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The Birth of Industrial-Geophysical Reason
A Historical Epistemology of the Subsurface

John Kendall *

At the 1937 AnnualMeeting of the Society of Exploration Geophysicists, a physicist,
Lewis Mott-Smith, accused an eccentric and industrious inventor, Frank Rieber, of
violating classical wave theorywith his new seismic analyzer, the ‘Geo-Sonograph’.
Despite these critiques—and despite the limited early successes of geophysicalmeth-
ods in discovering oil—exploration geophysics would come to play a foundational
role in the advancement of 20tʰ-century geoscience. This triumph cannot be ex-
plained simply as the result of technical efficacy. What also must be examined is
how and why these instruments helped cultivate quantitative abstraction as a new
epistemic need. In other words, it was not any pre-existing desire to quantify the
subsurface that occasioned the adoption of geophysical instruments; rather, the
use of geophysical instruments reshaped what about the subsurface was observed
and how it needed to be rationalized. This culminated in industrial-geophysical
reason: a cognitive structure that prioritized the quantitative analysis of abstract
geophysical data to overcome two encroaching limits in oil-finding—the observa-
tional limits of geology and the formal-theoretical limits of classical geophysics.
A materialist history of oil prospecting can in turn help show how geophysical in-
struments did not just extend the reach of scientific knowledge underground but
reconfigured what counts as a scientific problem in conjunction with the commer-
cial drive to find more oil.

* Pennsylvania State University (jwk5994@ psu.edu).
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1. Introduction: Industry, Geophysics, and Reason

At the 1937 Annual Meeting of the Society of Exploration Geophysicists,
two controversies erupted concerning the scientific legitimacy of geophysical
prospecting techniques. First, Ludwig Blau, an especially fervent advocate, po-
lemicized against skeptical petroleum geologists, who had recently called for
industrial geophysicists to bring their exotic representations of the subsurface
into conformity with geological reason.¹ Meanwhile, a professor of physics at
Rice Institute (later to become Rice University), Lewis Morton Mott-Smith, ac-
cused the idiosyncratic oil prospector Frank Rieber of violating classical wave
theory with his new experimental machine, the ‘Geo-Sonograph’, designed to
filter the direction of incoming seismic waves. These debates formed the poles
of a two-fronted epistemic battle: for geologists, exploration geophysicists ap-
peared ungrounded in empirical reality; for physicists, their claims lacked the-
oretical rigor. Yet, the fledgling industrial science would not only survive these
attacks but ultimately triumph and, through the proliferation of its prospecting
instruments, shape 20ᵗʰ-century geoscience.²

Why did exploration geophysics win? One possible answer, as offered by the
historian of science Aitor Anduaga, is that its methods worked.³ They were ef-
fective at allowing prospectors to see what they wanted to see: oil-bearing sub-
surface regions. Greater precision is required, however. What early geophysical
prospecting techniques could do was sometimes identify through geophysical
quantities certain subsurface formations, which sometimes happened to trap
large amounts of oil—most importantly, as discussed below, the salt domes of
the US Gulf Coast. Yet by 1937 the industry’s success rate in drilling productive
‘wildcat’ wells, i.e. wells in virgin fields, was only 18.8%. As the journalist Her-
mann Deutsch subsequently mocked, oil exploration had ‘advanced far enough
to be regarded as an inexact science, instead of merely inexact’.⁴ Indeed, even

¹ O. L. Brace, “Interrelationship of Geology and Geophysics”, Bulletin of the American Association
of Petroleum Geologists 21, no. 2 (1937): 197-211, https://doi.org/10.1306/3D932E9E-16B1-11D7
-8645000102C1865D.
² R. M. Field, “Report of Committee on Geophysical and Geological Study of Oceanic Basins”, Eos
14, no. 1 (1933): 9-16, https://doi.org/10.1029/TR014i001p00009.
³ Aitor Anduaga, Geophysics, Realism, and Industry: How Commercial Interests Shaped Geophysical
Conceptions, 1900-1960 (Oxford University Press, 2016).
⁴ H. B. Deutsch, “Taming the Wildcat”, The Saturday Evening Post 210, no. 50 (1938): 14.
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the great 20ᵗʰ-century oil man and pioneer of geophysical methods Everette
Lee DeGolyer readily admitted that ‘many great pools’ had been discovered by
‘accident’, ‘incorrect conclusions’, and ‘misunderstanding’.¹ For their services,
exploration geophysicists quickly earned the moniker ‘doodlebuggers’, which
lumped them together with the pseudoscientific prospectors who had been sur-
veying oilfields with odd, inscrutable devices since the earliest days of the oil
industry.² It is indeed noteworthy that there was such pronounced confidence
in geophysical methods to serve as a ‘mirror underground’, given their limited
early success and the enduring role of contingency in oil discovery after their
adoption.³

This paper thus probes for a different explanation of the ascendancy of ex-
ploration geophysics, beyond its purported technical efficacy. As argued below,
prospectors did not use geophysical instruments to quantify the subsurface;
rather, they wanted to quantify the subsurface because they used geophysical
instruments. There were two important historical constraints that motivated
them to do so. First, limited geological knowledge derived from outcrops and
surficial topography was hampering the discovery of new oilfields at increasing
depths. Second, classical geophysical models, used by academic geophysicists
to map the internal structure of the earth, failed to provide prospectors with
reliable representations of the shallow subsurface. Using geophysical methods
to bypass the empirical limits of geology, oil prospectors found themselves not
simply extending geoscientific inquiry further underground but producing com-
plex geophysical data that occasioned the need for a novel mode of rationaliza-
tion.⁴

¹ Everette Lee DeGolyer, “Historical Notes on the Development of the Technique of Prospecting
for Petroleum”, in The Science of Petroleum, Volume 1 (Oxford University Press, 1938), 268.
² L. C. Lawyer, Charles C. Bates, and Robert B. Rice,Geophysics in the Affairs of Man: A Personalized
History of Exploration Geophysics and Its Allied Sciences of Seismology and Oceanography (Society of
Exploration Geophysicists, 2001), 24. See also Ludwig Blau, “Black Magic in Geophysical Prospect-
ing”, Geophysics 1, no. 1 (1936): 1-8, https://doi.org/10.1190/1.1437076; Paul Lucier, Scientists
and Swindlers: Consulting on Coal and Oil in America, 1820-1890 (The Johns Hopkins University
Press, 2008); and Brian Frehner, Finding Oil: The Nature of Petroleum Geology, 1859-1920 (University
of Nebraska Press, 2011).
³ Anduaga, Geophysics, Realism, and Industry, 7.
⁴ On the Victorian occasion for ‘geological vision’, see Bruce Braun, “Producing Vertical Territory:
Geology and Governmentality in Late Victorian Canad”, Ecumene 7, no. 1 (2000): 7-46, https://ww
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This new mode of rationalization is what I call industrial-geophysical reason,
which is best understood not as a unified logic but a historically specific config-
uration of epistemic practices, instrumental mediations, and commercial inter-
ests. On the one hand, it operates as a ‘cognitive structure’: a way of perceiv-
ing, organizing, and interpreting information about the earth, which shaped
and was shaped by experiential knowledge. Such knowledge relied on the pro-
duction of geophysical quantities which became increasingly unmoored from
geological observation. The resulting geophysical maps were intended less to
confirm either geological or geophysical principles than to provide ‘fidelity-for-
a-purpose’—representations of the subsurface sufficient for the particular task
of finding oil.¹ For this reason, industrial-geophysical reason also functioned as
an ideological formation: it naturalized the alignment of geophysical abstrac-
tion with the epistemic needs of oil extraction and, more broadly, the political
economy of geoscience.²

This paper thus makes two important contributions. First, it extends recent
interest in the social construction ofmeasurement within the philosophy of geo-
science³ by foregrounding the oft-neglected role of the extractive industries in
the development of subsurface measurement instruments. As a science reliant
upon derived rather than direct measurement, geoscience faces a classic ‘coor-
dination problem’:⁴ the theoretical assumptions informing techniques of mea-

w.jstor.org/stable/44252276.
¹ Alisa Bokulich, “Using Models to Correct Data”, Synthese 198 (2021): S5919-S5940, https://doi.
org/10.1007/s11229-018-1820-x. In his studies of the contemporary Norwegian oil industry, STS
scholar Eric Monteiro has similarly referred to this ‘practical problem-solving process’ as ‘abductive
reasoning’, drawing on the philosophical work of the American pragmatist Charles Peirce [see Eric
Monteiro, Digital Oil: Machineries of Knowing (MIT Press, 2022)].
² See Pietro Daniel Omodeo, Political Epistemology: The Problem of Ideology in Science Studies (Sp-
inger, 2019), 4.
³ Teru Miyake, “Magnitude, Moment, and Measurement:The Seismic Mechanism Controversy and
Its Resolution”, Studies in History and Philosophy of Science 65-66 (2017): 112-120, https://doi.or
g/10.1016/j.shpsa.2017.02.002; Miguel Ohnesorge and Aja Watkins, “What is Philosophy of the
Geosciences?”, Philosophy Compass 19, no. 2 (2024): 1-16, https://doi.org/10.1111/phc3.12962;
Eran Tal, “Making Time: A Study in the Epistemology of Measurement”, The British Journal for the
Philosophy of Science 61, no. 1 (2016): 297-335, https://www.jstor.org/stable/43946115.
⁴ Miguel Ohnesorge, “PluralizingMeasurement: Physical Geodesy’s Measurement Problem and Its
Resolution”, Studies in History and Philosophy of Science 96: 51-67, https://doi.org/10.1016/j.sh
psa.2022.08.011.
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surement lack sources of evidence independent of those measurements. This, in
turn, casts doubt on the epistemic primacy of data over models. Further, geo-
science is often subject to this problem’s ‘hard’ variant, as defined by Miguel
Ohnesorge: geoscientists are unable to control the perturbations relevant to the
measurement process (e.g., earthquakes).¹ As I explore below, industrial geo-
physicists here offered a novel resolution—not through ‘operational pluralism’,
as in Ohnesorges’ account of early geodesists, but by introducing both new lo-
cal controls during subsurface data acquisition (e.g. the detonation of dynamite)
and post hoc ‘vicarious’ controls (e.g. Rieber’s Geo-Sonograph).² Such controls
were central to the transformation in geoscience from passive to active observa-
tion. Indeed, part of what makes this mode of reasoning industrial-geophysical,
rather than merely geophysical, is the recognition that quantitative abstraction
adequate to oil-finding demanded not merely observing but practically engag-
ing with the earth.³

The paper also contributes to growing interdisciplinary interest in the co-
development of geoscience and resource extraction.⁴ Geoscience has, among
other things, provided the fossil fuel industry with a vast knowledge base of
the subsurface, and for this reason it bears a distinct role in our current climate
crisis.⁵ This political-economic dimension of 20ᵗʰ-century geoscience becomes
quite evident in the disputes among physicists, geologists, and industrial geo-
physicists explored in this paper. As will be made apparent below, controversies
over geophysical prospecting did not simply concern the discovery of objec-
tive facts about the subsurface but also competing historical-epistemological

¹ Ibid. See also Bokulich, “Using Models to Correct Data”.
² On vicarious control, see Stephen D. Norwell and Frederick Suppe, “Why Atmospheric Modeling
Is Good Science”, in Changing the Atmosphere: Expert Knowledge and Environmental Governance, ed.
Clark A. Miller and Paul N. Edwards (MIT Press, 2001).
³ See Ian Hacking, Representing and Intervening (Cambridge University Press, 1983).
⁴ In history of geoscience, see Pedro M. Monarrez et al., “Our Past Creates Our Future: A Brief
Overview of Racism and Colonialism in Western Paleontology”, Paleobiology 48, no. 2 (2022): 173-
185, https://doi.org/10.1017/pab.2021.28, and Alison Bashford et al., eds., New Earth Histories:
Geo-Cosmologies and the Making of the Modern World (Chicago University Press, 2023). In geog-
raphy, see Kathryn Yusoff, A Billion Black Anthropocenes or None (University of Minnesota Press,
2018), and Nigel Clark and Bronislaw Szerszynski, Planetary Social Thought: The Anthropocene Chal-
lenge to the Social Sciences (Wiley, 2021).
⁵ Adam Bobbette, “The Political Geology of Volcanology: Starting from Indonesia”, Isis 115, no. 4
(2024): 846-853, https://doi.org/10.1086/733148.
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terrains. Contrary to the appearance of quantitative geophysical data as the
apotheosis of disinterestedness and ‘rigor’,¹ then, I highlight how geophysics
has always entailed a mediated relation to the world—one which must be ac-
counted for if we are to grasp the conditions and consequences of the truths
disclosed by science.

2. The Need for Geophysical Abstraction in Oil Prospecting

Oil prospectors adopted geophysical prospecting instruments in the 1920s to
substitute observable geophysical quantities for otherwise unobservable geo-
logical qualities of the subsurface. Throughout this paper, I focus on the role of
exploration seismography in making this substitution possible. Out of the four
main geophysical methods—seismography, electrical logging, gravimetry, and
magnetometry—seismography led to the most oilfield discoveries in the 1920s,
and thus its development most centrally evinces the purported early practical
efficacy of industrial geophysics for oil-finding.² It also appeared to provide
the greatest information about hidden subsurface structures, which gave seis-
mography a particularly special epistemological status among oil prospectors.
Petroleum geologists Donald Barton and E. Buhler Summers had, for instance,
once hailed seismic maps as ‘brilliant almost to the point of clairvoyance’.³ And
it was likewise the seismograph that DeGolyer hadmost centrally inmindwhen
he described geophysical instruments as the ‘scientific divining rods of themod-
ern prospector’.⁴ Such descriptions express a fetishism that obscures the social
dimension of geophysical abstraction—as if geophysical maps were immediate,
natural facts of the underground’s existence. To both lift this veil and ground the

¹ Naomi Oreskes and Ronald E. Doel, “The Physics and Chemistry of the Earth”, in The Cambridge
History of Science, Volume V –Mathematics, Astronomy, and Cosmology Since the Eighteenth Century,
ed. M. J. Nye (Cambridge University Press, 2002).
² For a record of early oilfield discoveries by seismic means, see Donald C. Barton, “Review of
Geophysical Prospecting for Petroleum”, Bulletin of the American Association of PetroleumGeologists
14, no. 9 (1930): 1108-1109, https://doi.org/10.1306/3D932916-16B1-11D7-8645000102C1865D.
³ Donald C. Barton and E. Buhler Summers, “Review of the Geophysical Methods of Prospecting”,
Geographical Review 20, no. 2 (1930): 297, https://doi.org/10.2307/208886.
⁴ Everette Lee DeGolyer, “Geophysical Methods in Economic Geology”, Economic Geology 21, no.
3 (1926): 295.

9 : 6 John Kendall

https://doi.org/10.1306/3D932916-16B1-11D7-8645000102C1865D
https://doi.org/10.2307/208886


controversies surrounding exploration seismography at the 1937 SEG Meeting,
I historicize in this section what Hans-Jörg Rheinberger might call the ‘experi-
mental situation’ ¹ surrounding its development. That is, I provide a materialist
account of the configuration of instruments, prospectors, and the earth that
allowed geophysical quantities to come into existence in the oilfield.

2.1. Early Cross-Pollination of Industry and Science in Oil-Finding

It was not always the case that geoscience, let alone any particular geophysi-
cal prospecting method, assumed epistemic authority in the oil patch. Although
geologists had worked as consultants since the start of the modern oil industry
in Pennsylvania, through the end of the 19ᵗʰcentury their involvement rarely
led to successful discoveries of oil.² Moreover, oil men of this era drilled only
very shallowwells, quickly andcheaply, such that ‘hit-or-miss wild-catting’ was
commercially preferable to extensive, time-consuming surveys and scientific
assessments.³ The overall indifference of early oil men to geological theories
of oil accumulation is aptly surmised by the contemporary journalist William
Wright: ‘Who cares, under circumstances where he is likely to be pecuniarily
concerned, about the mystery of the genesis of petroleum?’⁴ To establish epis-
temological common ground between geoscience and oilfield exploration, new
forms of both technological and institutional mediation were necessary.

To this effect, an important shift occurred at the beginning of the 20ᵗʰcentury
as field geology gained greater institutional support with the expansion of uni-
versity geology departments. A key figure in this early history was Charles
Gould, appointed in 1900 as the first geologist at the University of Oklahoma.
After persuading the state legislature to document Oklahoma’s abundant nat-
ural resources, Gould went on to direct Oklahoma’s first Geological Survey in
1908.This and subsequent state surveys proved vital to the oil industry, namely,
insofar as they helped resurrect and legitimize what is known as the anticlinal

¹ See Hans-Jörg Rheinberger, Toward a History of EpistemicThings: Synthesizing Proteins in the Test
Tube (Stanford University Press, 1997), 20-21.
² Lucier, Scientists and Swindlers, 272.
³ DeGolyer, “Historical Notes”, 270.
⁴ William Wright, The Oil Regions of Pennsylvania (Harpers & Brothers, 1865), 212.
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theory of accumulation. First formulated in the 19ᵗʰcentury, this theory states
that oil migrates upward from source rock deep below and becomes trapped be-
neath upfolded layers of impermeable rock, or anticlines.¹ Though now a stan-
dard geological explanation, it had been dismissed by oil men in Appalachia
because it too often failed to predict the location of oil deposits.² Such failures,
for instance, led J. Peter Lesley, topographer of the First Pennsylvania Survey
and Director of the Second, to reject any relationship at all between geologi-
cal structure and oil accumulation. Concluding confidently in 1880, he declared
that the ‘supposed connection of petroleum with anticlinal and synclinal axes,
faults, crevices, cleavage planes, etc., is now a deservedly forgotten supersti-
tion’.³ But in early 20ᵗʰ-centuryOklahoma, the theory’s application provedmore
successful. Oil prospectors quickly began to turn toward geological surveys to
help them locate anticlines, thereby establishing geology’s practical value as a
‘guide to prospecting’.⁴

Notably, Gould had initially looked down upon the commercialization of ge-
ological reason. He claimed to be unaware of the lucrative merits of the the-
ory while heading the Oklahoma Geological Survey.⁵ Writing with great ad-
miration for the aesthetic beauty of anticlines in the field, he ‘never intended
and did not foresee’ that those field experiences would ‘lend themselves to oil
prospecting’.⁶ Nevertheless, by the end of the decade many geologists who had
previously worked for public surveys became consultants for oil companies—
including both Charles Gould and one of his most prolific students, Everette Lee
DeGolyer. In all, then, the institutionalization of geological knowledge, its dis-

¹ T. Sterry Hunt, “Geology of Petroleum”, in Report of Progress of the Geological Survey of Canada,
ed. Sir W. E. Logan (John Lovell, 1866). The Canadian geologist William Logan first described an
association of oil seepages with anticlines in 1844, but the American T. Sterry Hunt provided the
first formulation of the theory, including a geological explanation for the upward migration of
petroleum from source rock underneath.
² Frehner, Finding Oil, 73. The main reason for these failures is that much of the oil first discovered
in Appalachia existed in stratigraphic traps as opposed to underneath anticlines.
³ Quoted inMarius R. Campbell, “Historical Review ofTheories Advanced by American Geologists
to Account for the Origin and Accumulation of Oil”, Economic Geology 6 (1911): 369, https://doi.
org/10.2113/gsecongeo.6.4.363.
⁴ DeGolyer, “Historical Notes”, 271.
⁵ Frehner, Finding Oil, 111.
⁶ Quoted in Ibid., 116.

9 : 8 John Kendall

https://doi.org/10.2113/gsecongeo.6.4.363
https://doi.org/10.2113/gsecongeo.6.4.363


semination through outlets like state geological surveys, and, finally, the new-
found success in discovering oil by instrumentalizing the geological theory of
its accumulation led to the broad acceptance of geological science by oil men
in the early 20ᵗʰcentury.

2.2. The Eclipse of ‘Plain Geology’

Produced with the compass, plane table, and alidade, the topographic map
was the key model linking geology to oil prospecting, as it offered drillers the
most insight into the possible locations of underground anticlines. The produc-
tion of topographical maps in the United States indeed exploded during this
time period, from 101,974 in 1897 to 658,240 by 1912, evincing the newfound
popularity of surficial geology across the extractive industries.¹ Yet construct-
ing a comprehensive map of the subsurface remained difficult, as lithological
evidence ‘rested on no sounder basis than the driller’s log’.² DeGolyer experi-
enced this firsthand while working early in his career as an economic geologist
forMexican Eagle Oil Company. Taskedwith finding promising prospects along
the Gulf Coast of Mexico, he frequently complained in his notes about how
the logs of his drillers were ‘far too inaccurate to form an idea of the geologi-
cal structure below’.³ Hence, while topographical maps aided anticline-hunting,
the lackof direct subsurface data encroached upon the commercial utility of field
geology, particularly as the search for anticlines and other oil-bearing structures
(e.g., stratigraphic traps) plumbed deeper underground.

By the 1920s, exploration of surficial anomalies in the continental United
States had been largely exhausted. As DeGolyer lamented, ‘plain geology’ was
‘coming pretty well to the end of its resources’, at least in the discovery of virgin
US oilfields.⁴ Geological assessments of prospective oilfields had faced particu-
larly sharp challenges because of the drift of the industry westward. Outcrops

¹ E. G. Woodruff, “Topographic Maps for the Mining Engineer”, Transactions of the American Insti-
tute of Mining Engineers 78 (1911): 1002.
² DeGolyer, “Historical Notes”, 271.
³ Quoted in Houston F. Mount II, “Oilfield Revolutionary: The Career of Everette Lee DeGolyer”
(PhD diss., Southern Methodist University, 2009), 65.
⁴ Everette Lee DeGolyer, Correspondence to J.B. Body, dated 13 March, 1923, Box 88, Folder 4867,
Everette Lee DeGolyer, Sr. Papers, DeGolyer Library, Southern Methodist University, Dallas, Texas.
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are much sparser in the central plains of theMid-Continent and Gulf Coast than
in the forested foothills of northern Appalachia. Compounded with the noto-
riously unreliable driller’s logs of the early 1900s, it thus became even more
difficult to assess subsurface geological structure in the regions of the country
that were now seeing a surge in drilling activity. These empirical limits moti-
vated a bout of experimentation in prospecting techniques, including not only
the aforementioned geophysical methods but also micropaleontology,¹ organic
geochemistry,² and numerous, less reputable innovations in ‘doodlebugging’.³

Geology was increasingly pushed toward the margins of the oil prospecting
business—a dynamic vividly described in a tongue-in-cheek poem, entitled ‘The
Geologist’s Lament’. Recited at a 1934 picnic of the Tulsa Geological Society, the
poem laments: ‘Once I was happy but now I am told / The methods I use are so
ancient and old / I’m left far behind and out in the cold / Betrayed by a shoot-
ing machine’.⁴ More seriously, the impression among geophysical prospectors
was that their instruments transcended geological limits, both empirically and
commercially. As DeGolyer had surmised, ‘geologic reasoning had very little
to do with the development of the art of prospecting on the Gulf Coast’.⁵ For
DeGolyer, at least, the latter was owed entirely to geophysics. Continuing to
evangelize well into the 1940s, he had insisted that ‘geophysicists [are] the gen-
tlemen who do for geologists that which they are unable to do for themselves’.⁶

¹ Charles Schuchert, “The Value of Micro-Fossils in Petroleum Exploration”, Bulletin of the Ameri-
can Association of Petroleum Geologists 8, no. 5 (1924): 539-553, https://doi.org/10.1306/3D9326
86-16B1-11D7-8645000102C1865D.
² Parker D. Trask, Origin and Environment of Source Sediments, ed. Harold E. Hammar and C. C.
Wu (Gulf Publishing, 1932).
³ See Blau, “Black Magic in Geophysical Prospecting”.
⁴ Glenn Dille, “The Geologist’s Lament”, poem attached to correspondence from Ira H. Cram to
John Karcher, dated 14 June, 1934, Box 116, Folder 27, Accession No. A1998.2191, J. Erik Jonsson Pa-
pers, DeGolyer Library, Southern Methodist University, Dallas, Texas. A ‘shooting machine’ refers
to a seismograph.
⁵ Everette Lee DeGolyer, Correspondence to Esme Eugene Rosaire, commenting on the draft of Ro-
saire’s ‘Studies in non-structural petroleum prospecting: Working hypothesis and case treatments
for direct petroleum prospecting’, dated 5 March, 1952, Box 12, Folder 1600, Everette Lee DeGolyer,
Sr. Papers, DeGolyer Library, Southern Methodist University, Dallas, Texas.
⁶ Everette Lee DeGolyer, “Notes on Present Status of Problem of Exploration”, Bulletin of the Amer-
ican Association of Petroleum Geologists 26, no. 7 (1942): 1219, https://doi.org/10.1306/3D933538
-16B1-11D7-8645000102C1865D.
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2.3. How Seismography Works

DeGolyer’s testimony presents a rather romanticized retrospection, which ig-
nores both the initial dependency of geophysical exploration on the anticlinal
theory of accumulation as well as the uncertainty and controversies which con-
tinued to surround geophysical methods into the 1930s. To fully appreciate this
point, however, it is necessary to better familiarize the reader with how geo-
physical prospecting worked in this period. Here, I focus on the development
of seismography as particularly exemplary of both the advances and limits of
geophysical abstraction.

First, it is important to make a note about the historical origins of seismic
prospecting instruments themselves. Unlike the large, stationary seismographs
in use among crustal seismologists to study earthquakes,¹ the portable variants
developed for oil explorationwere the inheritance of wartime experiments. Lud-
wig Mintrop, an early pioneer in refraction seismography, constructed his first
mechanical refraction seismograph for oil prospecting on the basis of sound
ranging devices he developed for the German military during World War I (see
Figure 1).² The ‘father’ of the reflection seismic method, John Karcher, had like-
wise beenworking for the Allies on similar devices when he had first speculated
on the possibility of using sound waves for oil prospecting.³ After the War had
ended, the US saw the emergence of the first seismic oil prospectors, including
the crews of both Mintrop and Karcher. The instruments they deployed were
often improvised and notoriously insensitive. The account of the device used
by an employee of a pioneer of the seismic method, Geophysical Research Cor-
poration (GRC), is typical: their first seismograph, or ‘shooting machine’, was
a modified Baldwin radio receiver hooked up to an oscillograph taken from a
Bell and Howell moving picture camera.⁴

¹ See Markus Båth, Introduction to Seismology, 2nd ed. (Springer Basel, 1979), 24-28.
² George Elliot Sweet, The History of Geophysical Prospecting (Science Press, 1966), 70.
³ Lawyer, Bates, and Rice, Geophysics in the Affairs of Mankind, 13.
⁴ E. E. Rosaire, The Refraction Campaigns of 1924-1930, manuscript, ca. 1942, Box 12, Folder
1600, Everette Lee DeGolyer, Sr. Papers, DeGolyer Library, Southern Methodist University, Dallas,
Texas, 9–11.
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Figure 1. Schematic of Mintrop’s mechanical seismograph.¹ The process of recording a
seismic wave was made possible because of the law of inertia. In brief, a 4-kilogram lead
ball suspended beneath a leaf spring in the seismometer (right) will stay stationary as the
surrounding casing moves with the seismic wave. This relative motion is then captured
by a system of mirrors at the top of the seismometer, which concentrates a light beam
and sends it to the recorder (left). The motion of the light beam is then inscribed onto
photographic paper in the recorder.
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Initially, all commercial seismic work fell under the specific class of survey-
ing, or shooting, called refraction seismography.¹ This involved detonating a
charge of dynamite and then recording the change in amplitude of the resulting
wave as it passed through a seismograph which was placed at the surface at a
set distance away from the blast, or the shot point.²The key insight of refraction
profiling concerns the difference between the time of the arrival of the refracted
wave and the air wave’s travel time. Importantly, this insight results from the
assumptions made by the underlying theoretical model. First, it is assumed that
the variability in the elasticity and density of different rock beds modifies the
velocity of the seismic wave. Second, at the point of discontinuity between two
rock beds, it is also assumed that a portion of the energy of the seismic wave
refracts and travels for some distance along the interface—in the same way one
can observe visible light refract off of an object partially submerged in water.
Finally, it is assumed that when the lower rock bed has a higher seismic veloc-
ity than the upper one, the refracted wave increases in speed. If this contrast
is great enough, the refracted wave will be faster than the portion of the wave
traveling through the air, and this will yield a distinct ‘lead time’ on the seismic
record.³

Coincidentally, the seismic velocities of the USGulf Coast salt domes produce
remarkably pronounced lead times. While surrounding rock registers a seismic

¹ To be clear, there is precedent to the other major class of seismic shooting, reflection seismog-
raphy, prior to the implementation of refraction seismography for oil prospecting. The Canadian
inventor Reginald Fessenden had already patented both refraction and reflection methods in 1914.
More famously, there were the 1921 reflection seismographic experiments of Geological Engineer-
ing Corporation, founded by William Hasemann, John Karcher, Irving Perrine, and Daniel Ohern.
These experiments are typically credited with the first successful discovery of a ‘reflector’, or a
reflecting interface between rock strata [J. J. Jakosky, Exploration Geophysics (Time-Mirror Press,
1950), 12-13]. Nevertheless, reflection seismography did not see successful commercial use in oil
prospecting until the late 1920s, under the guidance of John Karcher after he was hired by DeGolyer
at GRC.
² It perhaps goes without saying, but the difference in energy yield between an earthquake and a
dynamite blast is many orders of magnitude, hence, needing to be both portable and much higher
in resolution, the equipment developed to detect the latter does not closely follow the development
of instrumentation for the scientific study of the curst through earthquake seismograms.
³ Eugene McDermott, “Application of Seismography to Geological Problems”, Bulletin of the Amer-
ican Association of Petroleum Geologists 15, no. 11 (1931): 1313-1317, https://doi.org/10.1306/3D
932A28-16B1-11D7-8645000102C1865D.
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speed of 6,200-7,000 ft/sec, the Gulf Coast salt domes can increase that speed up
to 15,000-17,000 ft/sec. So long as this seismic contrast was reliable, then, the
detection of shallow salt domes became a fairly straightforward exercise.¹ The
preponderance of salt domes that populate the subsurface of the Gulf Coast—an
otherwise relatively rare geological feature—indeed provides the main reason
why the region became the ‘ideal ground for the development of the seismic
method’.²

That said, refraction seismography originally did not substitute but depended
upon earlier geological observations. The correlation of salt domes with petro-
leum accumulation, in other words, borrowed the assumption petroleum geol-
ogists had previously made about anticlines, i.e. that they potentially harbored
oil deposits, which hadmigrated upward from source rock underneath.The epis-
temologically subordinate status of geophysics, however, would be challenged
at the 1937 SEG Meeting. As geophysical prospectors began to probe for oil
deeper underground, the correlation of their models with geological observa-
tions began to loosen.

2.4. Practical Problems in Exploration Seismography

As I have reviewed elsewhere,³ refraction seismography comes up against a
hard technical constraint at increasing subsurface depths. In brief, increasing
the depth of the refraction profile requires an increase of the critical angle, at
which the refracted wave travels the shortest distance between the shot and re-
ceiver. But an increase in this distance, or horizontal offset, meant that larger
quantities of dynamite were necessary to produce a sufficiently powerful blast
to be detected at the receiver. By the late 1920s, this offset had widened to up

¹ A human ‘computer’ on the seismic crew converts the time-measurements of the refracted wave
into depth-measurement by calculating the latter as a function of the time delay between shot and
receiver, the physical distance between them, and the estimated seismic velocities of the varying
rock beds.
² Everette Lee DeGolyer, Draft materials on geophysics, s.d., Box 87, Folder 4839, Everette Lee
DeGolyer, Sr. Papers, DeGolyer Library, Southern Methodist University, Dallas, Texas, 3.
³ John Kendall, ”On the Emergence of Digital Volumetric Space: Geophysical Prospecting and the
American Oilfield in the Early 20th Century”, Geoforum 155 (1): 1-11, https://doi.org/10.1016/
j.geoforum.2024.104094.
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Figure 2. 1960s illustration of reflection seismography. The dynamite blast in the middle
of the frame generates a seismic wave, which propagates underground and eventually
creates a reflection wave at the interfaces between rock beds. As they make their way
to the surface, the reflection waves are recorded by an array of geophones placed before
the recording truck.

to eight miles, with dynamite charges as large as 1,000 pounds.¹ This technical
problem came to be addressed by a second class of seismic surveying, known
as reflection seismography. This form of surveying recorded the near-vertical
reflection wave, which like the refraction wave also was generated at sharp
discontinuities between rock beds. Because the primary reflection wave propa-
gated much closer to the shot point, however, reflection profiling reduced dy-

¹ McDermott, “Application of Seismography”, 1317. See also Geoffrey Bowker, Science on the Run:
Information Management and Industrial Geophysics at Schlumberger, 1920-1940 (The MIT Press,
1994).
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namite yields substantially, down to as little as three pounds per shot.¹ Thanks
to this change in method, seismic crews could extend their surveys to much
deeper subsurface structures, well beyond what either refraction seismography
or geological surveys could characterize (see also Figure 2).

As exploration seismography became more unmoored from geological rea-
son, resolving problems of seismic interpretation increasingly revolved around
the practical dimensions of seismic shooting itself, i.e. the existing technical
and geological conditions under which prospecting took place. The ‘quality of
a seismograph record’, as a 1940s seismic prospecting manual notes, ‘depends
upon many factors, some of which are the size of charge, depth of charge, fil-
tering, string tension, sensitivity control, first breaks, seis seating, seis spacing,
noise level, etc, even record color, in our case’.² The manual proceeds to inform
the reader of various challenges in producing good seismic maps which stem
from the equipment itself. Its requisite equipment is, for instance, delicate and
heavy, liable to break down amidst the wear and tear of transport, weather, and
general use. Equipment maintenance was thus a pronounced issue, perhaps es-
pecially for the electric cables connecting geophones and the recording truck.
These cables were by far the most sensitive to wear and hence, per the manual,
the source of most problems in field recording. Accordingly, the manual recom-
mends cables be ‘as dry as possible and free from grease’, while the crew takes
care to avoid unnecessary strain and bending during surveying.

As for geological conditions, proper configurations depended on a variety of
factors.The depth of the hole inwhich to detonate the dynamite, for instance, de-
pended on the type of rock (e.g. clay versus shale) and the presence and extent
of the weathering layer near the surface. Differing geological characteristics
would also modify the amount of dynamite needed, from a ‘greased cap on the
gulfcoast [sic] to several hundred pounds in west Texas’.³ Even then, sometimes
a charge larger than ‘seemed necessary’ for the surveyed geology was justified.
A large blast, for instance, may help clean up poor records by ‘overdriving the
reflected energy thru [sic] and above the other disturbances’ that interfered

¹ McDermott, “Application of Seismography”, 1330.
² GSI, Unknownmanual, 1946-1947, Box 1, folder 13, Virgil W. Teufel papers (MSS 0160), DeGolyer
Library, Southern Methodist University, Dallas, Texas, 1.
³ Ibid., 3.
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with the signal of the reflection wave (such as ground roll).¹ The manual also
notes how ‘seis seating’, or seismograph orientation and placement, was highly
dependent upon variable environmental conditions. The best position was typi-
cally to lie the geophone flat on the ground, but if in ‘grassy country,’ it may be
advisable to ‘hoe out a spot for each seis, as a grassy mat will absorb most of the
energy’.² Finally, the manual recommends clearing away brush and debris, to
ensure a clean connection between cables and seismograph, and to take great
care in protecting the internal components of the equipment.

Despite the introduction of new controls, seismic crews were thus well aware
that they lacked the luxury of laboratory conditions. They were less concerned
with acquiring untainted or complete geophysical data than with producing
data adequate for the task at hand. Geological uncertainty, combined with the
fickleness of their own seismic equipment, is what forced them toward a novel
mode of engaging with, and reasoning about, the subsurface. And it was these
field experiences which geophysical prospecting advocates drew on to argue at
the 1937 SEG Meeting for an epistemological advance against both academic
physicists and their own industrial-geologist colleagues.

3. Geophysics Contra Geology

3.1. A Historiographical Note on the Ascendancy of Geophysics

In their own effort to explain why geophysics became ‘clearly ascendant, if
not entirely dominant’ by midcentury, historians of science Naomi Oreskes and
Ronald Doel have famously argued for an epistemological bifurcation between
geologists and geophysicists. While the latter ‘argued from a qualitative and
phenomenological evidence’, the former provided ‘quantitative and theoretical
evidence’ that appeared more exact—which is to say, more mathematical.³ In a
social context that regarded abstract quantitative data as neutral, objective, and
independent, geophysics therefore proved more ‘rigorous’ than geology and,
hence, more authoritative.

¹ Ibid.
² Ibid., 6.
³ Oreskes and Doel, “The Physics and Chemistry of the Earth”.
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Anduaga has challenged the historical validity of this epistemological bifur-
cation. Notable crustal seismologists associated with the ‘mathematical and
hypothetical-deductive style’, such as the pioneering British geophysicist Sir
Harold Jeffreys, were never simply developing models through purely formal-
mathematical theories of wave propagation but were dependent upon infer-
ences drawn from seismic data recorded during earthquakes. This points again
to the ‘coordination problem’ mentioned in the Introduction: establishing how
andwhat tomeasure about the earth requires theoretical explanationwhich can-
not be empirically grounded independent of those measurements. As a result,
geophysical knowledge could never be merely ‘theoretical’. Moreover, as And-
uaga stresses, Oreskes and Doel’s characterization of geophysics draws exclu-
sively from the academic history of geosciences. This obscures the importance
of oil exploration in reshaping the instruments and even research programs of
geoscience in a manner which, thereafter, ‘barely resembled the so-called “geo-
physical style”’ the co-authors criticize.¹

Yet in his own insistence that geophysics and geology had ‘converged’ by
the 1940s, Anduaga downplays the epistemological disputes (and cultural an-
tipathy) between petroleum geologists and exploration geophysicists that re-
mained.² Indeed, since the introduction of geophysical methods in the oil in-
dustry, it became standard management practice to keep geologists and geo-
physicists separated in hopes they would not ‘taint the other’s interpretations
of a given prospect’.³ Frequent calls for a better integration of the two fields—
namely, across the three consecutive Presidential Addresses of Annual Meeting
of the Society of Exploration Geophysicists at the end of the 1930s—testify pre-
cisely to the ongoingchallenge of doing so.⁴ Even if the ‘inductive versus deduc-
tive’ framing is clumsy, then, it is entirely correct to suggest that geology and
geophysics continued to actively defend incongruous knowledge domains. As

¹ Anduaga, Geophysics, Realism, and Industry, 155.
² Ibid.
³ Lawyer, Bates, and Rice, Geophysics in the Affairs of Mankind, 27.
⁴ John C. Karcher, “A Review of the Relation between Physics and Geology in Petroleum Explo-
ration”, Geophysics 3, no. 1 (1938): 69-77, https://doi.org/10.1190/1.1439483; F. M. Kannen-
stine, “The Relationship of Geophysics to Geology”, Geophysics 4, no. 3 (1939): 149-154, https:
//doi.org/10.1190/1.1440493; E.A. Eckhardt, “Partnership between Geology and Geophysics in
Prospecting for Oil”, Geophysics 5, no. 3 (1940): 209-214, https://doi.org/10.1190/1.1441804.
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revealed during the 1937 SEGMeeting, industry geophysicists were themselves
sometimes deeply, even zealously committed to the ‘resolving power’ of their
‘exact’ instruments—ushering in a reconceptualization of epistemic rigor, in-
deed an entirely different mode of rationalizing the subsurface, that sometimes
arrived explicitly at the expense of geological reasoning.¹

3.2. Blau’s Polemic Against Geological Orthodoxy

The apparent advance of geophysical prospecting well beyond geological
knowledge that motivated Ludwig Blau of Humble Oil to launch a full-scale
polemic at the 1937 SEG Meeting. As he insisted, reflection seismography had
allowed for the production of ‘‘unorthodox’ pictures’ that made geological sur-
veys not only obsolete but hindrances to the further advancement in geoscience.²
As his premier example, Blau pointed out the skepticism among historical ge-
ologists about the presence of faulting in the Gulf Coast, which, he claimed,
had severely stunted the study of its subsurface. For decades, geologists appar-
ently maintained that such occurrences were impossible because the sediments
there ‘don’t break, they bend’. It was only the geophysicists that overcame this
prejudice and confirmed, to the apparent chagrin of their counterparts, the exis-
tence of such faults. After recounting this episode, Blau delivered an incendiary
pronouncement: ‘Let the geophysicist make his measurements, let him draw
maps based on the spatial variations of those properties, but let us refrain from
correlating these measurements with geologic condition’.³ In essence, Blau saw
geophysical knowledge as ascendent to ‘geologic conditions’, which it therefore
need not respect.

Now, themore geologically inclined attendees of the SEGMeeting were quick
to accuse Blau of a gross distortion of disciplinary history. Alexander Deussen,
an independent consulting geologist and key figure in the early study of oil
deposits trapped by faults, contested directly Blau’s claim that geologists had

¹ Anduaga, Geophysics, Realism, and Industry, 224.
² Blau, “The Interpretation of Geophysical Data”, Geophysics 2, no. 2 (1937): 96-97, https://doi.
org/10.1190/1.1438080.
³ Ibid., 103.
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been blind to Gulf Coast faulting. Deussen gestured to many ‘early day geolo-
gists’ who had inferred such faults, ‘and according to my recollection they have
always been considered as potential traps for oil’.¹ Evenmore agitated was Don-
ald Barton,² a geophysicist with deep geological sensitivities, who followed up
Deussen’s remarks with a citational record of fourteen different papers, pub-
lished from 1903 to 1931, where geologists suggested the presence of faults in
Gulf Coast sediments. The purported escape of geophysical insight from geo-
logical reason could not in this instance be substantiated in the paper record.

Finally, O. L. Brace, a Houston-based independent consulting geologist, main-
tained that Blau’s charge of a ‘drift toward orthodoxy’ was not unique to ge-
ology but a ‘weakness that plagues all science and it little behooves the geo-
physicist today to call the kettle black’.³ Brace was the original source of Blau’s
ire, in particular his suggestion that geophysics was merely an ‘additional geo-
logic tool’.⁴ Now responding to Blau at the 1937 Meeting, he insisted that geo-
logical reason must remain the ultimate authority of subsurface epistemology,
as it was ultimately only geology that could determine what was ‘natural’, in
contrast to the geophysicist, who dealt ‘with measurements of physical proper-
ties that are understandable only to the physicist’.⁵ Concluding with a counter-
pronouncement to Blau, Brace implored: ‘Let the geophysicist give free reign to
his imagination with his frills (…) but give the geologist, also, the opportunity

¹ Quoted in Ibid., 108.
² Barton was in fact the first to propose the founding of a geophysical society in July 1929, and he
was elected the first president of the subsequently organized Society of Economic Geophysicists,
which in 1937 was renamed as the Society of Exploration Geophysicists [see Dean Clark, “SEG’s
First 75 Years”, The Leading Edge 24, no. s1 (2005): s18-s25, https://doi.org/10.1190/1.2112387].
³ Quoted in Blau, “The Interpretation of Geophysical Data”, 109.
⁴ Brace, “Interrelationship of Geology and Geophysics”, 197.
⁵ Quoted in Blau, “The Interpretation of Geophysical Data”, 109.
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to express his interpretation of geophysical structures as nature designed them:
smooth, simplified, and without undue minor complexity’.¹

Contrary to Anduaga’s claims, these geologists and geophysicists were thus
quite cognizant of the fact that they produced different representations of the
subsurface—the geological picture, natural and sensible; the geophysical pic-
ture, complex, even contrived—which corresponded to different historical epis-
temologies. Indeed, beyond the commercial application of either science, what
was at stake was determining precisely which epistemology was best suited to
understand the subsurface—one ultimately subject to a priori contextualization
of ‘geological conditions’, or one free to correlate geophysical quantities in a
posteriori abstraction from those conditions?

Failures of ‘plain geology’ meant the oil industry was already moving toward
the adoption and development of geophysical instruments, and, by virtue of this
conjuncture, it became inclined to trod down the latter path. But what Blau’s
testimony further reveals is an increasing self-consciousness of industrial-geo-
physical reason, i.e. a self-awareness that it was not simply a ‘geologic tool’
but bore its own epistemological constraints distinct from those of geology.
That said, an important irony is worth stressing—geophysical prospecting never
ceased to imply a degree of geological luck. As detailed in the previous section,
geophysical methods worked particularly well to characterize the salt domes of
the US Gulf Coast, but not necessarily anywhere else (see Figure 3).² And, while
both the geophysical (e.g. mass, density, elasticity, and resistivity) and geologi-
cal characteristics (e.g. mineral composition, rock type) of a salt dome contrast
with the surrounding rock, the latter was impossible to detect remotely. Prob-
ing at a distance from the traditional empirical domain of geological reason
conferred to exploration seismography not only its distinct advantage but also
a host of new epistemological problems.

¹ Quoted in Ibid., 110.
² Mount, “Oilfield Revolutionary”, 162. See also Kendall, ”On the Emergence of Digital Volumetric
Space”.
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Figure 3. Map of ‘seismic reflection quality’ in the Continental US.

3.3. Real Abstraction of the Seismograph

As with DeGolyer’s pronouncement of geophysical instruments as ‘scien-
tific divining rods’, the assertion that geophysical abstraction escapes geological
constraints is thus another moment of fetishization in the history of industrial
geophysics. Following the philosophers of science Peter McLaughlin and Oliver
Schlaudt, we might further characterize this as a ‘real abstraction’ embodied in
the seismograph.¹ Borrowed from Marxian value-form theory, the concept of
real abstraction attempts to explain why, in commodity exchange, a buyer is
compelled to ignore the use-value of the commodity in their possession in order

¹ See Peter McLaughlin and Oliver Schlaudt, “Real Abstraction in the History of the Natural Sci-
ences”, in Marx and Contemporary Critical Theory: The Philosophy of Abstraction, ed. Antonio Oliva
et al. (Palgrave Macmillan, 2020).
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to realize its exchange-value in the form of another commodity.This abstraction
is ‘real’ because it is not a subjective or mental operation but an objective (and
typically unconscious) aspect of the act of exchange itself.¹

McLaughlin and Schlaudt build on this insight but broaden its scope, arguing
commodity-exchange is but one special case of a more ‘general process of real
abstraction (…) any abstraction that is carried out so to speak by hand rather
than merely in thought’.² Scientific instruments, they contend, are prime ex-
amples. To help illustrate, they revisit Karl Marx’s comparison in Capital of
exchange-value to the weight-equivalence of objects measured with a balance.
In his analogy, a ‘sugar-loaf’ is placed on one side of the balance and pieces
of iron are progressively placed on the other side until the two sides equalize
in height. By setting the two into relation, Marx writes, the balance is what
allows the ‘bodily form of the iron’ to be represented as ‘weight in its pure
form, the form of manifestation of weight’.³ As McLaughlin and Schlaudt read
this passage, the use of the balance produces a real abstraction, which ‘filters’
the sugar-loaf such that only one of its dimensions (its weight) is revealed.⁴
Now, the Marxst philosopher Alfred Sohn-Rethel would draw out a distinction:
abstractions are only ‘real’ if they emerge from practice, e.g. the practice of
measurement, whereas the abstractions of natural science are merely ‘thought
abstractions’.⁵ But for McLaughlin and Schlaudt, this challenge overlooks the
positive role of instrumental mediation in shaping scientific knowledge. As they
suggest, real abstractions underpin the history of natural science in and through
the development of scientific instruments.

This notion of real abstraction can be put in useful contrast with Anduaga’s
account of the emergence of geophysical oil prospecting. For Anduaga, what in-
dustrial geophysics challenged, both epistemologically and ontologically, was
the ‘layered-earth’ model, i.e. the model of the earth as composed of a series

¹ Alfred Sohn-Rethel, Intellectual and Manual Labour: A Critique of Epistemology, trans. Martin
Sohn-Rethel [Haymarket Books, 1978 (2020)], 16-17.
² McLaughlin and Schlaudt, “Real Abstraction in the History of the Natural Sciences”, 309.
³ Karl Marx, Capital, Volume I: A Critique of Political Economy, trans. Ben Fowkes [Penguin, 1976
(1867)], 148.
⁴ McLaughlin and Schlaudt, “Real Abstraction in the History of the Natural Sciences”, 310-311.
⁵ Sohn-Rethel, Intellectual and Manual Labour, 16.
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of monotonic, concentric strata.¹ The elegance of this model had been champi-
oned by Jeffreys, and it remained orthodoxy in crustal seismology well into the
postwar period.² As Anduaga details, this model implied what Jeffreys and his
co-author, the mathematician Dorothy Wrinch, called the ‘simplicity postulate
(…) the simpler the law, the greater its prior probability’.³ Essentially from the
beginning of their attempts at geophysical exploration, however, oil prospec-
tors did not and could not discover a subsurface governed by ‘simple laws’. The
geophysical data they observed confounded a clean, layered-earth model, mo-
tivating a shift from ‘simplicity’ to ‘entity realism’: prospectors retained belief
in the existence of certain ‘theoretical entities’ proposed by crustal seismology,
i.e. the discontinuity of rock strata, but abandoned belief in the existence of the
theories ‘conceiving and describing’ those entities.⁴

For Anduaga, again, this realist attitude was established among oil prospec-
tors because geophysical methods worked. As reviewed above, however, these
methods in fact quite often did not work. Further, and in contrast to the con-
cept of real abstraction, entity realism downplays the instrumental mediation
presupposed in the collection of raw subsurface data. The fact of instrumental
mediation occasions both a specific theoretical model—the aforementioned co-
ordination problem—and, for this reason, a historically particular mental image
of the subsurface. There is in other words no a priori necessity binding the real
form of subsurface entities to the squiggly contours of a seismic map.The latter
is a practical abstraction, one which comes to matter because of the instruments
used to produce it and the aims of oil-finders. Thus, if taken one-sidedly, Andu-
aga’s ‘entity realism’ risks reifying the products of real abstraction—mystifying
the historicity of seismic data by naturalizing their instrumental mediation.

¹ See also Larry D. Brown, “From Layer Cake to Complexity: 50 Years of Geophysical Investigations
of the Earth”, in Geological Society of America. Special paper 500: The Web of Geological Sciences:
Advances, Impacts, and Interactions, ed. M.E. Bickford (Geological Society of America, 2013); Bill
Dragoset, “A Historical Reflection on Reflections”, The Leading Edge 24, no. 1 (2005): 47-71, https:
//doi.org/10.1190/1.2112392.
² Harold Jeffreys, The Earth: Its Origin, History and Physical Constitution [Cambridge University
Press, 1924 (1976)].
³ Dorothy Wrinch and Harold Jeffreys, “On Certain Fundamental Principles of Scientific Inquiry”,
The London, Edinburgh, and Dublin Philosophical Magazine and Journal of Science 42, no. 249 (1921):
386, https://doi.org/10.1080/14786442108633773.
⁴ Anduaga, Geophysics, Realism, and Industry, 3.
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4. Competing Epistemological Commitments Within
Geophysics

4.1. Seismic Troubles in California

Practically as soon as it was introduced, reflection seismography ran into
its own empirical limits, and perhaps no one in the 1930s knew better than
Frank Rieber. Trained not as a geologist but as an electrical engineer (and an
avid amateur radio ham), Rieber’s biography exemplified the experimentalist
technical culture of early exploration seismography.¹ After earning a B.S. from
UC-Berkeley in 1915, he initially developed X-ray and other electronic equip-
ment for the medical industry. But the 1920s California oil boom had caught his
attention. By 1925, he began leveraging his expertise in electrical engineering
to improve various aspects of the seismic method, developing new amplifier
systems and adapting the ‘sound-on-film’ method, recently developed by the
motion picture industry,² to record seismic data on a reproducible medium.³

And yet, the Californian oil prospector found little early success in his at-
tempts to use these new inventions to survey the subsurface of the San Joaquin
Valley. As he surmised, resolving the difficulties of seismic interpretation in this
regionwould demand not merelymarginal improvements but a reconsideration
of the seismic ‘reflection system’ in total, for he had ‘never encountered, and sel-
dom even approximated’ the ‘ideal conditions’ they presupposed.⁴ In particular,
he diagnosed and set out to correct one of the biggest technical hurdles plagu-
ing reflection seismic exploration in geologically complex fields, what he called
‘overlapping wave trains’. As Rieber theorized, this phenomenon occurred as
the seismic wavefront generated by the dynamite blast ricocheted off different
entities underground—fault lines, sharply contorted sedimentary beds, water

¹ John B. Farr, “Frank Rieber: Obscure Genius (Part 1)”, The Leading Edge 27, no. 5 (2006): 614,
https://doi.org/10.1190/1.2919579.
² See J.G.,Frayne et al., “A Short History of Motion-Picture Sound Recording in the United States”,
SMPTE Journal 85, no. 7 (1976): 515-528.
³ Frank Rieber, “A New Reflection System with Controlled Directional Sensitivity”, Geophysics 1,
no. 1 (1936): 97-106, https://doi.org/10.1190/1.1437082; see also Frank Rieber, “System for
Recording Impulses”, US Patent 1,926,406, filed 30 September, 1930 and granted 12 September, 1933.
⁴ Rieber, “A New Reflection System”, 97.
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tables, and so on. These discontinuities produced secondary groups of waves,
or wave trains, which haphazardly made their way back to the seismograph at
the surface, obscuring the primary signal reflecting off the major rock beds.

As Rieber diagnosed, it is not that a seismogram under such conditions de-
picted an ‘absence of reflections’, i.e. there was no hard failure of geophysical
reason to parse geological complexity. Rather, the interpretive problem was the
‘presence of too many reflections’—too much raw quantitative data—and this is
what thwarted the ‘idealist’ geophysical models.¹ Accordingly, Rieber sought to
find a new seismic method that would allow for ‘the separation and identifica-
tion of a crisscross group of emerging reflections’.² The machine he developed
for this purpose, the ‘Geo-Sonograph’, controlled for the direction of arrival of
a seismic wave by filtering the phase of each individual traces, i.e. the portion
of the wave recorded by an individual geophone, and then stacking them post
hoc until a peak amplitude could be determined. Once this was found, the direc-
tion of the incoming wave could then be defined as a function of the associated
configuration of the angled slit filters of the machine. Importantly, just as it
was the salt domes that made the seismic method initially viable in the Gulf
Coast, it was thus the increased geological complexity of the San Joaquin Val-
ley that determined the contours of Rieber’s experimental method of simulated
modeling.

4.2. Mott-Smith’s Rebuttal Against Rieber’s ‘Compounding
Machine’

At the same 1937AnnualMeeting of the SEGwhere Blau launched his polemic,
Rieber’s machine came under the scrutiny of a physicist at Rice University, Dr.
Lewis Morton Mott-Smith.³ First, the Rice professor argued that, because the

¹ Frank Rieber, “Applications of the Geo-Sonograph to Petroleum Exploration”, Petroleum Engineer
8, no. 5 (1937): 141.
² Ibid.
³ It is important to note that Mott-Smith was certainly not against the application of physics or
geophysics to oil exploration. In 1938, for instance, he patented a torsion gravimeter with appli-
cations in oil prospecting. The point I make in this section is rather that his formal training as a
physicist cultivated certain epistemological scruples at odds with Rieber’s more experimentalist
(and layman) innovations.
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rate of change at maximum amplitude is zero but changes very rapidly with
small changes in amplitude, the differences in the position of the slit Rieber
used to filter each trace would have to be in the order of ‘hundredths of an inch’
to determine the correct angle—nearly impossible for the instruments in use at
the time.¹ Second, he argued that the Geo-Sonograph’s slit filters would not ac-
tually boost the primary signal at all but merely stretch the waveform.² Rieber’s
method risked biasing his ‘compounding machine’ toward a ‘small wave below
the noise level’ that just so happened to correspond with the angle of the filter,
which, in turn, would only further obscure the larger (but now out of phase)
primary reflection. The resulting ‘synthetic’ signal would amount to ‘artificial
noise (…) produced by the machine itself’.³ Rather than clarifying the signal,
Mott-Smith thus charged that Rieber’s post hoc manipulation merely distorted
the underlying data.

Finally, Mott-Smith challenged the physical conditions Rieber’s machine pre-
supposed, casting doubt on its ability to prove the existence of fault lines by
detecting a ‘wave scattered by its edge’.⁴ Citing Horace Lamb’s Dynamical The-
ory of Sound,⁵ he insisted that, while scattered waves at some point surely oc-
cur in the subsurface, and at some point they may interfere with the primary
reflection wave, the former were far too weak to be detected at the surface by a
geophone at significant distance from the source of the scattering.⁶ Moreover,
the stronger those interfering waves are, the ‘fewer they are, and the less likely
it is that one will be accidentally picked up’.⁷ All of this thus seemed to suggest
classical wave theory invalidated the Geo-Sonograph.

In his fiery response, Rieber not only defended the exactitude of his analyzer
but admonished Mott-Smith for a mistaken appeal to ‘classical physics’:

Themethod used byDr.Mott-Smith is one formerly very popular in the school of classical
physics. He has chosen a simple wave form, which he believes to be comparable to a

¹ LewisMortonMott-Smith, “Adverse Effects Associated with Variably Compounded Seismograph
Records”, Geophysics 2, no. 3 (1937): 269, https://doi.org/10.1190/1.1438092.
² Ibid., 274.
³ Ibid.
⁴ Ibid., 278.
⁵ Horace Lamb, The Dynamical Theory of Sound (Edward Arnold, 1910).
⁶ Mott-Smith, “Adverse Effects Associated with Variably Compounded Seismograph Records”, 278.
⁷ Ibid., 281.
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reflection. He has then laboriously reproduced, with pencil and paper, what he believes
the analyzer would do to such a wave—and he then criticizes the results of his efforts as
if he were criticizing an actual analyzed record.¹

Mott-Smith’s critiquewas thus for Rieber entirely idealist and self-referential,
having no recourse to the actual seismic data acquired in the field. Rieber made
the contrast between Mott-Smith and his own epistemology quite clear: the
‘modern’ approach to geophysical prospecting, he insisted, ‘does not proceed
entirely on theory’. While theory can help define the ‘field to be investigated’,
‘practical results’ are ‘thereafter more valuable than further theorizing’.²

Critically what Rieber’s machine portended was thus the need for a post hoc
relationship between data and models to resolve prediction-measurement dis-
crepancies through iteration. Once again, such a methodology presents a vicar-
ious solution to the ‘hard problem’ of coordination, when experimental control
over what is observed is limited if not impossible.³ But, I would argue, Rieber
takes industrial-geophysical reason one step further, insofar as the predictive
value of the data model devised by his machine has the direct discovery of un-
derground fault lines as its ultimate criterion. As he stresses in response toMott-
Smith, the crucial point was not whether classical seismology theoretically in-
validated his findings but the verification of the ‘accuracy’ of his machine with
‘actual experience (…) at least comparable with other methods’.⁴

It is by returning to the question of practice that Rieber also attempts to show
how Mott-Smith’s account contradicts itself: if the ‘diffracted’ waves were too
weak to make it back to the geophone, how were they also strong enough to
risk obscuring the signals of more important reflections? Such an argument did
not ‘seem to be in accord with our experimental experience’, wherein faulted
zones had already been confirmed to exist. Most expansively, Rieber charges
Mott-Smith’s appeal to an abstract formula for the dispersal of the energy of

¹ Quoted in Ibid.
² Quoted in Ibid.
³ See Ohnesorge, “Pluralizing measurement”; see also Miyake, “Magnitude, moment, and measure-
ment”.TheGeo-Sonograph is a notably analogue example of vicarious control, i.e. what it effectively
produced with its slit filter was a simulated, iteratively refined model of earth-wave interaction. On
vicarious control, see Norwell and Suppe, “Why Atmospheric Modeling Is Good Science”.
⁴ Quoted in Mott-Smith, “Adverse Effects Associated with Variably Compounded Seismograph
Records”, 282.
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a wavefront for failing to consider how the magnitude of energy is never dis-
cerned absolutely but is relative to the other vibrations being recorded: ‘Anyone
with the slightest experience in reflection shooting realizes that the earth is con-
tinually in vibration from wind and other causes, and that these vibrations will
be picked up and recorded by the apparatus’.¹ These ‘background vibrations are
different in magnitude every day and every hour’, such that the method which
can identify a subsurface entity is not the method that already presumes its
exhaustive theorization but simply one which can distinguish it from the back-
ground noise. Seismic conditions, in short, cannot be assumed in advance: they
are clarified only in relation to the constantly changing totality of interactions
to which the seismic system is subject.

What Rieber thus argued was that the ‘purity of data’ is not a good measure
of its ‘epistemic reliability’; rather, the latter is owed to its fidelity to the task
at hand.² For Rieber, any further theoretical reflection ought to follow from,
not precede, the fact that the machine worked—at least in certain cases. On
the one hand, this is the key ‘epistemic virtue’ of industrial-geophysical reason:
like the ‘mechanical objectivity’ explored by Lorraine Daston and Peter Gali-
son,³ it suspends the metaphysical prejudice of ‘simplicity’ and treats empirical
data as primary. On the other hand, however, the purported practical efficacy
veils the historicity of its production and the positive instrumental mediation
of quantitative subsurface data. Thus, revealed in Rieber’s account is the ideo-
logical function of industrial-geophysical reason: the Geo-Sonograph escapes
one metaphysics only to end up reifying another—what Anduaga calls ‘entity
realism’.

Ironically, and despite his empiricist orientation, Rieber’s Geo-Sonograph
remained an abstract solution in search of a concrete problem, as oil compa-
nies had little economic incentive to deploy such complex methods of seismic
data analysis. ‘Unprepared and unwilling’ to return to conventional seismo-
graphic work, Rieber’s prospecting company went bankrupt in the late 1930s.⁴

¹ Quoted in Ibid., 286.
² Bokulich, “Using Models to Correct Data”, S5933. See also Paul Edwards, A Vast Machine: Com-
puter Models, Climate Data, and the Politics of Global Warming (The MIT Press, 2010).
³ Lorraine Daston and Peter Galison, Objectivity (Zone Books, 2007).
⁴ John R. Pemberton, “Memorial: Frank Rieber (1891-1948)”, Bulletin of the American Association
of Petroleum Geologists 13, no. 4 (1949): 659-660.
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Yet, Rieber—or rather, the machine which his thought reflected—was prophetic
on at least two counts. First, the principle behind his method of seismic inter-
pretation would eventually be adopted as standard practice some decades later,
in a technique now known as ‘slant stacking’.¹ Second, the improvement of seis-
mic prospecting would, as he predicted, depend less on geological correlation
than on doing more with the geophysical data acquired.

In correspondence with DeGolyer, Rieber was quite clear about this new epis-
temic need: ‘radical’ improvements to exploration seismography, he writes, will
only follow from making better use of seismic data. As he explained, seismic
crews only ‘pick up probably 1/10 of 1%’ of the data they generate through
the detonation of dynamite.² Moreover, little of the data generated was ever
interpreted. Much of it simply remained noise. What was needed was a way
to treat noise not as an interference to be eliminated but as constitutive of the
complex interplay of seismic wave trains in the geologically unobservable sub-
surface. Resolving this complexity, however, would have to wait for the further
fleshing-out of industrial-geophysical reason through early digital computing.³

5. Conclusion: Limits to Industrial-Geophysical Reason

While Rieber prophesized the future of industrial-geophysical reason, De-
Golyer confessed in his 1940s correspondences with the Californian inventor
that he feared prospectors may never find oil at ‘anything like the rate at which
we are consuming it’.⁴The 1940s were indeed a difficult time for US prospectors:
new oilfields were harder and harder to come by, and exploration costs were

¹ John B. Farr, “Frank Rieber: Obscure Genius Part II”, The Leading Edge 27, no. 9 (2008): 1099,
https://doi.org/10.1190/1.2979974.
² Frank Rieber, Correspondence to Everette Lee DeGolyer, dated 10 April, 1946, Box 12, Folder
1569, Everette Lee DeGolyer, Sr. Papers, DeGolyer Library, Southern Methodist University, Dallas,
Texas, 2.
³ Enders A. Robinson, “The MIT Geophysical Analysis Group (GAG) from Inception to 1954”, Geo-
physics, 70, no. 4 (2005): 7JA-30JA, https://doi.org/10.1190/1.2000287, and Tyler Priest, “Seismic
Innovations:TheDigital Revolution in the Search for Oil andGas”, in Energy in the Americas: Critical
Reflections on Energy and History, ed. A. M. Kiddle (Calgary University Press, 2021).
⁴ Everette Lee DeGolyer, Correspondence to Frank Rieber, dated 28 April 1947, Box 12, Folder 1569,
Everette Lee DeGolyer, Sr. Papers, DeGolyer Library, Southern Methodist University, Dallas, Texas.
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ballooning.¹ Once again, exploration seismography appeared to be brushing up
against hard technical constraints. R. D.Wyckoff of the Gulf Research andDevel-
opment Company described the situation lucidly: while seismography could ex-
press ‘very simple systems (…) with absolute precision’, ‘in practice’, geological
complexity made apparent the limits of seismic data, which, lest we forget, can
only record ‘time intervals between initiation and reception of seismic events
and from such time intervals and approximate velocity information’.² Even if
other ‘latent features’ of the seismic method could be considered, a more funda-
mental issue remained: there remained ‘no control over the transmitting media,
and hence, the additional details which theoretically should be contained in seis-
mic records and which might permit a more discerning analysis, may forever
be obscured’.³ The coordination problem continues to haunt: despite the mas-
sive expansion of its technological mediation, the subsurface was no industrial
laboratory. The promise of geophysical exploration to exhaustively cognize the
subsurface remained unfulfilled, as the earth remained recalcitrant to its total
quantitative abstraction.

One final irony: just as industry actors like DeGolyer grew increasingly wary
of seismography in the 1940s, academic seismologists found fresh value in their
instruments.⁴ Most famously, the midcentury adoption of seismic prospecting
methods for the study of seafloor spreading would provide essential proof for
the theory of plate tectonics.⁵ Examining the development of the means of geo-
physical labor is thus clearly of critical consideration for all scholars interested

¹ J. J. Jakosky, “Whither Exploration”, Geophysics 12, no. 3 (1947): 361-368, https://doi.org/10.1
190/1.12030001.1.
² R. D. Wyckoff, “Geophysics Looks Forward”, Geophysics 9, no. 3 (1944): 294, https://doi.org/
10.1190/1.1445080.
³ Ibid.
⁴ Anduaga, Geophysics, Realism, and Industry, 224.
⁵ See Henry R. Frankel,The Continental Drift Controversy: Introduction of Seafloor Spreading (Cam-
bridge University Press, 2012).
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in the history of earth science. Accordingly, what I have shown is that the in-
troduction of exploration geophysics did not simply expand the geoscientific
domain further underground. Rather, the very use of geophysical instruments
in the oil industry occasioned the need for a new mode of reasoning which
could interpret geophysical data in a way adequate to the practical demands of
oil-finding.

To be sure, emphasizing the centrality of the oil industry in the develop-
ment of geophysical instruments is not to suggest that subsurface knowledge is
merely corrupted by its commercial origins. Industrial-geophysical reason is in
other words not only ideological. Rather, the broader implication this paper has
made is that the science of the subsurface was and remains an inherently selec-
tive process of decision-making. Geophysical data are not given but the prod-
ucts of a particular political economy of scientific abstraction. The subsurface
that is thus revealed in any given epoch depends upon the particular instru-
ments of scientific labor that mediate it, tools which generate new epistemic
needs, filter the sorts of facts available for analysis, and provide the scaffolding
for new cognitive structures.
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