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Frozen Icons:  
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Abstract 

 Around the globe, mountain glaciers are retreating at alarming rates. For many non-scien-

tists, this acceleration is one of the clearest, most convincing signs of human-induced global cli-

mate change. In the early 2000s, glaciers emerged as icons of global warming, their rapid and 

unnatural recession offering visual evidence that humans were transforming the climate. Time-

lapse and repeat photographs (juxtapositions of the same perspective taken at different times) 

appeared in a wide-array of media, establishing an iconography of ice with a clear message: 

global warming is happening, and its effects are evident. Photographs of shrinking glaciers were 

offered as visual evidence of a warming world, and came to stand for anthropogenic climate 

change. Yet, photographs of receding ice were not new and did not, by themselves, say why the 

ice was receding. 

 This dissertation situates these representations of environmental risk in their historical 

contexts of production by examining how research agenda, practices, and contexts of motivation 

in North American mountain glaciology evolved over the long twentieth century. It is structured 

around three chronologically-emergent regimes of research: glacier naturalism, geophysical 

glaciology, and environmental glaciology. The practices and evidential standards of these 

regimes were variously conditioned by cultures of mountain recreation, nationalist ideologies, 
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regional geographies, forms of patronage, and Cold War geopolitics. As glacier study changed, 

so too did the fortunes of photography as field technique and photographs as a form of evidence. 

 For the naturalists and mountaineers who first studied North American glaciers, pho-

tographs were important pieces of scientific evidence that could speak to the nature and causes of 

ice ages. Drawing upon research agenda and techniques developed by Europeans and the en-

abling power of military support, glaciologists in the 1940s turned to physical and structural 

studies of ice and snow. At this time, many of them abandoned photographs in favour of more 

quantitative representations. This shift in standards of evidence left glaciology poorly equipped 

to offer compelling evidence of climate change to non-experts at the end of the century. Histori-

cally-entrenched agenda, practices, and notions of good evidence initially hindered glaciologists’ 

abilities to provide representations that could make glaciers speak beyond expert circles. For 

glaciers to serve as icons of climate change, glaciologists had to return to previously abandoned 

forms of evidence, side-stepping trajectories of escalating technicality that characterize histories 

of the modern earth sciences. The environmental iconography of ice that emerged in response to 

climate change denial in the 1990s and 2000s required returning to the repeat photograph and 

refashioning it as evidence for public consumption. 
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Introduction: Melting icons 

“You know as well as I that the rays of the galaxies are reflected in the glacier.” 
        - Halldór Laxness  1

 Glaciers capture the imagination. Nobel laureate Halldór Laxness knew this when he 

made Iceland’s Snæfellsjökull the epicenter of uncanny, decidedly un-Christian shenanigans in 

rural Iceland. Jules Verne knew this when he sent Axel, Dr. Lidenbrock, and Hans through the 

portal of the same glacier on their journey to the center of the Earth. And Ursula Le Guin knew 

this when she made Genly Ai and Estraven trek across the Gobrin Glacier (“The Ice”) in a gruel-

ing march from which emerged the conditions for inter-galactic understanding.  Their size and 2

seeming remoteness from everyday life allow glaciers to evoke the otherworldly and the super-

natural. “A man who keeps company with glaciers,” Mark Twain reflected, “comes to feel toler-

ably insignificant by and by.”  3

 Today, the imaginative potency of glaciers cuts two ways. On the one hand, they remain 

“shape-shifters of magnificent power,” on the other, they are evocative symbols of human-in-

duced environmental transformation.  Around the globe, glaciers are disappearing at rapid—and 4

accelerating—rates. For many people who are not climate scientists, this is the clearest and most 

 Halldór Laxness, Under the Glacier (New York: Vintage International, 2004 [1968]), 173. The Icelandic title of 1

Laxness’s book translates to “Christianity under Glacier.”

 Jules Verne, Journey to the Center of the Earth (New York: Bantam Books, 2006 [1864]); Ursula K. Le Guin, The 2

Left Hand of Darkness (New York: Ace Books, 1969).

 Mark Twain, A Tramp Abroad (Hartford, Conn.: American Publishing Co., 1880), 466.3

 Julie Cruikshank, Do Glaciers Listen?: Local Knowledge, Colonial Encounters, and Social Imagination (Vancou4 -
ver: University of British Columbia Press, 2005), 69.
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persuasive evidence of anthropogenic climate change. In the early 2000s, beautiful, high resolu-

tion photographs of shrinking glaciers began appearing frequently in magazines, on websites, in 

books, and in reports. These photographs were taken by scientists, environmentalists, and profes-

sional photographers, who offered the widespread, rapid disappearance of ice as visual evidence 

that global climate is changing at an alarming and unnatural rate. Referred to as “witnesses,” 

“beacons,” and “canaries in the coal mine of global climate,” receding ice carries an unambigu-

ous message: climate change is happening, and it is happening now. Photographs of melting 

glaciers have become one of the most well-recognized visualizations of anthropogenic climate 

change: they have become icons of climate change (Figure 1.1). 

Figure 1.1: Repeat photographs of Mendenhall Glacier 
Photographs by William Ogilvie and Gary Braasch. Image: thisisclimatechange.org. 

 The Merriam-Webster Dictionary offers the following definition of icon: “A person or 

thing regarded as a representative symbol, esp. of a culture or movement; a person, institution, 
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etc., considered worthy of admiration or respect.” Icons, according to the modern definition, are 

visual representations that serve as emblems or symbols for something else; that “stand for” a 

thing. Photographs of glaciers capture more than just ice melting. Glacier ice, a rock with a melt-

ing point across which temperatures on this planet dance back and forth, stands for all the places, 

plants, and creatures that are sensitive to changes in global temperature.  5

 Small, non-polar glaciers are good representatives of climate change because they re-

spond more rapidly to climatic change than do large ice sheets or ice caps. Between 1995 and 

2001, glaciers in the northwestern corner of North America contributed more to sea level rise 

than did the continental ice sheets of Greenland and Antarctica.  Yet this is an explanation of why 6

glaciers are iconic of anthropogenic climate change, not an explanation of how they came to be 

so. The history of repeat glacier photographs presents an opportunity to investigate the process 

by which receding glaciers came to be iconic of anthropogenic climate change. In North Ameri-

ca, photographs of glaciers are as old as glacier study itself, and images of receding ice have 

played different evidential roles throughout the history of glacier research. The photograph on 

the left in Figure 1.1 pre-dates climate change discourse by several decades. Who took these ear-

ly photographs? What did they see when they took them? That is, what did these photographs say 

before they spoke of climate change? Even in the recent past, photographs of glaciers have car-

ried connotations that were other than environmental (Figure 1.2). This dissertation tells the his-

tory of how photography was variously used in the scientific study of North American glaciers, 

and explains how receding ice became iconic of anthropogenic climate change. 

 Robert William Sanford, Our Vanishing Glaciers: The Snows of Yesteryear and the Future Climate of the Mountain 5

West (Victoria, BC: Rocky Mountain Books, 2017), 59.

 Michael Demuth, Becoming Water: Glaciers in a Warming World (Victoria: Rocky Mountain Books, 2012), 37.6
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Figure 1.2: Advertisement for Humble Oil, 1962 
Image: Life magazine, 1962. 

 The history of glacier photography is checkered and discontinuous. A widely-used form 

of visual evidence at the turn of the twentieth-century, glacier photography was less frequently 

deployed in the middle decades of the century, taking a back seat to other forms of evidence. The 

recent iconography of ice revived older techniques and forms of evidence. What occasioned this 

return? Why were photographs accepted as evidence at one time, rejected at another, and taken 

up again? I answer these questions by attending to glacier photography as both field technique 

and form of evidence, placing it amongst the changing techniques, methods, research agenda, 

and values of North American glacier study in the long twentieth century. 

 My narrative is structured around three chronologically-emergent regimes of research; 

what I call glacier naturalism, geophysical glaciology, and environmental glaciology. Each of 
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these regimes encapsulated a dynamic constellation of practices, tools, research agenda, social 

alliances, and geographical arrangements that characterized different ways of studying glaciers.  7

The field practices and evidential standards of these three regimes were variously conditioned by 

cultures of mountain recreation, nationalist ideologies, regional geographies, forms of patronage, 

foreign influence, and disciplinary alignments. As scientific agenda and field practices evolved in 

the study of North American glaciers, the role of photography changed; the meaning and import 

of glacier photographs changed with it. 

 The history of glacier study in North America has received relatively little attention from 

historians of science. Much of the history of glacier study focuses on early European develop-

ments, when Swiss naturalists theorized the existence of past Ice Ages and British physicists ar-

gued over the nature of glacier motion. Recently, as part of a burgeoning literature on the cryos-

phere and society, historians and anthropologists have considered how glaciers have been under-

stood by diverse epistemic communities, drawing attention to the ways that scientific discourses 

may conflict with or hide “local” or “folk” knowledges.  These works show that, despite their 8

 The scientific regimes I describe here are similar to the “codes of epistemic virtue” (truth-to-nature, mechanical 7

objectivity, and trained judgement) invoked by Daston and Galison in their history of objectivity. Glacier naturalism, 
geophysical glaciology, and environmental glaciology, like Daston and Galison’s codes of virtue, emerged in 
chronological order, but did not replace one another. Although Daston and Galison demure from the term “regime” 
as it seems to them to invoke a succession of political regimes, this hesitancy seems misplaced to me, as successive 
political regimes do not entirely replace their predecessors. Lorraine Daston and Peter Galison, Objectivity (New 
York: Zone Books, 2007), 18-19.

 Mark Carey and Jorge Daniel Taillant have written on Andean glaciers and the politics of melting ice. Taillant con8 -
siders glaciers from the perspective of law, providing a history of the world’s first federal glacier protection law. 
Carey analyzes the construction of knowledge of Andean glaciers through the perspective of disaster economics 
interweaving various stakeholders (locals, Peruvian state glaciologists and politicians, transnational mining compa-
nies, and international scientists). In both histories, glacier science plays an ambivalent role, supporting both those 
who would politicize glaciers as objects of conservationist concern and serving the interests of corporations and bu-
reaucrats who contest the fragility and value of glaciers. Mark Carey, In the Shadow of Melting Glaciers: Climate 
Change and Andean Society (New York: Oxford Univ. Press, 2010); Daniel Jorge Taillant, Glaciers: The Politics of 
Ice (Oxford: Oxford Univ. Press, 2015). On the politics of ice see also Julie Cruikshank, Do Glaciers Listen?; Mark 
Carey et al., “Glaciers, Gender, and Science: A feminist glaciological framework for global environmental change 
research,” Progress in Human Geography 40 no.6 (2016): 770-93; Ben Orlove, Ellen Wiegandt, and Brian H. 
Luckman, eds., Darkening Peaks: Glacier Retreat, Science, and Society (Berkeley: Univ. of California Press, 2008).

!5



remoteness and connotations of purity, glaciers have politics. The politics of ice are those of re-

source extraction, of transnational capitalism and local livelihoods, of gendered authority, and of 

the Global North and South. With the exception of Julie Cruikshank’s pathbreaking book Do 

Glaciers Listen?, the majority of these works focus on Europe, South America, and (to some ex-

tent), the Himalaya. Yet, North America is also an important site for the politics of ice. Here, the 

reality of climate change that repeat glacier photographs were intended to demonstrate was con-

tested by skeptical scientists and non-scientific publics well into the twenty-first century. In 

Canada and the United States, melting ice was a piquant political matter. These political stakes 

help to raise photographs of melting glaciers from the status of mere before-after landscape im-

ages to that of icons. 

1. Picturing ice, producing evidence (sometimes) 

“Photography is motionless and frozen, it has the cryogenic power to preserve objects through 
time without decay.” 

        —Peter Wollen, “Fire and Ice”  9

 Visual representation is an important topic in the history of science because knowledge 

makers use visualizations in the production, evaluation, and dissemination of scientific knowl-

edge. Historians have shown how scientific representations can help create communities of spe-

cialists that speak the same “visual language”; how visual representations can be used to signal 

 Peter Wollen, “Fire and Ice,” in The Cinematic (Cambridge, Ma: MIT Press, 2007), p. 118-130.9
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and cultivate scientific virtues like objectivity; and they have shown how visualizations can work 

as conveyances for normalizing ideas about race, gender, and class.   10

 This dissertation tackles a slightly different question by addressing how specific kinds of 

visual representations operate as evidence across historical situations, and why they can be per-

suasive in some contexts, but not others. The history of repeat glacier photography offers an op-

portunity to analyze this because it tracks the acceptance, rejection, and then re-uptake of a sin-

gle kind of visual evidence. The revival of repeat glacier photography was a return to older evi-

dential standards and practices. Yet, in the new context, the photographs were made to do differ-

ent work than they did before. This story thus brings into focus the historicity and specificity of 

evidence: the representational capacities of different forms of evidence is conditioned by whom 

scientists are talking to, and what they are trying to achieve. 

  

2. A bit about glaciers 

 At a time when scientists and scholars are considering the possibility that humans are a 

geological force on par with the continental glaciations of the past, glaciers are good to think 

with.  Glaciers archive the past, share our present, and portend the future. These days, they exist 11

in an uncanny temporal space in which the long rhythms of geological time and the contingen-

 The literature on visualizations in science is vast; here are a few seminal studies: Jennifer Tucker, Nature Ex10 -
posed: Photography as Eyewitness in Victorian Science (Baltimore: Johns Hopkins Univ. Press, 2013); Daston and 
Galison, Objectivity; Londa Schiebinger, Nature’s Body: Gender in the Making of Modern Science (Baltimore: Johns 
Hopkins Univ. Press, 1993); Bruno Latour, “Visualization and Cognition: Drawing Things Together” Knowledge 
and Society: Studies in the Sociology of Culture and Present 6 (1986):1-40; Ludmilla Jordanova, Sexual Visions: 
Images of Gender in Science and Medicine between the Eighteenth and Twentieth Centuries (Madison, WI: Univ. of 
Wisconsin Press, 1989); Donna J. Haraway, Primate Visions: Gender, Race, and Nature in the World of Modern Sci-
ence (New York: Routledge, 1989); Carolyn Merchant, The Death of Nature: Women, Ecology and the Scientific 
Revolution (San Francisco: HarperCollins Publishing, 1980); Martin Rudwick, “The Emergence of a Visual Lan-
guage for Geology, 1760-1840,” History of Science 14  (1976):149-95.

 Claude Levi-Strauss, Totemism trans. Rodney Needham (Boston, Ma: Beacon Press, 1963), 89.11
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cies of human history collapse into one another. Yet, in their presence, they never cease to remind 

the visitor who is smaller. Each one, like a human face, is a unique configuration of scribed lines; 

and their dynamism can make them seem almost alive. 

 Most of the world’s glacier ice flows off of polar ice caps and the ice sheets of Greenland 

and Antarctica; 75% of the world’s freshwater is locked in these remote reservoirs. Mountain 

glaciers, the smaller ice streams that account for the majority of accessible glacier ice, are scat-

tered throughout the world’s alpine regions. They provide freshwater and regulate water flow for 

the communities living in their shadows, releasing it during dry months when it is most needed. 

Mountain glaciers are also sites for recreation: mountaineering, skiing, and other forms of alpine 

sport and tourism, and they are thus part of local and national economies that depend on tourist 

revenue. At the same time, mountain glaciers may pose threats to those same lower elevation 

communities in the form of outburst floods, or jökulhuaps, and sudden surges that can destroy 

homes and infrastructures. Such events may be increasing in frequency as global climate 

warms.  Mountain glaciers are thus intimately linked with human life in multiple, sometimes 12

incongruent ways. Together with the tidewater glaciers that flow down from the mountains of 

coastal Alaska to end in the sea, they comprise the subject matter of this history. 

 Carey, In the Shadow of Melting Glaciers; Jane Qiu, “Ice on the Run,” Science 358, no. 6367 (December 1, 2017):12

1120-1123. 
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Glacier Typology: 

A body of glacier ice is an ice sheet if it is continental in size. Ice caps are smaller versions of 
ice sheets—their flow is not directly influenced by underlying topography. Icefields are similar 
to ice caps, but are smaller and their flow is influenced by topography. Mountain glaciers flow 
out of an icefield that spans several peaks; valley glaciers are a subset of mountain glaciers that 
flow down in long tongues of ice well below the summer snow line.  Tidewater glaciers are 13

valley glaciers that terminate in the ocean. A landscape that is currently covered in glaciers is 
glaciarized and a landscape that was previously shaped by glaciers is glaciated. 

 In their most basic outlines, glaciers are simple. A glacier is a large perennial body of 

snow, ice, and accompanying rock detritus that flows downward under the weight of its own 

mass.  Glaciers form when the annual accumulation of snow outweighs loss over a number of 14

years (Figure 1.3). The regions where snow accumulates over the course of a full season is called 

the “accumulation zone” or névé. There, layers of snow compile and compress into a coarse-

grained snow called firn which, under increasing pressure, transforms to ice at greater depths. 

The deeper into a glacier you go, the older and harder the ice. Dark blue, even black ice can be 

thousands of years old. Glaciers transport ice down to the lower regions where ablation—loss of 

ice through melting, evaporation, and calving (when large pieces of ice fall off the glacier)—oc-

curs during the warmer months. The accumulation and ablation zones are divided by the firn line 

or Equilibrium Line Altitude, which is the line between bare ice and snow at the end of the melt 

season. The elevation of the equilibrium line provides a decent indicator of a glacier’s state: 

whether it is losing ice, gaining ice, or remaining the same. Normally, the accumulation and abla-

 Mountain glaciers are further sub-divided into cirque, hanging, and rock glaciers.13

 This definition is taken from “All about Glaciers,” National Snow and Ice Data Center, accessed December 11, 14

2017, https://nsidc.org/cryosphere/glaciers/questions/what.html. Scientists dispute the finer points of glacier defini-
tions, including the status of small masses of ice sometimes called glacierets. For a non-technical exposition of glac-
ier features and processes see Taillant, Glaciers, 24-49.

!9



tion zones are only distinguishable during the summer months. Melting winter glaciers are one of 

the novelties of our weirder, warmer world. 

Figure 1.3: Composition of a glacier 
Image: modified from Wikimedia. 

  

 Glaciers shrink when climatic conditions shift to provide less precipitation, or less of the 

right kind—snow—than is lost through ablation, or when the factors contributing to ablation, 

such as ambient air temperature, relative humidity, and albedo amplify the rate at which ice is 

lost. The majority of the world’s glaciers are presently losing mass.  Not only are their termini 15

retreating, but their surface elevations are lowering (Figure 1.4). Yet glaciers are complex beasts: 

the response of any single ice stream to climatic changes is mediated by the complexities of its 

geographical location, its source, its terminus, its topography, and its internal dynamics. Large 

 “Latest glacier mass balance data,” World Glacier Monitoring Service, https://wgms.ch/latest-glacier-mass-bal15 -
ance-data/.
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ice sheets take a long time to manifest their responses to climate. On the other hand, the compar-

atively petite mountain glaciers respond to climatic change quickly. Changes in a glacier’s shape 

and extent thus reflect longer-term climatic changes rather than an immediate response to present 

weather conditions. This ability to register climatic change is what makes mountain glaciers 

good diagnostic tools for assessing global warming.  16

Figure 1.4: Saskatchewan glacier, Alberta, seen from Parker Ridge (June 2016) 
The previous level of the glacier’s surface is indicated by the height of the lateral moraines on the left. Compare 

with Figure 3.4. Image: the author.  

 The scientific study of glaciers is relatively new. In the eighteenth century, European sa-

vants realized what many mountain dwellers already appreciated: that glaciers fluctuated and had 

a proclivity for dynamic change. Among the first to suggest the possibility that glaciers were 

 John T. Houghton, Geoff J. Jenkins, J. Ephraums eds., Climate Change: The IPCC Scientific Assessment (Cam16 -
bridge, MA: Cambridge Univ. Press, 1990), 77.
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once much larger than their present extent were Icelandic and Swiss naturalists.  The signs they 17

used to detect large-scale former glaciations are easy to spot if you know what to look for: 

moraines, glacial erratics (large boulders transported by moving glaciers), and scratches left on 

rocks by the glacier’s pebbled underbelly. Observations and theories about past ice ages culmi-

nated in 1840 when Swiss naturalist Louis Agassiz declared to the British Association for the 

Advancement of Science that much of northern Europe had formerly been covered in ice. By the 

end of the century, geologist Thomas C. Chamberlain had used evidence gathered by himself and 

other geologists from the American midwest to multiply Agassiz’s ice age into six; that number 

was later reduced to four.  In histories of anthropogenic climate change, these nineteenth-centu18 -

ry developments play the role of expanding the bounds of the conceivable: rendering the possi-

bility of drastic fluctuations in global climate imaginable.  19

 Twentieth-century glaciology typically plays a minor role in the history of climate sci-

ence. The geochemists and paleoclimatologists who reconstructed ancient climates from the gas-

 See for example, Sveinn Pálsson, Icelandic Ice Mountains (Reykjavik: The Icelandic Literary Society, 2004).17

 Frederik Thwaites, “The Development of the Theory of Multiple Glaciation in North America,” Transactions of 18

the Wisconsin Academy of Sciences, Arts and Letters 23 (1927): 41-164; David R. Oldyroyd, Thinking About the 
Earth: A history of ideas in geology (Cambridge, MA: Havard Univ. Press, 1996), 145-166; John Imbrie & Kather-
ine Palmer Imbrie Ice Ages: Solving the Mystery (Cambridge, MA: Harvard Univ. Press, 1979), 90-93; Edmund 
Blair Bolles, The Ice Finders: How a poet, a professor and a politician discovered the ice age (Berkeley: Counter-
point, 1999); Susan Schultz, “The Debate Over Multiple Glaciation in the United States: T.C. Chamberlain and G.F. 
Wright, 1889-1894,” Earth Sciences History 2, no. 2 (1983): 122-29.

 This is the role allotted to glacier study in James Rodger Fleming, Historical Perspectives on Climate Change 19

(Oxford: Oxford Univ. Press, 2005); Spencer Weart, The Discovery of Global Warming (Cambridge, Ma: Harvard 
Univ. Press, 2003); and Paul N. Edwards, A Vast Machine: Computer Models, Climate Data, and the Politics of 
Global Warming (Cambridge, MA: MIT Press, 2010). In Fleming’s work, glaciers are less important than the prob-
lem of large scale glaciation, which provokes the research of Svante Arrhenius, Guy Stewart Callendar and Thomas 
C. Chamberlin. The Swedish glaciologist and diplomat, Hans Wilhelmsson Ahlmann, appears briefly in a section 
entitled, “The Public Agenda on Warming.” Fleming credits Ahlmann’s work on the Áobrekke Glacier as contribut-
ing to the idea that Scandinavia was warming in the early twentieth century. Fleming, Historical Perspectives, 118. 
“Glacier” appears five times in Weart’s book. The most extensive use in the context of nineteenth-century investiga-
tions of past ice ages, and John Tyndall’s speculations about the role of the atmospheric gases in maintaining global 
climate. Weart, Discovery of Global Warming, 4-11. In Edwards’ book, the cryosphere makes a brief appearance in a 
boxed vignette on 1970s research into a future ice age. Edwards, Vast Machine, 76.
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es and sediments buried in Antarctic and Greenlandic ice are recognized as important for estab-

lishing the fact that global climate can change rapidly. But those studying the movements, dy-

namics, and nature of glacier ice are thin on the ground in histories of how scientists discovered 

anthropogenic climate change. According to Sverker Sörlin, who has written on the history of 

Scandinavian glaciology, glaciology illustrates the discontinuity and fragmentation in the history 

of climate science. Glaciologists, he contends, were late-comers to the scientific consensus on 

climate change, and this fact suggests the existence of counter-narratives to the dominant stories 

of climate science.  Sörlin is right to point out history’s non-linearity, but his focus on interwar 20

glaciology and meteorology in Scandinavia leaves more to be said about other contexts, includ-

ing the North American one. 

 Scientific study of new world glaciers began in the late nineteenth century. In these years, 

North American glaciologists took their cue from their European colleagues and evaluated their 

research against that of Swiss, German, and British glaciologists. In the years leading up to and 

following the International Geophysical Year (1957-58), centers of glaciological research that 

could contend with those of Europe were established in the United States and Canada. 

 Much of the history of glacier study in North America is closely aligned with the history 

of mountaineering. This is not surprising: new world glaciers are not easy to reach. The vast ma-

jority flow off of ice caps high in the arctic; the mountain and tidewater glaciers under considera-

 Sörlin’s work centers on the circumpolar north and especially the Swedish geographer and glaciologist Hans W. 20

Ahlmann. Ahlmann’s theory of polar warming was cobbled together from North Atlantic weather records and field 
research on glaciers in the Scandinavian arctic. Like Guy Stewart Callendar, the British engineer who in the 1930s 
calculated the human contribution of carbon dioxide to the atmosphere, Ahlmann was optimistic about the prospect 
of warmer climes for the North Atlantic. Unlike Callendar he did not think such trends were related to human activi-
ties. Sörlin thus characterizes Ahlmann as a dead end thread in the multi-stranded history of climate science. Sverker 
Sörlin, “The Anxieties of a Science Diplomat: Field Coproduction of Climate Knowledge and the Rise and Fall of 
Hans Ahlmann’s “Polar Warming”,” Osiris 26 (2011): 66-88; Sverker Sörlin, “The Global Warming that did not 
happen,” in Nature’s End: History and the Environment, Sverker Sörlin and Paul Warde, eds. (Palgrave MacMillan, 
2009), 93-114.
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tion here reside in rugged alpine country that makes travel and life in the field difficult. Thus, the 

beginning of glacier study on this continent coincided with the birth of recreational mountaineer-

ing. Historians of science have written about the coupling of natural history and rational recre-

ation in the early-twentieth-century field sciences; in glacier study this pairing continued through 

the mid- and late-century.  Even today, a background in mountaineering can be advantageous 21

for work in field glaciology.  The influence of mountaineering culture on the practice and social 22

life of glacier research is a central concern of this dissertation. Throughout the three regimes 

covered, I attend to the ways that scientific life in the field intersected with mountaineering prac-

tice and how the social and cultural worlds of North American mountaineering shaped who did 

glacier research and how they did it. The gendered and colonial legacies of early mountain recre-

ation attend glacier photography throughout its New World history, and suggest further ways in 

which the practices and structures of natural history remain alive today.  23

   

3. Chapter outline  

 Five chapters proceed chronologically, following the photographs through the archives in 

a multisite history. They first take us to the western provinces of Canada where the earliest sys-

 Robert E. Kohler, All Creatures: Naturalists, Collectors, and Biodiversity, 1850-1950 (New Haven, Conn.: 21

Princeton University Press, 2013); Kohler, “From Farm and Family to Career Naturalist,” Isis 99 (2001): 28-56; 
Kohler, “History of Field Science: Trends and Prospects,” in Knowing Global Environments: New Historical Per-
spectives on the Field Sciences, Jeremy Vetter, ed. (New Brunswick: Rutgers Univ. Press, 2011), 212-240. On the 
rise of recreation as a feature of bourgeois society see James Morton Turner, “From Woodcraft to ‘Leave no Trace’: 
Wilderness, Consumerism, and Environmentalism in Twentieth-Century America,” Environmental History 7, no.3 
(2002): 462-484; Joseph E. Taylor, III, Pilgrims of the Vertical: Yosemite Rock Climbers and Nature at Risk (Cam-
bridge, Mass.: Harvard Univ. Press, 2010).

 Neil Savage, “Climatology on Thin Ice,” Nature 520, no. 7547 (2015): 395-397.22

 Bruno J. Strasser, “Data-driven sciences: From wonder cabinets to electronic databases,” Studies in History and 23

Philosophy of Science Part C: Studies in History and Philosophy of Biological and Biomedical Sciences 43, no. 1 
(2012): 85-87; Bruno J. Strasser, "Collecting, comparing, and computing sequences: The making of Margaret O. 
Dayhoff’s atlas of protein sequence and structure, 1954–1965,” Journal of the History of Biology 43, no. 4 (2010):
623-660.
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tematic photographic studies of glaciers were done. Here, in the late-nineteenth century, the 

Canadian Pacific Railway brought well-heeled tourists and mountaineers from the eastern states 

and provinces to the feet of huge glaciers. Some of these tourists were professional naturalists 

and geologists, others were amateurs with a penchant for natural history and alpine exploration. 

The first people to document glacier fluctuations systematically in the Canadian Rockies were a 

trio of such amateurs. Mary, George, and William Vaux were Quakers from Philadelphia, who 

came to the mountains to climb peaks and take photographs. They practiced a regime of study I 

call glacier naturalism. Glacier naturalism wedded photography, mountain recreation, and natur-

al history. The Vauxes used repeat photography to document and demonstrate the retreat of ice 

ages. Yet, their photographs were also aesthetic objects that could be used for advertising and 

promotion. Through arrangements with the Canadian Pacific Railway and the Alpine Club of 

Canada, their glacier photographs served as both scientific evidence and (despite the fact that 

they were taken by Americans) as patriotic images that depicted Canada’s alpine landscapes as 

wild places for recreation and exploration. 

 Repeat glacier photography in the early twentieth century was honed to its most system-

atic and refined form by a New Yorker named William (“Bill”) Osgood Field. His career is the 

lens through which the interwar period is covered in Chapter Three. Like the Vauxes, Field first 

came to the study of glaciers as a wealthy railway tourist. In six decades of field study, he estab-

lished one of the largest collections of glacier photographs on the continent, which became the 

nucleus of the collection of glacier photographs at the National Snow and Ice Data Centre in 
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Boulder, Colorado.  Spanning most of the twentieth century, Field’s career serves as a bridge 24

between the regimes of glacier naturalism and mid-century geophysical glaciology. Following it 

allows us to track a two-part geographical shift: a move from the Canadian Rockies to South-

eastern Alaska, where large tidewater glaciers presented tricky puzzles that pushed scientists to 

move away from the terminus and begin studying the névé—the upslope area of accumulation. 

 To appreciate Field’s role as bridge between the early and the mid-century, Chapter Three 

begins with a brief history of glacier study in Alaska. The oldest knowledge of Alaska’s glaciers 

belongs to the oral traditions of the Tlingit living on the coasts, and their Athapaskan neighbors 

residing in the interior on the other side of the mountains. Yet, most histories of Alaskan glacier 

study begin with John Muir’s visits of the 1870s. Muir’s epistolic writings on Alaskan ice in-

spired geologists and naturalists such as Harry Fielding Reid, Lawrence Martin, and Grove Karl 

Gilbert to follow in the wake of his steamship. Their research revealed the glaciers of southeast-

ern Alaska to be especially dynamic. It was these studies that Field aimed to continue when he 

began his own photographic and survey work in Alaska. Chapter Three describes the practices of 

his field work, and the changes to glacier naturalism that accompanied a move to the coastal ge-

ography of Alaska. I analyze the importance of boats and water travel in expanding the scope of 

observations and of tying field work to the glacier’s terminus. This combination of terrain and 

transportation was important for prompting new questions that led to changes in glaciological 

practice, but also tied Field to the earlier tradition of glacier naturalism. In 1940, Field was hired 

to do glacier studies at the American Geographical Society at a time when many field sciences 

 The collection Field amassed is the largest analog collection in the National Snow and Ice Data Centre, account24 -
ing for approximately 5000 of the 15, 000 photographs. “Glacier Photograph Collection,” National Snow and Ice 
Data Centre, accessed October 31, 2016, http://nsidc.org/data/g00472.

!16



(including geography) were completing the same transition from amateur-dominated to paid pro-

fession. The Chapter concludes by analyzing the epistemic role of repeat photography in the re-

search of Field and other glacier naturalists. 

 Chapter Four examines a substantial set of changes in North American glacier study that 

began in the 1940s, as glaciology became a branch of the hydrological sciences, distinct from 

glacial geology. This shift was precipitated by a turn toward questions about “living” glaciers as 

opposed to questions about the work of past glaciers on a landscape. In this, North American re-

searchers were influenced by European research agenda, techniques, and tools. Glaciologists 

moved from the terminus to the névé where they began investigating the physical processes by 

which glacier ice moved and transformed. The Juneau Icefield Research Project (JIRP) 

(1948-1958) and Project Snow Cornice (1948-1953) were the first instantiations of this new 

regime of glacier study: geophysical glaciology. Both of these projects were supported by the 

patronage of the U.S. Office of Naval Research (ONR) and were part of the Cold War militariza-

tion of the Earth Sciences. Ice and frozen environments were topics of strategic import in the 

brewing Cold War and ones about which the military knew relatively little.  I argue that military 25

patronage made long-term, in-situ glacier field work possible, and shaped the “paraglaciological” 

 There is a considerable literature assessing the impacts of military funding on science. See Ronald E. Doel, “Con25 -
stituting the Postwar Earth Sciences: The Military’s Influence on the Environmental Sciences in the USA after 
1945,” Social Studies of Science 33, no. 5 (2003): 635-666; Jacob Darwin Hamblin, Arming Mother Nature: The 
Birth of Environmental Catastrophism (Oxford: Oxford Univ. Press, 2013); Paul N. Edwards, The Closed World: 
Computers and the Politics of Discourse in Cold War America (Cambridge, MA: MIT Press, 1996); Fae Korsmo, 
“The Early Cold War and U.S. Arctic Research,” in Extremes: Oceanography’s Adventures at the Poles, Keith R. 
Benson and Helen Rozwadowski, eds. (Sagamore Beach, MA: Watson Publishing International, LLC, 2007), 
173-200; Janet Martin-Nielsen, “The Other Cold War: The United States and Greenland’s Ice Sheet Environment, 
1949-1966,” Journal of Historical Geography 68 (2012): 68-80; Doel et al., “Strategic Arctic Science: National In-
terests in Building Natural Knowledge —Interwar Era Through the Cold War,” Journal of Historical Geography 44 
(2014): 60-80; Doel, Urban Wråkberg and Suzanne Zeller, “Science, Environment and the New Arctic,” ibid.: 2-14; 
Doel, C. Kristine Harper, and Matthias Heymann, Exploring Greenland: Cold War Science and Technology on Ice 
(New York: Palgrave Macmillan, 2016); P. Whitney Lackenbauer and Matthew Farish, “The Cold War on Canadian 
Soil: Militarizing a Northern Environment,” Environmental History 12 (2007): 920-950.
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agenda of such work, but that there is little evidence to suggest Navy interests outright directed 

glaciological agenda. Inspired by their European colleagues, glaciologists were already interested 

in the questions the military wanted to know about glaciers. Both military officers and scientists 

wanted to know more about the structures and dynamics of snow and ice. It was a confluence of 

shared interests. The new military-supported regime did, however, mean changes in the place of 

photography and photographic evidence. In geophysical glaciology, photography was relegated 

to the backseat; it became one of many tools glaciologists employed in their field work, and one 

not deemed particularly helpful. In military-supported endeavors like the Juneau Icefield Re-

search Project and Project Snow Cornice, glaciologists instead turned their cameras toward doc-

umenting the novel aspects of work and life in the field for their military supporters. Thus, mili-

tary patronage did affect glaciologist’s practices in the field. 

 Chapter Five examines transformations in geophysical glaciology between the 1950s and 

1980s that led to the re-prioritizing of glacier monitoring studies and aerial photography. These 

transformations were inspired by critiques made during the years bracketing the International 

Geophysical Year (IGY), many of which emanated from the Seattle-Tacoma area, an emerging 

hub of North American glaciology at this time. A cohort of young glaciologists at the University 

of Washington and the newly established Glaciological Project Office of the United States Geo-

logical Survey steered research agenda toward applying the technical methods and tools of geo-

physical glaciology to regional glacio-meteorological research and precise hydrological studies. 

Foremost among them were Mark Meier and Richard C. Hubley, who instigated studies on the 

South Cascade and McCall glaciers that continue today, and their colleague, Austin Post who, 

between 1957 and the 1980s, took over 100, 000 aerial portraits of North American glaciers. 
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Post’s images served a variety of uses at the time, for example, he used photography extensively 

in his physical studies of surging glaciers. Yet, as scientists began to consider the possibility that 

the planet’s climate might be changing due to the burning of fossil fuels, it was not the visual ev-

idence of glacier recession documented in Post’s photography that glaciologists brought to dis-

cussions of climate change. Instead, glaciologists, led by Mark Meier’s work in the early 1980s, 

entered scientific discourses about global warming through calculations of small glacier contri-

bution to sea level rise. Glaciologists began joining the consensus on climate change before re-

peat photographs were iconic of global warming. 

 In Chapter Six, I use interviews with glaciologists to answer the question of why they re-

turned to repeat photography at the end of the century. I show that the return to repeat photogra-

phy was not occasioned by glaciologists’ epistemic concerns, but by a perceived need to cast off 

the technical language of their discipline and communicate beyond the silo of their expertise. 

Glaciologists, photographers, and environmentalists joined forces in an emerging “cryoactivism” 

to make photographs of shrinking glaciers iconic of anthropogenic climate change. In doing so, 

glaciologists returned to a technique that they had largely abandoned in favor of what they con-

sidered more sophisticated evidence. They concluded that the “best” evidence, scientifically-

speaking, was not always the right evidence for the situation. The most precise and accurate evi-

dence is not necessarily the most relevant or helpful when science is considered within its social 

and political milieus. In this chapter I analyze the visual logic and rhetorical efficacy of repeat 

glacier photographs, embedding them in the visual cultures and narrative tropes that helped make 

them such successful icons of climate change. 
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 Throughout the twentieth century, scientists studying glaciers used photography to cap-

ture changes in glacier extent and distribution, but they did so for different reasons. Photographs 

served a variety of concerns and research agenda, from investigations into the recession of ice 

ages to the dynamics of tidewater glacier fluctuations, to the documenting of new methods and 

techniques in military-supported, long-term field research. This is a history about the ways scien-

tists have used glacier photographs and how the meanings and evidential value of such images 

evolve over time. The motivations behind and meanings of scientific glacier photographs change 

over time. Images of ice are polyvocal, even for scientists.  26

 On the polyvocality of ice see Sverker Sörlin, “Can Glaciers Speak?: The Political Aesthetics of Vo/ice,” in New 26

in Methodological Challenges in Nature-Culture and Environmental History Research, Jocelyn Thorpe, Stephanie 
Rutherford, and L. Anders Sandberg, eds. (New York: Routledge, 2017), 13-30. Recent work by historians and post-
colonial scholars has drawn attention to the ways in which representations of the cryosphere can perpetuate colonial 
assumptions about nature in environmental discourses. Photographs of seemingly empty, white landscapes elide the 
human history and continued homemaking in frozen landscapes, perpetuating ideas about these lands as empty and 
climate change as a distant threat to far away places. See Denis Cosgrove, “Images and imagination in 20th-century 
environmentalism: From the Sierras to the Poles,” Environment and Planning A 40 (2008):1862-1880; and Finis 
Dunaway, Seeing Green: The Use and Abuse of American Environmental Images (Chicago: Chicago Univ. Press, 
2015), 2; Kyle P. Whyte, “Indigenous Experience, Environmental Justice and Settler Colonialism,” in Nature and 
Experience: Phenomenology and the environment, Bryan E. Bannon, ed. (London: Rowman and Littlefield In-
ternational, 2016), 157-174, 158; Kyle P. Whyte, “Is it colonial déjà vu?: Indigenous Peoples and Climate Injustice,” 
in  Humanities for the Environment: Integrating Knowledge, Forging New Constellations of Practice, Joni Adams 
and Michael Davis, eds. (New York: Routledge, 2017), 88-104; Timothy Bull Bennett et al., “Indigenous Peoples, 
Lands, and Resources,” in Climate Change Impacts in the United States: The Third National Climate Assessment, 
Jerry M. Melillo, Terese C. Richmond, and Gary W. Yohe, eds. (Washington, D.C.: US Global Change Research 
Project, 2014), 297-317. These critiques raise the questions: What is the meaning of ice? and Who speaks for the 
cryosphere? These questions have been explored in Shari Fox Gearheard et al., eds. The Meaning of Ice (Hanover, 
NH: International Polar Press, 2013); Andrew Stuhl, “The Politics of the “New North”: Putting history and geogra-
phy at stake in Arctic futures,” The Polar Journal 3, no.1 (2013): 94-119; Andrew Stuhl, Unfreezing the Arctic: Sci-
ence, Colonialism, and the Transformation of Inuit Lands (Chicago: Chicago Univ. Press, 2016); Subhankar Baner-
jee, ed. Arctic Voices: Resistance at the Tipping Point (New York: Seven Stories Press, 2012); Michael T. Bravo, The 
Accuracy of Ethnoscience: A Study of Inuit Cartography and Cross-Cultural Commensurability (Manchester: Man-
chester Papers in Social Anthropology 2, 1996); Shuvinai Ashoona, The Polar World, Andrew Hunter, ed. (Toronto: 
Art Gallery of Ontario, 2017); Carey et al., “Glaciers, gender, and science”; Mark Carey, “The History of Ice: How 
Glaciers Became an Endangered Species,” Environmental History 12, no. 3 (2007): 497-527. This dissertation does 
not challenge these critical interventions—glacier photographs may indeed suggest ideas that perpetuate colonial 
understandings land and environmental threat. Instead, the present study points out the historical heterogeneity of 
glaciology and the multiple meanings of scientific glacier photographs.
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Chapter 1 

1. Glacier naturalism: The roots of glacier study in North America, 1887-1911 

Figure 2.1: Toe of Illecillewaet glacier, British Columbia, 1905 
Image: V653/NA-1354, Vaux Fonds, Whyte Museum of the Canadian Rockies. 

1.Beginning in Banff 

 Banff, Alberta wears its dues on its street signs. The names of the roads—Moose, Wolf, 

Grizzly, Big Horn, Lynx—remind visitors of the celebrity wildlife that drew tourists and big 

game hunters to the park in the early twentieth century. On the corner of Bear Street and Buffalo 

Avenue sits the Whyte Museum of the Canadian Rockies, a mid-century modern structure built 

of stone and wood, and named in honor of local artists and benefactors Peter and Catharine 

Whyte. The Whyte Museum is devoted to the mountain heritage of the Canadian Rockies, and it 

prides itself on its collections of visual materials, housing (among other treasures) thousands of 

historical photographs. 
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 One of the more extensive photographic collections is that of the Vaux family, a well-to-

do Pennsylvanian Quaker family who frequented the Rockies and Selkirks at the turn of the 

twentieth century and documented their travels in thousands of black-and-white photographs.  27

The Vauxes have been described as “among the first to document scientifically the fact that glac-

iers on the North American continent were shrinking,” and as initiators of the “first continuous 

detailed glacier study in Canada.”  The Vaux siblings, Mary, George IX, and William Jr., first 28

visited the Canadian Rockies in 1887 with their father, George VIII. They would return to Cana-

da again and again, drawn by a love of alpine climbing and a curiosity about glaciers. Their 

summer headquarters at Glacier House, situated next to the imposing Illecillewaet and Asulkan 

glaciers, was the perfect location for glacier studies, and is considered—in part due to the prox-

imity of the ice—the birthplace of North American mountaineering (Figure 2.1).  At Glacier 29

House the Vauxes began a journey that led to twenty years of glacier study and a collection com-

prising thousands of photographs. The material legacy of this journey would eventually come to 

rest in display binders at the Whyte Museum, open to the perusal of researchers and passersby. 

 Figure 2.1 is a photograph from the Vaux family collections. It shows the impressive ter-

minus of the Illecillewaet, or “Great” Glacier, as it was called in 1905. When the photograph was 

taken visitors could reach the photographer’s vantage point via a steep but short hike through a 

 The Vaux family fonds contains 2924 photographs, 2632 negatives, 167 transparencies, and 125 prints. The Vaux27 -
es have been the subject of a number of biographical studies: Edward Cavell, Legacy in Ice (Banff, AB: Rocky 
Mountain Books, 1983); Henry Vaux Jr., Legacy in Time: Three Generations of Mountain Photography in the Cana-
dian West (Victoria, B.C.: Rocky Mountain Books, 2013); Marjorie G. Jones, “Bowling Along: Early Travel Adven-
tures of Mary Morris Vaux,” Quaker History 100, no.1 (2011): 22-39; Marjorie G. Jones, The Life and Times of 
Mary Vaux Walcott (Atglen, PA.: Schiffer Publishing, 2015).

 Vaux, Legacy in Time, 26; Cavell, Legacy in Ice, 14.28

 William Lowell Putnam, The Great Glacier and its House: The Story of the First Center of Alpinism in North 29

America, 1885-1925 (New York: The American Alpine Club Inc., 1982). 
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mountain forest riddled with devil’s club and sliding alders. Getting closer to the Great Glacier 

meant fording the cold stream issuing from its snout. In the photograph, the glacier appears to be 

tumbling downslope, funneled by steep moraines and breaking into crevasses under the strain of 

its own huge mass. In the background, the pyramidal summit of Mount Sir Donald is dwarfed by 

the lolling ice tongue. Yet even in this grand state, the Illecillewaet showed evidence of reces-

sion—the acute angle of the terminus’s slope and the height of the moraines surrounding it sug-

gest the ice was once larger. It was this combination of grandeur and diminishment that intrigued 

early North American glacier researchers and brought them to the Canadian west. 

 The Canadian Rockies and Selkirks comprise the southeastern part of the Canadian 

Cordillera, the mountainous region that stretches from the Pacific Coast in the west to the eastern 

prairie buttresses, and from the forty-ninth parallel in the south to the Alaskan border in the 

north. These mountains were an early and productive site for the study of glaciers in North 

America, a place where science and recreation developed alongside one another. Referred to as 

the Canadian Alps for their similarity to the glaciated peaks of Europe, they saw some of the first 

tourist development in North America and the first sustained scientific study of glaciers. A com-

bination of transportation infrastructure, heavy-handed advertising, Victorian notions of rational 

recreation, and geographical happenstance brought people like the Vauxes to Canada’s moun-

tains, where they embarked on studies of the readily accessible ice streams. These early studies 

relied on photography to document glacial fluctuations over time. Naturalists also surveyed, 

measured, and compared glacier movements, seeking to place North American ice in the context 

of what was already known from European studies on glacier fluctuations. The people who did 
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this work were called “glacialists.”  They were explorers, surveyors, geologists, naturalists, 30

mountaineers, and tourists. Their motivations were myriad and their photographs operated as 

tourist momentos, advertisements for Canada’s mountainous regions, cartographic supplements, 

and, most importantly for us, as records of the fluctuations of glacier termini.  

 I call this mode of glacier study “glacier naturalism,” to highlight its core practices—col-

lecting and comparing—and to emphasize its continuity with the cultures and institutions of 

nineteenth-century natural history. Historians of natural history have characterized eighteenth- 

and nineteenth-century natural history as exercises in collection and comparison that sought to 

bring order to the diversity and dynamism of the natural world. The practice of natural history 

was typically supported by wealthy patrons. It relied upon and re-inscribed social and political 

geographies of the nation and empire, and reified colonial and masculinist ideals of gender and 

race. All of this activity ultimately resulted in material collections: gardens, museums, cabinets 

of curiosity, and illustrated texts.  Likewise, glacier naturalism was founded upon the descrip31 -

tive practices of collecting and comparing photographs of glacier termini, supported by private 

wealth, and implicated in patriotic projects of claiming Canadian mountains for a young and ge-

 For example, the Glacialists’ Magazine, a quarterly for glacial geology printed by the Glacialists Association. See 30

also Ralph Tarr, “The Malaspina Glacier,” Bulletin of the American Geographical Society 39, no. 5 (1907): 273.

 To mention a few of the canonical studies: William Coleman, Biology in the Nineteenth Century: Problems of 31

Form, Function, and Transformation (Cambridge: Cambridge University Press, 1977); Nicholas Jardine, James A. 
Secord, and Emma C. Spary, eds., Cultures of Natural History (Cambridge: Cambridge University Press, 1996); 
Paul Farber, Finding Order in Nature: the Naturalist tradition from Linneaus to E.O. Wilson (Baltimore: Johns Hop-
kins Press. 2000); Janet Browne, “A Science of Empire: British Biogeography before Darwin,” Revue d’Histoire des 
Sciences 45 (1992): 453-475; Jim Endersby, Imperial Nature: Joseph Hooker and the Practices of Victorian science 
(Chicago: Chicago University Press, 2008); Robert Illife, “Science and voyages of discovery,” in The Cambridge 
History of Science 4, Roy Porter ed. (Cambridge: Cambridge University Press 2003), 618-645; Robert Kohler, All 
Creatures; Carla Yanni, Nature’s Museums: Victorian Science and the Architecture of Display (Princeton: Princeton 
University Press, 2005); Elizabeth Hanson, Animal Attractions: Nature on Display in American Zoos (Princeton: 
Princeton University Press,  2002); Michel Foucault, The Order of Things (New York: Routledge Classics, 2002). 
For recent takes on the practices of natural history see Bruno Strasser, “Data-driven Sciences”; Strasser, “Collecting 
Nature: Practices, Styles, and Narratives,” Osiris 27 (2013): 303-340; and Vanessa Heggie, “Why Isn’t Exploration a 
Science?,” Isis 105, no. 2 (2014): 318-334.
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ographically fractured Canada, and for the federally-sponsored corporation, the Canadian Pacific 

Railway.  

 Like all fieldwork, that of the glacialists was supported and conditioned by material and 

social networks made up of a broad range of actors and institutions.  Work in the high moun32 -

tains was, and remains, challenging. It demanded mountaineering skills and considerable materi-

al and logistical backing. In an era before aerial support, the early study of North American glac-

iers was intimately tied to the practices and cultures of mountaineering. Through connections to 

the nascent mountaineering community and the Canadian Pacific Railway—an early and enthu-

siastic promoter of mountain recreation in Canada—glacier naturalism became entangled in the 

pursuit of profits for the railway. In doing so it also became enmeshed with an ideology of Cana-

dian nationalism anchored in westward expansion and transportation technology, and a founding 

myth for the Alpine Club of Canada. 

 In this chapter I describe glacier naturalism as a form of scientific and social practice, an-

alyzing its material and sociopolitical conditions through the work of the Vaux family of Phil-

adelphia and Arthur Oliver Wheeler, a surveyor and co-founder of the Alpine Club of Canada. 

The period 1887-1931 was not, as other scholars have suggested, an interval of stagnancy for 

glacier research, a gap between the work of nineteenth-century Europeans and twentieth-century 

geophysics.  It was a time of active research in which glacialists documented and compiled 33

records of New World glaciers, and used this information to examine theories advocating the pe-

 Kohler, All Creatures; Helen Rozwadowski, Fathoming the Ocean: The discovery and exploration of the deep sea 32

(Cambridge, Mass.: Harvard Univ. Press, 2005), 175-210; Simon Naylor and James R. Ryan, eds. New Spaces of 
Exploration: Geographies of discovery in the twentieth century (New York: I.B. Taurus & Co, 2010); Jeremy Vetter, 
Field Life: Science in the American West during the Railroad Era (Pittsburgh: Univ. Pittsburgh Press, 2016).

 See Peter Peter Knight, “Glaciers: Art and History, Science and Uncertainty,” Interdisciplinary Science Reviews 33

29, no. 4 (2004): 385-393.

!25



riodicity of glacier fluctuations and to speculate about the causes of past ice ages. The pho-

tographs, such as that in Figure 2.1, served as scientific evidence, as advertisements, and as pro-

paganda. Today, they provide one half of the visual evidence for establishing the drastic glacial 

recession in the twentieth century. 

2. The Vaux family of Philadelphia 

 In histories of the Canadian Rockies, the Vaux siblings, Mary, George IX, and William S., 

Jr., hold an important and celebrated place alongside Mary Schäffer, Arthur O. Wheeler, Byron 

Harmon, Tom Wilson, and other regional celebrities (Figure 2.2). Historian Edward Cavell pro-

vides a tidy summary:   

 Advantaged, well-educated Quakers, they [the Vauxes] were the epitome of the well-  
 rounded Victorian: committed, inquisitive, and dedicated to advancement of man’s   
 understanding and appreciation of nature. Talented amateur artists and scientists,    
 they fell under the spell of the Canadian Alps.  34

 The Vauxes were a well-positioned family with the financial resources and leisure time to 

invest in multi-year studies and connections to willing abettors with equipment and access to the 

ice. Spooked by an ocean voyage in his youth, their father banned sea travel for his children, and 

as a result the Vaux siblings spent more vacation time on the North American continent than 

many of their peers, for whom overseas travel would have been a rite of passage.  35

  

 Cavell, Legacy in Ice, 6.34

 They followed his stricture until his daughter Mary (at seventy-five) travelled to Japan to visit a Quaker friend. 35

Jones, Life and Times, 145.
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Figure 2.2: Mary M. Vaux, William S. Vaux Jr. and George Vaux Jr., circa 1887 
Image: V653/2 PA-1, Vaux fonds, Whyte Museum. 

 The Vauxes descended from a prominent Quaker family and could trace their ancestry to 

the mid-eighteenth century immigration of two brother-patriarchs who settled in the Phil-

adelphia-Valley Forge region.  The children were socialized in the Society of Friends and re36 -

ceived guarded educations in the manner of traditional American Quakers.  Yet, they were 37

raised during a period of liberalization in American Quaker values, which allowed for art in their 

world. They initially took up photography as an artistic endeavor, one which also participated in 

 The family had strong traditions in public service and the natural sciences. Richard sired a mayor of Philadelphia, 36

and James was a local leader in crop experimentation. James’ grandson, William Samson, was an enthusiastic natu-
ralist, involved in the Philadelphia Academy of Natural Sciences who pursued amateur geological studies with gus-
to. William Samson’s brother, George VIII, had three children with Sarah Morris Vaux: Mary, George IX, and 
William Samson Jr. “Abstract,” Vaux family papers, The Historical Society of Pennsylvania, Philadelphia, accessed 
August 24, 2015, http://www2.hsp.org/collections/manuscripts/v/vaux684.htm.

  A guarded education was a  traditional Quaker education. “Guarded” refers to the idea that this education protect37 -
ed children from the influences of the broader society.
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Quaker traditions of natural history that could be traced to the writings of William Penn.  Their 38

glacier photographs, then and now, functioned both as useful records of glacier fluctuations and 

as works of art.  39

 The youngest, William S. Jr. (1872-1908), was the sibling most devoted to the study of 

glaciers. He had a mind for the technical, graduating from Haverford College’s engineering pro-

gram in 1893. William specialized in structural engineering and spent his working years as an 

architect. The Engineers’ Club of Philadelphia provided a forum for many of his presentations 

and their subsequent publication, including his last and most polished piece, “Modern Glaciers.” 

Although his older brother George appears as first author on their co-written work, William did 

much of the leg work and background research. His are the notebooks that are filled with de-

tailed jottings and sketches; his is the correspondence that includes Europe’s and America’s no-

table glacialists and geologists. 

 Although he was the most avid glacier enthusiast of the three siblings, William was the 

least accomplished mountaineer. He belonged to the Alpine Club of Canada (ACC) and the 

 William Penn advocated the study of nature as a spiritual exercise. A set of liberal Quakers, former Quakers, and 38

Quakers associates in the eighteenth century, including James Logan, John Bartram, and David Rittenhouse, have 
been credited with encouraging the growth of science in colonial Philadelphia and America more generally. Until the 
noteworthy exception of Thomas Eddington, Friends were not prominent in the physical sciences and tended toward 
the natural historical sciences instead. However, this has been argued for Antebellum America more broadly. Distin-
guishing a specifically Quaker approach to science is difficult because nineteenth-century American Quakers adopt-
ed a variety of attitudes towards the natural sciences. In the case of evolution alone they articulated a variety of re-
sponses, from avoidance to espousal. It is thus perhaps prudent to not seek explanation of the Vauxes’ motivations in 
their Quakerism and instead recognize that their scientific pursuits, like their travel and mountaineering, were part of 
Victorian bourgeoise life. See Geoffrey Cantor, “Quakers and Science,” in The Oxford Handbook of Quaker Studies, 
Stephen W. Angell and Ben Pink Dandelion, eds. (Oxford: Oxford Univ. Press, 2013), 520-534; Cantor, “Quaker 
Responses to Darwinism, Osiris 16 (2001): 321-342; Brooke Hindle, “The Quaker Background and Science,” Isis 
46, no. 3 (1959): 243-50; Matthew Stanley, “‘An Expedition to Heal the Wounds of War’  The 1919 Eclipse and Ed-
dington as Quaker Adventurer,” Isis 94, no. 1 (2003): 57-89. On physical science in antebellum America, see Daniel 
Kevles, The Physicists: The History of a Scientific Community in Modern America (New York: Alfred A. Knopf, 
1978). 

 Mary and George were even briefly associated with the avant garde Photo-Secession movement headed by Alfred 39

Stieglitz. Their involvement was brief and they steered clear of philosophical conflicts about the relation between 
photography and art. Cavell, Legacy in Ice, 17. 
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American Alpine Club (for which he served as Treasurer until his death). Yet, it was glacier stud-

ies that dominated his time in the mountains. His lack of interest in first ascents did not, howev-

er, protect him from acquiring elitist and proprietary attitudes towards the Rockies, the kind that 

was (and is) often associated with mountaineers. British climbers in the Alps during the so-called 

“Golden Age” of mountaineering (1854-1865), cultivated an elitism and disdain for tourists 

which distinguished the mountaineer, who experienced mountain landscapes through active as-

cension, from “mere alpine walkers and sightseers.”  Similarly, in an 1898 article penned for the 40

Minneapolis Journal, William haughtily distinguished between his relation to the mountains—

that of the “real mountain lover”—and the attitude of most visitors who “generally stop over one 

night and walk up to the foot of the Great Glacier, stroll around the hotel, feeling that they have 

done all there there is to do.”  (Ironically, this accurately describes William’s own first visit to 41

Glacier House.) 

 Like other members of the “Rockies Cult”—a set of wealthy eastern Americans who fre-

quented the Canadian Rockies in the decades around the turn of the twentieth century—William 

described the Canadian Rockies as his own special home away from home, and felt that as a re-

turn visitor he had a privileged relationship to the place. Such feelings should be understood as 

expressing a desire to identify as a particular kind of person—in this case, a mountain “local”— 

as much as evidence for a unique connection to a powerful place. In this, William resembles the 

Golden Age mountaineers he echoes, who in fact differed little from those they scorned. Moun-

 Peter H. Hansen, “Albert Smith, the Alpine Club and the Invention of Modern Mountaineering in Mid-Victorian 40

Britain,” Journal of British Studies 34, no. 3 (1991): 137. See also Matthew Willen, “Composing Mountaineering: 
The Personal Narrative and the Production of Knowledge in the Alpine Club of London and the Appalachian Moun-
tain Club, 1858-1900” (PhD diss., University of Pittsburgh, 1991).

 William S. Vaux, “Taking the Glaciers,” Minneapolis Journal, September 3, 1898.41
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taineers, as historian Zac Robinson has pointed out, are really just a specialized type of tourist.  42

Indeed, William rarely ventured far beyond the lifeline of the railway, making only brief 

overnight excursions.  

 William died at thirty seven from tuberculosis and with his passing, much of the glacio-

logical work fell to George (1863-1927), who was almost ten years older and busy with his law 

practice in Philadelphia. George was also a Haverford graduate, who then obtained his LL.B. 

from the University of Pennsylvania. The words “active citizen” well describe George. In addi-

tion to his law practice, he was appointed by Theodore Roosevelt to serve on the Board of Indian 

Commissioners and was involved in the Institute of Colored Youth and the Philadelphia House of 

Refuge. He was also an active member of the Philadelphia Academy of Natural Sciences, the 

Photographic Society of Philadelphia, the Mineralogical Society, and, like his brother, a member 

of the American and Canadian alpine clubs.  George’s first scientific passion was mineralogy. 43

When the two brothers gave talks together, he would typically cover general mountain features 

and geology, and William would present the strictly glaciological material. Later in life, George 

engaged in armchair geology by financing far-flung expeditions. The mineral Vauxite, the only 

known occurrence of which is in the Silo Veinte Mine in the Rafael Bustillo Province of Bolivia, 

was named in his honor by one such expedition.  44

 Zac Robinson, Conrad Kain: Letters from a Wandering Mountain Guide, 1906-1933 (Edmonton: University of 42

Alberta Press, 2014), xxxi.

 Mary served on the Board of Indian Commissioners after George. Supposedly a watchdog institution meant to 43

keep an eye on the Bureau of Indian Affairs, there is little evidence that it functioned in such a manner during 
George’s or his Mary’s tenures. Biographer Marjorie Jones characterizes Mary’s reports for the Board as “disturbing 
and, laced with disdain for Indigenous Americans.” Jones, Life and Times, 135. For a discussion of the family’s 
long-standing interest in penal reform and justice see Christopher Adamson, “Evangelical Quakerism and the Early 
American Penitentiary Revisited: The Contributions of Thomas Eddy, Roberts Vaux, John Griscom, Stephen Grellet, 
Elisha Bates, and Isaac Hopper,” Quaker History 90, no. 2 (2001): 35-58.

 The chemical composition of Vauxite is: Fe2+Al2(PO4)2(OH)2·6(H2O). “Vauxite,” Mindat, accessed 1 September 44

2015, mindat.org, http://www.mindat.org/min-4164.html.
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 Mary (1860-1940) was the eldest of the Vaux children. When their mother died in 1880 

Mary assumed the domestic responsibilities that defined her life until her marriage at fifty-four to 

the secretary of the Smithsonian Institution, Charles Doolittle Walcott.  She was the most ac45 -

complished mountaineer of the three siblings and her reputation was celebrated amongst Rocky 

Mountain devotees. As the first woman to summit a 3000-meter peak in the Rockies, as well as 

the first white woman to explore the Yoho Valley, and climb the notorious Abbot Pass, Mary 

stood out.  Her mountaineering costume was bold for its time and included knickerbockers and 46

a buckskin jacket—a sartorial style liable to shock more genteel vacationers. One of her climbing 

companions reported that their party’s arrival on a railway platform “seemed to afford as much 

astonishment and speculation as did the arrival of the Tartarin in the lobby of the Rigi-Kulm. 

Miss Vaux, in buckskin and knickerbockers […] was snap-shotted without mercy.”  47

 Despite her climbing achievements, Mary’s life was still in many ways structured by Vic-

torian gender norms. She was the only Vaux sibling who did not receive a post-secondary educa-

tion. Instead she was tutored in the use of watercolors, her talents earning her the sobriquet “The 

Artist” amongst fellow attendees of the Alpine Club of Canada annual mountaineering camps.  48

She put these skills to good use in her celebrated North American Wildflowers, published by the 

Smithsonian Institution in 1925. Although she had been taking photographs since the early 

1880s, she could not join the Photographic Society to which her brothers belonged until 1895, 

 Mary met Charles Doolittle Walcott (1850-1927), a geologist and paleontologist, near Field, British Columbia, 45

where he was working on the famed Burgess Shale. In 1914 they married and she moved to Washington, D.C. There 
she became involved in efforts to establish a Society of Friends for the Quaker president Hoover and befriended his 
wife, Lou. Jones, Life and Times, 69-80.

 Named for Philip Abbot, the first person to die mountaineering in the Canadian Rockies.46

 B.S. Darling, “Up the Bow and Down the Yoho,” Canadian Alpine Journal 3 (1911): 158.47

 Cavell, Legacy in Ice, 13. 48
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when it began accepting female members. This meant that in the early glacier studies, Mary was 

typically responsible for the “post-production” aspects of the photography. However, after 

William’s passing, she assumed greater, and eventually sole, responsibility for the glacier work. 

 Long after William died and George became tied down by professional responsibilities, 

Mary continued to visit to the Canadian Rockies, returning almost annually until her death in 

1940. They were the formative place for her life. “I sometimes wonder,” she mused, “how it is 

that those who love the out of doors so much, seem always to have their lots cast in the manmade 

town.”  Like William, she expressed feelings of ownership over the mountains.  In the Rockies 49 50

she enjoyed greater social and physical freedom than in the city; there she found her life’s work 

and her life partner. She became a grande old dame of the mountains and was memorialized in a 

peak whose long shale slope drops precipitously into a bright blue lake. Mount Mary Vaux was 

christened by her friend Mary Schäffer, a fellow Pennsylvanian Quaker and explorer of moun-

tains. 

3. The glacier studies 

 The Vauxes’ first visit to the Illecillewaet was similar to those of many other visitors dur-

ing the first years of the Canadian Pacific Railway. In his diary entry for 17 July 1887, fifteen-

year-old William made an unremarkable note about visiting the Great Glacier. He noted that they 

walked to the toe of the glacier, took the temperature of the water pooled on the ice’s surface, and 

snapped some photographs. It is a mundane entry, lacking effusive descriptions of alpine scenery 

 Cited in Cavell, Legacy in Ice, 2.49

 “Thee knows I feel a sense of ownership in it (the Yoho Valley), being the first white woman that visited it…” 50

Cavell, Legacy in Ice, 12.
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or mountaineering feats.  At this point the Vauxes were neither intrepid naturalists nor mountain 51

enthusiasts. They were tourists, of the variety that William would later disparage. They had come 

to the Rockies via the only route through the Canadian Cordillera at that time, traveling from 

Vancouver to Banff on their way back east. Glacier House, one of the railway’s hotels, was part 

of the tour.  They stayed close to the railroad, but were able to visit the Illecillewaet because it 52

was a short jaunt from the hotel. Even if one concedes that William was not one for gushing de-

scriptions, it would be wrong to characterize this initial visit as an instance of lighting bolt inspi-

ration. The photos they took of the glacier were scenic landscapes that they later exhibited at a 

salon in Philadelphia. They only acquired scientific significance later. One photograph in particu-

lar would turn out to be important, that of “Rock E” (as it would come to be known): a large rec-

tangular boulder that jutted out in front of the ice (Figure 2.3). 

 Diary entry, William S. Vaux, Jr., 17 July 1887, folder 1, series 5, Vaux Fonds.51

 At this time there was only one route through the mountains on the Canadian side. The Grand Trunk Railway to 52

the north had not yet been laid. The Vauxes’ Canadian railroad travels were part of a larger tour the family took from 
Pennsylvania to California, up through Oregon and Washington, into the western provinces and back to America via 
Montreal. Mary’s letters to a female friend in Bryn Mawr describe their visit to the Great Glacier. She recalls a tough 
hike on a poorly marked path and waiting on the other side of the outlet creek flowing from the glacier while her 
brothers explored nearer to the ice. She had yet to become an intrepid mountain woman. Jones, “Bowling Along.” 
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Figure 2.3: Edge of ice, Illecillewaet glacier (July 16, 1887) 
Rock E is the large boulder with George Vaux standing in front of it. Note the prow-like shape of the terminus in the 

top right corner. Image: V653/NG-956, Vaux fonds, Whyte Museum. 

 The Vauxes began to distinguish themselves as return customers with a particular passion 

when they went back to Glacier House seven years later in 1894. William was then twenty-two 

years old and, like his siblings, had become an adept photographer and an adept observer. Much 

at Glacier had changed in seven years. The Vauxes noted the “broad space of loose boulders” 

which had appeared below the Illecillewaet’s terminus. In 1887, alder bushes grew within twenty 

feet of the ice; now, a much wider space between the ice and its terminal moraine was devoid of 

vegetation. They also noted the alterations in the shape of the ice front, which had transformed 
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from “a great mass with steep sides” to a low-angled lobe that sloped “evenly till it die[d] away 

altogether in the stream.”   53

 They did not need to measure the tongue to know that its shape and relation to the sur-

rounding moraines were transfigured. The ice had retracted well beyond the distinctive Rock 

“E,” leaving a field of boulders and scree in its wake (Figure 2.4).  54

Figure 2.4: Rock “E,” Illecillewaet glacier (1894) 
Taken with same lens and same position as 1887. Note the gently sloping ice in the top right corner, and the larger 

surrounding moraines. Image: V653/NG-377, Vaux fonds, Whyte Museum. 

 George Vaux Jr. and William S. Vaux Jr., “Some Observations on the Illecellewaet [sic] and Asulkan Glaciers of 53

British Columbia,” Proceedings of the Academy of Natural Sciences of Philadelphia 51, no. 1 (1899): 122.

 Using material gathered by the Vauxes and others, André Champoux & C. Simon Ommanney calculated that be54 -
tween 1887 and 1962, the ice receded approximately 1300 meters and that between 1972 and 1986 it had advanced 
approximately 100 feet. It is now believed that when the Vauxes first saw the Illecillewaet, it was at its modern max-
imum. André Champoux and C. Simon Ommanney, “The Illecillewaet Glacier, Glacier National Park. B.C., Using 
Historical Data, Aerial Photography and Satellite Image Analysis,” Annals of Glaciology 8 (1986): 31-33.
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 In seven years the Illecillewaet had changed dramatically, and the Vauxes were not the 

first to notice. The recession of the nearby glacier was a topic of conversation among Glacier 

House guests and staff. In 1888, a year after the Vauxes’ initial visit, two British clergymen, Rev-

erend William Spotswood Green and his cousin Reverend William Swanzy came to Glacier 

House. Green was an experienced mountaineer, having climbed in the Alps of Europe and New 

Zealand. The two men had support from the Royal Geographical Society to survey the area; they 

used this patronage to claim some of the more impressive first ascents in the vicinity.  The book 55

that resulted from their exploits, Green’s Among the Selkirk Glaciers (1890) was a crucial source 

of information for the Vauxes. Yet the information they wanted on the glaciers was buried within 

the pages of this colonial travelogue. Green described the train’s route, the colors of the land-

scapes —“dark green forests, rushing streams, purple peaks, silvery ice”— the “Chinamen” 

working on the railway, and the varieties of alpine flora he encountered on his scrambles.  Many 56

words are devoted to tales of mosquitoes, alders, and Jeff the dog, incorrigible hiking companion 

of Glacier House guests. The reader must wait until the end of this chatty narrative for the two 

pages describing their work on the Illecillewaet. In travel narratives like Green’s, glaciers often 

functioned as crowning aspects of alpine scenery or as terrain that sometimes enabled, other 

times hindered, mountain travel. His glacier studies were part of a larger program of discovery 

and claiming mountain summits: he knew the mountains as both objects of physical conquest and 

objects of rational inquiry. 

 Chic Scott, Pushing the Limits: The Story of Canadian Mountaineering (Victoria, B.C.: Rocky Mountain Books, 55

2000), 40-41.

 William Spotswood Green, Among the Selkirk Glaciers, Being the Account of a Rough Survey in the Rocky Moun56 -
tain Regions of British Columbia (London: Macmillan & Co., 1890), 67.
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 Green and Swanzy’s 1888 studies on the Illecillewaet followed conventions for glacier 

study developed in Europe. In the 1830s and 1840s,  Louis Agassiz, James David Forbes, and 

others had painted rocks as annual landmarks and planted poles across the termini of Alpine 

glaciers to measure their motion.  In early August, Green and Swanzy planted poles whose 57

movement with the flowing ice could later be measured to determine the rate at which the glacier 

crept forward. When they returned twelve days later, surface melt had expanded all of the holes 

causing the poles to topple over. Nonetheless, they were able to calculate from the shallow holes 

that the middle of the ice tongue had moved twenty feet, while the ice closer to the lateral 

moraines had crawled forward seven feet. These were surprising results for a twelve-day interval, 

even at the height of summer. (When the Vauxes made their own measurements of ice flow in 

1894 it was in part to check Green’s calculations.) He and his companions then tarred a few 

boulders near the front of the ice with the hope that future travelers might use them to calculate 

the movement of the terminus.  58

 Others came to study the Illecillewaet. The Viennese geologist, Albrecht Penck, took pho-

tographs from a rock he marked “P5,” which he later claimed corresponded to the rock the Vaux-

es used as a photographic station (“Rock W”). However, like Swanzy and Green’s, Penck’s ob-

servations also went sideways. Failing to bring a means by which to accurately mark the posi-

tions of his observations, he had to resort to counting steps from the glacier’s edge and taking 

compass measurements.  59

 Louis Agassiz, Études sur les glaciers (Cambridge, UK: Cambridge Univ. Press, 2012 [1840]); James David 57

Forbes, Travels through the Alps of Savoy and other parts of the Pennine Chain: With Observations on the Phenom-
ena of Glaciers (Edinburgh: A. and C. Black, 1843). See also, John C. Shairp, Peter G. Tait & A. Adams-Reilly, eds., 
Life and Letters of James David Forbes, F.R.S. […] (London: Macmillan, 1873), 329-30.

 Green, Among the Selkirk Glaciers, 218-19.58

 Albrecht Penck to William Vaux Jr., 5 July 1899, folder I.B.I.a, series 5, Vaux Fonds.59
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 Given earlier efforts such as these, a lack of reliable prior data points was a problem for 

the Vauxes when they returned in 1894. In addition to the marks left by Green and Penck, there 

were a variety of inscrutable hieroglyphics on rocks in the terminal moraine left by hotel guests 

or trainmen. One of the more legible ones was on a boulder marked “August 1890.” After con-

sulting with the mountaineer H.A. Perley, they attributed these markings to the British climber 

Harold Topham, who had made the first ascent of Mt. Sir Donald and made quick studies of the 

glacier while he was there.  Unfortunately, Topham did not publish his work and, when queried 60

by William, reported that he had misplaced his notes.  Nevertheless, from Topham’s boulder, the 61

Vauxes were able to calculate in 1898 that the glacier had receded 452 feet: an annual average 

recession of fifty-six feet per year since 1887.   62

 Between 1887 and 1894, efforts to study the Illecillewaet were inconstant, inscrutable, 

and difficult to reproduce. It is thus that the Vauxes are celebrated as the first to systematically 

study North American glaciers. However, when placed in the company of these fitful starts, we 

recognize their work as part of a wider desire to document the motion and fluctuations of New 

World glaciers. The glaciers were charismatic, dynamic aspects of the mountain landscape that 

beckoned curious railway workers and travelers for whom natural history was part of the plea-

sure of mountain travel. Yet most people could not do justice to the changes in the ice, for they 

were either passing through and would not return, or they lacked the means to make good obser-

 Scott, Pushing the Limits, 42.60

 Harold Topham to William Vaux Jr., 7 July 1899, Series I.B.I.a., Vaux Fonds. His 1891 article merely mentioned 61

that he left marks on boulders and that the Illecillewaet had retreated since Green’s 1888 visit. See Harold W. 
Topham, “The Selkirk Range, North-West America,” Proceedings of the Royal Geographical Society and Monthly 
Record of Geography 13, no. 9 (1891): 554.

 George Vaux, Jr. and William S. Vaux, Jr., “Additional Observations on Glaciers in British Columbia,”Proceed62 -
ings of the Academy of Natural Sciences of Philadelphia 51, no. 3 (1899): 508.
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vations. The Vauxes improved upon these efforts because they possessed the interest, necessary 

photographic skills, and the means and leisure time to return to Glacier House year after year.  63

 For eleven years William and his siblings returned to the Illecillewaet to observe, photo-

graph, and survey the changes in the glacier. They extended their activities to other ice streams in 

the region, including the Asulkan Glacier—the Illecillewaet’s nearest neighbor—the Victoria 

Glacier at Lake Louise, the Yoho Glacier near Field, B.C., and others such as the Bow and 

Wenkchemna, which were further away from the railway (Figure 2.5). At the Illecillewaet, they 

measured the distance to the edge of the ice from predetermined points to ascertain the terminus’ 

movements over the years, mapped the tongue and the surrounding topography using photo-

graphic and trigonometric surveys, and visually documented fluctuations using repeat photogra-

phy. Their most frequently occupied station was a large boulder in Illecillewaet’s moraine, “Test 

Rock,” or “Rock W,” known today as “Photographers’ Rock” from which the photograph in Fig-

ure 2.1 was taken.  Not every glacier received such thorough treatment. For their studies of the 64

Victoria, Yoho, Asulkan, Bow, and Wenkchemna glaciers, they relied mostly on repeat photogra-

phy to document the retreats and advances of the edge of the ice. 

 As Robert Kohler and others have shown, field work at this time, as in the nineteenth century, was often made 63

possible through access to private wealth. See Kohler, All Creatures, chpt. 2; Janet Browne, Charles Darwin: Voyag-
ing (London: Jonathan Cape, 1995). This, of course, was not the case for every successful naturalist; Joseph Dalton 
Hooker and Alfred Russel Wallace built successful careers as naturalists from more humble beginnings by exploiting 
the networks of empire in different ways. Endersby, Imperial Nature; Jane Camerini, “Wallace in the Field,” Osiris 
11 (1996): 44-65.

 The naming of Photographers’ Rock and Rock “E” suggests that photographic and survey stations acquired mean64 -
ing through more a mundane process than is described by D. Graham Burnett in his account of station establishment 
in the Transverse Survey of Guyana. Rock W was, like the stations of the Transverse Survey, a natural-artificial con-
struction born of the needs of surveying. However, its significance was less lofty than the historical, mythical, and 
colonial import bestowed upon Schomburgk’s stations through what Burnett describes as a process of consummatio. 
The Vauxes’ photographic stations acquired meaning through conventional assignment of names and descriptions to 
landmarks like Rock W. D. Graham Burnett, Masters of All they Surveyed (Chicago: Univ. Chicago Press, 2000), 
133-145.
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Figure 2.5: Contemporary map of the Canadian Rockies with inset of map of the glaciers observed by the Vauxes 
Path of Canadian Pacific Railway is approximately traced in white in inset. Image: modified from Google Maps and 

Wikimedia. 

 The Vauxes made a point of framing their work as purely observational. Writing in 1906, 

they asserted they would make no attempt to explain the fluctuations of the glaciers they mea-

sured, but only outline the observations.  Their’s were reports of fieldwork. They deliberately 65

abstained from entering the contemporary intellectual fray surrounding the causes of glacier mo-

tion. At the turn of the twentieth century, the topic of glacier motion was still smoldering from 

 George Vaux and William S. Vaux, Jr., “Observations made in 1906 on Glaciers in Alberta and British Columbia,” 65
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heated arguments amongst British naturalists. At the root were disagreements between John Tyn-

dall and James David Forbes in the 1840s, which also drew in William Hopkins and Thomas 

Henry Huxley. Forbes and Tyndall, both accomplished mountaineers and early students of Swiss 

glaciers, disagreed over how to describe glacier motion. Forbes held that it moved like a semi-

viscous fluid, analogous to the movement of lava. Tyndall objected to Forbes’ reasoning as mere-

ly analogical and insufficient for natural philosophy. He put forward an alternative hypothesis, 

according to which glaciers moved down their beds as single objects, compelled by pressure and 

fused into a single mass by regelation (the phenomenon of melting under pressure and re-freez-

ing when pressure is released).  The dispute reopened in the late 1860s when Canon Henry 66

Moseley put forward a new hypothesis of thermal expansion that was attacked by John Ball, 

James Croll, and Alfred Russel Wallace in the pages of Philosophical Magazine, Science, and 

Nature.  67

 John Tyndall, The Forms of Water (New York: D. Appleton and Company, 1872), 163-191. Forbes held that glaci66 -
ers moved like fluids, and he used field observations, field experiments, and physical models to argue his position. 
He began his study of Alpine glaciers in the 1840s after visiting Louis Agassiz at his Neûchatel “Hotel” on the 
Aletsch Glacier. Forbes’ account of glacier motion responded to those of earlier Swiss naturalists which explained it 
in terms of gravitational sliding (Venetz) and ice expansion (Scheuchzer and Charpentier). Methodologically, Forbes 
was comfortable with “probable explanations” and did not always put his hypotheses in rigorously physical terms. 
Tyndall and Hopkins took issue with especially this aspect of Forbes’ glacier work. They believed that natural philo-
sophical explanation demanded mechanical causes and shouldn’t rely on analogy. To support his own theory of glac-
ier motion, Tyndall performed a series of laboratory and field experiments that he believed demonstrated that ice 
could move and be shaped by pressure alone (regelation) and move as a single object. Today, glaciologists recognize 
multiple processes of glacier motion including pseudo-plastic flow, basal sliding, glacier quakes, and internal defor-
mation.

 John Ball,“On the Cause of the Descent of Glaciers,” Philosophical Magazine  40, no. 264 (1870): 1-10; James 67

Croll, “On the Physical Cause of the Motion of Glaciers, discussion of Moseley’s 1869 paper,” Philosophical Maga-
zine 37 (1869): 201-206; Croll, “On the Cause of the Motion of Glaciers.” Philosophical Magazine 40, no. 266 
(1870): 153-170; Henry Moseley, “Descent of a solid body on an inclined plane when subject to alternations in tem-
perature,” Proceedings of the Royal Society 7 (1856): 333-342; Moseley, “On the descent of glaciers,” Journal of the 
Franklin Institute 61, no. 3 (1856): 211-214; Moseley, “On the Mechanical Impossibility of the Descent of Glaciers 
by their Weight Only,” Philosophical Magazine Series 4, no. 37 (1869): 364-370; William Matthews, “Mechanical 
Properties of Ice and their Relation to Glacier Motion,” Nature 1, no. 21 (1870): 534-535; Alfred Russel Wallace, 
“The Theory of Glacier Motion,” Philosophical Magazine 42 (1871): 133-137.
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 These disputes were about much more than whether a glacier moved like a plastic or not; 

ideas about method and disciplinary identity were at stake, as well as institutional politics, and 

competing visions of the scientific self in the field. Historians have shown that the heroic charac-

ter of mountaineering was used to augment disputants’ epistemic credibility. Tyndall and Forbes 

drew upon their mountaineering experiences and conceptions of heroic masculinity to support 

their claims about the nature of glacier motion. In arguments over whose knowledge was valid, 

detached objectivity was less important than gendered performances of heroic physicality.  68

Glacier study was more than an excuse to go to the mountains, and mountaineering was more 

than just a means of getting to the glaciers. The two activities were linked through close cultural 

ties and a logic that premised epistemic authority on physical prowess and courage in extreme 

environments. 

 But there was also an epistemic component to these debates. Glacier dynamics may at 

first seem simple, but they quickly become complex. How a glacier moves is determined by the 

internal dynamics of the ice, its composition, the topography and slope of the glacier’s bed, and 

the character of its terminus (i.e., is it tidewater or grounded on land? constrained by valley walls 

or spreading freely over flat ground?). These complexities left glacier motion a contentious topic 

at the approach of the twentieth century, for which explanatory theories abounded. The Vauxes 

were uninterested in all of them. When William presented “Modern Glaciers” to the Engineers 

Club of Philadelphia in 1907, he was asked for his thoughts on the physics of glaciers. He re-

 Bruce Hevly, “The Heroic Science of Glacial Motion,” Osiris 11 (1996): 66-86; Michael S. Reidy, “John Tyndall’s 68

Vertical Physics: From Rock Quarries to Icy Peaks,” Physics in Perspective 12 (2010): 122-145; Reidy, “Evolution-
ary Naturalism on High: The X-Club Sequester the Alps,” in Victorian Scientific Naturalism: Community, Identity, 
Continuity, Gowan Dawson and Bernard Lightman, eds. (Chicago: Chicago University Press, 2014), 54-78; Reidy, 
“Mountaineering, Masculinity, and the Male Body in Mid-Victorian Britain,” Osiris 30 (2015): 158-181. See also 
Naomi Oreskes, “Objectivity or Heroism?,” Osiris 11 (1996): 87-113.
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sponded that he had purposely avoided the theory of glacier motion because, according to him, 

“there are no less than nine different theories which have been advanced.” Physicists had devel-

oped complicated theories to explain simple facts, but William purposely kept out of the discus-

sion, believing instead, like Forbes, that it was enough to think of glaciers analogically, as slow, 

frozen rivers.  (This was itself a model with theoretical commitments—a fact that William did 69

not seem to appreciate.) 

 The Vauxes invoked analogies with frozen rivers in many of their publications. Rather 

than worry about how glaciers flowed, they chose to focus on providing more, and more reliable, 

observations from the field. The topic of glacier motion, they felt, was theory rich, but observa-

tion poor. More would be gained by focusing on ultimate explanations of glacier movement: the 

large-scale fluctuations that revealed the waxing and waning of ice ages. 

✷  ✷  ✷ 

 In 1899, the Vauxes sought to improve upon the methods used by Green, and by Eu-

ropean naturalists, for measuring the rate of a glacier’s flow. Rather than using wooden stakes or 

boards to fashion markers that could be left on the ice and surveyed later, the Vauxes employed 

specially prepared metal plates. At the centre of each was a hollow three-inch pipe—originally 

designed as a screw-in point for small flags, they found this feature more useful when the plates 

were turned upside down and it could serve as an anchor in the ice. In July, with the help of C.E. 

Cartwright, assistant to the Canadian Pacific Division Superintendent, and mountain guide, 

Edouard Fuez, William and George placed nine plates on the surface of the Illecillewaet. Using 
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rocks on the lateral moraines as transit stations, they drew a baseline across the ice that ran per-

pendicular to the downward flow of the glacier. They had hoped to measure the line directly 

across the glacier using a chain, but the ice was so broken and crevassed they had to resort to tri-

angulation. Using stations scattered about the surrounding moraines, they triangulated the bear-

ings for the points that anchored the perpendicular line across the glacier. Fuez and William then 

descended onto the ice to lay the plates along this line.  70

 On August 11th, the original team (plus one purportedly useless assistant who remained 

unnamed) returned to document the new positions of the plates. They set up two transits on ei-

ther end of their baseline and, with William and Feuz again on the ice, took the new bearings for 

the eight plates that remained, from which they then determined the line of surface travel for 

each over the intervening weeks. They also measured the vertical distances travelled, but this as-

sumed a constant topography beneath the glacier, a highly dubious assumption, William pointed 

out. Instead, they placed a ninth plate on the edge of the glacier’s tongue and, accessing a vertical 

cross section via a crevasse, they were able to calculate the vertical motion for this plate. (That 

is, until the piece of ice it sat upon detached from the glacier and ceased to move with the main 

body of ice.) The Vauxes left Glacier House for Pennsylvania in mid-August, but Cartwright re-

turned on September 5th to measure the positions of the plates again. From his data and the mea-

surements taken on August 11, the Vauxes calculated the average daily motion of the terminal ice 

and found that it ranged from 2.56 inches/day for the plate closest to the northern edge of the ice 

 Twelve plates were made by CPR employees at Revelstoke. Nine were placed, and only eight were used. Each 70

plate measured six inches square and 1/8th inch thick. They were given three coats of red paint and labelled: VAUX 
No. 1-8 1899. The paint—an oil with a flake graphite base—was made especially for them by H.E. & D.S. Yarrall 
and it came in small 1/32 gallon cans that were more easily carried up mountains. Each can was fitted with a special 
spring top so it could be easily opened and closed again in the field. The plates had to be replaced in 1906 and 1909 
because many were swallowed by the glacier over the years. Glacial notes, August 1910, folder I B 2, series 7; 
“George Vaux,” folder I.C.2.a.iii, series 7; folder 2, I. B.I b i, series 5, Vaux Fonds.
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to 6.79 inches/day for the plate nearest the center of the snout. This, they noted, was considerably 

less than the 0.58-1.67 feet per day determined by Green in 1888.  71

 This was as technical as the Vauxes’ fieldwork got. The majority of their time in the field 

was devoted to measuring the position of the end of the ice and documenting it with their cam-

eras. Successive years of repeat photographs were (in their view) the most reliable way of docu-

menting change in the glaciers over time. For those of us used to snapping quick pictures on a 

phone camera, this might seem like a simple matter, but it was hardly that. Their Kodak cameras, 

although more convenient than the wet plate cameras used by earlier naturalists, still required 

tripods and a good deal of time to set up. Moreover, steep moraines and slopes of talus and scree 

flanked by thick alder and devil’s club did not make for easy travel or photography. Although the 

path to the Illecillewaet became increasingly worn during the years the Vauxes frequented Glaci-

er House, other glaciers were not so conveniently located. And there was always the dynamism 

of the ice itself. As we saw with their efforts to measure the vertical motion of Plate IX, the very 

dynamism that they sought to capture could impede their research. Rocks used as transit stations 

shifted or tumbled down the side of the moraine; avalanches and rock falls buried former obser-

vation stations. And mountain weather, rarely true to a forecast, was ever ready to wreak havoc 

on their plans.  

 In their glacier research, the Vauxes worked to render a chaotic and changing landscape 

into stable, mobile representations that could be compared over time. Yet, they were far from be-

ing masters of their environment. Like mountaineers, they were tiny specks on indifferent and 

potentially dangerous terrain, and their activities depended upon a support network comprised of 

 George Vaux & William S. Vaux, Jr., “Observations made in 1900 on Glaciers in British Columbia,” Proceedings 71
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both people and institutions. This network embraced actors on regional, national, and in-

ternational levels. Relationships of patronage and support with these actors brought the Vauxes’ 

work into collusion with patriotic ideologies and profit-making schemes, and their photographs 

came to serve as much more than just evidence of landscape change over time. 

  

4. Glacier nationalism and the Canadian Pacific Railway 

 Glacier naturalism in Canada was made possible by westward expansion along the tracks 

laid by the Canadian Pacific Railway, the nation’s first intercontinental rail line. In 1885, the 

Canadian Pacific pushed through the Rocky Mountain Cordillera on a deficit budget. Part of its 

strategy for recuperating losses was to bring monied tourists to the stunning mountain west. 

William van Horne, the railway’s director famously declared: “If we can’t export the scenery, 

then we’ll import the tourists.” The company set up fashionably rustic hotels like Glacier House 

which, nestled in the steep and snowy mountains of the Selkirk Range, attracted mountaineers 

from around the world. To fill their hotels and train cars, the Canadian Pacific embarked on an 

advertising campaign that reached east and south to Europe and America, and portrayed Canada 

as a frontier nation with unlimited sporting potential. Well-heeled tourists brought with them Vic-

torian sensibilities about rational recreation, and the railway’s luxury hotels were well-positioned 

to make the nearby glaciers convenient sites upon which to exercise such sensibilities. Glacier 

House, as George and William noted, “seem[ed] to form a natural station for [glacier] observa-

tion.”  72

 Vaux and Vaux, “Some Observations,” 121.72
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 The Canadian Pacific Railway occupies a singular place in the national myths of Canada. 

As a nation lacking a Founder’s Day or revolution to mark its birth, Canada has tended to seek a 

national identity in symbols such as hockey, the “North,” and the canoe.  The railway has been 73

one of these symbols since its completion, when Canadian Pacific promoters claimed credit for 

the consummation of Confederation.  The idea, as expressed by an early railway publicist, was 74

that the railroad “magically transformed a widely scattered Dominion into a prosperous and pro-

gressive nation.”  Through its advertising campaigns, aimed at potential settlers and tourists 75

from Europe and eastern America, the Canadian Pacific constructed and associated itself with 

images now seen as iconically Canadian: the fertile prairies (“the last best west” and “breadbas-

ket of the Empire”), the wild northwest, and the glaciated peaks of the Rockies.  In the histories 76

 Daniel Francis, National Dreams: Myth, Memory, and Canadian History (Vancouver: Arsenal Pulp Press, 1997). 73

These symbols still have potency. Consider the Toronto Raptor’s 2014 slogan “We the North,” or Prime Minister 
Justin Trudeau’s reinterpretation of the canoe, the symbol his father paired to memorable (and infamous) effect with 
a buckskin jacket in the 1960s. Trading buckskin for a PFD, the younger Trudeau’s invocation of the symbolism of 
the canoe made concessions to water safety and cultural sensitivity.

 The story of the Canadian Pacific and John A. Macdonald’s Conservative government is one of mutual depen74 -
dence. The railway conglomerate helped Macdonald win re-election in 1878 after he was disposed by voters dis-
gusted with an earlier scandal involving government support for a foreign railway consortium. Canadian Pacific 
contributions to the Conservative Party in the 1880s amounted to between $15 and $25 million dollars in 1990s 
terms. Michael Bliss, Right Honorable Men (Toronto: McClellan & Stewart, 1995), 22. In return, the Macdonald 
government provided the Canadian Pacific with public funds and lands on either side of the tracks that the company 
sold to recoup costs. The railway received approximately 10 million hectares of land between Ontario and the Rock-
ies, and the equivalent of $25 million (in 1990s terms). Francis, National Dreams, 23. Once the railway was com-
plete, Macdonald aligned his government with the success of transcontinental transportation. Some Canadians still 
consider “Sir John A.” the most pivotal of the “fathers of Confederation,” and the Canadian Pacific’s descendent, CP 
Rail, still owns lucrative real estate in western cities like Vancouver and Calgary.

 George Bliss, Reminiscences of a Raconteur (Toronto: The Musson Book Co., 1921), 123.75

 These efforts were bolstered by popular histories written in the 1970s and 1980s that elevated the Canadian Pacif76 -
ic to the status of myth, symbolizing national identity based on geographical unity in diversity. The most famous of 
these histories, Pierre Burton’s three volume The Great Railway, 1871-1881 was turned into popular television se-
ries. See also Roderick George MacBeth, The Romance of the Canadian Pacific Railway (Toronto: The Ryerson 
Press, 1924); William Kaye Lamb, History of the Canadian Pacific Railway (New York: MacMillan, 1977); David 
Cruise and Alison Griffiths, Lords of the Line (Toronto: Viking Penguin, 1988). The legendary status of the railway 
has been encoded into popular culture through the work of musical artists Gordon Lightfoot, Stompin’ Tom Connor, 
and Gord Downey. For a partial but extensive list of Canadian songs about railways and trains, see “Canadian Rail-
way Songs,” James R. Hay, accessed  April 1, 2016, http://www.railwaysongs.ca.
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built around these images, the railway is the hero saving a fledgling nation from the clutches of 

an expansionist United States, zippering it together along a spine of steel rails.  77

 

Figure 2.6: Canadian Pacific advertisement featuring mountaineering, 1910 
Note how the profile of the peak in the background, Mount Assiniboine, resembles that of the Matterhorn. Image 

reproduced with the permission of Exporail. 

  

 In the 1990s, Canadian historians began complicating this account of a nation founded on 

the patriotism of beneficent industrialists and heroic politicians, what Daniel Francis has termed 

“technological nationalism”—the idea of a nation’s unity founded on transportation technology. 

The Canadian Pacific, writes Francis, “built chiefly on the backs of Chinese coolie labour, using 

 The roles of railways in nation-building has been the concern of several notable histories including, Richard 77

White, Railroaded: The Transcontinentals and the Making of Modern America (New York: W.W. Norton & Co., 
2011); and Charles Maeir, Once Within Borders: Territories of Power, Wealth, and Belonging since 1500 (Cam-
bridge, MA: Harvard Univ. Press, 2016)—the Canadian case is treated, 201-05.
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land obtained for almost nothing from the Indians [sic] and capital raised for the most part in 

Britain.”  These irreverent histories, concerned with social construction and nation-building 78

technologies, and influenced by the work of Leo Marx and Benedict Anderson, argued that the 

railway cannot be said to have united much of anything. In some cases, it inculcated and exacer-

bated divisions between east and west, urban and rural, Anglophone and Francophone. Still, a 

myth with the railroad at its center, though untrue, or only partially true, was still powerful.  79

 The Canadian Pacific Railway was officially completed on November 7, 1885, when 

company president Donald Smith (for whom Mt. Sir Donald behind the Illecillewaet glacier was 

named) drove home the last spike at a ceremony at Craigellachie, deep in the mountains of 

British Columbia. Within months Rocky Mountains National Park was established at the urging 

of the railway to encompass a small area around hot springs “discovered” (it had long been 

known to First Nations people) by Canadian Pacific employees near the the town of Banff.  The 80

Canadian Pacific was the primary and most vociferous “lobbyist for Canada’s first national 

park.”  In the spring of 1886, trains began conveying tourists through Canada’s new mountain 81

 Francis, National Dreams, 14. 78

 The Canadian Pacific, Daniel Francis maintains, can only be said to have “created” Canada by inventing images 79

of it that people then came to associate with Canada. A. A. den Otter goes further to argue that although the railway 
played a crucial role in “the cultural integration of a nation,” the technological form of the railway and the politics of 
its construction “contributed to Canada’s absorption into an emerging North American culture” and laid foundations 
for divisions that continue to characterize the nation: between east and west, urban and rural. Andy Albert den Otter, 
The Philosophy of Railways: The Transcontinental Idea in British North America (Toronto: University of Toronto 
Press, 1997), 15.

 The “discoverers,” William McCardell and Frank McCabe, soon quit their jobs at the Canadian Pacific in order to 80

develop the springs. The railway’s push for the park a few years later was in part to undermine their claims. The 
government did not allow the company direct control over the development of the springs, but relied on it to provide 
infrastructure and services. Edward J. Hart, The Place of Bows: Exploring the Heritage of the Banff-Bow Valley, Part 
I (Banff: EJH Literary Enterprises Ltd., 1999), 114. Two years later the original twenty-six square-mile boundaries 
were enlarged to 673 mile2. In 1902 the park was further enlarged until it spilled onto the eastern foothills and abut-
ted the Stoney (Nakoda) reservation that remains there today.

 Theodore Binnema & Melanie Niemi, “Let the Line Be Drawn Now’: Wilderness, Conservation, and the Exclu81 -
sion of Aboriginal People from Banff National Park in Canada,” Environmental History 11, no. 4 (2006): 728.
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park. The association between the railway and the park did not weaken until the 1920s, when a 

coach road between Calgary and Banff created opportunities for other forms of tourism and other 

providers. Yet during the years of the Vauxes’ visits, it really was the “Canadian Pacific 

Rockies,” with the railroad playing a defining role in the park’s image, landscape, and demo-

graphics. 

 The Canadian Pacific was invested in creating a place that could generate tourism rev-

enue. The park was developed not for the purposes of wilderness conservation, but to centralize 

control of the lands around Banff in the hands of the railroad, restricting access to the mountains 

to upper- and middle-income tourists and the railway-sponsored businesses that would cater to 

them. The first Dominion Parks Commissioner, J.B. Harkin noted that “tourist traffic is one of 

the largest and most satisfactory means of revenue a nation can have…and the commercial po-

tentialities [of Banff] are almost startling.”  The railway worked with the Dominion government 82

to make Rocky Mountains Park an exclusive frontier playground for sportsmen and lovers of 

wilderness.  83

 Leslie Bella, Parks for Profit (Montreal: Harvest House Ltd, 1987), 20.82

 Making the park exclusive included barring certain people. Unskilled laborers and the Stoney Nakoda who lived 83

and hunted on the eastern slopes of the Rockies were unwelcome in Rocky Mountain Park. The Nakoda, who had 
first come to eastern slopes in the mid-eighteenth century, driven from their homes in the east by small pox, were 
banned from hunting in the park and only allowed back as entertainment for tourists during Banff Indian Days. Un-
skilled laborers were necessary for construction, but were not the Park’s desired clientele. See Hart, Place of Bows,  
9-29; Courtney W. Mason, “The Construction of Banff as a “Natural" Environment: Sporting Festivals, Tourism, and 
Representations of Aboriginal Peoples,” Journal of History of Sport 35, no. 2 (2008): 221-239; Zac Robinson and 
Stephen Slemon, “The Shining Mountains,” Alpinist Magazine 50 (2015): 115-124; Tina Loo, States of Nature: 
Conserving Canada’s Wildlife in the Twentieth Century (Vancouver: Univ. British Columbia Press, 2006), 39-62; 
Janet Foster, Working for Wildlife: The Beginning of Preservationism in Canada (Toronto: Univ. Toronto Press, 
1978), 16-26; Robert Craig Brown, “The Doctrine of Usefulness: Natural Resource and National Park Policy in 
Canada, 1887-1914” in Canadian Parks in Perspective, James Gordon Nelson, ed. (Montreal: Harvest House, 
1970), 42-62. This pattern of displacement has also been identified in other national contexts. See Karl Jacoby, 
Crimes Against Nature: Squatters, poachers, thieves, and the hidden history of American conservation (Berkeley: 
Univ. California Press, 2001); Mark David Spence, Dispossessing the Wilderness: Indian removal and the making of 
the national parks (New York: Oxford Univ. Press, 1999).
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 To cultivate the Rockies as a place for a particular kind of tourist, William van Horne en-

listed photographers and painters to create promotional material for which they received free 

passage or reduced fare. Before the line was even complete, photographers Notman & Son, Oliv-

er Buell, and Alexander Henderson were commissioned to document its heroic construction and 

the spectacular mountain scenery. Canadian Pacific patronage especially benefitted painters as-

sociated with the new Royal Canadian Academy of Arts in Ottawa such as Frederic M. Bell-

Smith, John Arthur Fraser, and Lucius O’Brien, as well as the renowned American nature 

painters Carl Rungius and Albert Bierstadt. One historian argues that it led to Canada’s first form 

of national art.  The railway’s patronage of artists is well-documented, its patronage of scientists 84

less so.  Yet science was no less important than art in the company’s efforts to establish Rocky 85

National Mountains Park and turn a profit, particularly in the case of photography where the two 

could overlap. 

 In 1884, the railway treated delegates of a meeting of the British Association of the Ad-

vancement of Science in Montreal to an excursion across the prairies that ended at the summit of 

Hector Pass, then the westernmost point along the line. From there, delegates had a view of what 

would become an impressive section of track descending to the hamlet of Field through a series 

 For van Horne’s influence on creating national art based on a myth of the land see Allan Pringle, “William Cor84 -
nelius van Horne: Art Director, Canadian Pacific Railway,” Journal of Canadian Art History 8, no. 1 (1984): 50-79, 
79. Bell-Smith would later earn the title, “Premier Painter of the Rockies.” He was one of thirty-three artists offered 
free passes or reduced fare by van Horne’s Canadian Pacific before the turn of the century. Van Horne was actively 
involved in company patronage of the arts, telling artists as accomplished as Albert Bierstadt what to paint, and ad-
vising high level company executives on their fine art purchases. On the CPR’s advertising campaigns and their in-
fluence on Canadian tourism and national self-image see Molly Pulver Unger & Vicky Bach, “Frederic Marlett Bell-
Smith,” Dictionary of Canadian Biography, accessed September 10, 2015, http://www.biographi.ca/en/bio.php?
id_nbr=8026; Greg Eamon, “Farmers, Phantoms and Princes,” The Canadian Pacific Railway and Filmmaking from 
1899-1919,” Cinémas: revue d’études cinématographiques/Cinémas: Journal of Film Studies 6, no. 1 (1995): 11-32.

 Two notable histories of Canadian crown corporations and their entanglements with science are Loo, States of 85

Nature, esp. 93-120; Theodore Binnema, Enlightened Zeal: The Hudson’s Bay and Scientific Networks, 1670-1870 
(Toronto: University of Toronto Press, 2014).
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of spiraling tunnels. Among those in attendance was Reverend Henry Swanzy, who abandoned 

the planned excursion for an independent trek through the mountains by foot and pony. Despite a 

rough and uncomfortable trip through untracked terrain, he returned to Britain inspired by Cana-

da’s mountains, and persuaded his cousin William Spotswood Green to journey west with him in 

1888. When Swanzy and Green arrived to map and climb in the Selkirks, the Canadian Pacific 

gave them free rail passes from Montreal to Vancouver. The railway aspired to a Canadian 

Cordillera marked by routes, lines, and summit objectives. Like the importation of European 

mountain guides to Glacier House in 1899, the climbing and mapping activities of men like 

Swanzy and Green helped build that landscape.  Glacier naturalism, with its reliance on photog86 -

raphy and focus on topographic features that were also important to mountaineers, was well suit-

ed to contribute to this goal. 

 Glaciers were integral to the project of attracting mountaineers. Victorian mountaineers, 

with their unwieldily alpenstocks (a long staff with an iron spike tip) and hobnailed boots, fa-

vored snow and ice routes over rock. They considered the glacier-clad mountains of the Alps to 

be the gold standard for mountaineering and judged other ranges accordingly.  Yet, by the end of 87

 The railway’s investment in making the Canadian Rockies a tourist destination for a certain class can be seen in its 86

importing of guides to take amateur mountaineers climbing in genteel safety. The first Swiss guide in the Rockies 
was Peter Sarbach, hired by the Appalachian Mountain Club in 1897 following the first fatal climbing accident in 
the Rockies the previous year. Beginning in 1899 with the hiring of Edward Feuz and Christian Häsler, and continu-
ing until 1954, the Canadian Pacific hired Swiss guides to lead railway clients and teach climbing techniques. The 
guides were initially based out of Glacier House and Mt. Stephen House; after 1926, out of Lake Louise. Several 
histories treat the making of the park as a climber’s space through the labor of foreign guides: Robinson, Conrad 
Kain; Elio Costa and Gabriele Scardellato, Lawrence Grassi: From Piedmont to the Rocky Mountains (Toronto: 
Univ. Toronto Press, 2015); Ilona Spaar, Swiss Guides: Shaping Mountain Culture in Western Canada (Vancouver: 
The Consulate General of Switzerland, 2010).

 Peter Donnelly, “The Invention of Tradition and the (Re)Invention of Mountaineering” in Method and Methodol87 -
ogy in Sport and Cultural History, K.B. Wamsley, ed. (Dubuque, Iowa: Brown & Benchmark Publishers, 1995), 
235-43;  Zac Robinson,“Storming the Heights: Canadian Frontier Nationalism and the Making of Manhood in the 
Conquest of Mount Robson, 1906-13,” The International Journal of the History of  Sport 22, no. 3 (2005): 415-433; 
Zac Robinson and PearlAnn Reichwein, “Canada’s Everest? Rethinking the First Ascent of Mount Logan and the 
Politics of Nationhood, 1925,” Sport History Review 35, no. 2 (2004): 95-121; PearlAnn Reichwein, Climber’s Par-
adise: Making Canada’s National Parks, 1906-1974 (Edmonton: Univ. Alberta Press, 2014), 92-96.

!52



the nineteenth century, most of the major peaks in the Alps had been summited and European 

climbers were looking for new challenges. Some tried more difficult routes up Old World peaks, 

while others headed overseas. The Canadian Rockies, more so than the American Rockies to the 

south, were heavily glaciated, and thus offered just the right mix of new and old to European 

climbers. Although they lacked the chalets and tended pastures of the Alps, by virtue of the rail-

way and its luxury hotels, they possessed an appealing combination of wilderness and comfort. 

American mountaineers, for whom a trip to Europe was a right of passage, also turned to the 

Canadian mountains for an almost-Alpine experience. The Rockies, crowed Canadian Pacific 

advertisements, were “50 Switzerlands in one!”  88

 Statements highlighting the Alpine-esque glaciation of the Rockies aligned perfectly with 

the Canadian Pacific’s desire to market the Rockies as a playground for wealthy urbanites.  The 89

Vauxes’ natural historical and photographic work was well-suited to this end. In a promotional 

pamphlet published in 1911 devoted to the glaciers of the Selkirks and Rockies, Mary Vaux drew 

attention to the comparison. “Formerly,” she wrote, “it was thought that if one would enjoy really 

fine mountains he [sic] must travel to Switzerland.” The mountains along the Canadian Pacific 

line countered such misconceptions as the pamphlet describing its glaciers would attest. The 

pamphlet in question, The Glaciers of the Canadian Rockies and Selkirks, had gone through 

 The phrase “50 Switzerlands in One!” was coined by British mountaineer Edward Whymper on a trip to the Rock88 -
ies. He was, however, not the only one to draw such comparisons. Turn-of-the-century mountaineers repeatedly 
compared North American mountains to the Alps, including those of Colorado, despite having fewer and less acces-
sible glaciers than the Canadian Rockies or Alps. The mountains of Pacific Northwest, although heavily glaciated, 
were difficult to access and largely unexplored at this time. See John Marsh, “The Rocky and Selkirk Mountains and 
the Swiss Connection,” Annals of Tourism Research 12 (1985): 417-433; Chris Williams, “‘That Boundless Ocean 
of Mountains’: British Alpinists and the Appeal of the Canadian Rockies, 1885-1920,” The International Journal of 
the History of Sport 22, no. 1 (2005): 70-87, 76.

 Other Canadian Pacific promotions that highlighted the mountaineering potential of the Rockies at this time were 89

Mountaineering in the Canadian Rockies (1901), The Challenge of the Mountains (1905).
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eleven editions (Figure 2.8). First William’s responsibility, then George’s after his passing, and 

finally Mary’s, it was written as accessible natural history and generously illustrated with pho 

 

Figure 2.7: The Glaciers of the Canadian Rockies and Selkirks 
Image: Vaux fonds, Whyte Museum. 

tographs. Opening with: “What is a glacier? What are its distinguishing features? How does it 

act?”, the authors informed readers that the answers may be found by taking the Canadian Pacific 

Railway from Montreal to Vancouver. The pamphlet included images illustrating the terminal 

moraines of the Illecillewaet and Asulkan glaciers, a glossary of technical glacial terms, and de-
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scriptions of glaciers at Lake Louise, Field, and Glacier House—the three crown jewels in the 

Canadian Pacific’s chain of mountain hotels.  90

 Like the artists in van Horne’s “Railway School of Art,” Green and Swanzy, and the 

famed British mountaineer Edward Whymper, the Vauxes received complementary train passes 

with the understanding that they would share their creative products to attract “the type of tourist 

the Passenger Traffic Department coveted.”  The railway was discerning in its choice of pro91 -

moters. Free passage was given only to those recognized “for their celebrity or for their demon-

strated ability,” and whose efforts would reach the desired audiences. The Vauxes’ work easily 

reached the clientele. Their photographs were included in shows of the Photographic Society of 

Philadelphia and the Photo-Succession movement’s Little Galleries in New York. Their glacier 

papers were printed in national alpine recreation journals and presented before audiences of natu-

ralists and engineers in Philadelphia. They cast a wide net over monied audiences in eastern 

America who, as Mary Schäffer, Walter Wilcox, Charles Fay, Charles Walcott, and the Vauxes 

themselves demonstrated, tended to return to the Canadian Rockies.   92

 But the company provided more than just free passage. Railway employees of every rank 

gave time, labor, material, and information, supporting them both on and off the glaciers. Moun-

tain guides were Canadian Pacific employees at this time and without their assistance—such as 

Feuz’s in 1899—much of the Vauxes’ work on the glaciers would not have been done.  Division 93

 Folder I.B.I.d.ii, series 7, Vaux fonds.90

 Cavell, Legacy in Ice, 63.91

  Between 1887 and 1898, nearly half the 12, 000 guests documented in the Glacier House guest book were Ameri92 -
cans. Charles E. Fay, “The Resort of Glacier House, British Columbia,” Appalachia 9, no.3/4 (1901): 275.

 It is perhaps a sign of the Canadian Pacific’s valuation of its employees that in 1898 and 1899 it provided the 93

guide Dan Fraser free of charge, but asked the Vauxes to pay $1.50 for the pack pony.
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superintendents, like C.E. Cartwright, and assistants took measurements after the Vauxes had left 

for the season, while others lent them instruments, corrected their transit measurements, and sent 

them weather data. The Vauxes’ glacier work was supported by various levels within the railway, 

and the patterns of gift exchange reveal personal connections within a nexus of corporate patron-

age. The Vauxes thanked their friends lavishly, inviting their benefactors and hosts to their exhi-

bitions and furnishing them with gifts. Often these were photographic prints, but they could also 

be less conventional items such as the brass flag staff they gave to the conductor of Engine 738. 

Letters thanking them for their “beautiful prints” came from Molly Mollison, the manager at Mt. 

Stephen House, their guide, Ed Fuez, and from railway top brass General Passenger Traffic Man-

ager C.E.E. Usher and Division Superintendent Duchesnay.  94

 Through their relationships of patronage and exchange with the Canadian Pacific Rail-

way, the Vauxes’ glacier work was taken up into the twin projects of profit-making and the artic-

ulating of an ideology of Canadian unity based on transportation technology. Their work was fur-

ther integrated into national myth-making and territorial expansion through their involvement 

with the Alpine Club of Canada and its fiery co-founder, Arthur O. Wheeler, who continued and 

expanded the Vauxes’ glacier studies. Through Wheeler’s efforts, glacier naturalism was further 

aligned with claiming Canada’s mountains for Canada. 

  

5. ‘A Nation of Mountaineers:’ Glacier naturalism and the Alpine Club of Canada 

 As with polar exploration and expeditionary science, mountaineering easily becomes na-

tionalisms and geopolitics by other means. The Vauxes’ glacier practice reveals the intimate con-

 Folder 4, series: Correspondence, sub-series: Geographical information and inquiry, Vaux fonds.94
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nections between mountaineering and glacier study at the turn of the twentieth century. Their re-

liance on mountain guide Edouard Feuz illustrates a pragmatic connection: those who would 

study mountain glaciers needed mountaineering skills. But beyond the question of facilitating 

access to the field, fin-de-siècle mountaineering and glacier study were also connected in print 

culture: glacier naturalists like the Vauxes used the writings of alpinists as source material. 

William Vaux’s reading lists were comprised largely of mountaineering narratives (including 

William Spotswood Green’s) and articles published in alpine club journals such as Appalachia, 

the journal of the Appalachian Mountain Club.  Mountaineers went places individual glacialists 95

may not have been able to visit—through their wanderings and their writings they extended the 

geographical and temporal reach of glacier naturalism. Charles Fay’s account in Appalachia of 

the first ascent of Mt. Victoria allowed the Vauxes to determine the pre-1899 position of the Vic-

toria glacier near Lake Louise. Walter Wilcox, who explored Moraine Valley with his friend 

Samuel Allen in 1893 and 1894, sent William measurements and photographs and made sug-

gestions for further study.  Glacialists encouraged these arrangements. In 1895, Harry Fielding 96

Reid prepared a list of the kinds of observations that would contribute to glacier study: general 

description; state of fluctuation (advance, retreat, stagnancy); thickness of ice; velocity of flow; 

 William had an on-going reading list of texts to read about glaciers. Fifty-nine of these were mountain narratives, 95

fourteen were surveys, and four were geological texts. The providence of the list is telling: it was compiled primarily 
by the Victorian mountaineer Edward Whymper, who visited the Canadian Rockies as part of a Canadian Pacific 
promotion in 1901, and was delivered to Vaux through a friend at the Canadian Pacific. Vaux Series V, Correspon-
dence, 1897-1915; 1889-1902; WMCR.

 Wilcox to William Vaux Jr., 25 July 1900, folder I.B.I.a, series 5, Vaux Fonds; Vaux & Vaux, “Additional Obser96 -
vations 1899,” 503. 
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rates of melting.  Requests such as Reid's appeared in the pages of alpine journals well into the 97

twentieth century as glacialists tried to enroll mountaineers as field assistants.  At the turn of the 98

century, the newly established Alpine Club of Canada was the primary institution on the conti-

nent through which mountaineering was placed in service glacier study. In this context, both ac-

tivities were celebrated as part of a patriotic ideology that promoted the vision of Canada as a 

“nation of mountaineers.”  99

 Historian PearlAnn Reichwein has shown that the origins of the Alpine Club of Canada 

were patriotic and bureaucratic. Established in 1906 in Winnipeg, Manitoba, approximately 1400 

kilometers from the eastern edge of the Rockies, the club’s founding city was a far cry from a 

mountain town and was chosen for its symbolic value.  Winnipeg lies roughly at the center of 100

the country and could be reached by rail from both east and west; it was also the western head-

quarters of the Canadian Pacific, which provided passage for all of the delegates. Finally, it was 

the home city of one of the club founders, journalist Elizabeth Parker. 

 Parker’s co-founder was Arthur Oliver Wheeler, a mountain surveyor and Selkirks enthu-

siast. Born in 1860 on a farm in Kilkenny, Ireland, his family emigrated to Ontario in 1876, 

 Reid has been called “first American geophysicist.” Known to historians primarily for his work in seismology and 97

his role in debates on continental drift, he was also a major player in turn-of-the-century glacier studies. Between 
1892 and 1907, the majority of his publications were about ice. He traveled to Switzerland, Alaska, and the Pacific 
Northwest to study glaciers and, between 1906 and 1914, he represented the United States and Canada to the Com-
mission International des Glaciers. In the pages of geological and mountain recreation journals, he urged travelers 
and mountaineers to make glacier observations. Harry Fielding Reid, “The Variations of Glaciers,” The Geological 
Journal 3, no. 3 (1895): 284, 285-288. See also Andrew C. Lawson and Perry Byerly, Harry Fielding Reid, 
1859-1944, A Biographical Memoir (Washington: National Academy of Sciences, 1951). On Reid and continental 
drift see Naomi Oreskes, The Rejection of Continental Drift: Theory and Method in American Earth Science (New 
York: Oxford Univ. Press, 1997), 157.

 See François Matthes, “Glacier Measurements in the United States,” (draft), folder 2, box 76, series 7, Field pa98 -
pers; William O. Field, “Glacier Studies in Alaska,” American Alpine Journal 4, no. 3 (1942): 489-490; Richard 
Foster Flint, “The American Alpine Club as an Auxiliary in Glacial Research,” American Alpine Journal 7 (1949): 
305-308. 

 Elizabeth Parker, “The Alpine Club of Canada,” Canadian Alpine Journal 1 (1907): 7.99

 Winnipeg’s highest point rises a grand total of 240 meters above sea level.100
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where Wheeler began his surveying career in the boreal forests north of the Great Lakes. For 

most of his life Wheeler worked as a mountain surveyor for federal and provincial governments, 

using phototopographical techniques to map the mountains.  Phototopographical surveying in101 -

volves taking photographs of a landscape from different vantage points and using the divergent 

perspectives on particular points to triangulate the distances between them.  Wheeler spent his 102

summers climbing to survey stations and socializing with the international mountaineering set 

that frequented Glacier House—including the Vauxes’ “Rocky Mountain Cult.” It did not take 

long for him to become enamored with what he called “the delightful, devilish Selkirks” and to 

become painfully aware that Europeans and Americans were taking most of the first ascents.   103

 For much of mountaineering’s history, to make a first ascent is to lay a claim on the 

mountain. The claims have often been nationalist, as evidenced by national expeditions, flag-

planting ceremonies on the summit, and perhaps most acutely in the aftermath of first ascent of 

 Wheeler mapped the continental divide (1893-1900), Crowsnest Pass (1900), and the Selkirk Range (1901-02) 101

for the federal Topographical Survey. He also worked for the province of British Columbia, as B.C. Commissioner 
for the Provincial Boundary Survey (1913-1925). For biographical details on Wheeler, see Reichwein, Climber’s 
Paradise, 17-19.

 Wheeler learned photogrammatic surveying from Canada’s Surveyor General, Daniel Eduard Gaston Deville. 102

First developed at length by French colonel Aimé Laussedat, it solved problem of mountainous terrain for the Do-
minion Topographical Survey’s. Until the Rocky Mountains, they had used chains to measure baselines from which 
they plotted the land into six-square-mile townships. This worked on flat ground, but the vertical and variable moun-
tain terrain, and its potential as resource extraction sites rather than as standardized parcels of land, made such 
methods infeasible and undesirable in the Rockies. Although they required more post-production labor after return-
ing from the field, photogrammatic surveys were the cheapest way to tackle mountains. Morris P. Bridgland, who 
learned mountain surveying under Wheeler, estimated that the cost of the 1913-14 survey of Crowsnest Pass cost 
$9.50/square mile. He did not provide a contrasting case, but insisted that it was considerably cheaper than more 
time in the field, which required the paying and maintaining a crew of at least seven. Morris P. Bridgland, “Photo-
graphic Surveying in Canada,” Geographical Review 2, no.1 (1916): 19-26. On the history of phototopographic sur-
veying in Canada, see Ian S. MacLaren, Eric Higgs & Gabrielle Zezulka-Mailloux, Mapper of Mountains: M. P. 
Bridgland in the Canadian Rockies, 1902-1930 (Edmonton: University of Alberta Press, 2005).

 Quoted in Reichwein, Climber’s Paradise, 15. Wheeler so loved the Selkirks that he would write a two-volume  103

study of their geography and mountaineering history, The Selkirk Range (1905).
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the world’s highest peak, in which Britain, New Zealand, India, and Nepal all tried to claim Ten-

zing Norgay and Edmund Hillary’s and feat.  104

 The national valences implicit in the records of first ascents in the Rockies and Selkirks 

was not lost on Wheeler. He was a patriot of his adopted nation, adhering to a particular form of 

patriotism that set Canada’s vast lands and potential against a backdrop of empire, what Pearl-

Ann Reichwein describes as an “Anglo-Canadian nationalism.”  His love of Canada was also a 105

love of Anglo-imperial culture and he channeled this love into promoting Canadian mountaineer-

ing on a British model. He first began thinking about a national mountaineering club in 1902, but 

received little support from Canada’s small and sparsely distributed mountaineering community. 

When Charles E. Fay, president of the American Alpine Club suggested that he start up a Cana-

dian chapter of the American club, the discouraged Wheeler resigned himself to the idea that this 

was his best chance for organizing Canadian mountaineers. On December 27, 1902, he penned 

an article, “An Alpine Club for Canada,” that made the case for a Canadian chapter of the Amer-

ican club, sending it to three national presses shortly before the new year.   106

 A copy of the article landed on the desk of Winnipeg Free Press writer Elizabeth Parker 

who had recently been enchanted by the mountains on a six-month visit to the Canadian Pacific 

Rockies. Under the pseudonym “M.P.,” Parker criticized Wheeler for his lack of patriotism, and 

took Canadian mountain lovers to task for their lack of initiative. In a racially-charged appeal to 

the imperial sensibilities of a young nation, she wrote, “It is simply amazing that we leave the 

 For an account of the efforts to claim Hillary and Norgay’s first ascent of Chomolungma, see Peter H. Hansen, 104

The Summits of Modern Man: Mountaineering after the Enlightenment (Cambridge, Ma.: Harvard Univ. Press, 
2013), 245-274. Following mountain studies scholars, I use the Tibetan name for Mt. Everest, except where histori-
cal specificity demands otherwise.

 Reichwein, Climber’s Paradise, 25.105

 Wheeler Diary 1902/1903, folder M546 09/10, Wheeler fonds.106
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hardships and the triumphs of first ascents to foreigners. Even a Hindoo [sic] Swami [sic] has 

climbed one of the highest peaks in this region.”  Wheeler recognized an ally in Parker and the 107

two joined forces. In 1906, with twenty free rail passes courtesy of Canadian Pacific president 

William Whyte, a cadre of Canadian mountaineers, railroad officials, men of science, guides, and 

Parker and her daughter Jean, gathered at the Canadian Club in Winnipeg to found the Alpine 

Club of Canada (Figure 2.9). 

Figure 2.8: Founders of the Alpine Club of Canada, Winnipeg, 1906 
 Front row: J.W. Kelly, W.J. Taylor, A.O. Wheeler, Elizabeth Parker, E.A. Hague, Rev. J.C. Herman, Dr. A.P. Cole-
man, Rev. Dean Paget, William Brewster. Middle row: Jean Parker, J. Stanley Wills, S.H. Mitchell, L.Q. Coleman. 
Back row: Thurlow Fraser, L.O. Armstrong, Tom Martin, W.H. Belford, Rev. Alex Gordan. Image: V14/AC00P/77, 

ACC fonds, Whyte Museum. 

 Wheeler and Parker envisioned, “a nation of mountaineers, loving its mountains with a 

patriot’s passion.”  They modeled their club on the oldest mountain recreation club, the Alpine 108

 Elizabeth Parker, “The Canadian Rockies: A Joy to Mountaineers,” Manitoba Free Press, September 23, 1905, 107

 20.

 Parker, “Alpine Club of Canada,” 7.108
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Club, established in London in 1857, mimicking its Victorian culture. Membership was divided 

into hierarchical classes with active members having to complete “graduating climbs” of a min-

imum difficulty. Unlike the London Alpine Club or the American club, the Alpine Club of Cana-

da admitted female members from the start, though Wheeler insisted they wear skirts at camp, 

changing into knickerbockers only when setting off on a climb. Much has been written about the 

Victorian culture of the early ACC.  While fin-de-siècle alpinists on the European continent 109

were exploring more difficult and technical routes and developing technologies that would allow 

them to climb steep, difficult rock faces, the ACC promoted a style of mountaineering rooted in 

the three tenets of Victorian mountaineering: always employ guides, stick to safe summit routes 

that maximized time on ice and snow, and restrict technical aids to rope, nailed boots, and alpen-

stocks (as opposed to new technologies such as pitons—metal wedges that were hammered into 

cracks in rocks to secure climbing ropes).  Wheeler continually sought the alliance of the 110

British club and looked to it to legitimate the Canadian alpine scene. His ACC was less con-

 During Wheeler’s time with the ACC, what mountaineering historian Chris Williams calls the “Golden Age” of 109

mountaineering in Canada (1885-1920/5), there was “an essential congruence in most attitudes between British and 
Canadian alpinists […] including a shared belief in the values of the British Empire.” Williams, “‘That Boundless 
Ocean’,” 75. In 1920, the Alpine Club offered to make the ACC one of its official affiliate clubs; Wheeler’s enthusi-
asm for the empire is palpable in his write-up for the occasion: “during the world war the enthusiastic and whole-
hearted cooperation of the Dominion of Canada, in conjunction with other Dominions of the Empire, with the moth-
erland led to a feeling of kinship and camaraderie that brought the component parts of the Empire very close togeth-
er…The plea [for affiliation] was made on the ground of closer ties between the mountaineering clubs of the Empire 
and that the parent club the oldest and most famous of all Alpine Clubs should extend its patronage and prestige to 
the clubs representing great mountaineering centres of the Empire.” Arthur O. Wheeler, “Affiliation with “The 
Alpine Club” (London, England),” Canadian Alpine Journal 11 (1920): 216. Wheeler looked to the British Club for 
standards on racial diversity. When the talented Japanese climber Shozo Kitada was nominated for membership in 
1929, Wheeler supported his application, claiming, “If anyone protests we should mention a Japanese Hon. Member 
of the English Alpine Club which is particular and generally considered pretty respectable.” Quoted in Reichwein, 
Climber’s Paradise, 49. This adherence to Victorian culture and norms, argues mountaineering historian Chic Scott, 
isolated Canadian mountaineers from advances occurring in continental Europe. Scott, Pushing the Limits, 107. See 
also Robinson, “Storming the Heights.”

 Donnelly, “Invention of Tradition,” 238-239.110
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cerned with promoting cutting-edge alpinism than with cultivating bourgeois mountain recre-

ation and a patriotic-imperialist vision of the Dominion’s mountains. 

 The club enforced the idea of the park as an exclusive place for the “right” kind of visitor. 

Through the process of electing its members, the ACC brass decided who was worthy of mem-

bership and access to the mountains. Such judgments were at times explicitly racial; with a few 

notable exceptions (see footnote 107), Jewish and Asian climbers were blackballed in their ap-

plications for ACC membership. Likewise, Nakoda people and laborers had no place in Wheel-

er’s Rockies and were written out of the imagery and history of the park by Wheeler as by rail-

way promotional material.  111

 One of the key tactics by which Wheeler and Parker sought to assert their vision for the 

mountains was through scientific exploration. As Parker made clear in her 1907 introduction to 

the first edition of the Canadian Alpine Journal, scientific exploration was a foundational pillar 

for the club. The objects of the club stated in order were: 

 (I) the promotion of scientific study and the exploration of Canadian alpine and    
 glacial regions; (2) the cultivation of Art in relation to mountain scenery; (3) the    
 education of Canadians to an appreciation of their mountain heritage; (4) the    
 encouragement of mountain craft and the opening of new regions as a national    
 playground; (5) the preservation of the natural beauties of the mountain places    
 and of the fauna and flora in their habitat; (6) and the interchange of ideas with    
 other Alpine organizations.  112

 Later in the article Parker explicated the role of science in the club’s mandate in a discus-

sion of plans for a Scientific Section: 

 PearlAnn Reichwein analyzes membership applications to reveal how high-ranking ACC executives black-balled 111

applications of qualified Asian and Jewish mountaineers to keep membership in line with a socially homogenous 
composition that excluded “undesirables.” Reichwein, Climber’s Paradise, 45-48.

 Parker, “Alpine Club of Canada,” 3; emphasis mine.112
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 “the promotion of scientific study and the exploration of Canadian alpine and    
 glacial regions.” This clause makes its appeal to the exclusive class already    
 referred to, whose work is of the schools, a thing apart from, though it may    
 include mountaineering as an ennobling, ethical and aesthetic pastime. This    
 section has a distinct work to do; and will, we hope, include a considerable    
 number of men of science. And though much snow may fall upon the mountains    
 and much water run in torrents from the glaciers ere it achieves its predestined    
 high place in alpine and glacial science, its progress towards that consummation is   
 in safe guidance. The President will look to that. […] The Scientific Section is not likely   
 to languish while Mr. Wheeler is alive.   113

 It was hoped that the ACC would be a major contributor to the study of glaciers and 

alpine geography and natural history. Knowing the mountains as objects of science was not just 

useful, it was a way of asserting a patriotic claim over alpine spaces. 

 Wheeler confirmed this stance in his 1938 retrospective, “The Origin and Founding of the 

Alpine Club of Canada,” according to which the ACC was the scion of geographical science and 

tourism infrastructure: the surveys paved the way through the mountains for the railway, the 

railway built Glacier House, Glacier House attracted the likes of the Vauxes, William Spotswood 

Green, and Charles Fay, who brought mountaineering and an enthusiasm for glacier studies that 

Canada lacked, and this foreign dominance, in turn, prompted a reply with the creation of the 

ACC.  This genealogy was institutionalized in the early days of the club; Colonel Aimé 114

Laussedat, the “grandfather of modern photographic surveying techniques” was elected an hon-

orary member at the club’s first meeting, and his portrait appears on the inside cover of the sec-

 Parker, “Alpine Club of Canada,” 6. This prioritizing of knowledge production was a feature of other Canadian 113

alpine clubs. In 1909, the Mountaineering Club of Revelstoke stated as their objects: “the promotion of interest in 
the Alpine Club of Canada; in general mountain and glacial study; in mountain climbing; in photography, particular-
ly as applied to mountain subjects; and the opening up of trails and other scenic means of access to particular points 
of interest in the neighborhood of Revelstoke.” “Mountaineering Club of Revelstoke,” Canadian Alpine Journal 2, 
no. 1 (1909):106-107 (emphasis mine).

 The story was presented linearly but the reciprocal relationship between the Vauxes and the Canadian Pacific 114

suggests it should be understood cyclically: geographical knowledge from the survey made possible the railway, the 
railway brought exploratory tourists, the tourists produced more geographical knowledge of the mountains, which 
brought more tourists in on the train.
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ond edition of the Canadian Alpine Journal.  The visage of Sir Sandford Fleming, the Canadi115 -

an Pacific’s chief engineer, graces the first edition. 

 In fact, it was the Vauxes who inspired Wheeler’s glacier studies. August of 1902 found 

them both at Glacier House. Wheeler notes, in his diary entry for the twenty-sixth: “met Mr. 

Vaux jr [likely George], and assisted him in taking measurement of Illecillewaet Glacier. Or 

rather, took measurements for him.”  As a trained photographic surveyor, Wheeler was confi116 -

dent he could improve upon the Vauxes’ efforts. That year he began taking repeat photographs 

and measurements of terminus fluctuations on the Yoho Glacier near Mount Stephen House.  

 When the club was established a few years later, glacier studies became part of the Annu-

al Camps in which members gathered to climb peaks and socialize. The club’s publication, the 

Canadian Alpine Journal, served as a venue for establishing its claim over Canada’s mountains 

and a space for publishing glacier studies.  From 1907 to 1928, the journal featured a “scientif117 -

ic section”; out of the sixty-four articles published there between 1907 and 1922 twenty-one con-

cerned glacier studies and of those, thirteen were written by Wheeler, six by the Vauxes. All con-

cerned Canadian glaciers and were couched amongst narratives of mountain conquest and cele-

brations of Canada’s alpine geography.  In 1932 Wheeler built upon these efforts by organizing 118

a national section of the club devoted to glacier studies. The glacier section joined sections de-

 MacLaren et al., Mapper of Mountains, 25.115

 He first met the Vaux family earlier that summer on July 29. Wheeler Diary 1902/1903, folder M546 09/10, 116

Wheeler fonds.

 Frank Yeigh, “Canada’s First Alpine Club Camp,” Canadian Alpine Journal 1 (1907): 47-57. Arthur O. Wheeler, 117

“The Canadian Rockies, A Field for an Alpine Club,” Canadian Alpine Journal 1 (1907): 36- 46.

 Other authors on glaciers included William Sherzer and the University of Toronto geologist Arthur P. Coleman, 118

who contributed geological papers. Others, like Julie Henshaw, wrote on botany, or studies of animal life in the re-
gion. The Scientific Section of the journal reappeared in 1932, then disappeared again until 1953 when it acquired 
William Henry Mathews as editor who served until 1962; the final iteration of the Scientific Section was edited by 
John Oliver Wheeler from 1963 until 1970.
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voted to management, finances, climbing, the alpine huts, and the club library. It was chaired by 

Wheeler but administrated through local chairmen who organized regional studies of glaciers and 

collected data from members.  The most enthusiastic participant was the representative for the 119

New York section, J. Monroe Thorington, who had been frequenting the Lyell and Freshfield 

glaciers since 1922 and sent Wheeler reports detailing the changes he observed in the ice over 

the years. Wheeler complied the data from local chairmen and climbers like Thorington and pub-

lished them in the Canadian Alpine Journal.  These articles detailed methods laid out by the 120

Vauxes: measure from a standard station to the nearest ice, determine retreat or growth from the 

state of the terminus and moraines, and take regular photographs from pre-set stations.  Al121 -

though he sought to employ mountaineers in the service of glacier study, Wheeler remained leery 

of the abilities of amateurs. Repeat photography was only useful if performed “systematically 

[…] and in such a manner that the rocks can be found again.”  The top-down framework of the 122

glacier section was designed to ensure that ACC glacier studies conformed to reproducible stan-

dards. 

 Initially, Wheeler contacted the following men to represent their sections in the glacier section: Andrew Sibbald 119

(Saskatoon), Arthur A. McCoubery (Winnipeg); J.M. Thorington (New York); H.E. Samson (Regina); W.A. Don 
Munday (Vancouver); W. O. Field (unaffiliated). The following year, he added H.W. Allan (Calgary), Cyril G. Wates 
(Edmonton), and H.S. Kingman (Minneapolis). William O. Field, who was not affiliated with a particular section, 
was invited to participate at the suggestion of American alpinist Henry S. Hall Jr., but it does not appear that he ac-
cepted the invitation. Tweedy to MacCoubrey, 17 September 1932, Folder AC 00M 010, ACC fonds, WMCR. The 
following year the section would gain H.W. Allan, H.E. Samson, Wates, and Kingman. MacCoubrey to Tweedy, 6 
January 1933, folder AC 00M 15A, ACC fonds. Wheeler to Thorington, 27 January 1932; Memo Wheeler to Thor-
ington, 28 November 1932; Memo, Wheeler to Thorington, 21 February 1933; Folder AC M106 58, Thorington pa-
pers.

 After 1934, this work was done by Arthur A. MacCoubrey who was elected as section chairman after Wheeler.120

 Wates to MacCoubrey, 11 August 1936; Kingman to MacCoubrey, 9 September 1936, folder AC 0 47, ACC 121

fonds. 

 “Glacier Section,” Canadian Alpine Journal 22 (1932): 21-22.122
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 Through the Canadian Alpine Journal, the annual-mountaineering camps, and the nation-

al scientific section, Wheeler sought to institutionalize glacier studies into the club’s official cul-

ture. Alongside mountain recreation, exploration, and the production of mountain art, glacier 

study was a way of claiming Canada’s mountains for Canada’s alpine club. Both glacier study 

and mountaineering were enshrined as official elements of the Alpine Club of Canada.  123

 In the glacier committee lay Wheeler’s hope that the ACC would continue to study Cana-

da’s glaciers and preserve his vision for a club that claimed Canada’s alpine regions through sci-

ence, art, and recreation. Yet, the glacier section struggled. The depression of the 1930s brought 

hard financial times to the club, and basic concerns about membership and income took prece-

dent over glacier work.  Many of the participants, including Wheeler himself, were no longer 124

young or energetic enough to climb peaks and take measurements of the glaciers. Those who did 

submit observations, like Thorington, found that they had to wait a long time for replies from an 

aging chairman who often travelled south to escape harsh winters. Despite the hopes stimulated 

with the appointment of a new glacier section chairman, A.A. MacCoubrey, by the mid-1930s, 

glacier reports were haphazard and irregular, usually second thoughts to skiing or climbing.   125

 The ACC was not the only alpine club to do so. The Swiss Alpine Club contributed studies of the Rhône glacier 123

to the Commission Internationale des Glaciers, and the German-Austrian Alpine Club, the Italian Alpine Club, and 
the tourists clubs of Norway and of Sweden, contributed information annually on the glaciers of their nations.

 Reichwein, Climber’s Paradise, 162. The Depression and austerity policies enacted by R. B. Bennett’s Conserva124 -
tive government cut federal funding to the ACC in 1931, precipitating serious “number crunching” and soul-search-
ing in the club. Then president McCoubrey solicited responses from club members as to what kind of club they be-
lieved the ACC should be. Younger members did not support Wheeler’s “big tent” vision of a general mountain club 
supporting scientific and artistic interests and wanted stricter membership policies based on climbing abilities. Al-
though the club did not impose stricter climbing standards, neither did endorse the big tent vision. Instead, it em-
braced a broad-based approach to mountain recreation that included mountaineering, ice climbing, skiing, rock 
climbing, etc.  Ibid., 163-165.

 MacCoubrey to the Executive Committee, 27 July 1936, folder AC 00 127, ACC fonds.125
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 Wheeler died in 1945. His grandson, John Oliver Wheeler, would go on to become a pro-

fessional glaciologist and serve as the last editor of a scientific section of the Canadian Alpine 

Journal, briefly revived between 1953 and 1970.  By 1970, however, the ACC had transformed 126

from the omnibus organization envisioned by its founders into a club devoted primarily to the 

high flying exploits of rock climbers and increasingly technical alpinists. (Moreover, the research 

agenda, disciplinary norms, and publication venues of glacier study underwent considerable 

changes during this time that rendered recreational journals a side venue for publishing research.) 

This did not mean the end of a close relationship between mountaineering and glacier study in 

North America, just the patriotically-inflected configuration that was institutionalized in the early 

Alpine Club of Canada. 

  

6. Scaling up: North American glacier naturalism and the Commission Internationale des Glaciers 

 Through their networks of patronage and material support, the Vauxes glacier pho-

tographs came to serve the interests of a national railway seeking to attract mountaineering 

tourists and those of a young alpine club trying to lay a patriotic claim on Canada’s mountains. 

But what did glacier naturalism, as practiced by the Vauxes and Wheeler, contribute to knowl-

edge of the world’s glaciers? To what research agenda did their work contribute? The broader 

context of glacier naturalism at the turn of the twentieth century was defined by the Commission 

International des Glaciers (CIG), the first international attempt to document the state of the 

world’s glacier fluctuations. The Commission provided the blueprint for Wheeler’s ACC glacier 

 Wheeler’s son, Oliver Wheeler, followed in his father’s footsteps, becoming the Surveyor General of India, and 126

participated in the surveying of Chomolungma in 1921, a service for which he was later knighted Brigadier Sir Oliv-
er Wheeler. He also accompanied George Mallory's Everest expeditions in 1921. Robert Macfarlane, Mountains of 
the Mind: How Desolate and Forbidding Heights were Transformed into Experiences of Indomitable Spirit (Pan-
theon Books: New York, 2003), 239.
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section and other regional and national associations devoted to studying glacier fluctuations in 

the twentieth century. 

 The Commission International des Glaciers was the invention of an unlikely trio com-

prised of François Alphonse Forel, professor of anatomy and physiology at Lausanne, Prince 

Roland Bonaparte, cousin of Napoleon III and amateur glacialist, and Marschall Hall of the Wilt-

shire militia and Fellow of the Geographical Society of London. It was officially formed in 

Zurich on 31 August 1894 at a meeting of the International Geological Congress. Its stated pur-

pose was to “encourage, and to collect observations on glaciers all over the world, with the spe-

cial object in view of discovering a relation between the variations of glaciers and of meteorolog-

ical phenomena.”  The commission consisted of appointees from eleven member nations, who 127

funneled glacier observations from individuals and organizations in their territory to the Com-

mission where they were compiled and redistributed in the form of annual reports.  From 1895 128

until 1911, the representative for Canada and the United States, Harry Fielding Reid, translated 

and summarized these reports, publishing them in T. C. Chamberlain’s Journal of Geology. 

 The first ten of the Commission’s annual reports were published in the Archives des sci-

ences physiques et naturelles de Geneve and, after his election to presidency in 1906, in Univer-

sity of Vienna professor Eduard Brückner’s Zeitschrift for Gletscherkunde. The quality of the 

data varied, as did the form in which they were presented. The majority of the contributions 

came from the Alps, particularly the Western Alps, which became a standard against which to 

 Patrick D. Baird, “A Note on the Commission on Snow and Ice of the International Association of Scientific Hy127 -
drology,” Journal of Glaciology 3, no. 24 (1958): 253. See also Uwe Radok, “The International Commission on 
Snow and Ice (ICSI) and its Precursors, 1894-1994,” Hydrological Sciences Journal 42, no. 2 (1997): 131-140.

 There were initially ten nations: Switzerland, Germany, Austria, Sweden, Norway, Denmark, Great Britain and 128

the colonies, the United States, Russia, and France. Italy joined in the commission’s second year. Thirty-four annual 
reports were published between the commission’s conception and its dissolution in 1927.
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measure other regions. The Scandinavian countries tended to submit extensive measurements 

made by scientists and polar explorers (Chapter Three), while observations from mountaineers 

and surveyors in the Himalaya and Tian Shan were at best spotty and qualitative. In 1900, the 

entirety of one of their papers was included in the Commission’s report as an example of the 

quality that glacier study could attain. 

 Commission members were primarily interested in ascertaining the general state of the 

world’s glaciers: were they advancing or were they retreating? And were these fluctuations the 

tail end of the Glacial Epoch, or determined by smaller cyclical climatic fluctuations? At the time 

of the Commission’s formation, glacialists were enamored with “the glacier theory” proselytized 

most famously by Louis (“The Fish”) Agassiz in the mid-nineteenth century. Agassiz was not the 

first to notice that there was more extensive glaciation in the past. Unsurprisingly, mountain lo-

cals living in the glaciers’ shadows were the first to suggest that the ice streams had once been 

larger. As early as 1787, a minister, Bernhard Friedrich Kuhn, interpreted large, incongruous 

boulders (glacial erratics) scattered around the Swiss valleys as evidence of greater glacier exten-

sion in the past. In 1829, his countryman, the engineer Ignaz Venetz, delivered a paper to the 

Schweizerische Naturforschende Gesellschaft in which he argued that much of Europe had once 

been covered in ice, a hypothesis which he had developed eight years earlier. Venetz’s hypothesis 

was not particularly well-received by most of his audience, but was picked up by Jean de Charp-

entier, a former student of Agassiz, who convinced his teacher of the evidence. Agassiz had the 

international connections to give the glacier theory wide circulation. By the 1840s he had ex-
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panded the theory to encompass the British Isles, Ontario, and the Northeastern United States; by 

the end of his life, in 1873, he was convinced the whole world had once been enveloped in ice.  129

 The Glacier Theory provided the theoretical framework for interpreting glacier pho-

tographs. In light of a past covered in enormous ice sheets, the world’s “living” glaciers were 

seen as remnants of ice ages past. When they looked at the Illecillewaet and Asulkan glaciers, the 

Vauxes saw the vestiges of a previously much larger ice stream that had been joined down-valley 

hundreds of years ago. Although uncomfortable with physical theories that aimed at proximate 

causes for why ice moved the way it did, they were fine with theories that framed large-scale 

movements of ice on geological time scales.  130

 However, the general trend of recession that the retreat of an ice age would have demand-

ed was undermined by trends in the Western Alps at the end of the nineteenth century. After 1885 

some Alpine glaciers, notably those near Mont Blanc, appeared to be in a state of advance. Prior 

to that, they had been in a state of equilibrium after having retreated until approximately 1845. 

These fluctuations, which appeared consistent throughout the western Alps, led some to surmise 

that they were periodic. In his address to the Commission in 1900, president Eduard Richter in-

terpreted the fluctuations of the glaciers in terms of thirty-five-year Brückner cycles—theorized 

based on studies of water levels in lakes and rivers and global average temperatures. In 1910, 

Brückner himself gave a cyclical account of glacier fluctuations. According to Brückner, Alpine 

glacier variations as observed by his colleagues Richter and Forel corresponded with and sup-

ported the periodicity he had identified. Whether or not the world’s glaciers were subject to 

 Imbrie and Imbrie, Ice Ages, 19-31.129

 Vaux and Vaux, “Additional Observations 1899,” 510130
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Brückner cycles became a major concern for members of the Commission, and for glacialists like 

Harry Fielding Reid and the Vauxes. Forel’s introduction to the commission’s first publication 

was, “Les Variations Periodiques des glaciers, Discours Preliminaires.” 

 The over-representation of the Alps may have contributed to the primacy of periodicity 

hypotheses in the Commission’s reports. Periodicity framed research and gave researchers a hy-

pothesis to test. It also gave a semblance of predictability that could be used to argue for gov-

ernment support: if fluctuations were periodic, knowing their cycles could help prevent disasters 

from glacier surges and outburst floods. Many European glacier monitoring efforts received 

funding from government coffers.  By 1899, contributions to the Commission began to trickle 131

in from glacialists around the world wondering if ice streams in their neighborhoods were subject 

to periodic fluctuations. Observations on Arctic and Alaskan glaciers, and those on the glaciers of 

Colorado, Montana, Washington State, and the Sierra Nevada, grew in frequency and detail.  132

Reports came from Greenland, Scandinavia, Russia, the Caucasus, and Asia. (Few came from 

South American glaciers, and Antarctica’s glaciers would have to wait until after the First World 

War.) Many of these contributions reported recessions, or at least behaviors out of sync with 

those of the Western Alps. By 1907 the advance in the Alps was over, only twenty-seven years 

 Swiss, French, and Swedish efforts received government support. In densely populated mountainous areas, such 131

as the Tyrol or Chamonix, glacier advances threatened citizens and local economies. In 1892, Forel campaigned the 
Swiss government by arguing that glacier variations were the cause of catastrophes in mountainous regions and de-
served to be studied in the hope of discovering the rhythm of their periodicity. He further argued that only the gov-
ernment had the means to support long-term studies. Periodicity hypotheses strengthened arguments for state sup-
port; if glacier fluctuations were periodic, they could be anticipated and if not controlled then at least planned for. 
François A. Forel, “Periodic Variations of Alpine Glaciers,” Nature 1190, no. 46 (August 18, 1892): 386. The topic 
of periodicity arose repeatedly in Reid’s Journal of Geology briefs. For example, in his initial call to American geol-
ogists he wrote, “American glaciers are retreating, but observations have not been frequent enough to show a period-
icity in their movements.” Reid, “Variations of Glaciers,” (1895): 280. See also Fielding Reid’s reports on the varia-
tions of glaciers in the Journal of Geology for the years 1897, 1899, 1902, 1904. For an environmental history doc-
umenting the realities of fluctuating glaciers on citizens of the Alps see Emmanuel Le Roy Ladurie, Times of Feast, 
Times of Famine: A history of climate since the year 1000 (New York: Doubleday, 1971).

 The Arapahoe Glacier in Colorado was “discovered” in 1900, prior to this the only known glacier in Colorado 132

was the Hallett Glacier. In 1902 François Matthes began investigations on Montana’s glaciers.
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after it was first observed, and signs of widespread recession from around the globe were diffi-

cult to ignore. Evidence of this can be seen in Harry Fielding Reid’s summaries of Commission 

reports: 

 1904:  “we can say, in general, that the dominating tendency of glaciers at the present   
  time is to retreat” 

 1908: “a glance at these reports will show that glaciers in all parts of the world are now   
  retreating”  

 1909: “the greater number of the glaciers of which we have any information, are    
  retreating”   133

 In his address as outgoing Commission president in 1907, Reid concluded that glaciers in 

all parts of the world were retreating. 

 The Vauxes’ work established a general trend of recession for glaciers in the Canadian 

Rockies and Selkirks and placed these trends in the context of glacier recession around the 

world. By 1899 they were noticing an overall retreat of the Selkirk glaciers. “The average of all 

the movements of the glaciers of this region,” they wrote, “has been a marked recession, which is 

amply proved by the lines of moraines abandoned in the valleys below.”  Over the next few 134

years, this trend held for all but the Wenkchenma glacier in the Moraine Valley, which they sus-

pected was fed by avalanches from above. In 1906, just as Reid was reaching the same conclu-

sion, they declared that “In common with almost all glaciers throughout the world it is found that 

[those of the Canadian Rockies] are receding.”  135

 Harry Fielding Reid, “The Variations of Glaciers. IX,” Journal of Geology 12, no. 3 (1904): 252; Reid, “The 133

Variations of Glaciers. XII,” ibid., 16, no. 1 (1908): 47; Reid, “The Variations of Glaciers. XIV,” ibid., 17, no. 7 
(1909): 667.

 Vaux & Vaux, “Additional Observations 1899,” 510.134

 Vaux & Vaux, “Observations made in 1906,” 568.135
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 Through the Commission Internationale des Glaciers, the Vauxes’ glacier measurements 

and repeat photographs contributed to a growing sense among glacialists that, overall, glaciers 

were retreating. This was not a cause of alarm for them, but rather, was interpreted as a natural 

consequence of retreating ice ages. The glaciers themselves they saw as vestiges of frozen worlds 

of the past. 

7. Conclusion 

 Turn-of-the-century glacialists were an eclectic network of professional and amateur nat-

uralists, explorers, and mountaineers who worked toward a worldwide glacier inventory that 

could reveal global patterns. The Vauxes and A.O. Wheeler, although part of regional and nation-

al networks of gift exchange and the culture of mountaineering, were also involved in in-

ternational networks of knowledge exchange. Local and regional studies were gathered into na-

tional and supra-regional reports, centralized through the Commission Internationale des Glaci-

ers, and redistributed to the glaciarized parts of the world. Photographs of receding termini were 

seen as evidence of periodic fluctuations or of the ongoing retreat of the ice ages. Understood 

either way, they made that which was invisible to the unaided eye visible. They functioned simi-

larly to the time lapse photography pioneered by Eadweard Muybridge and Étienne-Jules Marey 

mere decades earlier.  Both repeat and time lapse photography bring to light what Walter Ben136 -

jamin called the “optical unconscious”—the undetected aspects of the world as seen by the hu-

 Time lapse photographs are very similar to repeat photographs. Time lapse photographs require consistent time 136

lapses between frames. This is often the case for repeat photography, but is not necessary.
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man eye.  Yet, Muybridge's and Marey’s work did so by extending time to illuminate the frag137 -

ments which comprise what is perceived as undivided motion; repeat photographs, by contrast, 

compress time to show the effects of motion too slow to be seen by the naked eye. 

 Photographs served as both revelation and mnemonic aids: helping glacialists to recall 

what the landscape looked like before, and thereby make apparent the changes that led to the 

present. Glacialists collected and compared them in the hope of establishing trends that would 

shed light on the causes of ice ages. These efforts laid the foundations for later monitoring asso-

ciations such as the American Geophysical Union’s Committee on Glaciers. Far from being a 

time of inactivity, the years between the European controversies over glacier motion in the mid-

nineteenth century and the Second World War were an important time for glacier study. The 

quantity of glacier photographs from this era circulating in repeat photographs today suggests as 

much. 

 But the Commission International des Glaciers was a casualty of the First World War. 

Glacier House closed its doors in 1925. By this time the focus of glacier studies in North Ameri-

ca as well as the cutting edge of mountaineering had shifted north- and westward. The next chap-

ter tracks glacier naturalism as it turns toward the tidewater glaciers of coastal Alaska. These dy-

namic and behemoth tongues of ice posed new problems for glacier study and hinted at the pos-

 In “The Work of Art in the Age of Mechanical Reproduction” Benjamin described the optical unconscious as that 137

which is revealed by the conscious penetration of space with the aid of the camera, in the process exposing (pardon 
the pun) the normally undetected limits of human perception. Walter Benjamin, “The Work of Art in the Age of Me-
chanical Reproduction,” in Illuminations ed. Hannah Arendt (New York: Schocken Books, 1968), 235-236. See also 
Rosalind Krauss, The Optical Unconscious (Cambridge, Ma: MIT Press, 1994), 129-130.
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sibility of shedding light on old ones. Tidewater glaciers brought about changes in the practices 

of glacier study and in the research questions asked by those who studied them.  138

 The reports were published in Berlin under the oversight of an Austrian, and even high-minded scientific interna138 -
tionalism could not prevent Prince Bonaparte from withdrawing funding in 1913. After the war, key members of the 
Commission abandoned their institutional home within the International Geological Congress and re-convened un-
der the International Association for Hydrological Sciences of the International Union of Geodesy and Geophysics 
(IUGG) in 1927. Twelve years later, the Commission joined with the Commission on Snow to become the In-
ternational Commission on Glaciers and Snow, which, in 1948, changed its name to the International Commission 
on Snow and Ice (ICSI). As early as 1936, the Polish glaciologist Anton Dobrowolski pushed for an independent 
Association under the IUGG on the grounds that the cryosphere was a distinct global system similar to the hydros-
phere. These efforts were largely ignored and did not reach fruition until 2007 when the commission gained the sta-
tus of International Association of Cryospheric Sciences. See Radok, “International Commission on Snow and Ice”; 
Baird, “Commission on Snow and Ice,” 255; John Glen, “The Journal of Glaciology: Its Origin and Early History,” 
Journal of Glaciology 56, no. 200 (2010): 941. Roger G. Barry, J. Jania, and K. Birkenmajer. “A. B. Dobrowolski—
the first cryospheric scientist—and the subsequent development of cryospheric science.” History of Geo-and   
Space Sciences 2 (2011). See also Chapter Two. 
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Chapter 2:  

2. Alaska: W.O. Field and repeat glacier photography, 1870-1947 

“There are two glaciers in North America which are so frequently visited that we should be able to keep a 
pretty complete record of their changes. These are the Illecellewaet [sic], in British Columbia, and the 

Muir” 
    — Harry Fielding Reid, “Glacier Bay and its Glaciers,” 1896 

1. Between glacier naturalism and geophysical glaciology 

 William O. Field was one of the most prolific glacier photographers of the twentieth cen-

tury. He took his first photograph of a known glacier terminus in 1922 and made his final photo-

graphic trip to Alaska in 1987. Like the Vauxes, Field started out as a tourist and amateur photog-

rapher. Inspired by the work of Alaskan glacier naturalists, as a young man he set himself the 

goal of continuing their work. In his work, terrestrial repeat glacier photography was honed to its 

most comprehensive and systematic form. His collection eventually formed the nucleus for the 

over 15, 000 Glacier Photograph Collection at the National Snow and Ice Data Centre in Boul-

der, Colorado.   139

 Field remained committed to taking photographs of glacier termini throughout his career, 

even as he promoted and managed more complex research projects and mentored scientists who 

did not privilege photography. His career thus bridges the regimes of glacier naturalism and mid-

century geophysical glaciology. He has been memorialized as a “father of modern-day glaciolo-

gy” and remembered as being “not really a glaciologist.”  The question of Field’s legacy elicits 140

differences in how glaciologists narrate their discipline’s history. On one side are those like Uni-

 As of June 2015, the NSIDC Glacier Photograph Collection contained over 15, 000 photographs. National Snow 139

and Ice Data Center, “Glacier Photograph Collection” accessed June 3, 2015.

 Personal communication. Field and Brown, With Camera in my Hand, 241.140
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versity of Alaska glaciologist Carl Benson who are of the opinion that he was, “basically a natu-

ralist, but not really a glaciologist” On the other are those who describe Field as the “father of 

modern-day glaciology in North America.” This divide points to the ambiguity involved in this 

moment in the history of the discipline in which what it meant to be a glaciologist was being ne-

gotiated. Field was neither a typical glacier naturalist, nor was he a typical mid-century glaciolo-

gist, concerned with the intricacies of the physics of ice. Yet, It is precisely this atypicality that 

makes his case historically informative. The changes in institutional arrangements, research 

agenda, and funding sources that he experienced throughout his career reveal distinguishing as-

pects of the two forms of glacier study. His straddling of two worlds makes him atypical, but 

sometimes studying outliers allows us to trace the negative outlines of more general trends.  141

 The marine-glacial geography of southeastern Alaska and the transportation technology it 

demanded created a new envirotechnical system that re-defined glacier field work and its out-

comes.  In the Rockies, the railway provided a spine from which the geography of field sites 142

radiated and was constrained. By contrast, in Alaska, a focus on tidewater glaciers and a reliance 

on boats made it possible to cover more geographical area and compare data from a greater num-

ber of termini. The patterns traced by Field’s movements looked more like a game of cat’s cradle. 

His observations and those of other Alaskan glacier naturalists revealed perplexing patterns in 

 In 2008 Peter Galison challenged historians and philosophers of science to consider the problem of representation 141

in case studies. “What does it mean,” he asked, “to aim for exemplification without typicality?” Field’s career sug-
gests that atypicality may be historically informative in ways that run orthogonal to the question of exemplification. 
Peter Galison, “Ten Problems in the History and Philosophy of Science,” Isis 99, no. 1 (2008): 120.

 Following Sara Pritchard, historian Jeremy Vetter has described railways and the sites of field science they pro142 -
vide access to as a unique, “envirotechnical systems.” Vetter, Field Life, 12. In her study of the Rhône, Pritchard 
defines such systems as “historically and culturally specific configurations of intertwined ‘ecological’ and ‘techno-
logical’ systems, which may be composed of artifacts, practices, people, institutions, and ecologies.” Sara B. 
Pritchard, Confluence: The Nature of Technology and the Remaking of the Rhône (Cambridge, Ma: Harvard Univ. 
Press, 2011), 19. 
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glacier behavior that pushed scientists to rethink simple explanations of glacier-climate interac-

tions. This contributed to changes in the field practices and research agenda of North American 

glacier study, ultimately pushing glacier researchers to look upslope from glacier termini and 

turn to non-photographic techniques in their study of glacier ice. The details of this new regime 

will be covered in Chapter Three; this chapter examines some of the factors and processes that 

contributed to the shift. 

2. Alaskan tidewater glaciers and Field’s predecessors 

 Approximately five percent of Alaska is covered in glacier ice. This includes approxi-

mately 100, 000 glaciers, many of them unnamed, which account for nearly three-quarters of the 

fresh water in the state. (By recent estimates, these glaciers represent a contribution of 19 (4+/-) 

mm of eustatic sea level rise in the twenty-first century. ) The inland Brooks and Alaska ranges 143

are home to valley and cirque glaciers, nestled between the peaks of arctic mountains, and cer-

tain Aleutian volcanoes sport permanent caps of ice, but Alaska’s most spectacular ice streams 

are found on the Pacific coast. There, moisture-heavy ocean winds collide with the precipitous 

mountains of the Kenai, Chugach, Coastal, and Saint Elias mountains, depositing heaps of pre-

cipitation.  Here are the gargantuan tidewater glaciers that captured the imagination and curios144 -

ity of the first glacialists to the region (Figure 3.1). Like the mountain glaciers of the Canadian 

 John Wahr, Evan Burgess and Sean Swenson, “Using GRACE and climate model simulations to predict mass 143

loss of Alaskan glaciers through 2100,” Journal of Glaciology 62, no. 234 (2016): 623-639. “General Alaska Water 
Facts,” Alaska Department of Natural Resources, accessed January 12, 2018, http://dnr.alaska.gov/mlw/water/hydro/
components/water-facts.cfm.

 David J. Barclay, Gregory Wiles and Parker E. Calkin, “Holocene Glacier Fluctuations in Alaska,” Quaternary 144

Science Reviews 28 (2009): 2034.
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Rockies, these behemoths inspired glacialists to see living fossils, important clues to the mystery 

of how perennial ice could exist at low elevations outside the polar regions. 

 

Figure 3.1: Serpentine Glacier in Harriman Fjord (1957), W. O. Field 
Image: William Osgood Field. 1957. Serpentine Glacier: From the Glacier Photograph Collection. Boulder, Col-

orado USA: National Snow and Ice Data Center. Digital media. 

 Alaska posed different conditions for fieldwork than did the Canadian Rockies, and tide-

water glaciers posed different questions. They are subject to a variety of factors that most moun-

tain glaciers are not: the action of tides, regional volcanism, rapid erosion rates, temperate 

coastal climates with their heavy precipitation loads. On the Gulf of Alaska, drastic differences in 

elevation between sea and summits create enormous variations in snow accumulations and air 
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temperatures, driving rapid exchanges between the atmosphere and glacier surfaces.  Tidal ef145 -

fects complicate the dynamics of large, multi-stream glaciers with already complex 

geometries.  Many Alaskan tidewater glaciers are prone to rapid surges and recessions. For in146 -

stance, in 1937 the Black Rapids glacier surged across the Delta River Valley at a rate measured 

at twenty-five feet per day.  The topography and climate of coastal Alaska make for consider147 -

able dynamism and variation amongst glaciers in a relatively small geographic area. While 

Alaskan coastal glaciers since the eighteenth century have generally thinned and retreated, sever-

al have advanced during this time. In some cases, glaciers fed by the same névé display opposite 

trends, one advancing while the other retreats. 

 The Tlingit living on the coasts of Alaska and British Columbia knew well the dynamic 

character of the glaciers amongst which they lived. For thousands of years the ice streams served 

as trade highways between coast and interior, and in some cases as geographical bottlenecks 

through which the coastal Tlingit monopolized trade with Russians, Britons, Spaniards, and 

Americans.  Stories and oral histories recalling back to the Little Ice Age feature glaciers as 148

members of a social landscape that included humans and non-humans, governed by codes of re-

spect, proper comportment, and humility. In Do Glaciers Listen?, anthropologist Julie Cruik-

 Anthony A. Arendt, “Assessing the Status of Alaska’s Glaciers,” Science 332, no. 6033 (27 May 2011):145

1044-1045.

 These complications are visible in the retreat of the Columbia glacier, which began in 1983 and is predicted to 146

end around 2020 when the glacier reaches a new stable equilibrium. William Colgan, W. Tad Pfeffer, H. Rajaram, W. 
Abdalati, and James Balog, “Monte Carlo ice flow modeling projects a new stable configuration for Columbian 
Glacier, Alaska, c. 2020,” The Cryosphere 6 (2012): 1395-1409.

 Otto William Geist, “Glacier Develops Wanderlust” Fairbanks Daily News Miner-Goldfields Edition XXXI, 147

1937 at “Black Rapids Glacier, Alaska,” Explore North, accessed January 11, 2018, http://www.explorenorth.com/
articles/black_rapids_glacier-1937.html. Non-tidewater glaciers may also surge. For example, the Muldrow Glacier, 
which flows off of Mt. Denali in the Alaska Range, surged in 1957. See Chapter Four.

 Even before the Russian fur trade, there was a “brisk trade” between coastal and inland indigenous peoples who 148

used the glaciers as “highways” over the mountains. Cruikshank, Do Glaciers Listen?, 29.
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shank recorded glacier stories as told by four Tlingit women describing proper behaviors in the 

presence of glaciers, including prescriptions for food preparation (boil, do not fry, and be careful 

not to spill grease), shows of humility (never taunt a glacier), and correct methods of travel over 

ice. These stories do not boil down a single exportable meaning, but they do emphasize the dy-

namism and unpredictability of Alaska’s glaciers, portraying them as “shape-shifters of magnifi-

cent power” demanding respect, abhorring hubris, and dispensing swift retribution.  149

 Chookaneidí (Tcukanadi) clan elder Amy Marvin tells of an ancestral village in the Glac-

ier Bay valley where the Chookaneidí and three other clans enjoyed an abundance of salmon. 

Their occupation of this place came to an end when Kaasteen, a teenage girl weary of her men-

strual confinement, whistled to the nearby glacier through charmed fish bones, calling down the 

ice. The village took council and decided they must abandon their homes but that Kaasteen 

would remain as a sacrifice. They waited until the very end to depart, watching from their canoes 

while water flooded the village and the house containing Kaasteen “slid downward to the bottom 

of the sea before their eyes.” The clan chief sang the refrain “pity my house, pity my land” be-

fore the people separated into different groups, one of them founding the village of Hoonah, 

home of the Chookaneidí clan, where this story was told.  Stories like this one contain an epis150 -

temology of ice based in a knowledge that is natural and social, suited to a dynamic, potentially 

dangerous landscape. They highlight the prickliness of glaciers and their propensity to surge 

 Cruikshank, Do Glaciers Listen?, 69.149

 Theodore Catton, Inhabited Wilderness, Inhabited Wilderness: Indians, Eskimos and National Parks in Alaska 150

(Albuqurque: University of New Mexico Press, 1997), 10. Cruikshank relates two other versions of the this story in 
which Kaasteen’s grandmother offers to take her place as sacrifice to the glacier, in one, Kaasteen accepts her offer, 
in another, she does not. Cruikshank, Do Glaciers Listen?, 158-160.
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without warning. Those who would speak knowledgeably about the glaciers, they warn, must 

observe, listen, and respect.  151

 Most turn-of-the-twentieth-century glacialists paid little attention to Tlingit knowledge. 

In doing so, they cultivated a form of colonial agnotology that is captured in Harry Fielding 

Reid’s claim, “Alaska has no history except a geological history.”  While happy to consider 152

Commander Vancouver’s century-old reports scientific evidence, they regarded the stories of the 

Tlingit as unreliable hearsay.  Thus, as in the Canadian Rockies, where glacier naturalism cul153 -

tivated a space for white, bourgeois recreation, Alaskan glacialists isolated the glaciers they stud-

ied from the colonial conditions and local knowledge that made their study possible. This was 

not because they were unaware of this local knowledge—Field recorded a story similar to the 

one of Kaasteen in his field diary.  For men like Reid, and those who followed in his steps, 154

First Nations people were guides and makers of Christmas-gift curios, not knowers. This attitude 

made it possible for Europeans and Americans to “discover” the glaciers and “know” them for 

the first time. 

 Cruikshank, Do Glaciers Listen?, 76-124. See also Catton, Inhabited Wilderness, 8-19. Today, anthropologists 151

and glacial geologists collaborate with First Nations to reconstruct the geological history of southeastern Alaska and 
northern British Columbia. With the retreat of the Muir, archaeologists have found evidence of Little Ice Age settle-
ment in Glacier Bay near the site where oral histories place the Chookaneidí village prior to the glaciation observed 
by Vancouver. See Cathy Connor et al, “The Neoglacial Landscape and Human History of Glacier Bay, Glacier Bay 
National Park and Preserve, Southeast Alaska, USA,” The Holocene 19, no. 3 (2009): 381-393.

 Quoted in Robert Campbell, In Darkest Alaska: Travel and Empire Along the Inside Passage (Philadelphia: Uni152 -
versity of Pennsylvania Press, 2007), 248. On Agnotology as the study of the production of ignorance, see Robert 
Proctor and Londa Schiebinger, eds., Agnotology: The Making and Unmaking of Ignorance (Paolo Alto: Stanford 
University Press, 2008).

 Gina Rumore, “A Natural Laboratory, a National Monument: Carving a Place for Science in Glacier Bay, Alaska” 153

(PhD diss., University of Minnesota, 2009), 55.

 In his 1950 diary, Field transcribed a variant of the story in which a Hoonah woman wouldn’t leave her home on 154

Willoughby Island when the nearby glacier advanced upon it. 19 August 1950, Alaska 1950 field diary, folder 5, box 
1, sub-series a, series 1, Field papers.
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Figure 3.2: Map of present-day glaciarized regions in coastal Alaska 
Key areas in the history of Alaskan glacier study indicated. Image: modified from Google Maps. 

 The first written descriptions of the region come from the diaries of eighteenth-century 

naturalists and explorers. Seventeenth-century hunters and fishers from Russian frequented the 

Alaskan coasts, yet these Eurasian visitors left little in the way of written records. Passing Glaci-

er Bay in 1794, Commander George Vancouver and his men saw an ice-choked landscape. The 

ship’s naturalist, Archibald Menzies, described a bleak scene dominated by “a huge mass of 

rugged ice” looming over “black & barren” country.  On Vancouver’s charts there is no Glacier 155

Bay because there was no bay at that time. The berg-infested waters of Alaska’s coast spurned 

the vulnerable wooden ships of early European visitors, preventing close examination of the 

glaciers, had the sailors even wanted to explore them, which, judging from Menzies’ fearful and 

morose account, was unlikely. Over the next eighty-five years, the ice fronts retreated more than 

twenty kilometers, revealing a deep indentation in the coast line. By the 1870s, where daunting 

 Archibald Menzies, The Travel Diaries of Archibald Menzies, 1793-1794 (Fairbanks: University of Alaska Press, 155

1993), 161-162.
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ice cliffs once stood, tourists steamed through open waters to revel in the sublimity of the Muir 

glacier.  156

 Many of these tourists were inspired to see Alaska by the writings of John Muir. In 1893, 

more than one hundred years after Vancouver and a dozen years after his first visit to the place, 

Muir proclaimed his “discovery” of Glacier Bay in American Geologist. Not even the first white 

man to visit the bay, much less the first person, Muir was led to Glacier Bay in October, 1879 by 

four Tlingit men, known to history as Toyatte, Kadachan, Sitka Charley, and Stickeen John.  157

When Muir first went to Alaska in 1879, he was searching for ice ages. Against Josiah Whitney, 

head of the California Geological Survey, he argued that California’s Yosemite valleys had been 

carved by the action of glaciers, not by sudden convulsions of the earth’s surface. Amidst the 

berg-calving ice, moraines, and scarred slopes of the coastal ranges Muir found “living” exam-

 Dora Keen Handy, “First Exploration of the Harvard Glacier,” Bulletin of American Geographical Society 47, no. 156

2 (1915): 117-119. The estimate of the height of the Muir’s front is from Harry Fielding Reid, Glacier Bay and its 
Glaciers (Washington: U.S. Geological Survey, 1896), 427.

 John Muir, “Alaska,” American Geologist 11, no. 5 (1893): 295-299. A slightly altered version of the article was 157

published earlier for the North Pacific Railroad in John Muir, Alaska via Northern Pacific R.R. (St.Paul: Northern 
Pacific Railroad, 1891), 3-17. Muir’s “discovery” was made known more widely by an expanded article that includ-
ed details from his 1880 trip in a 1895 article in Century Magazine under the title “The Discovery of Glacier Bay,” 
Century Magazine 50, no.2 (1895): 234-237. This and other essays from his Alaskan travels have been reprinted in 
John Muir, Letters from Alaska, Robert Engberg and Bruce Merrell, eds. (Madison: University of Wisconsin Press, 
1993). Other expeditions visited Glacier Bay between Vancouver’s voyage and Muir’s arrival: Belcher (1837); 
Tebenkof (1852); the U.S. Coast and Geodetic Survey (1874, 1880); a New York Times Expedition (1886); and 
Harold Topham (1888). U.S. Revenue steamer Wayanda eased its way into the bay in 1868 and Lieutenant Charles 
Erskine Scott Wood hiked to Glacier Bay in 1877 during an aborted mission to climb Mount Saint Elias; he and his 
companion summited Mount Fairweather instead. By the time Muir arrived in Glacier Bay the Tlingit had already 
been exposed to three generations worth of Russians, Britons and Americans, suffered several epidemics and been 
introduced to Christianity. Catton, Inhabited Wilderness, 12. Muir Inlet and Muir Glacier were named by Admiral 
Beardslee, perhaps at the suggestion of Samuel Hall Young, Muir’s 1879 companion. Mount Muir was named by the 
Harriman expedition in 1899.
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ples of the geological processes that had produced his beloved Yosemite.  In his “glacier 158

gospel,” Alaska is portrayed as a land still emerging from the grip of ice ages; a “land reborn.”  159

 Muir’s name, perhaps more than any other, is indelibly linked to Alaskan glaciers. His 

boosterism in popular venues such as Century Magazine promoted a vision of Alaska as pure 

wilderness and contributed to the creation of Glacier Bay National Monument, and later park. 

“Muir,” writes Gina Rumore in her study of science and conservation in Glacier Bay, “played an 

important role in determining who would visit the region in his wake—tourists and scientists— 

and how the American public would understand the value of the land—as a wilderness ripe for 

touring and studying.”  In the 1870s, steamships to Alaska ran only once a month. By 1890, 160

5000 tourists travelled the Inside Passage each season; among them were scientists, moun-

taineers, and geographers who would measure and map the glaciers.  Primed by Muir, they too 161

would read Alaska’s glaciarized topography as containing the mysteries of ancient ice sheets.  162

 Muir’s visits to Alaska between 1879 and 1899 made him somewhat of a connoisseur on 

the subject of Alaskan glaciers, but the rambling Scotsman was more interested in exploring and 

experiencing than he was measuring. On the Harriman expedition of 1899—a floating associa-

 He used “Yosemite” as a general label for features carved by ice, as in the riverlike glaciers “flowing down broad 158

Yosemite valleys.” Muir, Letters, 12.

 Catton, Inhabited Wilderness, 6-39. Having learned of Agassiz’s glacier theory during his brief studies at the 159

University of Wisconsin, Muir painted word-pictures of ice age landscapes: “the sunshine sparkling on [the glaci-
er’s] broad, undulating bosom, and its lofty ten-mile ice-wall planted in the deep waters of the channel and sending 
off its bergs with loud, resounding thunder, night and day, winter and summer.” Ibid., 69.

 Rumore, “Natural Laboratory,” 41. Rumore shows how William S. Cooper, key architect of Glacier Bay National 160

Monument, was inspired by Muir and sought to emulate him. See also Ronald Limbaugh, John Muir’s “Stickeen" 
and the Lessons of Nature (Fairbanks: Univ. of Alaska Press, 1996). 

 Muir, Letters, 20.161

 Foundational narratives of the park based in Muir’s story—and re-inscribed through pamphlets and signs quoting 162

his writings—have recently been complicated by the allowance of First Nations to hunt, gather, and fish in Glacier 
Bay once again. Mary Catharine Martin, “After hundreds of years, Huna Tlingit return to ancestral home of Glacier 
Bay,” Juneau Empire, August 31, 2016, http://juneauempire.com/art/2016-08-31/after-hundreds-years-huna-tlingit-
return-ancestral-homeland-glacier-bay.
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tion of naturalists, artists, and social elite, financed by railroad magnate Edward Harriman—

Muir stood in sharp contrast with what his shipmate William Burroughs labeled the “fearfully 

and wonderfully learned” men of specialized science who came armed with expert vocabularies 

and (to Muir) tedious methods.  Their methods were those of glacier naturalism. Arriving on 163

the steamships Muir helped to promote, geologists, geographers, and scientific explorers tackled 

Alaska’s glaciers with their notebooks, cameras, and plane tables. One of the first to do so was 

George Frederick Wright, a clergyman hired by the United States Geological Survey who, in 

1886, spent a month at the Muir Glacier measuring rates of flow, daily movements, and observ-

ing the landscape’s glacial geology.  164

 Wright’s measurements of the Muir Glacier’s velocity—up to 70 feet per day—did not 

inspire confidence among his peers. Dubious of Wright’s methods (he used sighted points on the 

glacier’s surface instead of fixed, easily discernible objects) and findings, Harry Fielding Reid 

went to investigate the Muir for himself. He made his first voyage in 1890 on the George W. El-

der with the intention of mapping Glacier Bay and studying its glaciers. He concentrated his ef-

forts on the Muir and its neighbors, establishing a base camp near the glacier’s terminus from 

which he and his companions made day and multi-day trips around the bay in a sixteen-foot 

skiff. They surveyed, sounded the bay, measured water temperatures, and collected samples. 

 William H. Goetzmann and Kay Sloan, Looking Far North: The Harriman Expedition to Alaska, 1899 (Prince163 -
ton, NJ: Princeton University Press, 1982), 45.

 Wright used his observations in Alaska to argue against the scientific establishment, arguing against T.C. Cham164 -
berlin that there was but one episode of continental glaciation. See Schultz, “Debate Over Multiple Glaciation.” 
Ronald Numbers suggests that Wright’s defense of a single ice age was aligned with his attempts to reconcile geo-
logical history with scripture; he quotes Wright from 1897: “prolonged attention to the subject has increased my 
respect for those who have sought a positive harmony between the geological history and the system unfolded in the 
first chapter of Genesis.” Ronald Numbers, “George Frederick Wright: From Christian Darwinist to 
Fundamentalist,” Isis 79, no. 4 (1988): 632-633. Wright’s monoglacial theory was shared by another early observer 
of Alaskan glaciers, George W. Lamplugh of the British Geological Survey, who visited Glacier Bay in 1884.
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Reid’s monograph from this work, “Glacier Bay and its Glaciers,” was cornucopia of observa-

tions. He speculated about decadal fluctuations of Alaskan glaciers, noting that although such 

fluctuations had not been observed, further observations would likely reveal them. Making no 

meteorological observations, he was more interested in past climates. “The great interest which 

the physical study of living glaciers” he wrote, “is the light it may throw on causes producing, 

and conditions prevailing during, the Ice Age.”  165

 Reid used maps, tables, and photographs to convey information. The photographs show-

ing glacier fronts and geological features illustrated his written descriptions. Although he did not 

use repeat photographs, he included instructions on how to re-create his photographs, providing 

the locations of stations he used and suggestions on how to obtain good shots. Even though he 

was primarily interested in past climates, as delegate for the Commission International des Glac-

iers Reid knew of the potential of repeat photography for establishing trends like those theorized 

by Forel and Brückner for the Alps. 

 In the 1890s Reid was joined in his Alaskan glacier studies by mountaineer and geologi-

cal attaché to the U.S. Coast and Geodetic Survey, Israel C. Russell. Like Reid and Muir before 

him, Russell wanted Alaska’s glaciers to speak to the nature of ice ages. Should it be shown that 

the glaciers were generally receding, he suggested, “it would not only be an interesting contribu-

tion to physical geography, but have an important bearing on the study of the causes of the 

Glacial Epoch.”  Russell was also motivated to explore the Fairweather Range and to under166 -

 Harry Fielding Reid, “The Variations of Glaciers,” The Journal of Geology 3 (1895): 278. See also Harry Field165 -
ing Reid, “Studies of the Muir Glacier, Alaska” National Geographic 4 (March, 21 1892): 21.

 Israel C.ook Russell, “Climatic Changes Indicated by the Glaciers of North America,” American Geologist 9 166

(May 1892): 322.
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stand New World glaciers in relation to Brückner’s climatic fluctuations.  He was, however, 167

cautious about extrapolating to present-day climate. Without better regional weather data, he cau-

tioned, the retreat of the Alaskan glaciers could not be correlated with the climatic fluctuation 

described by Brückner.  168

 The first twentieth-century photographs of Alaskan glaciers were taken by the Harriman 

Expedition. Named in honor of its patron, Edward Harriman, the expedition was a stress-reliev-

ing vacation for the railroad executive, an act of philanthropic support for science and art, and 

performance of wealth and status. The expedition made stops at Glacier Bay, Reid Inlet, Yakutat 

Bay, Prince William Sound, and Cook Inlet. These stops lasted between half a day and, in the 

case of the Muir Glacier, four days. In referring to the expedition as “another reconnaissance” 

where the subtext is “just another reconnaissance,” Gilbert voiced the frustration many of the 

scientists on board the George W. Elder (the ship Reid had used ten years earlier) felt in having 

their scientific agenda play second fiddle to the whims of a railroad magnate and an eclectic mix 

of savants. The Elder docked according to the tastes of hunters, mountain scramblers, artists, sci-

entists of various stripes, and the mechanical needs of a large steamer. The resulting compromis-

es left scientists like Gilbert wishing for more shore leave.  169

 Israel Cook Russell, An Expedition to Mount Saint Elias, Alaska (Washington: National Geographic Society, 167

1891), 53-204; Russell, “Climatic Changes”; Russell, “The Glaciers of North America,” The Geographical Journal 
12, no. 6 (1898): 553-564.

 Moreover, “the initiation and decline of Glacial epochs,” he maintained, must be “caused by very gradual climat168 -
ic changes” which would only become apparent “as climatic changes are now studied, after the lapse of centuries.” 
Russell, “Climatic Changes,” 336.

 After executing a series of high stress mergers and take overs, Edward Harriman was ordered by his doctors to 169

take a break from work and go vacationing in nature. Not a man for isolated wanderings in the wilds, he opted for a 
train and boat expedition in the company of family, friends, and a handful of the nation’s artists and scientists. Goet-
zmann and Sloan, Looking Far North, 5.
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 Despite these limitations, Gilbert produced a 300-page contribution to glacier research, 

Glaciers and Glaciation. Basing himself in Reid and Russell’s work, and that of surveys by the 

U.S. Coast & Geodetic Survey and the International Boundary Commission, he photographed 

changes in glacier termini.  The book included eighteen plates, ten of which portrayed glaciers, 170

seven were maps, four depicted general geological features, and one showed an idealized profile 

of a glacier. The vast majority of the text’s 106 images were engravings done from photographs, 

illustrating glacier termini and features such as kettle lakes and push moraines.  Plate X juxta171 -

poses one of Russell’s 1891 photographs of Turner Glacier in Disenchantment Bay with one 

Gilbert took in 1899. This was Gilbert’s first use of repeat photography, a technique he would 

later use to document the effects of the 1906 San Francisco earthquake for the USGS and the 

State of California. He was trained in photography by Timothy O’Sullivan on the Wheeler Sur-

vey of the American West (1871-74). While repeat photography was rare in Glaciers and Glacia-

tion, Gilbert was mindful of photography’s potential for documenting glacier change. He provid-

ed readers with the dates for each photograph and where to find prints of the expedition’s glacier 

photographs. Since they were taken by three photographers—Gilbert, Edward Curtis and C. Hart 

Merriam—photographs from the Harriman expedition were distributed around the country.  172

 The first third of the book was devoted to existing glaciers, the second to Ice Age Alaska; a discussion of general 170

features of glaciers and notes, comprise the final third.

 Glaciologist Tad Pfeffer has argued that Gilbert focused on living glaciers as such, and in doing so differentiated 171

himself from his contemporaries and made himself a forerunner of the geophysical approach to glaciology. W. Tad 
Pfeffer, The Opening of a New Landscape: The Columbia Glacier at Mid-retreat (Washington: American Geophysi-
cal Union, 2007), 18.

 Michele L. Aldrich, Alan E. Leviton and Karren Elsbernd, “Grove Karl Gilbert’s photographs as evidence in ge172 -
ology: Documenting the 1906 San Fransisco earthquake,” Annual Meeting of the Geological Society of America, 
Philadelphia 2006, Paper No. 120-214, October 24, 2006, 8 a.m-12 p.m.
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 Mere months after the Harriman expedition, an earthquake centered over Yakutat rocked 

nearby Glacier Bay, filling it with ice, and bringing steamer traffic to a halt. The bay would not 

be visited by steamships again until 1900. Glacialists turned instead to the ice streams in Prince 

William Sound further to the north. Among the most prominent of these men were the physical 

geographer Ralph Tarr and his student Lawrence Martin, who, in a set of expeditions sponsored 

by the National Geographic Society, visited Alaska several times between 1909 and 1913.  In 173

the field, they used Gilbert’s photographs and re-occupied stations he had used on the Harriman 

Expedition. Their collaboration resulted in a hefty book detailing the glaciers of Yakutat Bay, 

Prince William Sound, and the Copper River. Their text was rich with photographs (184 plates), 

many of them depicting glacier termini. They used repeat photography throughout to illustrate 

changes in vegetation cover, moraine positions, and termini length. On some occasions they 

made visible the recession of ice by drawing former termini positions onto their photographs in 

ink.  

 As an undergraduate at Harvard, Bill Field came across Tarr and Martin’s massive tome 

on the shelves of Widener Library. It became his most referenced resource in the early years of 

his glacier studies, requiring a replacement copy by 1931. A few years later, Martin became his 

mentor.  174

 Tarr, professor of physical geography at Cornell, had studied glaciers of Greenland, Norway, Spitsbergen, and the 173

Alps. He died in 1912, leaving his student Martin, a professor of physiography and geography at the University of 
Wisconsin, to complete their joint study. In 1909 they sailed from Seattle to Yakutat and spent all of July and August 
studying the glaciers of Valdez Inlet and eastern Prince William Sound; the following year Martin went alone, and in 
1911 he started out alone and was joined by Tarr on a trip that sent them to their usual haunts and into the interior 
and the Kenai Peninsula; in 1913 Martin returned alone and acted as guide to the International Geological Congress 
on their trip to Yakutat Bay. Prior to this work, both professors had been to Alaska: Tarr went to Yakutat Bay in 1905 
and 1906; Martin had visited Controller Bay, Prince William Sound, Cook Inlet, and the Alaskan Peninsula in 1904 
and Yakutat Bay in 1905 with Tarr.

 Field and Brown, Camera in my Hands, 64.174
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 The methods used by Field’s predecessors in Alaska were essentially those of the Vauxes, 

adapted to coastal environs. Overland travel in southeastern Alaska at this time demanded con-

siderable fortitude. Pathless forests of alders and spruce, risky stream crossings, and hordes of 

insects awaited the traveler on foot, not to mention the objective hazards unique to glacier travel. 

In his account of camping on the icefields of the Saint Elias Range, Israel C. Russell described 

battling “exceedingly dense” vegetation, found “growing in tropical luxuriance,” and sleeping on 

the ice with two companions under a single blanket and a pile of oilskins and canvas.  Few ear175 -

ly glacialists attempted overnight stays on the ice. Instead, they used boats to avoid the discom-

forts and hazards cataloged by Russell. With light ocean-going vessels, glacialists could make 

quick excursions to multiple termini with relative ease. Boats also helped them reach local in-

formants: prospectors and recluses living on the edges of Alaska’s frontier economy.  Boats 176

provided protection against the low clouds and drizzle that would instantly turn to downpour typ-

ical of Southeastern Alaska. In 1892, Reid wryly summarized the meteorological situation: 

 We have concluded that there are many infallible signs of rain in the region. If the sun   
 shines, if the stars appear, if there are clouds or if there are none; these are all sure   
 indications. If the barometer falls it will rain; if the barometer rises, it will rain; if the   
 barometer remains steady, it will continue to rain.”   177

 Israel Cook Russell, “Mountaineering in Alaska,” Bulletin of the American Geographical Society 28, no.3 (1896): 175

220, 223.

 In 1931, prospector Chris Peterson, who lived in a cabin on Fairmount Island with this wife and daughter, pro176 -
vided Field with information about the upper reaches of the Columbia Glacier. 23 September 1931, Prince William 
Sound Diary, folder 2, box 1, sub-ser. a, series 1, Field papers.

 Harry Field Reid, 1892 Glacier Bay field journal, August 4, 1892, Reid Papers, NSIDC. Quoted in Rumore, 177

“Natural Laboratory,” 34. See also William O. Field, “The Fairweather Range: Mountaineering and Glacier 
Studies,” Bulletin of the Appalachia Mountain Club 20, no.4 (1926): 463; 15 September 1931, Prince William 
Sound Diary, folder 2, box 1, sub-ser. a, series 1, Field papers.
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 In an environment with such dreary forecasts, Reid was grateful for the steamships and 

small vessels he purchased from local Tlingit, which allowed him to carry “everything necessary 

[for] his comfort.”  Undoubtably, his fellow glacialists agreed. 178

 Boats improved the conditions of glacier study in Alaska, but they were not perfect. It 

was not easy to photograph—and virtually impossible to survey—from a rocking boat. Waves 

from calving icebergs threatened to overturn small vessels; poorly grounded boats risked being 

flooded, washed away, or having their oars pulled from them. Field spent at least one sleepless 

night worried that waves created by the nearby active front of the Columbia Glacier would inun-

date their low-lying beach camp, and another listing at thirty-four-degrees until the tides came in 

and floated his watercraft.  179

 Like the railway in the Canadian Rockies, boats gave glacialists access to glaciated ter-

rain, lessened foot travel through pathless wilds, and provided shelter for storing equipment and 

writing up field notes. Yet, the mobility of small vessels proved superior to the rigid spine of the 

railway, allowing glacialists to visit more termini in short periods of time. The furthest glacier the 

Vauxes ever reached was Bow glacier, less than 200 km from Glacier House, which required a 

multi-day pack train journey from the station at Laggan (Lake Louise). Most of their studies in-

volved the same handful of glaciers near the stations at Glacier House, Mount Stephen House, 

and Lake Louise (Figure 2.5). Reid’s sixteen-foot row boat, on the other hand, allowed him to 

cover fifteen glacier fronts in one season and carry supplies for eight weeks. His multi-week ap-

 Reid, “Studies of the Muir Glacier, Alaska,” 21.178

 9 September 1931, Prince William Sound Diary, folder 1, box 1, sub-ser. a, series 1, Field papers. The ice front of 179

the Columbia was then between four and five miles long and capable of producing many icebergs. In 1926, Field 
and his companions spent another sleepless night aground in a listing Eurus. The source of this danger, however, 
was likely the captain’s troubles reading marine charts. 31 August 1926, Alaska Diary 1926, folder 1, box 1, sub-ser. 
a, series 1, Field papers. Field once returned to a skiff to find his oars had been swept away and had to use boards as 
paddles. 2 September 1926, ibid.
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proach, anchored at a base camp and using boats to reach multiple ice fronts and survey stations 

became standard practice for Alaskan glacier studies until the 1940s.  The ability to gather and 180

compare data on so many glaciers eventually revealed the central problem posed by Alaskan 

glaciers: why did glaciers in close geographical proximity display different trends? Or, as Gilbert 

put it, “the most conspicuous fact brought out by the comparison of local histories is that they are 

dissimilar.”  181

✷ ✷ ✷ 

 Many of the early studies on Alaskan glaciers were published in geography and geology 

periodicals such as the Bulletin for the American Geographical Society, Journal of Geology, and 

National Geographic Magazine.  With the exception of National Geographic, these venues af182 -

forded little space for photographs. Photographs were typically used to illustrate glacier termini 

and glacial geological features, introducing them to audiences for whom Alaska and tidewater 

glaciers would have been exotic wilderness phenomena. In only a few cases, such as Tarr and 

Martin’s work, were repeat photographs used to illustrate change over time. The absence of re-

peat photographs in publications did not, however, mean that photography was not an important 

scientific tool for early glacialists. Many of them, such as Reid and Gilbert, realized the potential 

of photography for documenting and revealing landscape change, and provided information so 

 Reid, “Studies of the Muir Glacier,” 21-22.180

 Grove Karl Gilbert, Glaciers and Glaciation, Harriman Alaska Expedition, Vol. 3 (New York: Doubleday, Page 181

& Company, New York, 1904), 104.

 Ralph S. Tarr, Alaskan Glacier Studies of the National Geographic Society in the Yakutat Bay, Prince William 182

Sounds and lower Copper River Regions (Washington: National Geographic Society, 1914); Tarr, “The Malaspina 
Glacier”; Lawrence Martin, “Alaskan Glaciers in Relation to Life,” Bulletin of the American Geographical Society 
45, no.11 (1919): 801-818; Martin, “Glacial Scenery in Alaska,” Bulletin of the American Geographical Society 47, 
no. 3 (1915): 172-174.
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that others could recreate their photographs and obtain a copies of them. In their searches for ge-

ological and geographical knowledge that would help them understand past ice ages, Field’s pre-

decessors laid the foundations for documenting future changes in Alaskan glacier termini. 

 Following Martin, Russell, Gilbert, and Reid, Field used his camera and plane table to 

track fluctuations in glacier termini throughout the twentieth century. Over the course of his long 

career, he remained committed to the techniques employed by these early glacialists, including 

photography, surveying, and reading the geology of glaciated landscapes. However, he took re-

peat photography to new heights, laying the foundations for the largest collection of glacier im-

ages on the continent. 

3. William O. Field: The early years 

 William Bradhurst Osgood Field, Jr. (1904-1994), Osgood to his college buddies, Bill to 

most, lived through most of the twentieth century and devoted many of those years to pho-

tographing North American glaciers (Figure 3.3.). From modest beginnings as an amateur pho-

tographer he built a career that led him to directing a World Data Center for glaciology during 

the International Geophysical Year, and publishing Mountain Glaciers of the Northern Hemi-

sphere (1975), a comprehensive documentation of alpine glaciers north of the equator. He retired 

from glacier study with the Seligman Crystal, the top prize from the International Glaciological 

Society, and an honorary doctorate of science from the University of Alaska. He served as a men-

tor and font of information for younger glaciologists who regarded him as a “gentle giant” and 

“elder statesman” of glaciology.  183

 Francis to John [likely John Reed of AINA and the USGS], 22 October 1957, folder 15, box 21, sub-ser. b, series 183

1, Field papers.
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Figure 3.3: William O. Field, circa 1956 
Image: folder 2, box 4, series 7, Field papers. 

 Like the Vauxes, Field came to glaciers as a well-heeled tourist who could afford the gen-

teel hobby of photography. He took his first photograph of a known ice tongue in 1922 while on 

a family vacation to the Canadian Rockies. The Saskatchewan Glacier is the largest outlet glacier 

of the Columbia Icefield and sits seventy kilometers, as the raven flies, north of Bow glacier, the 

northernmost body of ice documented by the Vauxes. In 1893, Toronto geologist Arthur P. Cole-

man followed the instructions of Nakoda Chief Jonas and became the first white man to behold 

the Columbia Icefield, putting the 225 km2 icefield—largest in the Canadian Rockies—on the 

radar of Euro-American geographers. Since that time, the Saskatchewan had been photographed 
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by tourists like Field traveling by pack train from Laggan, the British Columbia-Alberta Inter-

provincial Boundary Commission, for whom A.O.Wheeler was the representative for B.C., and 

countless tourists and naturalists.  184

 Field was eighteen years old when he photographed the Saskatchewan in 1922. It was his 

third trip to the Canadian Rockies with his father and brother.  They hired packer Jim Boyce to 185

take them to the Columbia Icefields via Bow Lake and the Saskatchewan River. Arriving after 

four days of travel through brûlé and muskeg, they settled in at Camp Parker.  Boyce led Field 186

up Parker Ridge, a shoulder that descends off Mount Athabasca. From this vantage point, the 

Saskatchewan Glacier spread out below them in a long tongue (Figure 3.4).  At the time, Field 187

had no intention of returning for more photographs; “I had no thoughts other than it was interest-

ing and spectacular,” he wrote.  Like those of the Vauxes, his first glacier photographs were 188

simple tourist mementos. 

 Coleman arrived at the Columbia in 1893 via the pass that he subsequently named for his native informer Jonas. 184

Three years later, the Yale mountaineer Walter D. Wilcox approached the icefields from the south. Neither men pho-
tographed the Saskatchewan. They were followed by the British chemistry professor J. Norman Collie in 1901 and 
1902, and clergyman James Outram in 1902 during their race to climb Mount Columbia. Scott, Pushing the Limits, 
61-65.

 Field’s father first visited the Canadian Rockies in 1919 and brought his sons there in 1920, 1921 and 1922. In 185

1920 and 1921 they remained on the eastern ranges north of Lake Louise and focused on hunting game with both 
gun and camera.

 “Brûlé” refers to the landscape of charred stumps and detritus left by a forest fire. “Muskeg” [Algonquin: “grassy 186

bog”] refers to a North American swamp or bog, often covered in sphagnum moss and other partially decomposed 
vegetable matter.

 They also climbed Wilcox Ridge, on the east side of Sunwapta Pass, and photographed the Athabasca Glacier, but 187

inclement weather made for poor results. The Athabasca was first photographed by the Philadelphian Quaker Mary 
Schäffer in 1907.

 Field and Brown, Camera in My Hands, 13.188
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Figure 3.4: Saskatchewan Glacier from Parker Ridge (1922), W. O. Field 
Note the small hanging glacier on the cliffs above; it’s no longer there. Compare with Figure 1.4. Image: F-22-

CR153, folder 1, box 39, series 2, Field papers. 

 Field grew up on Fifth Avenue, New York, spending his summers at the family home in 

the Berkshires. The Fields were an adventurous bunch. His father, William B. Osgood, while a 

student in Germany, ran away to join the circus and was on his way to becoming a bare-back rid-

er before he was caught and sent back to his studies. He later became a railroad engineer and met 

Field’s mother, Lila, at a party at her parents’ residence. Lila was the great-granddaughter of the 

railroad tycoon Cornelius “Commodore” Vanderbilt, one of the wealthiest Americans of the nine-

teenth century. An outdoorswoman who loved hunting and fishing, she purportedly held a 

women’s record in fishing: a 200-pound tarpon that hung proudly in the family home. With ad-

venturesome and well-positioned parents, Field, like the Vauxes who shared a similar class back-

ground, acquired a love of travel and exploration. 
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 Field studied at Harvard and it was there, amongst the young gentlemen with whom he 

established the Harvard Mountaineering Club (HMC), that he took up mountain climbing. In 

1924 he and his brother and roommate journeyed to the Columbia Icefields intent on summiting 

something. The boys had a season of guided climbing in the Alps under their belts and believed 

this qualified them for some of the first ascents still available in the Canadian Rockies, provided 

they had a guide. Under the instruction of Edward Feuz, Jr., son of the man who assisted the 

Vauxes at Glacier House, and Joseph Biner of Zermatt, they made the first ascent of South Twin, 

the highest unclimbed summit remaining in the Rockies.  189

 South Twin was Field’s only major first ascent, though his party made four other first as-

cents and climbed three other 3000-meter peaks.  These feats were enough to secure his elec190 -

tion into the Alpine Club of American and the Alpine Club of Canada, and they marked the 

apogee of his climbing career. He remained comfortable in mountaineering circles throughout his 

adult life and used these social connections to facilitate his work on glaciers, but climbing never 

monopolized his passion for mountains. The Rockies and the Alps quickened his love of high 

places, and taught him the tricky arts of mountain photography and mountain climbing. But it 

was in Alaska that he learned to direct these pursuits toward his purposeful life’s work. 

 Field’s passion for ice was slow to kindle. Between 1922 and his first “purely glaciologi-

cal” trip in 1931, he traveled to the mountains of Canada and Alaska to climb, hunt, and sight-

 Field’s roommate, Lement Harris, went on to a long career in farm activism and, like Field’s brother Fred, joined 189

the Communist Party. “Biographical Note,” Papers of Lement Harris, University of Iowa, accessed December 1, 
2016 http://www.lib.uiowa.edu/scua/msc/tomsc500/msc475/msc475.htm#BIOGRAPHICAL%20NOTE.

 The party made first ascents of Mount Outram (3245 m), Mount Patterson (3197 m), and two unnamed peaks, 190

one which was subsequently named Mount Epaulette (3095 m), the other an unnamed snow peak between the 
Saskatchewan and Athabasca glaciers, likely part of the Mount Andromeda massif. They also climbed Mount Co-
lumbia (3747 m), Mount Castleguard (3090 m), and North Twin (3731 m). William O. Field, “Mountaineering on 
the Columbia Icefield, 1924,” Bulletin of the Appalachian Mountain Club 18, no. 2 (1925): 144-154.
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see. These trips had little to do with glaciers. But something “awoke” in him on the Kenai Penin-

sula in 1925 with his school friends Harold Coolidge and Dana McCoy.  The boys were in 191

Alaska in search of game, not ice.  Yet, steaming up the Inside Passage on the S.S. Alaska, the 192

glaciers caught Field’s attention. The following autumn he entered his senior year at college, 

“more interested in glaciers than ever.”  He combed the shelves of Widener Library and found 193

Reid’s “Glacier Bay and its Glaciers,” Tarr and Martin’s Alaskan Glacier Studies, and Gilbert’s 

Glaciers and Glaciation. He also consulted with his professors.  His mineralogy professor, 194

Charles Palache, had been a member of the Harriman Expedition and encouraged his student to 

reach out to the luminaries of Alaskan photography: Edward Curtis, Martin Lawrence, and C. 

Hart Merriam.  The next summer, armed with his book studies and advice from senior scien195 -

tists, Field set his sights upon Glacier Bay, where he hoped to follow up on the measurements 

made by the men who wrote the books he studied. 

 Field and Brown, Camera in My Hands, 27. The idea to visit Alaska was inspired by conversation with a cousin 191

who had been there. He knew Harold Coolidge from Harvard and “the Texan” Dana McCoy from his high school 
days at Hotchkiss. Ibid. 21.

 They caught two moose, four sheep, and five black bear. And they visited one glacier. Inspired by a view from 192

the train to Fairbanks, they made a quick three-day sojourn to the Trail Glacier in the Chugach Range. It was an ex-
ploratory mission, undertaken more for the fun of discovery than for the purpose of documenting glacier fluctua-
tions, and rain frustrated Field’s attempts at photography. The train dropped them off five miles from the terminus; 
they hiked to within a mile of the terminus, made a “rough camp,” and the next day climbed eight miles up the glac-
ier to a small peak jutting out of the névé. See “Trip up Trail Glacier,” folder 2, box 17, sub-ser. b, series 1, Field 
papers. 

 Field and Brown, Camera in My Hands, 27.193

 Field studied with the geologists Kirtley Mather (1888-1978), Jay Backus Woodworth (1865-1925) and Reginald 194

Daly (1871-1957). Mather was a professor of geology who specialized in petroleum geology and glacial geology. 
Woodworth was a geologist with an interest in seismology. Both he and Mather were associated with the USGS dur-
ing their careers. Daly—a student of Arthur P. Coleman’s, the first white man to visit the Columbia Icefields—was 
Sturgis-Hooper Professor of Geology and head of geology from 1912-1942. Known for being one of only a handful 
of American geologists who supported the idea of continental drift, he also worked for the Canadian Boundary 
Commission (1901-06), mapping the mountainous territory between the Pacific Coast and the Great Plains. Field 
and Brown, Camera in my Hands, 29. Charles Palache was a professor of mineralogy from 1912 to 1941.

 Field to Merriam, 23 March, year unknown; Field to Edward Curtis, no date; folder 1, box 4, series 12, Field pa195 -
pers.
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 In the summer of 1926, Field was joined by friends Benjamin Wood and Roscoe “Rocky” 

Bonsal. The young men were keen for a bit of Alaskan adventure and decided to make the trip do 

double duty as a reconnaissance mission to the Brady Glacier. The Brady, they hoped, set be-

tween Glacier Bay and the eastern slopes of the Fairweather Range, might yield a new route up 

the mighty Fairweathers.  Unfortunately for the boys, the heavily-crevassed Brady yielded no 196

easy passage. They were forced to spend most of their time in Glacier and Lituya bays. They 

hired a boat captained by Paul Kegel, a Hungarian who became captain of the M/V Eurus after 

(allegedly) playing tuba in the New York Metropolitan Orchestra and serving as jailor in 

Juneau’s penitentiary. On more than one occasion, Kegel shook his passengers’ nerves, including 

a night when outgoing tides grounded the Eurus, causing her to list dangerously until the tides 

returned to right her.  The young men were more successful in their choice of guides. On the 197

recommendation of Henry S. Hall, the first president of the Harvard Mountaineering Club, Field 

hired Andy Taylor, a Canadian mountaineering and hunting guide working in MacCarthy, Alaska, 

and Percy Pond of Juneau. Taylor, especially, proved an able assistant in glacier photography and 

surveying.  198

 The Eurus visited over fifteen ice fronts that summer. Field occupied photo stations pre-

viously established by the USGS, boundary surveys, Martin, and Reid. At the Muir glacier, he 

 In his letter to Edward Curtis, Field requested views of mounts Crillon and La Perouse to aid the young men in “a 196

bit of climbing in the Fairweather range.” Field to Edward Curtis, no date, series 12, box 4, Field papers. The Fair-
weather Range provided mountaineering objectives for several Harvard-Dartmouth expeditions in the 1930s, which 
culminated in the first ascent of Mount Bertha under Bradford Washburn’s leadership in 1940.

 Field and Brown, Camera in My Hands, 35, 40.197

 Andrew Morrison Taylor (1875-1945) grew up in an affluent Ottawa family and moved west seeking adventure in 198

the late 1890s working on rivers, prospecting, mining, and guiding in the Yukon and Alaska. His first mountaineer-
ing expedition was the heinous first ascent of Mount Logan by a Canadian-American team in 1925 where his out-
door experience proved valuable to a team of urbanites. Henry S. Hall knew Taylor from the Logan Expedition. 
Scott, Pushing the Limits, 99-101
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mimicked Reid’s visit by re-occupying Camp Muir.  Upon his return, Field wrote articles for 199

the Harvard Crimson and the Bulletin of the Appalachian Mountain Club: his first glacier publi-

cations.  The major finding of the trip came from hiking along a crest separating Tarr and Johns 200

Hopkins inlets to locate the current position of the Johns Hopkins Glacier. The glacier’s status 

had been a mystery since 1912 when icebergs gathered to block the entrance to the bay. Field 

determined that it had receded over six miles since that time. He also noted the disappearance of 

Favorite Glacier, the shrinkage of Hugh Miller Glacier, and the existence of a new bay in Canada 

created by the recession of the Grand Pacific Glacier. With these findings in hand, he reached out 

to Lawrence Martin at the Library of Congress Maps Division, who used the findings to make 

last minute changes to the International Boundary map.  This sparked a productive mentorship. 201

Martin guided Field’s early work and introduced him to people who helped him with his glacier 

studies.  202

 In 1927, Field went on another family trip to Alaska but made no glacier studies. Alaska 

may have awoken something in him, but it took time to isolate this flickering passion for ice 

from his general love of mountains, travel, and photography. The 1920s were a time of explo-

ration and development for Field when he honed the mountaineering and photographic skills he 

 The trip lasted from August 6 - September 3, during which time the party observed the East and West Twin glaci199 -
ers, Hole-in-the-Wall Glacier, Taku, Norris, Muir Inlet, Carroll Glacier, Rendu Inlet, Tarr Inlet, Johns Hopkins Inlet, 
Lamplugh Glacier, Reid Glacier, Scidmore Glacier, Hugh Miller, Charpentier Inlet, Geikie Inlet, Wood Glacier, Fin-
ger Glacier, LaPerouse Glacier, Lituya Bay. Alaska Diary, 1926, folder 1, box, 1, sub-er. a, series 1, Field papers.

 Field, “The Fairweather Range”; William O. Field, “Active Change Noted in Alaskan Glaciers,” The Crimson, 200

October 18, 1926, folder 4, box 17, sub-ser. b, series 1.

 In 1931, Reid and Wright finally made it through the bay to map the Johns Hopkins glacier. Field, “Fairweather 201

Range,” 465, 468-470; Field and Brown, Camera in my Hands, 35.

 Lawrence introduced him to Reid, Phillip Smith, Chief of the Alaska Branch of the USGS, Fred Moffitt, Rufus 202

Sargent, Stephen R. Capps, and C.W. Wright, all of whom were part of the USGS at some point in their career and 
all of whom did extensive work in Alaska. 
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later channeled into his life’s work. Much of his time between 1927 and 1935 was spent making 

travel films and establishing a family. In 1929, he made his first of several trips to the Georgian 

Caucasus, where he filmed the mountain scenery and peoples. That year he married Alice With-

row; within a few months their first child, Diana, was born, followed by a son, John, in 1940.  203

In 1933, Field signed on with James Fitzpatrick Travelogues and made several films for them, 

but had to step away from filmmaking two years later when denied membership to the insular 

cameramen’s union. In the midst of all this film- and family-making Field undertook his first 

“purely glaciological” trip.  

 In his biography, Field credits the Depression with spurring his glacier studies. Facing the 

dissonances between his privileged existence and the harsh realities of many people in the 1930s 

inspired him to do something “useful” with his life. While his brother Fred took up Leftist poli-

tics, Field found satisfaction in making contributions to knowledge of landscape change.  With 204

his friends Sherman Pratt, Jack Wood, and the ever-reliable Andy Taylor, he travelled to Prince 

William Sound in 1931 to follow up on observations made by Reid and the Harriman expedition. 

He hoped that this trip would be the beginning of a program of systematic glacier termini moni-

toring that would connect the past to the future. 

4. 1931: Beginnings of systematicity 

 Prince William Sound, named for William IV, Britain’s “Sailor King,” sits in the north-

ernmost pocket of the Gulf of Alaska, approximately 650 kilometers west of Glacier Bay (Figure 

 Field made trips to the Caucasus in 1929 and 1931 and one in 1933. His time in the highlands of Georgia led to 203

his participation in the Council on Foreign Relations and the Society for Cultural Relations with the Soviet Union.  
Field promoted engagement with the USSR throughout his life, though he avoided political associations.

 Field and Brown, Camera in My Hands, 5.204
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3.5). When Field arrived there in 1931, the last detailed observations were those of Tarr and Mar-

tin’s National Geographic expeditions twenty years earlier.  205

 

Figure 3.5: Map of Prince William Sound, 1932 
Image: W.O. Field. The Geographical Review, July 1932. 

 Prince William Sound came to occupy a special place in Field’s heart, as “one of the most 

varied and beautiful glacier regions in the world.”  But in 1931, it was his second choice. He 206

 Gilbert, Glaciers and Glaciation, 71-97; Ulysses S. Grant & Daniel F. Higgins, “Coastal Glaciers of Prince 205

William Sound and Kenai Peninsula, Alaska,” U.S. Geological Survey Bulletin no. 526 (Washington, D.C.: United 
States Geological Survey, 1913), 7-40; Tarr Alaskan Glacier Studies, 232-388. The USGS had sent surveyors in 
1905, 1908, 1909, 1913, 1914, 1925, 1931; Field did not know of the 1931 survey until after he returned. One of the 
more well-known tourist accounts were those of Dora Keen, a wealthy Philadelphian mountaineer, who, at the sug-
gestion of Lawrence Martin, made a point of repeating the termini photographs of the Harriman and National Geo-
graphic expeditions. Field would later acquire her glacier photographic collection for the AGS collection. Handy, 
“First Exploration of the Harvard Glacier.” In 1929, the U.S. Navy took aerial photographs of the glaciers of Prince 
William Sound as part of the U.S. Navy Alaska Aerial Survey Expedition.

 Field, “Observations on Alaskan Glaciers,” folder 11, box 18, sub-ser. b, series 1, Field papers.206
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had hoped to return to Glacier Bay to follow up on his 1926 observations. He changed his mind 

upon learning that Harry Fielding Reid was returning to Glacier Bay after a fifteen-year hiatus. If 

Reid was taking care of Glacier Bay, he reasoned, it would be more useful to spread that season’s 

glacier observations over a wider geographical area.  207

 Field was in Prince William Sound from late-August to mid-October. Before heading 

north, he visited Martin at his summer home in Maine to learn more about the methods and tech-

niques of glacier naturalism, especially how to locate old photo stations that may have disap-

peared in the coastal vegetation.  Wiser after the escapades on the Eurus, Field hired a larger 208

vessel, the Virginia, captained by Rex Hancock, which came with a smaller outboard motor skiff 

that could be rowed through shallow waters. He again hired Andy Taylor and together they pho-

tographed and mapped glaciers in Port Valdez, Unakwik and Surprise Inlets, College and Harri-

man fjords, and the Childs and Allen glaciers, up the Copper River Railroad. Almost half of their 

time was spent surveying the immense front of the Columbia glacier, the largest glacier in Har-

riman Fjord. They found an abandoned miner’s cabin that looked like it had been “turned upside 

down by a bear,” which they used as a camp. From there, they re-occupied Gilbert’s stations 

from 1899 (which Tarr and Martin had also re-occupied) and established new stations. Since 

1910, the Columbia had made a slight advance; yet, its surface had lowered. Field and Taylor 

knew this firsthand because the operations that produced their cabin had used the glacier to ac-

 Reid to Field, 19 May 1931, folder 7, box 18, sub-ser. b, series 1, Field papers. Field also suggested that “affairs 207

at home” prevented him from leaving as early in the season as Fielding Reid and Wright were planning to. Field to 
Faris, July 23, 1931, folder 7, box 18, sub-ser. b, series 1, Field papers.

 Martin to Field, 6 August 1931, folder 7, box 18, sub-ser. b, series 1, Field papers.208
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cess mine sites. The lowering of the glacier’s surface left access roads dangling at the edge of 

cliffs.  209

 When he first visited Glacier Bay in 1926, Field was a young person on an adventure. His 

diary was a litany of fresh experiences: seasickness and the thrill of shooting at whales, com-

plaints about lazy companions, and his ambivalence about chasing bear cubs up trees.  By con210 -

trast, the contents of the 1931 notebook reveal a new focus on glaciers. He recorded each day’s 

scientific achievements and weather data, with only the occasional musing on scenery and grum-

blings about rain and alders. The entries are in full paragraphs and detail the progression of each 

day, suggesting the diary stayed at camp and was written in at the close of day. He did no hunting 

and, unlike the shambolic ramble up the Brady glacier five years earlier, all of his climbing in 

1931 was done to establish photo and survey stations or obtain better perspectives.  211

 Field’s first purely glaciological trip adapted the practices of glacier naturalism to Alas-

ka’s coastal conditions. Repeat photography was the cornerstone of his research. He also mapped 

termini using a transit and plane table, and read glaciated landscapes for signs of past advances 

or retreats written in the moraines and vegetation patterns. While he did not place stakes on the 

surface to record daily velocities of the ice, he did sound the depths of terminal waters. Like the 

Vauxes, Field was supported by networks comprised of mountaineers, locals, and well-educated 

 29 August 1931, Prince William Sound diary, folder 2, box 1, sub-ser. a, series 1, Field papers.209

 Alaska Diary 1926, pp. 2-10, 35, 36, 41, folder 1, box, 1, sub-ser. a, series 1, Field papers.210

 Field kept multiple notebooks on his 1931 trip. In addition to the diary, he maintained two larger notebooks, one 211

for sketch maps and diagrammatic sketches of ice fronts and their surrounding territories and one in which he com-
piled his map readings. He also kept at least seven smaller notebooks for “field notes” in which he recorded transit 
readings, sounding measurements, locations of photographic and surveying stations, lists of photographs taken, lists 
of supplies to acquire, and the names of potential informers to contact. In these smaller notebooks he made rough 
sketches from which he later drew the maps and diagrams of the larger notebooks. The field was divided according 
to different literary practices, from jotted notes to careful compilation.
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easterners. Yet, unlike the Vauxes, he received little help from public or private corporations.  212

He paid his own passage to the Pacific Steamship Company. And although he managed to get a 

small sounding machine from the U.S. Coast and Geodetic Survey, when he tried to “borrow” a 

topographer from the Geological Survey he was turned down. Field’s initial glacier work was 

self-financed to a greater degree than that of the Vauxes and his photographs were not used for 

promotional purposes. They were more unambiguously the scientific product of an independent 

naturalist. He enjoyed being in the mountains and believed that documenting glacier fluctuations 

was a worthwhile contribution to geographical knowledge; he was willing to do so at his own 

expense. 

 Field’s 1931 observations contributed to a growing appreciation of the localized variabili-

ty of Alaskan glacier trends and echoed earlier calls for more systematic studies. He found that 

since Martin’s 1910 visit, six large and seven smaller glaciers in Prince William Sound were re-

treating, while two large and one small were advancing. The Valdez Glacier was receding, the 

Meares advancing; the Harvard had advanced while the nearby Bryn Mawr retreated, and al-

though few of the glaciers in Harriman Fjord had changed appreciably, the Harriman had ad-

vanced while the Toboggan receded. Overall, many small glaciers appeared to be shrinking.  213

These trends did not correspond with geographical proximity. The advances in College and Har-

riman Fjords were a mere thirty-two miles apart; between them lay several retreating ice tongues. 

Nor did it seem that these trends showed much temporal continuity. Field found that the Co-

lumbia Glacier had advanced between 1899 and 1909, then began retreating around 1914, leav-

 16 September 1931, Prince William Sound Diary, folder 2, box 1, sub-ser. a, series 1, Field papers. 212

 Alaska 1931 trip summary, folder 2, box 18, sub-ser. b, series 1, Field papers.213
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ing the central terminus in 1931, somewhere between its 1899 and 1909 positions. In the mean-

time, the western margin of the ice appeared to have advanced.  Such observations highlighted 214

the considerable variability in the behaviors of Alaskan ice and would eventually push re-

searchers to move beyond these methods. 

 After his return from Prince William Sound, Field travelled to Washington to visit Martin, 

who encouraged him to present his glacier work at the December meeting of the Association of 

American Geographers in Ypsilanti, Michigan. Although the session wasn’t particularly well-at-

tended, it was chaired by Isaiah Bowman, former head of the American Geographical Society 

(AGS) and current editor of the Geographical Review. Bowman asked Field to submit his paper 

to the Review. The subsequent months of back and forth to the Geographical Society’s Broadway 

office were Field’s first encounter with his future employer and they resulted in his first publica-

tion outside of a recreational journal, “The Glaciers of the Northern Part of Prince William 

Sound, Alaska.” Unlike early glacier studies published by the AGS, such as those by Russell and 

Reid, Field’s article was heavily illustrated. He used repeat photographs to reveal changes in 

glacier termini (Figure 3.6). 

 William O. Field, “The Glaciers of the Northern Part of Prince William Sound, Alaska,” Geographical Review, 214

22, no. 3 (1932): 373, 376.
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Figure 3.6: Repeat photographs of Bryn Mawr glacier (1909 & 1930) 
The photograph on the left was taken by the U.S. Grant of the USGS, the photograph on the right by Field. Note the 
retraction of the termini and the thinning of the glacier’s surface in the righthand image. Image: From Field, “Glaci-

ers of the Northern Part of Prince William Sound,” 381. 

 During his visit to Washington, Field began planning a collection of glacier photographs, 

thus beginning his lifelong efforts to centralize knowledge of North American glaciers. Martin 

informed him of $100 left over from a recent USGS expedition to Alaska that would revert to the 

federal Treasury if not put to use. With the help of USGS geologist François Matthes, Field and 

Martin used the $100 to buy a cabinet to store Field’s photographs.  The collection began after 215

C. Hart Merriam donated his photographs from the Harriman Expedition. It was stored at Mar-

tin’s office at the Library of Congress, under Matthes’ oversight. Field took over custody of the 

collection in 1948, bringing it to the AGS. Eventually, this collection provided the basis for the 

World Data Center (A) for Glaciology during the International Geophysical Year. 

 These machinations in Washington inspired Field to plan a program of regular glacier 

photography, in which he would return to Alaska every five years. He remained true to this plan 

when he returned to Prince William Sound and Glacier Bay with William S. Cooper in 1935. 

 Matthes was an émigré from Holland whose family came to the United States in 1891. In 1895 he graduated from 215

MIT and joined the USGS the following year, serving in the topographic branch until 1912; from 1930 until his 
death in 1947, he was a senior geologist. His early work involved mapping mountainous terrain in the American 
west, particularly California. During this work, he paid particular attention to the geological action of glaciers, a 
focus he retained throughout his career even though later his attention shifted away from their role in geological 
history towards existing glaciers and their behaviors. Stephen S. Visher, “François Emile Matthes, 1874-1948,” An-
nals of the Association of American Geographers 38, no. 4 (1948): 301-304.
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Cooper was a professor of botany at the University of Minnesota and was interested in glacier 

recession as a natural experiment in succession botany.  This trip resulted in significant papers 216

for Cooper and Field. Cooper’s “The Problem of Glacier Bay,” definitively laid out the geologi-

cal history of the bay.  It was largely on the basis of this work and Field’s longterm program of 217

glacier research that fellow mountain lover and glacier enthusiast Walter Wood hired him to im-

plement a glacier study program in the Department of Exploration and Field Research at the 

American Geographical Society. Field soon replaced Wood as director of the department when 

the latter moved to Ottawa to become military attaché to Canada.  218

 In his new role at the Geographical Society, Field developed a three-pronged research 

program devoted to studying contemporary glacier fluctuations. It was built around the pho-

tographs, consisting of field studies, collecting and organizing materials relating to glacier fluc-

tuations, and disseminating of information about glaciers to the reading public.  Through the 219

AGS’s contacts with geographical societies and geographers around the world Field’s office be-

came a clearing house for glacier photographs, maps, and data, and a magnet for glaciological 

publications from around the world. The National Park Service, the Mazamas, and the United 

 This began Field’s lifelong practice of collaborating with botanists. After working with Cooper in 1935, he col216 -
laborated with Cooper’s student Donald Lawrence in 1941, and in 1953 hired Calvin Heusser, a botanist from Ore-
gon State University to the staff at the AGS. On Cooper’s role in the history of Glacier Bay and succession ecology 
see Rumore, “Natural Laboratory.”

 William S. Cooper, “The Problem of Glacier Bay, Alaska: A Study of Glacier Variations” Geographical Review 217

27, no. 1 (1937): 37-62; William O. Field, “Observations on Alaskan Coastal Glaciers in 1935,” The Geographical 
Review 27, no. 1 (1937): 63-81.

 The American Geographical Society was founded in 1851, the first not-for-profit organization devoted to the dis218 -
semination of geographical knowledge in America; the Department of Exploration and Field Research was founded  
in the 1930s by Walter Wood, whom Field knew through the Explorer’s Club in New York. John Kirtland Wright, 
Geography in the Making: the American Geographical Society (New York: American Geographical Society, 1952), 
323.

 “Memorandum on he Study of the Variations of Alaskan Glaciers,” n.d., folder 14, box 18, sub-ser. b, series 1, 219

Field papers.

!110



States Geological Survey all contributed to the collection. At times, Field could barely keep pace 

with the correspondence requesting information.  220

 These efforts in the 1930s, and his post at the AGS, positioned Field well to coordinate 

studies of Alaskan glaciers during the 1940s and 1950s. His own fieldwork was an important as-

pect of the AGS program and repeat photographs and surveys remained at the heart of his expe-

ditions. Photographs made visible and bore witness to changes in glacier “health” over time.  221

Yet, like Gilbert, Field knew that repeat photographs could not provide the whole story. More 

and better regional weather observations were needed to determine precisely which climatic fac-

tors were at play. It was “idle to speculate,” he said, about trends without improved weather data 

for specific areas.  222

 Field was aware of the limitations of photography; yet, even as new techniques and re-

search agenda were developed in the middle decades of the twentieth century, he returned to the 

glaciers with his camera in his hands to re-occupy the stations set up by himself and his prede-

cessors, because it nonetheless served several purposes. Photographs, Grove Karl Gilbert pointed 

out in 1903, work as memory aids.  Repeat photographs were mnemonic devices that helped 223

glacialists accurately recall what the landscape used to look like. This made Field a keeper of 

glaciological memory. The collection of photographs housed at the AGS served as collective 

memory bank for glacier researchers and continued in this function when it became the World 

 Field to Baird, 15 March 1949, folder 1, box 81, series 7, Field papers.220

 The metaphor of health runs throughout Western glacier study in the twentieth century. Glacialists and glaciolo221 -
gists used it frequently to refer to the state of glacier termini (whether they were retreating or advancing) and mass 
balances (whether they were positive or negative).

 Field, “Glaciers of Prince William Sound,” 376.222

 Gilbert, Glaciers and Glaciation, 30.223
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Data Center (A) for Glaciology during the International Geophysical Year. Glacier photographs 

also had the power to augment sight. “Taken from definitely located and properly described 

points,” Matthes observed, photographs, “are extremely valuable, as they record many changes 

in the form and appearance of a glacier which are not readily noticed by the eye or described in 

words.”  Photographs not only preserved a moment to be re-presented later, but had the poten224 -

tial to reveal what was otherwise hidden. Typically, glaciers do not move fast enough for their 

movements to be detected by the naked eye; repeat photography made these movements visi-

ble—they made it possible to “picture the invisible.”  Moreover, taken as an aggregate, repeat 225

photographs of multiple glaciers revealed geographical trends and anomalies, such as those oc-

curring amongst Alaskan ice streams, that would otherwise have been difficult to detect with cer-

tainty. 

 But, of course, as theorists of visual culture contend, photographs are not “transparent.” 

The meanings of photographs are multiple and depend, in part, on the viewer and the confluence 

of factors they bring to the act of viewing. For glacier naturalists, repeat glacier photographs 

were visual evidence of retreating ice ages and the natural dynamism of glacial landscapes.   

 Throughout his career, Field remained interested in glaciers as “historians of climate”—

for what they could reveal about geographical and geological change over time. This perspective 

was rooted in the geological and geographical beginnings of glacier study. Yet in the 1930s, a 

new perspective on glaciers was gaining momentum in North America. From this viewpoint, 

glaciers were not of interest simply for what they could say about past ice ages. How glaciers 

 François Matthes, “How and when to measure advance or recession,” folder 2, box 76, series 7, Field papers.224

 Joel Snyder argues this capacity is the specific role of photography. Joel Snyder, “Res Ipsa Loquitur” in Things 225

that Talk: Object Lessons from Art and Science, Lorraine Daston, ed. (New York: Zone Books, 2004), 216.
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respond to present-day climate was becoming a more compelling question. This was, in part, 

spurred by the work of Alaskan glacialists such as Field and his predecessors. The incongruent 

patterns of retreat and advance of Alaskan ice streams captured by Field, Reid, and others, indi-

cated more complex relations between glacier behaviors and climatic factors than was initially 

suspected. It was difficult to make generalizations about glacier recession as part of a retreat 

from the last ice age or as displaying regular cycles when geographically proximate ice streams 

behaved differently. The photographs of glacier naturalism helped make such phenomena visible, 

thereby pushing those who studied glaciers to think differently about the behaviors of “living” 

glaciers and how to study them. This shift was part of a broader sea change in glacier research 

that occurred during the 1930s and 1940s in North America which will be discussed in Chapter 

Four. 

 By that time many of Field’s predecessors had retired or moved on from glacier study. He 

was the last of the glacialists; a bridge between glacier naturalism and mid-century glaciology. 

While his own practices remained rooted in documenting termini fluctuations with camera and 

transit, from his position at the AGS, he played key administrative and organizational roles in 

ushering in a new regime of glacier study that brought about the end of the glacier naturalist. Just 

as Field’s long-term project in repeat glacier photography gained its footing in the mid-1930s, 

new practices, institutional arrangements, disciplinary alignments, geographies of field work, and 

research agenda were changing how North American glaciers were understood and studied.  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Chapter 3:  

3. Geophysical glaciology: The Juneau Icefield Research Project, Project Snow Cor-
nice, the military, and mountaineering, 1918-1958 

 “it is evident that the more important variations of glaciers are to be explained by    
 variations of climate; […]we must call upon the meteorologists to become glaciologists, or the 

glaciologists to become climatologists.”  
    - Harry Fielding Reid, “Glaciers and Geophysics,” 1933 

 “the field of glaciology by and large comes within the scope of the geological sciences as now 
practiced in this country, although in actuality it is more physics than geology.”  

    - Robert P. Sharp to Edward LaChapelle, 21 July 1953 
 

Figure 4.1: Activities on the Juneau Icefield, 1950 
Clockwise from top left: measuring the liquid water content of snow samples; measuring the height of the snow sur-
face against graduated stakes to determine melt; unloading supplies from ski-wheeled C-47; relaying weather data 
from meteorological hut on the névé; surveying the undulating plains of the upper Taku névé; erecting a small re-
search hut on an outcropping in the névé. These photographs offer a snapshot of geophysical glaciology. Image: 

Field and Miller, “The Juneau Icefield Research Project,” 188. 
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 In the 1940s, North American glacier research underwent substantial transformations in 

its field practices, techniques, research agenda, and institutional arrangements. Supported by pri-

vate research institutions and the military, scientists moved from the glacier’s terminus to the 

névé—the upslope area of accumulation that supplies a glacier. There they applied new instru-

ments and techniques designed to extract precise, quantitative information about snow and ice, 

the physical nature of glacier motion, and how the glacier surface interacted with its immediate 

meteorological surroundings. With these changes in practice came changes in the visual culture 

of glacier science. Geophysical glaciology wove together the social, material, and institutional 

worlds of mountaineering and the military, forging new arrangements of support for glacier field 

research. Military patronage alone did not dictate glaciological research agenda, but it did alter 

what I will call the “paraglaciological” agenda: questions and activities that field researchers en-

gaged in that were not directly related to learning about glacier ice. In the context of these new 

arrangements, repeat photographs were de-prioritized in favor of more precise representations 

that captured aspects of glaciers that could not be seen in photographs, and cameras were instead 

turned toward serving the interests of military patrons. Repeat termini photographs were down-

graded as meaningful evidence in favor of quantitative representations. These new ways of rep-

resenting knowledge about glaciers were ultimately more opaque, and required training to read 

them; glaciology became the province of specialists trained in exclusive techniques of investiga-

tion and interpretation. Thus, changes in visual culture marked and contributed to the building of 

a disciplinary silo around glacier study. 

 In what follows, three regional sites of field research—circumpolar Scandinavia, the 

Swiss Alps, and coastal Alaska—serve as windows onto roughly chronological changes in 
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glaciological ideas and practices. These sites drew together networks of exchange that crossed 

national and institutional borders on both sides of the Atlantic, and were often linked through 

personal connections established in military or mountaineering circles. Through these networks, 

ideas about glaciers and how best to study them travelled from one snowy névé to another. The 

movement between glacier naturalism and geophysical glaciology was partial, overlapping, and 

to some degree discontinuous. Nevertheless, it altered how North American glaciers were con-

ceptualized, studied, and portrayed. 

1. Hans W. Ahlmann’s geophysical glaciology, 1918-1950 

 In 1945, British geologist and mountaineer, Noel Odell, drew attention to the arrival of 

the new style of glacier research by making a distinction “in vogue of recent years” between 

glaciology and glacial geology. While glacial geologists concerned themselves with the effects of 

glaciers upon landscapes, practitioners of the new glaciology studied the physical constitution of 

ice.  Odell was appropriating words already in circulation. “Glaciology” and “glaciologist” had 226

been used since the nineteenth century to refer to the study of glaciers in general. However, the 

new sense of “glaciology” distinguished between questions of how glaciers sculpted the environs 

around them, and those relating to the physical structure of ice and the processes by which glaci-

ers gained and lost mass. This shift was conditioned by a desire for precision and for quantifiable 

answers to questions about glacier fluctuations and transformations. The great variety in glacier 

behaviors observed by turn-of-the-century glacialists pushed subsequent researchers to try new 

techniques for determining why glaciers moved and fluctuated as they did. Like many biologists 

 Noel Odell, “Recent Glaciological Work,” Polar Record 45 (1945): 272.226
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at this time, glaciologists turned to physics as a model for exactitude in science. Just as, accord-

ing to Garland Allen, “ biologists continually looked to physicists and chemists for models of 

how scientific investigations should be carried out,” so too did glaciologists emulate the ap-

proach and methods of the physical sciences.  227

 The new glaciologists probed the inner workings of glaciers to understand them as physi-

cal entities built up from microscopic foundations. Applying techniques from crystallography, 

micrometeorology, petrology, seismology, and soil mechanics, glaciologists peered deep into the 

ice and turned the névé into a technical landscape, a large swath of land subject to intensive, ex-

tensive, and technically-mediated scientific inquiry over considerable lengths of time.  Geo228 -

physical glaciology placed mid-century man in the midst of a frozen landscape, which he sought 

to understand using powerful new technologies and the paradigm of physics. One of the first to 

advocate for this kind of glacier study was the Swedish geographer and glaciologist, Hans Wil-

helmsson Ahlmann. 

 Ahlmann began his studies of glaciers as a geomorphologist in 1918. Following the lead 

of his mentor, Gerard de Geer, he advocated using quantitative, physical methods to study the 

processes by which landscapes formed. He came to glaciers with an interest in their role as 

shapers of topographies and as records of climate—more of a glacial geologist, on Odell’s 

framework—but soon turned to the physical study of glaciers themselves. “The object of my 

 Garland Allen, Life Science in the Twentieth Century, (Cambridge, UK: Cambridge Univ. Press, 1978), xv. See 227

also Keith R. Benson, Ronald Rainger & Jane Maienschein, eds. The American Development of Biology (New 
Brunswick, NJ: Rutgers Univ. Press, 1991).

 “Technical Landscapes: Aesthetics and the Environment in the History of Science and Art,” was a graduate con228 -
ference held at Harvard University, April 7-8, 2016. According to the conference website, technical landscapes may 
be those large areas of land intensively occupied by scientific or technical programs. Another example of a technical 
landscape in this sense would be the Bikini Atoll during and after the nuclear testing program of the post-war era. 
“Technical Landscapes,” accessed 13 January 2018, http://techlandscapes.com.
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glaciological work,” he told an audience at the London Royal Geographical Society in 1935, 

“has been to analyze the active physical processes, to investigate quantitatively the amount of 

snow, ice, and water passing through the glaciers, and on the basis of this knowledge to discuss 

the geophysical conditions of the existence and life of glaciers.”  Ahlmann was an early advo229 -

cate and developer of the “presentist” approach to glaciers. 

 Ahlmann’s field work was shaped by recent developments in German and Scandinavian 

polar science. He was inspired by Ernst Sörge’s work at Eismitte on the Wegener Greenland Ex-

pedition of 1930, during which three men spent a winter living and working in a snow cave in 

the middle of the Greenland ice sheet (“Eismitte” means “middle ice”). The expedition was cele-

brated by its organizers and boosters as a break from past polar scientific exploration, hailed as a 

“science-first” polar expedition, driven by cosmopolitan ambitions to contribute to modern hu-

manity’s growing store of knowledge rather than by a desire to explore frontiers or push the lim-

its of physical endurance for their own sake. In reality, it was a mixture of both. The expedition 

also acquired notoriety as Alfred Wegener’s last journey; he and a teammate perished while re-

turning to the coast from a late-season supply run to Eismitte. The men who remained on icecap, 

Johannes Georgi, Ernst Sörge, and a frost-bitten Fritz Loewe, spent the winter collecting meteo-

rological and glaciological observations. Sörge, a geography teacher turned glaciologist, dug a 

sixteen-foot pit and filled his days by measuring the changing temperatures, densities, and strati-

fication of the snow layers at varying depths. His meticulous observations, acquired under 

cramped and challenging conditions, provided some of the best data on the climate of Green-

 Hans W. Ahlmann, “Contributions to the Physics of Glaciers,” The Geographical Review 86, no. 2 (1935): 98.229
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land’s interior and the nature of snow accumulation on continental ice sheets well into the 

1940s.  230

 For Ahlmann, Eismitte was epoch-making; it set a new standard for what could be 

achieved in glacier study by wedding thorough scientific observation with the techniques of po-

lar exploration.  Much could be accomplished, he believed, if researchers camped out on a 231

glacier with a few instruments and a good deal of patience. Educated at Stockholm’s self-con-

sciously modernist Högskola, the rhetoric of Wegener’s expedition seduced Ahlmann. He em-

braced the science-first approach and what historian Sverker Sörlin has characterized as a “cul-

ture of precision” which stressed a “stringent methodology” of exactitude in the field. “It is the 

exact sciences,” Ahlmann declared in 1931, “that come to the fore [in modern polar research]—

everything is geared towards maximum precision and completeness.”  Such was his ideal 232

glaciological expedition. 

 Throughout the 1920s and 1930s, working first on the glaciers of Jotunheim in Norway 

and later in Sweden, Iceland, and Greenland, Ahlmann developed his most notable contribution 

to glaciology, what he called “regimen studies” and are today known as glaciological mass-bal-

 See Janet Martin-Nielsen, Eismitte in the Scientific Imagination: Knowledge and Politics at the Center of Green230 -
land (New York: Palgrave Macmillion, 2013). On Alfred Wegener, see Mott Greene, Alfred Wegener: Science, Ex-
ploration, and the Theory of Continental Drift (Baltimore: Johns Hopkins Univ. Press, 2105) and Cornelia Lüdecke, 
"Lifting the veil: the circumstances that caused Alfred Wegener's death on the Greenland icecap, 1930,” Polar 
Record 36, no. 197 (2000): 139-154. The Wegener Expedition was not the only polar venture that inspired Ahlmann. 
He was involved in the recovery and of Salomon August Andrée’s failed polar balloon expedition, a venture of na-
tional significance to Sweden and an inspiration for Ahlmann’s 1931 Swedish-Norwegian Arctic Expedition. Hans 
W. Ahlmann, “Researches on Snow and Ice, 1916-1940,” The Geographical Journal 107, no. 2 (1946): 13; Sörlin, 
“Anxieties,” 71.

 Hans W. Ahlmann, “Scientific Results of the Swedish-Norwegian Arctic Expedition in the Summer of 1931, Parts 231

IV-VIII,” Geografiska Annaler 15 (1933): 189.

 From “The Value and Justification of Polar Research,” quoted in Sörlin, “Anxieties” 242.232
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ance studies.  A glacier’s regimen is the net change in volume over the course of a full year, 233

calculated by adding the water equivalent gained during the accumulation season (typically the 

winter in the northern hemisphere) with the loss during the ablation season (usually summer in 

the northern hemisphere). Sorge’s work on Eismitte had shown that annual layers could be identi-

fied by different densities of snow, so winter accumulation could be determined by counting the 

layers in snow pits.  Ablation was measured by means of ablatographs—instruments designed 234

to record the lowering of the surface level of the glacier—and graduated stakes shoved into the 

snow in the spring: as the snow melted or evaporated the surface lowering could be read off the 

stake (Figure 4.2).  Rates of ablation and accumulation had to be averaged over multiple sites 235

and multiplied by the area of the glacier to obtain a result for the whole. 

 

 I specify “glaciological” here because today there are other ways of obtaining mass balance measurements in233 -
cluding using remote sensing techniques and the hydrological method.

 Annual summer layers could also be established by referencing layers of dust and dirt in snow. This was more 234

often true for alpine glaciers than for remote continental conditions such as those of Eismitte. Ahlmann’s attention to 
annual layers may have been inspired by his mentor, the Swedish geologist Gerard de Geer, who developed the 
method of counting varves—annually-deposited layers in strata—as a method in geochronology. Gerard De Geer, 
“A geochronology of the last 12, 000 years," in Eleventh International Geological Congress, Stockholm 1 (1912): 
241-253.

 The ablatograph was of a simple design. A float rested on the surface of the snow and was attached by a string to 235

a recorder that drew the movements of the float onto a roll of white paper. The movements of the float were checked 
against readings of calibrated stakes placed in the snow beside it.
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Figure 4.2: A feature of the Ahlmannian technical landscape 
An ablatograph on the Isachsen Plateau, June 1934. The roll of white paper seen on the left is the recording mecha-

nism, below is the float, resting on the snow surface, connected to the recorder by a string. To the right is the protec-
tive hood that sits over the instrument when not in use; between the hood and the recorder is the calibrated gauge 
used for the control measurements. Image: From Hans W. Ahlmann, “Determination of the Ablation of Snow and 

Ice,” Geografiska Annaler 17 (1935): Figure 2.  

  

 Calculating a glacier’s regimen in this way, Ahlmann pointed out, was far superior to 

documenting termini fluctuations. It was a direct, immediate measure of a glacier’s status, a 

quantitative (as opposed to photographic) snapshot of its health. Regimen studies made it possi-

ble, at least in theory, to determine if the whole glacier was gaining or losing mass and whether 

the terminus fluctuations reflected this state or were responding to past changes in the glacier’s 

history. Termini fluctuations, as glacier researchers at the time knew, were the result of changes 

higher up in the accumulation zone. Yet, not knowing the mechanisms by which upslope changes 
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translated to terminus fluctuations, or the lag time involved in transmitting those changes, ren-

dered termini fluctuations of limited value for assessing the overall status of a glacier, or for ex-

plaining why one glacier was thrusting forward while others nearby were retracting. Regimen 

studies brought them closer to understanding the source of such fluctuations. 

 In practice, Ahlmann’s methods were limited by sampling techniques. Accumulation and 

ablation rates differed over a glacier’s topography; measurements could be thrown off by wind 

drifts or shadowed areas. Ideally, snow pits were dug and stakes placed at multiple locations 

around the glacier to obtain a better overall picture and to account for exogenous variables, but 

such efforts only mitigated the problem, they didn’t solve it. Furthermore, to determine how 

much water was lost in an ablation season, glaciologists had to be certain they accounted for any 

loss through tributary streams flowing off the ice. This was rarely a simple task, particularly in 

the case of large glaciers such as Vatnajökull, Europe’s largest glacier system and the site of 

Ahlmann’s 1936 fieldwork. His regimen work there was criticized for not accounting for all of 

the possible sources of water loss on the massif.  Ahlmann’s aspirations and rhetoric did not 236

always match what his approach actually allowed him to do in the field.  

 The “instrumentalized glaciers” (to borrow a phrase from his colleague, Gordon Manley) 

studied by Ahlmann and those who followed in his footsteps were much more than the object of 

study: they were the site and geographical condition of that study, and as such, they didn’t al-

ways make field work easy.  This was manifest in his Vatnajökull studies, which illustrated 237

 Sharp to Field, 15 June 1948, box 165, folder 5, AGS records. Reading Ahlmann’s popular narrative of the expe236 -
dition, it is a wonder they managed to do any science under the snow conditions they experienced on the ice cap. On 
a few occasions, party members had to take turns digging out their tents throughout the night to keep from being 
buried. Hans W. Ahlmann, Land of Fire and Ice (London: Kegan Paul, Trench, Trubner and Co., Ltd., 1938).

 Sverker Sörlin, following Ahlmann’s colleague the geographer Gordon Manley’s characterization of Ahlmann’s 237

work as the “instrumental era” of glaciology, refers to the glaciers Ahlmann studied as instrumentalized glaciers. 
Sörlin, “Anxieties,” 84.
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what could and could not be achieved on the ice. Although instrumentalized, the glacier still es-

caped the bounds of the technical apparatuses applied to it. Ahlmann’s struggles to capture a 

complete set of measurements on Vatnajökull point to the difficulties of accurate measurement in 

the field when the object of study is a landscape that dwarfs the scientist and the instruments, and 

the imperfect, incomplete nature of technical landscapes.   238

 Consider his fifty-two day expedition to the Isachsen Plateau with Norwegian oceanogra-

pher Harald Sverdrup and two assistants (one Swedish, one Norwegian) in 1934. Ahlmann and 

his Swedish assistant attended to the glaciological observations; they measured the temperatures 

and densities of snow at differing depths, examined the size and shape of snow and ice crystals, 

measured solar and ambient radiation, and determined accumulation rates by analyzing layers in 

snow pits, and ablation rates using an ablatograph manufactured especially for him by the Bergen 

meteorologist Olaf Devik (Figure 4.2). Sverdrup, who was interested in the processes of energy 

transfer between the atmosphere and water surfaces, was responsible for the bulk of the meteoro-

logical measurements.  He and the Norwegian assistant made hourly measurements of wind 239

velocity, ambient temperature, and humidity at varying heights above the snow surface. They 

were meticulous in their data collection and walked away from the expedition with over 20, 000 

 There is an extensive literature on applying laboratory techniques in the field. See Robert E. Kohler, Landscapes 238

and Labscapes: Exploring the Lab-Field Border in Biology (Chicago: Univ. Chicago Press, 2002); Robert E. Kohler, 
“Place and Practice in Field Biology,” History of Science 40 (2002): 189-210; Henrika Kuklick and Robert E. 
Kohler, eds. “Introduction: Science in the Field,” Osiris 11 (1996): 1-14; Matthew Farish, “The Lab and the Land: 
Overcoming the Arctic in Cold War Alaska,” Isis 104, no.1 (2013): 1-29; Jeremy Vetter, ed, Knowing Global Envi-
ronments: New Historical Perspectives on the Field Sciences (New Brunswick, NJ: Rutger Univ. Press, 2011); 
Naomi Oreskes, Science on a Mission: American Oceanography from the Cold War to Climate Change (Chicago: 
Chicago Univ. Press, 2019). Janet Martin-Nielsen has poignantly demonstrated the environmental limitations on 
technical field science in her study of the U.S. Army’s work at Camp Century on the Greenland Ice Sheet. See Mar-
tin-Nielsen, “Other Cold War.”

 Robert Marc Friedman, The Expeditions of Harald Ulrik Sverdrup: Contexts for Shaping an Ocean Science, (San 239

Diego: Scripps Institute of Oceanography, 1994), 22.
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data points.  Virtually all of the expedition’s measurements, whether they were made by 240

Swedes or Norwegians, focused on what took place in the space directly above and below the 

glacier’s surface. 

 Ahlmann focused on regimen studies and micrometeorological studies because he wanted 

to know precisely how glacier ice responded to its immediate climatological environment. He 

maintained that only this kind of fieldwork, using specialized instruments, done in the spirit of 

Eismitte, and honed to greater precision and thoroughness, could lead to understanding glaciers 

as registers of climate. Glaciologists, Ahlmann maintained, knew “very little about the meteoro-

logical reasons of [glaciers’] existence and variations in size, about their structure, movement, 

and other features.” The way to remedy this defect was to attend to the meteorological factors 

impinging directly on the glacier’s surface—the proximate causes for a glacier’s gaining or los-

ing of energy and mass. This zone, hovering just above and below the surface, was more impor-

tant for understanding glacier behavior than were the solar cycles championed by some scien-

tists.  The meteorological reasons behind glacier behavior were to be found in the inches above 241

the surface of the firn and ice. What effects did wind velocity have on ablation rates? How was 

surface evaporation affected by radiation, humidity, and ambient air temperature? Until such 

questions could be answered, he asserted, glaciers could not be “utilized as the climatographical 

 Friedman, Expeditions of Harald Ulrik Sverdrup, 24. 240

 He did not deny that glacier fluctuations were cyclical but rather that their fluctuations would be better explained 241

by attending to climatic influences. He rejected the dominant explanation of cyclical glacier fluctuation: Forel’s so-
lar influences. See Hans W. Ahlmann, “Glaciers of Jotunheim and Their Morphologies,” Geografiska Annaler, 4 
(1922): 50. With this insistence on precise measurements and observations made using new instruments, it seemed 
that glacier study was moving beyond the realm of the amateur. In a back-handed complement of Gerald Seligman’s 
Snow Structure and Ski Fields, which aimed at both glacier researchers and recreational skiers. In his review, 
Ahlmann noted that the Seligman’s work on the structures and types of snow crystals was a move in the right direc-
tion and looked forward to when it would be much improved when “assisted by fully qualified physicists.” Hans W. 
Ahlmann, “Review: Snow Structure and Ski Fields by C[sic]. Seligman,” Geografiska Annaler 19 (1937):141.

!124



registrars” they really were.  In the 1920s and 1930s, Ahlmann was in the process of establish242 -

ing what Sverker Sörlin has termed a “microgeography of authority,” in which precise micro-

measurements of an “instrumentalized glacier” produced physical knowledge of snow and ice 

that could be generalized to the whole glacier and beyond to broader contexts.   243

 Ahlmann made his microgeographies of glacier ice speak to global questions through his 

theory of polar warming. In the course of his field studies in circumpolar Scandinavia, he had 

noticed a negative trend in the glaciers he studied: the Jotunheim glaciers, the Fourteenth of July 

glacier on the Isachsen Plateau, Iceland’s Hoeffellsjökull, and Greenland’s Fröya glacier were all 

showing negative regimens by the late 1930s. After many years of advance, with the occasional 

retreat, glaciers in every corner of the European North Atlantic, as the Commission Interna-

tionale des Glaciers had surmised earlier, seemed to be shrinking. This, Ahlmann suggested to an 

audience at the Royal Geographical Society in 1946, was proof of a recent climatic “improve-

ment,” that could be attributed to changes in atmospheric circulation which brought warmer air 

to higher latitudes for longer periods of time.  His work on the micrometeorological factors 244

impacting glacier surface melt suggested that extended ablation seasons made more of a differ-

ence to glacier regimens than did higher winter accumulation levels. Thus, it would seem, longer 

stretches of mild weather would have considerable impact on the glaciers. “Improvement,” or 

 Hans W. Ahlmann, “Foreward,” Journal of Glaciology 1, no. 1 (1947): 3.242

 Sörlin’s argument situates Ahlmann’s efforts at building authoritative knowledge within a broader context of site-243

specific knowledge production that included local knowledge and assistance and the establishment of a “school” of 
glaciological research at Tarfala in the 1940s. The elements of Ahlmannian school of glaciology were, however, al-
ready present in his earlier work and can be understood as part of long-standing efforts to ground the authority of 
glaciological knowledge in the instrumentalized study of microscopic features of snow, ice, and the meteorological 
factors at the surface of a glacier. Sverker Sörlin, “A Microgeography of Authority: Glaciology and Climate Change 
at the Tarfala Station, 1945-1980,” Understanding Field Science Institutions, ed. Patience Schell, Christer Nordlund, 
Karl Grandin, and Helena Ekerholm (London: Science History Publications, Ltd., 2018), 257.

 Ahlmann, “Researches on Snow and Ice,” 14-23. 244
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“amelioration,” as it was also called, sounds today like the work of a public relations spin doctor 

wanting to make climatic change more palatable, but for Ahlmann, who did not think the warm-

ing was due to anthropogenic factors, it seemed that a bit of warming would improve life and 

agriculture in high latitudes.   245

 Ahlmann used this hypothesis of polar warming to advocate for more geophysical 

glaciology, encouraging others to make studies like his on glaciers around the world. Only then 

could the extent of the observed recession be properly determined. Observations from the south-

ern hemisphere were particularly valuable: “If we find in the Antarctic similar evidence of the 

present climatic fluctuation as has been found in other parts of the world,” he speculated, then 

perhaps climatic amelioration was being caused by solar cycles. If not, the perspective on the 

problem changed, suggesting that the polar warming was caused by meteorological factors that 

expressed themselves according to regional differences. In advocating for his geophysical ap-

proach to glacier field work, Ahlmann provided a template for the ideal glacier: it must be small, 

of simple geometry, relatively accessible to research parties, and have a well-documented history 

of its fluctuations and regional weather records.  246

 Ahlmann published lengthy reports on glaciological fieldwork in English in Geografiska 

Annaler (the journal of the Swedish Society for Anthropology and Geography), and in the British 

 Ahlmann first mentioned the possibility of a polar warming in 1943. His theory relied heavily on the work of 245

Gordon Manley, one of his champions at the Royal Geographical Society, according to whom, Norway’s climate 
was becoming warmer and more maritime. Hans W. Ahlmann, “The Present Climatic Fluctuation,” Geographical 
Journal 112, no. 4/6 (1948): 172-176. Gordon Manley, “Some Recent Contributions to the Study of Climatic 
Change,” Quarterly Journal of the Royal Meteorological Society 70, no. 305 (1944): 212.

 Ahlmann, “Present Climatic Fluctuation,” 190. See also Hans W. Ahlmann, “The Contributions of Polar Expedi246 -
tions to the Science of Glaciology,” Polar Record 5 (1949): 330. In the capacity of a “science diplomat,” he was an 
organizer of the Norwegian-British-Swedish Expedition to Antarctic (1949-52), which sought to establish the state 
of Antarctic glaciers. The expedition members found no evidence to suggest Antarctic glaciers were anything less 
than vigorous and healthy, yet by that point, Ahlmann had moved on to a career as a political diplomat. Sörlin, 
“Anxieties,” 81.

!126



and American periodicals Journal of Glaciology, Geographical Review, and Geographical Jour-

nal. Through these venues, his work reached English-speaking scientists, particularly those with 

training in geography. Bill Field, whose education and post at the American Geographical Soci-

ety kept him in close contact with geographers and their work, was particularly influenced by the 

Swedish scientist. Glaciology proper, Field said—by which he meant glaciology in the geophysi-

cal mode—began with Ahlmann’s work.  247

2. The Weissfluhjoch and Jungfraujoch research stations: Geophysical glaciology in Switzerland 

 Ahlmann was not the only scientist who stressed the importance of close physical studies 

of glacier ice in the early twentieth century. Building on nineteenth-century efforts, European 

scientists built alpine research stations on the névés of Swiss glaciers where they applied novel 

instruments and developed techniques designed to reveal the microstructures of glacier ice and 

determine exactly how it flowed. They experimented with ice core drilling, crystallography, and 

 William O. Field, “Glaciers,” Scientific American 193, no. 3 (September 1955): 90. The glaciologist Chester 247

Langway, referred to Ahlmann and Sverdrup’s work in the 1930s as the “beginning of systematic glacier measure-
ments.” Chester C. Langway, Jr., History of Early Polar Ice Cores (U.S. Army Cold Regions Research and Engi-
neering Laboratory, 2008), 5. Patrick Baird and Robert P. Sharp credited Ahlmann with the idea that problems of 
glacier-climate interactions required “a deeper study of the processes of existing glaciers.” Patrick Baird and Robert 
P. Sharp, “Glaciology,” Arctic Research: The Current Status of Research and Some Immediate Problems in the North 
American Arctic and Subarctic, Special Publication no. 2 (1955): 29. Ahlmann was celebrated by his peers as an 
architect of Anglo-Scandinavian scientific cooperation. See Laurence P. Kirwan, Carl Mannerfelt, Carl-Gustaf Ross-
by, and Valter Schytt, “Glaciers and Climatology: Hans W. Ahlmann’s Contribution,” Geografiska Annaler 31 
(1949): 13.

!127



seismic soundings.  Like Ahlmann, they were rethinking glaciers in terms of their basic physi248 -

cal component: frozen water. They were not alone. In 1916, the Polish Antoni Bolesław Do-

browolski wrote a 940-page account of all forms of frozen water in his Natural History of Ice. In 

this work, he advocated for  the study of snow and ice under a single science of “cryology”—the 

study of frozen water in all of its instantiations. But the book was not published until 1923 when 

it was released in Polish with a French summary of the chapter contents. In the Soviet Union, 

Petr Shumskii was also studying frozen ice as if it were a rock formation and urging glaciologists 

to prioritize the processes of glaciation over the phenomena of glaciers. Both Dobrowolski and 

Shumskii used crystallography to study the physical structures of forms of frozen water. This re-

search was unavailable to North American glaciologists until after the International Geophysical 

Year when world data collection centers facilitated better exchange. Dobrowolski’s and Shum-

skiy’s work was not widely read by North American glaciologists until the 1960s, and at that 

time arranging for Soviet glaciologists to visit the United States proved largely futile.  Swiss 249

 Between the 1880s and 1920s, European glacier scientists experimented with geophysical theories and field ex248 -
perimentation techniques. Albert Heim’s 1885 Handbuch der Gletscherkunde was the first text to deal with glacier 
ice from its mircrostructural properties up to its worldwide distribution. It was followed in 1904 by Hans Hess’s Die 
Gletscher. Prior to the twentieth century, there were several theories that explained the motion of glacier ice, includ-
ing the idea that they ice was pushed downhill by an ever-growing aggregate of crystals (an idea held by the Swiss 
scientist F. J. Hugi), and one which held that glaciers grew and moved when melt water that had percolated through-
out the ice during the summer months refroze in the winter (first proposed in 1705 by Jakob J. Scheuchzer and 
adopted and modified by supporters throughout the nineteenth century). By 1900, two main theoretical camps had 
emerged for explaining the flow of glacier ice: the theory of plastic flow, which held that individual molecules or 
crystals moved; and the theory of laminar flow, according to which ice crystals bonded into laminae, or sheets, that 
slid along basal planes. In the 1899, Hans Hess drilled into Alpine glaciers to take their temperatures; he found that 
the ice was at the melting point (for that altitude) as far down as he could drill. In 1928, W.H. Bragg and W.H. 
Barnes apply x-ray analysis to water crystals and in the 1920s and 1930s a number of Swiss scientists, including 
Sebastian Finsterwalder, S. Weinberg, C. Somigliana, and M. Lagally begin calculating glacier flow patterns using 
mathematics. See Gerald Seligman, “Research on Glacier Flow. An Historical Outline,” Geografiska Annaler 31 
(1949): 228-238. Seismic technology was first applied to measuring glacier depths in 1926 when German scientist 
Hans Mothes sounded glaciers in the eastern Alps. Hans Mothes, “Dickenmessungen von Gletschereis mit seismis-
chen Methoden,” Geologischer Rundschau 17 (1926): 397-400.

 Petr A. Shumskii, Principles of Structural Glaciology, trans. David Kraus (New York: Dover Publications, 1964), 249

1-2. Although Principles of Structural Glaciology was translated in 1964, arranging for him to visit the United States 
in the years following the IGY proved a protracted and fruitless endeavor. Field to Shumskiy, 30 July 1956; Kaplan 
to Beloussov, 07 July 196; Field to Odishaw, 02 July 1963; Hart to Field, 07 July 1964, folder 9, box 15, series 8, 
Field papers.
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glaciologists, on the other hand, exerted considerable influence on the research agenda, field 

techniques, and visual culture of North American glaciology in the first half of the twentieth cen-

tury. 

 In Switzerland, the physical study of snow and ice began as a matter of practical concern. 

Avalanches posed a risk to the train lines, recreationalists, and residents of this mountain-bound 

nation. In 1931, a group of scientists and government officials met under the chairmanship of the 

Chief Inspector of Forestry to form the Snow and Avalanche Research Commission. Detailed 

understandings of avalanches required close study of the structures and movements of snow and 

ice. Not unlike the situation in the Canadian Rockies at the turn of the twentieth century, glacier 

research was supported by institutions with vested interests in mountain tourism: the commission 

received funding from the Swiss Alpine Club and the Parsenn Railroad.  In 1935, with support 250

from the Federal Institute of Technology in Zurich, they built a laboratory out of snow near the 

famous ski town of Davos (Figure 4.3). The following year they moved the research station into 

a wooden shed 2540 meters above sea level on the glaciated slopes of the Weissfluhjoch over-

looking the town. After the war, the station was further expanded to serve as housing, storage, 

and a setting for sub-zero experiments that blurred the line between field experiment and labora-

tory experiment.  At the Weissfluhjoch station, engineers, petrologists, hydrologists, meteorol251 -

 Henri Bader et al., Snow and its Metamorphism (Wilamette, Il: Snow Ice Permafrost Research Establishment, 250

1954), iii-iv.

 In 1942 the Swiss government injected more money into the station and it moved to the larger quarters that serve 251

as the center of the station today. Knowledge of avalanche prevention proved its strategic worth during the war and 
once it was over the station received an upgrade and permanent refrigeration facilities. Bader, Snow and its Meta-
morphism, iii. Jürg Sweizer, “Beginning of Snow and Avalanche Research and SLF,” accessed January 18, 2018. 
https://www.slf.ch/en/about-the-slf/portrait/history/beginnings-of-snow-and-avalanche-research-and-the-slf.html; 
Robert Haefeli, “The Development of Snow and Glacier Research in Switzerland,” Journal of Glaciology 1, no. 4 
1948: 193.
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ogists, and geologists applied their respective expertise to understanding snow and ice as prob-

lems in physics and chemistry. 

 

Figure 4.3: Laboratory at the Weissfluhjoch, 1935 
Note the walls of snow. Image: SLF archives, accessed January 18, 2018, https://www.slf.ch/en/about-the-slf/por-

trait/history/beginnings-of-snow-and-avalanche-research-and-the-slf.html. 

 The research agenda that bound together such a diverse array of scientists can be gleaned 

in the work and writings of one of the key scientists at the Weissfluhjoch, the mineralogist Henri 

Bader who later became an important link between Swiss and American glaciology after he 

moved to the United States. He taught at Rutgers University before joining the Army’s Snow, Ice 
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and Permafrost Research Establishment (SIPRE) and later the University of Miami.  Bader re252 -

garded glacier ice as a problem in petrology—the study of the origins, composition, and small-

scale structures of rocks. Petrology has its roots in the early years of the twentieth century, when 

German and American geologists experimented with ways of physically modeling the processes 

by which minerals and rocks formed. A branch of the geological sciences, its presence in the new 

glaciological toolkit reminds us that the boundaries between the various branches of the earth 

sciences are not always sharply defined. 

 “Almost all basic problems of petrology,” Bader wrote, “come to the fore during the 

study of snowfall, of the snow cover and its changes, and of the formation of firn and 

glaciers.”  He believed the experimental techniques developed for the study of rocks, metals, 253

and soils—particularly those of crystallography and soil mechanics—should be applied to snow 

and ice structures and their metamorphisms. Yet, he maintained that, unlike in petrology, in 

glaciology, the field was ineliminable. Many petrological laboratory experiments used commer-

cially produceable materials. Snow, on the other hand, as a naturally-occurring geological sub-

stance, was subject to a host of conditions that could not be reproduced in the lab. “Artificial 

snow formation and transformation in the laboratory,” he held, could “only serve to clarify basic 

principles.”  Glaciology could not simply move into the lab, the lab had to come to the glacier. 254

 With its roots in the Snow and Avalanche Research Commission, the agenda of the early 

researchers on the Weissfluhjoch focused on the structures and micro-movements of snow that 

could potentially aggregate into destructive events. The manner by which snow became glacier 

 Bader eventually left SIPRE to join the faculty at the University of Miami.252

 Bader et al., Snow and its Metamorphism, p. ix.253

 Bader et al., Snow and its Metamorphism, p. xi.254
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ice—“firnification”—was not a priority for them.  Firnification and the formation of glacier ice 255

were priorities for another research station installed in the Swiss Alps at this time. The Jungfrau-

joch station, established by British skier and self-taught glaciologist, Gerald Seligman, was simi-

lar to the Weissfluhjoch in many ways, but the research agenda pursued there emphasized the 

microscopic processes of transformation that snow and firn underwent in becoming glacier ice. 

Seligman came to the study of snow and ice through family ski trips to the Alps. Under his direc-

tion, Ski Notes and Queries, the journal for the Ski Club of Great Britain, became a venue for 

publications on snow structure and avalanches.  In 1937 he and a number of scientists from 256

Cambridge’s Cavendish laboratory travelled to the Jungfraujoch, above Switzerland’s largest 

glacier, the Great Aletsch. The Jungfraujoch, like the Weissfluhjoch, was accessible by rail, and 

the Jungfrau railway provided the scientists with power to run their equipment. The British sci-

entists dug a cavern into the ice apron below a peak called the Sphinx, which served as their cold 

laboratory. The following year, they spent the winter months carrying out field studies, taking the 

first systematic measurements of an Alpine glacier's temperature to any significant depth, study-

ing the distribution of meltwater within the firn, and determining the distribution of snow and ice 

 Bader et al., Snow and its Metamorphism, ix, xiv, xv.255

 Peder Roberts, The European Antarctic: Science and Strategy in Scandinavia and the British Empire, (New York: 256

Palgrave Macmillan, 2011), 106; G. Hattersley-Smith, “Seligman, Gerald Abraham (1886-1973),” Oxford Dictio-
nary of National Biography, accessed February 24, 2017, http://www.oxforddnb.com.exp-prod.hul.harvard.edu/
view/article/51701.
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crystals of different shapes and sizes.  The work at the Jungfraujoch applied experimental and 257

quantitative techniques from a variety of earth sciences to the study of glacier phenomena and 

processes; François Matthes called it “epoch-making.”  258

 Ahlmann, Bader, Seligman, and their colleagues worked to define glaciological field sci-

ence by advocating certain conceptions of the object of study (snow and ice as physical phenom-

ena), appropriate methods of analysis (crystallography, microscopy), and preferred research sites 

(permanent field stations on the névé). Their vision required a geographical change. The sites of 

glacier study moved from transient points near the termini to permanent, or semi-permanent re-

search stations set in the areas of accumulation. Motivated by questions about the physical fea-

tures of current glaciers (rather than the geological traces of historical ones), they focused on 

structural understandings of snow and ice that could be determined quantitatively by applying 

actinographs (measures solar radiation), ablatographs, and ram penetrometers (measures resis-

tance of snow layers). Their efforts developed in conjunction with one another. Seligman cited 

Ahlmann and Bader’s work as early influences on the researches at the Jungfraujoch, and Bader 

and Ahlmann cited the work of Seligman’s group. From different angles, then, European scien-

 Microscopy was crucial for this work. They collected sections of firn and snow from various elevations on the 257

glacier. By examining the crystals at different stages in transformation of firn into glacier ice, they found that the 
porous, homogenous snow crystals of the firn were transformed into the large-scale processes of recrystallization 
under deformational stresses rather than through compaction and refreezing of interstitial melt water. They found 
that, depending on the conditions, both plastic flow and laminar flow occurred in glacier ice, thus taking a step to-
ward putting to rest long-standing arguments about flow mechanics. By the 1950s, the microscope was considered 
so central to glaciological methods, the Journal of Glaciology ran an essay claiming the early-modern microscopist 
Robert Hooke as an “early discoverer” for the discipline. See Max F. Perutz and Gerald Seligman, “A Crystallo-
graphic Investigation of Glacier Structure,” Trans. Royal Society 172, no. 950 (1939): 335-360; Thomas P. Hughes 
and Gerald Seligman, “The Temperature, Melt Water and Movement and Density Increase in the Névé of an Alpine 
Glacier,” 1939; Max Perutz, “Mechanism of Glacier Flow,” Proc. Physical Soc. 52, no. 1 (1940): 132-135; Robert P. 
Sharp, “Glaciological Work of the British Jungfraujoch Research Party,” Journal of Geology 56, no. 5 (1948): 
498-500; Seligman, “Research on Glacier Flow,” 235; British Glaciological Society, “Early Discoverers VI: Robert 
Hooke,” Journal of Glaciology 1, no. 10 (1951): 576-577.

 François Matthes, “Max Harrison Demorest,” EOS Transactions of the American Geophysical Union 24, no.1 258

(1943): 13.
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tists were working to establish the boundaries that defined glaciology as a geophysical field sci-

ence engaged in long-term, on-site studies of snow, ice, and their immediate surrounding condi-

tions.  259

 These shifts in the regime of glacier research were reflected in the visual representations 

employed by the scientists working in Switzerland and Scandinavia. Repeat termini photographs 

are relatively rare in their publications. Instead, readers find stereograms illustrating the orienta-

tions of snow and ice crystals, charts, graphs, and plenty of equations. Ahlmann’s voluminous 

reports in Geografiska Annaler featured graphs of ablation and accumulation rates gathered over 

different months and at varying elevations, and meteorological data organized in tables and 

charts (Figure 4.4).  Photographs were used to illustrate general features of landscapes or de260 -

pict aspects of camp life: dog and sleds, tents pitched in snow trenches, portraits of instruments 

and the men using them. Similarly, the publications from the Swiss research stations included 

diagrams of idealized glaciers, stereograms, equations, and graphs. Photographs showed close-

ups of glacier features such as blue bands, and microphotographs revealed the invisible structures 

of ice and firn. In geophysical glaciology, photographs did not disappear, but they now played a 

different, less epistemic role. 

 Thomas Gieryn’s concept of boundary-work is useful for thinking about these multi-prong efforts to establish 259

geophysical glaciology. Boundary work refers to the practical ways scientists demarcate between what they believe 
to be science from what they believe to be non-science; how they legitimize certain projects or ideas while at the 
same time, delegitimating others through day to day interactions and choices. Thomas Gieryn, “Boundary-work and 
the Demarcation of Science from Non-Science: Strains and Interests in Professional Ideologies of Scientists,” Amer-
ican Sociological Review 48, no. 6 (1983): 781-95. 

 “Results of the 1934 Norwegian-Swedish Spitsbergen Expedition” came out in eleven parts, totaling 424 pages. 260

His earlier report on the Stygeddal glacier, and his later ones on Iceland’s Vatnajökull and the Frøya in Greenland 
were also published in multiple issues in that journal.
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Figure 4.4: Visualizations in geophysical glaciology 
Left: Bar chart depicting mean ablation rates on Vatnajökull, from Sigurdsson and Ahlmann (1938). From Hans 

Wilhelmsson Ahlmann and Sigurdur Thorarinsson, “Vatnajökull. Scientific Results of the Swedish-Icelandic Inves-
tigations, 1936-37-38. Chapter V,” Geografiska Annaler 20 (1938): 194. Right: Temperature-density curve, from 
Ahlmann (1933). From Hans Wilhelmsson Ahlmann, Anders Ångström, and Jonas Ekman Fjeldstad, “Scientific 

Results of the Swedish-Norwegian  Arctic Expedition in the Summer of 1931, Part IX-X,” Geografiska Annaler 15 
(1933): 330. 

  

✷ ✷ ✷ 

 The research done at the stations in the Swiss Alps differed slightly from Ahlmann’s cir-

cumpolar glaciology in ways that were apparent to Ahlmann and his contemporaries. Reflecting 

on these differences, the Swedish scientist distinguished between two branches of glaciological 

research: the study of the physical properties of snow, ice, and firn, and the study of the glacier’s 
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regime and meteorological factors. Seligman, Bader, and their colleague Max Perutz—later a  

Nobel laureate for his work on the structure of hemoglobin—represented the former branch, and 

on the whole were not terribly concerned with glacier-climate interactions. Ahlmann’s approach, 

on the other hand, placed glacier-climate interactions at the fore. Despite these differences, 

Ahlmann saw the two branches as intimately connected; the second presumed the first.  From 261

the vantage point of the historian, we can see their research agenda, techniques, and practices in 

the field appear as two strands in a single rope—that of geophysical glaciology. Both the Scandi-

navians and the western Europeans turned away from the agenda of glacier naturalists (rooted in 

concerns about ice ages and relying on photography and surveying as primary techniques in the 

field). Both approaches rejected the idea that it was enough to document termini fluctuations and 

correlate them with vaguely regional climatic changes. Seeking greater precision in field glaciol-

ogy, geophysical glaciologists focused on the internal structures and workings of glacier ice and 

snow using new instruments and quantitative techniques. 

  

3. Geophysical glaciology comes to North America 

 In 1947, Bill Field was at a conference in Toronto, conversing with his former AGS col-

league Walter Wood and the English-Canadian engineer Robert Ferguson Leggett. Wood was an 

accomplished alpinist trained in geography and mapping. He was, in many ways, the consum-

mate gentleman explorer, cast from the mold of the heroic era in polar exploration: wealthy and 

well-connected, he was adept at securing funding for expeditions all over the globe. Since 1946, 

 Bader et al., Snow and its Metamorphism, xix; Hans W. Ahlmann, “Glaciological Methods,” Polar Record 4, no. 261

31 (1945): 315.
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he had dreamed of establishing a permanent montane research station on an Alaskan glacier.  262

At the time of the conference, he had just moved from the AGS to the Arctic Institute of North 

America (AINA), a new bilateral agency devoted to promoting research on arctic topics. Leggett 

was an expert in northern engineering; during the war he had led a committee on geo-technical 

engineering that focused on permafrost, peat, ice, and snow in the north. The three men shared a 

desire for an Ahlmann-type study of a North American glacier.  They agreed that North Ameri263 -

can glaciologists had done considerable research on termini fluctuations, but little had been done 

on the accumulation area, the origin for terminus behavior. They also knew that research into 

cold weather regions, snow, and ice had become priorities for both of their governments. The 

Second World War spurred American efforts to improve mountain and cold weather military op-

erations when it became clear that the United States was ill-prepared for cold weather combat. 

Canadian interest was motivated by mid-century visions of Canadian nationalism rooted in ideas 

about the north, and (not unrelated) concerns over circumpolar sovereignty that were made more 

pressing by the rise of Soviet Russia. Both nations were invested in the “epistemic control of the 

 Born in New York, he spent much of his youth in Switzerland. He studied photogrammetry at the Zurich Eid262 -
genösshische Technische Hochschule; upon returning to the United States, he completed the American Geographical 
Society’s School of Surveying. Biographical details of Wood’s life are taken from: Peter H. Wood, “Walter Abbott 
Wood (1907-1993),” Arctic 47, no. 2 (1994): 203-204, and Wolfgang Saxon, “Walter A. Wood is dead at 85, World 
Explorer and Geographer,” New York Times, May 20, 1993, B11. On the heroic polar explorer see Lisa Bloom, Gen-
der on Ice: American Ideologies of Polar Exploration (Minneapolis: Univ. Minnesota Press, 1993); Francis 
Spufford, I May Be Some Time: Ice and the English Imagination (New York: Picador USA, 1997).

 Wood to Sharp, 07 October 1947,  folder 1, box 343, AGS records. Wood and Leggett would later become AINA 263

colleagues when Leggett became a governor of the institute in 1953.
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North” and knowledge of glacier ice—glacier being pre-eminent features of northern environs— 

would play a part in this search for control.  264

 Within a year, Wood and Field were in charge of Ahlmann-type research programs on 

North American glaciers. Wood’s and Field’s efforts led to the first sustained attempts to study 

North American glaciers in the new way. The influence of European glaciology on North Ameri-

ca can be seen in isolated field experiments such as geologist Richard Goldthwait’s attempts to 

use seismic techniques to measure the thickness of the Crillon glacier in 1934.  And prior to the 265

war, at a meeting of the American Geophysical Union, François Matthes had argued for a reori-

enting of the disciplinary home of glaciology from geology to hydrology. Matthes’ arguments for 

thinking of glaciers as objects of hydrological study, rather than geological, signal a change in 

glaciological research priorities. Glacier naturalists were often trained in geology or geography, 

and understood existing glaciers as windows onto geological history. The Vauxes and early glaci-

er naturalists in Alaska regarded glaciers as the fossilized remains of ice ages, seeing the present 

 Edward Jones-Imhotep, The Unreliable Nation: Hostile Nature and Technological Failure in the Cold War 264

(Cambridge, Ma: MIT Press, 2017), 35. For the American story, see below. For the Canadian story, see Liza Piper, 
“Introduction: The History of Circumpolar Science and Technology,” Scientia Canadensis 33, no. 2 (2010): 1-9; 
Carl Berger, “The True North Strong and Free,” in Nationalisms in Canada, ed. Peter Russell (McGraw-Hill, 1966); 
Shelaugh D. Grant, “Myths of the North in the Canadian Ethos,” Northern Review no. 3/4 (1989): 15-41; Sherrill 
Grace, Canada and the Idea of North (McGill-Queen’s University Press, 2007).

 See Richard P. Goldthwait, “Seismic Sounding on South Crillon and Klooch Glaciers,” Geographical Journal 87, 265

no. 6 (1936): 496-511. Although I am concerned with field glaciology, it is worth noting that the laboratory studies 
of the British also inspired innovations in the United States. Seligman’s account of firnification, arrived at by analyz-
ing samples analyzed in the field, encouraged Max Demorest to replicate the differential stresses of a glacier in a 
cold laboratory in New Haven, Connecticut. Demorest’s results and hypotheses about “instantaneous recrystalliza-
tion” and the mechanics of glacier flow were seen by many of his countrymen as the most promising glaciological 
work outside of Europe. In his cold laboratory where “woollen underwear” was a “scientific necessity,” Demorest 
used samples of ice taken from the glaciers of Mt. Rainier to show how small, relatively uniform firn crystals reori-
ented themselves into large, interlocking grains of glacier ice when subjected to stress. In doing so he verified 
Seligman’s account of crystal realignment from 1938. Demorest’s death in 1942 in a crevasse in the Greenland ice 
cap was mourned as a loss to American glaciology. “America’s most promising young glaciologist lies entombed in 
a crevasse of the Greenland ice sheet,” wrote Robert Sharp. Sharp, “Outline of Glaciological Program for St. Elias 
Range Research Station,” 4,  folder 15, box 341, AGS records. See Max H. Demorest, “The Rock Called Ice” 
Transactions of the New York Academy of Sciences Series II 3, no. 2 (1940): 26, 28; Demorest, “Ice-Deformation in 
the Flow of Glaciers,” EOS 1941, 525; Demorest, “Processes of Ice Deformation Within Glaciers,” Journal of 
Glaciology 2, no. 13 (1953): 212; Matthes, “Max Harrison Demorest,” 14.
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in terms of the past. Their research found natural homes in Journal of Geology and the American 

Geographical Review. In the 1930s, following the lead of scientists such as Ahlmann, Seligman, 

and Bader, North American glacier researchers began calling for an understanding of glaciers 

focused on understanding the structural and dynamic aspects of present-day glaciers, rather than 

querying them as remnants of the past. This conceptual and disciplinary reorientation was a key 

element in the emergence of glaciology as a branch of geophysics.  266

 Geophysical glaciology came to the New World in practice with Project Cornice 

(1948-1951) and the Juneau Icefield Research Project (1948-1958). Project Snow Cornice was 

overseen by Wood at the Arctic Institute of North America, with its scientific program under the 

direction of Caltech glaciologist Robert P. Sharp. The Juneau Icefield Research Project (JIRP) 

was organized by Field at the AGS, with Harvard graduate, Maynard (“Mal”) Miller serving as 

field leader during the initial years. Snow Cornice and JIRP were long-term, on-site field studies, 

situated on Alaskan coastal glaciers and supported by American military agencies. In North 

America, geophysical glaciology coincided with post-war military patronage of science. 

 World War II spurred American efforts to improve mountain and cold weather military 

operations. In the winter of 1939/40, the success of a few hundred thousand Finnish soldiers 

against one million Russians demonstrated to the world the importance of knowing one’s envi-

 At the inaugural meeting of the Section of Hydrology in the American Geophysical Union (AGU) in May 1931, 266

François Matthes advocated for thinking of glaciers as objects of hydrological study (as opposed to geological). As 
forms of frozen water and as sites of water storage, glaciers were important elements in the hydrological cycle. 
Thus, he asserted, the study of “living” glaciers was the proper concern of hydrology. To support his point, Matthes 
cited the precedent of the International Union of Geodesy and Geophysics (after which the American Union was 
modeled and to which it sought to contribute), which founded its Commission on Glaciers under its hydrology sec-
tion in 1927. François Matthes, “Glacier Measurements in the United States,” note on Commission on Glaciers 
(draft, no date), folder 2, box 76, series 7, Field papers. The idea that glaciers were best understood as objects of 
hydrological study, rather than geological, was echoed by Harry Fielding Reid in his final paper on glaciers wherein 
he stated that the “relation between glaciers and hydrology is evident.” Harry Fielding Reid, “Glaciers and Geo-
physics,” EOS, Transactions of the American Geophysical Union 14, no. 1 (1933): 30.
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ronment. The Finns, clad in weather-appropriate clothing that camouflaged them against the 

snow and traveling quickly over country on skis, harried the road-bound, freezing Russian sol-

diers for three months. Although the Finnish resistance eventually crumpled, it showed what 

could be done when armies were equipped for specific environs. The German Wehrmacht knew 

this, as its over a dozen specialized mountain units attested. And the Swiss knew it. During the 

final months of peace in 1939, the prowess of Swiss mountain fighters’ practicing their maneu-

vers so impressed American climbers Robert Bates and C. Adams Carter, they returned home to 

lobby Secretary of War (and honorary member of the American Alpine Club) Henry Stimson and 

Army Chief George C. Marshall. Even before America entered the war, Stimson met with Bates, 

Carter, other members of the American Alpine Club, and the National Ski Patrol to assess the 

nation’s capacity for winter warfare. The meeting resulted in the eventual establishment of the 

Tenth Mountain Division and a new military focus on equipage and logistics in extreme envi-

ronments.  Mountaineers and glacier researchers, with their experience working at high alti267 -

tudes, were assets in evaluating and improving America’s ability to wage war in cold weather. 

 During the war, Wood and Sharp served in the Army’s Arctic, Desert and Tropical Re-

gions Information Center. Established in 1942 to address America’s ability to fight in non-tem-

perate regions, the Arctic was a priority from the beginning. Wood and Sharp were consultants 

on a variety of cold weather-related topics and conducted field tests of cold weather equipment in 

 Michael Sfraga, Bradford Washburn: A Life of Exploration (Corvallis: Oregon State Univ. Press, 2004), 100; 267

Maurice Isserman, Continental Divide: A History of American Mountaineering (New York: W.W. Norton & Compa-
ny, Inc, 2015), 262-266.
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the Alaska Range with mountaineer Bradford Washburn.  Field enlisted in the Army in 1942. 268

After a stint making training films in Ohio, his expertise in extreme environments was put to use 

at Ladd Airfield in Fairbanks where he worked as a camera man for a film about surviving plane 

crashes in cold weather areas.  Many of the Snow Cornice and JIRP’s junior scientists and field 269

workers also had military experience. After serving in the Navy or Army, they returned to pursue 

higher degrees, some on GI or ROTC scholarships. For example, Maynard Miller served in the 

Navy before attending Harvard on a Navy ROTC scholarship; and Snow Cornice assistant, 

George Rigsby, was a war pilot before becoming one of Sharp’s graduate students at Caltech.  270

The war introduced glaciologists (and future glaciologists) to military contacts and gave them 

valuable experience working with military agencies, educating them in the ways of martial bu-

reaucracies and lexicons. This positioned them well to tap into military coffers after the war. 

 After the conflict, military agencies sought experts on snow, ice, and extreme environ-

ments. The poles, particularly the Arctic, were crucial sites in the brewing Cold War. In Antarcti-

ca, the Cold War resulted in a “nuclear-free Antarctic.” In the Arctic, competition and tensions 

across the Iron Curtain cultivated a militarized landscape of geostrategic importance. Anticipat-

ing Soviet attacks via the most direct line over the Arctic Circle, American and Canadian gov-

ernments turned their attention toward transforming arctic lands and waters into what Janet Mar-

 In 1942, Wood, Bradford Washburn, mountaineers Robert Bates, Einar Nilsson, and Terris Moore (later president 268

of the University of Alaska) field tested equipment on Mount Denali. With the Army Air Force’s blessing, the latter 
four summited the mountain. Washburn returned for further field tests in 1944 when he and Robert P. Sharp led an 
overland test of emergency equipment carried by U.S. Army Air Force fliers over cold weather terrain. See Sfraga, 
Bradford Washburn, 100-145.

 Brown and Field, Camera in my Hands, 170-71. The film, Land and Live in the Arctic, is available on YouTube: 269

“Land and Live in the Arctic for World War 2 Airmen - 1944 (Restored), YouTube, accessed May 18, 2018,  “https://
www.youtube.com/watch?v=cYwkpDwv5io.

 Rigsby’s flying skill came in handy that summer when they chartered a plane for reconnaissance purposes. Miller 270

to Field, 15 June 1948, folder 40, box 164, AGS records.
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tin-Nielsen has termed landscapes of prediction and control. The Arctic thus became, in the eyes 

of government strategists, military hawks, and scientists, a zone of militarized knowledge pro-

duction. The physical elements that defined it—snow and ice—came to have greater strategic 

import for government and military sponsors of science.  Glaciology, like other geophysical 271

and geographical sciences in the early Cold War, became geopolitics by other means. 

 Glaciologists knew of this context and used Cold War national rivalries to their advan-

tage. Even before the war, it had been clear that European glacier research was far ahead of that 

in North America. This deficiency took on greater importance in the optimistic and ambitious 

post-war years. Rumors of a robust Soviet glaciological research program abounded. “The Rus-

sians are known to be making observations of the glaciers,” wrote Field to potential funders, “lit-

tle is known of the results, but it seems likely that they have put more effort into systematic long 

term programs…than has been the case in this hemisphere.” Sharp, in his outline for a glaciolog-

ical program in the St. Elias Range, noted that “American glaciology has lagged seriously behind 

the vigorous programs being carried out in Scandinavia countries, Russia, England and Switzer-

 The literature on the scientific militarization of the Arctic has grown considerably since 2000. A summary of the 271

historical research may be found in Doel, Wråkberg, and Zeller, “Science, Environment, and the New Arctic,” 2-14. 
See also Martin-Nielsen, “Other Cold War”; Doel, Harper, and Heymann, Exploring Greenland; Lackenbauer and 
Farish, “The Cold War on Canadian Soil”; Keith R. Benson and Helen Rozwadowski, eds. Extremes: Oceanogra-
phy’s Adventures at the Poles (Sagamore Beach, MA: Watson Publishing International LLC, 2007); Korsmo, “The 
Early Cold War”; Graeme Wynn, Canada and Arctic North America (Santa Barbara, CA: ABC-CLIO, Inc., 2007); 
Adrian Howkins, The Polar Regions: An Environmental History (Cambridge, UK: Polity Press, 2016), 124-152; 
Simon Naylor, Katrina Dean and Martin Siegert, “The IGY and the ice sheet: surveying Antarctica,” Environmental 
History 12 (2007): 574-595; Doel et al., “Strategic Arctic Science.” On the role of military support in the mid-centu-
ry earth sciences more generally see Doel, “Constituting the Postwar Earth Sciences”; Michael Aaron Dennis, 
“Earthly Matters: On the Cold War and the Earth Sciences,” Social Studies of Science 33, no. 5 (2003): 809-819; 
Naomi Oreskes, “A Context of Motivation: US Navy Oceanographic Research and the Discovery of Sea-floor Hy-
drothermal Vents,” ibid., 697-472; Oreskes, Science on a Mission. Recent work in the “northern turn” has sought to 
place this history of militarized knowledge production into longer histories of colonialism and extraction; see, for 
example, Stuhl, Unfreezing the Arctic, 89-110.
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land.”  Closing the “glaciology gap” would boost the national ego and serve the security inter272 -

ests of a nation for which the polar regions had become potential sites of conflict. 

 Prior to 1958, the primary funder of glaciological field research was the Office of Naval 

Research (ONR). From its creation in 1946 until 1950, the ONR was the largest single supporter 

of scientific research in the United States. It made basic research a priority and supported expedi-

tionary science in remote places. According to a document outlining the activities of the geo-

physics branch, such work was believed to express a fundamental human drive for knowledge 

and could lead to discoveries that helped control environments. Furthermore, the document stat-

ed, “In addition to these reasons for expeditions but not the least in importance, expeditions are 

fun.”  Glaciologists, however, did not mention fun in their applications for money. Instead, they 273

highlighted the strategic and logistical knowledge their expeditions could produce. 

 When Robert P. Sharp wanted extra funding for the glaciological aspects of Project Snow 

Cornice in 1948, he applied to the Office of Naval Research. That summer he encouraged Mal 

Miller to do the same for JIRP. Miller had already made contacts with Navy officials posted on 

the Aleutian Islands who were conducting aerial photogrammetric surveys over Alaska’s coast. 

By 1949, both projects were supported by ONR contracts. They remained so for their respective 

durations. This military patronage, as we will see, was both enabling and constraining. It made it 

possible for North American glaciologists to do the type of geophysical work that their European 

counterparts were already doing, but it also prompted them to adjust their paraglaciological re-

 William O. Field, “Statement Outlining a Proposed Glacier Study Project,” November 1948, 52. Robert P. 272

Sharp,“Outline of Glaciological Program for St. Elias Range Research Station,” n.d., folder, 15, box 431, AGS 
records.

 Quoted in Sfraga, Bradford Washburn, 160. See also Harvey M. Sapolsky, Science and the Navy: The History of 273

the Office of Naval Research (Princeton, NJ: Princeton Univ. Press, 1990), 37-56.
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search agenda and changed how they published their material. Military patronage also gave a 

new role to photography in the field. 

4. Juneau Icefield Research Project, 1948-1958 

 The Juneau Icefield Research Project was set on the névé of the Taku and Twin glaciers, 

approximately ten miles south of Juneau as the raven flies. The icefield is a 1800 km2 expanse of 

ice and snow draped over the crest of the Boundary Ranges, punctuated by submerged batholith-

ic and granodiorite summits, the highest of which is the fist-shaped Devil’s Paw (2616 meters). 

The majority of the icefield sits above 1525 meters and receives heavy doses of precipitation 

from the maritime climate to the west, making it an ideal habitat for the over fifty glaciers that 

drain from it, of which the Taku is the largest. 

 The project’s origins lie in the summer of 1946 when the mountaineers Mal Miller and 

William (“Bill”) Latady were in Alaska climbing in the Saint Elias Range.  After they finished 274

with the summits, they did a favor for their friend Bill Field by making a rapid survey of south-

eastern Alaskan glaciers. Field knew Latady through the American Geographical Society, and 

Miller through their mutual acquaintance of the Harvard-trained geographer Bradford Washburn. 

On Washburn’s recommendation, in 1941 Field had brought Miller with him to document the 

glaciers of Glacier Bay and Yakutat.  With funding from the Geographical Society and an extra 275

 Miller and Latady were in the area on an HMC ascent of the west ridge of Mount Saint Elias. Maynard Malcolm 274

Miller, “Yahtsétesha,” American Alpine Journal 7, no. 3 (1947): 257-268.

 At that time, Miller an undergraduate at Harvard where Washburn was working as an instructor. The famed 275

Alaskan mountaineer vouched for Miller’s field experience on the basis of an expedition he led to Mount Bertha in 
1940, an expedition which was mapping, mountaineering, and romantic in nature (it was Washburn’s honeymoon). 
Sfraga, Bradford Washburn, 94. Bill Latady was the photographer for the Ronne Expedition, which was sponsored 
by the AGS.
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$200 from the American Alpine Club, Miller and Latady spent a month photographing and sur-

veying over eighty ice tongues in the area.  276

 During their reconnaissance, Miller and Latady were struck by the appearance of the 

Taku glacier. Unlike the other large outlet glaciers of the Juneau (the Norris, Twin, and Tulsukwe 

glaciers), all of which were receding, the Taku was vigorously pushing forward into the Sitka 

spruce forests at its terminus.  Why, they wondered, was the Taku (and its secondary stream, 277

Hole-in-the-Wall glacier) advancing while its neighbors, fed by the same névé, were retreating? 

If glacier fluctuations were simply a matter of responding to regional climatic conditions, ice 

streams subject to similar climates should behave in generally the same manner. The Taku’s be-

havior highlighted how little was known about the factors influencing proximate but distinct ice 

streams. This puzzle could not be answered by correlating termini fluctuations with regional 

weather records. Field’s usual methods of glacier naturalism would not do. Understanding the 

glaciers’ paradoxical patterns of recession and advancement would require detailed investiga-

tions of the “high areas of accumulation at the sources of those glaciers.”  278

 The Juneau Icefield had many virtues as a site for glaciological field research. It was one 

of the more accessible icefields in Alaska—every portion of the Taku, from its termini to its 

source could be reached by ski travel—with several approach options. It could be accessed from 

 Joel E. Fisher, Weldon F. Heald and Maynard M. Miller, “The American Alpine Club Research Fund, 1946,” 276

American Alpine Journal 6 (1947): 328-343. This was the first year of the AAC Research Fund, established by Di-
ana Orcutt, Joel E. Fisher and Weldon Heald in 1946. Miller’s was one of three glacier-related projects that year, 
which together accounted for three quarters of all projects funded.

 Fisher, Heald, and Miller, “American Alpine Club Research Fund,” 342; William O. Field and Maynard M. 277

Miller, “The Juneau Icefield Research Project,” Geographical Review 40, no. 2 (1950): 179. The following year 
Miller flew over the Taku to verify what they saw in 1946.

 Maynard M. Miller, “The Juneau Ice Field Research Project, Report of 1948 Field Work,” December 1948, folder 278

44, box 164, AGS records.
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the west via a highway and the Mendenhall or Lemon Creek glaciers or from the east via the 

Taku and a thirty mile boat ride through the relatively sheltered waters of Taku Inlet. The icefield 

had a gentle topography, lacking high surrounding peaks, which meant there were no indepen-

dent ice streams flowing from tall mountains to complicate flow dynamics. Finally, termini fluc-

tuations and regional weather were well-documented for Alaska, the latter dating back continu-

ously to 1899. Thus, the Juneau Icefield met Ahlmann’s criteria for desirable sites for geophysi-

cal glaciological research, something Field made sure to highlight in his applications for 

funding.  279

 Miller became deeply personally invested in the project, which provided material for his 

master’s and his doctoral research. Born in Seattle in 1921, he came to glacier study through 

mountaineering. His first trip to Alaska was as a member on Bradford Washburn’s 1940 moun-

taineering and mapping expedition to Mount Bertha. Like Washburn, Miller tried to combine sci-

entific work with mountaineering play—something that would later become a point of contention 

between himself and Field. He was, by all accounts, an ebullient personality who threw himself 

wholeheartedly into projects, and Field recognized his gifts as a leader with infectious enthusi-

asm. However, as Miller himself admitted, he struggled with the more academic parts of glacier 

work and often wrote for popular and recreational journals. 

 In 1947 Field and Miller developed a long-term research program to study the upslope 

factors influencing the fluctuations and flow of the Taku. Their program was deeply influenced 

 Many of these features also differentiated this site from the location chosen for Project Snow Cornice. Snow 279

Cornice was located on the Seward-Malaspina glacier system, a complicated ice system set amongst the grand peaks 
of the St. Elias Range and difficult to access by foot, boat, or plane. Ever the diplomat, Field did not bad mouth the 
other operation; he did, however, make clear to the Joint Research and Development Board that his project was well 
poised to follow through on its aspirations of long-term study. “Statement Outlining a Proposed Glacier Study 
Project,” November 1948, folder 4, box 165, AGS records.
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by Ahlmann’s research agenda for geophysical glaciology, and the Juneau Icefield Research 

Project may be understood as an extension of Ahlmann’s research program into the western 

hemisphere. During the planning stages, Field and Miller relied consistently on the Swedish sci-

entist for advice. Ahlmann encouraged the project, providing them with statements of support 

that they could take to potential supporters and reiterating his suggestions for geophysical glacier 

study built around regimen studies. Drawing on Ahlmann allowed Field and Miller to argue that 

they were closing a research gap between Europe and America while at the same time claim a 

measure of the foreign expertise to which they aspired.  280

 What became the Juneau Icefield Research Project began as half of a larger Glacier Stud-

ies Project that aspired to compare Alaskan glaciers with those in Patagonia. Part of the motiva-

tion was to assess the geographical extent of Ahlmann’s polar warming thesis. In an early memo 

outlining the Glacier Studies Project, Field described a two-and-a-half year project whose prima-

ry objective was detailed regimen studies of the Juneau névé and a yet-to-be-determined névé in 

Patagonia. Trans-hemispheric comparative studies, he urged, were necessary to determine the 

extent and nature of the glacier recession and the climatic fluctuation observed by Dr. 

Ahlmann.  Unfortunately, the Patagonian portion of the study failed to receive funding and was 281

 “Memorandum from Dr. Ahlmann,” 15 July 1947, series 8, sub-ser. a, box 1, folder 1, Field papers. In a letter 280

dated July 22, 1947, Field thanked Ahlmann for providing a statement on the desirability of more comprehensive 
and coordinated glacier studies in North America, “it will be of great help in our attempt to initiate a series of studies 
patterned after your detailed work,” he wrote. Field-Ahlmann, 22 July 1947, series 8, sub-ser. a, box 1, folder 1, 
Field papers. In his proposal to the Joint Research and Development Board of the National Military Establishment, 
Field assured his potential funders that the project had been developed collaboration with the “eminent glaciologist” 
Hans Ahlmann and the late François Matthes. William O. Field, “Statement Outlining a Proposed Glacier Study 
Project,” November 1948, folder 4, box 165, AGS records; Early draft of Glacier Study Program, no date, folder 37, 
box 164, AGS records.

 Early draft of Glacier Study Program, no date, AGS records, folder 37, box 164, AGS records; “Statement Outlin281 -
ing a Proposed Glacier Study Project,” November 1948, folder 4, box 165, AGS records.
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dropped in 1950.  Nevertheless, glaciologists on both sides of the Atlantic recognized 282

Ahlmann’s stamp on the project. His protégé, and heir to his glaciological legacy in Scandinavia, 

Valter Schytt, declared the project on the Juneau, “the westernmost link in that chain of glacio-

logical research that Ahlmann has organized.” Field was pleased with the comparison.  283

 Having determined a preliminary program of investigations with Field in New York, 

Miller returned to the Juneau in September of 1948 to make a more detailed reconnaissance of 

the Taku and Twin glaciers.  His six-man team spent three weeks on the ice. They arrived in 284

driving rains and were forced to flee when the Alaskan winter came early, bringing fifty mile per 

hour winds and thirty inches of new snow to the camps.  Despite these trying conditions, they 285

managed to assess the feasibility of the Taku névé as a site for future research and complete pre-

liminary observations. They studied the meteorology, bedrock, and botany of the area. The 

glaciological program included documenting the firn line, making regimen studies, using stakes 

to track surface movement, setting up photographic stations, and making a plane table survey 

from which they would make a detailed map of the icefield. Independently, Miller made exten-

 The AGS sent a reconnaissance mission in the winter of 1949 but without outside support it could not continue to 282

send field parties down on its internal budget. Miller and the Tufts geologist Robert Nichols went to South America 
in early February, made contacts with Chilean and Peruvian academics and made preliminary surveys of some of the 
glaciers near Lago Argentino and Lae Nahuel Hupi. Brock to Field, 30 September 1949, folder 34, box 165, AGS 
records; Field to Hitchcock, 05 December 1949, folder 37, box 164, AGS records; “Progress Report to July 12, 1949 
and Proposed Work in South America during Winter, 1949-50,” folder 37, box 164 AGS records.

 Schytt to Field, 09 February 1954; Field to Schytt, 26 February 1954, folder 43, box 14, sub-ser. a, series 8, Field 283

papers. See also Field and Miller, “The Juneau Icefield Research Project,” 179.

 The party included W. Lawrence Miner, a Stanford graduate student, Lowell Chamberlain, president of the Har284 -
vard Mountaineering Club, Melvin Marcus, a Yale graduate student, and Anthony (Tony) Thomas, a forester with 
the United States Forest Service; Thomas served as Juneau liaison. Maynard M. Miller, “The Juneau Ice Field Re-
search Project, Report of 1948 Field Work,” December 1948, folder 44, box 164, Field papers AGS records.

 Maynard M. Miller, “The Juneau Ice Field Research Project, Report of 1948 Field Work,” December 1948, folder 285

44, box 164, Field papers AGS records.
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sive observations of the Forbes bands (dark concentric bands that are formed by the intercalation 

of layers of summer dust and white winter snow) at the base of an icefall on the Twin Glacier. 

 The Juneau Icefield Research Project took place in a remote and extreme environment, 

and unlike earlier Alaskan glacier research expeditions which spent limited time on the ice, re-

searchers planned to stay on the ice for an extended period of time, making observations and tak-

ing measurements at multiple sites across the icefield. As can happen in field research in extreme 

environments, the very conditions they sought to understand made research difficult, sometimes 

impossible. Meeting these goals required considerable support: financial, material, and logistical. 

During its first year of field operations, the project received support from a variety of public and 

private sources, including the newly established American Alpine Club Research Fund, the 

American Geographical Society, and Pan American World Airways, who were was interested in 

assessing the Juneau’s suitability as a site for a summer ski resort. Local support came from the  

Taku Lodge, Gus George’s Grocery in Juneau, and the U.S. Forest Service, which provided a lo-

cal liaison, office, and warehouse space for sorting supplies and equipment (Figure 4.5).  Field 286

and Miller also drew on their connections to mountaineer and explorer circles, garnering support 

from the Arctic Institute of North America, the Harvard Mountaineering Club, and Harvard’s In-

stitute of Geographical Exploration. The Oscar Meyer Company donated fifty pounds of canned 

meat (researchers declared the Pork with Barbecue Sauce, Beef with Barbecue Sauce, and 

Wieners “excellent,” though this assessment may have been colored by the comparison case on 

 Miller and Latady were friends with the O’Reilly’s who owned the Taku Lodge. The O’Reilly’s gave JIRP free 286

accommodation in return for photographs they could use for promotional purposes. Echoes of the Vaux’s relation-
ships with local businesses. Miller to Field, 19 June 1948, folder 1, box 164, AGS records.
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offer: pemican and “fish balls”). The Harmon Foundation donated photographic supplies.  Fi287 -

nally, each party member put $125 of his own money toward the project. In terms of the support 

it received, the first year of the Juneau Icefield Research Project, was like the proverbial child: 

raised by a village, and a rather eclectic one at that. 

Figure 4.5: Supplies for JIRP (1949), Ansel Adams 
Adams happened to be in Juneau at the time of JIRP. Image: From the American Geographical Society Library, Uni-

versity of Wisconsin-Milwaukee Libraries. 

 In many respects, the project resembled a mountaineering enterprise: the mountaineer 

leadership in the field, the ragtag assortment of sponsors and supporters, the high altitude setting, 

and the exploratory element of the work. This changed the following year, when a new source of 

support for glaciological fieldwork materialized: military patronage. Many of the logistical and 

cultural elements of a mountaineering expedition remained in tact, but they combined with the 

 Details on supplies and support come from Maynard M. Miller, “The Juneau Ice Field Research Project, Report 287

of 1948 Field Work,” December 1948, folder 44, box 164, Field papers AGS records.
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norms and procedures of military operations. This change was prompted by the scale of the pro-

gram envisioned for JIRP 1949 and by a desire for longevity. Following the precedents set by 

Ahlmann and the Swiss research stations, Field wanted the Juneau project to be a coherent, long-

term study of a glacier’s regimen and physical properties; he wanted to make the Juneau a tech-

nical landscape of recorded change over time. This goal required more reliable funding (there 

was only so much reconnaissance Pan Am Airways could fund before the question of whether 

the Juneau was a good ski destination was answered) and, he believed, salaried staff. The project 

was not going to be run by professors with permanent positions and their own research plans; it 

would have to be overseen by young scientists who had the freedom and flexibility to devote 

their summers to fieldwork under someone else’s direction. These men couldn’t be asked to do 

so for free and the Geographical Society couldn’t afford to pay them. In 1948, expedition mem-

bers had contributed some of their own money, but this was undesirable and ultimately unsus-

tainable. The solution to Field’s problems and to many of the problems posed by living and 

working in the extreme and remote environment of the icefield were solved by military patron-

age. 

 In 1948, possibly at the suggestion of Miller, who was encouraged by Robert P. Sharp of 

Snow Cornice, Field applied for funding from the Joint Research and Development Board of the 

American military establishment.  Field made sure to highlight the project’s value for training, 288

equipment testing, and developing procedures for more general operations, supply logistics, and 

 Miller to Field, 10 August 1948, folder 40,  box 164, AGS records.288
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communications in frozen environs.  Highlighting the potential for producing information rele289 -

vant to operations in cryospheric landscapes was a savvy tactic for courting the military. 

 In October 1948, as JIRP staff were beginning to reduce data from the first season, the 

American Geographical Society received ONR CONTRACT N9 onr83000 from the Office of 

Naval Research.  It provided $20, 000 for fieldwork that would “embrace the whole range of 290

glacier observations from the detailed study of the internal characteristics of glaciers to the ex-

ternal factors influencing their regimen and variations in volume.”  It was to last from May 1, 291

1949 to April 30, 1950, with the possibility of annual renewal. As part of the contract, the Soci-

ety owed the ONR annual progress reports and copies of any materials produced by the research. 

This included written pieces, photographs, films, maps, and any other representations.  292

 One of the most enabling aspects of military patronage was air support. In 1948, the 

Army Air Force and the Navy had provided limited aerial transport for personnel and supplies.  293

It was not strictly necessary to fly personnel—as noted above, the icefield was readily accessible 

by foot—but the supplies needed for long-term geophysical research were too much to haul by 

 Early draft of Glacier Study Program, no date, p. 3, folder 37, box 164, AGS records.289

 Field and the AGS took other military contracts, for example, the Quarter Master Corps contract for the Mountain 290

Glaciation Project. The report was meant to account for all mountain glaciers in North America and classify them 
according to military relevance, included a chapter on glacier travel, and was written for the military. Details in box 
8, series 8, Field papers.

 “Research and Development Task Order,” Contract # N9-onr83001, p. 1, folder 17, box 165, AGS records.291

 Extension of Contract N9-onr83001, 1 March 1951, folder 17, box 155,  AGS records.292

 In 1948, the drops were organized over the course of a two-day conference at Ketchikan between Pollack, Miller, 293

and Latady. On September 5, just before the onset of bad weather, a “Neptune” Bomber of the Naval Air Base on 
Ketchikan made a three-point drop of over 1500 pounds of supplies and equipment on the névé’s of the Taku and 
Twin glaciers. Maynard M. Miller, “The Juneau Ice Field Research Project, Report of 1948 Field Work,” folder 44, 
box 164, Field papers AGS records.
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dogsled or by ski for the distances involved.  The difficulty of relaying geophysical equipment 294

without air support the was demonstrated by the transportation of the seismic equipment in 

1949.  Field and Miller had contracted Thomas Poulter of the Stanford Research Institute to 295

make seismic soundings of the Taku glacier. Knowing the thickness of the glacier and its névé 

would enable better calculations of the volume of ice moving down glacier. Poulter and two 

Stanford graduate students, Clarence Allen and Stephen Miller, made four sounding lines on the 

Taku: one at the terminus, and three on the névé. Yet, the seismograph was too fragile to be air 

dropped, and the sloping terminus offered no flat surface for a ski plane to land on. This forced 

the team to ferry the seismograph, its generator and geophone, cables, a one-cylinder engine, 

fuel, and accessories up the Taku River before strapping the works onto pack boards and carrying 

it through the dense spruce abutting the glacier. Once on the ice, the heaviest gear was tied onto a 

seven-and-a-half-foot sled that Allen and Miller pushed and pulled up the ice. Their trials and 

tribulations were one of Mal Miller’s preferred photographic subjects that season (Figure 4.6). 

 The army and the navy also supplied aerial photographs from which the Jirps planned campsites and repeat pho294 -
tography stations. Through the Committee for Geographical Exploration of the Joint Research and Development 
Board, they acquired meteorological equipment from the Army Air Force.

 Poulter was early to apply seismology to glaciers. In the early 1930s, he attempted to sound the Ross Ice Shelf on 295

the Byrd Antarctic Expedition. Since that experiment, he had been developing techniques for applying seismography 
to the shallow, limestone beds of the Edwards Plateau in Texas. The difficulties of retrieving good signals from 
limestone beds were analogous to those involved with glacier ice: both were shallow media without good, clear de-
marcation lines. Poulter thought his new techniques might also apply to ice. To differentiate between the initial re-
fractions and blast of the initial charge, he set small charges above ground on metal stakes driven into the firn.
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Figure 4.6: Hauling seismic equipment up Taku Glacier, 1949 
Figures are Stephen Miller and Clarence Allen of Stanford. Image: From the American Geographical Society Li-

brary, University of Wisconsin-Milwaukee Libraries. 

 Military airlifts made extended technical research feasible. While Poulter and his assis-

tants managed to man-haul the seismograph, it would have been impossible to set up the network 

of camps without air assistance. In 1949, project field staff established fourteen camps across the 

icefield. This required fifty-five parachute drops and three hundred free fall drops to place 12, 

000 kilograms of building materials on the ice.  The naval air station at Kodiak provided PBY 296

and R4D aircraft for the drops; more fragile materials were gently set on the glacier’s surface by 

 The biggest construction project that year was a research hut built “on the brow of a westerly protruding cleaver 296

of rock.” The fourteen-by-twenty-foot hut at Camp 10 was framed by two-by-fours, insulated, and sided with corru-
gated aluminum. It served as sleeping quarters and a home for books, instruments, and gear. During the long sum-
mer days, the cramped hut served as communal space for cooking, writing, and hiding from the weather, which was 
as heinous in 1949 as it had been in 1948. Having the only permanent structure on the ice, Camp 10 easily became 
chaotic and overcrowded, as noted by later Jirps Cal Heusser and Ed LaChapelle who fled to a small tent to escape 
the “safari” and “galloping herd.” Heusser to Field, 06 July 1952, folder 31, box 166, AGS records.
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a ski-wheeled C-47.  In Switzerland, logistical needs were answered by railway lines and prox297 -

imity to towns. In circumpolar Scandinavia, Ahlmann used teams of sled dogs, Icelandic ponies, 

cars, boats, and rail lines. In remote, sparsely populated Alaska, military air support was the an-

swer. 

 With Navy money in hand, Miller and Field expanded their ambitions. JIRP 1949 was a 

ponderous undertaking that exceeded its initial bounds and budget. The first team of “Jirps,” as 

they called themselves, arrived at the Juneau in June to set up for a program that included glacio-

logical, meteorological, seismic, geological, and botanical studies. It was a field science equiva-

lent to the Gesamtkunstwerk—the “total work of art” theorized by composer Richard Wagner. 

The number of field workers was four times that anticipated by Field in his funding applications, 

and twice that forecasted by Miller the previous December, totaling twenty-four people on the 

ice. There were three teams of specialists from three different institutions: Poulter’s seismic 

team, a botanical team led by Donald Lawrence of the University of Minnesota, and a meteoro-

logical crew comprised of men from the Mount Washington Meteorological Observatory in New 

Hampshire.  These research teams were supported by a team of youthful mountaineers culled 298

from the Harvard Mountaineering Club and the American Alpine Club. Although adding the 

mountaineers to the field crew increased financial burdens and complicated field logistics, Field 

and Miller believed that they were necessary to the success of the project. To have scientists 

without mountaineers to support them, Field wrote, “would be totally inadequate.”   299

 Maynard Miller, “Progress Report of Logistical Operations for the Juneau Icefield Research Project, Alaska, 297

1949, 1950, and 1951,”  folder 9, box 170, AGS records.

 Field to Hitchcock, 05 December 1949, folder 37, box 164,  AGS records.298

 “Statement Outlining a Proposed Glacier Study Project,” November 1948, folder 4, box 165, AGS records.299
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 Even with aerial support, mountaineers and scientists with mountaineering training were 

an ineliminable aspect of the Juneau Icefield Research Project and this had consequences for la-

bor arrangements on the ice. Like scientists, mountaineers are a group with their own specialized 

knowledge. They possess technical skills and know-how required for living and moving safely in 

the high alpine. Field and Miller felt that these skills were a necessity in a research environment 

that was entirely located above the tree line on glaciated terrain. Yet, as historians of the field 

sciences have shown, labor arrangements in the field rarely respect professional boundaries.  300

On the ice, mountaineers and scientists alike had to be willing to step beyond the bounds of their 

expertise and get their hands dirty doing a variety of tasks. When Miller posted a list of person-

nel and their duties, one member of the party crossed out his scientific title and replaced it with 

“carpenter.”  The mountaineer assistants in the field served the project in their capacities as 301

climbers, but also as scientific assistants, and jacks-of-all-trades. 

✷ ✷ ✷ 

 In 1950 Field and Miller added studies into the structural character of snow and ice and to 

the nature of englacial movements to the research agenda.  For this they enlisted the expertise 302

of Henri Bader, recently emigrated to the United States.  Using an electric hotpoint drill, they 303

carved a bore hole into the névé into which they placed an inclinometer (a pendulum that electri-

 Vetter, Field Life, 12-16.300

 Calvin J. Heusser, Juneau Icefield Research Project (1948-1958): A Retrospective (Oxford: Elsevier, 2007), 29; 301

Field to Plisner, 14  July 1949, folder 34, box 165, AGS records.

 “Preliminary Proposals for Field Operations in 1950”; “Proposal for Field Operations on the Juneau Icefield in 302

1950,” folder 20, box 31, sub-ser. c, series 7, Field papers. 

 Miller had invited Bader to join JIRP in 1948, but the Swiss scientist was unable to attend because of a back in303 -
jury; the following year, the organizers of Snow Cornice made him a more appealing offer.
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cally registered angles), a technique first applied by Bader’s colleague Max Perutz on the 

Jungfraujoch in 1948.  Suspended in the hole, the inclinometer recorded the deformation of the 304

bore hole over time, thus conveying information about the flow patterns within the glacier, as 

opposed to on its surface. By the project’s third season, techniques and agenda developed by re-

searchers at the Swiss stations were added to a program of Ahlmannian geophysical glaciology. 

 The Juneau Icefield Research Project was ambitious and over-reaching. Like Ahlmann’s 

sprawling reports in Geografiska Annaler, it aimed to be both precise and complete. Ultimately, 

it was neither. Diligent planning under Field’s watchful eye in New York could not control the 

real world complexity of glacier systems or the unruliness of icefield environs. Nor could he con-

tain Miller’s expansive ambitions and leadership style in the field. From the start, Field struggled 

to streamline operations on the Juneau, but he too was captured by Miller’s infectious enthusi-

asm and grand aspirations. Every year the project seemed to grow. Research agenda expanded 

beyond budget and logistical feasibility.  Whenever a new element was added to the field work, 305

more mountaineer-assistants were brought along—again, in 1950, twenty-four men were on the 

ice. This stretched the project’s finances and made organization and data reduction more diffi-

 Seligman, “Research on Glacier Flow,” 237.304

 Miller never stopped being ambitious and seduced by expeditionary science; when asked to be the geologist on 305

the American Everest Expedition (1963)—a project that sought to achieve both significant results in science and 
mountaineering—, he devised an overly-ambitious program that involved he and one assistant making regimen stud-
ies above and below the Khumbu Icefall, the most challenging section of the ascent of Chomolungma. He planned to 
acquire 15 meter-ice cores for on-site crystallographic analysis, and to re-establish a network of movement stakes 
placed by Swiss scientists in 1956. This, in addition to a program of general observations of glacier structures, a 
meteorological program, and a glacial geological study of the Dudh Kosi River valley. By the 1950s, this kind of 
broad-ranging, expeditionary research, doomed to fail on a mountain as formidable as Chomolungma, was falling 
out of fashion amongst American glaciologists. Philip William Clements, Science in an Extreme Environment, The 
1963 American Mount Everest Expedition (Pittsburgh: University of Pittsburgh Press, 2018), 60-61.
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cult.  Backlogs in report writing led to further ballooning of budgets as funds to support desk 306

work were borrowed from the next year’s field research budget.  307

 Although an excellent organizer and expedition leader, Miller was not always a careful 

scientist and tended to encourage a culture of “make-do” that could sometimes lead to sloppy 

data collection.  Moreover, his leadership style and relationship to the project was colored by 308

his identity as a mountaineer and his inclination to treat the field as a site for playful 

adventure.  This sometimes brought him into conflict with his superiors at the American Geo309 -

graphical Society, and with the project’s military patrons. He published exciting accounts of his 

adventures and his science in popular or recreational venues such as the Bulletin of the Harvard 

Mountaineering Club or Science Illustrated. Of particular embarrassment to Field and the AGS 

was Miller’s article, “Vanishing Glaciers,” published in Science Illustrated in 1949, in which he 

portrayed the 1948 season as an adventure. To Field’s mortification, Miller had included a classi-

fied photograph of an overturned Norseman plane that had flipped over its nose while delivering 

 They did not pay a salary to each and every of the mountaineer assistants, but they often subsidized or covered 306

travel costs.

 In 1954, for example, money was diverted from field research to support Miller’s report writing from the previ307 -
ous year, which led to anger and resentment from that year’s field crew, in particular, University of Washington me-
teorologist Richard Hubley. LaChapelle to Field, 03 October 1954, folder 1, box 30, sub-ser. c, series 7, Field pa-
pers.

 In 1952, the Davos-trained snow scientist Ed LaChapelle was shocked to discover that samples taken from snow 308

pits were being poured out of their container onto a too-small scale whose surface area was extended by means of a 
large stick; one project member, who had been on JIRP in previous years ‘made the understatement of the year’,” 
LaChapelle reported, “when he said that they ‘had a little trouble with density measurements’.” LaChapelle was 
genuinely surprised. His correspondent, Robert Sharp, however, saw it as typical of Miller’s (to his mind, sloppy) 
scientific style. Since meeting him on the Seward Glacier in 1948, Sharp had been critical of Miller’s scientific abili-
ties. “In some ways, Mal reminds me a little of Brad Washburn,” he confided to Field, “both of them are inclined to 
write broad sweeping statements without any knowledge of the geological literature; consequently, their so-called 
revolutionary ideas are really things that have been thought up and printed several times before.” Sharp to Field, 23 
September 1949, folder 1, box 15, sub-er. a, series 8, Field papers. See also Sharp to Wood, 08 November 1948, 
Sharp to Wood, 25 February 1949,  folder 1, box 343, AGS records; Sharp to LaChapelle, 30 April 1953, folder 1, 
box 9, Sharp papers; Sharp to Twitchell, 11April 1961, folder 26, box 10, Sharp papers.

 See Danielle K. Inkpen, “The Scientific Life in the Alpine: Recreation and Moral Life in the Field,” Isis (Sep309 -
tember 2018).
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supplies. Miller saw such articles as publicity that would garner public support for the Juneau 

Icefield Research Project; Field saw it as Miller holding himself to a different standard than the 

rest of the AGS staff and turning a serious scientific endeavor into a boyish adventure.  The 310

problem with these articles was not that Miller was having adventures in the field—although that 

was a concern early on when funding for the project had yet to be secured—but rather that he did 

not first clear them with either the Geographical Society or the Office of Naval Research. It was 

part of the ONR contract that all publications relating to the project would first be cleared by the 

Navy; and Miller and Field had together drafted the AGS’s policy on publications, which man-

dated articles be submitted to the society prior to being sent to a publisher.  Military patronage 311

did not kill the practice of publishing in mountaineering or recreational venues, but it did con-

strain the relationship between field scientists and their data.  Times had changed from that of 312

glacier naturalism where individual mountaineering-naturalists could write of their experiences 

in any manner they wished. Now, they had to clear their recreational publications with their em-

ployers and military backers. 

 Maynard M. Miller, “Twenty-five Explorers Probe an Alaskan Mystery…Vanishing Glaciers,” Science Illustrated 310

4, no. 1 (1949): 21-27. The plane was part of Snow Cornice, but Miller’s irresponsibility with classified material 
nonetheless upset Field, who was ultimately accountable for JIRP. As the years wore on, Field began to fret about 
Miller’s professional abilities and their relationship suffered. Miller’s greatest faux pas against his superiors and 
sponsors was his refusal to provide the AGS or the ONR with a copy of his doctoral thesis, which contained data 
from his seasons on the Juneau. Their relationship deteriorated until Field decided it would be best if he stepped 
away from JIRP so as not to further damage their friendship. Field to Sharp, 09 March 1949, folder 2, box 15, sub-
ser. c, series 8, Field papers. His colleague at the Geographical Society, the botanist Calvin J. Heusser, who had been 
on JIRP 1952 and worked with Field in the Canadian Rockies in the 1940s, assumed the role of Project Organizer. 
Heusser to Hitchcock, 11 September 1959; Hitchcock to Miller, 15 September 1959; Morrisson to Hitchcock, 01 
April 1960; Hitchcock to Field, 09 January 1961; folder 19, box 155, AGS records. 

 Field to Miller, 28 February 1952; Miller to Field, 03 March 1952, box 19, sub-ser. a, series 8, Field papers.311

 Glacier researchers continued to solicit the aid of mountaineers in the field and mountain recreational journals 312

such as the American Alpine Journal and the Canadian Alpine Journal continued to be venues for glacier research in 
the 1930s, 1940s, and 1950s. See Joel. E. Fisher, “Studies of Forbes Dirt Bands,” American Alpine Journal  6, no. 3 
(1947): 338-332; William H. Mathews, “Glacier Study for the Mountaineer,” Canadian Alpine Journal 36 (1953): 
161-167; Stan Patterson, “Glaciological Research in Western Canada in 1959. Expedition to the Athabaska Glacier,” 
Canadian Alpine Journal 43 (1960): 99-103.
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 Miller’s experiences allow us to see that while mountaineering remained an integral part 

of geophysical glaciology, behaviors appropriate to that world could chafe against the new mili-

tary-supported arrangements. To be clear, this was as much a matter of individual personalities as 

it was conflicting vocations. 1950 was Miller’s last season as field leader. The following autumn, 

he and his wife Joan left for England where he(/they) pursued a doctorate at Cambridge Univer-

sity.  He was followed by a string of field leaders including the Monsanto crystallographer 313

Lawrence Nielsen (1953), Davos-trained snow scientist Edward LaChapelle (1954-56), and the 

Columbia geology candidate Art Gilkey (1952). All three were mountaineers; Gilkey, famously, 

died in an early American attempt on the notorious Himalayan peak, K2. Yet all three negotiated 

the mixed social and physical environs of the icefield with more finesse than had Miller. These 

up-and-coming scientist-mountaineers brought new energy and focus to the project.  It was 314

possible to be a mountaineer and a scientist in the new military-supported geophysical glaciolo-

gy, but one had to play by the rules: produce good quality scientific work and work within the 

agreed upon publication restrictions. Indeed, many of the personnel in the field had moun-

taineered and had served in the military prior to joining the project. Miller, Field, and Latady all 

had ties to America’s mountaineering community; all had served in the war. Likewise for many 

of the young men from the Harvard Mountaineering Club who performed the operations on the 

icefield. 

 Archival materials indicate the significant amount of help that Joan gave her husband in his glaciological work. 313

In letters, he occasionally referred to “us” working on “my” thesis. Miller to Field, 22 November 1951, folder 14, 
box 8, sub-ser. a, series 8, Field papers. Later, Joan was central in running the Juneau Icefield Research Program. 
Program alumni recall her active and shaping role. Inkpen interview with Bruce Molnia, February 7, 2018.

 Field related to AGS director Charles Hitchcock that the ONR was especially pleased with Ed LaChapelle’s abili314 -
ties as scientist and leader and was less enthused about supporting JIRP 1957 without his participation. Field to 
Hitchcock, 27 August 1956, folder 19, box 155, AGS records.
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 The success of the new field leaders were enabled, in part, by a move to the nearby 

Lemon Creek glacier, just over a ridge from the Taku. The move to the geometrically simpler 

Lemon Creek was suggested by now Ambassador Ahlmann (he had become the Swedish ambas-

sador to Norway in 1950), who visited the Juneau Icefield in 1952 as part of an American tour 

that was both diplomatic and glaciological.  The Twin-Taku system, it turned out, was not the 315

ideal glacier on Ahlmann’s criteria. At the new location, the size of field crews dropped to be-

tween five and ten men, annual budgets decreased, and research agenda narrowed: Jirps focused 

on regimen studies, surface movements, the three-dimensional shape of the glacier, and main-

taining a photographic record of the firn line and margins.  316

 Thus streamlined, the project continued under ONR contract with the AGS until 1958. By 

the end the navy had contributed $202, 651.50.  Its final year coincided with the International 317

Geophysical Year (IGY). Amongst organizers of the American glaciological program, which in-

cluded Field and several JIRP alumni, there was confusion and debate over whether the project 

should be considered part of the program. Although it was a prototype for the IGY glaciological 

projects, some believed glaciology’s efforts would be better spent on detailed studies of more 

accessible ice streams, such as Blue Glacier in Washington State, where the project’s leading 

field scientists from years past, Edward LaChapelle and Richard Hubley, were expected to focus 

 Field to Sharp, 27 February 1953, folder 5a, box 5, Sharp papers. The Lemon Creek glacier proved to be simpler 315

in terms of motion as well, causing Ed LaChapelle to complain in 1956, “if that darn glacier will just start doing 
something now, perhaps we’ll learn a few things about glacier motion.” LaChapelle to Sharp, 06 October 1956, 
folder 33, box 2, Sharp papers.

 The final two years of the project also included studies of radiocarbon dating of peat samples near the terminus 316

and margins, and a study of the drainage of nearby glacier lake Tulsequah. In constructing a three-dimensional pic-
ture of the glacier, seismic methods used in 1955 proved disappointing; gravimeter measurements in 1956 were 
more successful. JIRP Semi-annual Status Report, December, 1956; JIRP Semi-annual Status Report, June 1956, 
JIRP Semi-annual Status Report, November 1957; JIRP Semi-annual Status Report, November 195, folder 19, box 
155, AGS records.

 Task Order N9onr 83001 amendments 1-10, folder 18, box 155, AGS records.317
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their attention.  Ultimately, it went ahead as part of the IGY, again under ONR support, but it 318

was the project’s smallest season to date; operations lasted only sixteen days, during nine of 

which the team was pummeled by “driving rain and high winds.”  Perhaps the nay-sayers were 319

right: perhaps the Juneau was too remote and too arduous. 

5. Project Snow Cornice and Robert P. Sharp’s glaciology 

 Project Snow Cornice began in the summer of 1948 under the oversight of the Arctic In-

stitute of North America (AINA). The beginnings of AINA lay in private conversations among 

Canadian academics and bureaucrats who sought to increase their nation’s scientific, technical, 

and administrative presence in the Arctic. Realizing that many of their goals would best be met 

by cooperating with their southern neighbors, the Canadians met with American military and sci-

entific men in May, 1944. Out of these discussions came a proposal for a joint association devot-

ed to promoting arctic research on both sides of the border. With funding from both federal gov-

ernments and a handful of private institutions, AINA’s primary purpose was to “initiate, encour-

age, support, and advance by financial or otherwise the objective study of Arctic conditions and 

problems.”  320

 Field to Hitchcock, 27 August 1956; Quam to Hitchcock, 23 November 1956; Hitchcock to Quam, 27 November 318

1956, folder 19, box 155, AGS records. Only LaChapelle went to the Blue glacier; Hubley went to the McCall glaci-
er in the Brooks Range. See Chapter Four.

 Heusser to Hitchcock, 30 June 1958, folder 19, box 155, AGS records.319

 Sister offices were established in Montreal and New York; in 1948, Wood was placed in charge of the latter. Of320 -
fices were later established in Washington, D.C., Johns Hopkins, and Ottawa; the Washington and New York offices 
were combined in 1959. Robert MacDonald, “Challenges and Accomplishments: A Celebration of the Arctic Insti-
tute of North America,” Arctic 58, no. 4 (2005): 441.
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  Project Snow Cornice was the institute’s first long-term research project.  Its objective 321

was to establish a high altitude research station on a North American glacier, comparable to that 

on the Weissfluhjoch or the alpine meteorological stations in Scandinavia. At its terminus, the 

Malaspina faces the open waters of the Gulf of Alaska, at its back are the St. Elias mountains, 

some of the highest and most formidable peaks on the continent. In 1948, it was home to the 

tallest unclimbed mountains on the continent. Wood chose the site for both its scientific and 

mountaineering potential. His choice meant that Project Snow Cornice needed air support. In 

search of a way to and from the glacier, Wood turned to the U.S. Research and Development 

Board.  In his letters and proposals, he turned a drawback into a virtue by presenting the inac322 -

cessibility of the region as an opportunity for experiments in the construction and maintenance of 

air strips on ice, logistics, and equipment performance in remote, elevated environs.  323

 Wood was no stranger to air supplied expeditions. In the 1930s and in 1941, he and his 

wife Foresta led a series of mountaineering and mapping expeditions to the St. Elias Range in the 

Yukon Territory. The Wood Yukon Expeditions, combined mountaineering and scientific field-

work under the idea of “constructive mountaineering,” according to which technical moun-

taineers put their skills at the service of “mankind” by making them serve science.  On this 324

 During its first year, the Institute supported a handful of expeditions that went into the field for a limited period 321

of time, gathered data specific to a particular discipline and then returned to centers of learning and population. J. 
Tuzo Wilson, “Arctic Institute of North America,” folder 9, box 341, AGS records.

 Wood to Sharp, 07 October 1947, folder 1, box 343, AGS records; “Project Fairy Castle,” nd, folder 15, box 341, 322

AGS records; Wood to Jackman, 07 October 1947; Wood to Lemmons, 07 October 1947, folder 8, box 345, AGS 
records.

 Securing air military air support for Snow Cornice wasn’t simple. The Seward icefield sits astride the Alaskan-323

Yukon border and the Canadian element gave the American military establishment reason to pause. The Research 
and Development Board refused to commit and resources or air support until they learned through proper channels 
of official Canadian support; the United States Air Force suggested that perhaps the Canadians provide air support. 
But the closest air base was the American one in Yakutat and proximity decided the matter. Wood to McNaughton, 
11 February 1948; Deerwester to Wood, 12 March 1948, folder 8, box 345 AGS records.

 Wood to Ross, 30 September 1948, folder 9, box 341, AGS records.324
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model, mountaineering and research could be pursued harmonically under the objective of a sin-

gle expedition. Wood saw no conflict between climbing and science, and he occasionally referred 

to Project Snow Cornice as the “Mount Vancouver Expedition” in reference to the mountain he 

hoped to climb on the trip. Both Wood and Bradford Washburn were pioneers in air-supported 

mountaineering. Washburn’s famous route up Denali via the West Buttress began from an air-

drop site on the Muldrow Glacier and the Wood Yukon Expedition of 1941 was supported by 

U.S. Army Air Corps bombers.  325

 Wood enrolled a young Caltech geomorphologist with a penchant for glaciers, Robert P. 

Sharp, whom he knew from the 1941 Wood Yukon Expedition, and who had also worked for the 

Arctic, Desert and Tropical Regions Information Center during the war.  Sharp was meticulous 326

in his field work and rigorous in his analysis and argumentation. His study of the englacial and 

surface features of the Wolf Creek glaciers while in the Yukon in 1941, which focused on how 

multiple ice streams flowed together and became superimposed upon or inset within one another, 

had gained him a reputation among North American glacier researchers as an up-and-comer.  327

Upon reading Sharp’s paper, Field declared that “more of that kind of thing” was needed in 

North American glaciology.  328

 Walter A. Wood, “The Parachuting of Expedition Supplies: An Experiment by the Wood Yukon Expedition of 325

1941,” Geographical Review 32 (1942): 36-55.

 Sharp never found out why Wood asked him to join the 1941 expedition or how he got his name. Sharp to 326

LaChapelle, 21 July 1953, folder 1, box 9, Sharp papers.

 He found that the most important factor determining the position of tributary ice streams was the geometry of the 327

valley floor. In this paper he also discussed glacial geological features such as moraines, glacial lakes and streams, 
and surface debris, illustrating his paper with photographs of such various features and diagrams depicting relations 
between ice streams entering a trunk glacier. Robert P. Sharp, “The Wolf Creek Glaciers, St. Elias Range, Yukon 
Territory,” The Geographical Review 37, no. 1 (1947): 30.

 Field to Sharp, 22 May 1951, folder 1, box 15, sub-ser. a, series 8, Field papers.328
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 Sharp’s background contrasts sharply with Wood’s. The son of Southern Californian 

farmers, he was the first of his family to go to college. In 1930 he enrolled at Caltech, where he 

found himself well-suited to the university’s competitive atmosphere. From there he went to 

Harvard, where he earned a MA and PhD in geology under geomorphologist Kirk Bryan, writing 

a dissertation on the geomorphology of Ruby-East Humboldt Range of Nevada.  During his 329

time in Nevada, he developed strong opinions about the relationship between recreation and 

work in the field. Sharp loved to fly fish, it was a skill he learned from his grandfather and he 

enjoyed wiling away leisurely afternoons on a riverbank. Yet, unlike Maynard Miller, Walter 

Wood, and Bradford Washburn, he did not mix work and pleasure. “You cannot go into the field 

thinking that at 5:00 p.m. you will lay down your geologic hammer and pick up your fly rod,” he 

later warned a student, “A productive day must be fully devoted to one or the other.”  A man of 330

exacting standards, for himself and others, when Sharp was in the field to do research, he did re-

search. 

 Sharp was a Caltech man. He believed that the best training for earth scientists was math-

ematics and physics, and that basic research was valuable for its own sake.  When asked for a 331

pragmatic reason for studying glaciers, he replied, “I am a little unhappy that we try to justify our 

research work all too frequently in terms of the material benefits and practical applications it 

 Robert P. Sharp, “Pleistocene Glaciation of the Ruby-East Humboldt Range, Northeastern Nevada,” Journal of 329

Geomorphology 1, no. 4 (1938): 296-323; Sharp, “Basin-range Structure of the Ruby-East Humboldt Range, North-
eastern Nevada,” Bulletin of the Geological Society of American 50, no. 6 (1938): 881-919.

 “Clarence R. Allen,” interviewed by David A. Valone, Archives of the California Institute of Technology, April 1 330

and 4, 1994, http://archives.caltech.edu/repositories/2/accessions/165.htmlfrom=0&q=Allen%2C+Clarence&q _ex-
act=&q_excluded=&q_required=&size=10&total=69.

 In reply to Edward LaChapelle inquiring about of graduate study there, head of the Caltech geology division Ian 331

Campbell told him that they preferred students with thorough training in mathematics and physics over those who 
may have specialized in geology in college. Campbell to LaChapelle, 15 July 1953, folder 1, box 9, Sharp papers.

!165



may have. On a general philosophical basis I claim we study glaciers because we wish to under-

stand them.”  Unlike Bill Field, who continually strove for a national plan to guide glaciologi332 -

cal research, Sharp advocated a laissez-faire approach, believing that such things took care of 

themselves when allowed to develop naturally.  “Good research,” he claimed, “is done by peo333 -

ple who want to do it.”  At a time when North American glacier study was being re-envisioned 334

as part of the geophysical sciences, Sharp insisted that the best way to promote glaciology was 

“to do good glaciological work and publish it.” In statements such as these, he echoed the influ-

ential science policy advisor and chairman of the Joint Research and Development Board, Van-

nevar Bush who, in 1945, outlined a post-war vision of American science that used public money 

for basic research in which scientific agenda were dictated by the experts themselves. “Scientific 

progress on a broad front results from the free play of free intellects,” Bush wrote, “working on 

subjects of their own choice, in the manner dictated by their curiosity for exploration of the un-

known.”  To impose research trajectories from above would stifle the freedom of inquiry that 335

Bush felt made peacetime science flourish and progress. Robert Sharp agreed. 

 When invited by Wood to serve as senior scientist on Project Snow Cornice, Sharp made 

sure the glaciological research agenda was his design. Motivated in part by mountaineering am-

bitions, Wood had selected the Seward-Malaspina glacier system as the site for his permanent 

research station and was keen to implement a program of regimen studies. Sharp knew that 

 Sharp to Field, 08 May 1959, folder 8, box 5, Sharp papers. In the margin of a letter from IGY organizer Hugh 332

Odishaw asking for “things of interest to the public” to promote the IGY Sharp wrote, “Woe!”. Odishaw to Sharp, 
13 June 1957, folder 33, box 2, Sharp papers.

 Sharp to Richardson, 24 May 1960, folder 8, box 3, Sharp papers.333

 Sharp-Richardson, 24 May 1960, folder 8, box 3, Sharp papers. See also Sharp to Faylor, 31 March 1959, folder 334

32, box 1, Sharp papers.

 Vannevar Bush, Science, The Endless Frontier, A Report to the President on a Program for Postwar Scientific 335

Research (Washington, D.C.: United States Government Printing Offices, 1945), 12.
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“Ahlmann-type” regimen studies would be exceedingly difficult there. Good regimen work, as 

the Swedish scientist himself had stated, required a small glacier that could be “studied from tip 

to toe.” The Malaspina was a poor candidate. It is the world’s largest piedmont glacier and its 

terminus spreads sixty-five kilometers across the coastal flats of the Gulf of Alaska in the shape 

of a large pseudopod. Its size and its confluence with the Seward glacier would have made it dif-

ficult to acquire representative measurements for accumulation and ablation or to account for all 

of the potential outflows of melt water.  Moreover, as a matter of preference, Sharp was less 336

than enthusiastic about regimen studies. He preferred structural studies of snow and ice that al-

lowed him to examine the physical workings of ice—how it flowed and moved—in exacting de-

tail.  He was more a follower of the Swiss model of geophysical glaciology than he was of 337

Ahlmann. 

 Sharp was skeptical about the idea that large-scale theories of climatic change, such as 

Ahlmann’s polar warming theory, could be read from the variations of glaciers. He believed they 

were based on information about too few glaciers and insufficient knowledge of the factors in-

fluencing fluctuations. Close, structural and processual work that could achieve a high degree of 

precision was more to his liking. Sharp countered Wood’s program of Ahlmann-style regimen 

studies with a research agenda inspired by Seligman’s and Perutz’s work on problems of firnifi-

cation, englacial structures, and the mechanics of flow. “Personally,” he wrote, “I am a little 

 He was skeptical that regimen studies could be done to the degree of precision required to make scientifically 336

meaningful statements about their response to climate. He felt that even Ahlmann’s own work failed to meet this 
standard. In particular, he criticized Ahlmann’s research on Vatnajökull. Sharp to Field, 17 November 1947; Sharp to 
Field, 15 June 1948, folder 2, box 15, sub-er. a, series 8, Field papers. Sharp was not alone in desiring more precise 
regimen studies, in a letter to Wood commenting on the proposed Project Fairy Castle, Arnold Court of the Military 
Planning Division suggested that any work done along those lines should be, if possible, “more accurate and de-
tailed.” Court to Wood, 22 March 1948, folder 8, box 145, AGS records.

 Sharp to Wood, 16 October 1947, folder 1, box 343, AGS records.337
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more interested in the structure of the glaciers themselves and in their mechanics.”  Glacier 338

variations did not interest him; the physics of ice and its movements intrigued him much more. 

In the end, the research agenda of Project Snow Cornice was a compromise, and the glaciologi-

cal research received separate military funding from the Pasadena Office of Naval Research. Ap-

proval for Contract N6onr-244 came in the nick of time in June, 1948.  339

 Following Wood’s agenda, they established the glacier’s regimen and gathered basic in-

formation on the temperature, density, and amount of meltwater in the firn.  Sharp’s program 340

included experiments with radar, audio-sounding, and seismology to determine the thickness of 

the ice. In 1949, mere months before Thomas Poulter was laying lines of charge along the Taku 

Glacier, Sharp took Snow Cornice’s seismological program into his own hands, employing Cal-

tech seismologists to do the fieldwork.  He also enlisted Henri Bader, who was at that time 341

working for the Snow, Ice and Permafrost Research Establishment in Minnesota, to join the field 

team. He and Bader established a “glacier camp” on the sand flats in front of the Malaspina and 

dug a cave into the ice to make a primitive laboratory for crystallographic studies—a far cry 

from the laboratory on the Weissfluhjoch and the field conditions to which Bader was accus-

 Sharp to Wood, 16 October 1947; Sharp to Wood, 22 October 1947, folder 1, box 343, AGS records.338

 Robert P. Sharp, “Glaciological Studies on the Seward Ice Field, St. Elias Range, Alaska-Canada Status Report,” 339

01 November 1948, folder 9, box 341, AGS records. The U.S. navy demanded official statements of approval for the 
project from the Canadian military and this slowed processing of the application.

 They established that on an average year, the Seward-Malaspina system lost 850 billion gallons of water, “thus 340

overshadowing the deficit in our national monetary budget,” Sharp noted. Robert P. Sharp, “On Ice,” draft, folder 1, 
box 343, AGS records. See also Robert P. Sharp, “Accumulation and Ablation on the Seward-Malaspina Glacier 
System, Canada-Alaska,” Bulletin of the Geological Society of America 62, no. 7 (July 1951): 725-744.

 The Caltech geophysicists on the radar and seismic team that summer were: S. Norman Domenico, Fred A. 341

Cross, Laurence H. Nobles, John R. Reese, and Bernard O. Steeson. Sharp did not think much of Poulter’s work. In 
a letter to Wood in 1950, he criticized the “tremendous amount of manure put out by Dr. Poulter.” Sharp to Wood, 30 
March 1950, folder 1, box 343, AGS records.
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tomed.  The following year Sharp saved Bader the trip by sending the ice to him.  And in 342 343

1951, Sharp turned the drilling program toward carving a vertical bore hole on the Malaspina, 

honing in on questions about subsurface flow dynamics that would dominate his research agenda 

for the next few years.  344

 Snow Cornice’s glaciological research agenda was modeled on those of the Swiss re-

search stations. Yet, the project never attained a permanent research station, as Wood had 

 When asked the following year to join the Juneau Icefield Research Project, he made his acceptance conditional 342

upon, “some measure of personal comfort” for him and an assistant. A kerosene stove for drying clothes was an ab-
solute must. Bader to Field, 28 February 1950, folder 11, box 31, sub-ser. b, series 7, Field papers.

 Borrowing a diamond drill from E.J. Longyear Company of Mining Engineers, he and his glaciological team 343

extracted a 292-foot ice core and sent the samples to Bader for analysis. Bader to Field, 28 February 1950,folder 11, 
box 31, sub-ser. b, series 7, Field papers; Maynard M. Miller, “Excerpts from Reports of Juneau Ice Field Research 
Project, Alaska, 1950 Summer Expedition,” folder 1, box 31, sub-ser. c, series 7, Field papers.

 Before his premature death on the Greenland ice cap in 1941, the American glaciologist Max Demorest devel344 -
oped a theory of extrusion flow to explain how ice in ice caps moved. By the 1940s, glaciologists generally agreed 
that glacier ice moved through some form of ductile or viscous flow and, in certain conditions, basal sliding in 
which the ice slide along the top of the bedrock. Extrusion flow, simultaneously theorized by Demorest and the 
German glaciologist Rudolf Streiff-Becker, held that, given sufficient mass, pressure from the upper ice layers could 
cause lower ones to flow outward from beneath (imagine the contents of a sandwich oozing out the sides when the 
top piece of bread is pressed upon). This would likely occur when the ice was not bounded at its margins, as is the 
case for large ice caps such as the one on Greenland. There were differences between Demorest’s and Streiff-Beck-
er’s theories; the former gave a dynamical explanation, while the later a kinematical one. See Edwin D. Waddington, 
“The Life, Death and Afterlife of the Extrusion Flow Theory,” Journal of Glaciology 56, no. 200 (2010): 989. Sharp 
wanted to know if there was evidence of extrusion flow on low-level piedmont glaciers like the Malaspina, which, 
like ice caps, flow unhindered across relatively flat topographies. In July, he and his team used an electric hotpoint 
drill powered by a generator that had been dropped by the expedition’s Norseman to carve a 1000-foot borehole into 
the glacier. Into the hole they sunk aluminum piping and an inclinometer to determine the slope of the hole. Sharp 
returned in 1952 and 1953 to measure the angle of deformation; his measurements showed the upper layers moved 
faster than the lower ones: evidence against extrusion flow. During the same years, British theorist John Nye dealt 
the extrusion flow theory its death blow with a mathematical physical argument that showed the forces required to 
be impossible. See John F. Nye, “The flow of glaciers and ice-sheets as a problem in plasticity,” Proceedings of the 
Royal Society of London, Series A 207, no. 1091 (1951): 554-72; John F. Nye, “The mechanics of glacier flow,” 
Journal of Glaciology 2, no. 12 (1952): 82-93. Sharp remained interested in borehole drilling. He took what he 
learned from drilling on the Malaspina to other projects, including the Saskatchewan glacier and the Blue glacier in 
Washington’s Olympic Range. (See Chapter Four.) Through these projects, he and his students and colleagues estab-
lished Caltech as a hub of expertise on hotpoint design and techniques—though as he told Ed LaChapelle, letters as 
for advice on hotpoint design and use, reduced him to a state of tears. Correspondence describing Shreve’s adven-
tures with hot points and Sharp’s admiration for his student can be found in Sharp to Bader, 07 January 1959, folder 
32, box 1, Sharp papers; Sharp to LaChapelle, 06 May 1960, folder 34, box 2, Sharp papers. For letters asking for 
guidance see Savage to Sharp, 30 June 1961; folder 34, box 34, Sharp papers; Sharp to Mathews, 17 April 1956, 
folder 46, box 9, Sharp papers; Sharp to LaChapelle, 22 April 1957, folder 33, box 2, Sharp papers.
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hoped.  In 1951, tragedy came to the Malaspina when the project’s Norseman (the one which 345

had caused such embarrassment when it flipped on its nose in 1948) went missing with the pilot 

Maurice King, Walter Wood’s wife, Foresta, and their daughter, Valerie, aboard. At the time, 

Walter Wood and his son Peter were stranded on the nearby Mount Hubbard where they were 

making another first ascent; they did not discover the plane was missing for several days. 

Searches yielded no signs of the Norseman; its fate and those of its passengers remained forever 

a mystery.  346

 Perhaps in part because of the loss of the Norseman, Sharp began to lose interest in the 

Malaspina that same year. He reported having, “his stomach full of Yakutat” and being weary of 

the logistics of doing science at such a remote location.  By 1952, he was shopping around for 347

smaller, more accessible (perhaps safer) glaciers that would more readily lend themselves to 

comprehensive analyses of three-dimensional flow. That year he moved on to a project that in-

vestigated the mode of flow of the much smaller and simple Saskatchewan glacier in the Canadi-

an Rockies.  (See Chapter Five) Soon thereafter, as part of the International Geophysical Year, 348

he turned his attention to the Blue Glacier in Washington where he again focused on bore hole 

deformation and surface movements. The Saskatchewan (a small outlet glacier compared to the 

Malaspina) and the Blue (which could be reached via a two-day hike through the Hoh rainforest) 

 Wood had to wait until 1961 when he began his second glacier field study under AINA: the Icefields Ranges Re345 -
search Project (IRRP). By 1986, the IRRP station at the south end of Kluane Lake had served at the research site for 
nineteen doctorates and twenty-nine master’s theses.

 Daywire DA1456, folder 9, box 345, AGS records.346

 The only part of the project that held any interest for him was the vertical borehole, but those observations were 347

easily handled by a quick visit with one or two students and an inclinometer; it hardly warranted an entire season of 
operations. Sharp to Ehrendreich, 19 June 1952, folder 15, box 14, Sharp papers.

 Sharp to Wood, 03 January 1952; Sharp to Wood, 27 May 1952, Sharp to Wood, 09 April 1953, folder 1, box 343,  348

AGS records.

!170



were more manageable research objects. Sharp finally had his small, accessible ice stream that 

could be covered from tip to toe. 

6. Geophysical glaciology, mountaineering, and the military 

 Sharp’s vision dominated the glaciological aspects of Snow Cornice, but they did not de-

termine the entire project. Wood included studies of the surrounding topography, botany, and ge-

ology, and mountaineering remained firmly on the agenda. In 1949, against the glaciologist’s 

wishes, Wood invited the British climber Noel Odell—the same man who had drawn the distinc-

tion in 1945 between glacial geology and glaciology—to participate in that season’s fieldwork.  349

Odell was trained as a geologist but was known for his climbing; famous for being the last per-

son to see George Mallory and Andrew Irvine alive before they disappeared on the slopes of 

Everest. The majority of Odell’s geological research that summer focused on the base of Mount 

Vancouver, the highest unclimbed peak on the North American continent. At the end of July, he 

led three members of Snow Cornice to its summit.  350

 The compromises on the Malaspina reveal a different arrangement of the scientific, mili-

tary, and mountaineering elements that constituted the field work of the Juneau Icefield Research 

Project. Yet, both arrangements were instances of the new regime of geophysical glaciology. Un-

like glacier naturalism, which relied on trains and boats and focused on glacier termini, geophys-

ical glaciology demanded spending long periods of time in the high alpine. In remote southeast-

 Sharp to Wood, 8 November 1948, folder 1, box 343, AGS records.349

 Alan Bruce Robertson, “The First Ascent of Mount Vancouver,” Canadian Alpine Journal 33 (1950): 1-38. For 350

Odell’s role in the early British attempts on Chomolungma, see Maurice Isserman and Stewart Weaver, Fallen Gi-
ants: A History of Himalayan Mountaineering from the Age of Empire to the Age of Extremes (New Haven, CN: Yale 
Univ. Press, 2008), 124-126.
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ern Alaska, this was possible due to connections to military institutions and to the world of high 

alpine mountaineering. The network of people and materials that supported and shaped glacio-

logical field research in high alpine settings was a loosely affiliated alliance; a haphazard orches-

tration of heterogeneous elements from overlapping masculine social domains. As we saw with 

Miller’s chafing against publication restrictions and Sharp’s disdain for Wood’s mountaineer 

field assistants, these elements did not always work harmoniously. 

 We have already seen the ways in which military transport enabled both mountaineering 

and science. The union of military and mountaineering elements may also be detected in the ma-

terials that made it possible to live and travel in the alpine. In the post-war years, military and 

mountaineering circles shared a material culture based in expeditionary gear. By 1948, the expe-

rience of camping on the ice was much improved from that of Israel C. Russell fifty years earlier 

when nights on Alaskan glaciers could mean death. Portable stoves, tents, and fuels and im-

provements in mountaineering equipment such as synthetic ropes and Vibram rubber soles made 

day to day tasks of living and moving about on the ice safer and more comfortable. Many of 

these improvements were the result of wartime innovations; most notably, nylon ropes which 

were less brittle under tension and therefor safer, than pre-war hemp ropes. During the European 

conflict, American climber-soldiers shipped out to the Italian and Austrian Alps with newly de-

signed ice axes, pitons, piton hammers, tents, and sleeping bags. (They would have also had new 

knock-off versions of Vibram rubber-soled mountaineering boots had these not failed to ship 

when the Tenth Mountain Division was deployed.) After the war, during “The Age of Army Sur-

plus,” climbers flocked to eat up the excess.  So, too, did alpine glaciological expeditions. 351

 Isserman, Continental Divide, 265.351
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 Aerial support did not efface the role of mountaineering in glaciological field work. Al-

though air transport was becoming a routine part of glaciological research in the 1940s and 

1950s, it was by no means mundane or routine—even with Jet Assisted Take Off, achieving lift 

off the high altitude ice could be nail-biting, especially later in the season as glacier surfaces be-

came softer and riddled with crevasses.  Personnel still needed to know how to travel safely on 352

glaciated terrain.  Indeed, mountaineering skills were more crucial for névé-based geophysical 353

glaciology than it was for Field’s earlier boat-based termini studies. 

 Beyond basic matters of access, safety, and shared material culture, mountaineering in-

fused and shaped the social world of geophysical glaciology in the field. Mountaineering is a dis-

tinct form of social belonging, with its own internal and external markers of inclusion. Long-nar-

rated by its practitioners as an irrational calling that evades explanation, mountaineers often iden-

tified with “the brotherhood of the rope” and made climbing mountains part of their identity.  354

Maynard Miller, Walter Wood, and many of the field workers on the Juneau and Malaspina were 

motivated by desire to combine work and play in the field. Indeed, some had managed to do so 

even during their war service.  In post-war glaciology, recreation remained an important part of 355

individuals’ motivations for going to the ice. As one member of Snow Cornice put it, “Moun-

 Field recorded in his diary the tension of watching an aircraft bounce over the crevassed horizon of the glacier, 352

“the jets went off, but they still didn’t rise and disappeared from sight down the glacier.” Those aboard later told 
Field that “it had been a hair raiser and they had clattered over the crevassed ice below the névé line before getting 
airborn.” Field Diary Alaska 1950, box 1, sub-ser. a, series 1, Field papers.

 In later years, JIRP experimented with using weasels—tracked, tank-like vehicles used in the Second World War353

—to move men and materials around the icefield. But weasels did not solve the problem of getting supplies onto the 
ice or negate the need for air support. Suited only to travel on the smooth, relatively flat terrain, the weasels had to 
be airlifted on to the névé; on the broken, crevassed terrain of the termini, they were useless.

 “Brotherhood of the rope” first appears in print in French climber Gaston Rébuffat’s Etoiles et Tempêtes (1954) 354

and poetically captures the sense of masculine camaraderie that characterized much mid-century mountaineering. 

 Members of the Tenth Mountain Division, as well as other soldier-climbers, found time to climb classic routes in 355

the Alps while deployed overseas. Isserman, Continental Divide, 266.
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taineering was a secondary consideration only, but for the three of us from the HMC, interest in 

the mountains […] vied with scientific work for holding our attention.”  The demographics, 356

norms, and motivations of mountaineering were woven into social life in the field. 

 On the Juneau Icefield, where the primary source of field assistants were the male-only 

preserves of the Harvard Mountaineering Club and the American Alpine Club, the social worlds 

of mid-century mountaineering created an exclusively homosocial environment on the ice.  357

Field workers bathed in the open and on sunny days performed their duties shirtless and some-

times pant-less. The presence of women on the ice would have ruined the homosocial fun—or so 

the men thought—forcing researchers to keep their clothing on and to find ways to negotiate the 

close quarters with a modicum of propriety.  The first woman to visit a Juneau icefield camp 358

was the wife of Juneau hydrologist Will Reedy who, in 1951, was flown in because of the popu-

larity of her home-baked chocolate chip cookies.  Females were sources of cookies and letters, 359

better to be missed and pined after than accommodated on the ice. 

 The situation on the Malaspina was slightly different. Foresta Wood, an accomplished 

skier and outdoorswoman, accompanied her husband on most expeditions.  The presence of 360

 Francis P. Magoun III, “Mount Vancouver’s North Ridge,” Appalachia 27 (1949): 321-333, 321. Similarly, Miller 356

believed a bit of climbing was good for team morale. Miller to Ayres, 10 December 1949, box 29, sub-ser. c, series 
8, Field papers.

 Not all climbing cultures have subscribed to the masculine culture that was stereotypical of high alpine moun357 -
taineering in the nineteenth and twentieth centuries. Joseph E. Taylor has done an excellent job uncovering the di-
versity of gender relations within early American climbing clubs. Taylor, Pilgrims of the Vertical, 62-75.

 For an analogous situation, that of being a female researcher at sea, see Oreskes, “Objectivity or Heroism.”358

 “Former Nebraska Woman Follows Cookies to Ice Cap,” The Lincoln Star, December 9, 1951, folder 9, box 166, 359

AGS records.

 Barbara Washburn, wife of Bradford, is another notable example of a woman often found in the Alaskan high 360

alpine. She had never before climbed a mountain until her honeymoon, when her husband brought her and a clutch 
of young male assistants, including Maynard Miller, on a geographical and climbing expedition to Mount Bertha. 
Barbara went on to be the first woman to climb Denali. “Alaskan Honeymoon: Washburns are First to Climb Mount 
Bertha,” Life Magazine, January 20, 1941, 45-54.
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Foresta Wood on the ice, like Mary Vaux in the Canadian Rockies, shows there were exceptions 

to the homosocial rule. Yet even in those cases, it did not simply go without saying. It was be-

lieved that male behavior on the ice was markedly different when women were around. When 

deciding on whether to bring his teenage daughter and her friend on an expedition to the Canadi-

an Rockies in 1950, Field studiously checked with every male on the expedition to see they 

would find the presence of two women bothersome. When choosing an extra field assistant, he 

was careful to pick someone he believed would behave himself around two young ladies.  Mid-361

century geophysical glaciology, much like glacier naturalism, and mid-century mountaineering, 

was primarily a man’s game. The homosociality of the military and mountaineering circles 

shaped life and practice on the ice and reinforced the gendered space of the icefield research 

camp. 

✷ ✷ ✷ 

 Military patronage was enabling for mid-century glaciology. Navy contracts saved Field 

from having to cobble together money from companies like Pan American Airlines, and Robert 

Sharp from having to rely on Walter Wood’s Arctic Institute contracts. They made long-term, on-

going studies easier to plan, execute, and secure staff for. Air support made it possible to trans-

port supplies and equipment to the icefields for prolonged research stays. Military support may 

not have been essential for geophysical research on glaciers—Goldthwait’s seismic work in 1935 

was a good example of smaller-scale geophysical glaciology. But geophysical glaciology in the 

extensive, on-site style of JIRP and Snow Cornice would not have been possible without military 

 Field to Phillips, 4 May 1949, folder 48, box 165, AGS records.361
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assistance. Aerial support was especially enabling. The next logical mode of transportation in 

Alaska was horse pack trains or dogsled. But ferrying the materials and supplies for such large 

groups would have taken longer—in part because men and animals would have been left at the 

mercy of changeable weather for prolonged periods—extending the overall length of the expedi-

tion and cutting into valuable research time.  Aerial support made it possible to furnish larger 362

expeditions in less time. Glaciologists in the post-war years welcomed military support. It was 

enabling and it was a understood to be a good thing.  363

 In histories of the earth sciences, the influence of military patronage in science is much 

discussed because of its apparent impact on research agenda in the wake of the Second World 

War. Responding to debates in the 1990s over whether military patronage did or did not affect 

the outcomes of scientific research, Ronald Doel argued that military patronage had the capacity 

to create research agenda and schools. This, he argued, shaped the “particular constitution” of the 

physical environmental sciences, especially in relation to the life sciences.  Certainly, there 364

were cases in which military patronage did affect what was studied and what knowledge was 

produced. For example, Jacob Darwin Hamblin has shown how science became a tool by which 

to extend the military’s “total war” thinking to the natural environment. Paul Edwards has shown 

how military objectives guided technological developments in computing down particular chan-

 For example, in 1935, the first Wood Yukon Expedition required nine days to transport four men and two weeks’ 362

supplies to the base of Mt. Steele. During this shuttling sixteen days of stormy weather hampered or prevented 
progress. In 1939, sixteen working days were required to supply four men and their supplies; storms prevented ad-
vancing on nine of those days. In 1941, Wood chartered a plane and convinced the War Department to supply two 
Army Air Corps bombers and Captain Albert H. Jackman to carry out parachute drops from two B-18-A bombers. In 
two days they free-dropped or parachuted expedition’s 3650 pounds of supplies. Wood, “Parachuting,” 38-40.

 Naomi Oreskes has shown this to be the case also for Cold War physical oceanographers and marine geophysi363 -
cists. Oreskes, Science on a Mission.

 Doel, “Constituting the Postwar Earth Sciences,” 640-643, 652, 655.364
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nels, hastened that development, and how military patronage shaped the structures of the nascent 

computer industry. Naomi Oreskes has argued that military patronage altered how oceanogra-

phers saw the ocean—as a theatre of war, rather than a domain of life—by funding certain 

projects and not others.  An analogous situation seems also true for post-war glaciology where 365

a microstructural and process-oriented focus steered research away from general glacier-climate 

trends for a decade. Yet, this focus was largely a product of scientists’ own epistemological goals, 

shaped by the examples of their European counterparts and the puzzles posed by Alaskan ice. I 

have found no evidence of glaciologists wishing the military presence were otherwise. Of course, 

absence of evidence is not evidence of absence, but the available evidence suggests that many of 

scientists’ glaciological research goals coincided with military interests. The physical workings 

of snow and ice were of interest to both Navy patrons and glaciologists; it was a confluence of 

interests based in shared ideals of precision and predictability and a desire to understand frozen 

landscapes. 

 Yet, this did not mean that military patronage did not affect glaciologists’ practices in the 

field or what I call the “paraglaciological” research agenda—activities pursued in the field that 

were not immediately related to glaciological questions. We have already seen how, in conjunc-

tion with the culture of mountaineering, military patronage affected the practices of place, creat-

ing homosocial work spaces populated by young men and veterans accustomed to working in all-

male situations. Military patronage also encouraged glaciologists to prioritize questions about 

food rations, instrument maintenance and performance, and transportation to and on the ice as 

 Hamblin, Arming Mother Nature, 5; Edwards, Closed World; Oreskes, “Context of Motivation”; Oreskes, Science 365

on a Mission.
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important research objectives in the field.  For example, in 1956, Ed LaChapelle  provided 366

write-ups on avalanches and glacier travel for a report a glaciers and glaciation contracted by the 

Quartermaster Corps.  Such questions, while not about glaciers and ice, became the paraglacio367 -

logical research pursued by scientists. While military patronage might not have significantly al-

tered the glaciological questions scientists asked, it did encourage them to spend time and re-

sources observing and documenting the organizational logistics and equipment that allowed them 

to live on the ice and conduct technical research. This orientation gave a new role to photogra-

phy. Thus, unsurprisingly, military patronage influenced certain aspects of research on the ice, 

and not others. Its effects can be seen in the visual products of geophysical glaciology. 

  

7. From termini to tasks: A new role for photography 

 In geophysical glaciology, research agenda and field techniques developed in tandem. 

Novel techniques like crystallography, seismology, and vertical borehole drilling gave re-

searchers fresh resources for addressing questions about the physics of glaciers. They also helped 

cultivate a preference for precise, quantitative observations. The camera became one of many 

tools in the glaciologist’s kit. But, unlike the seismograph and ram penetrometer, it did not pro-

vide quantitative information. In the publications of the Juneau Icefield Research Project and 

Sharp’s work on the Malaspina, photographs were of little use for communicating such informa-

 The extent to which the military demanded such information changed over the years. Early on, the ONR de366 -
manded reports on logistics and equipment from Walter Wood; by the mid-1950s, the ONR was calling for more of 
the technical work on snow and ice done by men like Edward LaChapelle, a Swiss-trained snow scientist, and 
Richard Hubley, who focused on the micrometeorology at the glacier’s surface.

 LaChapelle’s report was a chapter in Field’s “Mountain Glaciation of the Northern Hemisphere,” what eventually 367

became Mountain Glaciers in the Northern Hemisphere. LaChapelle, “Some Aspects of Glacier Travel with Particu-
lar Reference to Military Operations,” 18 February 1957, folder 2, box 8, sub-ser. a, series 8, Field papers.
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tion and appear rarely. Yet the new arrangements of patronage created a new opportunity for pho-

tography in the field. 

 Now far removed from termini and their fluctuations, glaciologists turned their cameras 

toward capturing the details of operations, techniques, and supply: elements of fieldwork of in-

terest to their military patrons. This was deliberate. In his application to the Research and Devel-

opment Board Field made clear the value of photography in geophysical glaciology; “photo-

graphic records of the Ice Field Operations,” he wrote, “may be useful for training manuals and 

films.”  Visual documentation could of course be used for public and academic lectures, but it 368

aimed, first of all, at appealing to military audiences.  

 One of the most striking visual legacies of the Juneau Icefield Research Project are the 

still and moving films Jirps used to document operations.  Silent, unedited films show young 369

men in plaid button-ups and scruffy beards cavorting for the camera, eyeing it nervously when-

ever it focuses on them for too long. In the jolted, overly-quick movements of old film the men 

dig pits and insert metal tubes into the snowy side walls to gather samples and measure densities; 

they peer through the surveyor’s theodolite; then probe the firn with slender metal rods. Certain 

reels show them packing boxes and canvas duffel bags onto sleds and jerkily pulling them across 

the snow on wooden skis, others show them eating crackers or raising a wall framed in two-by-

fours. The films cut abruptly between mundane scenes of life on the ice and distant aerial views 

of the icefield and its surrounding peaks. The ice is a smooth and undulating expanse of white, 

punctuated by pinnacles of black rock and the yellow wing of the plane, constantly visible in the 

 “Statement Outlining a Proposed Glacier Study Project,” November 1948, folder 4, box 165, AGS records.368

 The Juneau Icefield Research Project film reels (1948-58) can be watched on the University of Wisconsin, Mil369 -
waukee library website. “Juneau Icefield Research Project [Motion Picture Film],” University of Wisconsin Mil-
waukee Libraries, accessed October 25, 2017, http://collections.lib.uwm.edu/digital/collection/agsnorth/id/13566.
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lefthand corner of the screen. It becomes clear that a camera at ground level would be unhelpful 

on such large, featureless expanses of ice. In the context of geophysical glaciology, photography 

never ceased to be part of a field scientist’s toolkit, but it was deployed differently than it had 

been in glacier naturalism. 

 Now one of many instruments, the camera did not produce the quantitative information 

that weigh scales, inclinometers, and seismographs did, but instead caught on film the work done 

with those instruments. The changes in research agenda and standards of evidence that came with 

the culture of precision advocated by the champions of geophysics also changed the epistemic 

status of photographs. Under geophysical glaciology, graphs, charts, and equations became the 

preferred representations for depicting what was now of interest in glacier study: fluctuations in 

volume and the processes by which snow and ice transformed and moved. Photographs played a 

documentary role, bearing witness not to changes in ice, but to changes in method, field site, and 

practice. To be sure, field scientists took photographs of the ice, though little could be seen but 

sweeping prairies of snow punctuated by rock. And aerial photography, although good for recon-

naissance and for producing maps, was understood to be of limited glaciological value.  Seis370 -

mic measurements, inclinometer readings, and temperature-density charts constituted the real 

evidence produced by the Juneau Icefield Research Project and Snow Cornice. The primary val-

ue of photography for these projects was its ability to document the new modes of research being 

explored on new terrain and to use this documentation to convince patrons to continue funding 

such endeavors. 

 Jirps used aerial photographs to map the icefield and, after moving to the Lemon Creek glacier, to document 370

changes in the firn line (the position of the winter snow line at the end of the melt season), which gave an approxi-
mation of the glacier’s regimen. 
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 There were good reasons behind this shift to new instruments and quantitative measure-

ment. Termini fluctuations were not very reliable indicators of the overall present state of a glac-

ier—mass balance measurements were better suited to this. And, contra the hopes of the Vauxes, 

compiling more photographs of glacier termini did not yield the secrets of how glaciers flowed. 

Yet, downgrading photographic documentation in favor of more quantitative representations 

meant that glaciology set aside a tool of public persuasion. By reconfiguring the glacier as a 

technical landscape that could only be made legible through graphs, charts, and equations, they 

made knowledge of glaciers a matter of exclusive expertise, the providence of a select group of 

people. Earlier glacier studies that relied on repeat photographs and were published in the Cana-

dian Alpine Journal, the Bulletin of the Harvard Mountaineering Club, or the Geographical Re-

view all spoke to public, non-expert audiences. Repeat photographs are legible to virtually any-

one, but not everyone knows how to read a seismographic print out or the mass balance charts 

Ahlmann produced for the Geografiska Annaler. Reconfiguring the glacier as a technical land-

scape allowed glaciologists to make more precise and more accurate measurements, but it also 

made the glacier an object for whom only a few were qualified to speak, and reduced the audi-

ence to those to whom they spoke. Geophysical glaciology, made possible by new arrangements 

of military and mountaineering support, transformed glaciers from scientific objects to be col-

lected and catalogued into technical landscapes to be probed and measured. Photographs could 

only reveal so much about such things. 
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Chapter 4: 

4. Northwest Glaciologists and the Emergence of Environmental Glaciology, 1958-1980 

 Mountain glaciers, icons of anthropogenic climate change in the early twenty-first centu-

ry, rarely appear in standard histories of climate change. When glaciers do appear in these histo-

ries it is typically in discussions of nineteenth-century ice age theories. These are credited with 

making feasible the idea that past climates may have been radically unlike that of the present. 

This expansion of scientific imagination, it is held, paved the way for entertaining the possibility 

that future climates might also be drastically different. Polar glaciology, particularly where it met 

isotope chemistry and paleoclimatology, also features prominently in histories of climate 

change.  The study of non-polar glaciers, when it is considered, is portrayed as mere confirma371 -

tion for what is discovered through other means.   372

 Historian Sverker Sörlin has written on non-polar glaciology and climate change and he 

holds that the history of twentieth-century glaciology complicates standard, cumulative genealo-

gies of climate change. Pushing against the intuitive idea that glaciers were natural or obvious 

signs of anthropogenic climate change, he argues that glaciologists were late-comers to the con-

sensus on climate change. Basing his assessment on the story of Swedish glaciology, Sörlin con-

tends that Hans Ahlmann’s approach to glaciology committed scientists to prioritizing continual 

data collection and cultivated a skeptical attitude toward the possibility of unnatural climate forc-

 Polar ice cores and the isotopic analyses made by people such as Willi Dansgaard and Hans Oeschger revealed 371

the possibility that not only were past climates radically different, but transitions could be abrupt and rapid.

 See, for example, Fleming, Historical Perspectives; Weart, Discovery of Global Warming; Tim Flannery, The 372

Weather Makers: the History and Future Impacts of Climate Change (Melbourne: Text Publishing Co., 2005); Mark 
Bowen, Thin Ice: Unlocking the Secrets of Climate in the World’s Highest Mountains (New Work: Holt Paperbacks, 
2005).

!182



ings. These methodological commitments isolated glaciologists from the models and evidence 

offered by meteorology and nurtured climate change skepticism at the Tarfala research station, 

Sweden’s premier glaciological research institute, established by Ahlmann’s student Valter 

Schytt.  Sörlin’s warnings against teleological genealogies are worth heeding. Yet, legacies are 373

complex and multi-stranded. As we saw in the previous chapter, Ahlmann’s influence in North 

America inspired the first geophysical field studies of glaciers and these sites did not develop 

into centers of climate denial. 

 In this chapter I consider the history of glaciology and climate change from a North 

American angle. I examine how North American glaciologists participated in the earth sciences’ 

turn toward environmental monitoring and assessment in the 1960s and 1970s, and reveal how 

non-polar glaciologists participated in some of the earliest well-known discussions of anthro-

pogenic climate change. Against the idea that glaciers were “natural” harbingers of global warm-

ing, I contend that repeat photographs of glacier recession were not the avenue through which 

North American glaciologists entered these discussions. Rather, it was calculations of small glac-

ier contributions to sea level rise. The repeat photographs that would later become compelling 

icons of climate change were not the evidence that convinced glaciologists.  

 This story revolves around a clutch of glaciologists working in the Pacific Northwest dur-

ing the decades following the International Geophysical Year (1957-58). Here, the research 

agenda of geophysical glaciology adjusted to prioritize mountain glaciers as hydrological re-

sources and objects of environmental monitoring. In the wake of the International Geophysical 

 Sörlin, “Global Warming that did not happen”; Sverker Sörlin, “Narratives and counter-narratives of climate 373

change: North Atlantic glaciology and meteorology, c. 1930-1955,” Journal of Historical Geography 35 (2009): 
237-255. Glaciologist Peter Knight also argues that glaciologists were late to the scientific consensus on climate 
change. Knight, “Glaciers: Art and History, Science and Uncertainty.”
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Year, a third regime of glacier study emerged in North America: environmental glaciology. This 

style of glacier study was part of a broader turn in the earth sciences toward resource monitoring 

and surveillance. Aerial glacier photography was part of this configuration. 

1. The International Geophysical Year and North American glaciology 

 The International Geophysical Year (IGY) was an eighteen-month international effort to 

study the earth and its systems using the tools and techniques of the geophysical sciences, and is 

often credited with bringing geophysical approaches to the study of the cryosphere. As we saw in 

the previous chapter, geophysical research agenda and techniques actually came to North Ameri-

can glaciology almost ten years before the IGY and were established in Europe well before then. 

The emphasis on the IGY suggests a desire for a birthdate for the discipline of glaciology, and 

perhaps also indicates a perceived importance of Antarctic research in the history of glaciology. 

Yet, as we’ve seen, the beginnings of geophysical glaciology may be traced further back to ori-

gins scattered diffusely across time and place. By 1951, six years before the IGY, New World ice 

streams had been subjected to seismic blasts, radar pulses, vertical boreholes, and crystallograph-

ic studies: the surfaces of the Juneau Icefield and the Seward glacier were littered with the accou-

trements of military-supported geophysical science. The IGY found Robert Sharp on the Blue 

Glacier in Washington state, studying surface and englacial motion, applying techniques and in-

struments that he had honed during his time on the Malaspina. Bill Field spent the IGY years co-

ordinating research efforts through the United States Technical Panel on Glaciology. He also di-

rected a project that surveyed nine Alaskan glaciers to produce high quality maps against which 

to measure future changes. The champions of geophysical glaciology in North America were 
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each in their comfort zones, engaged in the kind of field work they had practiced prior to what 

New York Times journalist Walter Sullivan dubbed, the “assault on the unknown.” The IGY coor-

dinated and refined such efforts, but did not initiate them. 

 The IGY did, however, break ground in the southern hemisphere. Where it constituted the 

first sustained glaciological investigation of Antarctica. The exploratory elements of the Antarc-

tic program dominated the imaginations of media and organizers who focused much attention 

and resources on the southernmost continent.  Many glaciologists working in the northern 374

hemisphere saw the escapades of their antipodal colleagues as a waste of money, personnel, and 

resources. Walter Wood complained that the IGY’s focus on Antarctica interrupted the “orderly 

progress” being made on the physical properties and processes of glaciers since the war. He criti-

cized devoting 75% of American glaciology’s meagre population to Antarctic problems when 

more useful work could be accomplished with logistically simpler studies. Antarctic research 

was expensive and lacked the foundational knowledge that had already been established for 

northern glaciers.  Northern hemisphere glaciologists expected their own research programs, 375

built on tried and tested methods and formulated to answer specific questions, to yield better sci-

entific results.  “I hope,” wrote snow scientist Edward LaChapelle in 1955, that “we can live up 376

 For an example of the emphasis on the Antarctic in IGY glaciology communications, see Hugh Odishaw, “In374 -
ternational Geophysical Year,” Science 129, no. 3340 (January, 2 1958): 14-25. The author devotes two full pages to 
Antarctica and three paragraphs to glaciological programs in the northern hemisphere.

 Walter A. Wood, “Proposal for the Long-term Study of a Glacierized Geographical Area,” December 1960, folder 375

45, box 15, Sharp papers.

 There were four main field sites in the United States’ northern hemisphere glaciological program: Robert Sharp’s 376

ice velocity studies at the Blue Glacier, Edward LaChapelle’s regimen studies on the upper Blue Glacier, Richard C. 
Hubley’s micrometeorological and physical studies on the McCall Glacier in the Brooks Range of Alaska, and Mark 
Meier’s multi-faceted project on the South Cascade Glacier. Other contributions from ongoing projects on glaciers 
of the Northwest, the Rockies, and Lemon Creek Glacier (JIRP) were included as part of IGY glaciological activi-
ties. Mark F. Meier, “Glaciological Activities During the IGY-IGC: The United States Exclusive of Alaska,” folder 
1, box 19, sub-ser. a, series 8, Field papers.
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to [the] prediction that [the Blue glacier project] will come up with more basic scientific results 

than the much-ballyhooed Antarctic glacier program.” His correspondent, Sharp, thought the 

chances were good.  For glaciologists not working in Antarctica, the IGY was less a foray into 377

the unknown than it was an extended application of already existing research agenda and meth-

ods. 

 Yet the application of old methods by young scientists sparked a reappraisal of the re-

search agenda of geophysical glaciology. In what follows I consider two IGY projects that helped 

alter the trajectory of North American glaciology. The long-term hydrological study of the South 

Cascade glacier begun by Mark F. Meier and the glacio-climatic studies begun by Richard C. 

Hubley of the University of Washington steered the geophysical agenda and virtues advocated by 

Sharp in new directions. In the years bracketing the IGY, the Seattle-Tacoma area emerged as a 

hub for glaciology. A school of “Northwestern Glaciologists,” as they called themselves, coa-

lesced around the Department of Meteorology and Climate at the University of Washington and 

the Glaciological Project Office of the United States Geological Survey.  These Northwest 378

glaciologists helped effect a shift toward considering glaciers as scientific objects of monitoring 

and environmental concern. 

2. The South Cascade glacier and the USGS Glaciological Project Office 

 Mark F. Meier was a student of Robert Sharp, trained in the Caltech approach to glaciol-

ogy. Like Sharp, Meier prioritized training in physics and mathematics for the study of 

 LaChapelle to Sharp, 23 November 1955, folder 1, box 9, Sharp papers.377

 The annual Northwestern Glaciology conference still meets, its network extending from Alaska to California.378
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glaciers.  He grew up in Iowa farm country, far from glaciers.  With a master’s thesis on the 379 380

Dinwoody glacier he “won over” the faculty at Caltech geology PhD program who, at this time, 

rarely accepted graduate students they had not already “courted.” Sharp described his student as 

“quiet, with a dry sense of humor, not shy, but not a pusher.” The mature scientist inherited his 

mentor’s critical and searching approach to scientific problems and pronouncements. Meier’s 

colleagues recall him as ambitious and exacting.  381

Figure 5.1: Mark Meier surveying South Cascade glacier, 1962 
Photographer: Wendell Tangborn, courtesy of W. Tad Pfeffer. 

 Meier to Sharp, 17 October 1958, folder 15, box 10, Sharp papers. When looking to hire an assistant, Meier 379

sought persons with “good backgrounds in physics” and could “justify a very broad interpretation” of the field of 
glacier hydrology. Meier to Sharp, 17 October 1958, Meier to Sharp, 28 August 1959, folder 16, box 10, Sharp pa-
pers.

 W. Tad Pfeffer, “In Memorium: Mark F. Meier,” Arctic, Antarctic, and Alpine Research 45, no. 1 (2013): 1. 380

 Sharp’s biographical assessments of Meier are from “Draft notes on Meier for Fulbright application,” nd, Sharp 381

papers, B10, F15; “Meier Fulbright application letter,” ibid.; Meier to Sharp, 17 June 1957, ibid. Meier’s first hire at 
the USGS, Wendell Tangborn, recalled his employer’s drive and ambition. According to Tangborn, these traits made 
Meier occasionally difficult to work with. Inkpen interview with Wendell Tangborn, Erin Whorton, and Birdie 
Krimmel, June 23, 2017. Other colleagues recall Meier as a friendly but removed mentor who seemed to prefer to 
work alone. Inkpen interview with Andrew Fountain, October 30, 2017.
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 Meier’s doctoral dissertation on the mode of flow of the Saskatchewan glacier epitomized 

the ideals of precise and comprehensive studies of a single glacier. The same glacier that Field 

had photographed in 1922, the Saskatchewan is a classic valley glacier: a single, long tongue that 

snakes down a confined valley (Figure 1.4, Figure 3.4).  Its small size—in the early 1950s it 382

was about ten kilometers long—and simple geometry made it ideal for investigating flow me-

chanics. With funds from the Office of Naval Research, Meier, Sharp, and Bill Mathews (another 

Caltech graduate student) brought the geophysical approach advocated by Sharp to the 

Saskatchewan in 1952 and 1953.  The newly constructed Icefields Parkway made the location 383

more appealing because it eliminated long pack journeys, such as those taken by the Vauxes to 

reach glaciers north of Laggan. Yet, after driving from Pasadena to the foot of the glacier, the 

Caltech scientists play-acted explorers by using pack horses to haul their equipment onto the 

ice.  This included 1000 feet of aluminum pipe, 1500 feet of electric cable, fifty fir dowls, four 384

electric hotpoints, a thermograph, barograph, seismic gear, sonar sounding equipment, surveyor 

transits and stadia rods, an inclinometer, and a movie camera. With this compliment of instru-

ments they measured the glacier’s internal and surface velocities, studied macroscopic features of 

stress and strain, and applied those measurements to studies of ice crystal deformation to provide 

 Meier chose the Saskatchewan after consulting Field, whom he wrote in 1951 seeking suggestions for a small, 382

geometrically simple ice tongue that could be studied by a team of two or three. Having visited the glacier again in 
1948 and 1949, Field endorsed the Saskatchewan as the perfect choice. Meier to Field, 18 October 1951, folder 6, 
box 26, series 4, Field papers.

 Meier’s work in 1952 was supported by ONR contract N8onr-367, administered as a grant-in-aid through AINA, 383

and in 1953 by ONR contract N6onr 25516, NR 081-069, which was directly administered through Caltech. The full 
name of the project was “A Study of the Lower Course of the Saskatchewan Glacier, Alberta, Canada,” Project 
ONR-89, Task Order I, Contract N8onr-367. Sharp to Colbert, 21 November 1952, Sharp to Colbert, 21 June 1954, 
folder 32, box 1, Sharp papers. Chief of Naval Research to Chief of Naval Operations, 24 December 1952, folder 16, 
box 13, Sharp papers.

 In a well-known episode in Canadian mountain history, packer Jimmy Simpson led a pack train across a the 384

Saskatchewan glacier while outfitting J. Monroe Thorington and William Ladd’s mountaineering expedition to the 
Columbia Icefields in 1923. It was the first pack train to cross a glacier in the Canadian Rockies. See Edward J. 
Hart, Jimmy Simpson: Legend of the Rockies (Victoria: Rocky Mountain Books, 2009), 136-141.
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a thorough data set of the factors involved in the mechanics of flow. When “Mode of Flow of the 

Saskatchewan Glacier, Alberta, Canada” was published in 1960, Sharp declared it the most com-

prehensive physical study of a North American glacier to date and a welcome empirical contribu-

tion to the theories of glacier flow being developed by British glaciologists.  385

 The Saskatchewan study was a geophysical project through and through. Under Sharp’s 

tutelage, Meier learned to see glacier ice as a problem in geophysics. The results of his research, 

published simultaneously as a dissertation and a professional paper for the USGS, contained 

eight photographs, seven of which served as illustrations of specific features of the ice. These 

were couched amid countless diagrams, charts, and graphs containing data on velocities, strains, 

and variations in flow dynamics throughout the glacier. It was the epitome of glaciology in the 

Caltech style. Repeat glacier photographs, with their capacity to reveal landscape change over 

time, had no place in such work. 

 After completing his degree, Meier followed in the footsteps of Sharp’s other glaciology 

students and traveled to Europe to “marinate” in the stimulating environs of Swiss and Austrian 

 Sharp’s admittedly prejudiced opinion of Meier’s research was that it was “the most definitive study yet made” of 385

a North American glacier. Sharp to Meier, 29 January 1957, folder 15, box 10, Sharp papers. His statement may 
have carried an element of trans-Atlantic competition. Writing to Sharp from Greenland after completing his field-
work on the Saskatchewan, Meier declared that they were “punching holes in almost everything Perutz and Selig-
man have to say about the crystals in firn bands, drip ice, and icicles.” Meier to Sharp, 08 August 1955, folder 15, 
box 10, Sharp papers. Since the end of World War II, British glaciologists John F. Nye and John Glen had been de-
veloping theories of glacier flow with experimental work in the laboratory that they then tested outside. In the 
1950s, Nye articulated a theory of “quasi-viscous creep rate as a function of stress” and Glen discovered a relation 
between shear stress and strain rate for ice in the laboratory that researchers on the Jungfraujoch had confirmed for 
in situ glacier ice. Yet, Nye and Glen’s findings did not always corroborate one another and the exact nature of the 
relation between strain rates and mean stress (or hydrostatic pressure) had yet to be determined for a glacier “in the 
wild.” See John F. Nye, “The flow law of ice from movements in glacier tunnels, laboratory experiments and the 
Jungfraufirn borehole experiment,” Proceedings of the Royal Society of London, series A 219 (1953): 477-489; John 
Glen, “The creep of polycrystalline ice,” Proceedings of the Royal Society of London, series A 228 (1955): 519-538; 
J. A. F. Gerrard, Max Perutz and André Roch, “Measurement of the velocity distribution along a vertical line 
through a glacier,” Proceedings of the Royal Society of London, series A 213 (1952): 546-558.
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glaciology.  During this time, Sharp suggested his student’s name to Luna Leopold, head of the 386

Water Resources Division of the United States Geological Survey, who was looking to establish 

a permanent space for glacier studies within the USGS.  The USGS had long supported glacier 387

research, beginning with Israel C. Russel’s studies in Alaska, but none of the early work was or-

ganized under an umbrella of glaciology programs.  The USGS Glaciological Project Office in 388

Tacoma was established in 1956 as a step in that direction, with Meier as its first staff member.     

 Meier’s new job placed him in a very different institutional context from Caltech. Water 

resources had been a central concern for the Survey from the days of the its founding: debates 

over water rights in the arid west helped spur its creation.  In 1960, Leopold was interested in 389

better understanding glaciers as part of America’s water resources. Research at the glaciological 

office was organized around three questions: How do climatic factors affect the regimen of a 

glacier? How do glaciers respond to changes in their regimen? How can glacier fluctuations be 

interpreted on the basis of climatic change, and vice versa?  The USGS wanted to understand 390

and assess glaciers as part of the hydrological-climatological cycles that provided the country 

with water for industry and domestic use. Meier entered a job where the outlines of his research 

program were already drawn. Studies of the microscopic shifts in the crystalline latices of ice 

 Shreve, Meier, and Kamb all spent time in Europe. Sharp to Meier, 24 April 1956, folder 15, box 10, Sharp pa386 -
pers.

 Sharp to Meier, 24 April 1956, folder 15, box 10, Sharp papers.387

 Elisabeth F. Snyder, Bibliography of Glacier Studies by the U.S. Geological Survey (Washington, DC: Depart388 -
ment of the Interior, 1996).

 William H. Goetzmann, Exploration and Empire: The Explorer and the Scientist in the Winning of the American 389

West (New York: History Book Club, 1993), 573-578, 582, 595.

 Memo, Nace to Branch Chiefs, Water Resources Division, 20 September 1956, folder 15, box 10, Sharp papers.390
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under pressure were not unwelcome, but such work needed to refer back to the basic problem of 

how glaciers gained and lost mass in particular climatic conditions. 

 Meier brought a physicist’s sensibilities to these questions. As he saw it, the problem of 

how glaciers responded to and interacted with climate could not be divorced from questions 

about how they moved, gained and lost mass, and were theorized as dynamic objects. As part of 

the IGY, Meier began a long-term study of the mass-balance fluctuations and hydrology of the 

South Cascade glacier, an ice stream in the Glacier Peak Wilderness Area northwest of Seattle. 

Like the Saskatchewan, the South Cascade is a small, simple glacier. In 1958 it was about four 

kilometers long and accessible via a hike through narrow, heavily forested valleys. The glacier 

sits at the head of a hanging valley of its own making on a basin of bedrock. It terminates in a 

small, kidney-shaped lake from which a tumbling outflow creek marks the beginning of the 

South Fork of the Cascade River. This setting gave the South Cascade a great virtue as a field 

site: all of the melt water runs off in the stream. This could be measured by an outflow gage set 

at the head of the creek. Unlike Ahlmann’s work on Vatnajökull, studies of the South Cascade 

could account for all of the water lost by the glacier (except that lost to evaporation), making 

possible highly detailed studies of the relation between precipitation, run-off, and the glacier’s 

hydrology (Figure 5.2). 
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Figure 5.2: South Cascade glacier, 1961 
 The USGS research station is high on the ridge running up the right side of the photograph. Image: USGS, Water 

Resource Division photo no. 73.

 Meier hoped that quantitative data on the mass balance of a single, simple glacier during 

both the summer and winter would allow more refined statements about the ways glaciers react-

ed to climate change. It was a “gross simplification,” he maintained, to speak of the growth or 

diminishment of a glacier as a whole.  Was the mass balance of the South Cascade determined 391

more by winter accumulation or by the degree of summer ablation? He aspired to separate the 

seasonal net mass balances and to determine quantitatively how different parts of the glacier re-

sponded to climatic conditions. 

 Mark F. Meier, “Research on the South Cascade Glacier,” The Mountaineers 51, no. 4 (1958): 41.391
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 Fieldwork began with a five-person party on the ice for the month of July.  The team 392

built a hut on the west ridge of the glacier and installed a gaging station that continuously 

recorded water levels at the lake’s outlet. Over the next few years the research station grew. Be-

tween 1959 and 1976, a bunkhouse for eight, a kitchen, an instrument lab, a shop, a battery 

room, and emergency quarters were added. After 1961 the gaging stations received more atten-

tion: they built a concrete weir at the outlet of the South Cascade fork, which allowed them to 

calculate the hydrological balance of the whole basin—the amounts of water entering and leav-

ing the basin. The next year they added a precipitation gage that operated year-round and a gag-

ing station at the nearby Salix Creek—a non-glacierized basin—which allowed them to calibrate 

their measurements at South Cascade.  With the spread of buildings, instruments, and the ac393 -

coutrements of measurement around the South Cascade and neighboring basins, the glacier and 

its surroundings were transformed into a technical landscape. Not every field research site is a 

technical landscape. Yet the South Cascade, like the Taku and the Störglacieren, was permanently 

inhabited by scientific structures and constantly monitored: a landscape reconfigured (as a scien-

 The methods used in the first season were standard: they used movement stakes to document the glacier’s veloci392 -
ty, measured ablation according to samples taken from cores and snow pits, studied the stratigraphy of the firn, and 
installed a twenty-foot calibrated post that would allow them to determine winter accumulation. Hydrological stud-
ies that season involved collecting samples of the meltwater to analyze sediment content; sediment build-up was a 
concern for hydraulic energy, as till-rich waters could lead to build-up in dams. Meier, “Research on the South Cas-
cade,” 43, 46. At the start of each season, assistants installed calibrated ablation stakes against which to measure the 
rate of snow melt. Each day, they recorded meteorological observations from the instruments at the hut on standard-
ized forms and every two weeks they dug snow pits to assess the water content and stratigraphy of the snow. They 
also determined the density profiles of the snowpack using augers and snow surveys. Mass balance calculations 
were determined by pit, coring, and survey methods and were checked against detailed topographic maps produced 
every three years. 

 The gaging station was built by lining a six-foot hole with cedar planking and connecting it with the stream with 393

two-inch piping so that the level in the cedar well was the same as that in the lake. Atop this well, they erected a 
shelter for the recorder. The weir was added to and repaired in 1969, 1972, and 1981. Wendell Tangborn, personal 
communication, October 29, 2017.
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tific object) through the application of the practices, materials, and lexicons of technical 

science.  394

 The assistants who serviced the instruments and monitored the glacier were recruited 

from local universities. Assistants from the University of Puget Sound were especially common, 

where rumors of a summer job that paid to be in the mountains circulated amongst student moun-

taineers.  This readily available and enthusiastic pool of laborers created a social landscape that 395

resembled that of the Juneau Icefield Research Project. Field crews rotated frequently and were 

predominantly male. Like the transient laborers that floods ski towns every fall, assistants came, 

manipulated instruments, had some fun, and moved on. In 1960, Meier hired his first full-time 

employee, a USGS hydrologist working in Minnesota named Wendell Tangborn. Other full-time 

employees followed and the Glaciological Project Office grew. There were a few women who, 

like Roberta (Birdie) Krimmel, wife of an employee, worked as an unpaid field assistant and in-

 In Biographies of Scientific Objects, Lorraine Daston negotiated a path between realist and constructionist ac394 -
counts of science by distinguishing between quotidian objects and scientific objects. The former are solid, obvious, 
and difficult to get rid of; the latter are more malleable, contingent upon the practices and epistemologies of scien-
tists; they are “elusive and hard won.” Lorraine Daston, ed., Biographies of Scientific Objects (Chicago: Univ. 
Chicago Press, 1999), 2. As Lisa Messeri notes for other planets, certain entities can be both. Lisa Messeri, Placing 
Outer Space: An Earthly Ethnography of Other Worlds (Durham, NC: Duke Univ. Press, 2017), 9. Daston’s distinc-
tion echoes Heidegger’s, less science-friendly, distinction between an Object (Gegenstand) and a Thing (Ding), and 
Ian Hacking’s between a rock and dolomite. Bruno Latour recently revamped Heidegger’s distinction for Science 
Studies scholars. Martin Heiddegger, “What is a Thing?” trans. W.B. Barton, Jr., and Vera Deutsch (Chicago: Chica-
go Univ. Press, 1967). See also Ian Hacking, The Social Construction of What? (Cambridge, MA: Harvard Univ. 
Press, 1999), 186-206; Bruno Latour, “Why has Critique run out of Steam? From Matters of Fact to Matters of Con-
cern,” Critical Inquiry 30, no. 2 (2004): 232-233.

 “They [the USGS] didn’t need to recruit them,” Roberta (“Birdie”) Krimmel recalled, “They were at the door, 395

trying to get the job.” Tangborn, Whorton, and Krimmel, interview.
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visible technician.  The influence of mountaineering on social life in the field followed glaciol396 -

ogy into the 1960s and 1970s. 

 The accessibility, permanent infrastructure, and intensive monitoring program made it 

one of the most studied glaciers in the western hemisphere.  In the 1960s and 1970s, it hosted 397

specific studies and served as a test location for new tools and techniques. For example, in 1965, 

NASA began using data from the South Cascade to test remote sensing techniques for ice and 

snow cover as part of its earth resources program.  Unlike on most glaciers, the terrestrial mea398 -

surements required to correlate and standardize satellite images were already in place for the 

South Cascade. This also made the South Cascade well-suited to comparative studies. During the 

International Hydrological Decade (IHD) (1965-74), it joined thirty-four other glaciers in a 

globe-encircling program of measuring mass, water, and heat balances for representative glacier 

basins under Meier’s direction. Sponsored by UNESCO, the International Hydrological Decade 

was spurred in part by concerns over global water resources, and aimed to generate for the hy-

 Krimmel made extensive computations for a publication which would never bear her name, crunching thousands 396

of numbers on a desktop calculator to show it was possible for a glacier to store liquid water in its depths over win-
ter. The paper on englacial water storage was published by Meier, Tangborn, and Krimmel in 1971 and it compared 
three methods for obtaining mass balance: hydrological, glaciological, and mapping. Rhodamine dye was spread on 
the surface of the glacier near the equilibrium line and injected into surface streams. When it did not appear at the 
outlet stream, it suggested there were storage sites within the glacier. The calculations showed that mass balances 
determined by the mapping and glaciological methods agreed to within 2%, but mass balances arrived at through the 
hydrological method (i.e., computing mass balance from hydrological observations of run off, evaporation/conden-
sation, melt water, and precipitation) were off by 38%. Wendell Tangborn, Robert M. Krimmel and Mark F. Meier, 
“A Comparison of glacier mass balance by glaciological, hydrological and mapping methods, South Cascade Glaci-
er, Washington,” in Snow and Ice; Proceedings of the Moscow Symposium, August 1971: International Association 
of Hydrological Sciences Publication No. 104 (1975): 185-196.

 Andrew G. Fountain and Michele A. Funk, “South Cascade Glacier Bibliography,” USGS Open-File Report 397

84-4411 (Tacoma, Wa.: USGS, Glaciology, 1984).

 They tried using color, color-infrared, and multispectral cameras, infrared imaging, side-looking radar, a scat398 -
terometer, UV, and a passive microwave radiometer. Most all of these techniques proved difficult to interpret either 
because the differences amongst data were too fine, or because they were not properly calibrated with ground mea-
surements. “South Cascade Glacier,” United States Geological Survey unpublished document, 1970, USGS Tacoma 
Glaciological Project Office.
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drological sciences some of the global data and fervor produced by the IGY for the geophysical 

sciences; frozen resources were a central concern.  399

3. Richard C. Hubley’s critique 

The research on the South Cascade suggests shifts in glaciologists’ priorities after the IGY. The 

focus on the structures and processes of the glacier ice favored by men like Robert Sharp were 

placed in service of questions about glaciers as storehouses and regulators of water for down-

stream communities. After the IGY, the techniques and instruments of geophysical glaciology 

were applied to the study of glaciers as hydrological resources. The USGS, with its institutional 

emphasis on resource monitoring, combined with Meier’s background in physical glaciology, 

made the Tacoma office the ideal place for these two approaches to come together. Yet this was 

not the only site in the Pacific Northwest from which the research agenda of geophysical glaciol-

ogy were redirected. 

 The Department of Meteorology and Climate at the University of Washington was a cen-

ter for arctic climatology and glaciology in the 1950s and 1960s.  Department head, Philemon 400

(“Phil”) E. Church, a meteorologist with an interest in arctic research, made a successful bid to 

administer floating Station Alpha in the arctic sea ice during the IGY. This led to the hiring of 

 Herfried Hoinkes, “Glaciology in the International Hydrological Decade,” IAHS Publication 79 (1967): 7-16. 399

 The department was established under Church in 1947. Church was a meteorologist who had been a member of 400

the university’s geography department since 1937. During the war he trained meteorologists at the University of 
Chicago and headed the meteorological monitoring program for the Manhattan Project at Hanford. Upon returning 
to Washington, his emphasis on physical studies placed him at odds with his geography colleagues. In his new de-
partment he promoted a culture of applied science, working in concert with government and industry. For example, 
the department received AEC funding to continue the work on distribution of particles in the upper boundary layers 
of the atmosphere. Members of the department also worked with the Weather Bureau and the American Aluminum 
Company. Robert G. Fleagle, Eyewitness: Evolution of the Atmospheric Sciences (Boston: American Meteorological 
Society, 2001), 14-17.
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Austrian glaciologist Norbert Untersteiner.  The department’s second doctoral graduate, 401

Richard C. Hubley, was trained at a place that understood the study of ice within the purview of 

weather and climate studies. 

 Hubley, like Meier, was a rising star in North American glaciology. He was born in 

Tacoma and received all three of his post-secondary degrees from the University of Washington. 

His doctoral dissertation examined energy transfers between the glacier’s surface and the imme-

diate surrounding atmosphere, an echo of Harald Sverdrup’s work on the Isachsen twenty years 

earlier. Like Sharp and Meier, Hubley criticized claims about glacier-climate interactions based 

on qualitative observations of a handful of glaciers.  Seeking a more precise understanding of 402

the exchange of mass and thermal energy at a glacier’s surface, he applied himself to micromete-

orological studies on the Blue Glacier on Mount Olympus, across Puget Sound from Seattle. He 

also brought his micrometeorological studies to the Juneau Icefield during the 1953 and 1954 

seasons of the Juneau Icefield Research Project. 

 During the IGY, Hubley served as a coordinator on the U.S. Technical Panel on Glaciolo-

gy. The panel was responsible for steering the research agenda for American glaciology and was 

chaired by Field with Sharp, Meier, Church, and Hubley as coordinators. This line-up suggests 

the importance of the Seattle-Tacoma area for glaciology at this time. In 1957, Hubley trans-

ferred his studies of the Blue glacier to Ed LaChapelle and Sharp, and turned his attention toward 

arctic glaciers to expand the geographical scope of the glaciological program. Studies of coastal 

 Untersteiner had been courted by Robert Sharp and awarded a postdoctoral fellowship at Caltech to pursue 401

glaciological work during the IGY. When Caltech had to withdraw the offer due to lack of funds, Sharp brought Un-
tersteiner to Hubley’s attention at IGY headquarters, who proposed Untersteiner to Church as potential head scientist 
for Station Alpha. Untersteiner had to return to Austria after the IGY, but was called back as permanent faculty 
member in 1953. Fleagle, Eyewitness, 18.

 Sharp to Hubley, 11 November 1954; Hubley to Field, 16 November 1954, folder 47, box 7, Sharp papers.402
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temperate glaciers such as the Blue and South Cascade could not be assumed to apply to arctic 

glaciers, especially inland ones, which experience very different temperature and precipitation 

conditions. In the summer and autumn of 1957, Hubley served as chief scientist for a study of the 

McCall glacier in the Brooks Range, Alaska. The project combined micrometeorlogical work 

with regimen studies and glacial geological observations. Its main goal was to measure the ex-

change of mass and thermal energy between the glacier and its meteorological environment.  

 The McCall project was designed to shed light on how polar glaciers gained and lost 

mass, and interacted with long and short term regional variations in climate.  The project was 403

supported by the Arctic Institute of North America and patterned on Project Snow Cornice, ac-

cording to which a chief scientist and a non-scientist project leader shared power and responsibil-

ities. Like Snow Cornice, the non-scientist leader was Walter Wood. As with the other glaciers 

mentioned in this and the previous chapter, the McCall glacier was turned into a continuously 

monitored technical landscape, occupied by personnel who lived on the ice in semi-permanent 

stations.  It was hoped the three-man team would remain on the ice over the long arctic winter. 404

 Hubley’s micrometeorological work is celebrated for rekindling an interest in glacio-cli-

mate studies in North American glaciology.  With its focus on a polar glacier and micrometeo405 -

rological research, the McCall glacier project was a reply to, and in many ways an outgrowth of, 

Ahlmann and Sverdrup’s work on circumpolar glaciers. Yet, Hubley criticized the Swedish 

glaciologist’s conclusions. His critique had two parts. The first was the same criticism leveled by 

 Richard C. Hubley and John E. Sater, “IGY Program for McCall Glacier, Brooks Range, Alaska,” 15 July 1957, 403

folder 37, box 153, AGS records.

 One permanent feature of the project was its waste, which was simply thrown into a crevasse.404

 Walter Sullivan, “Dr. Hubley Dies at Glacier Camp,” New York Times, October 31, 1957, 28; W. Tad Pfeffer, 405

“Obituary: Austin Post, 1922-2013,” ICE 161, no. 1 (2013): 28-33; Katie Ives, “Vanishing Uplands,” Alpinist 60 
(Winter 2017/2018): 13.
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Sharp: the data supporting such claims weren’t precise enough. Hubley maintained that careful 

micrometeorological work answered this need. The second part stemmed from an appreciation of 

the individuality of glaciers and of the many factors involved in glacier volume fluctuations. 

Studying one glacier in detail would yield information on that glacier only. Hubley argued that in 

addition to studying single glaciers, glaciologists needed to study the behavior of glaciers as a 

“species.”  Here qualitative data, particularly photographs, could play a role.  406

 Like many of his glaciological colleagues, Hubley had a “natural affinity” for mountains 

and an intimate familiarity with the peaks and ranges of his home state.  When it was found 407

that certain Northwest glaciers were gaining mass, Hubley took it upon himself to determine 

whether this was a regional trend.  Little was known at this time about the glaciers of that re408 -

gion. Outside of the ice bodies on the stratovolcanoes Rainier (Tacoma), Hood (Wy’east), and 

Baker (Koma Kulshan), the extent, locations, and states of Cascades glaciers were relatively un-

known. Given the general trend of recession in North American glaciers, it would have been 

striking if those in the Cascades were growing. In 1955 Hubley and Edward LaChapelle made a 

series of aerial photographs over the North Cascades to compare with aerial photographs taken in 

1950 by the USGS.  

 Thus, while he agreed with Sharp’s critiques, Hubley did not take a “dim view” of obser-

vational studies as so much (mere) data collection for no foreseeable end.  Repeat aerial pho409 -

 LaChapelle to Field, 03 October 1954, folder 1, box 8, sub-ser. a, series 8, Field papers.406

 Walter A. Wood, “Richard Carleton Hubley—1926-1957,” Journal of Glaciology 3, no. 23 (1958): 227.407

 Arthur Johnson, “1946 Progress Report on Nisqually Glacier, Washington,” on file at United States Geological 408

Survey Tacoma, Washington (1949); Kermit B. Bengston, “Coleman Glacier Studies, Mt. Baker,” Mountaineer 43, 
no. 13 (1951): 36-37.

 Hubley to Sharp, 28 December 1956, folder 47, box 7, Sharp papers.409
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tography could provide a backdrop against which to interpret the data from precise micrometeo-

rological work. Indeed, Hubley maintained, if micrometeorological studies were to speak beyond 

the inches above the surface of any single glacier, they would need such a backdrop. From the 

photographs, he determined that fifty of the seventy-three glaciers observed were advancing. He 

tentatively suggested this trend may be correlated with an observed warming and increase in pre-

cipitation in the Pacific Northwest over the past ten years.  410

 Hubley was poised to bring together the research agenda of glaciologists like Ahlmann 

and Field, who sought understanding of glacier responses to climate, and those of Sharp, who 

demanded precision, comprehension, and microscopic attention to glacier ice. In so doing he, 

like Meier, pushed North American glaciology away from research agenda occupied solely with 

understanding the structures and dynamics of ice. Meier put Sharp-style glaciology in service of 

understanding glaciers as water resources; Hubley placed it in service of understanding glacier 

reactions to climate. These were related goals; together, they emphasized glaciers as hydrological 

and climatological entities, and placed glaciology squarely within the rise of environmental mon-

itoring that characterized the earth and environmental sciences at this time. 

 This marked a shift in North American glaciology. In glacier naturalism, glaciers were 

understood as fossilized remnants of the deep past that could reveal the processes involved in the 

ebb and flow of ice ages. In geophysical glaciology, glaciers were understood as physical entities 

to be studied using technical instruments and methods. In the new approach, what I call “envi-

ronmental glaciology,” glaciers were understood as part of hydrological and climatological sys-

tems that had to be studied through a combination of close physical study and qualitative obser-

 Richard C. Hubley, “Recent Growth of Glaciers in the Pacific Northwest,” American Alpine Journal 10, no. 1 410

(1956): 162.
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vations over large areas.  The “precise quantitative data” from a few glaciers needed “the less 411

accurate information on many glaciers.”  412

✷ ✷ ✷ 

 On the evening of October 28, 1957, Richard Hubley left the Jamesway hut where he and 

his three companions had begun their overwinter stay on the McCall glacier.  Two hundred 413

yards from the hut, he lay down in the snow wearing only the bottom half of an arctic suit, com-

mitting suicide by exposure to the arctic elements.  His death was a blow to the study of glaci414 -

ers in North America.  In his short career Hubley showed that glacier-climate studies could be 415

done with the quantitative precision of geophysical glaciology. He also made a compelling case 

for the value of qualitative regional studies to compliment work done on the glacier’s surface. In 

doing so, he inspired the most prolific aerial glacier photographer in North America. After Hub-

ley’s death his friend Austin Post left his own IGY project on glacier mapping (the one overseen 

by Field) to help complete Hubley’s program of work on the McCall. Post was, however, no mi-

 In this instance, the adjective “environmental” highlights an understanding of glaciers as objects implicated in 411

global environments and systems. At this point, it does not imply an understanding of glaciers as an endangered 
species, or as vulnerable to human actions. That comes later.

 Edward R. LaChapelle, “Assessing Glacier Mass Budgets by Reconnaissance Aerial Photography,” Journal of 412

Glaciology 4, no. 33 (1962): 290.

 Hubley was joined on the McCall by John Sater, Charles Keeler, and Robert Mason.413

 Sullivan, “Hubley Dies at Glacier Camp,” 28; “Hubley’s Arctic Death Ascribed to Suicide,” The Washington Post 414

and Times Herald, November 3, 1957, B12; “Jury Decides Hubley Died of Drugs and Exposure,” The Washington 
Post and Times Herald, December 7, 1957, C11.

 In the aftermath of his death, IGY organizers scrambled to find someone to replace Hubley on the McCall glacier 415

project. Eventually Svenn Orvig of McGill University took over the role of project leader, and edited and published 
the results of the meteorological observation. Robert W. Mason, “The McCall Glacier Station, Brooks Range, Alas-
ka,” American Alpine Journal, 12, no. 1 (1960): 86. 
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crometeorologist, and Hubley’s results were left unanalyzed for forty-five years.  Instead, his 416

enduring ode to his friend would consist of over 100, 000 photographs of glaciers.  417

 Environmental glaciology was born of extensions and critiques of Sharp’s style of geo-

physical glaciology in the years surrounding the IGY. In-depth studies of the McCall, Blue, and 

South Cascade glaciers had yielded the detailed physical results for which the northern hemi-

sphere glaciologists had hoped. Yet, they also made Hubley’s critique of glaciology’s narrow fo-

cus apparent. Soon glaciologists on both coasts were calling for a combination of intensive stud-

ies and reconnaissance studies.  The latter kind, one American Geographical Society employee 418

predicted in 1960 were “destined to play a more important role in the U.S. glaciological program 

than they have in the past few decades.”   419

 In 1959, Field sent a proposal to Phil Church outlining a plan for aerial photography of 

glaciers in the western United States. The project was timely. With a new emphasis on monitor-

ing and ascertaining regional trends, repeat photography had a role to play. 

4. Austin Post’s aerial glacier photography 

 Austin Post was glaciology’s most successful high school drop out. In the 1950s and 

1960s, he moved from a career in construction and carpentry into a lifelong study of glaciers. His 

friends remember him as both fun and formidable. “Always fun to be around,” recalls Birdie 

 Gunter Weller et al., “Fifty Years of McCall Glacier Research: From the International Geophysical Year 1957-58 416

to the International Polar Year 2007-08,” Arctic 60, no. 1 (2007): 103.

 Post also named his first-born child, Richard Hubley Post, after his friend.417

 As IGY field activities wound down, Meier drafted a proposal, “Glaciers of the Northern Cascades.” It was to be 418

a census of glaciers in the North Cascades that relied extensively on aerial photography. Mark F. Meier, “Project 
Proposal: Glaciers of the North Cascades,” 04 September 1958, folder 15, box 10, Sharp papers.

 Morrison to Post, 16 September 1960, folder 5, box 13, sub-ser. a, series 8, Field papers.419
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Krimmel, “[his] brain was always churning.” Post was a connoisseur of North American glaciers 

thanks to an almost preternatural ability to recognize a glacier from its photograph. He could 

identify almost any glacier from its portrait and provide a date that was usually within two years. 

“His understanding of glaciers was so intrinsic to his nature,” wrote University of Colorado 

glaciologist Tad Pfeffer, “so unfettered by conventional training.”  The consummate mountain 420

man, Post preferred solitude and the company of close friends to crowds. When awarded an hon-

orary doctorate by the University of Alaska, Fairbanks, the university Chancellor flew to his 

home on Vashon Island because the glaciologist refused to attend the ceremony (Figure 5.3).  421

 Pfeffer, “Austin Post,” 28.420

 Born in Chelan, Washington in 1922, Post left school at age fifteen to work as a trail-builder and fire look-out for 421

the United States Forest Service in the Chelan-Sawtooth Range. During the Second World War, he served as a car-
penter’s mate in the Navy’s Pacific campaigns. Upon being discharged he returned briefly to the USFS. While work-
ing on a trail in 1947, Post met the chemist Lawrence “Larry” Nielsen when the latter wandered in to his forestry 
camp looking for a climbing partner—the friends Nielsen had brought from Massachusetts turned out to be not that 
interested in climbing. Nielsen’s day job was working in plastics for Monsanto, but his hobby was studies of the 
flow properties of glacier ice, a topic he was well-suited to given the problems he tackled at work. Post joined 
Nielsen for adventures on nearby Mount Agnes and the two stayed in touch, planning mountaineering expeditions in 
Alaska. Within a couple of years Post began to realize that working on trail crews and fire look outs was not going to 
get him what he wanted out of life. In 1949 he signed up to serve on the goodship Dickensen of the U.S. Coast and 
Geodetic Survey. He was hired on as First Class Botswain and spent April until late September working as ship’s 
carpenter and assisting with surveys in Prince William Sound. The ship was based out of Cordova and on his first 
sunny day off, Post went looking for a pilot who might take him for “a quick look around.” He found a young man 
collecting hours for his commercial pilot’s license who was willing to take him around for half the $7/hour cost of 
flying time. Together they flew over the Columbia Glacier, giving Post his first view of the massive tidewater ice 
stream. It isn’t known for certain whether he took photographs on that flight, but it is extremely likely. He had 
brought a “fancy” Contax camera with a F2.5 180 mm Aero Ektar surplus lens “with a special made flectascope 
viewfinder.” Two years later, he produced a map of the Columbia Glacier that would have required aerial perspec-
tives. Post spent only a year with the Coast and Geodetic Survey before deciding to become a “shore” carpenter in 
Seattle. For the next few years he built houses. When Nielsen took the role of JIRP field leader in 1953, he asked his 
friend to join him. It was JIRP’s first year on the Lemon Creek Glacier and the field crew had to re-survey and set up 
afresh in the new location. Post was a quick learner and his experience surveying for the Coast and Geodetic Survey 
served him well, as did his carpentry experience. Biographical details on Post are taken from John Scurlock, “Austin 
Post: Legendary Chronicler of Glaciers,” Northwest Mountain Journal 4 (2004), https://web.archive.org/web/
20080925113344/http://www.mountaineers.org/nwmj/07/071_Post1.html; and “A Lifelong Love Affair with Glaci-
ers,” Seattle Times, November 22, 2012; Austin Post, “A Summer with the Coast and Geodetic Survey in Alaska, 
1949,” unpublished, no date, courtesy of David Janka.
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Figure 5.3: Austin Post on his way to the Worthington glacier, 1957 
Image: Courtesy C. Suzanne Brown. 

  

 Post received his first real introduction to scientific glaciology as an assistant on the 

Juneau Icefield Research Project in 1953. There he met Richard Hubley and the two became 

good friends. When Post contracted pneumonia, Hubley hiked out for antibiotics. Two years lat-

er, Post accompanied his friend on his 1955 photoreconnaissance of the glaciers of the North 

Cascades. In 1957, Post followed up on this flight alone.  After the IGY, Phil Church passed 422

  Working for JIRP also introduced Post to Bill Field, who became an important inspiration and mentor for Post’s 422

photographic work. “It is entirely due to Bill Field’s enthusiasm and support,’ he once said, “that the aerial photo 
work began and my interest in the glaciers and glacier photography evolved from an amateur’s hobby into a serious 
science.” After turning his own amateur hobby into serious science, Field was well positioned to help Post do the 
same. In many ways, Post’s career ran parallel to and complimented Field’s. The two men shared much in common 
as amateurs in a discipline that acquired the trappings of a professional geoscience over the course of their careers. 
They stayed in touch for the rest of their long lives and Field remained a helpful collaborator and source of informa-
tion for his younger colleague. See for example, Post to Field, 04 January 1980, folder 3, box 13, sub-ser. a, series 8, 
Field papers.
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Field’s proposal for an aerial photographic reconnaissance of glaciers to Post who had been con-

sidering such a project since his time on the McCall glacier.  Initially, the project struggled to 423

secure financial and institutional support. The AGS, the University of Washington, the USGS, 

and the NSF were unwilling or unable to fund the project. Only after Church re-submitted the 

project under the aegis of the department in Washington did it receive NSF support.  Post re424 -

membered the meteorologist grandly proclaiming, “ ‘Here let me handle this! I’m sure the NSF 

will approve the proposal if WE submit it!’ ”  After receiving word of funding on August 5, 425

Post leapt into action, enlisting the Washington pilot Bill Fairchild to take him and his K-24 aeri-

al camera over the Olympic mountains to test his methods and equipment. By August 15, he was 

flying with 120 pounds of camera equipment to Fairbanks, whence he would make his way to the 

Muldrow Glacier on Denali, one of his most important objectives.  In that first truncated sea426 -

son, he obtained views of the Muldrow and glacier “targets” throughout Alaska’s mountain 

ranges. Over the next three years, with renewed NSF funding, he catalogued some 4000 images. 

 Pfeffer, “Austin Post,” 30.423

 Post to Field, 16 March 1959, folder 5, box 13, sub-ser. a, series 8, Field papers.424

 Post to Brown, unpublished. Austin Post, “Progress Report,” 1 September 1960, folder 1, box 13, sub-ser. a, se425 -
ries 8, Field papers. 

 The Muldrow was important because of the winter of 1956-57 when it surged over six kilometers down its valley 426

bed. When this dramatic advance was noticed, Post and others, including the U.S. Navy and Bradford Washburn, 
rushed to capture the scene with their cameras. Post’s documentation was, in Meier’s opinion, “the most complete.” 
Supporters on both coasts wanted to see him be the first to publish on the Muldrow surge. “Do everything possible 
to assist, expedite or even prod Austin to get his data into print,” Meier urged Field. Already, it seemed, Post’s repu-
tation as a gifted observer and interpreter but reluctant author and self-promotor was recognized. Meier to Field, nd, 
AGS records, B156, F4; quoted in Hitchcock to Post, 10 December 1957, AGS records, B156, F4. Post’s analysis of 
the changes in the Muldrow, which he compared it to similar surges by the Black Rapids and Sustina glaciers, sug-
gested that surges were not the result of weather anomalies or earthquakes, but an expression of the internal dynam-
ics of certain glaciers. Austin Post, “The Exceptional Advances of the Muldrow, Black Rapids, and Sustina 
Glaciers,” Journal of Geophysical Researches 65, no. 11 (1960): 3703-3712.
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 Following the IGY, Post’s glaciological career was in a precarious position. In 1964, the 

NSF did not renew the glacier photography project.  Although North American glaciologists 427

appreciated the need for such work, no one wanted to pay for it. This changed for Post on Good 

Friday, 1964 when an earthquake shook Prince William Sound and the Chugach mountains. 

Mark Meier knew that Post had photographed the glaciers of that area in 1963. Always scouting 

for a good project, Meier saw an opportunity to evaluate the Earthquake Advance Theory formu-

lated by Ralph Tarr in the wake of the 1899 Yakutat earthquake. Tarr stipulated that earthquakes 

would cause avalanches to load snow and ice on the upper regions of a glacier, causing a delayed 

flood of ice to sweep down the glacier. No one had yet proven or disproven this theory. If earth-

quakes did cause glaciers to surge, the Good Friday quake, so near to tidewater streams of Prince 

William Sound, would affect many glaciers. Meier arranged for USGS funds to support a flight 

over Prince William Sound. The following year he hired Post as a full-time technician. The work 

from this project, published in Science, disproved the Earthquake Advance Theory.  428

 Post stayed with the USGS until 1982, using aerial photography to make annual censuses 

of glaciers of the North American west.  The results were stunning black-and-white bird’s-eye 429

 Much of Post’s correspondence from the early 1960s concerned acquiring funds for writing up results, drafting 427

reports, and proposing new projects in glaciology for which he would be well-suited. See, for example, Post to 
Meier, 23 March 1961, folder 1, box 10, sub-ser. a, series 8, Field papers. According to Tad Pfeffer, the NSF instead 
chose to fund a very similar project that duplicated much of Post’s work. When Church inquired after the reasons 
behind this choice, he was informed that his original 1960 proposal didn’t mention the 1964 earthquake! W. Tad 
Pfeffer, “Austin Post (1922-2012),” unpublished manuscript, 5.

 Austin Post, “Alaskan Glaciers: Recent Observations in Respect to the Earthquake-Advance Theory,” Science 428

148, no. 3668 (April 16, 1965): 366-368.

 As he told John Scurlock in the early 2000s, Post modified Washington pilot Bill Fairchild’s twin-engine Beech 429

18 so that five K17 sixty-three-pound cameras could be mounted on the plane. Unable to afford oxygen, photogra-
pher and pilot were responsible for keeping each other awake in the freezing temperatures at 18, 000 feet. When he 
noticed the plane drifting, Post would shout, “Wake up, Bill!” as he leaned out the open doors of the plane, manipu-
lating one of his cameras. John Scurlock, “Austin Post.”
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views of glaciers so dynamic “they appear like living creatures” (Figure 5.4).  Between 1960 430

and 1993 he produced over 100, 000 negatives of vertical and oblique aerial photographs of glac-

iers. Along with Field’s, it is one of the largest collections of glacier photographs on the conti-

nent.  431

 Post’s photographs served a variety of purposes. He used them to capture and analyze 

surging glaciers and the dynamics of tidewater glaciers. They were also celebrated for their ca-

pacity to help other glaciologists plan detailed studies.  Photographs of the firn line—the bor432 -

der between bare ice and snow at the end of the summer melt season—were used in conjunction 

with topographic maps to estimate a glacier’s Accumulation Area Ratio—a proxy for mass bal-

ance.  Some attempts were made to extract quantitative mass balance data from aerial photog433 -

raphy, but as a discussion of the matter concluded in 1964, “in theory the method is very simple 

and appealing, but its application is fraught with many difficulties.”  Aerial photographs re434 -

vealed glaciers as surfaces; mass balance calculations required treating them as three-dimension-

 Ives, “Vanishing Uplands,” 13.430

 Post’s was the most extensive and systematic glacier photography of the second half of the twentieth century. 431

There were, however, more informal instances of repeat glacier photography that occurred on the margins. For in-
stance, Mal Miller took repeat photographs of the ends of the Mendenhall, Taku, and Herbert glaciers every year. 
But didn’t do anything with them; he simply threw them into boxes alongside photos of mountain climbing and his 
academic career. Molnia, interview. Bill Field took repeat terminus photographs until the 1980s, but this complicated 
his professional identity, placing him amongst older traditions. In 1979, he complained to Post that glaciology 
wasn’t “the same as that with colleagues that tramp the mountains with camera in hand.” Post to Field, 3 December 
1979, folder 4, box 13, sub-ser. a, series 8, Field papers.

 In 1974, Post successfully predicted the retreat of the Columbia Glacier and pointed out the implications for the 432

tankers carrying oil from the Trans-Alaska Pipeline. See Luther J. Carter, “Icebergs and Oil Tankers: USGS Glaciol-
ogists are Concerned,” Science 190, no. 4215 (November 14, 1975): 641-643. In reviews of Post’s photographic 
work, Field often highlighted the value of Post’s images for planning. W.O. Field, “Comment to NSF on proposal P-
11748 for Austin Post air photography of glaciers,” 1 June 1962, folder 1, box 13, sub-ser. a, series 8, Field papers. 
See also Valter Schytt, “A. (S.) Post and E. R. LaChapelle. Glacier Ice,” Journal of Glaciology 12, no. 65 (1971): 
324-325.

 This ratio was calculated by dividing the area above the firn line by the total area of the glacier.433

 LaChapelle, “Assessing Glacier Mass,” 297. See also Mark F. Meier, “Mass budget of South Cascade Glacier, 434

1957-60,” U.S. Geological Survey Professional Paper 424-B, (Tacoma: USGS, 1961), 206-11; Petr A. Shumskii, 
“The Energy of glaciation and the life of glaciers,” (U.S. Snow, Ice, and Permafrost Research Establishment, 1950).
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al objects. Glaciologists created work-arounds that combined terrestrial sampling and aerial per-

spectives, but these were imperfect approximations. 

 

Figure 5.4: Columbia Glacier (1969), Austin Post 
Image: Post, Austin. 1969. Columbia Glacier: From the Glacier Photograph Collection. Boulder, Colorado USA: 

National Snow and Ice Data Center. Digital media. 

 Post photographed glaciers throughout the 1970s and 1980s. His censuses of glaciers 

were records of inter-annual glacier change and, in most cases, a record of recession. But were 

these photographs invoked in the scientific discussions about anthropogenic warming that took 

place in the 1970s and 1980s? 

!208



5. The rise of global warming research 

 The 1960s and 1970s saw the first concerted efforts to model scenarios of increased at-

mospheric carbon dioxide and its effects on climate. Since the International Geophysical Year, 

Charles Keeling had been documenting, from his laboratory at Mauna Loa, a steady rise in the 

concentration of atmospheric CO2. Greenhouse gases and their role in the Earth’s energy balance 

had long been known to scientists, the grounds having been laid by American scientist and cam-

paigner for women’s rights Eunice Newton Foote, Victorian physicist John Tyndall, twentieth-

century scientist Svante Arrhenius, and the engineer Guy Stewart Callendar. Yet the unceasing 

rise of CO2 in Keeling’s curve made greenhouse gases a concern for post-war scientists. As did 

the work of climate modelers in the late 1960s and 1970s. Prompted by successes in modeling 

regional weather and a desire to understand atmospheric circulation (and find out how to manip-

ulate weather in a particular place), physicists in the 1950s began attempting computer models of 

the three-dimensional global atmosphere. The first General Circulation Model (GMC) was de-

vised by Norman Phillips in 1955, inspired by the successes of mathematician and cybernetics 

theoretician John von Neumann and meteorologist Jule Charney at modeling regional atmospher-

ic phenomena in the late 1940s. Phillips’ model “exploded” after twenty days.  Still, it demon435 -

strated the possibility of GCM’s and motivated efforts to construct better ones. In 1967, Syukuro 

Manabe and Richard Wetherald of Princeton’s Geophysical Fluid Dynamics Laboratory created a 

mathematical model of global atmosphere that showed that a doubling of CO2 (over preindustrial 

levels) would result in a 2.3ºC rise in global surface temperature. In the years that followed, cli-

 Weart, Discovery of Global Warming, 57-59, 107-116.435
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mate modelers sought to improve on this estimate of climate sensitivity. They incorporated 

aerosols, dust, variable humidity, seasonality, topography, and differences between stratospheric 

and tropospheric behavior into models run on increasingly powerful computers. The three-di-

mensional General Circulation Models of the 1970s were a far cry from the static, one-dimen-

sional models of the earlier and convinced many scientists that increased CO2 would lead to 

global warming.   436

 These modeling efforts and the persistent complexities and uncertainties involved in pre-

dicting the future of global climate caused government to take note. In 1977, the Department of 

Energy asked the Jasons—an elite group of mainly physicists who advised government, whether 

solicited or not—to review the department’s programs related to CO2. The same year, a National 

Research Council (NRC) panel chaired by Scripps oceanographer Roger Revelle called for more 

research into the problem of CO2. Two years later—motivated by a desire to review the Jasons’ 

report—a second NRC report, the “Charney” report was commissioned by President Jimmy 

Carter to look more closely at the question of anthropogenic warming and to evaluate climate 

models. The report concluded that the evidence that humans were contributing to changes in the 

chemistry of the atmosphere was “incontrovertible.”  These reports spurred an increase in re437 -

search on climate and greenhouse gases throughout the 1980s; much of which in America was 

 Manabe and Wetherald’s initial model was a vertical column divided into nine levels; in 1970, they expanded the 436

column to a three-dimensional model. Others who pushed GCM developments at this time include Joseph 
Smagorinsky (U.S. Weather Bureau), Reid Bryson (University of Wisconsin), James Hansen (NASA Goddard Insti-
tute for Space Studies), Ishtiaque Rasool (National Center for Atmospheric Research—NCAR), Stephen Schneider 
(NCAR), Warren Washington (NCAR), and Akira Kasahara (NCAR). Their models decided the question of whether 
natural and industrial aerosols could mask or overpower the effects of increasing CO2—the models showed that they 
wouldn’t. Historian Joshua Howe notes that models were more convincing to certain scientists than others. Histori-
cal geologists, climatologists, and meteorologists preferred “physical, documentary and statistical evidence”; they 
were not as easily convinced by the models. See Joshua P. Howe, Behind the Curve: Science and the Politics of 
Global Warming (Seattle, Univ. Washington Press, 2014), 93-100.

 Carbon Dioxide and Climate: A Scientific Assessment, Report of an Ad Hoc Study Group on Carbon Dioxide and 437

Climate (Washington: National Academy of Sciences, 1979), iv.
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sponsored by the Department of Energy’s Office of Carbon Dioxide Research Division. By 1988, 

the International Panel on Climate Change was established to inform the newly created United 

Nations Framework Convention on Climate Change. The next year, in a flash of hope for Ameri-

can climate change politics, President Bush fulfilled a campaign promise by establishing a U.S. 

Global Climate Change Research Initiative. 

 Climate research in the 1980s grew out of efforts to better monitor and predict weather, 

out of basic science questions about how the atmosphere and climate work, and out of concerns 

about global resources that came to the fore against a backdrop of droughts, famines, and worries 

about overpopulation.  Recently, scholars have expanded this history by demonstrating the ex438 -

tent to which contemporaneous earth science was linked to Cold War programs of global moni-

toring. During the Cold War, military strategists and scientists sought an understanding of the 

Earth as a domain of prediction and control. Bolstered by the successes of the IGY and the In-

ternational Hydrological Decade, their aspirations were furthered by international infrastructures 

such as UN Environment Programme’s Global Environmental Monitoring Service (GEMS), and 

materialized in surveillance technologies like Landsat 1—what historian of science Paul Ed-

wards has termed “technological infrastructures.”  The ambitions encoded in these institutional 439

 For histories of climate science that focus on atmospheric science and oceanography see Weart, The Discovery of 438

Global Warming, 57-59, 107; Fleming, Historical Perspectives, ; Howe, Behind the Curve, 103-117; Naomi Oreskes 
and Erik M. Conway, Merchants of Doubt: How a Handful of Scientists Obscured the Truth on Issues from Tobacco 
Smoke to Global Warming, (New York Bloomsbury Press, 2010), 169-185; Joseph P. Howe, ed., Making Climate 
Change History: Documents from Global Warming’s Past (Seattle: Univ. Washington Press, 2017).

 Paul N. Edwards, “Meteorology as Infrastructural Globalism,” Osiris 21 (2006): 229-250; Edwards, A Vast Ma439 -
chine, 8-25. GEMS was conceived in the late 1960s. It received approval from the newly created United Nations 
Environmental Programme in 1972 and was implemented in 1976. Its mission was to monitor climate, long-range 
transport of pollutants—health-related and ocean-related—and terrestrial resources. LandSat 1 was launched in July, 
1972, the same year the UN Conference on the Human Environment made environmental issues central to those of 
economics and development, sparking a wave of UN-supported monitoring initiatives within the newly formed UN 
Environmental Programme. It was also the year that Apollo 17 astronauts took the famous “Blue Marble” photo-
graph of the Earth and that The Club of Rome published its warnings of planetary limits in Limits to Growth.
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and technological infrastructures were furthered by developments in computing power and mod-

eling abilities. Post-war earth scientists re-defined the “Earth as a single entity that could be in-

vestigated, measured, and represented as a single whole.”  In the process, they gave credence to 440

the idea that humans could alter planetary systems and pose environmental threats at the global 

level. 

 Glaciology participated in the shift toward monitoring and surveillance that characterized 

the earth sciences’ embrace of the global environment. Field’s encyclopedic Mountain Glaciers 

of the Northern Hemisphere, contracted by the Quartermaster Corps, is a good example of mili-

tary-funded glaciological work that contributed to assessing the world’s stock of resources.  441

The 1960s and 1970s saw the first efforts since the Commission Internationale des Glaciers 

(1894-1925) to establish world-wide monitoring of glacier fluctuations and mass balances. The 

successor to the CIG was the International Commission on Snow and Ice, founded under the In-

ternational Union of Geodesy and Geophysics in 1948. In 1973, as part of the International Hy-

drological Decade, a World Glacier Inventory was set up under a Temporary Technical Sec-

retariat overseen by representatives from the ICSI, the Swiss Federal Institute, and the United 

Nations Environment Programme, with support from UNESCO.  That same year, the Swiss 442

Federal Technical Institute established a Permanent Service for the Monitoring of Glaciers. Glac-

ier monitoring, inspired by desires to assess the world’s fresh water resources and monitor 

changes in climate, joined other environmental monitoring projects supported by international 

 Soraya Boudia, “Observing the Environmental Turn through the Global Environment Monitoring System,” in 440

The Surveillance Imperative: Geosciences during the Cold War and Beyond, Simone Turcetti and Peder Roberts, 
eds. (New York: Palgrave Macmillan, 2014), 196.

 William O. Field, Mountain glaciers of the Northern Hemisphere. 3 vols. (Hanover, NH: Cold Regions Research 441

and Engineering Laboratory, 1975). Field began working on this project in 1956.

 Atsumu Ohmura, “Completing the World Glacier Inventory,” Annals of Glaciology 50, no. 53 (2009): 144-48.442
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infrastructures such as UNESCO and the United Nations Environmental Programme. The 

changes noted in the research agenda of Northwestern glaciologists was reflected in a broader 

turn toward resource monitoring in glaciology and in the earth sciences more generally.  443

 Yet, in the early 1980s, when other scientists and government officials were beginning to 

take seriously the possibility that humans were altering the climate, glacier monitoring efforts 

were still partial and incomplete. Comprehensive inventories existed for Alpine glaciers, but 

many of the world’s 300, 000 small glaciers and ice caps were unaccounted for. Places like North 

America posed challenges because of the number, remoteness, and broad distribution of small 

glaciers and ice caps. Glaciologists hoped that remote sensing would help them fill in the blank 

spots on the map, but radar interoferometry and the Gravity Recovery and Climate Experiment 

(GRACE) were still distant on the horizon.  444

 During these years, when the possibility of global warming was being worked out, it 

wasn’t glacier photographs that convinced scientists. It was evidence from climate modeling, pa-

leoclimatology, geochemistry, oceanography, and atmospheric science. Repeat photographs 

didn’t simply proclaim: climate change is happening and its happening now. Among glaciolo-

gists, the old criticisms of termini photographs still held, as did the norms of precision and accu-

racy that required knowing how much volume was being lost, not just how much the terminus 

 The 1980s saw the creation of special working groups within the ICSI, including snow and glacier variations 443

(1989), and glacier-ocean-atmosphere interactions (1990), and a new working group on snow-atmosphere exchange. 
In 1994, to celebrate the centennial of the CIG, a Symposium on Glacier Mass Balances was held in Innsbruck.

 Carl Christian Wallén, “Monitoring the World’s Glaciers. The Present Situation,” Geografiska Annaler 63, no. 444

3/4 (1981): 197-200. GRACE was a joint project among NASA’s Jet Propulsion Laboratory, the University of Texas 
at Austin, the German Aerospace Center, and GeoForschungsZentrum Potsdam that launched two satellites 500 km 
above the Earth to measure gravity anomalies. Launched in 2002, the satellites remained in orbit until 2017. Gravity 
anomalies can reveal many hydrological facts about the planet, but for glaciologists, the primary value of the tech-
nique is its ability to detect changes in the mass balance of the large icesheets and glaciers around the Gulf of Alas-
ka. The monthly measurements of GRACE showed that the ice sheets were losing mass by showing decreasing 
gravity across the ice sheets. See Scott B. Luthcke et al., “Antarctica, Greenland and Gulf of Alaska land-ice evolu-
tion from an iterated GRACE global mascon solution,” Journal of Glaciology 59, no. 216 (2013): 613-631.
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had retracted. Glaciologists had developed means to estimate volume from surface images, but 

these were not very accurate.  Post’s photographs were used for a variety of purposes, but in 445

the 1970s and 1980s proving that climate change was happening was not one of them. 

 This does not, however, mean that glaciologists were “late” to the consensus on climate 

change as historian Sverker Sörlin has suggested.  They were not. By the early 1980s, North 446

American mountain glaciologists knew that human-induced climate change could be affecting 

glaciers and were researching what that might mean for the hydrosphere.  North American 447

glaciologists who studied non-polar glaciers were present at early well-known discussions of 

climate change as assessors of land ice contributions to sea level rise.  

6. Small glacier contributions: Glaciologists enter climate change discussions 

 The first calculations of land ice contributions to sea level rise were made in 1940 by the 

Icelandic glaciologist Sigurdur “Skallagrim” Thorarinsson. Thorarinsson was a colleague and 

protégé of Ahlmann who believed his mentor’s theory of climatic amelioration, having seen ex-

tensive glacial melt on Iceland’s Vatnajökull. Like Ahlmann, he understood it as part of nature’s 

 Ethan Welty, a photographer and glaciologist at the University of Colorado spoke to me of his struggles to extract 445

quantitative information from old photographs. Even digital photography, which includes metadata, essentially the 
recipe for the photo, (orientation, location by GPS, timing, etc.), still requires “photogrammetic calisthenics,” Welty 
said, to gain some measure of control. Working out mass balance changes from maps can go wrong in several ways: 
the map could contain errors; estimates in the change of mass balance between the date of the map and the end of 
the balance year could be inaccurate; so too for estimates of the mass of the residual snowpack; and extrapolations 
from the change of altitude measured along a single profile to the rest of the glacier leave room for error. Howard 
Conway L. Al Rasmussen, Hans-Peter Marshall, Annual Mass Balance of Blue Glacier, 1955-97,” Geografiska An-
naler 81, no. 4 (1999): 509-520.

 See Sörlin, “Anxieties of a Science Diplomat,” 66-88; Sörlin, “The Global Warming that did not happen,” 446

93-114.

 1980, recalls Wendell Tangborn, was the year “the mass balances went negative.” “I was watching the glacier 447

balance every year,” he told me, “and it seemed like all of a sudden they were always negative. And before that 
they’d go back and forth. And 1980 was a year that I remember when they were just predominantly negative. The 
first year, first time. And it just seemed so unusual.” Tangborn, Whorton, and Krimmel, interview.
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history, not a human intervention in the natural order. His estimates of twentieth-century glacier 

contributions to sea level rise were made to explain unaccounted for values in the isostatic uplift 

of Scandinavian coasts.  The possibility of a human-induced global warming was not a possi448 -

bility for the Icelander. 

 However, in 1978, John Mercer, a glaciologist at Ohio State University, predicted that 

rising levels of atmospheric carbon dioxide could lead to a “rapid deglaciation of West Antarcti-

ca” and five-meter rise in global sea level within a matter of centuries. Mercer’s paper provoked 

mixed reactions, with critics accusing him of dramatic speculation based on weak evidence. 

Rapid deglaciation, the swift movement of ice down the length of a glacier or ice sheet where it 

disintegrates at the terminus, was poorly understood, particularly for polar ice masses. And ob-

servational work on the West Antarctica Ice Sheet done by Charley Bentley since the IGY sug-

gested that the West Antarctica Ice Sheet was gaining, not losing mass.      449

 Nonetheless, Mercer’s paper caught the attention of polar and climate scientists and stim-

ulated efforts to model the West Antarctic Ice Sheet. It also helped catalyze a symposium on “Sea 

Level, Ice, and Climatic Change” as part of the 1979 meeting of the International Union of Geo-

desy and Geophysics in Canberra, Australia. The two-day symposium was organized by the In-

ternational Commission on Snow and Ice, and co-sponsored by the international associations of 

 Sigurdur Thorarinsson, “Present Glacier Shrinkage and Eustatic Changes of Sea-Level,” Geografiska Annaler 22 448

(1940): 131-159.

 John Mercer, “West Antarctic ice sheet and CO2 greenhouse effect: a threat of disaster,” Nature 271 (26 January 449

1978): 321-325. Mercer first formulated the idea that the West Antarctic Ice Sheet might be unstable in the face of 
climatic forcing a decade earlier in 1968. For reception of Mercer’s paper, see Weart, Discovery of Global Warming, 
79-80; Terence J. Hughes, “John H. Mercer (1922-1987),” Journal of Glaciology 34, no. 16 (1988): 136-138; Will 
Thomas, “Research Agendas in Climate Studies: The Case of West Antarctic Ice Sheet Research,” Climatic Change 
122 (2014): 299-311; Jessica O’Reilly, “Assessing the Ice: Sea Level Rise Predictions from the West Antarctic Ice 
Sheet, 1981-2007,” in Discerning Experts: The Practices of Scientific Assessment for Environmental Policy, 
Michael Oppenheimer et al. (Chicago: Chicago Univ. Press, 2019).
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Hydrological Sciences, Meteorology and Atmospheric Physics, and the Physical Sciences of the 

Ocean.  The papers at the 1979 symposium emphasized the uncertainties surrounding global 450

warming’s potential effects on the cryosphere, nearly all called for more research.  The major 451

objective of the gathering became an interdisciplinary review of the current results and theories 

on the processes governing interactions between sea level, ice, and climatic change on the order 

of timescales between 100 and 10, 000 years. They did what scientists typically do in the face of 

uncertainty and patchy data: they called for more research. The question of glacier contributions 

to sea level rise began appearing on other professional meeting agenda.  452

 The first coordinated attempt to assess land ice contributions to sea level rise in a CO2-

induced warming scenario was a conference held in Orono, Maine in 1980. This conference was 

organized by University of Maine glaciologists Terence Hughes and Jim Fastook and was spon-

sored by the American Association for the Advancement of Science and the U.S. Department of 

Energy. Roger Revelle, though not in attendance, wrote a letter for the conference, charging it 

with producing a research proposal that could guide investigations.  Attendees knew their gath453 -

ering was more than just an intellectual discussion of an interesting scientific problem: they 

 The mandate of the symposia was expanded in order to fit the pattern of interdisciplinary symposia at the IUGG. 450

Gordon de Quetteville Robin, “Sea level, ice, and climatic change, Ed. Ian Allison. International Association of the 
Hydrological Sciences” Quarterly Journal of the Royal Meteorological Society 109, no. 460 (April 1983): 439-440.

 In his assessment of the responses of the West Antarctic to global warming, Australian scientist N.W. Young con451 -
cluded that no clear prediction could be made and that more theoretical and field work was needed. Neal W. Young, 
“Responses of ice sheets to environmental changes,” in Sea Level, Ice, and Climatic Change: Proceedings of the 
symposium held 7-8 December 1979 during the 17th General Assembly of the International Union of Geodesy and 
Geophysics, Canberra, Ian Allison, ed. (Wallingford, Oxon.: International Association of Hydrological Sciences, 
1981): 331-360, 355. See also Hermann Flohn, “Climatic change, ice sheets and sea level,” ibid.: 431-440.

 “Provisional Agenda, Workshop on Glaciology,” 11 June 1980, folder 16, box 24, sub-ser. b, series 8, Field pa452 -
pers. In 1981, “Environmental Consequences of CO2-induced Climatic Change” was part of a meeting of the U.S. 
Committee on Glaciers. Committee member, Charley Bentley’s paper, “CO2 warming and West Antarctica” was 
included in the “New Fields, Change of Emphasis” section, ibid.

 Roger Revelle had been concerned about the question since the 1960s. Revelle’s chapter in the Changing Cli453 -
mate: Carbon Dioxide Assessment Committee of 1983 warned of the major contributions of WAIS to sea level rise, 
in the short and long term.
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needed to produce a road map for future assessments.  Behind closed doors the senior attendees 454

decided upon 2100 as the target date for their projections. According to Tad Pfeffer, who attend-

ed the meeting as a graduate student, they chose this date because it was far enough in the future 

that policy makers wouldn’t feel guilty, but near enough to make people worry about the prob-

lem.  The policy implications of their work was not far from the minds of conference attendees. 455

 Much of the Orono conference was devoted to the question of the West Antarctic Ice 

Sheet. This focus is somewhat is puzzling, because glaciologists knew that small glaciers and ice 

caps would respond to warming trends more quickly than Antarctica and Greenland, and obser-

vation and theory were weaker for the polar ice sheets. Scientists were ignorant of several crucial  

factors including the interactions between an ice stream or ice sheet’s underbelly and the ocean 

or bedrock that it contacts; they understood little of the physics of rapid flow dynamics, especial-

ly for polar ice masses; they lacked (and still lack) predictive models of ice sheet and ice shelf 

dynamics; and had only partial observational data on the mass balances of the polar ice sheets.  456

Yet, the polar ice masses remained at the fore because their potential contributions were so sub-

stantial (Revelle’s influence may have also had an effect).   457

 O’Reilly, “Assessing the Ice.”454

 Inkpen interview with W. Tad Pfeffer, February 20, 2018.455

 The early CLIMAP models used by Hughes and Fastook were primitive: the oceans didn’t circulate, polar surface 456

air temps were too warm, clouds didn’t respond to changing CO2, and sea ice and ice shelves were left undifferenti-
ated. In the 1990s and 2000s, remote sensing, including satellite imagery, GRACE, and radar interferometry helped 
alleviate some of the issues of coverage, but they did not solve the problem. Satellite sensing was expensive and can 
be frustrated by cloud cover. Moreover, remote measurements needed to be correlated and grounded by measure-
ments of ice streams.

 Jessica O’Reilly has characterized the rapid deglaciation of the polar ice sheets as “charismatic data”—data that 457

seems to compel assent. Jessica O’Reilly, The Technocratic Antarctic: An Ethnography of Scientific Expertise and 
Environmental Governance (Ithaca: Cornell Univ. Press, 2017), 140-170.
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 Mark Meier was one of the attendees who did not specialize in polar ice. Two years later, 

Scripps oceanographer Tim Barnett contacted him to ask if he thought it possible that contribu-

tions of small glaciers and ice caps could explain unaccounted for rises in sea level during the 

twentieth century.  Meier’s initial reaction was, “no, of course not, they’re too small.” Howev458 -

er, after a few quick calculations, he changed his mind. Extrapolating from the mass balance 

records of a handful of glaciers (including the South Cascade), he landed on a figure that was 

remarkably close to that which Barnett needed to explain.  Meier presented a more thorough 459

version of this work at a meeting of the American Geophysical Union that fall, where he empha-

sized the importance of considering snow and ice as part of the “global hydrological climate sys-

tem.”  460

 The following year, Meier steered a follow-up to the workshop in Orono.  Held in Seat461 -

tle and sponsored by the National Research Council and the CO2 Research Division, it was also 

devoted to assessing land ice contributions to sea level rise. Participants were glaciologists of all 

stripes (mountain, polar, permafrost, and snow research), climate modelers, and oceanographers. 

Keeping the policy implications of their work at the fore, organizers maintained that a mere 

compilation of individual papers was insufficient; an executive summary was absolutely neces-

 Tim P. Barnett, “Recent Changes in Sea Level and their Possible Causes,” Climatic Change 5 (1983): 15-38.458

 W. Tad Pfeffer, “Land ice and sea level rise: A thirty year perspective,” Oceanography 24, no. 2 (2011): 98.459

 1983 was an anniversary year for many institutions and events of note in the history of the cryospheric sciences. 460

It was the 60th anniversary of the founding of the International Association of Hydrological sciences, the 50th and 
100th anniversary of the first and second International Polar Years, and twenty-five years since the International 
Geophysical Year. In light of all these anniversaries, Meier suggested it was fitting to take stock of the role of snow 
and ice in the “global hydrological climate system.” These anniversaries, he told an audience at the annual meeting 
of the IAHS, “remind us that as hydrologists, we are part of a large community of Earth scientists.” He urged his 
listeners to take a global view of water on Earth, “especially its solid phase, and how it is changing.” Mark F. Meier, 
“Snow and ice in a changing hydrological world,” Hydrological Sciences Journal 28, no. 1 1983: 5.

 The Workshop was organized under the Committee on Glaciology, which Meier steered as a section of the Polar 461

Research Board of the National Research Council.
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sary. The consensus of the executive summary highlighted the role of small glaciers in sea level 

rise. Although the roles of Greenland and Antarctica remained unclear, mountain glaciers and 

small ice caps were certainly contributing to sea level rise. The authors predicted this rise would 

continue, elevating sea level by a few tenths of a meter by 2100 due to the wastage of mountain 

glaciers, and by then, also that of the Greenland ice sheet.  462

 In December 1984, Meier published “Contributions of Small Glaciers to Global Sea Lev-

el,” in Science.  This paper put the issue of anthropogenic climate change on the radar screen of 463

many of his non-polar glaciological colleagues. In the paper, Meier extrapolated from known 

mass balance records to determine what human-induced warming might do to raise sea level. As 

he had at the AGU meeting a year earlier, he calculated that observations of sea level rise could 

be credited in large degree to the melting of small glaciers. In his referee report for Science, Bill 

Field wrote that “the subject is timely, as we may well be intering [sic] a period of increasing 

concern about the effects of CO2 in the atmosphere,” and mountain glaciers would be among the 

earliest registers of minor climatic changes.  Although Meier’s methods involved intuitive pro464 -

jections based on data from a handful of glaciers, many of his colleagues found his attempt more 

credible than earlier predictions which tried to wrestle with the problems of polar ice. Six years 

 National Research Council, Ad hoc Committee on the Relationship between Land Ice, Sea Level, and United 462

States. Office of Basic Energy Sciences. Carbon Dioxide Research Division, eds., Glaciers, Ice Sheets, and Sea Lev-
el: Effect of a CO2-Induced Climatic Change. Report of a Workshop Held in Seattle, Washington, September 13-15, 
1984, (Washington, DC: National Academies, 1985), 1-6.

 Mark F. Meier, “Contributions of Small Glaciers to Global Sea Level Rise,” Science 226, no. 4681 (21 December 463

1984): 1418-1421.

 Field review for Science, 22 May 1984, folder 1, box 19, sub-ser. a, series 8, Field papers.464
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later his calculations were the basis of the discussion of glacier contributions to sea level rise in 

the first report of the Intergovernmental Panel on Climate Change.  465

 Meier pursued the question of mountain glacier contributions to sea level rise throughout 

the rest of his career. In 1985, he moved to the University of Colorado, Boulder, where he headed 

the Institute of Arctic and Alpine Research. After 2000, most of his publications were devoted to 

sea level rise. Many of these assessments were coauthored with Russian émigré Mark B. Dyurg-

erov, who joined the faculty at the University of Colorado in 1995. By 2003, Meier and his co-

authors were emphasizing the disappearance of small mountains glaciers, the contributions of 

mid-latitude glaciers to sea level rise, and the warming of arctic glaciers.  466

 Working with an imperfect and incomplete data set, Meier estimated that for the period of 1900-1961, the retreat 465

of small glaciers contributed 2.8 cm, or 0.46 (+/-0.26)mm per year to global sea level rise. He had little data on the 
magnitude of long-term changes. To make his calculation, he had to assume that long-term changes were propor-
tional to the differences between winter and summer mass balances, this allowed him to extrapolate from measure-
ments on a few well-documented glaciers. Using data from the South Cascade, Storgläciaren, and Sarennes Glacier, 
he extrapolated the record to include the period between 1885 and 1974, which gave him his average rate of sea lev-
el rise per year. R.A. Warrick, Johannes Oerlemans, “Sea Level Rise,” in Climate Change, J.T. Houghton, G.T. Jenk-
ins, and J. Ephraums, eds., 268-269.

 Mark F. Meier, “Role of land ice in present and future sea-level change,” in Studies in Geophysics, Roger Rev466 -
elle, ed. (Washington, D.C., National Academy Press, 1990); Meier, “Ice, climate, and sea level; do we know what is 
happening?” in Ice in the Climate System, NATO ASI Series. Series I. Vol. 12, William Richard Peltier ed., (Berlin 
Heidelberg: Springer-Verlag, 1993), 141-160; Mark B. Dyurgerov and Mark F. Meier, “Year-to-year fluctuations of 
global mass balance of small glaciers and their contribution to sea-level changes,” Arctic and Alpine Research 29, 
no. 4 (1997): 392-402; Mark B. Dyurgerov and Mark F. Meier, “Mass balance of mountain and subpolar glaciers: a 
new global assessment for 1961-1990,” Arctic and Alpine Research 29, no. 4 (1997): 379-391; Mark B. Dyurgerov 
and Mark F. Meier, “Twentieth century climate change: Evidence from small glaciers,” Proceedings of the National 
Academy of Science 97, no. 4 (2000): 1406-141; Meier, John M. Wahr, “Sea level is rising: Do we know why?” Pro-
ceedings of the National Academy of Sciences 99, no. 10  (2002): 6524-6526; Mark F. Meier and Mark B. Dyurg-
erov, “Sea level changes: How Alaska affects the world,” Science 297, no. 5580 (2002): 350-351; Mark F. Meier, 
Mark B. Dyurgerov, and Gregory J. McCabe, “The Health of Glaciers: Recent Changes in Glacier Regime,” Climat-
ic Change 59 (2003): 123-135; Mark F. Meier et al, “Comment on The potential for sea level rise: New estimates 
from glacier and ice cap area and volume distribution by S. C. B. Raper and R. J. Braithwaite,” Geophysical Re-
search Letters 32, no.  17 (2005): L1750; Mark F. Meier et al, “Glaciers Dominate Eustatic Sea-level Rise in the 
21st Century,” Science 317, no. 5841 (August 24, 2007), 1064-1067; Mark B. Dyurgerov and Mark F. Meier, “Glac-
iers and the study of climate and sea-level change," in Mass Balance of the Cryosphere: Observations and Mod-
elling of Contemporary and Future Changes Jonathan L. Bamber and Anthony J. Payne, eds. (Cambridge: Cam-
bridge University Press, 2005), 579-622; Mark B. Dyurgerov and Mark F. Meier, "Glacier mass balance, climate and 
sea level change,” Materialy Glyatsiologicheskikh Issledovaniy 100 (2006): 24-37; David Bahr, Mark B. Dyurgerov, 
and Mark F. Meier, “Sea-level rise from glaciers and ice caps: A lower bound,” Geophysical Research Letters 36, 
no. 3 (2009).
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 Through the problem of sea level rise, mountain glaciologists joined multi-disciplinary 

efforts in the early 1980s to assess the severity and potential consequences of human-induced 

climate change. The foundation for this work was laid in the post-IGY consideration of glaciers 

as environmental objects: resources that were part of hydrological and climatological systems. 

The research agenda of Northwest glaciologists such as Richard Hubley, Mark Meier, and Austin 

Post illustrate the renewed appreciation of glacier monitoring and qualitative observations after 

the IGY. Their work joined a broader turn in the earth sciences toward monitoring resources and 

climate in the 1960s and 1970s. When these trends in the earth sciences culminated in serious 

consideration of the possibility that humans could be altering global climate, mountain glaciolo-

gists participated in early scientific discussions through assessments of small glacier contribu-

tions to sea level rise.  

 There were, of course, many unknowns. Truly global assessments of the cryosphere were 

(and remain) tricky, and, in the 1980s, surveillance infrastructures and models of glacier dynam-

ics left much to be desired. Yet this is not a reason to think that glaciologists weren’t part of the 

scientific turn toward climate change research—if it were, we would have to also discount to-

day’s glaciologists who still struggle with imperfect monitoring regimes and models. Glaciolo-

gists were not late to the scientific consensus of anthropogenic climate change. They were part of 

an evolving discussion and undertaking. 

 Calculations of non-polar glacier contributions to sea level rise recast the recession that 

glaciologists had been observing for decades as potentially non-natural. Glacier ice began to take 

on connotations of endangerment. The health of glaciers, a metaphor invoked by Hans Ahlmann 

to refer to a glacier’s net mass balance, and long used amongst glacier researchers to describe 
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whether glaciers were growing or shrinking, now implicated human responsibilities; the health of 

mountain glaciers became a matter of environmental concern. This concern was communicated 

in words and pictured in equations, charts, and graphs. Repeat photographs were not prominent 

in the papers devoted to assessing sea level rise. The odd one of an Alpine glacier might grace 

the inside cover of a report, as that of the Rhône did for the Seattle workshop publication. Yet, 

the paucity of repeat photographs is not surprising. Glacier contributions to sea level were calcu-

lations, communicated amongst scientists interested in changes in glacier volumes, not visualiza-

tions of termini retreat. The epistemic value of precision advocated by geophysical glaciology 

still held sway within the glaciological community. Glaciologists who did use photographs strove 

and struggled to extract quantitative information from them. When the possibility that humans 

were modifying the world’s climate was being seriously studied for the first time, repeat glacier 

photography was not the evidence to which scientists turned. 

 How, then, did repeat photographs of receding mountain glaciers come to be so unmis-

takably iconic of anthropogenic climate change? I answer that question in Chapter Five. 

!222



Chapter Five: 
 

5. The Iconography of Ice 

“To ask whether a photograph is analogical or coded is not a good means of analysis. The important thing is that the 
photograph possesses an evidential force, and that its testimony bears not on the object but on time.”  

—Barthes  467

 In the 2000s, repeat photographs of receding glaciers began to circulate widely in diverse 

media platforms. They joined beautiful, high resolution photographs of melting ice that appeared 

in magazines, on websites, in books, and in scientific reports.  These photographs were taken 468

by scientists, professional photographers, mountain climbers, and environmentalists who offered 

the widespread, rapid disappearance of ice as visual evidence that global climate was changing at 

an alarming and unnatural rate. Referred to as a “witness,” “beacon,” and “canary in the coal 

mine” of global climate, receding ice carried a seemingly unambiguous message: anthropogenic 

 Roland Barthes, Camera Lucida: Reflections on Photography trans. Richard Howard (New York: Hill and Wang, 467

2010 [1980]), 88-89.

 Tim Appenzeller, “The Big Thaw,” National Geographic 211, no. 6 (June 2007);“Most Alaskan glaciers retreat468 -
ing, thinning, or stagnating,” Science News, October 6, 2008; Meghan J. Ward, State of the Mountains Report: The 
impacts of climate change on the alpine environment and glaciers of southern Alberta and British Columbia (Alpine 
Club of Canada, 2011); “Repeat Photography Project,” United States Geological Survey, accessed September 13, 
2015, https://www.usgs.gov/centers/norock/science/repeat-photography-project?qt-science_center_objects=0#qt-
science_center_objects; Mauri Pelto, “From a Glacier’s Perspective,” accessed September 13, 2015, https://glacier-
change.wordpress.com; Hassan Basagic, “Basagix field notes,” accessed September 13, 2015 http://hassanbasag-
ic.blogspot.com/2007/11/glacier-measurements.html; James Balog, Ice: Portraits of Vanishing Glaciers (New York: 
Rizzoli, 2012); James Balog, Extreme Ice Now Vanishing Glaciers and a Changing Climate: a Progress Report 
(Washington, D.C.: National Geographic Books, 2012); Terrell Johnson, “Bruce Molnia’s Repeat Photos of Alaska, 
and what he say’s they reveal about our world,” The Weather Channel, July 18, 2014, https://weather.com/science/
environment/news/alaskas-glaciers-capturing-earth-changing-our-eyes-20131125. The iconography of ice in climate 
change discourse continues today, for a sampling, see Mark Hume, “Disintegrating Rockies glacier sends ‘strong 
message’ on climate,” Globe and Mail, October 22, 2016, https://www.theglobeandmail.com/news/british-columbia/
disintegrating-rockies-glacier-sends-strong-message-on-climate/article26945443/; Keith Bradshear, “The Paris 
agreement on climate change is official. Now what?” New York Times, November 3, 2016, https://www.nytimes.-
com/2016/11/04/business/energy-environment/paris-climate-change-agreement-official-now-what.html; Associated 
Press, “Then and now: Photographers document rapid melting of world’s glaciers,” CBC, April 3, 2017, http://
www.cbc.ca/news/technology/then-and-now-world-glaciers-melting-1.4053208; Justin Gillis, “Earth sets a tempera-
ture record for the third straight year,” New York Times, January 18, 2017, https://www.nytimes.com/2017/01/18/
science/earth-highest-temperature-record.html; Nadja Popovich, “Mapping 50 years of melting ice in Glacier Na-
tional Park,” New York Times, May 24, 2017, https://www.nytimes.com/interactive/2017/05/24/climate/mapping-50-
years-of-ice-loss-in-glacier-national-park.html; Eli Kintisch, “Meltdown,” Science 355, no. 6327 (February 24, 
2017): 788-791.
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climate change is happening and it is happening now. In the early years of the twenty-first centu-

ry, these photographs came to stand for anthropogenic climate change. They became icons of 

climate change (Figure 1.1).  469

 One hundred years earlier, glacier naturalists relied extensively on photography to docu-

ment and study glacier fluctuations as they climbed and explored the western ranges of North 

America. By mid-century, glaciologists had largely abandoned repeat photography in favor of 

more technical instruments and precise measurements, criticizing glacier naturalists’ use of the 

practice as inaccurate and “merely” qualitative. In the 1940s, glaciologists de-prioritized photo-

graphic documentation of termini fluctuations in their research agenda and turned instead to in-

struments such as the seismograph and microscope to analyze the physical structures and dynam-

ic processes of ice and snow.  Certain glaciologists with an eye for the aesthetic took pho470 -

tographs of glaciers because they found them beautiful and were interested in photography gen-

erally or because they were useful for planning purposes. But they did so on the margins of their 

science. Their photographs mostly shared the fate of those taken by Mal Miller, leader of the 

Juneau Icefield Research Program, which lay unsorted in boxes, along with photographs of his 

mountain climbing days and academic career.  They were understood to be of less scientific 471

 My use of the word “icon” is guided by the prosaic meaning invoked by my historical actors. According to the 469

Merriam-Webster Dictionary, an icon is something that serves as a symbol or emblem for something else; it stands 
for it. I am not drawing upon Charles Saunders Peirce’s philosophical notions of icon and index, which run counter 
to this more commonsensical notion. On Peirce’s account, indexical representations correspond to their objects 
through factual relations; iconic representations evoke their objects through some likeness or by sharing some salient 
quality. Lukas Rieppel provides a helpful example: a snow angel represents indexically the motions of a child at 
play, but is an iconic representation of a biblical creature. Many representations possess both iconic and indexical 
aspects. Lukas Rieppel, “Bringing Dinosaurs Back to Life: Exhibiting Prehistory at the American Museum of Natur-
al History,” Isis 103, no. 3 (2012): 462.

 In the 1960s and 1970s, time lapse photography was used to document the movements of ice, but this was done 470

with an eye to understanding glacier dynamics, not to document their reaction to climate.

 Molnia, interview.471
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value than the data acquired through more quantitative means and sophisticated apparatuses. At 

most, photography was used to document firn lines as a rough estimate of glacier mass balance. 

How, then, did an iconography of ice, based on repeat images of glacier termini, emerge at the 

end of the century? Why did glaciologists return to an older form of visual evidence? 

 Answering these questions requires attending to glaciologists’ non-epistemic goals.  At 

the turn of the twenty-first century, public uncertainty about climate change was felt to be un-

dermining scientists’ ability to influence climate change politics. This chapter explains glaciolo-

gists’ return to repeat photography as a response to this context. This return was not prompted by 

the epistemic goals of glaciologists. Nor was it occasioned by requests from patrons. Rather, it 

was spurred by a desire to communicate beyond glaciology’s disciplinary bounds and to reach 

non-expert publics.  The chapter also analyzes the structural and cultural reasons why images 472

of receding glaciers were conducive to an iconography of ice. I argue that this revival should be 

understood as glaciologists learning that the best evidence from a scientific standpoint isn’t al-

ways the right evidence to persuade an audience. Understanding the production and evaluation of 

evidence sometimes requires looking beyond the epistemic goals of scientists. 

 Publics may include other scientists who are trained as experts in other topics. The notion of “publics” informing 472

my analysis is indebted to Michael Warner’s theorization of publics and counterpublics. Warner understands a public 
to be a self-creating association that emerges in the process of being addressed and participating in a discourse, even 
if participation simply means paying attention. This admittedly circular definition (what comes first the public par-
ticipating in a discourse or the discourse addressing that public?) distinguishes between a public and an audience, a 
crowd, or other groupings that require co-presence, and nations, races, and professions, which “saturate identity.” 
While his account makes it difficult to quantify a public, it captures the actions of the actors in this chapter well: 
they seek to cultivate an (under/un)realized public that participates in climate change discourses rather than in de-
nialist discourses. Warner’s distinction between targeted publics and implied addressees of a particular rhetoric ex-
plains how people can shape publics by addressing them in certain ways. It also allows for the possibility of expert 
publics: associations of people with distinction though perhaps overlapping expertise who emerge as a coherent pub-
lic in response to, say, a political discourse. For example, the multi-disciplinary groups of experts that weigh in on 
issues such as nuclear war or the safety and efficacy of vaccines. Michael Warner, Publics and Counterpublics (New 
York: Zone Books, 2002), 12-15.
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1. Climate change as a problem of perception 

 By the late 1990s, most scientific experts agreed on the basics of global warming: green-

houses gases, produced by human actions, were changing the chemistry of the atmosphere, caus-

ing the planet to warm.  There were still outliers who wanted to know more about the capacity 473

of the oceans to absorb energy, there were (and remain) questions about future impacts, and there 

were scientific “mules” who just wouldn’t budge from previous positions of skepticism.  But 474

projections from increasingly powerful and sophisticated models were converging with observa-

tional evidence that yielded the crucial conclusion that humans were changing the energy balance 

of the planet and this was affecting the climate. As the famous line from the Intergovernmental 

Panel on Climate Change’s (IPCC) 1995 Second Assessment Report phrased it, “the balance of 

evidence suggests a discernible human influence on global climate.  475

 The trouble, it seemed, was that people outside the scientific community, especially in the 

United States, didn’t seem to accept this conclusion, or to care that much about it even if they 

did. According to Gallup polls—which have been recording Americans’ opinions on climate 

change since the late-1980s—concern about climate change peaked in 2000, when 72% of those 

surveyed said it was a matter about which they were concerned. In 2004, only 51% expressed 

 The notion of expert informing my analysis is broad, borrowed largely from Sheila Jasanoff’s concept of exper473 -
tise as, a form of “democratically delegated power” that is specific and limited, and must remain accountable to crit-
ical analysis by publics. On Jasanoff’s account, expertise may be professionally sanctioned through formal training 
and associations, but may also be non-professional, born from extensive experience and publicly-sanctioned trust. 
Sheila Jasanoff, “(No?) Accounting for Expertise,” Science and Public Policy 30, no. 3 (2003): 160. 

 See, for example, Robin Q. Vaughn, “Cooling off on global warming—continuing the debate,” Remote Sensing 474

and Climate Change (Chichester, UK: Praxis Publishing Ltd., 2001), 205-215. Naomi Oreskes “Of Mavericks and 
Mules,” paper presented at AAAS Annual Meeting, February 19, 2011.

 Intergovernmental Panel on Climate Change, Climate Change 1995: IPCC Second Assessment: A Report of the 475

Intergovernmental Panel on Climate Change (Cambridge: Cambridge Univ. Press, 1996), 5. The Synthesis Report in 
2001 went even further to state, “new and stronger evidence that most of the warming observed over the last 50 
years is attributable to human activities.” Robert T. Watson and the Core Writing Team, eds. Climate Change 2001: 
Synthesis Report (Cambridge: Cambridge Univ. Press, 2001), 5. See also Naomi Oreskes “Beyond the Ivory Tower: 
The Scientific Consensus on Climate Change,” Science 306 (December 3, 2004): 1686-1687.
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concern. In 2006, things got worse (from a scientific perspective), when a Times magazine poll 

found that only 56% of Americans even thought global temperatures were rising.   476

 Many scientists and environmentalists saw these numbers as a problem of public percep-

tions of science.  After all, knowledge of climate change is thoroughly mediated by science. In 477

many ways, climate change is “invisible” without scientific aids to the understanding.  Some 478

people already perceive the effects of climate change: Inuit, Iñupiaq, and Inughuit residing in the 

circumpolar arctic, for example, are experiencing the effects of an anthropogenically-warming 

north.  Yet, identifying these experiences as effects of anthropogenic climate change takes the 479

sophisticated instruments and models of scientists, and the ability of scientists to communicate 

them as such. Indigenous people and non-scientists do not need scientists to speak on their be-

half, but scientific experts are necessary for the identification and articulation of climatic change 

as anthropogenic, and it seemed that in the decades bracketing the year 2000, scientists needed to 

do more to make the case. 

 Candis Callison, How Climate Change Comes to Matter: The Communal Life of Facts (Durham: Duke Universi476 -
ty Press, 2014), 3. See also Oreskes and Conway, Merchants, 169.

 When Candis Callison, an anthropologist, would tell scientists in the early 2000s that her research concerned 477

“communication of climate change” she was greeted with enthusiastic exclamations of “we need that!” Callison, 
How Climate Change Comes to Matter, 17.

 Scholars disagree over whether climate change is visible with unaided senses or whether it is invisible. Peter 478

Rudiak-Gould points out that this question is partly an empirical question of how dramatically humans have tam-
pered with Earth systems, partly an instrumental question of how to communicate anthropogenic climate change, 
and partly “a moral, political, and epistemological interrogation of the value and role of scientific expertise in demo-
cratic society.” To ask if climate change is visible or invisible is to ask whom we ought to trust. Peter Rudiak-Gould, 
“‘We have seen it with our own eyes’: Why we disagree about climate change visibility,” Weather, Climate, and So-
ciety 5 (2013): 129.

 For assessments of Indigenous vulnerability to climate change, see Bennett et al., “Indigenous Peoples”; Eliza479 -
beth Marino, “The Long History of Environmental Migration: Assessing Vulnerability Construction and Obstacles 
to Successful Relocation in Shishmaref, Alaska,” Global Environmental Change 22, no. 2 (2012): 374-381. The lan-
guage of vulnerability has been critiqued by Indigenous Studies scholars, see, for example, Emilie S. Cameron, “Se-
curing Indigenous Politics: A Critique of the Vulnerability and Adaptation Approach to the Human Dimensions of 
Climate Change in the Canadian Arctic,” Global Environmental Change 22, no. 1 (2012): 103-114; Whyte, “Colo-
nial Déjà Vu?”
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 Moreover, by the late-1990s, it was becoming clear that the fight against global warming 

was not going to be as simple as that against ozone-degrading Chlorofluorocarbons (CFCs) had 

been. There had been industry push back against regulations of CFCs, but denial of their envi-

ronmental impacts was short-lived. In 1985, the multilateral Vienna Convention for the Protec-

tion of the Ozone Layer, called for international monitoring and assessment of the environmental 

dangers posed by CFCs. Two years later, the Montreal Protocol on Substances that Deplete the 

Ozone Layer, an international agreement phasing out emissions of ozone-depleting substances to 

pre-1980s levels, was signed by twenty-four nations with relatively little political opposition.  480

The United Nations Framework Convention on Climate Change was modeled on this experience, 

but global warming was proving to be a more politically difficult problem.   

 By the early 2000s, environmentalists and scientists faced increasingly sophisticated po-

litical attacks on the science behind global warming. Politically-conservative politicians and sci-

entists, motivated by ideological commitments to the free market, used tactics of doubt-monger-

ing to cultivate public uncertainty about the facts of climate change, the potential threats in-

volved, and whether anything could be done about it. They had honed these tactics in earlier 

fights against research showing the harmful health effects of tobacco.  The credibility of these 481

“merchants of doubt” was inadvertently supported by the vocational ideals of journalists. When 

covering climate change, science journalists adhered to a professional code developed to cover 

political news. According to this code, journalistic objectivity meant bipartisanship. Seeking to 

provide the most objective news coverage possible, they circulated “both sides” of “debate” on 

 Weart, Discovery of Global Warming, 152-154. 480

 Oreskes and Conway, Merchants; Allan Brandt, The Cigarette Century: The Rise, Fall, and Deadly Persistence 481

of the Product that Defined America (Arizona: Basic Books, 2007).
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global warming even when one side represented the vast majority of scientists while the other a 

very small population of dissenters.  Active doubt-mongering and the norms of science journal482 -

ism led many non-scientists to believe that there were two equally credible sides to the scientific 

story on climate change and a large degree of uncertainty among scientists. 

  This apparent uncertainty behind the science of climate change was also encouraged by 

the nature and norms of scientific practice. In the 1940s, sociologist of science Robert K. Merton 

identified “organized skepticism” as one of the defining features of science as a social process.  483

While scholars today may not wish to adopt Merton’s sociological demarcation of science 

wholesale, the idea that practicing scientists tend toward epistemological-conservatism has been 

argued by recent historians of science.  Scientists often advocated caution in making statements 484

about climate change because they worried that over-hasty, dramatic assertions would tarnish 

their professional reputation and claims to objectivity.  Glaciologist Bruce Molnia has said, for 485

example, “I see people who make radical statements who are proven to be wrong […] I like to be 

able to come from the perspective of having credible documentation before I open my mouth.”  486

Lacking what they considered a sufficient degree of certainty, and preferring Type Two over 

 Maxwell T. Boykoff, Who Speaks for the Climate?: Making Sense of Media Reporting on Climate Change (New 482

York: Cambridge Univ. Press, 2011).

 Robert K. Merton, The Sociology of Science: Theoretical and Empirical Investigations (Chicago: Univ. Chicago 483

Press, 1973). 

 Keynyn Brysse, Naomi Oreskes, Jessica O’Reilly, and Michael Oppenheimer, “Climate Change Prediction: 484

Erring on the side of least drama?” Global Environmental Change 23 (2013): 327-337. As these authors point out, 
the tendency in the earth sciences to prefer non-cataclysmic explanations of geological change has a pedigree that 
reaches back to the idea of uniformitarianism and a preference for explanations rooted in gradually-acting causes 
that can be observed today.

 There is a rich feminist literature on the ways drama does not sit well with notions of objectivity. See Barbara 485

Laslett, Sally Gregory Kohlstedt, Helen Longino, and Evelynn Hammonds, eds. Gender and Scientific Authority 
(Chicago: Univ. of Chicago Press, 1996); Haraway, Primate Visions; Margaret Rossiter, Women Scientists in Ameri-
ca: Struggles and Strategies to 1940 (Baltimore: Johns Hopkins Univ. Press, 1982); Sandra Harding, The Science 
Question in Feminism (Ithaca: Cornell Univ. Press, 1986).

 Molnia, interview.486
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Type One errors, scientists tended to “err on the side of least drama.”  This tendency toward 487

epistemological conservatism may not have directly fueled uncertainty about climate change, but 

it did not actively counter it either, and inadvertently contributed to conditions amenable to 

growing doubt. 

 Finally, non-expert uncertainty about the facts of climate change was also encouraged by 

the format of the science-first approach to climate policy. Environmental historian Joshua Howe 

has diagnosed this as a tragedy of Greek proportions: the means by which scientists and activists 

sought to reach their ends were the tools of their undoing. Organizations such as the IPCC as-

sumed the efficacy of what Howe terms “the forcing function of knowledge”—the commonsense 

idea that if people have the right knowledge, they’ll do the right thing. This meant that if IPCC 

scientists got the science right, the politics of emissions reduction, cap-and-trade, and regulation 

would follow. Political opponents to regulation realized that the best way to influence the politics 

of climate change was to challenge the science behind it. By relying first and foremost on sci-

ence as a driver of political action, scientists allowed their opponents to target science itself.  488

 The net effect of these inadvertent and deliberate contributions to doubt was that many 

non-experts in the late-1990s and early-2000s believed that the science on climate change was 

confused and uncertain. Scientists felt compelled to do something in response. For glaciologists, 

the way forward lay in setting aside the precise, quantitative instruments and hard-earned mark-

ers of scientific expertise developed in the mid-twentieth century. 

 Brysse et al, “Climate Change Prediction”; O’Reilly, “Assessing the Ice.” For an insider’s perspective see 487

Stephen Schneider, Science as a Contact Sport: Inside the Battle to Save Earth’s Climate (Washington, DC: National 
Geographic, 2009).

 Howe, Behind the Curve, 9, 194. An alternative strategy, Howe suggests, would have been to shift the focus from 488

the certainty of the science to the covert political and ideological ideas that informed climate change debates: to con-
front the value-saturated nature of the policy discussions directly. In other words, to expose the merchandising of 
doubt for what it was and to recognize the values informing scientists’ positions as well.
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2. Expert communication of climate science 

 A defining social feature of professional expertise is the possession of specialist vocabu-

laries: visual and discursive languages suited to sharing knowledge within a bounded domain of 

trained initiates. These languages are indicative of professional expertise and constitutive of it.  489

They are both productive and somewhat occult. Communicating in the vocabularies and visual 

languages of expertise can make knowledge inaccessible to publics. This inaccessibility may be 

cognitive: non-experts may not possess the skills required to “read” a scientific representation. It 

may also be non-cognitive: the form and content of scientific representations fail to compel a 

sense of meaning for non-experts.  Esoteric, technical representations can be inaccessible in 490

both ways. In the face of public confusion and uncertainty about the science of climate change, 

scientists, scholars, and activists identified a need for different representations. Photographer 

James Balog put the problem plainly, “The public doesn’t want to hear about more statistical 

studies, more computer models, more projections, what they need is a believable, understandable 

piece of visual evidence, something that grabs them in the gut.”  Climate change was cast as a 491

problem of perception. 

 Rudwick, “Visual Language,” 177, 179-181.489

 Scholars identified an impasse between the mediated, affect-laden “scales of meaning” of everyday action and 490

the abstract, universal “scales of knowing” offered by scientists. Sheila Jasanoff, “A New Climate for Society,” The-
ory, Culture, Society 27 (2010): 235. A 2009 collaboration of scientists, communications scholars, and activists 
found that even if scientists and global warming activists overcame the “obfuscating claims of uncertainty, they 
would still need to confront other, more complicated barriers to action and should reframe their rhetorical approach.” 
Finis Dunaway, “Seeing Global Warming: Contemporary Art and the Fate of the Planet,” Environmental History 14 
(2009): 10.

 Balog, Chasing Ice, 10:03.491
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3. The revival of repeat photography  

 Bruce Molnia was one of the first glaciologists to employ repeat glacier photographs as 

evidence of anthropogenic climate change. In a 2018 interview, he explained that in 1999, “when 

the first wave of climate deniers was surfacing,” he was challenged by David Hayes, counselor 

to the Interior Secretary, to find “unambiguous, anecdotal, easily-understood documentation that 

climate change was real.”  Molnia had spent much of his career performing environmental as492 -

sessments for oil and gas projects in the Gulf of Alaska and had enjoyed photography as a hobby. 

What could be more legible and simple to achieve than repeat photographs of places he knew 

from his time working in the Gulf of Alaska?  “The simplicity of the photos is so striking,” he 493

wrote in 2014, “my basic premise is, if a picture’s worth a thousand words, what’s a pair of pho-

tos showing dramatic change worth?”  494

 Between 2000 and 2005, Molnia re-created over 200 historic glacier photographs from 

the late nineteenth and early twentieth centuries. In Alaska, he re-occupied the photographic per-

spectives of Bill Field, Harry Fielding Reid, Charles W. Wright, Grove Karl Gilbert and re-creat-

ed photographs he had taken as a young geologist working in Alaska during the 1970s. Molnia 

placed his images in the public domain so they might be freely shared to communicate the mes-

sage that anthropogenic climate change was happening. They were widely taken up by news 

agencies, including a London-based company, Still Pictures Ltd., which brought them to high-

profile meetings on climate change. They have been used to create an “Images of Change” app 

 Molnia, interview.492

 Molnia began photographing glaciers in the late 1960s as a graduate student. In 1974, he used photographs in a 493

USGS assessment of oil and gas activities on Alaskan glaciers. To date, he has produced approximately 100, 000 
photographs.

 Johnson, “Bruce Molnia’s Repeat Photos.”494
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by NASA, and more recently were the basis of a card game in which players have to match his-

toric and recent photographs of glaciers (Figure 6.1). 

 

Figure 6.1: Repeat photographs of the Muir glacier (1980 and 2003), Bruce Molnia 
Image: Bruce Molina, Public Domain. 

 In 2007, National Geographic devoted its entire January issue to the cryosphere. The 

most popular article was “The Big Thaw,” a piece written by Tim Appenzellar that featured pho-

tographs of receding glaciers taken by James Balog. “The Big Thaw” opened with a two-page 

aerial perspective of a gemstone blue river winding through a frosty ice canyon on the Greenland 

ice sheet. This was followed by a pair of repeat photographs of the Chacltaya Glacier in Bolivia: 

1994 v. 2005. The Chacltaya once supported the highest elevation ski resort in the world; in 

2005, there was hardly a snow patch big enough to launch a child’s sled. Two more repeat pairs: 

Iceland’s Sólheimjökull and the Grinnell glacier in Glacier National Park. The Grinnell was once 

one of the most recognizable glaciers in the lower Forty-Eight; today it is a smear of ice barely 

deserving of the title glacier. “The Big Thaw” was one of National Geographic’s most successful 

articles in the mid-2000s. It launched Balog, a photographer and climber with a background in 
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earth sciences, into an ongoing project to document recent changes in glaciers around the world: 

the Extreme Ice Survey (EIS).  

 The Extreme Ice Survey began with a collaboration between Balog and University of 

Colorado glaciologist W. Tad Pfeffer. A graduate of the University of Washington, Pfeffer was 

heir to Austin Post and Mark Meier’s studies of the dynamics of the Columbia glacier. Before his 

collaboration with Balog, he had been using low-grade time-lapse photography to capture 

movements on the Columbia’s surface. Pfeffer came to the study of glaciers out of a love of 

snow and ice; he has long been attuned to the aesthetic aspects of the cryosphere. He is also one 

of those special experts who wants to share his work with non-scientists. In 2007 he published a 

popular book on the history and current study of the Columbia glacier. Following the format of 

Post and LaChapelle’s Glacier Ice, it was a generously illustrated coffee-table book that deftly 

explained complex phenomena in direct, engaging prose. With a background in photography and 

an impetus to share beyond the silo of his expertise, Pfeffer was well-suited to contribute to the 

iconography of ice.   495

 During the Third International Polar Year (IPY) (2007-2009), Pfeffer attended a session 

sponsored by the National Science Foundation on sharing the IPY with non-scientific publics. An 

urgency hovered over the gathering, as many participants were seeking ways to communicate the 

importance of anthropogenically-induced cryospheric melting. At this session, Pfeffer learned of 

Balog’s intention to photograph glaciers as a way of convincing skeptics that climate change was 

real. A fellow-citizen of Boulder, Colorado, he reached out to Balog and the two worked together 

 Pfeffer, Opening of a New Landscape. Pfeffer has also published a book on the architecture of historic vacation 495

homes in his home region of New England. W. Tad Pfeffer, The Hand of the Small-Town Builder: Summer Houses in 
Northern New England, 1876-1930 (Jaffrey, NH: David R. Godine, 2014).
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on the Columbia glacier. According to Pfeffer, Balog had been struggling with how best to use 

photography to document glacier recession. Pfeffer’s technical know-how of time-lapse photog-

raphy, gained from working on the Variegated and Columbia glaciers, helped decide the ques-

tion.  Today, the Extreme Ice Survey monitors twenty-six glaciers around the world, using 496

time-lapse photography to reveal months of glacier recession in a matter of seconds. The pho-

tographs and field work of the EIS has been featured in films (Extreme Ice (2009), Chasing Ice 

(2012)), books (Extreme Ice Now (2009), Ice: Portraits of Vanishing Glaciers (2012)), websites, 

and magazines. In still-frame media, the images captured by EIS are presented as repeat pho-

tographs. 

 The repeat photography of Molnia, Pfeffer, and Balog are representatives of a larger turn 

toward repeat glacier photography in the twenty-first century that included scientists, photogra-

phers, and alpine recreationalists.  Repeat glacier photographs were embraced as an answer to 497

the perceived invisibility of climate change.  Temperature rise isn’t something you can see, but 498

as Michael Zemp, lead scientist at the World Glacier Monitoring Service told National Geo-

graphic in 2006, “a glacier melting is something everybody can see.” Repeat glacier photographs 

anchored the gargantuan, complex issue of climate change in something concrete and visible. As 

 Balog had been using a mosaic technique that he developed on a previous project photographing trees. Inkpen 496

interview with Tad Pfeffer, 26 February 2018. 

 Other scientists who use repeat glacier photography in this way include: Mauri Pelto, H.J. Zumbühl, Samuel U. 497

Nussbaumer, Daniel Steiner, and Patricia Imhof. Other projects include The Glacier ReProject—run by Hassab 
Basagic; Glaciers of the American West—out of Portland State University; Ice Legacy Project—run by extreme ath-
letes Vincent Colliard and Børge Ousland attempts to cross the 20 largest glaciers in the world (sponsored by Moun-
tain Hardware’s Impact Initiative); HiMAP works to draw awareness to importance of glacial mountain water 
basins; “The Water Brothers.” Repeat glacier photography has become an industry.

 Picturing the invisible, according to Joel Snyder, is photography’s specific role. Snyder, “Res Ipsa Loquitur,” 498

216.
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Ted Scambos, one of Pfeffer’s colleagues at the University of Colorado put it, “for all our em-

phasis on models and math, seeing is still believing.”  499

 Repeat photography served as both mnemonic aid and revelation, as it did for glacier nat-

uralists one hundred years earlier. Against a generally unchanging backdrop, changes in glacier 

shape and size appear prominently.  Yet, this revelatory capacity was made to do a different 500

kind of work in the early twenty-first century that it had done in the early twentieth. Glacier natu-

ralists used repeat photography to study the natural processes by which ice ages retreated from a 

landscape. Those who recreated these earlier photographs offered their work as proof of anthro-

pogenic influence on the climate and the cryosphere. 

 When glaciologists returned to repeat terminus photography as an older field practice and 

form of evidence, they did so in response to social and political conditions. The revival of repeat 

photography was a vehicle for communicating the reality and severity of climate change to non-

scientific publics. It was not spurred by the epistemic goals of their discipline; nor was it, like 

mid-century glaciologist’s documenting of icefield operations, done as a service to patrons. It 

was in response to the extra-scientific conditions of their research and the perceived need to 

speak beyond the silos of their discipline. 

 CBC, “Then and now.”499

 Today, websites devoted to repeat glacier photography use sophisticated techniques to make the photographs re500 -
veal. IcyLegacy.org melds repeat glacier photographs into one by cutting them down the center and pasting them 
against one another. If you place your cursor over the median dividing the two images you can slide the dividing line 
to the left or right, thereby revealing the entirety of one or the other photographs: one landscape gives way to anoth-
er, and the past and present are revealed as easily as drawing back a curtain.
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4. The efficacy of glacier photographs 

 “A photograph is powerful proof,” declared one National Geographic contributor in 

2013, “it’s indisputable evidence.”  “Indisputable, gut-wrenching proof,” as James Balog put 501

it.  Evaluating these claims would require well-designed social scientific research on public 502

reception of science, but no science studies scholar would think that photographs are proof. A 

substantial literature on the visual culture of science has demonstrated the many ways images are 

mediated, and offers tools for thinking about the ways that photographs encode social and cultur-

al norms.  503

 The construal of photographs as proof relies on beliefs about photographic realism: the 

idea that photographs are more “real” than other forms of representation because they passively 

reproduce the world as it is, the idea that scientific photographs are not so much images as they 

are windows.  Photographs, it is assumed, show us the world as it is.  504

 These commonsense ideas about photography are the outcome of nineteenth-century de-

bates in which such assumptions did not go unchallenged. At that time, the epistemic status of 

photography was undecided: did it passively and mechanically reproduce nature as it really was 

or was it a vehicle for deception and manipulation of images? The general outcome of these de-

 The caption was a quotation of Brian Skerry, and was referring to his photographic work documenting the shark 501

fin harvest. It was set against a photograph of a shark in a gill net, which was meant to act as proof of the unsustain-
ability of the shark fin industry. Robert Kunzig, “The Big Thaw,” National Geographic 224, no. 4 (October 2013),  
accessed July 2, 2018, https://search-proquest-com.ezp-prod1.hul.harvard.edu/docview/1459389316/
A6D55F0F6F504C58PQ/3?accountid=11311.

 Balog, Extreme Ice Now, 12.502

 See Tucker, Nature Exposed; Daston and Galison, Objectivity; Ann B. Shteir and Bernard Lightman, eds., Figur503 -
ing It Out: Science, Gender, and Visual Culture (Lebanon, NH: Dartmouth College Press, 2006); Martin Rudwick, 
Scenes from Deep Time (Chicago: Chicago Univ. Press, 1992); Jordanova, Sexual Visions; Haraway, Primate Vi-
sions; Latour, “Drawing Things Together”; Merchant, Death of Nature; Rudwick, “Visual Language.”

 Vilém Flusser, Toward a Philosophy of Photography (San Francisco: Reaktion Books Ltd., 2000 [1983]), 15. 504

Roland Barthes maintained that photographs had an inherent, evidential force, but not as proof of the object depict-
ed, but as a testimony to the passage of time. Barthes, Camera Lucida, 88-89.
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bates was that scientific photography was understood to reproduce nature mechanically and 

thereby eliminate the role of knowing subject in the creation of objective images.  Scholars of 505

visual culture have since argued against facile beliefs in the passivity of the camera (and its oper-

ator), yet these notions remain compelling as commonsense assumptions even, ironically, at a 

time when digital manipulation techniques make them less straightforwardly transparent.  506

 These commonsense ideas operate in tandem with beliefs about the political objectivity 

of ice. Glaciers were potent tools in the politics of climate change precisely because they seemed 

external to that politics. Demarcating the line between riotous human politics and apolitical na-

ture, paleoclimatologist Lonnie Thompson, maintained that, “glaciers don’t have a political 

agenda, they just kind of sum up what’s going on out there and they respond to it.”  Far away 507

from large population centers and the halls of politics, glaciers seemed aloof and above human 

squabbling: the ideal neutral spokesperson. While, indeed, glaciers may not affiliate with the left 

or right, to the extent that they speak with the help of human translators they are not apolitical 

and certainly no more apolitical than the atmosphere or the ocean. Recent work in science studies 

has argued that glaciers cannot be quarantined from politics, and, following earlier work by 

Bruno Latour and others, note that the demarcation of ice as part of an apolitical nature is itself a 

 Daston and Galison, Objectivity; Synder, “Res Ipsa Loquitur,” 221.505

 Flusser, Toward a Philosophy of Photography; Susan Sontag, On Photography (New York: Picador, 1973).506

 Lonnie Thompson interview, “The Earth’s Changing Climate,” The Habitable Planet, Unit 12, Annenberg Foun507 -
dation https://www.learner.org/courses/envsci/unit/text.php?unit=12&secNum=0.
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political act.  Yet, for those for whom glaciers are transparent icons of climate change, this 508

iconographic power comes at least in part from from the idea that ice can speak for itself. 

✷ ✷ ✷  

 The iconographic status of repeat glacier photographs as visual representations of climate 

change relies on more than just assumptions about photographic realism and the neutrality of ice. 

It is made possible by the familiarity of the genre of repeat photography. Familiar forms and af-

filiations gave repeat glacier photographs broad cultural currency in North America and promot-

ed the emergence of an iconography of ice. 

 Repeat photography has long been a form of visual representation familiar to many peo-

ple.  The visual logic of repeat glacier photographs is simple: before there was a lot of ice, now 509

there is less. Before, after. It is the familiar logic of home renovations shows, beauty magazines, 

and advertisements for cleaning products and weight-loss regimens. Edward Tufte has explained 

the efficacy of such visuals in terms of a principle of “the smallest effective difference”—the 

idea that change is most visible against an otherwise unchanging background. By making “visual 

distinctions as subtle as possible, but still clear and effective,” the principle of smallest effective 

 Bruno Latour, We Have Never Been Modern, trans. Catherine Porter (Cambridge, Ma: Harvard Univ. Press, 508

1991), 13-46; Carey, Shadow of Melting Glaciers; Taillant, Glaciers; Carey et al, “Glaciers, Gender, and Science,” 
770-93. Carey and others’ efforts to make apparent the politics of ice has not sat well with those unwilling to politi-
cize glaciers. Anonymous, “Feminist Glaciers: Your tax dollars at work,” The Washington Post March 14, 2016, 
https://www.wsj.com/articles/feminist-glaciers-your-tax-dollars-at-work-1457975057.

 Such accounts of representation in the philosophy of science hold that theoretically anything can represent any509 -
thing else if the correspondence relations between object and representation are well-specified. A cloud could repre-
sent a geranium if you specify which parts of the cloud formation correspond to stalks, petals, leaves and the like. In 
practice, however, the correspondence relations between representations and their object can be more or less acces-
sible. Repeat glacier photographs were easily understood, in part, because the correspondence relations between 
representation and object were readily legible. See Michael Weisberg, Simulation and Similarity: Using Models to 
Understand the World (New York: Oxford Univ. Press, 2013), 42.
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difference operates as an Occam’s razor for presenting visual information.  Scientists and non-510

scientific publics were already trained in reading such visual presentations by advertising and 

reality television. The visual logic of repeat terminus photographs was assumed to be compre-

hensible and meaningful to many for whom representations such as mass balance charts were 

unintelligible. 

 The perspective of repeat terminus photography may also be more effective than other 

ways of representing glacier change such as vertical aerial photographs or satellite images. Ter-

restrial photographs, and to some extent oblique aerial photographs (which can be imagined as 

the perspective gained from a very high vantage point the viewer has walked to) place the viewer 

“in” the landscape, writes geographer Denis Cosgrove. They present a conventionally-framed 

landscape, the kind you could imagine yourself walking into or inhabiting, however cold, distant, 

or desolate it may be. Vertical perspectives, which operate more like maps, distance the viewer 

with an alien perspective.  James Balog commented on this difference between photographs 511

and maps, “There is something that touches the heart more profoundly when you see it in pic-

tures than when you see it in maps or reports or graphs.” 

 Potent cultural associations underwrote glacier photographs’ capacity to stand as icons of 

climate change. Glaciers are charismatic subjects; they can be evocative, even emotional.  In 512

the past, they, like mountains, conjured emotions of dread and gloom. Following Romantic 

movements and the modern embrace of nature as sublime wilderness, mountains and glaciers 

 Edward R. Tufte, Visual Explanations: Images and Quantities, Evidence and Narrative (Cheshire, Conn.: Graph510 -
ics Press, 1997), 73-77.

 Cosgrove, “Images and Imagination,” 1877.511

 O’Reilly, Technocratic Antarctic. On the evocative power of mountain landscapes see Denis Cosgrove and 512

Veronica della Dora, eds. High Places: Cultural Geographies of Mountains, Ice and Science (London: I.B.Taurus, 
2009), 1-16; Simon Schama, Landscape and Memory (London: Harper Perennial, 1995), 385-502.
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acquired an “aesthetics of infinite” that celebrated their ability to dwarf the viewer and inspire 

awe.  Modern glacier photographs in both form and content recall such notions of the sublime, 513

thus fitting easily in traditions of North American landscape painting and wilderness photogra-

phy.  These genres offer visions of an unpeopled, ahistorical, magnificent nature. In the wake 514

of early-twentieth-century preservationism, when photographers such as Ansel Adams used their 

photographs to promote preservationist missions, such visions carried connotations of the near 

sacred-something demanding to be protected and preserved (Figure 6.2).  515

 Representations of sublime wilderness have been critiqued by environmental historians 

and indigenous studies scholars who argue the notion of ‘wilderness’  encourages inaccurate and 

problematic visions of an empty “far away.” Such visions erase the historical presence of Indige-

nous people and perpetuates settler-colonial relations as a form of environmental injustice.  516

Glacier photography is not innocent on these charges, yet its participation in these traditions has 

meant glacier photographs speak in a visual vernacular in which many North Americans were 

already versed. 

 The classic articulation of this thesis is Marjorie Hope Nicholson, Mountain Gloom and Mountain Glory: The 513

Development of the Aesthetics of the Infinite (Seattle: Univ. Washington Press, 1997[1959]). See also Carey, “Histo-
ry of Ice.”

 Formally, many glacier photographs share what art historians have termed “the magisterial gaze” with nine514 -
teenth-century American wilderness painting. The magisterial gaze is an elevated perspective on a landscape, typi-
cally a mountain one. Conjuring ideas of manifest destiny and the western frontier, there is almost always a gap or 
way through the mountains that leads the eye over and through the mountains. In glacier photographs, the road-like 
strip of white that is the glacier itself serves the same function of leading the eye through the mountains. Albert 
Boime, The Magesterial Gaze: Manifest Destiney and American Landscape Painting, c. 1830-1865 (Washington: 
Smithsonian Institution Press, 1991).

 Barbara C. Matilsky, Vanishing Ice: Alpine and Polar Landscapes in Art, 1775-2012 (Bellingham, WA: Whatcom 515

Museum, 2014), 16.

 Whyte, “Indigenous Experience.” Environmental historical critiques of wilderness date back to the 1990s. For a 516

classic statement see William Cronon, “The Trouble with Wilderness, or Getting Back to the Wrong Nature,” in 
William Cronon (ed.) Uncommon Ground: Rethinking the Human Place in Nature (New York: W. W. Norton & Co. 
Inc., 1996), 69-90.
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Figure 6.2: “The Tetons and the Snake River" (1942), Ansel Adams 
Image: Courtesy National Archives, photo number 79-AAG-1. 

 Associations with sublime wilderness was not the only source of cultural currency for 

North American glacier photography; glacier photographs were often narrated in heroic terms 

familiar to many North Americans. Accounts of the repeat glacier photography emphasized the 

extreme and dangerous conditions in which glaciologists and photographers worked and high-

lighted the heroism of the “artists, scientists, and explorers who sacrifice and sometimes risk 

their lives to work in hostile conditions.”  The film Chasing Ice (2012), for example, narrates 517

the Extreme Ice Survey as a story of James Balog’s trials against wild nature, his aging body, and 

fickle technology in his quest to photograph the world’s glaciers. The emphasis on adverse envi-

 Matilsky, Vanishing Ice, 10. See also Mark Bowen’s heroic narrative of paleoclimatologist Lonnie Thompson’s 517

travels to alpine glaciers around the world in search of ice cores. Bowen, Thin Ice.
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ronments help shape stories of glacier photography into heroic journeys into the unknown for the 

sake of bringing knowledge “back home.”  518

 Historians have analyzed how performances of heroism can enhance the credibility of 

knowledge makers through highly gendered ideologies. Although heroism operates by invoking 

impassioned commitment and selflessness—affective virtues—it can also signal epistemic 

virtues such as commitment to truth. These affective virtues are typically associated with particu-

lar masculine performances of gender and this has made it difficult for women to fit the bill of 

the stereotypical field scientist. According to Naomi Oreskes, by “emphasizing attributes associ-

ated with masculinity,” heroic ideology has rendered female scientists invisible, thereby reinforc-

ing ideas about science as a male domain.  Women are indeed difficult to spot in the history of 519

glaciology. All three regimes of glacier study considered in this dissertation featured primarily 

white, male actors, many of whom were closely aligned with the homosocial and heroic-mascu-

line cultures of twentieth-century high alpine mountaineering.  520

 It is thus not surprising that repeat glacier photography fit easily into stories of male he-

roes on ice. Glaciologists may not have actively cultivated heroic performances, but presenta-

 In Joseph Campbell’s widely-accepted formulation, the hero or heroine leaves home for the unknown, where they 518

undergo trials and return transformed, bearing tidings and enlightenment to their fellows. Although, to his credit, 
Campbell defines heroes as either male or female, his analysis centers on male heroes. Joseph Campbell, The Hero 
with a Thousand Faces (Princeton: Princeton Univ. Press, 1949), 30-36. Balog’s admittance to being skeptical of 
climate science until he began to see the evidence in the ice contributes to this narrative form by providing the 
“hero” with a personal transformation. See Balog, Chasing Ice.

 Oreskes, “Objectivity or Heroism,” 111. See also Reidy, “John Tyndall’s Vertical Physics”; Reidy, “Mountaineer519 -
ing, Masculinity”; Hevly, “Heroic Science of Glacier Motion”; Rebecca Herzig, Suffering for Science: Reason and 
Sacrifice in Modern America (New Brunswick, NJ: Rutgers Univ. Press, 2005).

 On the gendered history of glaciology see, Christina L. Hulbe, Weili Wang, and Simon Ommanney, “Women in 520

Glaciology, A Historical Perspective,” Journal of Glaciology 56 (2010): 944-964; Carey et al, “Glaciers, gender, and 
science.” For an account of the various ways in which mountaineering and climbing cultures may be gendered see 
Taylor, Pilgrims of the Vertical; Julie Rak, “Social Climbing on Annapurna: Gender in High-altitude Mountaineering 
Narratives,” English Studies in Canada 33 (2007): 109-146; Susan Frohlick, “‘Wanting the Children and Wanting 
K2’: The Incommensurability of Motherhood and Mountaineering in Britain and North America in the Late Twenti-
eth Century,” Gender, Place & Culture 13, no. 5 (2006): 477-490.
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tions of their work often signaled its heroic aspects. Feminist scholars of science have long criti-

cized hero stories, yet they remain an integral part of North American cultural landscapes, com-

pelling for many.  Hero stories, to the extent that one can identify with the hero (and sometimes 521

even if one can’t), are exciting. Such charismatic cultural packaging fit glacier photography into 

pre-existing narrative tropes, making it accessible to many North Americans. This facilitated 

their distribution and ability to stand for anthropogenic climate change. Glaciologists turned to 

repeat terminus photographs because they wanted easily-understood evidence. What they got 

was a culturally potent iconography. 

✷ ✷ ✷ 

 The trouble with icons is that they may stand for some feature of the world without accu-

rately representing it. Red dragons are iconic of Wales, but few people today expect to find them 

there. Generally, repeat photographs of retracting glacier tongues stand for climate change be-

cause they represent an important feature of climate change: glacier recession, but repeat termi-

nus photographs may be inaccurate and even in certain cases misleading.  522

 In 2006, when Tad Pfeffer picked up Al Gore’s book An Inconvenient Truth, he was upset 

by the use of an image of the Columbia glacier’s dramatic recession as representative of anthro-

pogenic climate change (Figure 6.3).  Between 1980 and 2005, the Columbia retreated ten kilo-

meters; a considerable distance involving an enormous volume of ice. Pfeffer had spent much of 

 Ursula K. Le Guin, “The Carrier Bag Theory of Fiction,” in The Ecocriticism Reader: Landmarks in Literary 521

Ecology, Cheryll Glotfelty and Harold Fromm, eds. (Athens, Georgia: Univ. of Georgia Press,1996), 149-54; Bloom, 
Gender on Ice; Haraway; Primate Visions.

 Some might reject the portrayal of climate change as a multi-limbed, aggregate object, preferring instead to de522 -
marcate it as alterations of natural patterns of atmospheric circulation and weather. In which case, glacier recession 
would be an effect of climate change. Repeat photographs would nevertheless be evidential of climate change due to 
their capacity to represent one of its effects, although not climate change itself.
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his career studying the complex dynamics of the Columbia and knew that its retreat was not the 

direct result of climate forcing, much less anthropogenic climate forcing. As the long-standing 

research program on the Columbia begun by Mark Meier and Austin Post had shown, tidewater 

glaciers advance and retreat due to interactions between internal ice dynamics and the topogra-

phy of the glacier’s bed, combined with climatic factors. The Columbia glacier was not retreating 

because it was melting, but because climate change had destabilized its initial terminus position. 

 

Figure 6.3: Columbia glacier retreat 
Image: Al Gore, An Inconvenient Truth: The Planetary Emergency of Global Warming and What we can do about it 

(Emmaus, Pa: Rodale, 2006), 51. 

 Pfeffer had consulted for Gore’s team, explaining the complexities involved in extracting 

an anthropogenic signal from the Columbia’s recession. Yet, there it was in 2006, standing in for 

anthropogenic climate change. In this case, the iconography of ice hid complex realities known 
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to scientists.  As one group of glaciologists noted in 2015, “images of retreating glaciers have 523

become widely publicized illustrations of anthropogenic climate change [yet] the lagged re-

sponse of glacier extents to climate change complicates the attribution of the observed changes to 

any particular cause.”  Geophysical glaciology’s critiques of termini photographs as ambigu524 -

ous, not very reliable portrayals of glacier responses to climatic change still hold, as do glaciolo-

gists’ preferences for precise, accurate data.  

 This leads us to the conclusion that the best evidence for the job depends upon the job.  

The right evidence from a communications standpoint may not be the best evidence from a sci-

entific one. Repeat photographs were not the best evidence by the epistemic standards handed 

down from mid-century glaciology. They were imprecise and even sometimes misleading. But 

given the social and political situation of the late 1990s and 2000s, they seemed to be the right 

evidence with which to communicate climate change to a confused, uninformed, or misinformed 

public.  

 Philosopher of science Michael Weisburg has offered a theory of representational ideals 

that emphasizes trade-offs in what representations can do. According to Weisberg, ideals that 

guide the construction of representations, including completeness, fidelity to underlying causal 

structures, predictive capacity, simplicity, and generality, cannot (for logical and practical rea-

sons) be maximally realized in any single representation. Trade-offs are inherent in the construc-

tion and evaluation of scientific representations. For example, the simplest representation will 

 Pfeffer also worried that when Al Gore, an “ally with a loud voice” but no technical training uses the Columbia 523

as an example of a glacier that is melting away catastrophically, “anybody who actually knows what is going on can 
challenge that easily and you know reduce his credibility, and of course this was done.” Pfeffer, interview.

 Ben Marzeion, J. Graham Cogley, Kristin Richter, and David Parkes, “Attribution of global glacier mass loss to 524

anthropogenic and natural causes,” Science 345, no. 6199 (August 22, 2014): 919.
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not be the most complete, nor will it likely have the most predictive capacity. With these con-

straints in mind, he contends that the evaluation of a representation must take into account the 

intentions of the representer: what the representation is intended for.   525

 The history of repeat glacier photography shows that scientists’ intentions for representa-

tions do not simply emanate from their epistemic goals and are not context-independent, but are 

negotiated through the practical doing of science in particular historical situations. They change 

over time and are responsive to political and social contexts. Practicing scientists might argue 

that what counts as “best” is determined by a community of experts agreeing upon what repre-

sentations meet their community’s epistemological values and goals. But, when viewed in con-

text, we see that there is no such thing as best evidence independent of the relationship between 

presenter and intended audience. Photographs do not count as particularly compelling evidence 

for many glaciologists (who seek instead more precise and predictive representations), but for 

non-experts, for whom mass balance charts are virtually unintelligible, repeat photographs of 

 Weisberg, Simulation and Similarity, 98-112. Weisberg holds the view that “a combination of the model descrip525 -
tion and a theorist’s intentions about how the description is to be interpreted specify the model” (ibid., 34). He holds 
that the ability of a model to construe evidence depends upon its assignment and scope—how the real-world phe-
nomena is intended to be represented in the model—and its fidelity—dynamic and representational—which describe 
how similar the model must be to the real world to be considered an adequate representation. (ibid., 41). Dynamic 
fidelity is how close the outputs must be to the world, essentially error tolerances; representational fidelity is a host 
of criteria used to evaluate how closely a model’s internal structure matches the causal structure of the phenomena is 
it meant to represent. “To say that a model is structure plus interpretation means that models are structures whose 
parts are interpreted via the assignment. They can potentially denote parts of a target as specified by the theorists’ 
intended scope, and they are evaluated by the theorists’ fidelity criteria. These four components of the construal con-
stitute the theorists’ interpretation of the model.” (ibid., 42). He believes that anything can be a model of anything 
else, provided you specify the interpretation criteria adequately; though in practice this is impinged upon by features 
of the model. Weisberg is interested primarily in the capacity of models to represent the world, however, his account 
can be used to think about other kinds of scientific representations, including visual representations and experiments. 
In the latter case see, for example, S. Andrew Inkpen, “Like Hercules and the Hydra: Trade-offs and strategies in 
ecological model-building and experimental design,” Studies in History and Philosophy of Biological and Bio-
medical Sciences 57 (2016):34-43.
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melting ice operate as simple and seemingly unambiguous evidence that humans are changing 

global climate.  526

 In short, evidence, like objectivity, “has a history,” and this history does not necessarily 

evolve according to a trajectory of increasing technicality or sophistication.  After abandoning 527

repeat photography in the mid-twentieth century, glaciologists returned to it fifty years later in an 

effort to provide simple, compelling evidence of climate change to non-experts. They realized 

that providing the right evidence for the situation sometimes means returning to older methods 

and forms that satisfy other representational ideals. Sometimes older tools work better than new 

ones.  

 Similarly, Naomi Oreskes has shown that for geologists, predictions, “serve a role that is primarily social, rather 526

epistemic.” Geologists’ turn to predictive modeling in the 1960s and 1970s was a divergence from a long history in 
which explaining the past was more important than predicting the future. This shift, she contends, was done in ser-
vice of Cold War military patrons. Naomi Oreskes, “From Scaling to Simulation,” in Science without laws: Model 
systems, cases, exemplary narratives edited by edited by Angela Creager, Elizabeth Lunbeck, and M. Norton Wise, 
119-120 (Durham, NC: Duke Univ. Press, 2007).

 Daston and Galison, Objectivity, 17.527
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