
Chapter Title: Sound of the Underground: Earthquakes, Nuclear Weaponry, and Music 
 
Book Title: Earth Sound Earth Signal 

Book Subtitle: Energies and Earth Magnitude in the Arts 

Book Author(s): DOUGLAS KAHN 

Published by: University of California Press 

Stable URL: https://www.jstor.org/stable/10.1525/j.ctt46n4hg.16

JSTOR is a not-for-profit service that helps scholars, researchers, and students discover, use, and build upon a wide 
range of content in a trusted digital archive. We use information technology and tools to increase productivity and 
facilitate new forms of scholarship. For more information about JSTOR, please contact support@jstor.org. 
 
Your use of the JSTOR archive indicates your acceptance of the Terms & Conditions of Use, available at 
https://about.jstor.org/terms

University of California Press  is collaborating with JSTOR to digitize, preserve and extend 
access to Earth Sound Earth Signal

This content downloaded from 
�������������132.174.255.3 on Tue, 24 Nov 2020 04:37:57 UTC������������� 

All use subject to https://about.jstor.org/terms

https://www.jstor.org/stable/10.1525/j.ctt46n4hg.16


133

In Aristotelian earth science, earthquakes were part of the weather. In his 
Meteorologica Aristotle points to the Aeolian island of Lipari, just north of 
Vulcano, to discuss how winds, waves, earthquakes, and volcanism relate to 
one another. Strong gusting seas force wind and waves against the bulwark 
of the shore and they have nowhere to go but underground; waves buckle 
the land and trapped wind is vented by volcanoes.1 This makes total sense: 
during the great earthquake that hit San Francisco and Northern California 
on April 18, 1906, one person in Cotati, just south of Santa Rosa, looked out 
onto “the open level floor of the valley” and saw that “the surface of the 
earth waved like water. . . . Trees swayed heavily, and there was a sound as 
if a strong wind were coming before the earthquake began.”2 We are not 
meant to walk on water.

I will never forget being in an earthquake near Seattle in which the 
ground itself became acoustic, with swelling waves traveling down through 
the road, making houses I knew well bob up and down like ships on the 
sea.3 “A moment destroys the illusion of a whole life,” writes Alexander 
von Humboldt in Cosmos. “Our deceptive faith in the repose of nature 
vanishes, and we feel transported as it were into a realm of unknown 
destructive forces. Every sound—the faintest motion in the air—arrests 
our attention, and we no longer trust the ground on which we stand.”4

During the eighteenth century, the grand scales of the earth and heavens 
were channeled through notions of the sublime. What would otherwise be 
experienced as the grandeur of the mountains or the beauty of the night 
sky were ratcheted into the sublime through peril, presentiment, and 
incomprehensibility. The Alps were sublime because their beauty was per-
ceived by travelers perched on a treacherous trail. Sound on its own could 
also invoke the sublime, according to Edmund Burke, because “excessive 
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loudness alone is sufficient to overpower the soul, to suspend its action, and 
fill it with terror.”5 It is odd, therefore, that Immanuel Kant, in formulating 
his notion of the sublime, never made use of his own earlier writings on the 
Lisbon earthquake of 1755.

The audible sounds of earthquakes come from the movement of the 
ground and what rests on it, and from the voices of people and other ani-
mals, such as “the crocodiles of the Orinoco” that Alexander von Humboldt 
saw “leave the trembling bed of the river and run with loud cries in the 
adjacent forests.”6 In Yosemite Valley in 1872, the naturalist John Muir 
awoke at two in the morning “and though I had never before enjoyed a 
storm of this sort, the strange, wild thrilling motion and rumbling could 
not be mistaken, and I ran out of my cabin, near the Sentinel Rock, both 
glad and frightened, shouting, ‘A noble earthquake!’ feeling sure I was 
going to learn something. The shocks were so violent and varied, and suc-
ceeded one another so closely, one had to balance in walking as if on the 
deck of a ship among the waves.”7 Most dramatically, in the immediate 
aftermath of the quake,

It was a calm moonlight night, and no sound was heard for the first 
minute or two save a low muffled underground rumbling and a slight 
rustling of the agitated trees, as if, in wrestling with the mountains, 
Nature were holding her breath. Then, suddenly, out of the strange 
silence and strange motion there came a tremendous roar. The Eagle 
Rock, a short distance up the valley, had given way, and I saw it falling 
in thousands of the great boulders I had been studying so long, pouring 
to the valley floor in a free curve luminous from friction, making a 
terribly sublime and beautiful spectacle—an arc of fire fifteen hundred 
feet span, as true in form and as steady as a rainbow, in the midst of the 
stupendous roaring rock-storm. The sound was inconceivably deep and 
broad and earnest, as if the whole earth, like a living creature, had at last 
found a voice and was calling to her sister planets. It seemed to me that 
if all the thunder I ever heard were condensed into one roar it would 
not equal this rock roar at the birth of a mountain talus. Think, then, of 
the roar that arose to heaven when all the thousands of ancient canon 
taluses throughout the length and breadth of the range were 
simultaneously given birth.8

The earth’s call to her sisters would have dissipated in thin air, but under 
the right conditions sounds could heard many kilometers away by terres-
trial inhabitants. In New Zealand, the Murchison earthquake of June 17, 
1929, created “sounds in the area of greatest destruction [that were] deafen-
ing and of extreme loudness, creating as great panic as the earthquake itself. 
Most observers described them as tremendous subterranean explosions. At 
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Nelson, about 85 kilometers from Murchison, the sounds resembled the 
whistling and rush of wind.”9 When sounds reflect off atmospheric layers 
it is also possible for people at great distances to hear them, while closer to 
the epicenter people hear nothing.

Charles Davison, the doyen of earthquake sounds, spent much of his 
career cataloging and classifying how people heard earthquakes. In his 1905 
book A Study of Recent Earthquakes, he paid particular attention to how 
the sounds of the Hereford earthquake in England on December 17, 1896, 
were heard and how they were heard at different distances. Without the 
benefit of contemporary sound recording technologies, the older techno-
logical forms of linguistic analogy and imitation were employed. Mapping 
anecdotes produced isoacoustic lines that were superimposed over isoseis-
mic information gathered by less garrulous seismological instrumentation:

The sound which accompanied the shock was of the same character as 
that heard during all great earthquakes. It is often described in such 
terms as a deep booming noise, a dull heavy rumble, a grating roaring 
noise, or a deep groan or moan; more rarely as a rustling or a loud 
hissing rushing sound. As a rule, it began faintly, increased gradually in 
strength, and then as gradually died away; and this no doubt is the 
reason why it sometimes appeared as if an underground train or wagon 
were approaching quickly, rushing beneath the observer, and then 
receding in the opposite direction. Occasionally, the sound was very 
loud, being compared to the noise of many traction-engines heavily 
laden passing close at hand, or to a heavy crash or peal of thunder. But 
its chief characteristic was its extraordinary depth, as if it were almost 
too low to be heard. According to one observer, it was a low rumbling 
sound, much lower than the lowest thunder; and another compared it to 
the pedal notes of a great organ, only of a deeper pitch than can be 
taken in by the human ear, a noise more felt than heard. It will be seen 
presently how the sound, from its very depth, was inaudible to many 
persons.

A few observers described the sound in terms like those quoted 
above, but by far the larger number compared it to some more or less 
well-known type, and in many cases the resemblance was so close that 
the observer at first attributed it to the object of comparison. The 
descriptions, which present great varieties in detail, may be classified as 
follows: (1) One or several traction-engines passing, either alone or 
heavily laden, sometimes driven furiously past; a steam-roller passing 
over frozen ground or at a quicker pace than usual; heavy wagons 
driven over stone paving, on a hard or frosty road, in a covered way or 
narrow street, or over hollow ground or a bridge; express or heavy 
goods trains rushing through a tunnel or deep cutting, crossing a 
wooden bridge or iron viaduct, or a heavy train running on snow; the 
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grating of a vessel over rocks, or the rolling of a lawn by an extremely 
heavy roller; (2) a loud clap or heavy peal of thunder, sometimes dull, 
muffled or subdued, but most often distant thunder; (3) a moaning, 
roaring, or rough, strong wind; the rising of the wind, a heavy wind 
pressing against the house; the howling of wind in a chimney, a chim-
ney or oil-factory on fire; (4) the tipping of a load of coal, stones, or 
bricks, a wall or roof falling, or the crash of a chimney through the roof; 
(5) the fall of a heavy weight or tree, the banging of a door, only more 
muffled, and the blow of a wave on the sea-shore; (6) the explosion of a 
boiler or cartridge of dynamite, a distant colliery explosion, distant 
heavy rock-blasting and the boom of a distant cannon; (7) sounds of a 
miscellaneous character, such as the trampling of many men or animals, 
an immense covey of partridges on the wing, the roar of a waterfall, the 
passage of a party of skaters, and the rending and settling together of 
huge masses of rock.10

By the late-1930s Davison had accumulated a massive archive of twenty 
thousand mostly British anecdotal accounts and had categorized their 
sounds:

 1. Wagons, carriages, motor vehicles, steam rollers, traction engines, 
or trains, passing, as a rule very rapidly, on hard ground or a rough 
road, over a bridge or through a tunnel; the dragging of heavy 
boxes or furniture over the floor.

 2. Thunder, a loud clap or heavy peal, but very often distant thunder.

 3. Wind, a moaning, roaring, or rough strong wind; the rising of the 
wind, a heavy wind pressing against the house, the howling of 
wind in a gorge or chimney, a chimney on fire.

 4. Loads of stones falling, such as the crash of a shattered chimney, 
the tipping of a load of coals or bricks.

 5. Fall of heavy bodies, the banging of a door, the blow of a sea wave 
on the shore.

 6. Explosions, distant blasting, the boom of a distant cannon.

 7. Miscellaneous sounds, such as the trampling of many animals, an 
immense covey of partridges on the wing, the roar of a waterfall or 
the distant moaning of the sea, a low pedal note on the organ or the 
roll of a muffled and distant drum, the fall of heavy rain on the 
leaves of trees, and the rending or settling of huge masses of rock.11

He then correlated these types of sound to the distances at which they were 
heard and observed: “There is no very marked change in the percentage of 
references to passing vehicles, thunder, or the fall of heavy bodies. There is, 
however, a distinct rise outwards in the references to wind, and a decline in 
those to loads of stones falling and to explosions. The general result is that, 
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as the distance from the origin increases, the sound tends to become 
smoother and more monotonous.”12

Even when they are inaudible, earthquakes and other seismic events are 
acoustical. What cannot be heard can be felt, as acoustical waves move 
through the earth and move the ground, and subaudible sounds travel 
unheard from one end of the earth through to another. Seismology began 
in a modern form in 1857 with a systematic approach to instrumentation 
and proposals for distributed earth observatories, while the teleseismologi-
cal capability to detect events thousands of kilometers away developed from 
1889, when Ernst von Rebeur-Paschwitz detected an earthquake in Tokyo 
on his seismometers in Potsdam and Wilhelmshaven (over 8,000 km 
away).13 Seismologists had already calculated the velocity of seismic waves 
through different kinds of rock using controlled shocks set off by explo-
sives, thus making it possible for Rebeur-Paschwitz to calculate the time 
delay involved as a vibrating Japan washed up in the middle of Europe.

These receptions at earth magnitude were not Guglielmo Marconi’s 
s-s-s stretched 3,500 kilometers across the Atlantic Ocean in 1901, but the 
perturbations of seismometers in 1889. Indeed, the lines of Rebeur-
Paschwitz’s seismic readings were an observation reaching toward the 
“whole earth” long before the reverse astronomy of “earthrise” and “blue 
marble” photography in the 1960s.

It is impossible know whether Rebeur-Paschwitz experienced these 
marks aesthetically, but it is not impossible to do so. They involve the same 
foreshortening poetics of force, distance, and residual medium that Alvin 
Lucier found in whistlers. But instead of a lightning strike, there was an 
initial seismic shock; instead of electromagnetic signals traveling several 
earth radii into the magnetosphere and back to another hemisphere, the 
seismic waves traveled halfway across the earth; and instead of being prop-
agated through a diaphanous density of magneto-ionic flux lines, the waves 
traveled through rock. Both whistlers and seismic waves originated with 
monumental energy and resulted in small, discrete signals: pendular 
scratchings or glissandi. (This will be explored further in chapter 12, on 
long sounds and transperception.)

The sublime certainly returns when people hear seismological signals in 
sound. As Harold Allen recalls,

When I was a Senior Scientist on the staff of the Space Sciences 
Division of the Jet Propulsion Lab of the California Institute of 
Technology at Pasadena, California, Dr. Charles Richter, creator of the 
method for classifying earthquake intensities called the Richter Scale, 
treated me with a play back of a tape recording of earthquakes that he 

9780520257801_PRINT.indd   1379780520257801_PRINT.indd   137 27/07/13   9:46 AM27/07/13   9:46 AM

This content downloaded from 
�������������132.174.255.3 on Tue, 24 Nov 2020 04:37:57 UTC������������� 

All use subject to https://about.jstor.org/terms



Figure 8. Seismogram of Tokyo earthquake recorded in 
Potsdam by Ernst von Rebeur-Paschwitz, 1889. From 
Ernst von Rebeur-Paschwitz, “The Earthquake of 
Tokio, April 18, 1889,” Nature 40, no. 1030 (July 25, 
1889): 294–95.
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had made. First he played it at normal speed. The normal speed play 
back was muffled, dull, and not interesting. Then he played it at 20× 
[twenty times faster]. It was fantastic! I will never forget it!14

Such effusiveness is not limited to scientists and engineers; the eminent 
media theorist Friedrich Kittler too was moved by the uncanny property of 
seismic sounds in the laboratory:

Take an earthquake like the one in Kobe with thousands of casualties, 
seismographically record its inaudible slow vibrations, replay the signals 
of the entire horrific day in 10 seconds—and a sound will emerge. In 
the case of earthquakes that, like those in the Pacific, result from the 
clash of two tectonic plates, the sound will resemble a high-pitched slap, 
in the case of those that, like those in the Atlantic, are the result of the 
drifting apart of two continental plates, it will, conversely, sound like a 
soft sigh. Thus, the spectrum, that is, a frequency composition, gives the 
violent events timbre or quality: America becomes Asia. A short time 
ago I was privileged to hear the timbre of such quakes and I will not 
forget it for the rest of my life.15

Aesthetics are prepossessed in the device, to be sure, with intoxicating spa-
tial effects that Kittler had once revered in the stereo techniques in 1960s 
and 1970s album rock. However, instead of the spiral torque of a Pink Floyd 
LP reanimating space across a pair of home hi-fi loudspeakers, here was 
time compression that played back the spatial sounds of the Great Hanshin 
earthquake of January 17, 1995, across a transit prepossessed by the seismic 
real of atomic weaponry a half century earlier.16

Audiophiles had listened to sounds from the underground since the 
early 1950s, and before that America and Asia had decompressed sound and 
seismology in atomic warfare outside the laboratory. Modern seismologists 
had used controlled explosions since the beginning of their craft to calculate 
travel times in their own vicinity, but long-distance detection remained 
reliant on natural geophysical events. All that changed with the invention 
of a new seismological instrument: the atomic bomb. As later reported, 
“Early in the morning of July 14, 1945, a brilliant flash of light over a New 
Mexico desert ushered in the Atomic Age. When the occasion was publicly 
announced several weeks later, seismologists realized that at last a powerful 
tool was at hand for exploring the deep interior of the earth; an energy 
source of the magnitude of earthquakes having precisely known coordi-
nates in time and place.”17 The quickness with which seismologists wel-
comed atomic weaponry as instrumentation into their experiments was 
outstripped only by those who used entire cities as scientific test sites in the 
first place.
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The first atomic bomb was exploded at the Trinity test site near 
Alamogordo, New Mexico, on July 16, 1945. Seismographic and atmo-
spheric instruments detected the test from ten distant locations (from 437 
to 1,136 km away), measuring the ground waves and airwaves produced by 
the explosion.18 The seismic measurements were compared with earlier 
measurements of quakes traveling through different layers of Southern 
California, whereas the measurements of the atmospheric sound waves 
were calculated using historical data from, no less, Krakatoa.

William Laurence, science writer for the New York Times, recorded the 
sound on the ground at Trinity journalistically, delaying its release until 
after the atomic bombing of Japan. He was given a very high-level security 
clearance and was on the payroll of the US Department of War as a propa-
gandist. His reporting was positioned under the sign of gamma at the 
beginning of the atomic age, or rather, at Genesis on day one at ground 
zero. The occasion itself was apparently not self-sufficient enough to report 
objectively, since it called forth enough of a breathless mix of biblical fanat-
icism and high-modernist literature to secure him a Pulitzer Prize.

The nighttime Trinity test emitted “a light not of this world, the light of 
many suns in one. . . . One felt as though one were present at the moment 
of creation when God said: ‘Let there be light.’ ”19

The roar echoed and reverberated from the distant hills and the Sierra 
Oscurro range near by, sounding as though it came from some 
supramundane source as well as from the bowels of the earth. The hills 
said yes and the mountains chimed in yes. It was as if the earth had 
spoken and the suddenly iridescent clouds and sky had joined in one 
affirmative answer. Atomic energy—yes. It was like the grand finale of 
a mighty symphony of the elements, fascinating and terrifying, 
uplifting and crushing, ominous, devastating, full of great promise and 
great forebodings.20

The reference to echoing among the hills derives from Psalm 98, where 
“all the earth” is asked to “make a joyful noise unto the Lord . . . make a 
loud noise, and rejoice, and sing praise. . . . Let the sea roar, and the full-
ness thereof: the world, and they that dwell therein. Let the floods clap 
their hands: let the hills be joyful together.” Laurence elevated the hills 
to an erotic plane by echoing the words of Molly Bloom’s soliloquy: 
“first I put my arms around him yes and drew him down to me so he 
could feel my breasts all perfume yes and his heart was going like mad 
and yes I said yes I will Yes.”21 Just over a decade earlier James Joyce’s 
novel was considered pornographic; now it had joined the Lord in the 
first atomic orgasm.
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Laurence longed to repeat his petite mort with mass civilian death at 
Hiroshima but arrived too late at the Micronesian island of Tinian, departure 
point for the atomic bombing missions over Japan. He was onboard one of the 
bombers on the mission to Nagasaki: The Great Artiste. The bomber should 
have a place in discussions of art and science. It was named for the putative 
sexual prowess of its commander and would be emblazoned with the nose art 
of a Latin lover in the wake of the Zoot Suit Riots in Los Angeles, another 
moment from the war in the Pacific. The bomber’s mission was to drop radio-
transmitting instrument canisters on parachutes over Hiroshima and 
Nagasaki to measure the blasts. Unbeknownst to the citizens below, who had 
numerous reasons at hand for why they had been spared the conventional 
bombing that had leveled many Japanese cities, these were two cities that had 
been designated by the United States as “virgin targets.”22 As much as the 
instrument canisters, the cities were a means of scientific measurement.

Hibakusha (bomb-affected people) mentioned a noiseless flash: “Only 
those at some distance from the explosion could clearly distinguish the 
sequence of the great flash of light accompanied by the lacerating heat of 
the fireball, then the sound and force of the blast, and finally the impressive 
multicolored cloud rising above the city.”23 Fumiko Nonaka looked up just 
as “there was a piercing flash that bit into my face. I felt my body shrivel 
with a hiss like that of dried cuttlefish when you grill it.”24 For the people 
on the ground, the bombs’ spectacle of sight and sound would become 
embodied in the term pika don, Japanese for the flash of light followed by 
the onomatopoeia of the sound of the explosion. Third-degree retinal burns 
prevented many of those who saw the light from seeing again and, toward 
the upper range of the electromagnetic spectrum, gamma radiation was 
neither seen nor heard but nevertheless manifested in atomic bomb illness, 
atomic cancer, and the atomic plague.

Three months later, the people of Los Angeles could see and hear it for 
themselves. On October 27, 1945, they gathered in the Memorial Coliseum 
for the Tribute to Victory, a reenactment of the atomic bombings, with a 
spectacle reminiscent of Albert Speer’s Cathedral of Light at the Nuremberg 
rallies and with similar technical specifications: fifty searchlights of 800 mil-
lion candlepower each, letting there be light. The Hollywood actor Edward 
G. Robinson narrating the spectacle over a public address system. As the Los 
Angeles Times reported, “At a signal, a low-flying B-29 skimmed over the 
bowl, the multicolored searchlight beams tinting its gleaming silver with 
pastels. As the big bomber roared over the peristyle, a terrific detonation 
shook the ground, a burst of flame flashed on the field, and great billows of 
smoke mushroomed upward in an almost too-real depiction of devastation. 
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As the smoke snaked skyward, red and blue lights played over the white 
column with magic effectiveness.”25 The audience unwittingly emulated 
other features of the bombing. Depending on estimates, the hundred thou-
sand people who gathered for the event at the coliseum were about the same 
number who had died at Nagasaki by the end of August.

Although the Trinity test was the first high-energy explosion to have 
“seismic significance” in an instrumentalist logic of geophysics, it was 

Figure 10. Tribute to Victory, 1945. “Nearly a hundred 
huge lights totaling billions of candlepower cover the Los 
Angeles Memorial Coliseum with a multicolored crown 
for the Tribute to Victory Celebration of October 27th. 
Each light is of 800 million candlepower and each is 
equipped with a 16-foot color wheel, the largest ever built, 
the formation throwing designs of multicolored lights to 
crown the spectacular presentation.” © Bettmann/
CORBIS.
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detonated, like the bombs over Hiroshima and Nagasaki, aboveground and 
thus did not erotically “couple” with the earth to register a significant 
“range of seismic perceptibility.”26 Along with William Laurence’s biblical 
orgasm, this evoked once again the ecstatic trance and immense wooing of 
the cosmos under the spirit sign of technology that Walter Benjamin saw 
enacted on the killing fields of World War I. However, the first true atomic 
coupling, one that would truly communicate through planetary vibration, 
would have to wait until Bikini Atoll.

There was a series of tests at Bikini. Only the observers of the Trinity 
test and the inhabitants of Hiroshima and Nagasaki had ever seen and 
heard an atomic explosion; the Bikini tests were reenactments that would 
upstage the Tribute to Victory at the Los Angeles coliseum. The whole 
world was invited to the spectacle and for those who could not attend it was 
the most photographically and cinematically recorded event in history. It 
caught the eye of French designers, who developed a female swimsuit at the 
atomic scale that meant that the depopulation of the Marshall Islands 
would be coupled with sexually charged fashion in the West.

For scientific and military purposes, innumerable sensors and receivers 
were poised like cameras to capture and distinguish all the signals. The first 
test was an airburst like the first three atomic explosions—Trinity, Hiroshima, 
and Nagasaki—so its “seismic significance” was limited. The Bikini Baker 
test, however, was conducted about thirty meters underwater in the lagoon 
surrounded by the atoll and thus had greater earth coupling, with perceptibil-
ity registered at seismological stations in the atomic homeland in the south-
west quadrant of the United States, a signal return toward Trinity.27

The seismologist Charles Richter noted that “we felt that the elapsed 
times from the [Bikini Baker] shot, which of course was very accurately 
timed, to the arrival of the seismic waves at these stations were perhaps the 
single most important observations made in instrumental seismology up to 
that date, because they were the first to give us an absolutely positive con-
trol over the speeds of the propagation of seismic waves to large dis-
tances.”28 Later, two scientists in Australia found evidence in Operation 
Castle, the series of hydrogen bomb tests at Bikini Atoll, to support the 
existence of the inner core of the earth.29 These were but opening salvos in 
the intimate relationship that militarism would develop with the earth sci-
ences and seismology.30

•  •  •

“New York is a trembling city. It quivers most when subway, bus, elevated 
railroad and motor traffic picks up in morning and evening rush hours. 
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Heavy milk trains make its rocky underpinning jig before dawn. 
Earthquakes clear across the world can titillate it.”31 So wrote Meyer Berger 
in his New York Times column on Wednesday, August 19, 1953, with the 
heading “2 Quakes, Blast and ‘Atom Bomb’: Busy Night.” It was a character 
sketch of Reverend J. Joseph Lynch, a seismologist from a strong tradition 
of Jesuit seismologists, equipped with his battery of seismometers sunk into 
the bedrock running under Fordham University. One of the seismometers 
was a supersensitive Benioff model that could “multiply tremors 100,000 
times” and detect events thousands of miles away.

On Sunday, August 16, 1953, just before midnight, the New York met-
ropolitan area was rocked by a tremor at about the same time as a large gas 
explosion at the New York Naval Shipyard in Brooklyn claimed the lives of 
two workers. Newspaper reporters woke Father Lynch out of his sleep to 
find out what the seismometers said. It turned out that a small earthquake 
centered in Bergen County was felt throughout the city at 11:22 p.m. and 
the shipyard explosion had occurred at 11:33 p.m., with the explosion leav-
ing no distinct seismic mark, but it happened to have occurred “in the same 
split second as a faraway quake” some two thousand miles away. Lynch was 
not able to get back to bed until the early morning hours because people 
“celebrating the Feast of St. Rocco were touching off a new type of carnival 
explosive that the trade jestingly calls Atom Bomb, because it’s louder than 
old charges. Nervous people kept calling to ask Father Lynch if we weren’t 
having a string of local earthquakes.”32 Earthquakes and atom bombs were 
on people’s minds on August 19, 1953, the day of Berger’s column, and not 
just because of the local tremor. One week before, a series of earthquakes 
had devastated two of the Ionian Islands off Greece and international relief 
efforts were well under way. The day after the column, August 20, the New 
York Times reported that the Soviet Union had exploded its first hydrogen 
bomb.

Meyer Berger was not finished with atomic age earthquakes. His column 
on April 4, 1955, “Earthquakes and Cosmic Music for Sale on Disks” begins,

Elemental forces that once affrightened men or excited them to awe 
are entrapped today in vinyl from Atom Age entertainment. On Friday, 
for example, the daily journals carried front-page accounts of an 
earthquake in the Philippines. On the same day, by coincidence, Emory 
D. Cook, sound wizard, released earthquake recordings for home 
use. . . .

Now anyone can step into a record shop and say, “Sell me a earth-
quake,” and have one wrapped for him on the spot. In the parlor the 
purchaser can sit back and smugly hear Mother Earth in anger.
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He gets the full earthquake effect. Cracking and sundering forma-
tions deep in the globe give off vibrations that make the ears slat like 
window shades. The rooms seem to shake. Some of the quakes burst like 
thunder. At one point the listener is told to watch the record to see his 
needle actually imitate earth’s writings in labor.33

The earthquakes on sale were recorded by Hugo Benioff at Cal Tech using 
a seismometer of his own design. Along with Charles Richter, Benioff was 
one of the most recognizable names in seismology because his seismome-
ters were used so widely. He tape-recorded the earthquakes and played 
them back at different speeds on side A of the LP Out of this World, another 
recording by Cook Laboratories. We have already discussed Emory Cook, 
“the first king of audiophile spectacle”;34 the “cosmic music” that Berger 
mentions on the B-side consisted of the sounds of whistlers and ionospheric 
radio recorded by Millett Morgan that Alvin Lucier used for his composi-
tion Whistlers in 1966.

Out of This World rendered the acoustics of earthquakes and other seismic 
events sensible to audiophiles, citizen scientists, amateurs, and others through 
their home-entertainment equipment. There was a persuasive proxy technol-
ogy at play, set up through the similarity between the seismometer at Cal 
Tech and the hi-fi system, “as though we were to place the needle of a pho-
nograph cartridge in contact with the bedrock of the earth in Pasadena.”35 
Audiophiles were put at ease by being assured that certain subtle noises they 
heard were the product of a technological sophistication capable of sensing 
microseisms caused by “meteorological conditions, originating in the depths 
of the oceans, shaking ocean bottoms in some sort of immense resonant phe-
nomenon.”36 There was nothing wrong with their equipment; instead, the 
noise floor they heard was evidence that the entire “earth never quite ceases 
its moving.”37 This idea was brought home finally in the possibility that the 
low frequencies on the recording might damage speakers or cause the tone 
arm to bounce around. As the album notes half-jokingly read,

earthquakes for home use
It is understood as a condition of sale that Cook Laboratories, Inc., will 
in no way be responsible for damage this phonograph record may cause 
to equipment directly or indirectly. For users with wide-range woofers 
this disclaimer shall be construed to include neighbors as well, dishware 
and pottery.38

And, to put the earthquakes themselves in a way that everyone would 
understand, “The Bikini underwater atom bomb produced a magnitude of 
5.0 at Pasadena, comparable to the 6.75 of the nearer-at-hand Hawaiian 
shock.”39
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Figure 11a. Hugo Benioff with his electric cello, 1945. Image courtesy of the 
Benioff family.
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Figure 11b. Hugo Benioff’s loudspeakers for frequency 
groups of the electric cello: 40–300, 300–3,000, 3,000–
14,000 cycles. Image courtesy of the Benioff family.

Out of This World was not Hugo Benioff’s first venture in combining his 
seismometric instruments with sound; he also used his instrumental know-
how to create some of the earliest examples of electrical violins and cellos. 
“Quake Inspired Violin Invention; Tone Said to Astound Musicians; New 
Instruments, Developed by Dr. Hugo Benioff on Seismograph Principles; 
Are Played in California Concert,” read a 1938 New York Times article.40

The instruments had no resonant bodies but instead worked on the same 
piezoelectric principles as Benioff’s seismometers, with a distorting crystal 
or crystals for “controlled transduction of the energy of string vibrations 
into electrical energy vibrations” that were then highly amplified.41 Instead 
of a unitary bridge of, say, a violin that transfers the vibrations of the 
strings to the resonant body of the instrument where they are acoustically 
amplified, the bridge mechanism on Benioff’s instruments were segmented, 
with each string having its own element that transferred vibrations directly 
to a transducer. The only resemblance they had to regular instruments was 
from the standpoints of appearance and that of the performer, “who is 
accustomed to the physical form and ‘feel’ of the standard instrument.”42 
Benioff’s electric cello was made of maple and weighed twenty-five pounds, 
and each of its three frequency ranges (40–300, 300–3,000, and 3,000–
14,000) was equipped with its own loudspeaker.
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This was not a simple technological transfer; there were earth-scale 
acoustics involved. Studying massive earthquakes over 8.0 on the Richter 
scale, Benioff noted a similarity between the buildup and release of a “world-
wide stress system” and the behavior of a bow moving across a string.

Thus the constant speed of the bow corresponds with a constant rate of 
strain generation within the crust. At the conclusion of an active period 
the faults all become locked corresponding with the phase in the bowed-
string cycle when the string becomes attached to the bow. During the 
quiescent period, the strain accumulates at a constant rate in the same 
way that the string is displaced by the bow at a constant rate. Finally, 
when the stress becomes greater than the locking friction, the faults 
begin to slip and this corresponds with the condition in the string cycle 
when the bow loses hold of the string.43

Unlike the string of a Pythagorean monochord myth of a rational corre-
spondence between a particular type of music and the cosmos, Benioff’s 
analogy was better grounded. One difference between earthquakes and the 
mechanism for his stringed instruments, however, was that the latter were 
“of such nature that no uncontrollable vibrations are introduced to the 
system.”44

Benioff built a cello based on the principles of his seismographic fiddle 
but his musical instruments, although geophysical, never became properly 
geopolitical. In contrast, while at Bell Labs (1959–64), Sheridan Dauster 
Speeth worked on a method for distinguishing the sound of naturally 
occurring seismic events from those of underground nuclear blasts using 
sound. In this task he would appeal to the ears of cellists.

Speeth was an intense and intriguing polymath, autodidact, inventor, 
and peace and antipoverty activist who, during the 1960s, interacted with 
some of New York’s most interesting artists. He studied under B. F. Skinner 
at Harvard and received his PhD from Columbia University while working 
concurrently at Bell Labs in Murray Hill, New Jersey. He developed exper-
tise in psychoacoustics, mathematics, and computation and in 1959 began to 
educate himself in geophysics and seismology: “My finest professional 
achievement [while working at Bell Labs] was the discovery of a set of tech-
niques for distinguishing underground nuclear explosions from natural 
earthquakes using seismic signals (low frequency sound). I also worked on 
the detection of signals in noise by the ear, synthetic sounds and music, the 
statistical structure of music, and related subjects.”45

Seismology did not play a significant role during World War II; it gained 
greater attention in the lead-up funding for the International Geophysical 
Year but was still a much lower priority compared to other earth and 
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atmospheric sciences.46 All that changed when President Eisenhower, 
through negotiations for a test-ban treaty with the Soviet Union, initiated 
a research and development program in seismology for underground test-
ing detection (later known as Project Vela Uniform). Preliminary investiga-
tions had already been undertaken of the first fully contained underground 
test—the Rainier shot at the Nevada Test Site on September 19, 1957—but 
they were limited by a lack of coordination and the inconsistent quality of 
the readings. Seismic measurements of the explosions conducted under 
Operation HARDTACK at the Nevada Test Site during 1958 were 
approached more methodically by the US Air Force and resulted in the first 
substantial data sets for underground testing.47

It was under the aegis of Eisenhower’s decree and the sets of data available 
from Operation HARDTACK that Speeth turned his attention toward seis-
mology in 1959. Speeth’s progressive political and humanitarian interests 
both motivated and inhibited his seismological work.48 He was confident that 
his research would contribute to slowing down the nuclear juggernaut, but 
his political affiliations and peace activism drew suspicion and kept him from 
a level of security clearance that would have supported his research.49 Speeth’s 

Figure 12. Seismograph stations arrayed across the United States during 
Operation HARDTACK underground nuclear tests, October 1958. From Carl 
Romney, “Amplitudes of Seismic Body Waves from Underground Nuclear 
Explosions,” Journal of Geophysical Research 64, no. 10 (October 1959): 
1489–98.
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paper “Seismometer Sounds” was finally published, but only after a series of 
delays and revisions, including the elimination of an entire section 
“Suggestion for a Detection System,” which would have been an opportunity 
to connect his research more directly with arms control.50

What Speeth did was to render seismometric data audible in order that 
signals from nuclear explosions and naturally occurring events could be 
differentiated by trained listeners. Seismic data from a nineteen-kiloton 
explosion (Blanca, on October 30, 1958) was recorded at distances of 600, 
900, 1,000, 1,200, 3,000, and 4,000 kilometers, and also a five-kiloton explo-
sion (Logan, on October 16, 1958) recorded at 500, 700, and 4,000 kilome-
ters.51 Along with earthquake data from Bell Labs’ seismometry lab at 
Chester, New Jersey, the data from HARDTACK was then “digitalized,” 
dumped off onto analog tape, and played to test subjects who had been 
trained to listen for the differences.

Using psychological skills learned from his studies with Skinner, Speeth 
trained students from a local high school and staff members at Bell Labs to 
discriminate between bombs and quakes—BQ or QB—with a reported 
positive identification at 90 percent. Eventually, he preferred individuals 
with a different type of behavioral training, that is, with cellos. Speeth was 
a gifted violinist who had trained for many years at the Cleveland Institute 
of Music before attending Oberlin College, but violinists did not regularly 
dwell in the lower frequencies of seismic sounds. At first he thought that 
bass players would be best on the low end, but he found that their pitch 
discrimination was not as keen as cellists’.52 Although the cellists would 
soon lose out to algorithms and computers, Speeth was, as his brother said, 
“pleased and somewhat amused to give employment to a bunch of cello 
players for a short period of time.”53

Speeth brought his musical skills into play with seismological sounds in 
another regard. During the late 1950s and early 1960s, the acoustics and 
behavior section at Bell Labs was at the forefront of digital sound technol-
ogy and early developments in computer music. Speeth worked closely 
with Max Mathews, who is perhaps best known for developing digitally 
synthesized sound for music with his MUSIC programs. In fact, Speeth’s 
twelve-tone composition Themes and Variations was included on a record 
produced at Bell Labs, Music from Mathematics: a significant recording in 
the early annals of computer music.54 The short hornpipe-sounding com-
position, as with all the compositions by others on the recording, was made 
on an IBM 7090 computer with a “digital to sound transducer,” the same 
equipment Speeth used for his seismological research; it was capped off 
with a very short coda, under two seconds, of a noisy blast described on the 
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liner notes as “a computer-processed recording of a seismogram, sped up by 
a factor of 300.”55

During the 1960s, Speeth interacted with a number of significant artists 
in the New York area. While he worked at Bell Labs, his office was just 
down the hall from James Tenney, who was a composer-in-residence of 
sorts under the auspices of conducting psychoacoustic research from 1961 
to 1964. Tenney’s partner was the artist Carolee Schneemann, who would 
become very well known for her passionately political and erotic work in 

Figure 13. Alice Neel, Sherry Speeth, 1964. Oil on canvas, 
42 × 28 inches. © The Estate of Alice Neel, courtesy of 
David Zwirner, New York/London.
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painting, dance, film, and performance. It was Speeth who introduced 
Tenney and Schneemann to the writings of Wilhelm Reich, which proved 
to be very important for both of them.56 He also lent the term chronotrans-
duction, in lieu of opera, to Escalator Over the Hill: A Chronotransduction 
(1971), perhaps the best-known work of composer Carla Bley and poet and 
lyricist Paul Haines, a friend of Speeth; but art audiences may know Speeth 
as the subject of one of Alice Neel’s most recognizable paintings (Sherry 
Speeth, 1964).57

After leaving Bell Labs, Speeth worked on classified military projects in 
avionics at Cornell Aeronautical Laboratories in Buffalo, New York, from 
1965 to 1967 and also worked on “unconventional armaments,” including a 
sound weapon aimed at sphincter relaxation, what would later become 
known as the “brown note” among post-punk literati, and a device that 
blurred enemy vision. The composer Gordon Mumma remembers similar 
military research at Willow Run Laboratories near Ann Arbor: “low-fre-
quency air-vibration assaults on human organs, e.g., the bladder and anal 
sphincter, which had the effect of involuntarily releasing existing human 
contents. That was very much on the far side of the basic seismological 
research,” in contrast to the seismological priority of petroleum exploration 
in the bowels of the earth.58 For Speeth, design of nonlethal armaments was 
a continuing compromise between his scientific skills, funding opportuni-
ties, progressive politics, and peace activism, a compromise he soon aban-
doned to design toys, educational devices, and equipment for disabilities.59

•  •  •

Gordon Mumma has been mentioned in this book several times already. In 
what follows, I concentrate on the setting that gave rise to his series of 
compositions called Mographs, based on seismographic data of naturally 
occurring seismic events and underground nuclear testing. These composi-
tions were significant in many respects; for the purposes of our discussion, 
they represent an early musical relationship to geophysical data, a render-
ing of the “long sounds” of seismic activity, and they presaged the way in 
which earth-scale phenomena and the material culture of Cold War science 
were manifested in works by other artists and musicians, specifically, in 
Whistlers by his friend and collaborator Alvin Lucier. Moreover, the scien-
tific context within which the Mographs arose happened to be animated by 
the research of Sheridan Speeth.

Mumma is central to any conception of American experimentalism and 
one of the most cogent commentators on its activities, during the 1960s and 
since. He was associated with the ONCE Group in Ann Arbor and with 
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Sonic Arts Union (with Robert Ashley, David Behrman, and Alvin Lucier), 
and he composed, performed, and toured for years with John Cage and 
David Tudor while in residence during the intense period from 1966 to 
1974 with the Merce Cunningham Dance Company. Among his fellow 
musicians he has been a rich resource of technological creativity and, in 
contrast to the institutionally supported centers of electronic and computer 
music, Mumma was one of the groundbreakers of the now-pervasive DIY 
aesthetic in live electronic music. He also holds an important position in the 
recent history of science and the arts. His musical and technological exper-
tise and his scientific as well as theatrical and literary interests are all the 
more remarkable considering that he is largely an autodidact or, rather, 
make sense because of this.

Mumma began tinkering with electronics while he was a boy during 
World War II. In the years after the war, scarcity transformed to largesse as 
military surplus stores grew flush with electronic gear, and during the 
1950s he could be found scouring the shelves. He was not alone: live elec-
tronic music and DIY across the arts in the United States benefitted from 
military excess.

He also practiced his craft on radios and his father’s phonograph: he 
would dismantle them while taking notes, put them back together, and they 
would work fine. While at summer music camp at Interlochen in Michigan, 
the otherwise conservative repertoire took on additional interest when the 
camp technician took the performances he had cut onto a phonograph disc 
and played them back through an oscilloscope. Everything was enthralling 
when converted to frenzied lines on a tiny radar or television screen. At the 
same camp, another character pulled Mumma aside and introduced him to 
arcane tuning systems. In one summer he gained an unofficial education in 
both old and new possibilities for music.

He did not last long in the Music Department at the University of 
Michigan, fleeing instead into the ranks of literature and theater more open 
to the challenges of the contemporary. “I didn’t take note, or have any under-
standing, or respect for the boundaries between music, literature, theater,” a 
sentiment he maintained throughout his career.60 In the disciplinary logic of 
American academe, music did not need theater but theater needed music. To 
protect student composers from being accused of an unproductive distraction 
by their own department, the Theater Department credited them on the pro-
grams with “sound” rather than music. “Gordon Mumma, sound: that was a 
very great treasure, because sound—that got me off the hook,” he says.

The Theater Department had two new tape recorders for playing music 
at rehearsals and during productions. Mumma used them for composition, 
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not just recording and playback; cutting and splicing and changing tape 
speed generated results in the field of musical experimentation. On song, 
he took one apart, took notes, and put it back together. He used these skills 
in 1961 for customizing a two-track tape recorder, adding an additional set 
of heads; it was portable so he took it across the Atlantic for the ONCE 
Group performance at the 1964 Venice Biennale.

“Sound” allowed Mumma mobility between literature, theater, and 
music, and his DIY abilities opened new possibilities in compositional prac-
tice and live electronic music. He could modify anything and construct 
“instruments that had no cultural precedence.” He recalls, “I had no—this 
is important—no cultural precedence imposing upon me to make sounds or 
music or whatever.” In the late-1950s, there were not very many musical 
works to emulate, even if he had wished to do so. “I had no repertory except 
my own,” he says. This no doubt freed him to compose music from among 
the sounds of his daily life that, in the early 1960s, happened to be the 
laboratory sounds of earthquakes and underground nuclear explosions he 
encountered at his day job.

Mumma left the University of Michigan but remained in Ann Arbor, 
attaching himself to its cultural life and patching together his economic exis-
tence by holding down a battery of part-time jobs. He was happy to land a 
full-time job at the Willow Run Laboratories in nearby Ypsilanti. During 
the war, the site was occupied by Ford’s huge B-24 bomber manufacturing 
plant; after the war, part of the area was sold to the University of Michigan, 
which established the Willow Run Laboratories as a bastion of Cold War 
research. Mumma was hired at Willow Run to assist researchers in air-traffic 
control and systems analysis and to write reports. He was, in his own words, 
a “writing janitor” employed to clean up the language of others.

Since he had only a low-level security clearance, his work had little to do 
with sensitive military-related research and he had no working connection 
with the Seismics Group at the Acoustics and Seismology Lab (ASL). He 
was familiar with the topic of seismology, having been interested in a full 
range of acoustics since his teens. For whatever reason, one day he was 
invited “to listen to speeded-up tape recordings of seismic activities, i.e., 
speeded up to be in human-audible range,” at the ASL. This was not a crit-
ical breech of security; although there were different levels of classification 
(which some of my correspondents from the period were still careful about 
nearly a half century later). Much ASL research went into the public 
domain fairly quickly, including some findings pertaining to underground 
nuclear testing. Secrecy had to contend with both the dynamics of generat-
ing knowledge and the theater of domestic and international politics.
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It is not known who exactly invited Mumma to listen to the tapes, 
although it could very well have been Gordon Frantti from the Seismics 
Group at the ASL. Frantti had been in the lab for several years. He studied 
the energy spectra of seismic events and, with Leo Levereault, authored a 
1964 report and published a 1965 paper that focused on the ability to dis-
criminate through listening between earthquakes and nuclear explosions. 
The 1964 report took as its point of departure Sheridan Speeth’s 1961 
research paper at Bell Labs mentioned earlier in this chapter, but instead of 
testing musicians’ ears, it used as its twenty-three test subjects “staff mem-
bers of the Acoustics and Seismics Laboratory, including engineers, techni-
cians, secretaries, and student assistants.”61

Mumma’s first Mograph was in 1962, so he would not have been among 
the test subjects. If the tests had been carried out earlier, then Mumma 
would have remembered the mind-numbing formality of making the 
“approximately 1500 auditory decisions” required of each test subject. 
More likely, he was part of a preliminary stage of the research or was sim-
ply invited to listen because the researcher knew of his musical background 
and scientific interests. Yet it was clear that these tests had no special agenda 
involving musicians. When I told David Willis, the director of the ASL at 
the time, about Speeth’s preference for cellists at Bell Labs, he replied, “The 
ears of acousticians are perfectly fine.”62

There was common ground between Mumma and the researchers 
because seismology was a land of tape recorders. Mumma remembers being 
taken into a room at the ASL and seeing a range of instrumentation, a 
number of regular tape recorders that traded with each other at high and 
low speeds, one tape recorder that had obviously been customized, and very 
nice AR loudspeakers everywhere. Compared to the gear that he and his 
fellow musicians were scraping together, such largesse struck him as war 
booty, not just the goods bought with the flush of Cold War funding, but 
also the fact that tape recorders themselves were the engineering spoils of 
German defeat.

The main attraction of seismology to tape recorders was that “the signal 
is stored in electrical form so that the equivalent of the original event can 
be recreated at any future time,” as one of David Willis’s papers stated.63 
Through the tape recorder, earthquakes and explosions became portable 
and repeatable. This allowed traffic between the field and the lab but also 
mobility on the battlefield. The ASL was a part of the multifaceted Project 
Michigan that involved sensing used for detection and command and con-
trol.64 Detection of presence and magnitude pertained to the enforcement 
of nuclear testing treaties, whereas command and control was applicable to 
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battlefield decisions. While Mumma could travel lightly with his custom-
ized four-track recorder to the Venice Biennale, seismologists were aiming 
for their machines to travel into the fields to detect the seismic and low-
frequency signatures of enemy tanks, submarines, and sea vessels. 
Monitoring is integral to targeting.

There was additional common ground between the concerns of seismol-
ogy, music, and electronic music. As Mumma stated, “Time-shifting and 
space-shifting, fundamental to the context of seismology, have always been 
an issue for some performing musicians, e.g., organists who perform in 
many different ‘time-delay’ and ‘space variant’ spaces. For me the entire 
context included the ongoing and natural ‘warping’ of our acoustical and 
psycho-acoustical perceptions, the positioning of sounds in time and con-
trastingly diverse spaces.”65 Speeding up, slowing down, delaying, and 
reversing sound had been employed since the 1920s, both in the construc-
tion of sound film tracks (for music and sound effects) and in the use of 
phonographs for music composition.66 This tendency became codified in 
musique concrète beginning in the late 1940s, first in the use of phono-
graph discs and then with tape recorders, and during the 1950s tape loops 
began to be used in live performance. The Seismics Group used giant tape 
loops up to 150 feet long, as did John Cage in live performance in Rozart 
Mix (1965). Seismologists by necessity were interested in the lower bounds 
of the audible and so were composers such as Alvin Lucier and Pauline 
Oliveros. Someone in the ASL told Mumma that increasing the speed of 
the tape recording made the seismic events sound more musical, whereas 
Mumma himself thought that they were already musical at the slow pace 
of twenty hertz, that is, as they become audible. Finally, Frantti and 
Levereault played earthquakes and explosions in reverse to their listening 
subjects. The initial sonic attacks of the events were disorienting, so they 
thought that it might help people discriminate between types of events by 
tactically sneaking up on the attacks from the rear.

Attack is apropos when attempting to detect a nuclear explosion. Attacks 
were, likewise, in the vernacular of electronic musicians and piano players. 
An attack is punctuation that occurs at the beginning of a sound envelope, 
the structure of a typical sound event. It is a major or minor onslaught of a 
sound out of silence or one that differentiates itself from a noise floor, after 
which it sustains and decays. It announces a world of cause and effect that 
is enacted or defeated. Piano keys and pedals are struck and depressed in the 
millisecond timing of a trained musician’s anticipatory reflexes, whereas 
the trigger on a nuclear device could give way to centuries of radioactive 
decay.
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A distant seismic event is particularly good for experimental music 
because there are at least two classes of attack. The same event creates pri-
mary and secondary waves (P-waves and S-waves). Although they are now 
known for their vibrational characteristics (pressure waves and shear 
waves), the designation referred to the difference in arrival times due to 
how waves propagate through different media. Their relationship was key 
to identifying the source (location, type of event) and therefore critical in 
the entire mission of the ASL.

The staggered timing of the event added dimensions to the triangulated 
monitoring from different locations, evoking a terrestrial space that, for 
Mumma, corresponded to the acoustics of performance spaces.

P-waves and S-waves, which come from the same source, travel 
different routes, and are received by distant seismograph stations at 
different times. In listening to their sounds, I could follow most of the 
polyphony, and brought my classical music “counterpoint” analysis 
skills to the process. Also, the “attack” characteristics of underground 
explosions, tending to be immediate, were very different from the 
aggregate slipping attacks of rumbling earthquakes and tectonic plate 
stress-releases. The “slipping” attacks were clearly of lower 
“fundamental” frequency than the short-duration explosion attacks. I 
identified the earthquakes as having a legato-articulation rather than 
the explosion’s staccato cluster—my musical analysis.67

Mumma’s exposure to the laboratory sounds of seismic events led him to 
create a series of compositions called Mographs. They were named by their 
size and year composed, their size being an allusion to magnitude associ-
ated with seismic events and size mograph a pun on the source of data 
(seismograms, diagrams, and maps from the ASL). Whereas Benioff and 
Speeth concentrated on cellos and violins, the Mographs were composed for 
piano, multiple pianos or, in the case of Medium Size Mograph 1963, piano 
(four hands) and specially designed electronics.

The Mographs have been seen as an early example of sonification, that 
is, an auditory means of data display, but they transcend any indexical rela-
tionship that might be associated with sonification with their great variety 
of compositional approaches and instrumental techniques.68 In the 
Mographs, time is split between attacks, slowed down by the medium of the 
earth, sped up by techniques of the tape recorder, or arbitrarily set through 
a visual correlation of data and musical notation. The distances and spaces 
once associated with speed and duration are contracted and stretched. Yet, 
underneath all this malleability is an earth-scale event. As Michelle Fillion 
summed it up, “Although the pitches, registers, and vertical combinations 
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are the composer’s choice, the rhythmic attacks and some of the dynamics 
are predetermined by the seismic wave patterns. . . . The resulting sound-
scape unfolds with the unpredictable conviction of nature.”69

The scores themselves are a meeting point of new forms of musical 
notation with the graphical practices of laboratory science. Some are pre-
cisely notated, whereas Medium Size Mograph 1962 is a “choreographic 
map of performance activities” describing positioning of the hands but not 
specific notes, relating geophysical motion to movements at the keyboard. 
Some Mographs are exceedingly short, such as Very Small Size Mograph 
1962, which in effect is an isolated attack with a long resonant decay, as the 
instructions read: “With all dampers raised. Precise, loud attack. Hold until 
inaudible.”

In Medium Size Mograph 1963 Mumma attacked the attacks and 
enlisted his technological skills to do so. Following from his earlier compo-
sitions, this Mograph was for piano. The piano related to his technological 
interests because he understood the piano itself as a piece of technology, 
even though he was frustrated with its inability to remain current.70 
Everything came together in Medium Size Mograph 1963, in which the 
piano met live electronics. It was Mumma’s first cybersonic composition 
and one of the key works in the early history of live electronic music.

Just like Frantti and Levereault, Mumma realized that “the initial milli-
seconds of the sound ‘attack’ were important in identifying the character of 
the sound source,” and this was one of his initial motivations for the work.71 
In the 1950s he had experimented with cutting moments out of the attacks 
from recordings of certain instruments, and he noticed that even trained 
musicians would have difficulty identifying the source. Instead of using a 
razor blade to cut slivers of audiotape, Mumma created circuitry (a diagram 
of which is included in the score) that “changed the articulation of the piano 
sounds by a gated envelope-follower, readjusting the natural acoustical 
envelope of the piano’s attack and decay, so as to have the attack character-
istics occur slightly after the piano sound had already begun.”72 By elec-
tronically splitting the attack, he sought to modify the sound “so that ini-
tially the piano kept some of its ‘identity,’ and as the MSM 63 progressed 
that ‘identity’ would metamorphose into a more ‘distant identity.’ ”73

In his essay on the ONCE Group, Richard Schmidt James commented on 
Mumma’s ability to relate seismographic data to compositional practice: 
“The arrival pattern of the wave front of an underground explosion is actu-
ally quite complex, due to the variable refraction of different geological 
strata. As a result Mumma could, for instance, derive all of the specified 
duration relationships of Medium Size Mograph 1963 from a single seismic 
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event—certainly a novel variant on the serialists’ preoccupation with deriv-
ing an entire piece from a single motivic cell.”74 By “explosion” perhaps 
James was referring to Large Size Mograph 1962, for which the catalog 
entry reads: “A totally serialized composition for piano solo. The rhythmic 
figures and sequence durations are derived from seismographic recordings 
of wavefront arrivals from the Mt. Rainier underground nuclear explo-
sion.”75 By “Mt. Rainier,” Mumma actually meant Rainier Mesa at the 
Nevada Test Site, where the first full coupling of a nuclear bomb with the 
earth occurred.76 It was, consequently, also where the problem of distin-
guishing a “shot” from other seismic sounds became evident.

Members of the ASL made regular trips to the Nevada Test Site. David 
Willis returned to Willow Run one time and found that Mumma had been 
moved into his office. Although there were many low-level staff members, 
Willis remembered Mumma decades later because Mumma, besides being an 
unusual name, was also his wife’s maiden name. Later, Willis was also 
involved in underground tests on Amchitka Island, including the detonation 
of the Cannikin test, the largest underground nuclear explosion by the United 
States; he was later employed by the oil industry. This was not uncommon. 
Seismologists, once a subaltern class among scientists, received increased 
funding, job security, and influence through their association with the energy 
sources of big underground economies: nuclear testing and the petroleum 
industry. What was once a geophysical craft had become geopolitical.

Seismological monitoring was also used by the United States to deter-
mine the feasibility of conducting illegal tests, ostensibly by others but also 
by itself. If a blast in a certain substrate or within a certain type of cavern 
could be absorbed, then tests larger than specified in a disarmaments treaty 
could be carried out. The most public of these were two nuclear tests in a 
salt substrate below inhabitants near Hattiesburg, Mississippi. The point 
for signal discrimination, therefore, was not merely to denote detonation 
but also to control ambiguity and create confusion.

Mumma remembered two researchers at the ASL discussing plans to 
contact seismologists involved in oil exploration to learn how to best 
achieve such masking. He also heard about the tactic of distraction, in which 
the noise of conventional explosions was to be used to mask a nuclear test, 
thus the task of better identifying signals was used to better confuse them. 
He said that nature, the earth, was only part of the propagation being stud-
ied; the rest was political. As a musician he could hear the differences in 
attack clearly but knew that that was not the point, that there was a purpose 
for all the underground clutter: “Nothing clean, let alone the confusion of 
activity underground. It was all political activity.”77
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