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Abstract

Six sets of 19 GPS observations made between July 1998 and July 1999 show that
the Slumgullion landslide in southwest Colorado moved throughout the year, but that daily
velocities were highly variable on a seasonal basis. Seasonal variability in velocities is
probably due to ground water levels that decrease when surface water is unavailable or
cannot infiltrate frozen ground and increase when surface water from melting snow or
rainfall infiltrates unfrozen ground. This hypothesis is supported by data showing seasonal
changes in soil-water content and by a correspondence between velocity variability and air-
and soil-temperature data from a meteorological station on the slide. In general, slide
movement increased or decreased with rising or falling temperatures. Velocities of the
middle and upper parts of the slide, which peaked between May and July, correlate with
temperature especially well. Velocities of lower part of the slide, which peaked between
March and May, correlate less well. This discrepancy in times of peak movement is
probably due to the elevation difference between the lower and upper parts of the slide. Air
temperatures at the lower part of the slide are probably 2-5 °C (5-9 °F) warmer than the
upper part, which causes earlier spring melting of frozen ground and snow and a subsequent
increase in velocities.

Annual movements and daily velocities were smallest at the head and toe of the
landslide and largest in the central, narrowest part of the landslide. Movements and
velocities deviated from this distribution in areas where they were affected by major
structural elements within the slide. Movement occurred near the head of the slide on
landslide deposits that were previously identified as inactive. Annual movements of the
lower and middle parts of the slide were greater than any previously documented.

Introduction and Setting

The Slumgullion landslide is located about 5 km southwest of Lake City in the San
Juan Mountains of southwestern Colorado (fig. 1). The landslide is about 6 km long and
ranges in elevation from about 2750 to 3650 m. The active part of the landslide is about 3.5
km long and ranges in elevation from about 2950 to 3650 m.


































































Conclusions

We suggest that seasonal variability in daily landslide velocities during the
1998/1999 monitoring period was probably caused by changing ground-water levels that
were primarily controlled by the infiltration of surface water, which in turn was controlled by
the availability of water and the state of the slide material (frozen or unfrozen). Soil
temperature and soil-water content data from the middle part of the slide indicate that frozen
ground between December, 1998 and May, 1999 reduced the infiltration of surface water
into the landslide, probably causing a period of minimum velocities (January-March).
Spring snowmelt and/or rainfall accompanied by surface-water infiltration into the landslide
were probably responsible for velocity maximums between March and May on the lower
portion of the slide and between May and July on the middle and upper portions of the slide.

In general, annual and seasonal velocities are greatest at the neck of the landslide and
gradually decrease both upslope and downslope with the lowest velocities occurring at the
head and toe of the slide. Locally, landslide structures cause velocities to vary from this
distribution. Some of the movement documented near the head of the slide occurred on
landslide deposits previously thought to be inactive.

A comparison of annual movements measured in 1998/1999 to those measured
between 1985 and 1990 revealed that movement was greater in 1998/1999 on the lower and
middle parts of the slide, but less in 1998/1999 on the upper part of the slide. Continued
monitoring should help to further clarify annual and seasonal variability in movement.
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