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Fieldwork has a long and honored tradition in mountain geomorphology, and justifiably so. Many features
and processes present in mountains occur at fine to very fine spatial scales that simply do not lend them-
selves well to analyses via remote methods. The nature of the sampling of data in mountain environments
also constrains the use of computational techniques, such as GIS, in favor of on-site data collection. In addi-
tion, when one is present in the field in mountains, the dynamic nature of the landscape often provides un-
expected rewards that could not be planned for in a campaign of remote analysis. These aspects of scale,
sampling, and serendipity make on-site fieldwork still the preferred method for geomorphological research
in mountain environments. Several examples of features occurring at fine spatial scale that could only be ef-
fectively examined in the field are presented in this paper, as well as examples of data sampling occurring at
fine scale. I also illustrate several instances where being on-site, at a specific unexpected moment, in the dy-
namic mountain environment provided scientific insight that could only be obtained through the serendipity
of being there. Why continue to conduct geomorphological fieldwork in mountains? “Because the mountains
are there”!

© 2013 Elsevier B.V. All rights reserved.
1. Introduction

The field tradition in geomorphology has been nowhere more evi-
dent than in the realm of mountain geomorphology. The steep slopes,
changing and often challenging weather, and numerous hazards pres-
ent would seem to argue for the adoption of remote data collection
methods not subject to the limitations of field accessibility, hazardous
conditions, and the vagaries of weather (although passive optical re-
mote sensing is also very weather-dependent). And indeed, technolog-
ical advances in remote sensing, geographic information systems, and
geochronology are enhancing knowledge of mountain processes and
the chronological development of mountain landscapes (c.f. Bishop
and Shroder, 2004). Nonetheless, mountain geomorphology will con-
tinue to maintain a powerful tie to its field-based roots for at least the
three reasons that are the focus of this paper. These reasons include
two that are intertwined: the nature of the data collected by many
mountain geomorphologists and the scale of data at which the geomor-
phic processes of interest operate. The third reason is serendipity, in-
voking the timing and nature of geomorphic processes operative in
mountain environments. I examine each of these reasons in sequence
and provide examples frommy ownwork and from the literature to il-
lustrate their significance inmaintaining the field tradition inmountain
geomorphology.
l rights reserved.
2. The nature and scale of data collected

Many of the phenomena studied in mountainous environments by
geomorphologists are small, i.e., at a fine scale. Because of the scale,
many of the samples of those phenomena that are collected are also col-
lected at a fine scale, in a manner that necessitates field data collection.
Examples include the scale and sampling of tree-ring data; soils and
paleosol data; sediment collection in ponds for analysis of organic mat-
ter, texture, sedimentary structures, and pollen and other macro- and
microfossils; fine-scale processes in alpine tundra; short-term changes
in travertine terraces; fine-scale rock spalling and erosion associated
with fire; and the zoogeomorphic impacts of animals. Each of these ex-
amples is examined in the following paragraphs.

2.1. Tree-ring data and data collection

Tree-ring data are typically collected using increment borers, un-
less special permission is given for collection of cross-cut or wedge
samples (Shroder, 1980; Butler, 1987; Stoffel and Bollschweiler,
2009). Samples for dendroclimatic and dendrogeomorphological
analysis are commonly collected in mountain environments to re-
construct past climates or to reconstruct histories of hazardous geo-
morphic processes. Tree-ring samples are the quintessential field
sample requiring in-the-field presence (Stoffel et al., 2010). Hundreds
of increment core samples may be required for dendrogeomorphic re-
constructions, each sample gained through painstaking increment borer
insertion and extraction of cores. Individual tree age, individual tree re-
cords of geomorphically induced damage, climatic reconstructions,

http://dx.doi.org/10.1016/j.geomorph.2013.03.021
mailto:db25@txstate.edu
http://dx.doi.org/10.1016/j.geomorph.2013.03.021
http://www.sciencedirect.com/science/journal/0169555X


43D.R. Butler / Geomorphology 200 (2013) 42–49
information on past insect and pathogen outbreaks, and forest age struc-
ture are common examples of data extracted from tree rings. This data
and method of sampling, or sawing of cross-cuts and wedge samples,
are not likely to be replaced in the foreseeable future.
2.2. Pollen and other micro- and macrofossil collection

The sampling of pollen for paleoenvironmental reconstruction is,
again, not restricted to mountain environments; but pollen sampling
in mountains often provides some of the most accurate visions of past
vegetative realms and corresponding paleoclimates. Pollen as well as
other micro- and macrofossils (such as tree needles, seeds, and insect
remains) are typically collected from lake bottoms with the use of
piston samplers; they can also be sampled from buried sediments in
former lakebeds (Butler, 1985) (Fig. 1). Packrat middens in dry
mountains in western North America are also sampled painstakingly
and meticulously on-site. Carbon dating of charcoal and organic rem-
nants, not to mention sediment collection for cosmogenic radionu-
clides, also potentially offer insights on timing, environmental
constraints, and rates of processes. What they cannot be is sampled
remotely. Like with tree-ring sampling, manual collection in the
field provides the only meaningful option now and in the foreseeable
future for collecting information on past environmental conditions in
mountain environments.
Fig. 1. Pollen and paleosols data were collected from this 3.5-m-deep pit in meadow
sediments entrapped behind a recessional moraine in the Lemhi Range of Idaho.
These forms of data for paleoenvironmental reconstruction must be collected in the
field.
2.3. Soils and paleosols data and data collection

Although ground penetrating radar and other geophysical methods,
such as tomography, can provide some information on subsurface
conditions, soils and paleosols data collection in mountain environ-
ments (and elsewhere!) are likely to continue to depend upon inten-
sive fieldwork (Benedict, 1970; Birkeland et al., 2003; Schmid et al.,
2009) (Fig. 2). Sampling of horizons in a profile usually requires
careful excavation, unless one is lucky enough to find a profile in a
stream- or roadcut, followed by meticulous note-taking and field
data collection for color, texture, particle size, organic matter, nutri-
ents, and other variables. Paleosols similarly may often only be re-
vealed through excavation (Fig. 1) and painstaking field recording
and sampling. Fieldwork remains a hallmark of soil and paleosol
studies in mountain environments.

2.4. Processes in the alpine tundra

In many locations in the alpine tundra, active needle ice and sub-
surface frost sorting create microfeatures such as miniature stripes,
frost boils, and other geometric patterns (Pérez, 1992a; Wilkerson,
1995; Sawyer, 2007; Butler et al., 2009; Pérez, 2009). Measuring the
rate and direction of movement of individual clasts, as well as the
amount of vertical heaving, needs to be accomplished at a very fine
scale (Fig. 3). Repeat terrestrial laser scanning (TLS) and point-cloud
generation for creation of micro-scale digital elevation models can
be used to analyze the direction and rates of clast movement over
time (Hodges et al., 2009; Schürch et al., 2011; Smith et al., 2012;
Barneveld et al., 2013), but such scanning nonetheless necessitates a
presence in the field. Remote monitoring is simply too expensive,
and equipment is not likely to survive the rigors of year-round em-
placement in such harsh conditions. Analysis of vertical heave and
burial (Wilkerson, 1995; Sawyer, 2007) requires insertion of probes
(such as wooden dowels, nails, or rods) and subsequent field revisits
to measure the amount of upheaval (Fig. 4). Although technological
advances, such as point-cloud generation, are aiding in making the
analysis of clast movement quicker and easier, the basis for such stud-
ies continues to be meticulous, in-field data collection.

The analysis of another process operative in alpine tundra that re-
quires fieldwork is studying turf exfoliation, or Rasenabschälung, de-
fined as “a denudation process active in periglacial areas which
destroys a continuous ground vegetation cover by removing the soil
exposed along small terrace fronts” (Pérez, 1992b, p. 82). Soil is re-
moved by the processes of needle ice action, dessication, and defla-
tion; collapse of overhanging terrace edges; surface runoff; soil
piping and throughflow; and rainsplash (Pérez, 1992b; Butler et al.,
2004). I have been monitoring soil piping and throughflow as a factor
in turf exfoliation at the Divide Mountain site described in Butler et al.
(2004) for almost 10 years through the process of repeat photogra-
phy. Several pipes are apparent (Fig. 5) in the soil beneath turf
cover at this tundra site, and over the period of observation the sedi-
ment beneath the turf overhang has been removed via throughflow
beneath the overhang; the greatest amount of sediment removal oc-
curred between observation periods in 2005 and 2007 (Fig. 5a, b).
Documentation of such fine-scale processes in the alpine tundra will
remain the purview of fieldwork for the foreseeable future.

2.5. Travertine terraces in Yellowstone National Park, Wyoming

In Yellowstone National Park, Wyoming, USA, the National Park
Service provides visitors with informational pamphlets that describe,
in general terms, the nature of the geothermal features of the Park
(National Park Service, 2007). Those pamphlets do not describe, how-
ever, the changing nature of these landforms, although it is well
known that geothermal landforms undergo changes in physical ap-
pearance over periods of time ranging from season-to-season, to



Fig. 2. Meticulous field sampling of soil characteristics, after excavation of a meter-deep pit in the alpine tundra of Glacier National Park, Montana. Soil horizons are recognizable
from color and textural differences in the photograph. Because of National Park Service restrictions on sampling, excavation of as small a pit as feasible was required, with soil ho-
rizons laid out on tarp shown. Soil had to subsequently be replaced back into the pit in reverse order of excavation.
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annual fluctuations, as well as across decades (Meagher and Houston,
1998; Bryan, 2001; Schreier, 2005). These visual changes can be strik-
ing and significant over relatively short periods of time, and visitors to
the Park who are struck by the color and majesty of a hot spring or
geyser deposit one year may be sadly disappointed by the drab, color-
less nature of the same feature on a subsequent visit. Cyanobacteria
and algae that give color to the areas of hotwater outflow die and
are quickly removed when water outflow points change across the
landform (Butler and Butler, 2010) (Fig. 6). Once again, repeat pho-
tography at close range via fieldwork can best document these
changes, illustrate changing loci of discharge and deposition, as well
as changes in accretion rates.

2.6. Rock spalling and post-fire erosion

Forest fires have become increasingly common in mountainous
environments of western North America in recent years (Fagre,
2003; Westerling et al., 2006). Drought conditions in concert with ex-
tensive areas of insect-killed forest have left widespread areas of dead
and dying trees that fuel forest fires, even in environments such as at
alpine treeline where historically fires have been rare (Stine, 2013).
One such fire occurred along the eastern edge of Glacier National
Park, Montana, USA, in late summer 2006. Thousands of hectares of
trees were burned, including areas at alpine treeline near the alpine
tundra study sites described in Butler et al. (2004, 2009). This fire
burned unusually hot at treeline, inducing locally concentrated hy-
drophobic conditions as well as heat-produced spalling of limestone
boulders (Fig. 7). Measurements of the amount of rock spalling as
well as distance moved from source rocks, which requires visually
fitting pieces jigsaw-style back together, can only be realistically ac-
complished on site. Detailed data may be found in Stine (2013).

2.7. Zoogeomorphic impacts

The field of zoogeomorphology is another areawhere intensive data
collection at a fine scale is necessary. In mountain environments, nu-
merous animals are zoogeomorphically active (Butler, 2012), creating
geomorphic impacts in varying locations over the course of a year and
over many years. Tracking the locations of those geomorphic impacts
can utilize technological advances, such as radio collars and telemetry
on bears, but observers still need to be in the field to observe the geo-
morphic work being accomplished by the animals in question. Burrow
sites of some zoogeomorphically active animals are relatively fixed,
such as Olympic marmots in the Olympic Mountains of northwestern
Washington state, USA (Whitesides, 2012), and fine-scale aerial imag-
ery may be employed effectively for mapping the distribution of those
features, but other equally active burrowers, such as gophers, may
vary the location of their geomorphic impacts across seasons and
years. The spatial changes in these activities could be monitored with
high-resolution aerial photography, or perhaps with a kite or tethered
balloon. The effects on surface soil characteristics, however, including
changes in particle size/texture, compaction, and effective soil depth
will still need to be monitored and measured on the ground. The accu-
mulation of beaver pond sediment, and the rates of such accumulation,
in mountain environments is another example where on-site data col-
lection is required because of the buried nature of the data in question
(Butler and Malanson, 1995, 2005).

3. Serendipity and the importance of being there

Sometimes, the most important things observed in the field were
processes or features that were not planned for, and observation occur-
ring through the sheer luck of being in the right place at the right time,
emphasizing the importance of serendipity and of being in the field.
Serendipitous things cannot happen to you in the field if you are not
in the field! In the following paragraphs I present several examples of
serendipitous events/occasions where opportunity presented itself
only because I happened to be in the field and in precisely the right
place and time.

3.1. Observations of in-progress and recent mass movements

During a career of more than 30 years, my good fortune has pro-
vided me with the opportunity to observe several mass movements
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Fig. 3. Repeat photography in the summers of 2003 (a), and 2007 (b) reveals fine-scale
upheaval, burial, and migration of surface markers (U.S. one-cent pieces, most of which
have been subducted in b) as well as marker clasts in fine-scale patterned ground in
alpine tundra, at levels of detail only obtainable in the field. A 50-mm lens cap rests
upon the same rock in both views.

Fig. 4. Measurement of the upheaval of nails that were inserted flush with the ground
surface allows field assessment of the amount and rate of frost churning in fine-scale
patterned ground in alpine tundra.

Fig. 5. Repeat photography of soil piping in a turf-banked terrace in alpine tundra in
2005 (a), and 2010 (b). Roughly circular openings of small-scale pipes (ca. 5 mm in di-
ameter) can be seen in both views. Collapse of turf and surface retreat in (b) in com-
parison to (a) can be observed. Pipes shown extend back underneath the turf at least
to the length of a standard pencil that was inserted into one tube.
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in progress or to observe the fresh deposits within days of emplace-
ment. One particular case involved a bit of field detective work to de-
termine what had occurred. In the summer of July 1994, while
conducting fieldwork in Glacier National Park, Montana, several
large afternoon thunderclouds formed over the mountains on July
24th. The next morning, my colleagues and I observed that the Middle
Fork of the Flathead River in West Glacier had gone from a
clear-running stream to a chocolate-colored, sediment-laden stream.
Curious as to the cause of this sediment influx, we drove along the river
upstream in an attempt to discern the sediment source (amore detailed
account of this serendipitous occasion is provided in Butler and
Malanson, 1996). At the junction of Lincoln Creek with the river
(Fig. 8a, b), a lack of sediment influx from Lincoln Creek revealed that
the sediment source was still farther upstream. Arriving at the junction
of Coal Creekwith the river (Fig. 8c, d), the sediment source was clearly
somewhere upstream in the Coal Creek watershed.

We returned to West Glacier in the afternoon, and the next day
hired a helicopter to take us upstream along Coal Creek. A tributary
to Coal Creek, Pinchot Creek, was the source of sediment influx into
Coal Creek. Following Pinchot Creek to its source overhead in the he-
licopter (no trails exist in this drainage basin), we saw that large de-
bris flows had been triggered by the afternoon thunderstorms and
subsequent snowmelt on July 24th, overwhelming Pinchot Creek
with sediment (Fig. 9). The scale of the debris flows into Pinchot
Creek were primarily a function of the snowmelt, added to the
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Fig. 6. Changes in outflow position of hot springs at Mammoth Hot Springs, Yellow-
stone National Park, Wyoming, drastically affect the coverage of cyanobacteria and
algae. In 2005 (a), hot water nourished thriving colonies of both life forms. By 2009
(b), changing outflow sites at the hot spring redirected water elsewhere, causing local-
ized death of the previously colorful life-form deposits. Freeze–thaw action rapidly
breaks down these delicate travertine terraces, with additional degradation by the au-
tumn of 2012 (c).

Fig. 7. Fine-scale, heat-induced rock spalling caused by a forest fire in 2006 at alpine
treeline on the eastern edge of Glacier National Park, Montana.
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rainstorm, lubricating widespread colluvial deposits. Elsewhere far-
ther downvalley in Pinchot Creek, we also observed several fresh
debris-flow deposits from the rainstorm, but at elevations and in
locations where no snowpack occurred. Those debris flows were
smaller in extent and did not approach Pinchot Creek downslope.
The mystery was solved, and the debris flows would have gone
undetected if not for the good fortune of being there on the morning
after the thunderstorm activity and reacting to the sediment influx in
the Middle Fork of the Flathead River.

Numerous other examples could be cited, one of the most exciting
being when we first heard a large cracking sound and then observed a
large rockfall and resulting dust cloud off the back side of ChiefMountain
in Glacier National Park (GNP) (Fig. 10). Chief Mountain is an iconic
mountain in this area, and a world-renowned klippe on the eastern
edge of the Lewis Overthrust. Having the opportunity to observe a por-
tion of the mountain succumbing to gravity was a very special,
field-only, moment. Other examples include being present when the fa-
mous Going-to-the-Sun Road (GSR) in GNP was blocked for nearly two
days by thunderstorm-triggered debrisflows, seeing fresh rockfall blocks
on the surface of a winter-closed GSR in GNP (Butler and Wilkerson,
2000), watching a snow avalanche occur beneath the cable car I was in
at the Aguille du Midi on Mt. Blanc, France, and watching a large piece
of a cliff plummet into the Ram River in the Mackenzie Mountains in
Canada's Northwest Territories (Butler, 1983). Each of these special mo-
ments is firmly emplaced in my memory and would not have been pos-
sible had I not been present in the field at the time.

3.2. Observations of geomorphic activities of animals

As one involved in the study of zoogeomorphology, one of the
most exciting and rewarding activities in the field is to actually ob-
serve animals actively engaging in geomorphic work. I have had the
good fortune to observe marmots (genus Marmota) engage in
burrowing activities several times (Fig. 11), yet it is always fascinat-
ing to watch the ease with which these animals excavate and transfer
sediment. Observing (from a safe distance) the powerful digging ac-
tions of grizzly bears (Ursus arctos horribilis) as they attempt to exca-
vate a tasty ground squirrel or marmot from a den is particularly
fascinating. Even through binoculars, clouds of dust and large
amounts of sediment are easily observed to be in motion with each
digging stroke of these massively powerful animals. These are special
moments that are available precisely because one is present in the
right place in the field, at the right time. Serendipity reveals geomor-
phology in action.

4. Concluding remarks

Fieldwork in mountain environments is, as I have attempted to
show, a necessity because of the scale of the features often under
study and because of the nature of the data collection that takes
place. Fieldwork also provides opportunities for serendipitous obser-
vations and experiences that cannot be anticipated or planned for,
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Fig. 8. July 24 and 25, 1994, saw drastic differences in the sediment load of the Middle Fork of the Flathead River along the western border of Glacier National Park Montana. (a) The
junction of Lincoln Creek with the Middle Fork of the Flathead River on the afternoon of July 24; (b) The same junction on the morning of July 25; (c) The junction of Coal Creek and
the Middle Fork on the afternoon of July 24; (d) The same junction at the mouth of Coal Creek, revealed to be the source of the sediment influx into the Middle Fork, on July 25.
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Fig. 9. Debris flows at the base of Mt. Stimson in the headwaters of Pinchot Creek, viewed on 26 July 1994, introduced massive amounts of sediment into the stream system that
were visible downstream in Fig. 8.
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nor would be they be available if one was not in the field. These ser-
endipitous moments also speak to another fact about fieldwork in
mountainous environments. Working in mountains is an enormous
Fig. 10. Rockfall and resultant dust cloud (arrow) originating on Chief Mountain, as viewed f
privilege. And it doesn't hurt to be lucky. Why conduct fieldwork in
mountain environments? To paraphrase British mountain climber
George Mallory, because the mountains are there!
rom Lee Ridge in Glacier National Park, Montana, an example of serendipity in the field.
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Fig. 11. A hoary marmot (Marmota caligata) digging a burrow in Glacier National Park,
Montana; a serendipitous observation resulting from being in the field for another reason.
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