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A significant amount of dendrogeomorphic research has focused recently on the 
effects of isolated rockfall activity on tree growth and annual rings (reviewed in 
Stoffel 2006, and Schneuwly and Stoffel 2008). By comparison, however, only a 
few studies have used tree-ring analysis in the dating of large-scale rockfall 
avalanches, or bergsturz (see Butler et al. 1986). Butler et al. (1986, 1991, 1998) 
examined a number of rockfall avalanches in Glacier National Park, Montana, 
USA, and used tree-ring analysis of trees severely tilted and/or scarred along the 
margins of the rockfall-avalanche deposits to date three of those deposits – Slide 
Lake at 1910 (Fig. 1), Slide Pond at 1946 (Fig. 2), and Napi Point at 1954.

Recently, several dendrogeomorphic works examining snow-avalanche occur-
rence have advocated “weighting” tree-ring data, in some cases by concentrating 
only on unequivocal corrosion scar and strong reaction wood evidence (Germain 
et al. 2005; Butler and Sawyer 2008; Reardon et al. 2008). I suggest here that similar 
weighting is useful in dating the year of occurrence of rockfall avalanches.

Tree rings (Butler et al. 1986, 1991) illustrated the age of the Slide Lake rockfall 
avalanche as occurring in 1910; subsequent to that confirmation, previously unknown 
historical documents were located that confirmed the year of occurrence as 1910 
(summarized in Butler et al. 1998). The tree ring evidence for 1910 was, however, 
only marginally stronger than was evidence for years a few years earlier (1908 and 
1909) or later (1911 and 1912) (Oelfke 1984), when using all tree-ring growth 
responses present from trees tilted and scarred by the rockfall avalanche (corrasion 
scars, reaction wood onset and continuation, suppression, and release rings): 1908 
had an index value (see Butler and Sawyer 2008) of 10, indicative of 10% of 
sampled trees illustrating response for that year (cross-cut samples from 21 trees 
of an original sample of 30 trees were sufficiently old to extend back to the early 

D.R. Butler ()  
Department of Geography, Texas State University-San Marcos, San Marcos,  
TX 78666-4616, USA 
e-mail: db25@txstate.edu

Tree-Ring Analysis and Rockfall Avalanches:  
The Use of Weighted Samples

David R. Butler

M. Stoffel et al. (eds.), Tree Rings and Natural Hazards: A State-of-the-Art,  
Advances in Global Change Research 41, DOI 10.1007/978-90-481-8736-2_9,  
© Springer Science+Business Media B.V. 2010



104 D.R. Butler

twentieth century); 1909, index value (IV) of 24; 1910, also an IV of 24; 1911 an IV 
of 10; and 1912 an IV of 14 (Table 1). Using a weighted system similar to that 
described for snow avalanches by Reardon et al. (2008), in which only corrasion 
scars and associated onset of reaction wood, or strong onset of reaction wood without 
scarring that lasted for a minimum of three years, were used to calculate annual index 
values, the Slide Lake data illustrated a much clearer picture supportive of the date of 
1910 (Table 1): 1908 IV of 5, 1909 IV of 10, 1910 IV of 19, 1911 IV of 10, and 1912 

Fig. 1 Composite photograph of the Slide Lake deposit taken in 1910 by US Geological Survey 
geologist M.R. Campbell (U.S.G.S. M.R. Campbell photos 891 and 892 used to create composite)

Fig. 2 Photo from helicopter taken by author in 1995, showing Slide Lake in lower right portion 
of photo and its damming rockfall-avalanche deposit and Slide Pond and its damming rockfall-
avalanche deposit (center left). Note difference in revegetation on the surfaces of the 1910 Slide 
Lake versus the 1946 Slide Pond deposits
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IV of 0. Essentially, using the strongest data (scars and strong, long-lived onset of 
reaction wood) produced an Index Value almost twice as strong for 1910 as for any 
other year. Applying the same system (without using weighting versus using weight-
ing), the following results emerged for the 1946 Slide Pond and the 1954 Napi Point 
rockfall avalanches: Slide Pond, 1944 9 versus 4, 1945 4 versus 4, 1946 70 versus 65, 
1947 57 versus 22, and 1948 13 versus 4; Napi Point, 1952 9 versus 0, 1953 9 versus 
0, 1954 83 versus 83 (these were excellent samples!), 1955 17 versus 17, and 1956 
17 versus 13. Using only the clearest, most distinct displays of scarring and strong 
and continuous reaction wood clearly pinpointed the year in all three cases in which 
the large and potentially very hazardous rockfall avalanches occurred, and is recom-
mended for dating of other rockfall avalanche deposits of unknown age.
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Table 1 Full index number versus weighted index number for study sites

Site Full index number Weighted index number

Years 1908–1912
Slide lake 10, 24, 24, 10, 14 5, 10, 19, 10, 0

Years 1944–1948
Slide pond 9, 4, 70, 57, 13 4, 4, 65, 22, 4

Years 1952–1956
Napi point 9, 9, 83, 17, 17 0, 0, 83, 17, 13

Year of occurrence in bold.
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