Geomorphology of tsunami deposits 

Introduction:

Tsunamis have significant depositional and erosional geomorphic impacts on coastal landscapes.  A wide variety of landforms produced by tsunamis have been noted by scientists studying the impacts of tsunamis, and numerous anectdotal accounts of tsunami landforms exist.  However, tsunami landforms have received little attention in their own right.  No regional surveys have been performed regarding the variety or frequency of tsunami-related landforms, and little work has been done to describe and document the quantitative characteristics of tsunami landforms and the local tsunami processes that create them.

Tsunami landforms deserve scientific attention for several reasons. (1)  They can provide important information on the energy and dynamics of tsunami waves, including the height, velocity, competence, and erosive energy of tsunami waves.  Thus, the study of tsunami landforms can complement the study of tsunami sediments.  (2) The recognition of tsunami landforms may be a useful tool for obtaining evidence of past tsunamis, and projecting potential tsunami hazards.  (3)  Even though they have not been studied in a comprehensive way, tsunami landforms are unique and scientifically important, as they are some of the few landforms on earth that clearly were created virtually instantaneously during past “catastrophic” geomorphic events. 

Examples of Tsunami Landforms

Large erosive features are widespread along coastlines after tsunamis.  The 1960 Chile tsunami produced a variety of erosive features, including channels and cuts through beach ridges, scours and scour ponds, as well as depositional features like sediment deltas (Atwater, pers comm.).  Some of these features are produced as the waves flood coastal areas, while others record scouring and channel cutting during backflow.  Basic questions exist about such features.  What are their typical dimensions? Are such features preserved and re-occupied by successive tsunamis?   

Features similar to those described above were observed during the 2004 Sumatra tsunami (fig. 1, 2).   Some of these features formed where waves took advantage of human modifications to coastal landscapes, while what may be very similar features formed in completely unmodified areas.  Some features observed in the aftermath of the 2004 tsunami, such as beach “pedestals” (fig. 3), have not, to our knowledge, been previously described. 

Fig. 1. Backflow scour through old culvert incised into coastal dunes. Matara, Sri Lanka, 2004. Culvert has been replaced and road re-opened.   View looks landward from beach.

Fig. 2.  Backflow scour through old culvert under coastal road. This has incised into coastal dunes. Matara, Sri Lanka, 2004. Culvert has been replaced and road re-opened. Looking landward from beach.

Fig. 3.  Foredunes have formed pedestals or “mesas” as the result of erosion by wave runup. Matara, Sri Lanka, 2004.  Runup geomorphology is more subtle because backwash focuses on topographic lows, often those created or enhanced by runup. Looking landward from beach.

Rationale for studying tsunami landforms:

Although tsunami landforms are common after tsunamis, mainly anecdotal and qualitative data are available on these features.  We suggest that new technologies such as air and/or terrestrial LIDAR be used to quantitatively study tsunami geomorphic features.  We believe it is critical to identify these and other
 geomorphic features along the Sumatra coastline in order to better understand them.  We note that such a study is time sensitive and should be done immediately.  Some of the new tsunami landforms will be destroyed during reclamation efforts, while others will be lost to natural erosive processes.  It is desirable to study fresh, unmodified examples of these features.  While we have discussed tsunami landforms along sandy beaches, it is important to differentiate and study rocky coasts, sandy coasts, and high vs. low energy muddy beaches for distinctive tsunami landforms that may be present in those areas.  

Once a survey is completed of the 2004 tsunami landforms, we believe it would be used to compare the geomorphic effects of the 2004 event to tsunami landforms along other coastlines in US and worldwide.  Ultimately, tsunami landforms may provide another way to recognize tsunami hazard, and to quantify the effects of past tsunamis in coastal areas.

LIDAR (LIght Detection And Ranging) is a new technology that uses a light laser to collect detailed, three-dimensional digital terrain data.  ALTM (Airborne Laser Terrain Mapping) places the laser on an aircraft and can profile large areas (e.g. many square km) in a relatively short time.  Its height accuracy can be less than 10 cm.  Terrestrial LIDAR is tripod mounted and is ideal for collecting very detailed digital terrain data over smaller areas (e.g., 100 m by 100 m).  By collecting data from different locations, a larger area can be profiled.  The accuracy of the terrestrial LIDAR is excellent (sub-centimeter).  The NSF funds NCALM (National Center for Airborne Laser Mapping, http://www.ncalm.ufl.edu/), a joint center at the University of Florida and the University of California at Berkeley, to provide research-grade ALSM data to the research community.  It may be possible to contract NCALM to perform a LIDAR survey in Sumatra and other areas of the Indian Ocean.  However, the costs of such a survey will be significant and may not be within the budget realities of NSF.  Additionally, it may be difficult to obtain permission from the Indonesian government to fly over the coastline.  Terrestrial LIDAR mapping would provide a more detailed representation of the geomorphic features at significantly lower cost.  Political issues should also be less intense, as long as the equipment can be brought into the country.  Nonetheless, either airborne or terrestrial LIDAR should be performed to describe and quantify the dimensions of representative tsunami landforms.  This new technology provides an ideal way to fully document these newly recognized geomorphic features and to provide quantitative data for use in locating tsunami landforms along other coastlines.

In addition to the direct effects of waves, other tsunami-related processes with geomorphic implications should be described.  These include:

1. Tectonic uplift/depression interaction with tsunami wave and deposits

2. Stripping of soil, tephra blankets, etc. by waves delineate wave height and filling of lowlands. Are these geomorphological features preserved? 

3. Boulders:  single boulders are not enough. Must be associated with something else to demonstrate a tsunami----Krakatoa we have a clear understanding that huge things were moved. Local reports not always reliable.

Proposed projects on tsunami geomorphology

Proposed PROJECT#1:  We believe it is important to produce a catalogue of landforms associated with the Sumatra tsunami.  This catalogue can form the basis of a pre- and post-tsunami comparison.   We can use such a catalogue to supplement the fragmentary record of sedimentary deposits.  The catalogue should be based on LIDAR mapping, satellite imagery interpretation and analysis, photo documentation, field surveys, etc.

We propose that this study actively aim to experiment with and use ALL available remotely sensed data (e.g., optical satellite imagery, synthetic aperature radar, LIDAR). We simply won’t know how useful it can be until we try. Using LIDAR and/or other imagery to define, in detail, the tsunami inundated areas and integrating the remote sensing data with field research, or to guide field research, has a huge potential.  

If we could identify past tsunami geomorphology preserved in the landscape - it would be EXTREMELY useful in helping determine the source for some of these events.   Tsunami geomorphology may provide clues to differentiate purely local to sub-regional signals 
in the coastal landscape that can point to a local source.


The geomorphic significance of catastrophic events to coastal geomorphology is fundamental (i.e. what are the effects of rare but large tsunamis vs. storms).  By establishing a baseline, the post-event catalogue can help assess how long it takes for a coast to recover from a tsunami.  The identification of erosional and depositional features in coastal geomorphology (i.e. the “taphonomy” of the tsunami landforms) presumably degrades over time.  There are 15th century sites in New Zealand where features are still fresh in sand-poor areas; therefore, variations between sand-poor, sand-moderate, and sand-rich systems are important. 
The relevant importance of the event (i.e., storm vs. tsunamis) on a tectonically active coast is also important (e.g. Goff et al. 2004: Goff, J.R., McFadgen, B.G. and Chagué-Goff, C. (2004) Sedimentary differences between the 2002 Easter storm and the 15th Century Okoropunga tsunami, southeastern North Island, New Zealand. Marine Geology, 204, 235-250.)
  In this example, the storm deposit was lost after only a couple of years, but the tsunami deposit was still present after 500 years.

Proposed PROJECT#2:  Examine sites of 1964 Alaska, 1960 Chile, 1575 Chile and reliable known tsunamis for coastal evolution through time. Include as many known sites as possible. Develop a matrix of sand-rich to sand-poor sites (if possible), different ages of tsunami deposits, and associated geomorphology.

Broader Impacts must be addressed:  exchange, training, education, interaction of international community.

Particularly interesting to compare and contrast preservation of geomorphology in different climates:

Sub-Arctic through to Sub-Antarctic conditions. 

�What other features, beyond tsunami features, are you talking about?  It is not clear to me.


�What does this mean? I am not a geologist…may be it does not matter.  Are you trying to distinguish deposits from local tsunamis and regional tsunamis?





