertainty in where the boundary is). The red hashed region is to show either
where a break in slope or a collapse scarp face is within the channel. This red hashed area
seems to coincide with where debris is deposited on the snow that is visible on the left side
of the channel. The inset in the lower left displays an example from the northeastern flank of
the volcano (taken by Jon Dehn) of what these deposits look like sitting on the snow.
Although the deposit is not thick it still has the ability to insulate the thicker layer of snow
below it.

Anomalies primarily from W flank lava flow.
Anomalies primarily from W flank lava flow.

Possible anomaly primarily from W flank lava flow.
Possible anomaly primarily from W flank lava flow.
Eruption plume to the NE; anomalies from
lava flows and lahars (Figure 8).
Thermal anomaly
Anomaly primarily from W flank lava flow.
Thermal anomaly
Anomaly primarily from W flank lava flow.
Thermal anomaly
Anomaly primarily from W flank lava flow.
Thermal anomaly
Anomaly primarily from W flank lava flow.
Thermal anomaly
Anomaly primarily from W flank lava flow.
3rd Eruption ash plume and thermal anomaly Eruption plume to the SE; possible anomaly from W flank lava flow.
Thermal anomaly
Anomaly primarily from W flank lava flow.
Thermal anomaly
Anomaly primarily from W flank lava flow.
Thermal anomaly
Anomaly primarily from W flank lava flow,
but pyroclastic debris fan also “warm.”
Lava flow and pyroclastic debris fan
Thermal anomaly
Anomaly primarily from W flank lava flow,
but pyroclastic debris fan also “warm.”
Thermal anomaly
Anomaly primarily from W flank lava flow.
Eastern field mapping
Thermal anomaly
Anomaly primarily from W flank lava flow.
Pyroclastic debris fan mapping

Figure 12. Linearly enhanced thermal images from ASTER and Landsat 7 ETM+. (A) Daytime Landsat 7 ETM+ band 6
thermal band from June 8, 2001. (B) Daytime Landsat 7 ETM+ band 6 thermal band from November 22, 2001. (C)
Night time ASTER thermal band 14 image from April 8, 2002. (D) Night time ASTER thermal band 14 from October 31,
2002. The locations of the summit of Mt. Cleveland and the warm pyroclastic deposits are labeled on each image.
Notice how in image B from November 2001 how the fan deposit is warmer than the rest due to the higher difference in
temperatures from the land and cooler water for the season. The thermal part of the pyroclastic deposits is slightly
visible in image D from October 2002, but is most likely getting closer to the background thermal level. Other thermally
bright areas on the images are either due to solar heating or warmer water. Images were processed in ENVI 3.6 .

Sept. 2001

A

Figure 19. Photo comparison between 2001 and 2003 showing possible uplift of the west
flank. (A) Top photo taken by Jon Dehn of AVO in September 2001 and roughly the same
location in August 2003. The red and yellow stars in both photos represent the same
respective locations in the two photos. One can see that the increase in the size of the
southern beach next to the pyroclastic fan in the 2003 photo is very evident. The sea level
difference is also very evident in the 2003 photo. The tidal difference in 2003 was observed to
not be too significant to produce such a decrease in the sea level. (B) Top photo taken by Jon
Dehn in September 2001 and roughly the same location in August 2003. The yellow star in
both photos represents the same location in both photos. The same difference in sea level as
in comparison A can be seen. Also of significant note in both comparisons, the 2003 photos
were able to be taken at a vantage point that was further seaward than the 2001 photos.
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Figure 13. Comparison of the pyroclastic fan from 2001 to 2003. The left photo was taken by Jon Dehn of AVO during the September 2001
field season looking east at the deposit. The right photos were taken during the August 2003 field season also looking east, with the inset
photo being taken looking to the south as indicated by position A in the main photo. Although the 2003 photo was taken from a slightly
closer vantage point than the one in 2001, one can easily see that the front edge of the fan front has gone through some erosion, mainly by
wave action.

Figure 14. Photo comparison of wave driven re-deposition of the pyroclastic fan deposit. (A)
Photo taken by Burke Mees (© February 21, 2001) displaying the initial look of the pyroclastic
deposits. The position of photos C, D, and E are indicated in this photo with the arrow at
position E indicating the look direction of the photo. (B) Another photo taken by Burke Mees
(© February 21, 2001) looking across the pyroclastic deposits to the north. In this photo the
solid yellow lines indicate the position of the coast in 2003. The dashed yellow lines in this
photo are estimated positions of the coast in 2003. (C) This photo was taken in August 2003
looking to the north at the north beach by the pyroclastic fan with the yellow line indicating the
position of the 2001 coast. One can see that the beach has doubled in size in two years. (D)
This photo was taken in August 2003 looking east at the south beach by the pyroclastic fan
with the yellow line indicating the location of the 2001 coast. (E) This photo was taken in
August 2003 by Mike Brown of Kansas State University looking to the southwest at the
pyroclastic fan and part of the north beach. This photo displays how the fan has been
smoothed out by the erosion process and how much of the erosion deposit was re-deposited
to the north.

Figure 15. Photo comparison of wind driven re-deposition of the pyroclastic fan deposit. (A
and B) Comparison between the photos taken by Jon Dehn of AVO in September 2001 (left)
and the same locations in August 2003 (right). The rocky beach has been transformed into a
smoother surface two years later by the wind re-deposition. (C) Comparison between the
photo taken by Jon Dehn in September 2001 (left) and the same location, but further away, in
August 2003 (right). The yellow star in both photos represent the same point on an old
pyroclastic flow deposit. This point has undergone some burial from the transport of material
from the slope above when rain falls in the area.
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