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BACKGROUNDBACKGROUND
Rock glaciers and related periglacial rock-ice features (RIFs) are abundant yet little-studied landforms in many temperate mountain ranges. While many 
of these features are Pleistocene relicts and do not retain ice, a large proportion are active, suggesting embedded and underlying ice.  Rock-mantling 
insulates ice in RIFs, and their activity and equilibrium with climate considerably lag typical ice glaciers.  RIFs will increase in importance as high-
elevation water reservoirs during conditions of global warming.
RIFs are abundant in cirques and canyons of the Sierra Nevada, CA south of Lake Tahoe (Fig. 1), and occur in many forms (Figs. 2, 3, and 4).  Several large 
valley rock glaciers have been studied for climate and neo-glacial relationships (Clark et al. 1998; Konrad & Clark 1998).  We have developed a taxonomic 
classification and inventory of features in the Sierra Nevada that includes 400 RIFs (Millar & Westfall 2006).  These were classified into 4 Condition States, 
6 Location Classes, and 18 Position Types.  The features ranged from 2225 m – 3932 m (mean of active RIFs: 3333 m); aspects were primarily NW to NE for 
the rock glaciers, while other forms had diverse locations. 

GOALSGOALS
Analyze modern and paleoclimate relationships of RIFs of the Sierra Nevada using the classification and database of 
Millar & Westfall (2006). 

METHODSMETHODS
Modern Climates
Location data for features were imported into GIS as point coverages (lat/long of centers).  These groups were intersected 
with newly available climate data from the PRISM climate model (Daly et al., 1994) and downscaled using local lapse 
rates.  We extracted layers for January and July minimum and maximum temperatures, and for annual, January, and 
July precipitation. Climatic differences among Location Classes were assessed by discriminant analysis.  

Paleoclimates
We calculated differences between modern 
and Late Glacial Maximum (LGM) climates in 
two ways, one based on elevation differences 
of paired modern and relict RIFs and 
standard lapse rates (-6.5°C/km), the other 
comparing direct PRISM climate estimates of 
locations for active versus relict features. 

MWA RGC

Fig 1. Study Area

Fig 3. Rock Glacier near Taboose Pass

RESULTS & DISCUSSION RESULTS & DISCUSSION 
Modern Climates
Table 1 shows mean climate values from 
the PRISM model for active RIFs east of the 
Sierra crest, grouped by the six Location 
Classes of Millar and Westfall (2006).  The 
coldest RIFs are the solufluction fields 
(MWA) and cirque rock glaciers (RGC), 
whose mean annual air temperatures are 
estimated from PRISM as < 1°C.  These 
means are maximum value estimates 
because they are adjusted from the average 
PRISM tile only for elevation and not for 
aspect and local topography. Thus, several 

Fig 2. Goethe Rock Glacier
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Paleoclimates
Using the standard lapse rates and mean elevation difference 
between paired active and relict RIFs from the same watershed, we 
estimated the  difference in temperature between modern and LGM 
to be -4.3°C (Table 3).  Estimating modern temperature differences 
from the active and relict features directly using downscaled PRISM 
and assuming lapse rates have not changed significantly over time, 
the modern versus LGM temperature was -3.5°C for mean 
maximum temperature and -1.7°C for mean minimum temperature 
(Table 3). 

of the RIF categories likely have MAAT ≤ 0°C, as has been calculated for the nearby White Mtns, indicating the 
presence of permanent ice. The first three vectors of the canonical correlation analysis explained 95% of the variation 
(Table 2).   January and July maximum temperature, annual and July minimum temperatures, and July precipitation 
were strongly correlated to the canonical vectors.

Fig 4. Examples of the six RIF classes listed in Table 1. 
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