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For Janna,

and for the strangers these letters are addressed to.
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There is no remembrance of former things; neither
shall there be any remembrance of things that are
to come with those that shall come after.

Ecclesiastes 1:11

But the iniquity of oblivion blindly scattereth her
poppy, and deals with the memory of men without
distinction to merit of perpetuity.

Sir Thomas Browne, Hydriotaphia, Urn-Burial (1658)

Ah, but a man’s reach should exceed his grasp, Or
what’s a heaven for?

Robert Browning, “Andrea del Sarto” (1855)
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PROLOGUE

Hope Has No Shovel

Watch what the body does with a wish. The child inhales be-
fore the candles, holds the secret behind her teeth, then gives
it to the room with one hard breath. Lovers press lips to a
palm and push the kiss off the hand like a paper boat, up to-
ward a window, a balcony, a departing train. A meteor scratch-
es the dark and everyone beneath it makes one silent motion,
hurling a private want after a falling rock. Mourners lower the
casket and lift their eyes. Whatever hope is made of, it has a
launch angle, and the angle is up.

Nobody kneels at a storm drain to whisper a wish into the
dark water. No liturgy instructs the faithful to press their
mouths to the soil. We bury plenty, the dead and the waste and
the secrets and the hatchets, yet petition runs the other way.
The throat opens, a vessel tipped to the sky, and the words
climb. Even the gestures we make without thinking obey the
geometry. A wave at a leaving ship rises from the shoulder. A
blessing descends from raised hands. Grace comes down, want
goes up, and the whole vertical economy runs on faith that
somebody at altitude keeps the books.

Humanity has composed two great messages for strangers it
will never meet, and they point in opposite directions. The first
rides aboard the twin Voyager spacecraft launched in the late
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summer of 1977: a gold-plated copper phonograph record car-
rying ninety minutes of music, greetings in fifty-five lan-
guages, the song of a humpback whale, the cry of a newborn,
and Chuck Berry. Jimmy Carter’s printed message travels with
it: “We are attempting to survive our time so we may live into
yours.” The record’s cover holds an electroplated patch of
uranium-238, a radioactive clock with a half-life of four and a
half billion years, so that whoever finds the thing can date the
senders. Its makers judged the disc could stay legible for a bil-
lion years in the interstellar cold. It remains the longest letter
our species has ever mailed, and every line of it says find us.

The second message points down. In 1993, a panel con-
vened by Sandia National Laboratories drafted language to
mark the nuclear waste repository in the New Mexico desert,
words meant to warn whoever digs there ten thousand years
from now. The drafters strip the site of any honor before pro-
ceeding through a litany of repulsion: nothing valued lies here,
“what is here was dangerous and repulsive to us,” the danger
persists, shun this place. Nearly every long message we have
aimed at the ground says flee; every one we have aimed at the
sky says come. Down receives our poison with a curse carved
over it. Up receives our music with our home address etched
on the lid, a map of fourteen pulsars triangulating one small
planet, in case anyone out there wants to visit. The pages that
follow are the biography of those two letters, how each came
to be written, what each one cost, and which of them survives
its senders.

Part of the answer is optics. Stand on a dark lawn and the
naked eye collects light that left the Andromeda galaxy two
and a half million years ago; a modest telescope reaches bil-
lions of light-years past that. Face the other direction and vi-
sion dies at the first inch of topsoil. Soviet crews spent two
decades drilling the deepest hole in human history on the Kola
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Peninsula and stopped near twelve kilometers, defeated by
heat that softened the rock and chewed the bits; the site today
is a rusted cap welded over a borehole, seven and a half miles
of question mark. Voyager 1, sent into the transparent direc-
tion, has traveled nearly sixteen billion miles and still answers
the phone, its voice arriving nearly a full light-day late; this
coming November it crosses the threshold where the delay
reaches twenty-four hours, the first object we have ever
thrown that far. The earth resists inquiry with pressure and
fire. The sky charges nothing at the door.

Our budgets confess the preference. The American space
agency spends in a year several hundred times what the feder-
al ocean exploration office receives, and the imbalance shows:
roughly a quarter of the seafloor has been mapped at modern
resolution, while cartographers finished the surface of Mars
years ago. Twelve people have walked on the Moon. For half a
century that number exceeded the count of human beings who
had reached the deepest point of the sea, and the ledger
evened only after a private financier bought his own sub-
mersible and began ferrying passengers down. We know the
far side of another world better than the floor of our own bath-
tub, and no accident produced the asymmetry. Attention fol-
lows hope, funding follows attention, and hope filed its change
of address a long time ago.

A deeper reason sits under the sightlines. Everything that
governs a field arrives from overhead: rain, light, frost, the
sliding angle of the sun that makes a season. The ground is
where consequences pool; causes keep their offices upstairs. A
farmer buries seed with his own hands, and then the enter-
prise leaves his hands and passes to the clouds. Agriculture
made our ancestors students of the vertical, and petition is
what study becomes when the subject holds power over the
student. Prayers skip the harvest and go straight to the weath-
er, and the weather keeps no ground floor.
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Language kept the receipts. Spirit descends from the Latin
spiritus, breath. Psyche began as Greek breath, anima as Latin
wind; the Hebrew ruach and the Greek pneuma both name
moving air before they name the soul. When the Hebrew Bible
wants a word for the burnt offering it uses olah, from the verb
to go up: the sacrifice is, literally, that which ascends, matter
converted into rising smoke, a technology for translating the
earthly into the vertical. The Psalmist asks that his prayer “be
set forth before thee as incense,” and half the liturgies of the
world still burn something fragrant so the eye can watch the
request climb. Among the oldest fixed exchanges of the Chris-
tian rite is a stage direction aimed at the ceiling of the world:
lift up your hearts; we lift them up unto the Lord. In the Ro-
man catacombs, painters decorating the underground dead
drew them in the orans posture, arms raised, palms open, fig-
ures interred in rock and portrayed mid-ascent of the hands.
Meanwhile the ground got the humbler vocabulary. Human,
humus, humility: one Latin root, the soil itself. We are named
for dirt, and we have spent the history of the species declining
the name.

The stars colonized our verbs of wanting. To consider car-
ries sidera, the stars, inside it, a fossil of augury, the reading
of the sky before a decision. Desire descends from desiderare,
which philologists trace to the same root, longing framed as
the ache of an absent star. Disaster arrives through the Italian
disastro, an ill star, calamity as bad astrology. Three of the
most ordinary words in the vocabulary of the heart turn out to
be astronomy in street clothes, and when a man says he de-
sires something, the etymology says he misses a star.

Wilde compressed the posture into a line in Lady
Windermere’s Fan: “We are all in the gutter, but some of us
are looking at the stars.” The line is anatomy before it is senti-
ment. The gutter is a given; the variable is the angle of the
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neck. Eyes at ease settle slightly downward, and lifting them
costs a small measurable effort, which means hope, in Wilde’s
mechanics, is a muscle movement, work performed against the
skull’s resting droop, the cheapest exercise in the world and
the least practiced.

We do send things down, and what we choose to sink is the
strongest evidence of all. Into the ground go the dead, the
landfill, the bunker, the missile in its silo, the secret. Ovid tells
of the barber who discovered the ears of an ass under King
Midas’s crown; forbidden to speak and unable to hold his
tongue forever, the man dug a hole, whispered the scandal
into the earth, and filled it back in. Reeds grew on the spot and
repeated the sentence to every passing wind. The tale knows
two things at once: shame gets deposited downward, and the
earth makes a poor vault for anything that wants to live.

Even our rare buried hopes wear the posture of hedges.
The Svalbard Global Seed Vault holds more than a million seed
samples in Arctic permafrost against the failure of harvests,
hope with its eyes closed, insurance interred. A time capsule
goes into the ground only because a scheduled exhumation is
written on its lid; its faith rests in the shovel of a descendant,
in continuity, in people already imagined. The launched hope
answers to a wilder addressee. Coins go down into fountains,
true, and the exception explains itself on inspection: the coin
is the toll, payment to whatever administers the water, while
the wish itself stays airborne, held in the mind or spoken over
the surface. Every child who has leaned over a well knows
what waits at the bottom of the shaft: a circle of sky. The well
is a periscope, and wishing into one, we aim, mostly, at the re-
flected up. Mostly: the ancient world also dropped writing
straight down such shafts, curses addressed to the powers be-
low, and that buried mail comes due later in this book.
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Whole cultures decline the ground even for their dead.
Zoroastrians raised their towers of silence so vultures would
carry the body away on wings, earth and fire held too holy to
receive a corpse, the funeral itself routed upward. Tibetan sky
burial runs the funeral upward again on a mountainside.
Where the grave does win, the rites talk over it: ashes to ashes
goes the formula, while the mourners stand and look at the
clouds.

The critic points at the archaeologist’s trench and the oil
derrick, and the objection ends up sharpening the rule. We dig
for what was: fuel, fossils, foundations, the buried past, stored
energy and stored time. Digging is retrieval; the fling is pro-
posal; the ground holds the world’s memory and the sky holds
its subjunctive, the entire grammatical mood of might and may
and someday.

Descent, in the stories we kept, is an ordeal rather than an
errand. Hesiod measured the underworld with a falling anvil,
nine days from heaven to earth and nine more from earth to
Tartarus, the cosmos calibrated in units of plummet. Virgil’'s
Sibyl warns that the road down to Avernus is easy and the la-
bor is the climb back. Orpheus goes under to retrieve a hope
and loses it by looking backward, the underworld’s native di-
rection. Persephone’s annual ascent gets a warmer name:
spring. Even the seed, our one routine deposit of hope in soil,
is narrated as a death, the grain falling into the earth to die so
that it need no longer abide alone; burial, in that telling, is the
toll paid for rising.

Dante, the great cartographer of down, built his Hell as a
funnel narrowing to Satan frozen at the dead center of the
earth, and in the poem’s physics that center is, as Virgil ex-
plains to the pilgrim, the point toward which all weights are
drawn. Evil sits at the bottom of gravity. Escape requires
climbing along the Devil’s own flank past the midpoint of the
world, where down inverts into up, and the canticle ends with
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the two poets emerging to see again the stars. Dante closed all
three canticles of the Commedia on one final word: stelle.
Fourteen thousand lines touring the whole moral universe,
and the poet arranged the architecture so that Hell, Purgato-
ry, and Paradise each hand the reader back to the night sky at
the door. Nobody writes that ending three times by accident.

Property law drives the fling as surely as optics does. Every
acre of the planet’s surface now sits inside a border, a deed, a
claim, a registry. The sky alone remains unenclosed, the one
wilderness adjacent to every backyard on earth, free to view
from a prison yard and a penthouse alike. Hope migrates to-
ward the unowned. When Thomas More needed a home for his
perfect society in 1516 he used an island, because the oceans
still held blank space; once the maps filled in, utopia went ver-
tical, and even Russian rocketry began, in a Moscow library,
as one librarian’s scheme to house the resurrected dead
among the stars, heaven getting its tenants back.

Even our lies about direction bend upward. The digital ar-
chive of the species, every photograph and love letter and
ledger, lives in windowless buildings on cheap land, cooled be-
low grade, threaded through cables lying on the seabed. We
call it the cloud. The name began as an engineer’s doodle, the
puff sketched on network diagrams to stand for everything be-
yond the local machine, and marketing kept it because nobody
would entrust their memories to a product named the base-
ment. The instinct is ancient; the original cloud storage was
the constellations. Greeks translated their heroes upward as a
filing system, catasterism, the placing among the stars, and
when Queen Berenice’s dedicated lock of hair vanished from
the temple, the court astronomer announced its promotion to
the heavens, where Coma Berenices hangs still, a hairpiece
with twenty-two centuries of uptime. Aboriginal astronomers
read an emu into the dark dust lanes of the Milky Way and
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stored law and season in its posture. Enslaved Americans flee-
ing north steered by the Drinking Gourd, and Frederick Dou-
glass named his abolitionist paper The North Star, after the
one light that holds its post all night. An archive, an atlas, an
escape map, and, once we filled it with the translated dead, a
gallery of eyes looking back: the sky earned the traffic. Hope
goes where hope has previously been redeemed.

The most concentrated season of skyward hope in recorded
history lasted three weeks. In one August, 1977, an Ohio radio
telescope caught the strange narrowband burst its reviewing
astronomer circled and labeled with a single word, Wow, and
before those three weeks were out, both Voyager spacecraft
had left Cape Canaveral, ear and mouth working a single sea-
son, and almost nobody at the time connected the events, be-
cause the behavior felt too natural to remark on. Of course we
were listening. Of course we were sending. The signal never
repeated. The letters never stopped.

Voyager 1 is dying now the way spacecraft die, one instru-
ment at a time, its plutonium heart cooling toward silence, af-
ter which it flies on anyway, deaf and mute and outbound, car-
rying a record built to outlast the senders’ civilization and
plausibly the senders’ sun. And the machine’s most famous
act, across five decades of leaving, was a look backward: in
February 1990, at Carl Sagan’s urging, its camera turned and
photographed the earth from beyond the orbit of Neptune, a
fraction of a single pixel, the Pale Blue Dot. The probe we
flung farthest produced, as its signature image, a portrait of
home. In 2013 the maneuver became a planetary gesture.
When the Cassini spacecraft prepared to photograph the earth
from beneath Saturn’s rings, its handlers announced the sit-
ting in advance, and on the appointed July afternoon thou-
sands of people stood in yards and parking lots and waved at
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Saturn, the first air kiss in history with an interplanetary flight
plan and a confirmed camera on the far end.

A word exists for the mechanism that makes a clock tick, and
the word is escapement. A weight-driven clock is a controlled
fall: gravity pulls the weight down, and the escapement’s
whole art is releasing that fall one measured increment at a
time, converting a plunge into a pulse. The tick of a clock is
the sound of down, resisted. Horology and the heavens grew
up in one cradle. The first clocks were the stars themselves,
and the first mechanical escapements in Europe went into
monastery towers to sound the hours of prayer, which is why
the machine took its name from clocca, the medieval Latin for
bell: the instrument that meters our time is named for the
summons to lift up hearts. Children preserve the whole com-
plex in a folk custom, calling a dandelion seedhead a clock and
telling the hour by how many breaths it takes to send the
seeds flying, timekeeping performed by launching living cargo
on exhaled air.

Fling a wish at the sky and you perform the office of the an-
chor and pallet in a grandfather clock. Gravity is the standing
verdict; the flung hope is the escapement, releasing the wound
spring of a life in survivable ticks, one candle, one kiss, one
wave, one launch window at a time. A person who never sends
anything upward is a clock with a jammed wheel, fully wound
and telling nothing.

So what do we think is out there? The honest answer: an audi-
ence. Hope is a performance, performance requires a witness,
and the sky is the only witness that has never once interrupt-
ed. It attends every hour, holds every horizon, outlives every
regime, and files no reply, which makes it the one confessor
whose absolution can never be revoked. Silence, from the
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right altitude, reads as patience. The ground answers immedi-
ately, and its answer forecloses: dig anywhere and within a
body’s length you strike stone, water, dark, an end to the ques-
tion. A hope needs an address where refusal can never be con-
firmed, and the sky holds infinite vacancy at that address. The
wish on the star carries no risk of a returned envelope; this is
the actuarial secret of the upward fling.

And the sky holds our dead. The smoke of every cremation
went up, along with the catasterized heroes and the souls of
most cosmologies that bothered to draw a map, and the ordi-
nary bereaved of every century have tilted their faces back to
talk to the missing. When a woman stands in a field at night
and waves at the dark, the plain reading is that she waves at
everyone who left. Forgiveness lives at that altitude too, and
the old covenants say so in their own iconography: the sign
sealing the truce after the flood was hung in the clouds, a bow,
a weapon of the sky unstrung and displayed overhead as a sig-
nature. We look up to check that the signature is still there.
Grace, manna, rain, the descending dove, the tongues of fire:
the traffic of mercy runs downbound on the one vertical high-
way our petitions ride up, two-way commerce on the only road
out of town.

The figure completes itself in orbit. Ask the few hundred
people who have gone up in the flesh what moved them, and
they report a surprise the psychologists have had to name:
from that altitude, awe points down. Astronauts hang at the
window staring at the earth, the blue coast of everything they
love, and the sensation has entered the literature as the over-
view effect. Hope, it turns out, aims at elsewhere, and altitude
was only ever the local name for elsewhere. The compass of
longing points away from wherever the feet are planted. On
the ground that means up. A hundred miles up, it means the
ground.
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Chemistry gives the loop its last turn. The iron in your
blood, the calcium in your teeth, the carbon in every cell was
forged in the cores of stars and scattered by their deaths;
Sagan put it in five words, we are made of star-stuff, and the
spectroscopes back him. The dirt is star ash too, all of it, yet
the forges themselves still burn overhead where anyone can
watch, so a wish flung at the sky is matter addressing its own
foundry. Under that chemistry, the child at the cake, the
mourner at the grave, the lover on the platform, and the engi-
neers of 1977 with their gold record and their launch stack all
perform one gesture with one meaning: the atoms are writing
home.

Tonight, somewhere, a girl will hold a dandelion clock to
her lips at dusk and empty her lungs into it, and the seeds will
ride her breath over the fence and out of the yard, each one a
wish with a parachute, while twenty-three light-hours out a
machine nearing its fiftieth year drifts through the dark be-
tween the stars with a record of her species’ music bolted to
its hull. One breath, one tick. The spring stays wound. The sky
stays open.
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PART ONE

The Letter Up
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CHAPTER ONE

Twenty-One Days

The signal comes in at Goldstone in the small hours, as it does
every day, riding into a dish seventy meters across that was
built to hear whispers from the far side of the solar system and
now strains to hear something quieter than that. The transmit-
ter that sent it runs on twenty-three watts, roughly the draw of
a refrigerator bulb, and by the time its carrier wave crosses
the distance and spreads itself thin against the antenna, the
received power is a fraction of a billionth of a billionth of a
watt. Engineers at the Deep Space Network have a habit of
translating that number into snowflakes and raindrops for visi-
tors, because nothing in ordinary life is faint enough to serve.
Goldstone does not listen alone. Two sister stations, one out-
side Madrid and one near Canberra, sit spaced around the
planet at intervals of roughly a third of a turn, so that as the
Earth rotates, at least one of the three always faces the out-
bound ships; the network was designed so that our own spin-
ning, which sweeps every ordinary antenna away from its tar-
get nightly, never once interrupts the conversation. When the
signal grows too faint for a single dish, the engineers gang
several together electronically and listen with them as one. It
is an expensive way to hear a whisper, and the expense is the
point, a standing institutional decision, renewed in every bud-
get, that the whisper is worth it. This is Voyager 1 calling
home in the second half of 2026, from nearly sixteen billion
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miles out, and the mathematics of its position now carry a date
with them. Sometime in November, the spacecraft will reach
the distance at which its voice takes a full day to arrive. Light,
which crosses a room before a thought can form, will need
twenty-four hours to make the trip. A command sent up on a
Monday will be acted on Tuesday, and the confirmation will ar-
rive Wednesday. No human artifact has ever been that far
gone and still talking. The engineers who plan its dwindling
power budget expect the conversation to continue into the ear-
ly 2030s, and then the transmitter will fall silent and the ma-
chine will keep going anyway, deaf and mute and intact, carry-
ing its gold-plated cargo outward at ten and a half miles every
second for longer than the word kilometer will exist.

This book is about how that machine came to be mailed,
and about a second letter, written fifteen years later and
aimed in the opposite direction, and about what the two of
them together reveal that neither reveals alone. But the story
of the first letter does not begin at a launch pad. It begins in a
field in Ohio, in the third week of August 1977, with a stack of
fanfold computer paper and a red pen.

Delaware, Ohio, sits twenty-five miles north of Columbus, and
in 1977 the land just south of town held one of the strangest
structures in the state: a rectangle of flat aluminum bigger
than three football fields laid side by side, bounded at one end
by a tilted steel mesh the size of a drive-in movie screen and at
the other by a curved reflector shaped like a section of a colos-
sal rain gutter stood on edge. Locals knew it as Big Ear. Its
formal name was the Ohio State University Radio Observatory,
and it was the life’s work of John Kraus, an engineer who had
spent the Second World War degaussing ships against magnet-
ic mines and the decades afterward inventing antennas. Kraus
had designed the instrument in the 1950s on a budget that
would have embarrassed a county fairground, using a scheme
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of his own devising: instead of a single steerable dish, which
cost fortunes, he built a flat mirror that could tilt to select a
strip of sky and bounce it across the aluminum ground plane
into the fixed curved collector, which focused the radio light
into a pair of feed horns mounted on a little rail cart. The
Earth’s own rotation did the scanning. Big Ear could stare at
one declination all night while the sky wheeled past its gaze,
and in this patient, immobile way it had mapped the heavens
through the 1960s, cataloguing close to twenty thousand radio
sources, many never recorded before, in what became the
Ohio Sky Survey.

Then, in 1972, the federal money stopped. The National
Science Foundation ended its support for the survey, the paid
staff was dissolved, and a working observatory became, in the
space of a budget cycle, an orphan. It would have died there
had Kraus and his colleague Robert Dixon and a scattering of
unpaid believers made a different choice. Instead they re-
tasked it. If the telescope could no longer be staffed to map
the natural sky, it could be automated to listen for an unnatu-
ral one. Beginning in December 1973, Big Ear turned to the
longest continuous search for extraterrestrial radio signals
ever conducted, a vigil that would eventually enter the record
books for its sheer duration. An IBM 1130 computer, already
elderly, ran the receiver and condensed the torrent of incom-
ing noise into printed pages: fifty channels of the radio spec-
trum, sampled continuously, each channel’s intensity com-
pressed to a single printed character so that a night of listen-
ing became columns of type on paper. The staff was volun-
teers, the budget approximately zero. The telescope listened
whether or not anyone was there, and mostly no one was
there, and it printed what it heard onto paper that waited in a
box for a human being to find the time.

The human being who found the time that August was Jerry
Ehman, and his circumstances say as much about the era as
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the telescope’s. Ehman had been on the Ohio State faculty un-
til the collapse of 1972 swept his position away, and he had
taken a teaching job at Franklin University in Columbus to pay
his bills. He stayed on at Big Ear anyway, without salary, driv-
ing up to help with the search, and one of his volunteer duties
was the least glamorous task in radio astronomy: reviewing
the accumulated printout, page after page of mostly nothing,
looking for any column of characters that rose above the fizz of
the galaxy. Five years after the last human beings walked on
the Moon, the search for other minds in the universe was be-
ing conducted, in its most persistent form, by an unpaid man
reading old paper on his own time.

On the night of August 15, 1977, a little after eleven at
night, local time, the sky strip under Big Ear’s gaze included a
patch of the constellation Sagittarius, toward the crowded
center of the galaxy. Nobody was watching. The feed horns
took what the sky gave, the receiver split it into its fifty chan-
nels, the old computer sampled and compressed and printed,
and the moment passed through the machine and onto paper
in the dark. Ohio turned. The patch of sky drifted out of the
beam. The telescope, having neither memory nor astonish-
ment, went on to the next strip.

Some days later, Ehman sat down with the stack. The pages
from the night of the fifteenth looked like all the others until
they abruptly did not. In channel two, one narrow slice of
spectrum ten kilohertz wide, a column of characters climbed
out of the noise floor and fell back into it: 6EQU]J5.

The code takes a sentence to explain and repays the effort.
Each printed character represented the signal strength in one
channel over a twelve-second slice, expressed as a multiple of
the background hiss. The digits one through nine meant one
through nine times the noise. When the intensity exceeded
nine, the program continued into the alphabet, A standing for
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ten, B for eleven, and onward. A U, the twenty-first letter,
meant the receiver had registered an intensity more than thir-
ty times the background, the strongest signal Big Ear’s search
had ever printed or ever would. Read in order, 6EQU]J5 is a
curve: a rise from six times the noise, up through the letters to
that towering U, then a symmetrical decline. Six characters,
seventy-two seconds. And seventy-two seconds happened to be
the length of time the rotating Earth took to sweep Big Ear’s
beam across any fixed point on the celestial sphere. The shape
of the curve matched the shape of the antenna’s own sensitivi-
ty pattern. Whatever had made the mark was holding still
among the stars while Ohio turned beneath it, which is the be-
havior of something out there, and the opposite of the behav-
ior of a passing aircraft, a swinging satellite, or a spark plug
on Route 23.

Ehman took his red pen, circled the six characters, and
wrote a single word in the margin: Wow!

The exclamation was an editor’s note that became a name,
and the name has carried the event for half a century, which is
fitting, because almost everything else about it dissolved un-
der examination into a fog of almosts. The frequency sat a few
dozen kilohertz from 1420.406 megahertz, the emission line of
neutral hydrogen, and that address matters. Hydrogen is the
most abundant atom in the universe, its twenty-one-centimeter
radio song audible in every direction, and in 1959 the physi-
cists Giuseppe Cocconi and Philip Morrison had published a
short paper in Nature arguing that any civilization wishing to
be found would broadcast near that line, the one frequency ev-
ery radio astronomer in every galaxy must eventually discover.
The following spring, a young Frank Drake pointed a dish in
West Virginia at two nearby stars and listened there, a modest
experiment he named Project Ozma, after the princess of a
country reachable only with great difficulty. Their paper ended
with a sentence that became the charter of the entire enter-
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prise: “The probability of success is difficult to estimate; but if
we never search, the chance of success is zero.” Eighteen
months after Ozma, in November 1961, ten scientists gathered
at Green Bank, the observatory where Ozma had listened, to
decide whether the search deserved to become a field. Drake,
preparing an agenda the night before, wrote on the board a
string of factors that, multiplied together, would estimate the
number of talkative civilizations in the galaxy: the rate of star
formation, the fraction of stars with planets, the fraction of
planets with life, and so on down to the lifetime of a technical
society, each term a confession of ignorance dressed as a vari-
able. He intended it as a meeting agenda. It escaped into his-
tory as the Drake equation, an equation with one unknown
side and one unknowable side, less a calculation than a prayer
written in the notation of arithmetic. The attendees, who in-
cluded a young Carl Sagan and the neuroscientist John Lilly,
whose dolphin work stood in for the problem of talking across
species, named themselves the Order of the Dolphin and had
champagne on hand before the meeting ended, because word
arrived mid-session that one of their number, Melvin Calvin,
had won the Nobel Prize in chemistry. The hydrogen line be-
came the agreed meeting place of an interstellar conversation
nobody could be sure was happening, the quiet channel where
strangers might listen for one another. Sixteen years separate
that blackboard from Ehman’s red pen, and across all sixteen
the meeting place stayed open and empty. Big Ear was parked
on that channel by design. The signal, whatever it was, had ar-
rived at the address where a deliberate transmission would ar-
rive.

And then it was never heard again. Big Ear’s geometry
gave every source two chances: the telescope carried two feed
horns, offset so that a celestial point passed through one beam
and then, minutes later, through the other. The Wow! signal
appeared in one horn only, and the recording system could not
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even say which. Something had switched on, or swept past, or
flickered, inside a window a few minutes wide. Ehman and
Dixon and Kraus turned the telescope back to the spot for
weeks. Nothing. In the decades that followed, the astronomer
Robert Gray made a personal quest of the coordinates, bor-
rowing time on the Very Large Array in New Mexico and on a
dish in Tasmania, listening far deeper into the noise than Big
Ear ever could. Nothing. A 2017 attempt to blame a pair of
passing comets and their hydrogen shrouds fell apart under
review, since comets are feeble at those frequencies and the
beam behavior argued against a moving source, and Ehman,
by then long retired, joined the rebuttal. More recent propos-
als reach for rare natural spasms, a cold interstellar hydrogen
cloud briefly lit by a magnetar’s flare, ideas that remain un-
confirmed sketches. The signal sits in the record as the best-
known candidate for an artificial transmission from beyond the
solar system, seventy-two seconds long, heard once, by a ma-
chine, with no one in the room.

Ehman himself spent the rest of his life as the event’s most
disciplined skeptic. He liked to warn against drawing vast con-
clusions from half-vast data, and he meant the joke as method:
one unrepeated curve on one piece of paper proves the exis-
tence of one unrepeated curve on one piece of paper. The cau-
tion is correct and the caution is also the point. A civilization
heard a single syllable that might have been addressed to it,
could never verify the sender, and filed the paper away. What
the moment revealed had less to do with them than with us.
We had built the ear, kept it listening through the lean years
on donated labor, and trained it on the one frequency where a
letter would come if a letter ever came. The hunger was fully
formed before the mail arrived, if mail is what it was.

The wider country did not notice for years. The day after
the signal reached Ohio, Elvis Presley was found unresponsive
at Graceland, and by evening the nation had begun a grief that
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swallowed every front page for a week. Three days after that,
Groucho Marx followed him. August 1977 had its hands full
burying kings and comedians, and no wire service was going
to lead with an unconfirmed squiggle from a volunteer-run an-
tenna in a soybean landscape. The sky said one word, possibly,
and the culture was looking at Memphis.

Five days after the signal, and eight hundred fifty miles south-
east, the answer went up. Nobody involved understood it as an
answer, and this must be said plainly, because the calendar of
that August has a poetry that invites false causation. The
launch had been fixed by orbital mechanics years earlier; the
men and women at Cape Canaveral knew nothing of a printout
in Ohio that Ehman may not yet have even circled; the two
events shared a month by arithmetic and nothing else. The
meaning of the coincidence was assembled afterward, by us,
at the reading end, which happens to be how all letters ac-
quire their meaning, and these pages keep arriving at that un-
settling property of the mail.

On the morning of August 20, 1977, a Titan IIIE stood on
Launch Complex 41, a heavy launcher descended from an in-
tercontinental missile, mated to a Centaur upper stage, and on
top of that a one-ton spacecraft folded like a sleeping insect.
The name stenciled into the mission documents was Voyager
2, and the number was honest about trajectory rather than se-
quence: this first departure was the slower ship, bound along
a path that its twin, leaving two weeks later on a faster arc,
would overtake before Christmas out in the asteroid belt. The
numbering honored the order of arrival at Jupiter, a small per-
manent monument to the fact that in celestial mechanics the
last shall be first.

The whole enterprise existed because of arithmetic done by
two graduate students, in sequence, each standing where the
other had finished. The first was Michael Minovitch, a mathe-
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matics student at UCLA who in 1961 talked his way into time
on the fastest computers at the Jet Propulsion Laboratory and
used it to attack the restricted three-body problem, the old
and vicious question of how a small object moves under the
gravity of two large ones. Out of his runs came a result that
overturned an assumption as old as rocketry: a spacecraft fly-
ing close past a planet could steal a fraction of that planet’s
own orbital momentum, arriving on one trajectory and depart-
ing on a faster or bent one, fuel for nothing, the planet paying
the bill out of a bank account so vast the withdrawal could
never be noticed. Navigators had always treated the planets’
pull as an obstacle to be fought with propellant; Minovitch
showed it was a resource, and that the solar system, properly
read, was a machine of slings. The second student arrived four
years later. In 1965, Gary Flandro, working a summer position
at that laboratory, was assigned the unglamorous task of
charting when the outer planets would be positioned for possi-
ble missions, and he found something that stopped him: in the
late 1970s, Jupiter, Saturn, Uranus, and Neptune would ar-
range themselves along a curve such that a single spacecraft
could be flung from one to the next, each planet’s gravity
bending the path and adding speed for the leg beyond, four
worlds for the price of one launch. The alignment recurs
roughly every one hundred seventy-six years. Its previous oc-
currence had come and gone while Thomas Jefferson was pres-
ident, a fact the mission’s champions repeated in every fund-
ing hearing, because it converted an engineering proposal into
a moral one. The window was open. It would close for another
human lifetime and then another. NASA drew up a Grand Tour
of multiple spacecraft to seize it, and in the budget carnage of
the early 1970s, with Apollo being amputated flight by flight,
Congress killed the Grand Tour outright. What survived, in
1972, was a stripped and cheapened remnant, two spacecraft
officially approved to visit Jupiter and Saturn only, under the

26

BolesBooks.com | Free Download Edition



deliberately modest name Mariner Jupiter-Saturn 1977. The
engineers, unable to say so aloud, quietly built the ships tough
enough for the whole tour anyway. In March 1977, five months
before flight, the program received its real name.

The morning launch was violent even by the standards of
the trade. Vibrations during ascent rattled the spacecraft bad-
ly enough that its onboard fault protection, a suite of programs
written to let a machine two light-hours from help diagnose it-
self, began throwing alarms, and for a stretch of the climb
Voyager 2 was in effect frightened, switching among its own
contingency routines while the humans below watched teleme-
try and could do nothing at the speed events required. When
the shaking ended and the spacecraft steadied itself, one wor-
ry remained: the sensor meant to confirm that the science
boom had swung out and locked reported nothing conclusive,
and engineers spent anxious days of tests before satisfying
themselves that the arm carrying the instruments had in fact
deployed. It was an early lesson in the mission’s permanent
grammar. From now on, every crisis would be resolved by the
ship alone or by instructions that arrived long after the crisis
was over.

Bolted to the spacecraft’s flank, wrapped in a cover of
gold-anodized aluminum, rode a phonograph record. The press
kits mentioned it. How it came to exist, six frantic weeks of
committee and love affair and copyright clearance, comes
next; what needs noting here is that the object was in the man-
ifest at all. The probe’s assignment was reconnaissance, cam-
eras and particle detectors and a big dumb dish for telemetry,
every gram accounted against science. And onto this instru-
ment the agency had permitted the attachment of a message
with no scientific function whatsoever, addressed to no one
whose existence could be demonstrated, on the reasoning that
the trajectory would eventually carry the machine out of the
solar system entirely, and that a thing leaving forever ought to
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say something on its way out. A government of engineers had
signed off on mailing a letter to an address consisting of the
word out.

Sixteen days later, on September 5, the second Titan rose
from Complex 41 carrying Voyager 1, and this launch supplied
the mission’s founding close call. A fuel-oxidizer imbalance in
the Titan’s second stage shut it down early, leaving the vehicle
short of the energy the flight plan demanded, and the Centaur
upper stage, sensing the deficit, simply burned longer to make
up the difference, draining itself toward empty with the pa-
tience of an accountant. When it finally cut off, having deliv-
ered the spacecraft onto its proper path, the margin remaining
in its tanks came to a few seconds of burn time, three and a
half by the flight team’s later reckoning. Had that leak struck
the earlier launch, whose heavier trajectory demands left less
reserve, the Centaur would likely have run dry short of the
mark, and the letter aboard would have been mailed to the
bottom of the Atlantic. The whole subsequent half-century, the
rings resolved into braids, the volcanoes of Io, the pale blue
dot, the crossing of the heliopause, the golden disc now far-
ther from home than anything human, hung that morning on a
few seconds of unburned hydrogen. Nobody aboard was fright-
ened, because nobody was aboard. The age of exploration had
passed to proxies, and proxies do not sweat; the sweating had
moved to Pasadena, where it has remained ever since.

The ship that survived those seconds will carry this book to
its final page. Voyager is a ten-sided aluminum drum about the
height of a kitchen table, most of it hidden beneath a white
dish antenna twelve feet across that gives the machine the sil-
houette of an umbrella blown inside out. Booms extend from
the drum like the legs of an insect that never learned symme-
try: one carrying the cameras and spectrometers, one holding
the magnetometers forty-three feet clear of the ship’s own
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faint fields, and one, kept short and angled away from every-
thing alive during the pad operations, carrying the power sup-
ply. There is no solar panel anywhere on the vehicle, because
the mission’s destinations made sunlight a rumor; at Saturn
the light runs to one percent of Earth’s, at Neptune to a thou-
sandth. Instead, three generators convert the heat of decaying
plutonium-238 directly into current, no moving parts, nothing
to wear out except the atoms themselves, which halve on a
schedule of about ninety years and surrender about four watts
of the ship’s supply every year, a decline as smooth and pre-
dictable as a candle burning down a marked column. The brain
running on that budget consists of three paired computers
whose combined memory totals about sixty-eight kilobytes,
less than a single photograph on a modern phone, backed by
an eight-track digital tape recorder. With this the twins have
managed six planetary encounters between them, diagnosed
their own strokes, and kept appointments across five decades.
The plutonium is a clock as much as a power plant. Its steady
dying set the mission’s calendar on launch day, and everyone
involved could read the final date within a decade or two; the
flight team of 2026, switching off instruments one by one to
husband the last warm watts, is executing decisions made by
physics in 1977.

By December, the faster ship had overtaken its sister in the
dark between Mars and Jupiter, taking up the lead position it
would never relinquish. The two spacecraft, identical twins on
divergent errands, then settled into the long silence of cruise,
and the strange three weeks of that summer were over. Count
them out: on August 15, an antenna in Ohio recorded what re-
mains the most tantalizing candidate signal ever received from
the stars. On August 20 and September 5, the people who built
the antenna dispatched, in duplicate, the most considered
message it has ever sent to the stars. Twenty-one days, brack-
eted by a hearing and a speaking. No one planned the bracket.
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Planetary geometry fixed the launches; chance, or something
wearing chance’s coat, fixed the signal; grief for a dead singer
occupied the country in between. And yet the accidental sym-
metry describes the species more honestly than a planned one
could have, because it shows both postures held at once and
unselfconsciously: the ear cupped in a soybean field, the voice
flung from a swamp in Florida, listening and speaking in the
same breath, neither gesture waiting on the other, neither re-
quiring the least evidence that anyone was there.

The unrequired evidence is what separates these gestures
from nearly everything else a government funds. A bridge is
built toward known traffic. A dam holds back measured water.
Even the era’s weapons, absurd in their sufficiency, addressed
an enemy whose existence was never in doubt. The listening at
Big Ear and the sending from Canaveral shared a different
structure: both were correspondence with a party whose exis-
tence was the open question, and both were undertaken in a
decade when the money for sure things was collapsing. The
nation that let its Moon program die in 1972 and defunded a
working radio observatory in the bargain, that would not fly
humans anywhere at all between 1975 and 1981, somehow re-
tained an appetite for the least certain expenditures on the
menu. Congress would not pay for a fifth Moon landing that
was guaranteed to succeed, and would pay, modestly, for a
bottle thrown toward an ocean that might contain no other
shore. The pattern looks irrational until it is read as correspon-
dence. Certainty is a commodity, and commodities obey bud-
gets. A letter is a different instrument. Its value lies in the
sending, is realized entirely at the moment of dispatch, and is
therefore immune to the auditor, since no auditor can price a
reply that will arrive, if it arrives, in forty thousand years.

The surrounding culture leaned skyward with them, as if
the whole country had tilted its flat mirror to a new declina-
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tion. Star Wars had opened in May and was still filling theaters
in August; Close Encounters of the Third Kind would arrive in
November, a film whose climax is nothing more than the two
gestures of this chapter fused into one scene, humans and visi-
tors exchanging tones across a landing field, listening and
speaking made simultaneous at last. The year’s imagination
ran skyward while the year’s spaceflight budget ran to rem-
nants. That inversion, hope waxing as infrastructure waned, is
the ledger’s seed, and its first entries were written that Au-
gust: one unpaid man with a red pen, two spacecraft built from
a canceled program’s salvage, a signal nobody could confirm,
a letter nobody could deliver.

The hydrogen line ties the two gestures together at the lev-
el of physics as well as sentiment. Big Ear listened beside it
because Cocconi and Morrison had reasoned that strangers
would meet there. And when the makers of the record needed
a unit of measurement that any finder anywhere must share, a
ruler and a clock that owed nothing to Paris or Greenwich,
they reached for the same atom. The diagrams etched on the
record’s cover define distance and time by the hydrogen tran-
sition, the universe’s own standard issue. The listeners tuned
to hydrogen; the writers denominated in hydrogen. One fre-
quency served as both the address we watched and the alpha-
bet we wrote in, the watering hole and the ink.

A twist of law wraps around that frequency, and it sharp-
ens the events of August 15 in a way seldom appreciated out-
side the field. Because the hydrogen line is the master key of
radio astronomy, the one signal by which the shape and spin of
the galaxy are mapped, the nations of the world agreed
through the International Telecommunication Union to keep
the band from 1400 to 1427 megahertz clear of human trans-
mission altogether: no broadcasting, no radar, no data, a strip
of spectrum designated wilderness by treaty and patrolled by
regulation. Earth maintains one soundproofed room in its ra-
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dio house, and hydrogen lives there. Any terrestrial transmit-
ter operating at Big Ear’s frequency that August night would
have been an outlaw as well as an anomaly, which is one rea-
son the mundane explanations have always strained: the skep-
tic must propose either a violator or a malfunction, and the
beam behavior spoke against both. None of this proves an ori-
gin among the stars, and Ehman said so at every opportunity
for fifty years; secret military hardware exists, and forbidden
bands make attractive hiding places for that reason. What the
law establishes is a probability landscape. The single channel
humanity chose for its listening is also the single channel hu-
manity forbade itself for talking, so anything heard there be-
gins its life already stripped of the likeliest earthly alibis.

The silencing goes past spectrum and onto the map.
Around the observatory at Green Bank, where Ozma listened
and the Dolphins drank their champagne, the United States
had already in 1958 drawn a rectangle of roughly thirteen
thousand square miles, spanning the Virginias, and named it
the National Radio Quiet Zone, inside which transmitters face
restriction by law and, near the dishes, ordinary wireless con-
veniences are banned outright. Technicians in patrol vehicles
cruise the valleys with antennas, hunting the emissions of
faulty electric blankets and leaky microwave ovens the way
wardens track poachers. It is a state-sized hush, purchased
and maintained for one purpose, and it reveals the full archi-
tecture of our attention. A society that wants to speak to the
sky clears a launch range, evacuating a cape and a downrange
ocean of everything that might be fallen upon; a society that
wants to hear the sky clears a silence, evacuating a landscape
of everything that might murmur. Both are civil engineering
applied to a direction. Big Ear enjoyed no such fortress, no
zone, no statute, nothing between its focal line and the world’s
encroachment except a lease, which is the reason a golf course
was always allowed to move in next door.
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Every letter carries two portraits, the one composed for the re-
cipient and the one betrayed by the postmark, and the post-
mark on both spacecraft reads late summer, 1977. The planet
doing the mailing held about four and a quarter billion people,
for whom the personal computer was that summer’s novelty
item. Its most powerful nation was seven months into the pres-
idency of a peanut farmer elected as an act of institutional re-
pentance, was importing its confidence along with its oil, and
had spent July watching its greatest city loot itself through a
blacked-out night, then spent early August exhaling as detec-
tives finally walked the Son of Sam out of a Yonkers apartment
building, five days before the Ohio antenna heard its syllable.
The sender, in other words, was a civilization in visible difficul-
ty, and it knew it, and it reached for the gold anyway. Later
chapters will find this pattern repeating in stranger forms, the
vault dug in the flush decade, the letter mailed in the anxious
one, hope disbursed countercyclically, like a family that plants
a tree the week after the diagnosis. Whatever else the record
preserves, it preserves this: a frightened year, speaking calm-
ly, to no one, forever. The planet went on changing the mo-
ment the mailbox shut; the portrait stayed.

Time has since disposed of the instruments with an editorial
cruelty no novelist would risk.

Big Ear survived the seventies, and the eighties, and most
of the nineties, upgraded piecemeal by its volunteers, its
search grinding on with the patience of the unfunded. But the
telescope had been built on borrowed ground, leased from a
neighboring institution, and in 1983 the land was sold out
from under it to private developers. The observatory kept lis-
tening on sufferance for another decade and a half while the
golf course next door eyed the acreage. In 1997 the lease ran
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out for good. In 1998 the crews came. The flat tiltable mirror
that had selected strips of sky since the Eisenhower adminis-
tration was pulled down for scrap, the great curved reflector
followed, and the aluminum ground plane across which the
whispers of twenty thousand galaxies had bounced was broken
up and hauled away. The site was regraded for fairways and
homes. John Kraus, then in his late eighties, lived to see his in-
strument erased and wrote about the demolition with the dry
heartbreak of an engineer, and died in 2004. Golfers now play
through the coordinates. There is no marker. The most sus-
tained listening post our species ever aimed at the question of
company in the universe lies under mown grass and the occa-
sional provisional ball, and the seventy-two seconds of August
15, 1977, survive as a sheet of fanfold paper with red ink on it,
preserved in an Ohio archive, the entire physical residue of the
one time the sky may have cleared its throat.

The ear’s great sibling followed. The dish at Arecibo in
Puerto Rico, a thousand feet of aluminum lying in a limestone
sinkhole, had sent humanity’s other famous shout in 1974, a
three-minute pictogram fired at a star cluster by Frank Drake
with Carl Sagan consulting on the graphics, and for decades it
remained the planet’s most sensitive single ear. In August
2020 a support cable pulled free of its socket. In November a
second cable snapped, and engineers, running the arithmetic
on the remaining strands, concluded the structure could no
longer be saved and announced a controlled decommissioning.
The structure declined to wait. On the first of December 2020,
the cables let go all at once, and the nine-hundred-ton instru-
ment platform swung down out of the sky and tore through the
dish it had served, a collapse recorded by drone cameras in
footage that plays like grief. Within a single generation, the
two great ears associated with the two great twentieth-centu-
ry gestures toward the stars, the Ohio antenna that heard the
Wow! and the Puerto Rican dish that sent the Arecibo mes-
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sage, were both gone, one to real estate and one to gravity and
deferred maintenance.

The letters outlived the ears. That is the asymmetry on
which everything ahead will keep arriving, stated without or-
nament: we demolish our listening and cannot recall our send-
ing. The receivers were institutions, and institutions require
budgets, land leases, cable inspections, the daily renewal of a
society’s attention, and when the attention lapses the bulldoz-
ers come. The transmissions were objects, flung beyond the
reach of any lapse. No lease can expire on the Golden Record.
No developer can regrade the trajectory of Voyager 1. Some-
where in the third decade of this century the last dish that re-
members how to hear the spacecraft will still be standing, be-
cause the Deep Space Network is an institution too, mortal
like the others, and one day its funding will meet its Ohio. The
machine will not notice. It will pass the one-light-day mark this
November with its transmitter murmuring into a thinning au-
dience, and pass into silence in the 2030s when the plutonium
can no longer warm its circuits, and pass Gliese 445 in forty
thousand years with nothing to say and everything to show,
the disc under its gold cover holding a woman’s heartbeat and
a blind man’s moan and greetings in fifty-five tongues, un-
played, unaging, past all answering, past all reach.

In the summer of 1977 all of that lay ahead, unimaginable
in its particulars. What existed then was a country in a spasm
of mourning for Elvis, a printout in a box in Columbus, and two
brand-new stars rising out of Florida on pillars of flame, dwin-
dling eastward over the Atlantic, each carrying a copper disc
plated in gold, on which, among the surf and the thunder and
the Bach, there is a photograph of a woman in a supermarket,
and a diagram of a hand raised in greeting, drawn by a young
artist who did not yet know that his own government would
come back to him, years later, with a second commission
aimed the other way.
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CHAPTER TWO

Six Weeks to Say Everything

The letter began as a line item. In December 1976, with the
two spacecraft under assembly in Pasadena and eight months
left on the clock, the Voyager project manager, John Casani,
asked Carl Sagan to put together something for the outside of
the ships. The precedent was recent and modest. Five years
earlier, Sagan, Frank Drake, and the artist Linda Salzman
Sagan had produced, in about three weeks, a small engraved
plaque for the Pioneer probes, a gold-anodized plate showing a
man and a woman, a map of pulsars, and a diagram of the so-
lar system, an idea pressed on Sagan by the science journalist
Eric Burgess and executed on deadline. Casani wanted the
equivalent, some emblem to acknowledge that these ma-
chines, after their tour of the planets, would coast out of the
Sun’s neighborhood entirely and belong thereafter to the gal-
axy. He attached no budget worth mentioning and no require-
ments beyond taste. It was, on paper, a public-relations gar-
nish, the sort of assignment an agency hands out when the en-
gineering is fully subscribed and someone remembers the pub-
lic exists.

What Casani got back, eight months later, was the most
carefully considered self-portrait our species has ever com-
posed, and the reason lies in a single early decision. Sagan
convened a small circle to think past the plaque, and in one of
the first conversations Frank Drake made the suggestion that
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reset the entire enterprise: send a phonograph record. The
idea sounds quaint now and sounded slightly quaint then, a
Victorian technology bolted to the space age, and its advan-
tages were overwhelming. The groove is among the most
durable information carriers ever devised, a physical undula-
tion cut in metal, readable by anything that can turn a disc and
hold a needle, decipherable in principle by any civilization that
understands rotation and vibration, anything that has ever
watched a wheel or heard a string. A plaque could hold a dia-
gram. A record could hold the thing itself: voices, wind, whale
song, Bach. Pictures could ride inside the sound, encoded as
audio and reconstructed by anyone clever enough to notice the
trick. Drake ran the arithmetic and found that at half the stan-
dard playing speed, sixteen and two-thirds revolutions per
minute, a twelve-inch disc could carry roughly ninety minutes
of music, a gallery of images, and still leave room for greetings
and noise. The container chose the contents. Because the
medium was sound, the letter would sing.

The deadline did the rest. Masters had to be cut, plated,
and delivered for integration with the spacecraft by midsum-
mer, and the serious work of selection, once the committee
formed and the criteria settled, compressed into about six
weeks of the spring of 1977. Six weeks to speak for a planet.
Six weeks to decide what four and a quarter billion people
sounded like, what they looked like, what they would want said
about them in their permanent absence, with no possibility of
revision, ever, and no one to appeal to except one another
across a conference table. Committees are the punchline of ev-
ery joke about mediocrity, and this one produced, under ab-
surd time pressure, with quarrels running the whole way, an
anthology that half a century of second-guessing has barely
dented. It remains the best argument on record that a dead-
line is a form of grace.
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Sagan built the team the way a director casts a chamber play.
Timothy Ferris, a science writer and editor at Rolling Stone, a
friend with a record collection and a producer’s ear, took
charge of the music. Ann Druyan, a young writer from Queens,
then engaged to Ferris, became the project’s creative director,
responsible for the sounds of Earth and much of the hunting.
Linda Salzman Sagan, Carl’s wife, an artist who had drawn the
Pioneer figures, took on the spoken greetings. Jon Lomberg, a
Philadelphia-born painter still shy of thirty who had been
Sagan’s visual collaborator since the early seventies, became
design director, charged with the pictures and the diagrams.
Drake handled the engineering of the message itself, the en-
coding, the cover, the mathematics of the grooves. Around this
core moved advisors, among them the ethnomusicologist
Robert Brown, who supplied lists of the planet’s indispensable
music, and Alan Lomax, the great itinerant song collector, who
arrived with boxes of field recordings and the conviction, held
at the volume of a man who had spent decades hauling a tape
machine through the world’s back country, that the record
must speak for the whole species and never merely for the
concert hall.

The music arguments were the best arguments, because
everyone involved understood that the music was the letter’s
heart. Diagrams might be decoded in a laboratory; the songs
were the part addressed to whatever in the finder correspond-
ed to feeling. The physician and essayist Lewis Thomas, asked
once what message he would send to other minds, had written
that he would vote for the whole of Johann Sebastian Bach,
streamed into space over and over, and then added the caveat
that has trailed the quip ever since: that would be boasting.
The team sent Bach three times anyway, the Second
Brandenburg’s blaze, a solo violin gavotte, a prelude and
fugue in Glenn Gould’s hands, and hung the boast honestly by
surrounding it with everything Bach never heard. A Bulgarian
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shepherdess, Valya Balkanska, singing an outlaw ballad in a
voice like a struck bell. Kesarbai Kerkar’s raga, located after a
hunt through import shops for a vanished 78. The Georgian
men’s chorus in polyphony old enough to predate the notation
that could have captured it. Panpipes from the Solomon Is-
lands, a Navajo night chant, a Peruvian wedding song, percus-
sion from Senegal, an initiation song of Mbuti girls, a
shakuhachi solo depicting cranes settling into their nest, mari-
achi brass, Mozart’s Queen of the Night flinging her coloratu-
ra at the gods, Stravinsky conducting his own sacrificial
dance, Louis Armstrong easing through the blues. Twenty-sev-
en pieces, ninety minutes, a planet’s jukebox.

Two fights entered legend. The first was Chuck Berry. Fer-
ris and Druyan pressed for “Johnny B. Goode,” rock and roll’s
creation myth of a country boy and a guitar, and Lomax object-
ed on the record’s behalf that rock was adolescent music, un-
ripe, a fad that had not earned the name of a tradition. Sagan’s
reply has been quoted at every retelling for fifty years because
it settled more than the dispute at hand: there are a lot of ado-
lescents on the planet. The song went aboard, two minutes
and change of Missouri optimism, and the following spring a
television comedy sketch would imagine the aliens’ four-word
reply, send more Chuck Berry, which is as close to a national
verdict as the record ever received. A second fight ended in a
loss. The team wanted the Beatles, and by the account the par-
ticipants gave afterward, the four musicians were willing and
the copyright holders declined, so the most famous music on
Earth in 1977 stayed home over a licensing question, and
“Here Comes the Sun” never left for the place the sun actually
is. The episode earns its footnote in the ledger, because it
marks with comic precision where the species stored its sense
of ownership: a song could be too owned to give away to the
galaxy.
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The pictures posed the opposite problem. Music could be
poured onto the disc as itself; the images had to be smuggled.
Drake’s scheme encoded each photograph as a burst of audio,
a raster of scan lines converted to warbling tone, so that a
finder playing the record’s first section would hear not music
at all, only a long structured buzzing, and would have to de-
duce, from diagrams on the cover, that the buzzing was pic-
tures folded into sound. Each image cost about eight seconds
of playing time. The budget came to one hundred fifteen pho-
tographs and diagrams, plus a calibration circle placed first in
the sequence so that any decoder could check its work: unfold
the signal correctly and a perfect circle appears, and a circle
is a circle in any biology. Get the unfolding wrong, stretch the
timing, misread the scan, and the circle arrives as an ellipse or
a smear, an error message older than error messages; the
finder adjusts and tries again until geometry says yes.
Lomberg treated the sequence as a language lesson, and
the lesson can be walked. A finder who unfolds the buzzing
correctly meets first the calibration circle, the handshake,
proof the unfolding worked. Then numbers, built from dots so
that the counting requires no alphabet, then arithmetic per-
formed with those numbers, then the fundamental physical
quantities defined out of the hydrogen atom, mass and time
and length anchored to the one atom every chemistry must
contain. With units established, the sequence gives its ad-
dress: the Sun’s parameters, the family of planets, the third
one enlarged, its spectrum, its continents, its weather. Then
the descent into biology, cells, the double helix drawn as
chemistry and as architecture, and the human body assembled
plate by plate from an encyclopedia’s anatomy transparencies,
skeleton, musculature, organs, the whole apparatus presented
without modesty or shame, which is where the censors’ photo-
graphic scruples were quietly outflanked by diagrams. Only af-
ter the finder has been taught what we are made of does the
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album permit what we are like, and the pictures turn daily: a
schoolroom, a harvest, fishermen hauling a net, traffic, con-
struction, a violin with its score, the supermarket, children
with a globe, an astronaut adrift on a tether like a beetle on a
thread.

One image cost more argument per square inch than any
other, the single page of written text. The team wanted the
finder to see what our marks on paper looked like, and the
candidates for one page to stand for all pages were, in effect,
infinite. The whole selection ran on a discipline Lomberg later
named in one line, recalling that he found himself increasingly
playing the role of extraterrestrial, reading every candidate
image with borrowed eyes, asking what a mind with no shared
references could and could not unfold from it. Lomberg went
to the rare book collection at Cornell and turned the leaves of
a first-folio Shakespeare, a Renaissance Chaucer ornamented
like a reliquary, an old Euclid, weighing beauty against deci-
pherability. The physicist Philip Morrison, the man whose
1959 paper had helped invent the listening this book began
with, supplied the winning suggestion: a page from Newton’s
System of the World, the page where the launching of an ob-
ject into orbit is worked out for the first time, the mountain,
the cannon, the ball fired so fast its fall keeps missing the
ground. The choice closed a loop almost too neat to be be-
lieved, though the paper trail is plain. Inside the letter rides
the page that taught the letter how to leave.

Art was set aside almost entirely, on the reasoning that a
painting is a convention stacked on a convention, and a finder
with no access to our conventions would be unable to tell a
Bruegel from a window; the photographs were chosen to be
windows. The vetting ran on a simple ethic that hardened as
the weeks passed: no ideology, no politics on parade, no
scenes of war, poverty, or cruelty, a decision attacked ever
since as a whitewash and defended by its makers on the
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grounds that a letter of introduction is under no oath to con-
fess, and that a species with the sense to send music had the
sense to put its wars in the diplomatic pouch instead. The
record would show what we were when we were at our best
behavior, which is itself information, and honest in its way:
here is what these creatures wished to be.

A kindred ethic governed the sacred. Declared creeds were
kept off the disc, no scriptures, no doctrinal statements, no
symbols of any faith offered as claims, and yet the record is
saturated in devotion, because the music smuggled in what
the manifest refused. Bach wrote for church walls. The Navajo
selection is ceremony. Johnson sang nothing that was other
than gospel his whole working life, and the raga tradition
Kerkar carried descends through temple courtyards. The rule
that emerged, argued into shape rather than decreed, was
performance over proclamation: the letter would carry what
belief sounds like and decline to say what belief asserts. A
finder gets the reverence with the theology burned off, which
may be the only form in which reverence travels. On the dark-
er question, whether a portrait that omits war amounts to a
lie, the team argued and never fully agreed, and the disagree-
ment is preserved in their later books like a fly in amber. The
defense that wears best came down to genre. A letter of intro-
duction is a genre with rules, and no one opens a correspon-
dence with a stranger by enclosing photographs of their own
knife wounds; candor of that order is earned later, in the sec-
ond letter, where the species confessed in granite what it with-
held in gold.

The body proved the tender spot. After Pioneer’s engraved
nudes had drawn a small blizzard of outraged letters, with
newspapers accused of mailing smut to the stars, the agency’s
tolerance for anatomy had shrunk to nothing, and NASA ve-
toed the photograph the team had chosen of a nude man and a
pregnant woman, unposed and plainly informational. Silhou-
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ettes went in their place, two outlines holding the shape of the
fact. And yet the record is more anatomically forthcoming than
the plaque ever was, because the censors were reading photo-
graphs, and the science diagrams passed beneath their atten-
tion. Lomberg’s sequence on vertebrate evolution ends with a
drawn man and woman, whole and unclothed, and in that
drawing the woman’s hand is lifted in a wave. On Pioneer the
man had waved while the woman stood with her arms at her
sides, a division of labor noticed and resented at the time;
Lomberg gave the gesture to her. That upward wave, the hand
thrown up toward what cannot wave back, rides inside the let-
ter itself, in a woman’s hand, in ink, at the bottom of a stack of
buzzing pictures, waiting for whoever unfolds the sound.

Some of the photographs had to be manufactured, because
the world’s picture archives, searched under deadline, held
surprising gaps. No usable image could be found that plainly
showed the mechanics of eating and drinking, so the team
staged one, three people at a table, one licking an ice-cream
cone, one biting a sandwich, one pouring water into a mouth,
an ordinary lunch converted into anatomy instruction, and the
photograph radiates the cheerful stiffness of every demonstra-
tion ever posed. Other frames came from the great archives,
cleared one by one in a rights scramble conducted by tele-
phone against the clock, the lawyers of Earth licensing content
to the galaxy at terrestrial rates. A supermarket interior went
aboard as a portrait of abundance and exchange. Ansel
Adams’s view of the Tetons above the coil of the Snake River
went aboard as a portrait of rock and water conducting their
long negotiation. And one subject is conspicuously absent from
the sequence, which contains no photograph of the men and
women who made it. The committee that decided what human-
ity looked like left itself out of the album, a restraint almost
monastic by the standards of any era, and then smuggled itself
back in through the side doors, a son’s voice in the greetings,
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a mind’s weather in the life signs, a hand-scratched dedication
in the runout groove. They resisted the portrait and could not
resist the fingerprint.

The cover did the explaining. Etched in aluminum, gold an-
odized against the dark, it carries the decoding instructions
drawn as pure diagram: the record in profile with its stylus,
the correct rotation time expressed in multiples of the hydro-
gen atom’s fundamental period, the raster scheme for unfold-
ing pictures, the calibration circle promised as proof, and, car-
ried over from Pioneer, Drake’s map of fourteen pulsars, each
labeled with its blinking rate, a return address written in light-
houses. In one corner the engineers electroplated a spot of
uranium-238. Its half-life runs to four and a half billion years,
so any finder with a laboratory can measure how much has de-
cayed into daughter atoms and read the elapsed time since the
plating, a postmark that keeps stamping itself for as long as
the atoms hold out. A cartridge and stylus went aboard in a
mounting beside the disc. The team had decided the letter
should carry its own needle, on the theory that you do not mail
someone a lock and withhold the key.

The billion-year claim rewards a closer look, because this
book leans on it. The figure was an engineering estimate,
worked through by Drake and the mission’s designers from
the known hazards of the route. In interstellar space there is
no oxygen to corrode, no water to rot, no freeze and thaw to
split; the enemies reduce to radiation, which the metal shrugs
off, and dust, the thin drizzle of micrometeoroids that sand-
blasts anything moving at spacecraft speeds. The mounting
anticipated the drizzle. The record rides with its engraved face
inward against the hull and its instruction cover outward, so
the abrasion of a billion years falls first on the diagrams, which
were etched deep, and last on the grooves, which sit shielded
in the lee of the ship. Run the erosion rates forward and the
music stays legible for a time on the order of a thousand mil-
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lion years, longer than multicellular life has existed at the re-
turn address. Fidelity paid for the capacity. Cutting the speed
to sixteen and two-thirds halved the bandwidth, shaving the
shimmer off cymbals and the air off the top of the soprano’s
range, a loss the producers accepted with the reasoning of
people packing one suitcase for eternity: better everything
slightly muffled than half of everything pristine. The choice
buried a small irony in the grooves. The most durable album
ever pressed is also, by audiophile standards, a compromised
pressing, and it will outlast every perfect one.

Two love letters ride inside the letter, and the first was sealed
on the first of June.

Druyan had spent weeks hunting a Chinese selection, un-
willing to let a quarter of humanity go unrepresented, and af-
ter consultations that ran through composers and scholars she
landed on “Flowing Streams,” a piece for the seven-stringed
guqin with a pedigree of some two and a half thousand years,
in a performance by the master Guan Pinghu. On June 1, 1977,
she called the hotel where Sagan was traveling to tell him the
search was over, and left a message. An hour later he called
back, and the conversation that began as a report on ancient
Chinese music ended with the two of them agreeing to marry.
They had never so much as kissed. Both were spoken for, she
engaged to Ferris, he married to the woman running the
greetings sessions, and the engagement made on that phone
call stayed a secret through the launch and after it. By
Druyan’s own telling, two days later she went to a hospital lab-
oratory in Manhattan and had herself wired to the instru-
ments: electrodes on the scalp, sensors at the heart and eyes,
an hour on the table with her thoughts as the payload. She or-
ganized the hour like a curriculum, moving through the history
of the Earth, the evolution of life, the growth of ideas, the con-
dition of the century, and she gave the final minutes to what
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had happened to her forty-eight hours earlier, to being newly
and secretly in love. The instruments wrote it all down as wa-
vering lines. Compressed into sound, the hour became a stut-
tering crackle that sits in the record’s middle stretch, listed as
life signs, and it is what it claims to be, the electrical weather
of one human being on a June morning, in a state she could not
announce to anyone in the room.

The entanglements deserve plain statement and no embroi-
dery, because the people are real and most of them lived long
past the launch. Ferris and Druyan did not marry. Sagan’s
marriage to Linda Salzman ended in the years after the mis-
sion began, and the ending was public and painful. In 1981
Sagan and Druyan married, and they remained married until
his death in 1996; she has spent the decades since as the
mission’s memory keeper, telling the story of the phone call in
a voice that still lifts. Linda Salzman’s work is aboard both
spacecraft twice over, the Pioneer figures and the Voyager
greetings, a body of contribution that stands on its own and
needs no one’s domestic history to dignify it. What belongs
here is the fact, strange and documented, that the most per-
manent object our species has manufactured carries inside it a
secret that was still a secret when the bolts went tight: an
hour of a mind in love, time-stamped, sealed, and mailed be-
fore it could be spoken aloud on Earth.

The voices were gathered at Cornell, in Ithaca, in sessions Lin-
da Salzman organized that June. The first plan had been
grander and worse. Sagan, thinking a message from Earth
ought to issue from Earth’s institutions, approached the Unit-
ed Nations, and the machinery answered as machinery does:
committees convened, delegates prepared remarks, protocol
swelled, and the recordings that emerged ran long and stiff,
orations aimed at posterity in the way of men who suspect pos-
terity is grading them. Most of it was set aside. In its place the
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team did the humble thing, recruiting native speakers from
the university and the town, students, professors, their hus-
bands and wives and children, and asking each to greet the
universe in their own tongue, in their own words, with no
script supplied. Fifty-five languages went aboard, and the
greetings preserve, better than any posed photograph on the
disc, the actual texture of the species. The Amoy speaker asks,
friends of space, how are you all, have you eaten yet, hospitali-
ty reflexive even at interstellar range. Others offer peace, or
blessings, or directions of a sort, come visit when you have
time. The English greeting was spoken by Nick Sagan, Carl’s
son, six years old: hello from the children of planet Earth. And
the roster reaches past the living. Among the fifty-five are
voices speaking Sumerian, Akkadian, Hittite, ancient Greek,
Latin, tongues with no native speakers left anywhere on the
planet, recruited from the university’s scholars, so that the se-
quence opens in the speech of Ur before working its way to-
ward the present. The decision looks like a flourish and func-
tions as a signature. A species that includes its dead languages
in its hello is declaring something about itself that no anatomy
diagram carries: that it keeps its former selves on file, that it
can still pronounce its own fossils, that the introduction being
offered comes from a creature made of accumulated time. Ex-
tinct words aimed at unborn listeners, carried by a machine
that will outlive the language you are reading now. Of all the
record’s contents, the Sumerian greeting may travel the
strangest loop, a sentence from humanity’s first cities, saved
by scribes, deciphered by scholars, spoken into a microphone
in a New York college town, and sent to outlast the Sun’s sta-
bility, peace twice fossilized and mailed. Set against the aban-
doned orations, the sequence amounts to a quiet manifesto.
Asked to speak for the planet, the institutions produced
speeches and the households produced greetings. The editors
chose the households.
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Druyan added one signatory the committees never thought
of. Among the human voices she braided the songs of hump-
back whales, the long structured calls that had been recorded
off Bermuda and published earlier in the decade, so that the
greeting track carries two species, one of which was never
consulted and would not have understood the invitation. She
has called it a gesture toward the others who live here, and it
reads now as the record’s most forward-looking minute, an ad-
mission encoded in the sequencing itself that the return ad-
dress holds more than one kind of mind.

The whales were newly audible that decade, which is part
of the story. The calls had been captured off Bermuda through
Navy hydrophones, and when the biologist Roger Payne and
his colleague Scott McVay analyzed the recordings they found
structure nobody had suspected, long patterned sequences
that repeat, vary, and evolve across seasons, closer in archi-
tecture to song than to signal. Payne pressed the recordings
onto a commercial album at the decade’s turn, and the album
did what no conservation pamphlet had managed, selling in
the hundreds of thousands and putting the voice of an animal
being hunted toward extinction into living rooms that had nev-
er once considered the animal at all. By 1977 the sound of the
humpback was the sound of a moral argument in progress.
The record’s makers folded that argument into the mail. A
species that was still commercially killing whales that year
sent whale song to the stars as a treasure, and the contradic-
tion was visible to the senders, some of whom said so. The
commercial hunt itself would be halted within a decade, the in-
ternational moratorium taking effect in the mid-1980s, years
after the song had already left. The letter, here as everywhere,
portrays the writers at their aspirational best, and the gap be-
tween the cargo and the conduct is one early measurement of
a distance that never closed.

48

BolesBooks.com | Free Download Edition



Then there is the essay in noise that Druyan and Ferris
built, twelve minutes labeled the sounds of Earth, and it may
be the most quietly radical stretch of the disc. It begins before
biology, with the planet’s own percussion, mud pots and wind
and thunder and surf, lets life enter as crickets and frogs and
birds, brings the mammals through, and then hands the stage
to us, first as footsteps and heartbeat and laughter, then as
fire and speech, then as tools, herding, a blacksmith, a tractor,
a riveter, Morse code, ships, a train, a truck, a jet, a rocket ris-
ing, and, near the end, a kiss, a mother soothing her child, and
the long crackle of the life signs. Buried in the Morse is a Latin
motto, through hardships to the stars, tapped out in a code no
finder could conceivably know, a joke the makers told for their
own benefit, or for ours. Played straight through, the twelve
minutes are the autobiography of a planet told entirely in
verbs, and the pivot of the whole sequence is the moment
breath becomes a word.

One track outranks the rest in the private mythology of the
record, and it belongs to a blind street singer who died owning
almost nothing.

Willie Johnson was born near Marlin, Texas, around the
closing years of the nineteenth century, and blinded at about
the age of seven; the account passed down through his family
says a stepmother threw lye in a household fight, and like
much in his life it survives as testimony rather than paper. He
made his living the hardest way American music offers,
singing gospel on street corners with a tin cup wired to the
neck of his guitar, playing slide with a pocketknife or a ring of
bottle glass, in a voice he could drop into a growl that sounded
like a man arguing with gravel. In December 1927, in a
makeshift studio in Dallas, he recorded a piece with no words
at all. “Dark Was the Night, Cold Was the Ground” takes its ti-
tle from an old hymn about the vigil at Gethsemane, and John-
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son delivers the sermon without language, humming and
moaning over a slide line that answers him phrase for phrase,
call and response conducted by one man with himself. It lasts
three minutes and change and contains, by common consent of
everyone who has written about it since, the loneliest sound in
American music.

His death completed the shape his life had drawn. In 1945,
in Beaumont, his house burned, and with nowhere else to go
he slept in the wet ruin of it; he sickened in the days that fol-
lowed, and he died after being refused admission for care, the
accounts differing on whether the door stayed shut because he
was blind or because he was Black or because he was poor, a
triage among explanations that says enough about the place
and the year. He was buried in an unmarked grave. Thirty-two
years later, a committee speaking for his species chose his
wordless night vigil as one of twenty-seven pieces fit to repre-
sent humanity to the galaxy, and Ferris supplied the rationale
in a single sentence of liner-note plainness: Johnson’s song
concerns a situation he faced many times, nightfall with no
place to sleep. The selection is the record’s conscience. A plan-
et that had no bed for the man found room for his voice on the
longest itinerary ever scheduled, and the moan of a Texas
street corner will outlast the corner, the city, and plausibly the
species, pressed in copper, plated in gold, doing a billion years
in the dark it always sang about.

The sequencing gave him the penultimate word. The
record’s music ends with the cavatina from Beethoven’s String
Quartet No. 13, five minutes marked in the score with an in-
struction the composer rarely used, beklemmt, oppressed, an-
guished, choked, the sound of a heart under a weight, resolv-
ing at last into something like consolation without a single tri-
umphant bar. Johnson’s night, then Beethoven’s answer. Who-
ever ordered those final grooves composed a sentence with
other people’s music: it has been dark and cold here, and we
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tried to comfort one another, and this is what the trying sound-
ed like.

The masters were cut at the CBS studios in Manhattan in ses-
sions that ran against the integration calendar, the music
banked reel by reel, the pictures fed through as their
eight-second bursts of buzz, ninety minutes of Earth assem-
bled in a room with acoustic tile and union coffee. At the end
of it the whole undertaking existed as an object a person could
carry under one arm, and then, by the oldest logic in publish-
ing, it was doubled. Two ships meant two pressings, and the
duplication is the only redundancy in the mission justified by
sentiment. Backup computers exist so the science survives a
failure. The second record exists so that hope has a spare.
Somewhere in the process, uncredited and unauthorized, Fer-
ris added a last touch by hand, scratching into the takeout
groove of the master a dedication to the makers of music, in
all worlds and all times, nine words in a space meant for serial
numbers, the sole sentence on the record addressed neither to
the finders nor to the senders and signed by no one. Copper
mothers were plated in gold. The finished discs, with their
needles and cartridges, their uranium postmarks, their covers
of drawn instructions, were sealed and shipped to Florida and
bolted to the flanks of the two spacecraft, one letter per ship,
identical and mutually unaware.

At the Cape the discs joined the flight hardware and lost
their special status, becoming mass among masses, torqued to
specification against the hull with the cover diagrams facing
out. Casani had bought their few pounds out of the margins
years earlier and signed the paperwork that made hope an ap-
proved component. And among the components, the record
holds one distinction. Every other system on those spacecraft
reports. The cameras returned their planets; the particle coun-
ters still whisper their counts homeward every day through
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the big dishes; even the thrusters confess their health in
telemetry. The record alone will never send a bit back. No con-
firmation of receipt is possible, no acknowledgment, no error
message, nothing, for the rest of time; its success or failure
will occur, if it occurs, outside every channel its makers pos-
sess. The rest of the mission is instrumentation. The letter is
the one piece of cargo flying on faith alone, and it was in-
stalled by government engineers, on schedule, next to the sci-
ence.

The paperwork closed with statements from the Secretary-
General of the United Nations, whose spoken greeting rides
among the audio, and from the President of the United States,
whose written message traveled with the craft. Jimmy Carter’s
contribution, dated June 16, 1977, runs a few paragraphs and
contains one sentence that has outlived the rest, the sentence
this book took for a compass in its opening pages: we are at-
tempting to survive our time so we may live into yours. Set be-
side the object it accompanied, the sentence is notable for its
honesty about the odds. It concedes, in the voice of a head of
state, that the sender’s survival is an attempt and no more,
that the letter may be read posthumously, that the address on
the envelope is a hope posing as a destination.

What the letter lacked, to the end, was an address. Neither
spacecraft aims at any star; their courses were set by the plan-
ets they were sent to study, and the galaxy beyond is a direc-
tion, a bearing out of the ecliptic, an exit rather than a destina-
tion. The nearest thing Voyager 1 has to an appointment lies
some forty thousand years ahead, a drift past a dim red star
called Gliese 445 at a distance of more than a light-year, which
in postal terms means the carrier will pass within shouting
range of one mailbox once, forty millennia from now, without
slowing. Its twin keeps a separate appointment on a similar
schedule, a drift past the small star Ross 248, so the two
copies of the letter will take their single chances in different
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directions, in different millennia, each alone. Sagan liked to
describe the record as a bottle flung into the cosmic ocean,
and the flinging itself as the message about the flingers, and
the figure holds because it is honest about the odds. A bottle is
a letter that has given up on routing. It substitutes durability
for delivery, entrusts itself to currents nobody charts, and
counts the sending as the accomplishment, which is a fair de-
scription of the object bolted to the hull and a fair description,
this account will argue, of a great deal else our species does
when it aims its longing upward. The committee never pre-
tended otherwise. Their own projections gave the record its
billion legible years and gave the chance of interception a val-
ue too small to print, and they finished the work anyway, on
time, over budget in sleep alone, because the point had quietly
shifted somewhere in the six weeks. The letter’s first finding
was its makers. A few dozen people, asked to summarize the
species for strangers, discovered what they thought it amount-
ed to, and the discovery is the cargo.

Lomberg’s part ended at the drawing table, with the cover
diagrams inked and checked, the pulsar map’s fourteen light-
houses each ticking at its labeled rate, the hydrogen atom
drawn twice as ruler and clock. He was not yet thirty, and he
assumed, reasonably, that designing humanity’s letter to the
galaxy was the sort of assignment that arrives once and never
again, a lightning strike that leaves a man the rest of his life to
describe the flash. The record went up on the two launches of
late summer while he watched with the others, the gold covers
catching the Florida light one last time before the fairings
closed over them. Inside the grooves, folded into eight seconds
of buzz, a drawn woman held her hand up in the oldest gesture
there is. It would be thirteen years before a letter arrived from
New Mexico asking him to draw the other one.
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CHAPTER THREE

The Year the Direction Reversed

The last man on the Moon spent part of his final hour there
writing. Eugene Cernan, commander of Apollo 17, had driven
the rover a short distance from the lander so that its television
camera, aimed and tilted by an operator a quarter million
miles away in Houston, could film the liftoff to come, and near
the end of the third moonwalk, in the valley called Taurus-Lit-
trow, he knelt and traced three letters in the dust with his fin-
ger: TDC, for Teresa Dawn Cernan, the nine-year-old daughter
he called Tracy. The Moon has no wind, no rain, no seasons,
nothing that erases. Micrometeorites will sand the letters
away on a schedule measured in tens of millions of years, and
until then they remain the newest inscription in a place that
does no forgetting, a father’s graffiti set down in the one land-
scape where graffiti approaches permanence. He climbed the
ladder on December 14, 1972, pausing on the footpad to speak
a sentence he had worked on in advance, closing with the
hope that his crew’s departure carried, in his words, peace
and hope for all mankind. Then the hatch shut. Before the
climb, the two men had pulled the cover from a plaque bolted
to a leg of the descent stage and Cernan had read its text
aloud to the world on the open circuit, a letter recited by its
depositors at the moment of deposit, into a microphone, for an
audience of everyone except its addressees. It carried the sig-
natures of the three crewmen and of the president. The steel

54

BolesBooks.com | Free Download Edition



told any future reader that here man had completed his first
explorations of the Moon, the adjective doing quiet, enormous
work: first explorations, as though the second were scheduled.

That final surface day had already filled the mission’s
ledger with objects that will matter later. Cernan’s crewmate
on the surface, Harrison Schmitt, was the only working scien-
tist ever to reach the Moon, a geologist whose sharpest mo-
ment had come a day earlier when he spotted a spill of orange
in the gray at the rim of a crater called Shorty, volcanic glass
three and a half billion years old, the Moon showing a color no-
body had briefed for. Before the last climb, the two men
picked up a rock, a composite basalt fused from fragments,
and dedicated it on camera to the young people of Earth; after
the flight it was sawn into slivers and a piece was presented to
every state and to well over a hundred nations, the only mass
mailing ever posted from another world, ground sent to
ground by way of the sky. And on the coast home, the third
crewman, Ron Evans, went outside the ship in the deep black
between worlds to retrieve film canisters from the service
module, floating farther from any planet than any spacewalker
before or since, a man hanging in the mail route itself with an
armful of exposed pictures. The ascent engine lit on time, and
in Houston a flight controller named Ed Fendell, working the
rover camera by remote against a signal delay that forced him
to begin his tilt before the event he was filming, panned up-
ward at the guessed moment and caught it clean: the gold-
foiled upper stage leaping off its platform in a spray of glitter,
climbing out of the frame, gone. The shot exists because a man
on Earth aimed a camera at the future and fired early. It is
among the most replayed pieces of film the space age pro-
duced, and its subject, watched now, is plainly an ending pre-
tending to be a departure. No engine has lifted a human from
that surface since. Cernan flew home believing, and saying for
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the rest of his life, that the gap behind him would run a
decade, maybe two. He died in 2017 with the gap still open.

The gap is this chapter’s subject, and so is the year that
opened it, because 1972 did something stranger than end a
program. Within a single twelve-month span, the species took
its last steps on another world, mailed its first artifact ad-
dressed beyond the solar system, photographed its home plan-
et whole for the first time in a single frame, and formally de-
cided that human flight would henceforth stay close. The di-
rection of hope reversed inside one calendar, and almost no-
body noticed, because each event arrived wearing the costume
of something else: a triumph, a gimmick, a snapshot, a budget
line.

Walk the year in order. On January 5, 1972, at the western
White House, Richard Nixon announced that the nation would
build a space shuttle, and the language of the announcement
repays reading against everything traced so far. The new vehi-
cle would take the astronomical costs out of astronautics; it
would routinize access to orbit; it would transform the space
frontier into familiar territory. Routine, familiar, economical:
the vocabulary of the commute. The decision was defensible
on every line of the ledger and it drew the ceiling anyway.
Money that might have carried crews outward would instead
buy a truck to low orbit, and the truck, whatever its virtues,
would define the altitude of the species for two generations.
That season the nuclear rocket program, the engine designed
for crewed flights to Mars, wound down toward cancellation,
and the last three Moon landings, already stricken from the
schedule two years earlier, stayed stricken. The agency’s
share of the federal budget, which had crested above four
cents on the dollar in the mid-sixties, was sliding toward one,
on its way below it.
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The decision did not fall from a clear sky. Three years earli-
er a task group under the vice president had laid out futures
that ran through space stations to Mars in the 1980s, a menu
of ambitions with price tags attached, and the White House
chose the cheapest line on the page and called it balance. And
the wider year agreed with the choice, because 1972 was the
season the culture turned to face its own house. That June, the
first United Nations conference on the human environment
convened in Stockholm, the founding summit of planetary
housekeeping. That publishing season carried The Limits to
Growth, the Club of Rome’s computer-modeled argument that
the household’s accounts were finite, arithmetic against ex-
pansion that would sell more than ten million copies. The Blue
Marble arrived in December as the movement’s accidental
icon, the whole home visible at last, beautiful, blue, and
bounded. Nothing in this inward turn was foolish, and much of
it was overdue; the point for this ledger is only the timing. The
year the species first saw the whole house was the year it de-
cided to stay in, and both impulses came from one photograph
of one planet, read two ways.

Eight weeks after the shuttle announcement, on the night
of March 2, an Atlas-Centaur rose from Florida carrying Pio-
neer 10, the first machine built to cross the asteroid belt, the
first to visit Jupiter, and the first designed from the start to
leave the Sun’s family altogether. Bolted to its antenna struts,
sheltered from the sandblast of interstellar dust, rode the
gold-anodized plate already met in passing: the first letter, the
rough draft, the plaque. December completed the diptych. On
the seventh, the crew of Apollo 17, coasting toward the Moon
with the Sun at their backs, took a photograph of the full
Earth, the whole disc lit at once, Africa and Antarctica and the
swirl of a cyclone over the Indian Ocean, and the frame known
ever since as the Blue Marble entered circulation on its way to
becoming one of the most reproduced photographs in exis-
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tence. One week later Cernan wrote his daughter’s initials and
climbed the ladder.

The two December images belong side by side, because to-
gether they state the reversal more plainly than any budget ta-
ble. In the space of seven days the species produced its defini-
tive portrait of home and its final footprints away from home.
We saw the whole house for the first time in the week we
locked the upstairs. And the year’s remaining artifact, the
plaque crossing toward Jupiter, announced the substitution
that would govern the next half century: where we had gone,
we would now send: presence giving way to post, the footprint
to the letter. Nothing about the trade was announced, debat-
ed, or chosen in those terms. It assembled itself out of a bud-
get resolution, a launch window, a camera, and a ladder, the
way most reversals do.

The plaque established the whole grammar the Golden Record
would later speak, and it got only a glance in passing. It mea-
sured six inches by nine, gold-anodized aluminum, engraved
from a design worked up in roughly three weeks after the sci-
ence journalist Eric Burgess carried the idea to Sagan: Sagan
and Drake devised the content, and Linda Salzman Sagan
drew the figures. The scientific portions pioneered everything.
Here first was the hydrogen atom’s spin-flip offered as the uni-
versal ruler and clock; here first was the map of fourteen pul-
sars converging on a home star, position encoded in the peri-
ods of dying suns; here first the solar system in a strip along
the bottom, with a small craft drawn rising from the third plan-
et, its trajectory arrowing past the fifth and out. A finder
equipped with radio astronomy could, in principle, work out
where the object came from and when it left, to within impres-
sive tolerances, from a plate the size of a placemat.

The pulsar map carried a subtlety that still startles engi-
neers who meet it fresh. Pulsars slow. Each spinning corpse
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sheds rotational energy on a schedule astronomers can mea-
sure, so the periods engraved on the plate are dated coordi-
nates: a finder comparing the engraved spin rates against the
observed ones could compute, from the drift, how long ago the
engraving was made. The map gives away the sender’s ad-
dress and, in the fine print of dying stars, the sending date, a
postmark implied by physics, and the trick was so sound that
the record’s cover would carry it forward unchanged. Salzman
drew the figures from classical models, the proportions of
academy drawing applied to a diplomatic problem, and the
pair were rendered with features meant to be readable across
the species’ branches, an intended everyone that critics ever
since have read, fairly, as a particular someone: the couple
look like the neighborhood of the people who drew them. The
letter’s first portrait taught the lesson every later letter would
relearn, that a species cannot step outside itself even to wave.

The human portion drew the fire. Salzman’s figures, a man
and a woman unclothed, stood before a scaled silhouette of the
spacecraft itself, and the man’s right hand was lifted, palm
outward, in the gesture the designers glossed as a sign of good
will that also happened to display the opposable thumb and
the articulation of the arm. An engineer’s alibi for a wave. The
wave was the point, whatever the caption said; the first thing
our species chose to show the galaxy about our bodies, after
their shape, was the raised open hand, the gesture this book
began with, thrown upward once more, this time in metal, at
escape velocity. The woman stood beside him, hands at her
sides, and the asymmetry was noticed at once and has been
criticized ever since, one gesture rationed between two peo-
ple, and the man holding it. A short clinical line in the original
drawing of the woman did not survive the review process, a
small censorship that prefigured the silhouette compromise to
come. And the mail sacks filled. Newspapers that reproduced
the plaque received letters accusing the agency of launching

59

BolesBooks.com | Free Download Edition



smut at the stars, and the episode taught NASA the lesson it
would apply, five years later, to the record’s photographs: the
galaxy could handle our nakedness; the correspondence col-
umns could not.

Pioneer 10 performed its assignment and kept going, and
its first-ness is plain: it was the first object human beings ever
accelerated onto a path that leaves the Sun’s gravity for good,
the first piece of the Earth committed, on purpose, to never
coming back. The plaque was mounted accordingly, tucked be-
hind the dish with its face inward, so that the drizzle of inter-
stellar dust scours the blank aluminum back and leaves the en-
graving in the lee, a letter mailed with its text pressed against
the courier’s chest. It crossed the asteroid belt that engineers
had feared might shred it, returned the first close portraits of
Jupiter in December 1973, and coasted on into the long dark,
its plaque riding shotgun, its plutonium supply cooling by the
year. The mission outlived its funding, its receivers’ priority,
and most of its makers’ careers, and on a January day in 2003,
with the craft seven and a half billion miles out, the big dishes
strained after its carrier wave one last time and heard a signal
too faint to hold. Nothing since. The machine is now roughly
thirteen billion miles away, silent, aimed in the general direc-
tion of the star Aldebaran, which it will approach, on the cur-
rent arithmetic, in about two million years. The first letter has
already outlived its own voice by a generation. That is the de-
sign working as designed. A transmitter is a promise that re-
quires keeping; an engraving is a promise that keeps itself.

Two years after the plaque came the opposite instrument: a
letter made of nothing at all.

On November 16, 1974, at the great dish in Puerto Rico, a
ceremony marked the completion of a new reflecting surface,
and Frank Drake, who directed the observatory, arranged a
demonstration to close the program. For two minutes and
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change, the upgraded transmitter fired a stream of ones and
zeros at the globular cluster M13 in Hercules, a swarm of sev-
eral hundred thousand ancient stars about twenty-five thou-
sand light-years away. The message contained one thousand
six hundred seventy-nine bits, and the count was the key:
1,679 is the product of 23 and 73 and of no other pair of
primes, so any receiver who suspected structure would be led
to arrange the bits in a grid of 73 rows by 23 columns, and the
grid, filled in, becomes a picture. Read top to bottom, it teach-
es counting in binary, names the atoms of life by number,
sketches the nucleotides, draws the double helix winding
around a census of the genome, sets a human figure beside a
ruler denominated in the transmission’s own wavelength,
gives the population of the sender’s planet, maps the solar sys-
tem with the third world raised out of line, and closes with a
diagram of the dish that did the talking. The whole pedagogy
of the Golden Record’s picture sequence, the handshake, the
units, the staircase from arithmetic to anatomy, stands here in
miniature, three years early, compressed to a telegram.

For the duration of the transmission, at its narrow frequen-
cy, the dish outshone the Sun by a factor that made Earth,
briefly, the brightest object of its kind in the neighborhood, a
planet that cleared its throat once and fell silent. Drake was
candid then and after that the exercise was a demonstration, a
proof of capability rather than a serious attempt at correspon-
dence; the target was chosen because it would be above the
horizon during the ceremony and because a globular cluster
offered hundreds of thousands of stars in one beam-width,
buckshot logic applied to conversation. Even so, the shot was
posted where the address used to be. Over twenty-five millen-
nia the cluster’s own motion will carry it partly aside, so the
message, by the reckoning of later astronomers, will sweep
through the region trailing its intended target, a letter chasing
a recipient who has moved. And it was never, in truth, the first
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shout. Twelve years earlier, in 1962, Soviet engineers at a
radar station in Crimea had keyed three words in Morse code
at the planet Venus and listened for the echo, MIR, LENIN,
SSSR, peace and a name and an acronym, the first deliberate
radio transmission aimed at another world, half engineering
test, half toast. The reply was the reflection. That Crimean
transmitter would find the habit again at the century’s end, fir-
ing longer letters at chosen stars, and the argument those fir-
ings ignited waits far ahead. The first message our species
sent into the sky came back to us off a planet’s face, which any
superstitious ancestor could have told us is how the sky gener-
ally answers.

Drake drafted the message with his observatory staff and
students, and he was open about the audience. The likelihood
of a listener in the beam rounded to zero; the demonstration’s
working addressee was the species sending it, shown what its
new mirror could do, and the arithmetic of the gesture makes
the point better than any confession. The signal crossed the
orbit of Pluto within hours and will reach the cluster’s neigh-
borhood around the year 27,000; a reply, granted a miracle of
reception and cooperation, could arrive no sooner than the
fifty-second millennium. Institutions that plan in fiscal years
fired a message whose round trip outruns recorded history by
a factor of ten, and the audience applauded and went to lunch.
Nothing in the ledger is stranger than the calendar gap be-
tween our letters and our attention spans, and nowhere is it
wider than here.

The Arecibo demonstration drew an objection worth
recording, because it opened an argument that has never
closed. Martin Ryle, the Nobel laureate who held the As-
tronomer Royal’s chair, protested that broadcasting our exis-
tence and coordinates to unknown parties was a risk no one
had the right to take on the species’ behalf, and he pressed for
international restraint on any repetition. The shouters an-
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swered, then and ever since, that the barn stood open: the
planet had been leaking for decades, every early-warning
radar and television transmitter a beacon already climbing
through the light-years, so that silence, as a policy, had lapsed
before anyone proposed it. Ryle’s side replied that a directed
beam and an ambient glow differ as a shout differs from a
household’s murmur. The quarrel between the shouters and
the hushers, born within weeks of the first real shout, never
closed, and its grown form waits at the far end of this story. Its
birth certificate matters here: from the first hour, some of the
letter writers’ own colleagues wanted the letters stopped.

The strangest letter of the decade went up in 1976, and it was
addressed to us.

LAGEOS, the Laser Geodynamics Satellite, is a brass and
aluminum sphere two feet across, studded with four hundred
twenty-six corner-cube mirrors, carrying no electronics, no
fuel, no radio, no moving parts, nothing that can die. It was
launched in May 1976 into an orbit nearly six thousand kilo-
meters up, chosen for its indifference: high enough that the
atmosphere’s last wisps cannot slow it, stable enough that its
position can be predicted to precision for geological ages. Its
function is to be a target. Observatories fire laser pulses at it
and time the round trip, and because the sphere’s orbit is
steadier than the ground beneath the observatories, the mea-
surements reveal the ground’s own motion: continents drifting
at the speed fingernails grow, the planet’s shape breathing
with the seasons, the slow waltz of the poles. The mirror ball
converted continental drift from an inference into a running
measurement, and it remains in service half a century on,
lasers still touching it nightly, the one artifact in this book’s in-
ventory that its makers’ descendants still reach out and tap.

Its orbit will decay, by the calculation of its designers, in
about 8.4 million years, at which point the sphere will come
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down onto whatever the surface of Earth is by then. Against
that appointment, NASA asked Sagan for a message, and the
plaque he designed for the interior may be the purest expres-
sion of the letter-writing instinct this book will encounter, be-
cause it dispenses with strangers altogether. It shows the
Earth’s continents three times: assembled into one landmass
as they stood some 268 million years ago, arranged as they
stand now, and projected as they may stand 8.4 million years
hence, each map dated in a binary notation counting from the
satellite’s launch. The addressee is whoever, or whatever, oc-
cupies the drifted continents at reentry, and the content is a
bus schedule for rock. No music, no faces, no greetings, no
wave. The plaque flatters its finders by assuming them. It pre-
sumes a reader who can parse binary and recognize coast-
lines, and so presumes heirs, continuity, someone still keeping
the books eight million years out, and it makes the presump-
tion without one word of plea or warning, the calmest docu-
ment in the whole correspondence. An upward letter whose
entire subject is the downward world’s slow travel, mailed into
the sky because the sky is the one shelf where the mail will
keep, hope’s direction borrowed as a safe-deposit box for
geology’s news. A twin, Italian-built, joined it in 1992, dou-
bling the constellation of two, and the pair are ranged from
stations on every continent, a nightly roll call answered in re-
flected light, the oldest letters still on speaking terms with
their senders. Somewhere overhead tonight the first one is
passing, a disco ball with the deed to the ground in its pocket,
and every laser pulse that touches it is, in the terms assembled
so far, a letter we sent to the far future being fingered, nightly,
by the near present, to check that it is still there.

The question underneath all of this hardware is where the up-
ward instinct’s fuel came from, and for the tradition that actu-
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ally built the first rockets, the answer is on the record, hand to
documented hand, and it begins in a library.

Nikolai Fyodorov worked for a quarter century as a cata-
loguer at the Rumyantsev Museum library in Moscow, an as-
cetic who slept little, owned almost nothing, gave his salary
away, and declined to publish, teaching instead through con-
versation in the reading room he ruled like a monk’s cell open
to the public. The doctrine he taught, assembled by disciples
after his death under the title of the common task, is the most
audacious proposal in the history of hope: that the true, unify-
ing project of the species, the task beside which all politics
and commerce are procrastination, is the abolition of death,
and past that, the scientific resurrection of every human being
who has ever died. All of them. The whole cemetery of the
species, recovered particle by particle, restored generation be-
fore generation, the sons raising the fathers who raised them,
back to the first grave. Fyodorov reasoned onward with terri-
ble consistency: a resurrected humanity would need room, and
the Earth could not hold every generation at once, and so the
dead, once raised, would settle other worlds. Space travel en-
ters the Western imagination, in this lineage, as housing policy
for the resurrected. The rocket is conceived as an argument
with the cemetery. Tolstoy visited the librarian and left im-
pressed; Dostoevsky, encountering the ideas through a
disciple’s letter, responded with excited assent. The reading
room was, for a while, a quiet capital of the improbable.

Fyodorov’s system gave institutions of memory a promotion
no one has offered them since. A museum, in his teaching, is a
protest against death and the grave, a rehearsal space where
the work of keeping the dead present is already, feebly, under
way; every archive, every catalogue, every act of preservation
belongs to the resurrection’s supply chain. The librarian was,
on his own theory, working the front desk of the project. He
practiced what he catalogued. He declined honors, declined
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money, and declined the camera his whole life, so that the man
who wanted every dead body in history recovered left the
world almost no image of himself; the portrait that exists was
sketched on the sly in the reading room by the painter Leonid
Pasternak, the poet’s father, stealing the likeness of a man too
humble to sit for it. There is no neater emblem in the whole
story: the prophet of universal recovery, recoverable only by
theft.

Among the library’s patrons in the mid-1870s was a deaf
teenager from the provinces named Konstantin Tsiolkovsky,
who had lost most of his hearing to scarlet fever at ten, been
sent home from school as unteachable, and arrived in Moscow
at sixteen to educate himself, living, by his own account, on
black bread and water so that his few kopecks could go to
books and chemicals. The librarian took him up, guided his
reading, and kept him supplied through three years of self-in-
struction, and the boy went home to become a provincial
schoolteacher in Kaluga and, in the evenings, the founding
theorist of spaceflight. In 1903, the year the old librarian died,
Tsiolkovsky published the equation that still bears his name,
the tyrannical little logarithm that relates a rocket’s velocity to
the fraction of itself it must burn, the arithmetic every launch
since has obeyed. He had already, years before, imagined the
space elevator while looking at the Eiffel Tower, and would go
on to specify multistage rockets, liquid hydrogen and oxygen
as propellants, and orbital habitats, all on paper, all from Kalu-
ga, all decades early. He credited the silence, in his own recol-
lections, with driving him inward to the books and the work-
bench, an isolation that functioned as a laboratory; the boy
who could barely hear the world designed, in compensation,
the means of leaving it. And Fyodorov’s museum doctrine
closed its loop on him in the end. Kaluga, the provincial town
where he taught arithmetic to schoolchildren, became the
shrine city of Russian spaceflight, and in the spring of 1961,
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weeks after his flight, Yuri Gagarin himself laid the first stone
of the museum of cosmonautics built there in the
schoolteacher’s honor, the first man in the sky breaking
ground for the deaf man’s memory, the librarian’s theory of
museums as resurrection engines executed, unknowingly, by
the state that had buried the theory. In 1911 he wrote the sen-
tence that became the movement’s scripture, rendered in Eng-
lish as: Earth is the cradle of humanity, but mankind cannot
stay in the cradle forever. The line is quoted everywhere as en-
gineering optimism. Read through his teacher, it says some-
thing else as well. A cradle is what you outgrow; a grave is
what the common task refused. The founding sentence of as-
tronautics is a burial refusal wearing a nursery metaphor.

The hands stay documented the rest of the way. Sergei Ko-
rolev, the Ukrainian-born engineer who devoured
Tsiolkovsky’s writings in his youth, co-founded the Moscow
rocketry group that turned the Kaluga schoolteacher’s paper
into hardware, survived denunciation, the Kolyma gold mines,
and six years in the prison system, and emerged to become the
anonymous Chief Designer whose rockets orbited Sputnik in
1957 and lifted Yuri Gagarin around the Earth in April 1961.
Gagarin flew one hundred eight minutes and came home the
most famous human alive; Korolev remained a state secret un-
til his death. The American root grew separately and privately,
which keeps the argument honest. Robert Goddard, seventeen
years old, climbed a cherry tree on an October afternoon in
1899 to trim its branches, looked out over a Massachusetts
meadow, and was seized by a waking vision of a device as-
cending toward Mars; he came down the ladder, by his own
account, a different boy, and he marked the private anniver-
sary every year for the rest of his life. No librarian, no doc-
trine, no common task, one adolescent in a tree. The upward
instinct evidently needs no philosophy to ignite it. What the
Russian lineage supplies is the documented case where the
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philosophy came first and the hardware followed from it, hand
to hand, with receipts.

The chain runs unbroken and on paper: the librarian who
wanted the dead raised taught the boy who wrote the equa-
tion; the equation reached the engineer; the engineer
launched the man. Fifty-eight years from the equation to the
first human in the sky, one lifetime and change, and at the root
of it, feeding the whole tree, a theory of resurrection. Other
nations flew for other stated reasons, prestige and fear and
science, and every program drew on the deep battery regard-
less: the conviction, older than any agency, that up is where
the dead are refused and the future is stored. The century’s
launches were funded as geopolitics and fueled, further down,
by the oldest grievance there is.

By 1972 the fuel gauge and the budget curve pointed opposite
ways. The metaphysics said rise; the appropriations said re-
turn. At the spending peak of the mid-1960s, the American
space agency commanded more than four dollars of every hun-
dred the federal government spent; by the mid-1970s the fig-
ure had fallen below one, where it has lived ever since. The
curve renders best in dollars and disposal. At the 1966 crest
the agency spent close to six billion dollars in a year, better
than four cents of every federal one; by 1972 the share had
fallen past a cent and a half; by 1975 it slid under a single
cent, and there, give or take, it has lived for fifty years,
through every administration, both parties, all rhetoric. The
money went where money goes, to a war being exited, to enti-
tlements being built, to a decade’s inflation, and the hardware
already bought went to the lawn. Saturn V rockets that had
been manufactured for canceled landings, flight articles, ma-
chines built to go, were laid on their sides at Houston, at the
Cape, at Huntsville, as exhibits, and they remain there, the
tallest vehicles the species ever stood upright, stored horizon-
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tal for tourists to walk past, three hundred sixty feet of inten-
tion parked like felled timber. A civilization declares its direc-
tion in what it builds; it confesses a change of direction in
what it lays down. The species did what any household does
when conviction and cash flow diverge: it kept the conviction
and changed the instrument. Crews stopped; couriers multi-
plied. In 1976 the Viking landers set instrumented tables on
Mars and tested its soil for life; in the following summer the
twin ships of the opening chapters departed with their gold
cargo; probes flew at comets, orbited furnaces, parachuted
into acid clouds, and the letters kept leaving, cheaper than
passengers, deaf to risk, indifferent to return. The substitution
was so smooth that its size stayed hidden. Measure it with one
number. From the morning Cernan climbed the ladder to the
spring of the year in which this book is being written, nineteen
thousand four hundred seventy-one days passed, and on nearly
all of them, every human being alive was confined within a few
hundred miles of the planet’s surface, an altitude that, on a
schoolroom globe, a thumb would cover. The Soviet fallback
did not alter the ceiling; the stations flew low. So did the shut-
tle. So did the great station the shuttle built. Two generations
of astronauts spent careers in the porch light while the letters
crossed the yard, the fence, the road, and kept going.

State the objection before a critic can, because it is the
strongest one available: the reversal reads, at first pass, like
an American story dressed as a species story. Other flags kept
climbing. The Soviet Union flew stations in series and its suc-
cessor never stopped; China orbited its first astronaut in 2003,
built a station of its own, landed robots on the Moon’s far side
where nothing had ever landed, and brought lunar samples
home twice in the 2020s; Japan pinched grams off two aster-
oids and returned them; India set a lander near the lunar
south pole in 2023; Europe set a lander on a comet’s neck. The
traffic upward, counted in nations and machines, grew for fifty
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years. And the ceiling held through all of it, which is the point
the objection sharpens rather than blunts. Every one of those
crewed programs, whatever its flag, flew low; every foray past
the porch was a courier. The reversal of 1972 belonged to no
single flag. Moscow did try to follow the Americans outward,
and its giant N1 Moon rocket failed on all four of its launches
before the program was abandoned in the mid-1970s, so for at
least one great power the ceiling was set by a rocket that
would not fly rather than by a choice to stay. However each
nation reached that ceiling, by budget, by failure, or by pru-
dence, the ceiling held: a species-wide reassignment of the
flesh to the ground floor and the mail to the distances, treated
by every spacefaring power that came later as though it were
a law of nature rather than a decision with a date. Couriers
multiplied under a dozen flags. The passengers, under all of
them, stayed home. Fifty-three years is long enough for an ar-
rangement to stop looking like one. Children were born,
learned the word astronaut, grew old teaching it to their
grandchildren, and through all of it the word meant a person
who circles close overhead. An era’s ceiling becomes its sky.
No child of those five decades ever watched a human depart
for another world in real time; the leaving lived in archives,
narrated in the past tense, footage the color of 1972.

Then, three months before this sentence, the ceiling
cracked. On the first of April, 2026, a rocket left Florida carry-
ing four people, Reid Wiseman, Victor Glover, Christina Koch,
Jeremy Hansen, in a capsule they had named Integrity, a
virtue where Apollo had flown an America and a Challenger,
and over nine days they flew out, around the far side of the
Moon, and home, the first crewed vessel past low orbit since
1972. They landed nowhere. The mission was a flyby, a prov-
ing flight for landings promised later, and it dealt in this
ledger’s currency with almost embarrassing generosity. The
crew broke the distance record set by a crippled ship in 1970,
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reaching some quarter million miles out and a few thousand
more. They photographed an Earthset in deliberate echo of the
Earthrise Apollo 8 made famous. They proposed names for two
fresh craters they helped chart, one for their ship, and one,
Carroll, for the commander’s wife, who had died in 2020, a
grief written onto the Moon beside a father’s initials already
fifty-three years in the dust. And on the morning they ap-
proached the Moon, mission control transmitted up to them a
message recorded by James Lovell, who had first carried hu-
man eyes around the far side in 1968 and who had died the
previous August: a greeting from a dead man, prepared in ad-
vance, delivered to the living at the Moon, welcoming them to
his old neighborhood. The species returned to deep space af-
ter fifty-three years and was handed, on arrival, a letter from
the other side. And for forty minutes at the flyby’s heart, as
the ship crossed behind the Moon, the crew flew out of reach
of every signal Earth can send, the planned blackout every lu-
nar mission accepts, and the four of them owned, briefly, the
one condition the flung letters live in permanently: moving, in-
tact, and unreachable, past the edge of the postal system,
trusted to come out the other side.

What the return proves is arguable and will be argued;
whether it opens an era or punctuates an absence, the next
decade will disclose. What it cannot change is the shape of the
half century it ended, and that shape is this chapter’s finding.
In 1972 a civilization at the height of its reach chose, in the
space of one year, to stop carrying itself upward and to start
mailing itself instead, and it sealed the choice with three arti-
facts it barely noticed it was making: a photograph of the
whole Earth, a plaque leaving forever, and a set of initials in
dust that nothing will disturb. Two of the three are traveling
still. The third is waiting, three letters deep in the Taurus-Lit-
trow dust, the initials of Teresa Dawn Cernan, the most
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durable thing any Apollo astronaut made with his own hand,
written downward, in ground that keeps, by a man pointed up.
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PART TWO

The Letter Down
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CHAPTER FOUR

The Priesthood and the Cats

The second letter began, like the first, as an assignment no-
body quite knew how to classify. In 1981, at the Office of Nu-
clear Waste Isolation, run under contract by the Battelle
Memorial Institute out of Columbus, Ohio, the Department of
Energy convened a small task force and handed it a problem
with a shape no engineering curriculum covered. The nation
intended to bury its long-lived radioactive waste in deep geo-
logical repositories, and the regulation then taking shape in
Washington would require that the burial grounds stay undis-
turbed for ten thousand years. Fences rust. Guards retire.
Governments, on the historical evidence, average a few cen-
turies. The waste would remain lethal regardless, and so the
task force, formally the Human Interference Task Force, was
asked to design the impossible-sounding remainder: a warning
that would keep working after everything that maintains warn-
ings had stopped. Its deliverables, filed across the first half of
the 1980s, became the theoretical bedrock under every mark-
er plan the repositories would later draw.

The number itself needs an honest look before anything
else, because the whole enterprise rests on it and it is a legal
fiction wearing a lab coat. Plutonium-239, the isotope that
drives the worst of the arithmetic, has a half-life of twenty-four
thousand one hundred years; the hazard curve does not polite-
ly expire at ten millennia. Regulators chose ten thousand be-
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cause it is long enough to be serious, short enough to be mod-
eled, and round enough to survive a hearing, a horizon picked
the way horizons are picked, by negotiation among people who
will be dead for 99.7 percent of it. One of the task force’s own
commissioned studies would carry the span in its title convert-
ed to human units: three hundred generations. In those human
units, the assignment loses its abstraction. Write a sentence,
the government was asking, that your great-grandchildren’s
great-grandchildren, repeated a hundred times, will still obey.

What made the 1981 group historic was its composition.
Alongside the health physicists and engineers sat anthropolo-
gists, a communications psychologist named Percy Tannen-
baum, whose companion study would frame the psychologist’s
version of the problem, how attention rather than language
survives descent through hundreds of hand-offs, and, most
consequentially, a semiotician: Thomas Sebeok of Indiana Uni-
versity, the era’s presiding authority on how signs work, in hu-
mans and out of them. No government had ever before con-
tracted the theory of meaning as a branch of containment en-
gineering. The state had spent forty years perfecting the
physics of the atom; it now discovered, with some embarrass-
ment, that the durable part of the problem belonged to the hu-
manities. Concrete could be specified to centuries. The sen-
tence painted on the concrete could not.

The scale of the difficulty comes clear the moment the ten
thousand years are walked in the other direction. Writing it-
self, the technology being asked to carry the message, is a lit-
tle over five thousand years old; the earliest tablets from Uruk
sit at the far edge of the fourth millennium before the common
era. The task force was therefore specifying a service life for
the written word roughly double the word’s entire existence to
date, like commissioning a bridge from a firm whose oldest
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structure has stood half the required span and is meanwhile
becoming unreadable.

Go back the full distance and stand in 8000 BCE. The tower
of Jericho is new, eight and a half meters of stacked stone with
an internal stair, built by people who left the tower and not
one syllable. On a Turkish hilltop the enclosures of Gobekli
Tepe are still in use, rings of carved megalithic pillars, foxes
and vultures and scorpions in relief, the oldest monumental ar-
chitecture known, raised by hunter-gatherers whose intentions
archaeologists have now spent decades reconstructing from
stone alone, because stone is all that was mailed. The pattern
from that horizon is uniform and it terrified the panels who
studied it: across ten thousand years, monuments survive and
meanings do not. We hold the ancients’ masonry in our hands
and their sentences nowhere, and the burial grounds of the
atomic age were being asked to reverse the ratio.

One channel, and one only, has serious claims on the re-
quired range, and the panels’ successors would have done well
to sit with it longer. In the 2010s, researchers cataloguing
Aboriginal Australian coastal traditions argued that stories
from more than twenty communities describe, with local speci-
ficity, shorelines drowned by the sea-level rise that ended
around seven thousand years ago, which, if the readings hold,
would make them accounts carried by voice across three hun-
dred fifty generations and more, counting a generation as the
twenty years the oral-history researchers use rather than the
thirty-odd the marker studies assumed. On the Oregon
plateau, Klamath tradition tells of a mountain destroyed in a
battle of powers where Crater Lake now stands, and the moun-
tain, Mazama, came down in an eruption dated to seventy-sev-
en centuries back. The claims are argued, contested, and
hedged in the literature as they should be, and even taken cau-
tiously they trace a pattern that flatters no monument: the
only candidate messages to cross seven millennia intact trav-
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eled in ritualized speech, bound to landscape features the lis-
teners could stand on, the story re-anchored to its referent ev-
ery time an elder pointed at the water. Voice plus ceremony
plus a visible referent, renewed each generation. Every ele-
ment the waste problem lacks is on that list, and every ele-
ment the era’s boldest proposals tried to synthesize is on it
too. And one more difference sits under all of them: three hun-
dred fifty generations of tellers kept those stories because the
stories kept them, the drowned coasts and the fallen mountain
woven into law, kinship, and country. Nobody was guarding
garbage. They were keeping the sea.

Nor does the decay require anything like ten millennia.
English speakers lose their own language in stages that can be
clocked. Shakespeare, four centuries back, needs footnotes;
Chaucer, six centuries, needs training; Beowulf, ten, is a for-
eign tongue that happens to be an ancestor, hweet at the
threshold like a password no one remembers issuing. Push
past one’s own lineage and the losses become absolute. Linear
B, the script of Bronze Age Greek palaces, went unread for
three thousand years until Michael Ventris cracked it in 1952,
and its older sibling Linear A remains unread to this day, a fil-
ing system of a literate civilization sitting in museum cases as
pure pattern, every accountant who could parse it thirty cen-
turies dead. And these are the lucky cases, scripts that sur-
vived physically. The Egyptian recovery required a fluke, one
stone carrying a single decree in three scripts, and even with
the Rosetta stone in hand the decipherment took a further
generation of obsession before Champollion broke through in
1822. A search for the oldest sentence still performing its orig-
inal function comes back empty at the required range.
Hammurabi’s laws stand legible on their stele after thirty-sev-
en centuries, and no court enforces them; Roman milestones
still give distances to an empire that cannot be reached; the
boundary stones of Babylon name owners four thousand years
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reassigned. Messages that old survive as artifacts, evidence,
decoration. Nowhere on Earth does a four-thousand-year-old
text still do its job, and the assignment on the table asked for
two and a half times that. The lesson the task force drew was
not despair; it was a specification. Unattended signs die. Signs
survive when they are recopied, retranslated, and reinvested
with consequence by living communities, generation upon gen-
eration. A ten-thousand-year message therefore needs, in
some form, ten thousand years of staff.

Sebeok took the specification to its logical destination, and his
path there gives the proposal its strange authority. Born in Bu-
dapest, trained across the linguistics of a dozen families, he
had spent his career founding and policing the study of signs
beyond the human, the field he named zoosemiotics, and he
had lately become famous as the great debunker of talking-an-
imal claims, the man who, with Jean Umiker-Sebeok, orga-
nized the skeptical assault on the ape-language experiments of
the 1970s, insisting that apparent conversation was cueing
and wishful reading. The scientist most responsible for demon-
strating that we hear meanings where none are sent was now
hired to guarantee a meaning across three hundred genera-
tions of strangers. He knew better than anyone alive how easi-
ly a sign detaches from its sense. The founding case of his
skepticism was a horse. Clever Hans, the Berlin sensation of
1904, tapped out arithmetic with a hoof until the psychologist
Oskar Pfungst demonstrated that the animal was reading in-
voluntary tension in its questioners, a genius of posture mis-
taken for a mathematician, and Sebeok made the case a ca-
reer-long parable, convening a conference on the Clever Hans
phenomenon in 1980 and wielding it against the era’s cele-
brated signing apes. Meaning, he taught, is what observers
pour into channels; the channel itself guarantees nothing.
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Hand that man ten thousand years of unsupervised channel,
and his conclusion writes itself.

His report, delivered in 1984 under the title Communica-
tion Measures to Bridge Ten Millennia, is a masterpiece of un-
sentimental triage. No natural language, it concludes, can be
trusted past a handful of centuries. No symbol system, no pic-
tograph, no ideogram carries a stable charge across cultural
collapse; the skull and crossbones has meant pirates, poison,
and rebirth in different centuries, and radiation’s trefoil is a
bureaucratic infant with no roots at all. Physical markers
should be built, he allowed, and messages layered from simple
to complex, but the load-bearing recommendation lay else-
where: the message must be handed off, alive, in a relay. Each
generation should re-encode the warning into its own current
language and forms, roughly every quarter millennium at mini-
mum, the way scripture and law survive, by perpetual retrans-
lation under institutional care. And because institutions need
motive force beyond salary, Sebeok proposed manufacturing
one: an atomic priesthood, his phrase, a self-perpetuating
commission of the knowledgeable, physicists and folklorists to-
gether, charged with maintaining the truth at the center and
radiating, outward toward the public, a designed penumbra of
legend, ritual, and accumulated superstition, veiled threats of
retribution attached to the burial grounds, refreshed through
fixed annual observances, the retellings scheduled like mainte-
nance, so that even if the science rotted out of popular memo-
ry, the dread would keep the perimeter.

The report’s machinery ran deeper than the slogan that
survived it. Sebeok specified layers, messages graded from the
pictorial through the plainspoken to the fully technical, each
level a landing for readers of different sophistication, and he
set the relay’s clock by the observed half-life of living lan-
guages, retranslation falling due every few generations,
missed at the message’s peril. And he anticipated the oldest
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objection in political philosophy, the one Juvenal issued as a
question: who guards the guardians. An institution chartered
for three hundred generations will not merely leak, as Egypt’s
did; it will drift, because institutions metabolize their missions.
The monasteries of Europe made the case in the archive’s fa-
vor and against its intentions at once: monks copied out Ovid
and Cicero for penmanship and Latin practice, and by that
sideways route preserved a pagan literature their charters ex-
isted to supersede. Transmission succeeded; the meaning trav-
eled under new management. A waste priesthood on that mod-
el might well carry something across the millennia. What it
carried, by year 6000, could be anything wearing the original’s
vestments, the trefoil a saint’s mark, the exclusion rite a har-
vest festival, the truth at the center long since promoted to
metaphor. He was recommending, in plain terms, that a
democracy commission a myth. The report says so without
flinching and flags the discomfort itself, and the discomfort
has two blades. The lie might be judged unethical, an Enlight-
enment state deliberately seeding unreason among its descen-
dants. Or the lie might be judged unnecessary, since the truth,
being genuinely frightening, could carry its own dread if any-
one remained to explain it. What the proposal understood, and
what its critics sometimes miss, is that Sebeok was reasoning
from precedent rather than fantasy. Humanity has fielded one
class of institution on the required timescale, and it is the
class he named. Priesthoods are the only organizations in the
archaeological record whose stated business is transmitting
unaltered messages across generations under threat of super-
natural consequence. He was reaching for the oldest working
technology in the inventory.

The trouble is that the inventory includes the field reports,
and the field reports are ruinous. The precedent had been
tried, at state scale, with full funding, for longer than the task
force’s whole horizon of confidence, in Egypt. Tombs were
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sealed under curse formulas that promised crocodiles in the
water and serpents on the land for any violator; a professional
priesthood held the rites; a dedicated village of state work-
men, Deir el-Medina, existed to build and guard the necropolis
across centuries. The result is on papyrus. In the reign of
Ramesses IX, around 1110 BCE, tribunals convened over the
systematic looting of the royal tombs, and the transcripts,
which survive, record what the investigations found: the rob-
bery rings ran through the workmen and functionaries of the
necropolis itself, the guardians selling the geography they
were ordained to protect, confessions extracted, officials im-
plicated, gold already melted. The curses had held no one; the
priesthood had leaked from the inside; the tombs that stayed
sealed, Tutankhamun’s above all, stayed sealed by accident
and obscurity rather than by dread: flood debris washed
across the doorway, a later pharaoh’s workmen piled their
construction spoil and built their huts on top of it, and the
necropolis itself misplaced the address. The one preservation
strategy with a verified success was burial of the burial, the
marker problem solved by having no marker at all. Three thou-
sand years before the Human Interference Task Force, its flag-
ship proposal had completed a full clinical trial and failed
against its own staff. Sebeok’s priests would be people, and
people, across three hundred generations, will include the
ones who sell the map.

The curse genre itself, surveyed honestly, deepens the verdict.
Babylonian kudurru stones marked land grants under stacked
maledictions, god after god invoked against whoever should
move the stone or deny the grant, and the stones survive in
museums with their grants long dissolved, the maledictions in-
tact and inert, threats outliving both the property and the pan-
theon retained to enforce them. Medieval scribes closed
manuscripts with anathemas promising damnation and disease
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to book thieves, and the books were stolen at the ordinary
rate. Shakespeare lies in Stratford under four lines that end by
cursing whoever moves his bones, and the bones, as it hap-
pens, have stayed put, which admirers cite as the genre’s one
success, though four centuries of churchwardens and the floor
of an active parish deserve most of the credit the couplet col-
lects. Curses keep nothing. What they do, the record suggests,
is advertise. The most famous tomb curse in the world was
never written on any tomb: when Lord Carnarvon died of an
infected mosquito bite months after the opening of
Tutankhamun’s chambers in 1922, the newspapers assembled
a pharaoh’s curse out of coincidence and column inches, folk-
lore manufacturing itself in real time around a sealed door,
and the manufactured dread performed the opposite of
Sebeok’s hope. It became the tomb’s marketing. A century on,
the curse is the brand, the brand fills the galleries, and the boy
king’s face funds museum wings, the crowds drawn toward the
danger word like moths that read. Seeded dread, the one field
trial says, does propagate; what it cannot be trusted to carry is
the instruction to stay away.

Fairness requires the counter-case, because the relay half
of the proposal, separated from the manufactured dread, has a
working demonstration older than most nations.

The strongest precedent on the relay side never touches
stone at all. The Rigveda, a body of more than a thousand
hymns, has been carried across roughly three thousand years
in Sanskrit so phonetically conserved that historical linguists
treat the recitations as fossil audio, and the carrying was done
by hereditary lineages of reciters using deliberate error-cor-
rection: the verses memorized forward, backward, and in in-
terlocking word-pair patterns, so that any slip in one recitation
collides with its mirror in another and gets caught. A priest-
hood, in other words, has already transmitted a message the
length of a third of the required span with fidelity no written
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medium of the period approached, and it did so for Sebeok’s
reason: the recitation was sacred, the accuracy itself was the
devotion, and the reciters’ standing rose with their exactness.
The demonstration cuts both ways at once. It proves the relay
can run for millennia. It also prices the fuel: nothing short of
holiness has ever paid for one.

At Ise, on the Japanese coast, the grand shrine has been
dismantled and rebuilt on an adjacent plot every twenty years
since the last decade of the seventh century, more than sixty
reconstructions and counting, each raised to the old measure
in fresh cypress by carpenters trained through apprenticeship
for the purpose. Nothing about the building is ancient; every-
thing about the building is original. The information, the join-
ery, the proportions, the rites of transfer, has been recopied
through thirteen centuries of war, famine, regime change, and
modernity, and the institution budgets across centuries as a
matter of course: the shrine maintains cypress forests man-
aged on planting horizons of two hundred years, timber set
growing now for carpenters not yet born, a supply chain that
assumes its own great-great-grandchildren. The copying is the
point: the renewal is the worship, funded and staffed because
the act of transmission is itself sacred, prestigious, and identi-
ty-bearing. In Yazd, in Iran, a Zoroastrian fire has been tended
without interruption, by the community’s account, for some fif-
teen centuries, priest to priest, fuel by fuel, a flame that is
pure maintenance elevated to devotion. The relay works, the
precedents say, on one condition: the keeping must be holy in
itself. Not the thing kept, the keeping. A message survives
three hundred generations when carrying it confers meaning
on the carriers, when the relay is the religion. And there the
atomic case runs onto the reef, because the cargo in question
is garbage. The shrine carpenters transmit beauty and the fire
priests transmit light, and the waste wardens would be asked
to transmit shame at public expense, custodians of the one na-
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tional treasure everyone wishes did not exist. Designing a faith
around a landfill is the unsolved half of Sebeok’s solution, and
he knew it, which is why the myth had to be manufactured:
nothing true about the site inspires the tending.

While the theorists argued about the year 12,000, the existing
warning system was failing inside a single lifetime, and the
failure calibrates everything that follows.

The radiation trefoil, the three-bladed symbol on every hot
door in the world, was improvised at a Berkeley laboratory in
1946, magenta on blue by the first accounts, its designers
guided by little more than the look of activity radiating from
an atom. It carries no inherited meaning, borrows nothing
from any older iconography of harm, and tests eventually con-
firmed what semioticians had predicted from the armchair:
shown to children and to adults without training, the trefoil
reads as nothing in particular, a propeller, a fan, a flower. By
2007, sixty-one years after the improvisation, the international
standards bodies conceded the point in the most eloquent way
possible, by issuing a second symbol to stand guard beside the
first on the deadliest sealed sources, and the new sign aban-
dons abstraction entirely: radiating waves, a skull and cross-
bones, and a human figure running away, a comic strip of con-
sequence, meaning rebuilt from the oldest pictures in the in-
ventory. The official warning language of the atomic age had
required a major revision before its first human generation
was in the ground. Sixty years defeated the symbol. The as-
signment on the table was ten thousand.

Then, in April 1986, the theoretical decade acquired a live
demonstration. Reactor Four at Chernobyl burned, an exclu-
sion zone was improvised across the borderlands of Ukraine
and Belarus, and the world got to watch, in real time, how
dread actually behaves around contaminated ground. It be-
haves like radioactivity: intensely at first, then by decay. With-
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in a single generation the zone had become a wildlife refuge
by accident and an excursion by choice, tour buses running
day trips to the sarcophagus in the years before war closed the
region again, visitors photographing the ferris wheel at Pripy-
at the way visitors photograph the boy king’s mask. The
half-life of terror, measured in the field, runs a few decades.
The panels had assumed as much on paper; the reactor sup-
plied the data.

The proposal’s most famous rival arrived by way of a ques-
tionnaire. In 1984 the German journal Zeitschrift fur Semiotik,
under its editor Roland Posner, put the ten-thousand-year
question formally to scholars across Europe and beyond and
printed the answers, a symposium that reads today like a bes-
tiary of applied imagination. Stanistaw Lem sent a response.
The Hungarian semiotician Vilmos Voigt proposed a marker
that grows: rings of inscription around the site, with each era
commanded to add fresh translations in its own current lan-
guages outward from the center, so that the monument be-
comes a perpetual, self-updating Rosetta stone, comprehen-
sion maintained by accretion, the readers conscripted as
co-authors, each century paying its translation fee to stay
warned. And two semioticians, Francoise Bastide and Paolo
Fabbri, offered the answer that has outlived the journal, the
proposal filed ever since under two words: ray cats.

The idea repays walking at the pace of its own seriousness,
because it is remembered as a joke and was constructed as an
argument. Every strategy so far, they observed, assumed the
message would be carried by things, stones, scripts, institu-
tions, and things fail. What persists across ten millennia with-
out archives or governments is the household. The cat has
shared human dwellings for some nine and a half thousand
years, since before writing, before bronze, before wheels; a
kitten buried beside a person on Cyprus predates every pyra-
mid. The choice of species even arrives with folklore pre-in-
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stalled, a creature the target medium already credits with nine
lives and second sight, supernatural standing banked cen-
turies in advance. Take, then, the co-evolved companion, and
breed into it a visible response to ionizing radiation, a coat
that changes when the ground is wrong. The animal becomes
a self-replicating, self-distributing, maintenance-free detector
that walks itself into every future settlement. And because a
detector means nothing without an interpretation, write the in-
terpretation into the one medium proven to cross millennia
without institutional support: folklore. Seed proverbs, lulla-
bies, and tales in every available tongue, to the effect that
when the cat changes, the family moves. Hardware in the
genome, software in the nursery rhyme. The legend maintains
the meaning; the litter maintains the legend’s referent; neither
requires a single functioning government between now and
the year 12,000.

The objections are real. A cat is a poor dosimeter, mobile,
short-lived, responsive on no useful timescale to the slow
fields around a sealed repository. The breeding itself poses
ethical weather. And folklore, the load-bearing layer, has a
documented habit of shedding its cargo while keeping its tune:
the best-known case in English, the belief that a certain
children’s ring game encodes the symptoms of plague, is itself
a modern invention, folklore about folklore, wrong within
three centuries of the rhyme’s first printing. We cannot reli-
ably transmit the meaning of our own nursery rhymes across
three hundred years, and the proposal asks a lullaby to carry
radiological protocol across ten thousand. The folklore layer
can even point to a partial success in its own defense, and the
exception maps the rule. Weather proverbs have crossed mil-
lennia with their meanings roughly intact; the red sky at
evening that comforts shepherds appears in the Gospel of
Matthew and still encodes serviceable mid-latitude meteorolo-
gy, because the referent recurs. Every generation sees ten
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thousand sunsets and gets ten thousand chances to re-anchor
the saying to the sky. Radiation offers no such tutor. An invisi-
ble hazard behind a sealed door presents the proverb with
nothing to check itself against, no nightly rehearsal, no grand-
mother pointing, and an unanchored saying drifts to wherever
rhyme and menace carry it. The engineering requirement hid-
ing inside the cat proposal is therefore recurrence: the detec-
tor exists to give the folklore a visible referent, a color the
child can see and the saying can name, the cats supplying the
sunsets. Bastide and Fabbri would have granted all of it, be-
cause their deeper point was diagnostic rather than practical.
They were demonstrating, by construction, what any real solu-
tion must look like: alive, distributed, self-renewing, and
lodged in culture’s most durable stratum, the low one, the
songs and sayings that survive because nobody guards them.
Beneath the whimsy, the proposal made a technical move
Sebeok himself would have graded correctly, because it comes
straight out of the sign theory he taught. In the classification
descending from Charles Sanders Peirce, a symbol means by
convention, an icon by resemblance, and an index by direct
causal connection, smoke to fire, track to animal. Every stone
marker is a symbol, and conventions die with their communi-
ties; the entire ten-thousand-year problem is the mortality of
convention. A cat whose coat answers radiation is an index. Its
meaning is wired to its cause and needs no dictionary, no
treaty, no surviving language, only a mind alert enough to cor-
relate, which is the one competence every future safely re-
tains. Read that way, ray cats stop being a joke about pets and
become a thesis stated in fur: where symbols cannot live, send
indices. The proposal’s afterlife even kept the diagnosis while
shedding the biology, since the phrase itself, ray cats, coined
in the paper’s orbit and revived by broadcasters three decades
on, now propagates as a convention about the failure of con-
ventions, a symbol commemorating the case against symbols.
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Their proposal then performed its own thesis. Decades af-
ter publication, the ray cats escaped the literature and began
breeding in the wild of popular culture: a documentary short, a
small movement, stickers and shirts, and, most fittingly, a
song, commissioned in 2014 from the musician who records as
Emperor X, under the title 10,000-Year Earworm to Discour-
age Settlement Near Nuclear Waste Repositories, engineered,
on its commissioners’ open instruction, to be catchy enough to
annoy its way down the generations, persistence specified in
the brief the way load tolerances are specified for bridges.
Students have since carried the idea to the bench: an under-
graduate synthetic-biology team in Paris worked up the feasi-
bility of radiation-responsive pigment circuits in 2015, sketch-
ing how a detector organism might actually be built, the semi-
nar joke acquiring a lab notebook. The composition is, by any
strict accounting, the only component of ten-millennium warn-
ing technology yet deployed to the public. The cats remain un-
bred; the tune is already loose.

While the semioticians worked on the writing, another panel
was assembled to invent the readers, and the inversion should
be set down plainly. Ordinary fiction imagines futures for
present readers. The Waste Isolation Pilot Plant’s Futures Pan-
el, convened at the decade’s turn as the New Mexico reposito-
ry moved toward licensing, was asked to imagine readers for a
present writer, to populate ten thousand years with the soci-
eties that might stumble into the salt, so that the warning
could be addressed to someone in particular. Four teams of fu-
turists, engineers, political scientists, and demographers
worked the problem, and among them sat a working science
fiction novelist, Gregory Benford, the state having concluded,
sensibly, that professional imagination was now a component
of risk analysis.
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The scenarios the teams filed read like an anthology no-
body dared publish as one. Drilling dominates them, for the
sound reason that the Permian basin around the site is drilled
country, rich in potash and oil and brine, and the likeliest in-
truder across any century is a crew after resources with in-
struments that outrun their history. Other scenarios ran fur-
ther afield: autonomous mole-miners chewing blind through
the strata; archaeologists of a recovered civilization excavat-
ing the markers themselves as the treasure; a twenty-first-cen-
tury vignette, much quoted since and much misread, imagin-
ing a future matriarchal society that regards the buried warn-
ings as the suspect product of a discredited masculine science
and discounts them accordingly. The scenario’s authors were
staging a category of reader the engineering literature had
never once contemplated: one who decodes the message per-
fectly, understands its claims in full, and disbelieves them on
principle, rejection arriving through comprehension rather
than around it. Against that reader, clarity is no defense, re-
dundancy is repetition of the disbelieved, and the whole appa-
ratus of translation solves the wrong problem. The vignette
earned its keep by proving that a warning can fail at full fideli-
ty. Benford, who later wrote the panel’s experience into a book
on deep time, took from the exercise the discipline this chap-
ter has been circling: the future is a population of audiences,
plural, unbriefed, and unimpressed, and a letter addressed to
all of them must survive ignorance and outlast contempt.

The method behind the anthology was formal to the point
of comedy. Decision analysts, Stephen Hora and Detlof von
Winterfeldt among them, ran the teams through structured
elicitation, the futurists’ hunches converted into probability
distributions, imagination audited like an expense report, and
the arithmetic produced the finding that shaped everything af-
ter: the danger concentrates in the middle distance. In the
first centuries, records and living memory guard the site; in
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the far millennia, any society either commands instruments
that detect the hazard unaided or has collapsed below the ca-
pacity to drill; the killing window lies between, in futures ad-
vanced enough to bore two thousand feet and forgetful enough
not to know why they shouldn’t. The letter, in other words, is
addressed to the half-remembering.

Out of the scenarios came a working taxonomy of readers,
three figures who between them defeat any single message.
The driller arrives with instruments and no curiosity, reading
nothing, sampling everything; words cannot reach a reader
who does not look up from the gauges. The archaeologist ar-
rives with curiosity and no fear, trained by profession to treat
every keep-out as a velvet rope and every warning as prove-
nance; for that reader, the marker’s menace is the exhibit la-
bel. And the scavenger arrives with need and no records, strip-
ping value by weight, for whom granite is countertop and cop-
per is copper. Fear-words miss the first, deter the second into
interest, and mean nothing to the third. Any real message
would have to work all three locks at once, which is why the
eventual text, when it came, would spend so many of its lines
insisting on worthlessness: the one claim aimed at all three
readers is that nothing here repays the trouble.

The teams calibrated themselves with the standard cruelty
of the trade: they hindcast. Stand a forecaster in 8000 BCE,
the exercise runs, and ask for the next ten thousand years; the
honest answer misses writing, bronze, iron, the state, the
wheel, the plow, the alphabet, gunpowder, the engine, and the
bomb, the entire mechanism of the future it was asked to de-
scribe. Prediction at that range is a genre of fiction with error
bars, and the panels said so in their sober way, converting the
admission into the only design principle it supports: assume
nothing about the reader except that assumptions fail. Benford
came away from the salt with a working writer’s version of the
finding, and his later reflections on the exercise circle one
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doubt above the rest: that a marker grand enough to survive
ten millennia may be too grand to obey, a built thing whose
scale certifies that something extraordinary lies below, the
warning and the treasure map converging as they age.

The panel’s product was a probability table, intrusion
modes weighted by likelihood, and the table became the brief.
Somewhere in the paperwork of 1991 the strangest literary as-
signment in the government’s history took its final form: the
audience had now been invented, characterized, and ranked;
what remained was to write to it. The letter’s readers existed
on paper before the letter did, cast like a play whose script
would be commissioned from the reviews.

What the first round settled, then, was the shape of the prob-
lem rather than its solution, and the shape was radical
enough. A passive sign alone is a corpse by year five hundred.
Meaning persists only through keepers, an institution that re-
translates; or through carriers, organisms and folklore that re-
distribute; or through architecture that conscripts its future
readers as maintainers, Voigt’s growing rings, the monument
as chain letter. And beneath the engineering ran the ethical
fork nobody closed: whether the far future is owed the truth,
plainly told and probably lost, or a useful dread, deliberately
designed and possibly durable, the fact or the curse.

One current of the era ran against the whole premise of
abandonment, and it belongs in the account because it is the
priesthood proposal turned inside out and offered as volunteer
work. Around the decade’s end the philosopher and activist
Joanna Macy began advancing what she called nuclear
guardianship: the argument that burial-and-forgetting was it-
self the error, that the poison should be kept retrievable, moni-
tored, and above all attended, generation after generation, as
a conscious moral practice, communities accepting the waste
as a permanent ward rather than a disposable secret. Where
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Sebeok would manufacture a priesthood to guard a tomb,
guardianship asked for congregations to refuse the tomb alto-
gether, keeping vigil in plain sight, the relay run on conscience
instead of superstition. Small circles practiced it around the
decade’s turn, in study groups and vigils, keeping the idea
alive by the method it preached. Nothing about it scaled, and
its assumptions about institutional stamina face the Egyptian
evidence unchanged, and it named the alternative squarely
enough that the debate has carried it ever since: a civilization
can bury and gamble on markers, or it can stay in the room
with what it made. The repositories chose burial, and the
chapters ahead follow that choice.

The theory’s vintage clusters with an irony nobody
planned: Sebeok’s report, Tannenbaum’s three hundred gen-
erations, and the German symposium all bear the date 1984,
the calendar’s most famous year for engineered belief spent,
in this corner of the government, designing an honest supersti-
tion. And the horizon that framed all of it later gave way be-
neath the framers. When the standard’s ten thousand years
reached the courts in the following century, judges reviewing
the Nevada repository found the number scientifically indefen-
sible against analyses showing peak doses arriving far later,
and the rule was remanded and rebuilt to reach out to one mil-
lion years, a span one hundred times the original assignment,
fifty times the age of writing, at which point even the semioti-
cians’ boldest instruments, the priesthood, the rings, the cats,
stand at the foot of the problem like matches held up to a
canyon at night. The million-year figure is where the letter
down stops pretending to be literature and becomes geology,
and the later chapters of its story will be told in salt and gneiss
rather than in proverbs.

None of it was built. No priesthood was ordained, no litter
bred, no ring carved; the reports went into binders, the
binders into the gray shelving of the national laboratories, and
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Sebeok died in 2001, two decades into a relay for which no
second runner had been named, and the salt in New Mexico
kept its counsel while the surface debated. The first letters
down, it turned out, were letters about letters, addressed by
the present to itself, warnings on the difficulty of warning,
filed. A visitor to the literature today can hold the whole first
decade of ten-millennium communication in two hands: a
beige technical report proposing a priesthood, a German jour-
nal proposing a cat, and one commissioned song, still circulat-
ing, still catchy, the entire operational fleet of a civilization’s
deep-future defenses currently consisting of a tune you cannot
get out of your head.

93

BolesBooks.com | Free Download Edition



CHAPTER FIVE

The Landscape of Thorns

The envelope reached the Big Island of Hawaii in 1990, official
return address, government paper, and Jon Lomberg, who had
moved to the Kona coast three years earlier, read it with the
particular vertigo of a man being asked to repeat the unre-
peatable in reverse. Sandia National Laboratories, Albu-
querdque, requested his service on a panel that would design a
marking system to keep human beings away from a place for
ten thousand years. He had heard of the project before the
mail did; Carl Sagan, his mentor and collaborator across two
decades, had mentioned the Department of Energy’s plan
some years earlier, and Lomberg’s first response then had
been to wonder whether it could be real. The letter made it
real. He was one signature away from the second commission
of its kind in his life, and the first had gone the other direction.
His specialty, as he had long described it, ran to communica-
tion problems without precedent, and the description had just
been promoted from immodest to understated. Thirteen years
earlier he had spent a summer designing humanity’s introduc-
tion to the galaxy, the diagrams and the drawn wave now four
billion miles out and climbing. The new assignment asked for
the opposite document from the opposite direction, and he
took its measure in a single sentence he would still be repeat-
ing decades later: what matters more, an interstellar hello, or
telling someone not to drink the poison?
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He signed on. Of all the qualifications a person could carry
into the salt, his was the strangest and the truest: he was the
only working artist on Earth with a portfolio in the genre. The
genre had two entries. He had drawn the first.

The convening came the following year, and it began, proper-
ly, with a descent. Carlsbad, New Mexico, sits in the Permian
Basin’s mesquite flats, and twenty-six miles east of town the
Waste Isolation Pilot Plant drops its shafts through two thou-
sand one hundred fifty feet of rock into a formation called the
Salado, beds of salt laid down by an evaporating ocean roughly
a quarter of a billion years ago, before the first dinosaur, be-
fore the continents took their current seats. The cage drops
through the layered names of a vanished sea, the Rustler beds
giving way to the Salado’s halite, and the elevator ride runs
long enough to reorganize a visitor’s sense of what a basement
is. At the bottom, machines had carved galleries and rooms
into the salt, and the walls surprised the panelists who expect-
ed industrial gray: the ancient seabed comes up crystalline,
shot through with warm bands, salmon and rose and orange,
the tomb interior lit like the inside of a shell. Lomberg walked
the drifts with the others, and the beauty of the place entered
the record as a professional complication. A repository is easi-
er to renounce when it is ugly.

What the rooms were carved to hold rewards a plain ac-
counting, because the tomb’s cargo is stranger than any trea-
sure. The Waste Isolation Pilot Plant accepts one category
only, transuranic waste from the nation’s weapons complex,
which translates, drum by drum, into the Cold War’s laundry:
gloves, rags, tools, glassware, filters, sludges, soil, anything
that touched plutonium and its heavy cousins during four
decades of bomb production. Little of it looks like anything.
The elements involved sit past uranium on the periodic table,
alpha emitters mostly, feeble at a distance and murderous in-
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side a lung or a wound, their half-lives running to tens of thou-
sands of years, so that the drums hold, in effect, ordinary ob-
jects wearing an extraordinary sentence. Eternity was being
architected for contaminated rubber gloves. The bathos is real
and the panels declined to be embarrassed by it, since the
pathogen never cared about the dignity of its host: a rag can
carry ten millennia of consequence as capably as a crown, and
the rooms in the salt, cut on the order of three hundred feet
long and thirty wide, were filling with the century’s most dan-
gerous mundane possessions, the container count already past
one hundred seventy thousand and climbing toward the seal.

The salt had been chosen for a talent no other rock offers.
It creeps. Under the pressure of the overburden, salt behaves
across decades the way glaciers behave across centuries, flow-
ing plastically, closing every void the miners open at a rate of
inches per year. Rooms cut today will squeeze shut around
whatever they hold; the drums of waste, stacked and packed
with sacks of magnesium oxide to tame the chemistry, the ox-
ide waiting to starve any future water of the reactions that
could carry the heavy elements anywhere, will be gripped, en-
cased, and eventually seamed into the formation as though the
excavation had never happened. Every other archive humans
build must be maintained against decay. This one is main-
tained by it. The medium heals over the message, the envelope
seals itself, and the letter down acquires, from geology, the
property the letter up got from vacuum: a carrier that needs
nothing further from its senders.

Aboveground, the panel assembled: thirteen experts span-
ning geology, linguistics, astronomy, materials science, an-
thropology, architecture, archaeology, and art, gathered to
write to the year 12,000. Among the introductions came the
moment this story had been traveling toward since its title
page. The archaeologist Maureen Kaplan, hearing the artist’s
name, placed it, and asked him the question that fuses the two
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halves of this story in nine words: aren’t you the one who did
the picture? The picture that went off into space, she meant,
the Voyager work, and he was, and the recognition scene
should be kept plain. In a government meeting room near a
hole in the desert, a scientist of the deep human past identi-
fied the illustrator of humanity’s letter to the stars, both of
them present to draft its letter to the ground, and nobody in
the room seems to have found the arrangement anything other
than sensible. It was sensible, and it was also, in the history of
correspondence, without any precedent whatever: the two
most ambitious letters ever commissioned by a government,
and the courier list between them totaled one name. A species
that had already introduced itself to strangers it could not
imagine now needed to warn descendants it could not imag-
ine, and it went to the one man with experience.

The panel split into two teams, A and B, drafting in parallel by
design, redundancy applied to the authors before it was ap-
plied to the message. The isolation was method, borrowed
from the expert-judgment protocols that had shaped the fu-
tures work: keep the groups apart, give them one brief, and let
the comparison of their answers carry information of its own,
agreement arriving as evidence, divergence as a map of the
genuinely uncertain. They shared the descent and the briefin-
gs, a matter of weeks together in the desert, then months
apart at their drafting tables across the country, two rooms
writing to the year 12,000 with instructions to surprise each
other. Lomberg served on Team B, chairing it by his own ac-
count, alongside the cognitive scientist Louis Narens and oth-
ers, with the team’s center of gravity in the communication
problem itself, how meaning might survive the trip, while its
twin concentrated its weight in the built response. The division
of labor was loose and the convergence, when the reports
came in, was the finding: two isolated groups, given one brief,
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arrived at one architecture of ideas, message layers graded
from crude to complex, materials chosen for worthlessness,
truth throughout, and a landscape that announces wrongness
before a single mark is read.

The convergences repay taking one at a time, because each
buried a live controversy.

To mark at all was the first decision, and it was contested
by the strongest precedent in the file. The unmarked tomb is
the only tomb with a verified record of keeping its contents,
and the panels knew the Egyptian evidence as well as anyone;
a minority position in the wider debate held, and holds still,
that the safest marker is sagebrush, the site returned to
anonymous desert and surrendered to forgetting. The panels
rejected the option on grounds that mix law and honor. Regu-
lation required marking; more deeply, the members under-
stood themselves to be under an obligation the pharaohs never
acknowledged, that a civilization which buries harm owes the
future the truth of the burial, whatever the truth costs in visi-
tors. The tomb would advertise itself, and the advertisement
would have to carry its own antidote.

Truth was the second decision, and it repudiated a decade
of theory. The atomic priesthood, the engineered legends, the
seeded dread, the whole apparatus of useful superstition that
the previous chapter watched being drafted, died quietly in
these rooms. The panels chose candor: no invented curses, no
manufactured myth, no supernatural penumbra, a message
that says what is here, why it is here, and what it does to the
body, in declarative sentences, on the theory that the one
thing a lie cannot survive is translation. Legends mutate to
serve their tellers. A fact, plainly stated and massively repeat-
ed, at least mutates from a fixed original. One concession to
the priesthood’s logic survived the purge: dread itself was re-
tained and relocated. The landscape would perform the
curse’s office honestly, fear raised by form instead of fable, su-
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perstition replaced by geometry. The choice cost the design
Sebeok’s strongest tool and bought it the one sentence trans-
lation cannot corrupt, the true one. Offered the chance to en-
chant its garbage, the state elected instead to confess it, and
the choice gives the second letter its moral spine and this book
its hinge: the civilization that sent only its best behavior to the
stars decided, addressing its own descendants, to tell the truth
about itself. The record hid our wars. The salt would name our
poison.

Value was the third decision, and it inverted every monu-
ment in history. Markers must be built from materials nobody
will ever want. Granite, native stone, earth itself; no bronze to
melt, no iron to forge, no dressed marble worth hauling to a
new palace, nothing that repays the cart ride. The pyramids
were stripped of their casing stones by their builders’ own de-
scendants for Cairo’s construction, and the panels had read
the lesson: a monument of valuable material is a supply depot
with a waiting period. The anti-monument would be made of
the desert’s own boredom.

Redundancy was the fourth decision, and it ran in three di-
mensions. Messages would live on the surface, in the mono-
liths and the earthwork’s own shape; below the surface, dupli-
cated at multiple depths, so that erosion or excavation, the two
ways a future disturbs ground, would uncover warnings rather
than erase them, the site designed to confess more the deeper
it is violated; and broadcast through the soil itself, in the form
of small marked discs, ceramic and stone, to be buried by the
thousands across the square mile, cheap, durable, and every-
where, so that any plow, posthole, or dozer blade anywhere on
the tract turns up a warning the way Aegean farmers turn up
potsherds. A monument can be avoided. A scatter cannot. The
discs are the marker system’s humblest component and its
most cunning, denial distributed like seed.
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And beneath the architecture, the message would be lay-
ered, four levels deep, graded to the reader. The rudest layer
says only that hands made this place, on purpose. A second
adds danger. Level three tells what, when, why, and where, in
words and pictures for any literate arrival. A fourth, housed in
a stone information chamber at the site’s center, would hold
the full technical record, tables and isotopes and maps, every-
thing a recovered science would need to check the claims. The
ladder was built for the three readers the futures work had
cast, the driller, the archaeologist, the scavenger, each expect-
ed to climb only as high as their curiosity, and the whole sys-
tem aimed past comprehension at something harder: being be-
lieved.

Archaeology supplied the design’s empirical footing, and
Kaplan’s discipline arrived with a syllabus written by every-
thing that has ever lasted. Earthworks endure. The mounds of
Cahokia and the coiled serpent effigy of Ohio have held their
shapes across a thousand years and more of Mississippi
weather with nobody assigned to them; the barrows of the
British downs run twice that and older; dirt piled with inten-
tion is among the most persistent statements a culture can
make, which is why the recommended marker is, at bottom, a
berm. Inscriptions endure where they are cut deep in hard
stone and placed out of reach. Darius the Great carved his
boasts into the cliff at Behistun a hundred meters above the
road twenty-five centuries ago, and, by the tradition of the
site, had the approaches cut away behind the carvers so that
no hand could revise him, the one ancient precedent for tam-
per-proofing a text, a king running Sandia’s playbook against
his own posterity’s editors. And meaning dies first at the
grandest addresses. Stonehenge stands almost intact and al-
most mute, four and a half millennia of structure carrying per-
haps four centuries of retrievable intent, the ratio every mark-
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er designer has to stare down: the stones deliver themselves
and lose their sentence. Build like the mounds, cut like Darius,
and expect, whatever else, to be read like Stonehenge, a mon-
ument received loud and understood not at all.

Team A’s architect gave the assignment its images, and the
images have outlived every committee that reviewed them.
Michael Brill ran a design organization in Buffalo and thought
about buildings the way linguists think about sentences, as
structures that say things whether or not their occupants in-
tend speech, and he grasped the problem’s cruel inversion
faster than anyone: every skill in the architectural tradition
points the wrong way. Architecture flatters. It welcomes, ori-
ents, dignifies, impresses; its entire vocabulary evolved to say
come in, this matters, someone great made this. The commis-
sion required a building-scale utterance meaning the opposite,
and no such vocabulary existed, so Brill and his colleagues in-
vented one, working from the body outward, asking what
forms make the skin answer before the mind does.

Brill approached the commission with a career’s conviction
that places talk. His Buffalo practice had spent years studying
how built environments instruct their occupants without a
word posted, and he treated the desert brief as the discipline’s
final exam: compose, in landform and mass, a sentence with
no words at all, legible to a reader with no culture in common,
saying only this, that the ground itself is wrong. The team
worked from the body, hunting forms that provoke the flinch
before the thought, and they engineered for abandonment as a
design load the way bridge builders engineer for wind. Noth-
ing could require paint, mortar, maintenance, or goodwill.
Earthworks were sized with ten thousand years of erosion al-
ready subtracted, mass budgeted against rain the way a can-
dle is bought long for the length of the vigil, the marker con-
ceived from the first sketch as a ruin, designed backward from
its own decayed state. Kaplan, the panel’s reader of dead civi-
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lizations, supplied the field’s verdict on the enterprise whenev-
er optimism ran ahead of evidence: her profession has never
once been stopped by a warning, and every tomb she had ever
entered had asked her not to. No dig in her field’s annals
records a crew that read the curse and packed up.

The concept drawings that resulted read like the sketch-
book of a civilization having a nightmare about itself, and their
names alone do half the chapter’s work. Landscape of Thorns:
a square mile sown with irregular spikes, needle-forms burst-
ing from the earth at wrong angles, a field that reads from any
distance as a wound with the weapon still in it. Spike Field and
Spikes Bursting Through Grid: variations on the theme, order
violated by eruption, the grid, humanity’s oldest mark of set-
tled intention, torn from below. Leaning Stone Spikes: mono-
liths tilted past comfort, permanence rendered queasy. Menac-
ing Earthworks: berms in the shape of lightning bolts radiating
from the site’s edges, legible from the air and from viewing
mounds, the ground itself drawn mid-strike. Black Hole: a vast
slab of black basalt or dyed concrete, a land deliberately
killed, unfarmable, heat-soaked, a burn scar with edges too
straight to be natural, its blackness doing physics as well as
rhetoric, drinking the desert sun until the slab stands too hot
to cross, cruelty made passive and permanent. Rubble Land-
scape: the local stone dynamited and heaped square, a ruin
with no building behind it, destruction presented as the origi-
nal condition. Forbidding Blocks: a grid of massive dyed-black
stones set with streets too narrow to be streets, rooms that are
wrong for shelter, a city built to refuse habitation, the town
square of no.

The drawings themselves were rendered by the artist Saf-
dar Abidi, working with Brill, pen and ink giving the concepts
their teeth, and the sheets have led a career their commission
never planned. Reproduced, exhibited, quoted in fiction and
set to music, the spike fields and the wrong city have become
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some of the most circulated architectural images of their era,
influence radiating from a portfolio of which no cubic yard ex-
ists, the anti-monument famous in the only medium it inhabits.
Brill did not live to pour any of it; he died in 2002, six years af-
ter Sagan, so that by the century’s early years both letters’
chief architects of dread and of welcome were gone, each sur-
vived by an unbuilt masterpiece and a flying one. Running
through the suite were three sensations the designers named
as targets, dangerous emanations, harm to the body, and
shunned land, a place that looks poisoned because it is, and
one design carried the program into sound. The stone informa-
tion chamber proposed for the site’s center was sketched with
apertures tuned so that desert wind crossing them would
moan, a built structure that grieves audibly, keening as its
own first level of message, warning by weather. The drawings
were beautiful, and the panels knew the beauty was the flaw.
Lomberg raised the tour-bus problem from inside the room:
raise a half mile of black thorns in the desert and the species
that built Stonehenge tours will build this one, hotels following
the highway, the well drilled for the visitors’ water accom-
plishing the intrusion the thorns were raised to prevent. No-
body solved the paradox, because it has no solution; sublimity
attracts, and only sublimity survives. The panels settled for
stacking the deck, awe on the outside, denial and instruction
within, the architecture as the shout and the text as the rea-
sons.

The text is where the second letter earned its place beside the
first, and it was drafted the way treaties are drafted, argued
line by line toward a tone no government document had ever
attempted. The writers had to renounce in the reader’s own fu-
ture language of prestige. Whatever else drifted, the panels
reasoned, arriving humans would read importance the way hu-
mans always have, through scale, effort, and age, and the site
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would radiate all three; the words would have to spend that
authority against itself. So the message begins by conceding
its nature, announcing itself as a message, a deliberate send-
ing, and claiming attention on those grounds. It grants that its
makers held power, then empties the power of glory: this
place honors nothing, it says in substance; nothing esteemed
was done here; no treasure lies below, and the sentences
march the reader down through the denials toward the one
line the whole complex exists to deliver, the confession run-
ning in the opposite direction from every proud inscription
since Sumer. What is here was dangerous and repulsive to us.

Around the confession, the drafting supplied the connective
tissue a stranger would need. The text concedes that its mak-
ers considered themselves a powerful culture, prestige admit-
ted so that the renunciations that follow cannot be read as
modesty; it pleads for attention as a deliberate sending; it lo-
cates the danger below, names its reach downward and out-
ward, and describes the harm in the only terms guaranteed to
translate, the body’s terms, sickness and death, the danger
physical, present, and patient. Nothing in the passage explains
fission. The writers assumed a reader who might command
less science than a Bronze Age scribe and wrote to the com-
mon denominator of every era, the fear of dying badly, and
then dated that fear forward with engineered tense, the haz-
ard declared alive in the reader’s own present, whenever the
present falls. And the seventh language carried its own sen-
tence-length history. Navajo entered the roster as the most
widely spoken Native tongue of the nuclear West, a region
whose uranium decades had run through Diné land and lungs,
so that the warning’s translation gestured, whether the
drafters said so or otherwise, toward the people for whom the
atomic age had needed no future tense at all.

The pronoun is where this turns strange, because govern-
ments do not write this way. State inscriptions since Sumer
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speak in the eternal present of power, we build, we rule, we
dedicate; the marker text speaks as ancestor, in a past tense
that assumes its own death, we considered, we were, it was
dangerous to us. The nearest kin in the whole epigraphic
record are tombstones, the old roadside epitaphs that hail the
passerby, stop, traveler, and speak from under the ground in
the first person of the dead. The panels had, in effect, drafted
the state’s first honest tombstone, the government of the living
composing its address to the road from the position of the
buried, and the genre explains the tone. Nobody boasts from a
grave to strangers who owe them nothing. Placed against the
cargo of 1977, that sentence snaps the two letters into their fi-
nal alignment. The Golden Record was a portrait with the wars
cropped out, best behavior by declared policy, a species in its
wedding clothes. The marker text is the same species writing
to its own blood, and to its own blood it says repulsive, danger-
ous, ours. Between them the two documents arrive at an hon-
esty neither manages alone, the aspiration mailed outward
and the confession mailed downward. The panels went further
still, dating the shame: the danger, the text explains, persists
in the reader’s present as it did in the writers’, a warning with
a verb tense engineered to stay true, and they specified its
translation into six additional tongues, Spanish, French, Rus-
sian, Chinese, Arabic, and Navajo, the last a courtesy and an
acknowledgment, the language of the ground’s own people set
beside the languages of the Security Council, seven versions of
one apology arranged in granite in the Rosetta pattern, redun-
dancy standing in for immortality.

Lomberg’s own contribution ran to the wordless layers, and
his testing produced the finding that haunts the pictorial ap-
proach. He believed in pictographs, stick-figure narratives,
consequence told as sequence: a figure approaches the
marked ground, digs, sickens, dies, four panels carrying the
causal chain to any reader with eyes. Then the panels met the
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oldest ambiguity in graphic narrative. Reading order is a con-
vention, and conventions die; run that strip from bottom to top
and the story reverses, a dying man approaches the site, digs,
and rises healthy, the warning transformed by nothing more
than scan direction into an advertisement for the fountain of
youth. The finding entered the file as a design constraint, and
it enters this book as a parable. Even the simplest story ever
drawn, four figures and a shovel, cannot cross ten thousand
years without carrying its own refutation upside down inside
it. The faces earned their place by surviving the trial that
killed the symbols, and the distinction the panels drew there
may be their subtlest finding. A symbol rides culture; an ex-
pression rides the body. The research tradition on facial affect
had shown fear and horror legible across societies that share
no signs at all, recognition running on anatomy rather than
convention, and so a face contorted in dread stood a chance of
meaning in the year 12,000 what it means now, while every
crossbones and trefoil drifts with the tides that carry all agree-
ments. Their psychologist had demolished the universal sym-
bol; the universal expression stood. The face was safer than
the sequence, and so the drawings that survived furthest into
the final concept were faces, horror rendered frontally in the
lineage of the scream Munch set down in 1893, expressions
the panels’ research suggested might hold their meaning
where symbols and sequences lose theirs, the last picture
standing being a person recoiling from what the reader is
standing on.

The assignment did not stay American, and the foreign drafts
measure the genre the panels founded. France, whose reposi-
tory program faces the arithmetic on its own soil, built its an-
swer around memory as an institution rather than a landscape:
the national agency runs standing archives on permanent pa-
per, commissions artists against forgetting, convenes recur-
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ring gatherings on the memory of the sites, and has developed,
for the far horizon, discs of industrial sapphire with records
etched into the crystal, a medium chosen to shrug off a million
years, the letter down rendered as jewelry too hard to die. The
international nuclear bodies eventually drew the scattered na-
tional efforts into a shared doctrine across the 2010s, and the
doctrine’s finding reads like a verdict on the whole enterprise:
no single carrier suffices, no marker, no archive, no oral chain,
no state; preservation of the warning must be systemic, every-
thing at once, monuments plus records plus institutions plus
culture, redundancy elevated from tactic to philosophy. The
American panels had reached the position first and by instinct;
the world caught up by committee.

One voice was missing from the rooms, and its absence is
the hinge inside the hinge. Sagan had been invited. He de-
clined by letter, dated August 17, 1990, addressed to Sandia’s
D. Richard Anderson, pleading schedule, and the letter, pre-
served in the final report’s appendix, is four paragraphs of the
great communicator working the problem in miniature from
his desk. The letter opens in courtesy and cannot hold the reg-
ister for a paragraph; thanking Sandia for the invitation to ad-
vise on marking the repositories, he pauses mid-sentence to
wonder, inside a parenthesis, whether the waste would still be
in place by the far date at all, the century’s most famous opti-
mist filing his doubt in the punctuation. He accepts the
premise that everything drifts, language, institutions, art,
even, he allows, the dedication to reason and to truth listed
among the perishables, and the concession gives the one-page
letter its stature, the decade of task-force theory compressed
by its best compressor into four paragraphs that concede ev-
erything and still refuse despair; from the wreckage of all con-
ventions he derives the requirement: a symbol invariant under
all of it, legible to anyone, learned or not, who might stand at
the fence. His candidate arrives with a curator’s tour of its ré-
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sumé, the sign found on the lintels of cannibal dwellings, on pi-
rate flags, on the insignia of death’s-head divisions and motor-
cycle gangs, on poison bottles, and delivers the verdict in sev-
en words the report preserves: the key is the skull and cross-
bones. He goes on, unable to help himself, sketching supple-
ments in a single parenthetical burst, warnings in the major
languages, Chinese and Arabic pointedly included, the guilty
isotopes circled on an engraved periodic table, chemistry
called out in the one notation every technical species must re-
discover, and, for a postmark, either radioactive samples em-
bedded in the signs themselves, decay as date stamp, or a se-
quence of drawings of the Big Dipper wheeling around the
Pole Star, so that precession would let any future astronomer
compute the burial epoch. The man who had dated the first
letter by the spin-down of pulsars proposed dating the second
by the drift of the pole, one mind stamping both envelopes,
one from the far side of the solar system, one from a desk in
Ithaca. And he signed off with a barb aimed at his own govern-
ment, writing in effect that the only reason to refuse plain
speech about deadly waste would be a politics that priced its
present comfort above the future’s safety.

The panels received the letter with the respect owed and
the dissent required, and the dissent had data. Team B’s cog-
nitive work had gone looking for the universal grammar of fear
that Sagan’s proposal assumed, the archetypes of danger sup-
posedly resident in every human nervous system, and had
come back empty-handed; the dread signs of one culture read
as decoration, medicine, or invitation in the next. Lomberg
would compress the finding into a sentence he has repeated
since: symbols are by and large culturally determined. The
skull itself made the case. Born in medieval painting as Adam’s
skull at the foot of the cross, an emblem of resurrection;
adopted by ship captains as a log-margin obituary; flown by pi-
rates; appropriated by poisoners’ labels and then by an SS that

108

BolesBooks.com | Free Download Edition



wore it as pride; and lately gone soft on lunchboxes and tod-
dlers’ clothes, the Jolly Roger as merchandise. Six centuries
had run the sign from eternal life through terror to cotton can-
dy. Sagan’s invariant had been varying the entire time, and
the panel could date each mutation. His absence from the ta-
ble thus completed the book’s symmetry more perfectly than
his presence could have. For the letter up, he gave years,
chaired the committee, carried the record into being with his
hands. For the letter down, he mailed a symbol and a stinger.
The hello received his life; the keep-out received his after-
thought, brilliant, characteristic, and wrong, and it fell to his
own illustrator, present for the full watch, to explain gently
across the record why the master’s shortcut would not hold.
The teacher had taught the correction himself, thirteen years
earlier, when the lesson ran the other way. And the shortcut
was, in fairness, consistent to the bone. Sagan’s whole career
ran on the wager that minds converge, that hydrogen spells
the alphabet everywhere, that mathematics is the lingua fran-
ca of any technology, and the wager had built the record’s dia-
grams and the plaque’s pulsars; reaching for a universal skull
was the selfsame faith applied one address too near. The
panel’s reply was the harder gospel his own training had pre-
pared: among humans, across ten millennia, the universals
thin out to the body itself, to bone, to flinch, to the face in fear,
and everything above the body is weather. He lived to see the
finding bound; the report was printed three years before his
death, his letter and his student’s dissent shelved in one vol-
ume, the optimist’s shortcut and its correction filed as a single
document, which is where the argument rests, in the truest
sense, to this day.

The team reports went to Sandia in 1991, and the synthesis,
credited to Kathleen Trauth, Stephen Hora, and Robert Gu-
zowski and designated SAND92-1382, was printed in Novem-
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ber 1993, three hundred forty-nine pages carrying the whole
apparatus: the level structure, the materials doctrine, the mes-
sage texts with their translations begun the following year, the
concept drawings with their nightmare names, and a tentative
recommended design, the earthen berm thirty-three feet high
and ninety-eight wide enclosing the square, sixteen granite
monoliths inside and out bearing the seven-language warnings
and the recoiling faces, the buried duplicate messages salted
through the structure at depths, small discs scattered by the
thousands for plows and dozers to turn up, the granite infor-
mation chamber at dead center with the full confession on file,
and, sketched in the concepts, the wind apertures for the
building that mourns. Nothing about the design was final and
everything about it was serious; the report’s own language
calls the marker tentative, a best current answer filed decades
ahead of need, since the ground it describes was expected,
when the report was written, to stay open and filling with
drums into the 2030s, and the law starts the marker’s clock
only once the shafts are sealed.

What the report describes can be walked once, here, in the
mood it requires, the conditional, since the conditional is the
only ground it stands on. A traveler crossing the Delaware
Basin flats some decades after the sealing would raise the
berm from miles off, a square rampart of packed earth and
rock, thirty-three feet of deliberate horizon in country that of-
fers none, too regular for geology, too large for ranching,
wrongness legible before meaning. Closer, the granite would
resolve, sixteen monoliths of many tons, and on their faces the
faces, a human head thrown back in revulsion, cut deep,
weathering on schedule, screaming quietly at scale. The trav-
eler who reads any of seven scripts would find the words be-
neath, and the words would do the thing no ruin has ever
done, decline. Inside the earthwork square, the land would lie
empty by design, no shrine, no plaza, no invitation, only the
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stone room at the center where the wind, threading the tuned
apertures, would hold its one low note, a building grieving in a
minor key over two thousand feet of salt, the pitch climbing
and falling with the wind so that no two hours of the mourning
repeat. By night the monolith shadows would stripe the enclo-
sure like the gnomon lines of a clock built to tell no time a visi-
tor owns. And under the traveler’s boots, wherever the boots
went, the discs, turned up by any scuff, ceramic and stone,
each carrying its miniature of the message, the ground itself
seeded with refusal. The whole complex would ask its visitor,
in mass, in text, in sound, in scatter, to perform the one act
monuments were invented to prevent, and then would stand
there for a hundred centuries counting the failures. Nothing in
the design pretends the asking will always work; the futures
arithmetic priced the intrusions in. The marker is engineered
the way a lighthouse is, for the ships that heed it, on a coast
that keeps the wrecks. And a traveler leaving would carry the
site’s one free souvenir out across the flats, a sentence lodged
where sentences lodge: something is wrong here, and the peo-
ple who did it said so.

The thirteen dispersed to their campuses and practices, the
strangest committee of its era dissolving with nothing poured,
the only standing structure their labor produced being prose.
Translation work began the following year, the English levels
rendered into their six companion tongues for testing, and
with that the letter down reached the condition it still occu-
pies, fully drafted, professionally translated, architecturally
imagined, and unbuilt, a monument whose only completed
component is its own Level IV. The report is the information
chamber. Three hundred forty-nine pages of full records exist
for a structure of which no stone exists, the letter written back
to front, the archive finished first, the thorns deferred to last,
documentation preceding its monument by a distance no one
alive will see closed.
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Lomberg flew home across the Pacific with the strangest
line on any artist’s résumé now doubled. Somewhere over the
ocean sat a man whose drawn figures were, at that moment,
both four billion miles above the Earth and two thousand feet
below it in draft form, the wave and the warning, the raised
hand and the recoiling face, and the second commission exist-
ed only as paper in a carry-on, which is the condition it holds
to this day. The thorns have never been planted, the berm nev-
er raised. The faces scream in a binder. Of the two letters one
civilization managed to write, the hopeful one is doing seven-
teen kilometers a second through the dark, and the honest one
is doing what honest documents do in every age that produces
them. It is waiting, in a filing cabinet, for someone to be will-
ing to pour the concrete.
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CHAPTER SIX

The Tomb That Opened

The tomb opened for business on the twenty-sixth of March,
1999, when a white cask the size of a small silo rolled through
the gates east of Carlsbad on a truck that had driven down
from Los Alamos through the night. Small knots of protesters
had kept vigil along the route, and larger knots of supporters
waited at the fence, because the Waste Isolation Pilot Plant
had by then consumed twenty years of engineering, litigation,
and argument, and the town at the end of the road had chosen
its side long before. The cargo inside ran to the usual anticli-
max of the genre, plutonium-touched debris from the weapons
laboratory’s decades, and the anticlimax was the point being
celebrated: the ordinary had begun. Down the shaft went the
cask; out of it and into the salt went the drums. After a genera-
tion of theory about the year 12,000, the United States had fi-
nally begun the mundane part, and the mundane part had a
payroll.

The marker did not open with it. Nothing about the berm,
the monoliths, the screaming faces, or the seven-language
confession existed anywhere except in the 1993 report, and
nothing was supposed to; the law’s sequence runs burial first,
monument last, the warning owed only when the guards go
home. In the interval, which the regulations politely call the
period of institutional control, the letter to the far future is re-
placed by something the far future cannot inherit: a fence, a
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badge office, a radio room, men and women on shift. The
rules, when they look past closure, permit the safety arith-
metic to assume a century of such control and no more, one
hundred years being the honest outer limit anyone would
claim for the attention span of institutions. Until then, the
site’s marker system is its staff. The first generation of the
ten-thousand-year message was written on employee identifi-
cation cards.

For fifteen years the arrangement worked with a smoothness
that embarrassed the doubters. Trucks came down the inter-
states on published routes, more than ten thousand shipments
across the years without a radiological accident on the road;
the casks were engineering’s idea of overstatement, tested
against locomotives and fire; the panels filled in sequence,
rooms mined fresh ahead of the waste and squeezing shut be-
hind it, the salt doing its slow swallow just as the site’s
founders had promised. The casks had a name, TRUPACT-II,
and the shipments had a civilization around them. Routes were
negotiated with every state they crossed, satellites tracked
each truck in real time from a control room, and fire depart-
ments and sheriffs’ offices along two thousand miles of inter-
state were trained, retrained, and drilled for accidents that
kept declining to happen, a moving perimeter of competence
traveling with every load, the marker system in its infancy ex-
pressed as a convoy. The daily choreography above and below
settled into an industrial liturgy. On the surface, casks came
off their trailers into the waste handling building, were opened
under instruments, and gave up their drums to the conveyance
that rode the hoist down the shaft; below, the operation ran on
two fronts at once, mining crews carving the next panel out of
virgin salt while emplacement crews filled the panel behind,
the tomb digging itself forward as it filled itself backward, al-
ways one room ahead of its own funeral. The salt participated
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with small gestures of its own, weeping thin brines from an-
cient inclusions, popping and settling audibly as the stresses
redistributed, a medium that answers excavation the way flesh
answers a splinter, slowly, and without ever stopping. Panel 1
took its first drums in 1999 and was filled and closed within a
handful of years; the sequence has marched onward since,
each panel a decade’s chapter, each closure a small rehearsal
for the final one. Underground, eight great panels were
planned in sequence, each a block of rooms mined fresh only
shortly before its filling, because the salt permits no
long-range real estate; the openings close at a few inches a
year, walls and ceiling traveling patiently inward, and a room
left open too long stops being a room. Regulators, obliged by
the land-withdrawal law to check the safety case against the
standards on a rolling basis, recertified the place on a
five-year cycle under a rule written for the purpose, the ap-
provals renewing through the 2000s and 2010s and again in
the 2020s, compliance itself becoming one more transmitted
craft. Other nations sent delegations to study the one deep
repository on Earth that had moved from paper to practice.
And around the plant, in a town of thirty thousand, grew
the sociological finding that the theorists of the 1980s never
predicted, though it answers them. Carlsbad wanted the
waste. The town lobbied for it, celebrated the first shipment,
defended the plant through every controversy, and built an
economy and an identity around the stewardship of the buried
harm, engineers and miners and monitors raising families on
the salaries of vigilance. Philosophers had strained to design a
priesthood that would tend the poison across generations, and
to invent motives, holiness, superstition, engineered dread,
that might sustain the tending. New Mexico supplied the work-
ing answer, and the answer was employment. A priesthood
had formed after all, unrobed, hourly, with dental coverage, its
rites called procedures and its liturgy called the safety case,
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and it came with an independent conscience: the town had
stood up its own watchdog laboratory, a university-run envi-
ronmental monitoring center that sampled air, water, and resi-
dents’ own bodies on a standing schedule, the community au-
diting its ward the way parishes once audited relics, transmit-
ting the knowledge of the danger from senior operators to ap-
prentices in the oldest relay there is, training. Whether such
an order can survive the withdrawal of the payroll is the ten-t-
housand-year question wearing overalls, and no one should
mock the interim result: for a decade and a half, the tending
held, and the tenders were proud of it.

Then came February 2014, when the tomb failed twice in
nine days, from the inside, in the presence of its entire priest-
hood, and taught the whole literature of this subject its
sharpest lesson at a cost of half a billion dollars.

The first failure was fire. On the fifth of February, deep in the
workings, a truck used for hauling mined salt caught fire un-
derground, most likely from ignition in its engine compart-
ment, a machine of the mine’s own housekeeping, danger ar-
riving by way of the broom, and it burned in the confined dark
while eighty-six workers made for the shafts through drifting
smoke. Everyone came up; six were treated for smoke inhala-
tion; the waste was never involved. The investigations that fol-
lowed read the fire as a message about the surface, in the
sense that matters: an aging vehicle, deferred maintenance,
emergency systems and habits gone soft in the long calm of
success. Institutions decay from the inside out, and the decay
shows first in the machinery nobody is afraid of.

Nine days later, on the night of the fourteenth of February,
with no human being underground, an air monitor in the ex-
haust circuit sounded an alarm from Panel 7. It was fourteen
minutes past eleven on Valentine’s night. The instrument had
detected what such instruments exist to detect and had never
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before detected at this site: transuranic particles loose in the
mine air, americium and plutonium where no americium or
plutonium should ever be except sealed in steel. Automatic
dampers threw the ventilation toward its filters; the filtration
caught most of what came; a small fraction, riding leakage
paths around the dampers, reached the desert night. In the
days that followed, twenty-one workers tested positive for
low-level internal contamination, doses reckoned small and
tracked by bioassay through the spring as they closed out to-
ward background in decimals, while the town’s own monitor-
ing center ran its independent counts and read trace americi-
um on its offsite filters, the community’s watchdog confirming,
in the community’s name, that the escape had been real and
had been little, and the plant that had run fifteen years with-
out releasing anything held its breath and shut its doors. The
town met the news the way a town meets weather it has
drilled for, seriously and without stampede, the drills them-
selves having been part of the bargain struck decades before.
Meetings filled halls, the independent laboratory’s staff
briefed packed rooms with their own numbers rather than the
government’s, and the offsite dose, when the counting settled,
came in at a small fraction of a routine medical image, a quan-
tity that reassures the mind and instructs it at once, since the
lesson of a near-nothing, read correctly, is that the something
had found a way out and had needed only one adjective’s
worth of help to do it.

What had happened, two thousand one hundred fifty feet
down, in a sealed room, with nobody present, took months and
remote cameras to establish, and when the pictures came back
they showed a wrongness every reader of the previous chap-
ters will recognize by feel. In Room 7 of Panel 7, one drum in a
wall of drums stood with its lid heaved open, its contents
foamed and blackened, the magnesium oxide sacks above it
scorched and slumped, a single container out of tens of thou-

117

BolesBooks.com | Free Download Edition



sands having burst like something that had been alive. The
drum carried the designation 68660, and its biography, recon-
structed by the accident boards, is the parable at the center of
the second letter.

Drum 68660 had been packed at Los Alamos in December
2013 and was underground within weeks of its packing, part
of a campaign whose own origins trace, by the accident
boards’ account, to fire of a different kind. In the summer of
2011 the Las Conchas wildfire had burned to the laboratory’s
fences, close enough that the drums of legacy waste stored un-
der fabric domes on a mesa became, overnight, a political
emergency, and the state and the department agreed to an ac-
celerated campaign to get the above-ground inventory pro-
cessed and shipped south on a deadline. Deadlines beget
haste; haste begets substitution; and somewhere in the accel-
erated churn of procedures, contractors, and revisions, the ab-
sorbent specification acquired its fatal adjective. The chain,
laid straight, runs from a forest fire to a schedule to a word to
a drum, flame above driving the packing of a slow flame be-
low, and the boards documented every link except a hand that
meant it. That campaign was cleaning out legacy nitrate salt
wastes from the weapons decades, and the packing procedure
called for an absorbent to soak the nitrates, the humble stabi-
lizing filler the trade has always called, without ceremony, kit-
ty litter. The litter that belonged in the drums was the old inor-
ganic kind, clay, chemically inert, a mineral sitting quietly
among minerals. The litter that went into 68660 was organic,
a wheat-based product from the pet aisle sold under the name
sWheat Scoop, swapped in under a revised procedure whose
wording specified an organic absorbent, a change whose ori-
gins the inquiries chased through drafts and contractors and
meeting notes without ever finding a person who intended it.
Wheat is fuel. Nitrate is oxidizer. Sealed together in a steel
drum, with an acid neutralizer along for company by the
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boards’ chemistry, they began, slowly, in the dark, in the warm
salt, to react, and some weeks after emplacement the reaction
ran away, heat feeding heat until the drum vented itself in a
small contained fury, breaching its lid, cooking its neighbors’
surfaces, and lofting into the mine’s air the particles that
found the monitor at 11:14 on the night of the fourteenth.

The chapter’s obligation is to keep a straight face here and
to fail honestly. Ten years before, two semioticians had pro-
posed solving the ten-millennium warning problem with engi-
neered cats, and the culture had filed the proposal under
whimsy. The cats were never bred. And the first breach of the
American repository’s fifteen-year record arrived by way of cat
litter, the actual retail product, purchased for the actual ani-
mals, misapplied by the letter-writing species to its own most
carefully considered tomb. The ray cats’ descendants showed
up after all, in the only form procurement allows. No fabulist
would dare the symmetry. History, which has no editor, ran it
on Valentine’s Day.

Underneath the farce, the mechanics deserve their plain
statement, because they invert the entire threat model the
marker literature had spent thirty years constructing. Every
panel, every report, every nightmare drawing had faced out-
ward and forward, toward the driller, the scavenger, the ar-
chaeologist, the half-remembering stranger of the year 9000.
The breach came from none of them. It came from the
senders, inside the funded era, through the supply chain, in
the paperwork, while the guards were on duty and the recerti-
fications were current, authored by a modifier in a procedure.
A civilization that had commissioned granite warnings against
hypothetical intruders ten millennia out was penetrated in
year fifteen by an adjective. The tombs of Egypt leaked
through their priests; the tomb of Carlsbad leaked through its
purchasing department; and the lesson, twice bought now at
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three thousand years’ interval, is that the letter down has nev-
er yet been defeated by its readers, only by its writers.

The bill ran long in every currency. The plant stayed closed to
waste for nearly three years, its recovery consuming budgets
that passed half a billion dollars before the capital projects
were counted, its underground rebuilt around the wound: the
contaminated rooms bulkheaded and surrendered to the salt
ahead of schedule, the creep welcome for once, entombment
repurposed as decontamination. A new ventilation plant, sized
so that filtration would never again depend on dampers slam-
ming in the dark, rose on the surface through the following
decade, and a fifth shaft went down beside the original four to
feed it air. The closure’s quietest cost was the mine itself:
three years with reduced crews underground meant three
years of deferred roof bolting in rock that never stops moving,
and the recovery inherited a ground-control backlog that took
further years to bolt back into compliance, the salt’s patience
being the one budget line that accrues interest hourly. Los
Alamos shipments were suspended; fifty-seven sibling drums
packed under the suspect procedure were hunted through the
system, one of them already sitting at a commercial disposal
site in the West Texas town of Andrews, where it was over-
packed, vented, and watched with the tenderness normally re-
served for unexploded ordnance. Management of the laborato-
ry that packed the drums changed hands in the years that fol-
lowed. Waste emplacement resumed at the start of 2017, the
trucks rolling again, under escort and telemetry, past the town
that had never stopped wanting them, and the schedule quiet-
ly absorbed the delay the way schedules do, the seal date drift-
ing deeper into the century, the marker’s own clock, which
starts only at sealing, drifting with it. The law caps the tomb’s
appetite at a statutory volume, near one hundred seventy-six
thousand cubic meters, and the arithmetic of shipments
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against ceiling now reaches toward mid-century and past it,
every year of delay another year in which the monument is
nobody’s line item. The deferral has acquired its own demog-
raphy. A technician hired at the 2017 reopening will reach re-
tirement with the seal still ahead of her, an entire working ca-
reer, hire to pension, conducted inside the parenthesis be-
tween the report and the berm, the second or third full gener-
ation of the accidental priesthood to serve without ever seeing
the scripture carved. Knowledge of the site now passes just
the way the task force said knowledge passes, hand to hand,
veteran to apprentice, the relay running live while the granite
waits its turn, and every retirement party at the plant is,
among its other functions, a hand-off ceremony in a transmis-
sion chain the theorists designed on paper and the payroll
built by accident.

Roger Nelson, chief scientist at the Department of Energy’s
Carlsbad office, had already given the marker’s economics
their most honest airing before the accident, and his argument
reads differently on either side of Valentine’s Day. Markers, he
held, must come at reasonable cost, because it is wrong to tax
the real and present generation, people alive and paying now,
to protect what he called a hypothetical intruder, some far-fu-
ture trespasser facing a risk that would likely resolve into no
harm at all. The argument is the discount rate speaking plain
English, and it has genuine force; a dollar spent on granite is a
dollar unspent on the living, and the living are certain. What
the argument cannot survive is its own generality. Every
decade will contain real people and present costs; the hypo-
thetical intruder never gains a constituency, never votes, nev-
er testifies; reasonable cost, applied honestly at each interval,
defers the monument forever, which is a decision that only
calls itself a postponement. And 2014 added its footnote: the
era of real people and funded vigilance, the era itself that Nel-
son would shield from the marker’s expense, proved capable

121

BolesBooks.com | Free Download Edition



of breaching the tomb unassisted. The money saved on warn-
ing the future had not purchased infallibility in the present. It
had purchased wheat, and the wheat entered the safety litera-
ture by name, a cautionary genus. A few polities have since
tried to seat the absent client Nelson’s arithmetic could not
find: Finland’s parliament keeps a standing Committee for the
Future, and Wales has appointed a commissioner charged by
statute with the interests of generations unborn, experiments
in giving the year 9000 a mailing address in the present. None
of them writes checks for granite. The constituency exists now
in principle and in pilot, and the berm still waits on it.

The century of institutional control is doing the quietest heavy
lifting in the whole system. The rules that govern the
repository’s long-term safety arithmetic permit the analysts to
assume active control, guards, fences, records, enforcement,
for one hundred years after closure and no longer; past that
line, the mathematics must treat the site as orphaned, which is
the regulatory way of admitting what the historical record
shows. A hundred years is a flattering-to-no-one figure chosen
with care. The republic’s oldest agencies, the postal service,
the mint, the army, have run two centuries and more, and
against them stands the honor roll of the dissolved, commis-
sions and administrations and whole cabinet functions that
lived a few decades and were reorganized out of existence; the
Atomic Energy Commission, itself the parent of the waste, last-
ed twenty-eight years. The Department of Energy, keeper of
the tomb, will observe its own hundredth birthday, if it ob-
serves it, only late in the 2070s, so the institution guarantee-
ing the first century of silence has yet to survive one itself.
And the hundred-year credit performs a conversion the record
makes plain: it is the semioticians’ relay clock written into law.
The task force of 1981 concluded that meaning survives a few
generations per hand-off and no more; the regulators, arriving
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from the opposite direction with actuarial tables instead of
sign theory, drew their line where the scholars had drawn
theirs. Where the scholars said retranslate every century, the
state said assume nothing after one. The two professions had
landed on one century, and the price sits in the code, a confes-
sion in units of years. Everything beyond it belongs to the
marker, and the marker belongs to a filing cabinet.

While the salt was failing and healing, the nation’s other
letter down was dying standing up, and the two fates read as
one lesson written twice.

Yucca Mountain is a ridge of compacted volcanic ash on the
edge of the old Nevada test site, and Congress married the
country to it in 1987 by amendment, striking every other can-
didate from the study list and designating the mountain the
sole future grave for the nation’s civilian spent fuel, an act of
legislative matchmaking known in Nevada ever since by a
name involving the word screw. The engineering that followed
was sincere and enormous. A boring machine with a face
twenty-five feet across, nicknamed the Yucca Mucker, chewed
a five-mile horseshoe through the ridge; laboratories grew in
the tunnels; the project consumed, across its decades, on the
order of fifteen billion dollars, and produced, among much
else, a license application running past eight thousand pages,
filed in 2008, the most thoroughly documented hole never dug
to completion in human history. The boring machine that cut
the horseshoe was too costly to haul away when the money
stopped; it sits to this day at the south portal it exited, weath-
ering in the creosote flats, the project’s one finished monu-
ment, a machine-sized period at the end of an unfinished sen-
tence. The science underneath ran to a different philosophy
than salt. Where Carlsbad’s medium flows shut and excludes
water by nature, Yucca’s tuff sits dry and open, an unsaturated
ridge above the water table, its safety case built on slowness
of seepage rather than on entombment, and the case carried a
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genuine scar: traces of a bomb-era chlorine isotope turned up
deep in the mountain in the 1990s, arguing that at least some
surface water had raced down fractures in decades rather
than millennia, a finding contested, retested, and never quite
laid to rest, the mountain’s one whispered doubt. Nevada’s ob-
jections needed no isotopes. The state had been given the test
site’s fallout once already; the repository would draw casks
through dozens of states toward a ridge ninety miles from Las
Vegas; and the 1987 amendment had converted a comparative
study into a sentence. Nevada fought at every step, its veto
overridden by Congress in 2002, its objections carried instead
by its senators’ patience, and in 2010 the patience paid: the
administration moved to withdraw the application, the
project’s funding was struck to zero, and the mountain’s staff
dispersed. A federal court, three years later, ordered the li-
censing review to continue with the loose change remaining,
and so, in one of the government’s stranger séances, the safe-
ty evaluation of a canceled repository was completed by regu-
lators for a client that no longer wanted the answer. The vol-
umes concluded, with caveats about land and water rights,
that the design would meet the standards, including the mil-
lion-year standard met two chapters ago. The finding changed
nothing; the mountain stands empty, the tunnels ventilated
and swept, a marker problem inverted: where Carlsbad is a
filled tomb with an unbuilt warning, Yucca is a finished warn-
ing apparatus, thousands of pages of Level IV, wrapped
around a tomb that politics refused to fill.

The consequence sits above ground, distributed. What the
mountain was designated to receive waits where it was made,
more than ninety thousand tons of it and rising, sealed in dry
casks standing in guarded rows at reactor sites across dozens
of states, power plants long shut still keeping their parking
lots of the unburied. A nation that could not agree on a grave
keeps its dead at home, every site its own small institutional-
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control problem, every cask a letter with no address, postage
paid, never sent. The finances finish the portrait, because the
unsent letter runs a deficit. Ratepayers financed the mountain
in advance through a dedicated levy on nuclear electricity, a
tenth of a cent per kilowatt-hour flowing for decades into a
Nuclear Waste Fund that now stands, with interest, north of
forty billion dollars, money collected for a burial and lawfully
spendable on little else, accruing in the Treasury like a paid-
for plot at a cemetery that will not open. Meanwhile the
government’s failure to begin accepting fuel on the statutory
schedule put it in breach of its own contracts with the utilities,
and the courts have been awarding damages ever since, judg-
ments paid, by a bookkeeping twist that completes the farce,
from the general taxpayer’s judgment fund rather than the
waste fund itself, past nine billion dollars already disbursed,
with the government’s remaining exposure projected deep into
the tens of billions. The ledger’s shape, stated slowly: the na-
tion collected a fortune to send the letter, cannot agree to
send it, and pays a second fortune, annually, as the fee for not
sending, the only correspondence in this book that costs more
unmailed than mailed. The arrangement is safe by every
near-term measure and absurd by every long one, a hundred
temporary arrangements aging in place, and it gives the Amer-
ican chapter of the down letter its standing image: a country
of undertakers who embalmed everything and buried almost
nothing. Pressure has lately sought the path of least resis-
tance, private consolidated storage pitched for the desert
Southwest, licenses issued and litigated for sites in New Mexi-
co and West Texas that would gather the casks into two great
waiting rooms, interim by statute and indefinite by everything
else, the unsent letter proposing to move from ninety scat-
tered drawers into one, which is filing, and is still filing rather
than mailing.
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Finland, meanwhile, was writing the letter the long way, and
as this book goes to press the Finnish version sits one signa-
ture from the mail.

On Olkiluoto island, off the western coast near the small
municipality of Eurajoki, a company called Posiva has spent
since 2004 driving a spiral road down into gneiss that has held
still for on the order of 1.9 billion years, rock older than com-
plex life, and the project’s name states its temperament: Onka-
lo, the cave, the hollow, a name that undersells on purpose.
The descent is a drive. A tunnel five kilometers long
corkscrews down through the gneiss at a truck’s grade, head-
lights on stone that has not been troubled since before any-
thing on Earth had eyes, past niches where instruments listen
to the rock’s slow talk, and the ride down takes long enough to
perform the reorientation Carlsbad’s elevator performs by
drop, deep time entered at highway speed in low gear. At
some four hundred thirty meters down, deposition tunnels
reach away from the spiral, and the plan they serve, a Swedish
design called KBS-3, is the marker panels’ layering doctrine
executed in metallurgy: spent fuel sealed into cast-iron inserts,
the iron sheathed in copper canisters, the canisters, five cen-
timeters of copper over the iron, twenty-odd tons apiece when
loaded, lowered nose-down into vertical boreholes drilled
eight meters into the tunnel floors and packed around with
rings of bentonite clay that swells shut when wetted, the
whole assembly surrendered to rock chosen for its billion-year
boredom. Nothing in the system is asked to work alone, and
the honesty of the arrangement extends to its one live contro-
versy. Researchers in Stockholm argued in 2012 that copper
corrodes faster in repository conditions than the safety cases
assumed, centuries where the plans said millennia; the
Swedish program'’s follow-up work answered that the claimed
process could not be reproduced, and a further study in 2019
found radiation effects unlikely to trouble the canisters across
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the design span. The quarrel matters less than its treatment.
Their case never rested on the copper alone; it rests on the
stack, canister and clay and rock and groundwater chemistry
arranged to fail, if they fail, in different ways at different
speeds, so that no single betrayal releases the inventory, dis-
agreement about one barrier priced into the presence of the
others. The design even assumes the ice will come back,
sheets of it, glacial loading priced into the copper and the clay,
a facility designed to be sat on by the next ice age the way a
bridge is designed for wind, and the design horizon is stated
without embarrassment at one hundred thousand years, ten of
the American assignments laid end to end.

The scale is Finnish in its modesty and staggering in its
arithmetic: room, eventually, for thousands of canisters along
dozens of miles of tunnel, a century of operations followed by
backfill and seal, a construction bill around a billion euros and
an all-in cost a few times that, working out, spread across the
nuclear kilowatt-hours it cleans up after, to a rounding error.
Construction was licensed in 2015, the first such license on
Earth. Trial runs through 2024 carried the rehearsal from end
to end: canisters packed first with plain weights, then with ele-
ments shaped like true fuel, transported under the planned
protocols, encapsulated by the unmanned machinery of a plant
built for hands-off burial, and the run was paused, midway, to
adjust the equipment, a funeral rehearsal that stopped to fix
its own choreography, which is what rehearsals are for. The
trial finished its argument underground: seventy meters of de-
position tunnel received the stand-in dead and was closed be-
hind them with a massive plug, the first tunnel ever sealed in
the manner the next hundred years intend, practice for an act
whose real performances no participant will see completed.
Eurajoki, nine thousand souls, consented to all of it and hosts
it. The operating license, applied for at the end of 2021, was
still under review as these pages were written, the regulator
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extending its deadlines with Nordic patience while the clay
chemistry answers its last questions, and the country’s own
target has first disposal beginning within the year; Sweden
broke ground on a sibling repository at Forsmark at the start
of 2025, and France’s deep project waits at the edge of con-
struction, the genre acquiring, at last, a second and third au-
thor. And the wire services, auditing the field this spring,
could still report the global score in one sentence: as of April
2026, no permanent underground repository for commercial
fuel operates anywhere on Earth. Seventy years of the atom,
four hundred thousand tons of spent fuel by the international
accounting, and the number of grams permanently buried re-
mains what it was in 1957, which is zero, with Finland’s first
canister positioned to end the streak within the year. Two
towns, three tombs, one canister pending; and the tomb that
opened first has not yet learned how to close. The honest sen-
tence, in the summer of 2026, is this: no nation has yet perma-
nently buried a gram of civilian spent fuel, and one nation is
measurably about to.

The path to the island ran through consent at every gate,
and the procedure explains the calm. Finnish law from the
mid-1990s required the country’s waste buried at home; the
decision-in-principle of 2000 that chose Olkiluoto required,
and received, the host municipality’s approval, a veto genuine-
ly held and genuinely waived; the safety authority, STUK, has
spent the years since as the project’s unhurried examiner, ex-
tending its own deadlines rather than its conclusions, the pa-
tience itself published quarterly to archival standard.
Eurajoki’s consent was informed, compensated, and renew-
able in spirit, the second volunteer town after Carlsbad, and
between them the two communities constitute the entire em-
pirical record of what the theorists kept trying to design: pop-
ulations that accept the vigil. Records, in the Finnish plan,
flow to the national archive system, the state’s memory institu-
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tions enlisted as the letter’s first carrier, paper before granite,
and past the paper the plan goes quiet by intent.

The Finnish temperament extends to the warning, and it
runs contrary to everything the New Mexico panels drew. Its
men and women, pressed on markers, tend toward archives
and quiet, records banked with the state, the site itself left un-
spectacular, and some among them have voiced, on camera,
the position Carlsbad’s designers rejected: that the safest
tomb may be the one that declines to advertise, that forget-
ting, managed honestly, protects better than granite that
shouts. The Danish filmmaker Michael Madsen built a docu-
mentary inside the unfinished tunnels in 2010, Into Eternity,
addressing the audience by candlelight as though they were
already the far-future intruder, and the film’s lasting contribu-
tion is the fork it stages without resolving: speak to the future
and risk drawing it in, or fall silent and risk it stumbling. Two
mature repository cultures, faced with one problem, chose op-
posite letters, the Americans drafting a confession in seven
languages and the Finns leaning toward a sealed envelope
with no address at all, and the year 12,000 will grade both pa-
pers, though it will never file the grades.

Set the three tombs side by side and they resolve into three
theories of memory, each a nation’s answer to the question
Part Two opened. Carlsbad answers with payroll now and
granite later, the living relay funded and the stone deferred,
confession drafted, translated, and filed. Yucca answers with
paper only, the most documented decision never taken, memo-
ry without a body. And Olkiluoto answers with archive and
hush, records banked, monument declined or at least post-
poned, the Tut option pursued by a country too orderly to call
it forgetting. Beneath the differences runs the finding that uni-
fies them, and it is the finding this part of the book was built to
deliver. Every repository culture on Earth, offered the chance
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to write to the far future, has so far chosen to let the living
stand in for the text. The letter down is deferred everywhere,
always lawfully, always reasonably, each deferral individually
sound and the sum of them a policy nobody voted for: burial
first, rhetoric later, the sequence reversed from 1977, when
the words were bolted to the cargo and flew with it because
there would be no second chance at the address. The letter
down waits because the address is not going anywhere, and
neither, each present generation notes, checking its watch, is
the present generation. Postage, it turns out, is paid in propor-
tion to distance. Infinity was affordable. A hundred centuries
is still in committee.

So Part Two closes on the ledger as it stands in the summer
this book is written. The theory of the letter down is forty-five
years old and magnificent; the practice consists of one Ameri-
can tomb, open, filling, breached once by its own groceries
and healed by its own geology, its monument existing as a re-
port; one American mountain, studied to the last decimal and
abandoned full of nothing; one Finnish cave at the threshold,
licence pending, first canister waiting; and, above ground, the
great distributed non-burial, ninety thousand tons in casks be-
hind chain-link, guarded by the only marker system yet de-
ployed at scale, which is payroll. The berm is unraised, the
thorns undrilled, and the faces scream in a binder that is
checked out with a due date a century off.

On the night the American tomb failed, no one was under-
ground to see it. An alarm sounded in an empty mine, a ma-
chine registering the loosed particles and throwing its
dampers with nobody to hear, and the record of the moment is
an instrument’s log, a timestamp, 11:14 p.m., the fourteenth of
February. When the danger finally spoke, the second letter’s
first reader was a sensor alone in the dark, faithful, unfright-
ened, and mute, which is how the sky’s one syllable had been
received too, decades before, in a field in Ohio. Above ground,
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nine miles off, the town’s own filters were pulling the night air
through their media on the standing schedule, so that the
event’s first witnesses number three, all of them machines: the
monitor that alarmed, the dampers that answered, the filters
that kept the count for the citizens sleeping around them. Be-
tween them the letters differ in every direction and agree, so
far, on their audience. Instruments have heard everything; the
people have read printouts. And signed them. Somewhere in
the plant’s records sits the log page for the fifteenth of Febru-
ary, initialed at shift change by a human hand under the
machine’s timestamp, the countersignature our species adds
to what its sentinels witness, which is, for now, the entire de-
ployed text of the letter down: instrument, initials, date, filed
and carried forward. Somewhere below, unbothered, the salt
gained an inch.
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CHAPTER SEVEN

What the Ground Sends Back

On the eighteenth of December, 1994, three cavers working
the limestone gorges of the Ardeche felt a draft coming out of
a rubble slope where no draft belonged. Air moving through
stone means space behind the stone, and Jean-Marie Chauvet,
Eliette Brunel, and Christian Hillaire spent the afternoon
pulling rocks until a duct opened, a passage so tight it had to
be taken like a birth, and the smallest of the three went
through first, feet-first into a dark that had been holding its
breath, the others following down a rope into chambers no
lamp had touched. Their lamps found the walls, and the walls
were working. Horses came out of the calcite in charcoal, four
heads overlapped in a single running gesture, drawn by a hand
confident enough to shade; lions hunted in a frieze of profiles,
a pride in pursuit rendered by someone who had watched pur-
suit closely; rhinoceroses squared off, horn to horn, the colli-
sion itself on the wall; a panel of hands pressed in red ochre
held the wall the way hands hold anything. In places the moun-
tain had glazed the drawings under sheets of calcite, art lami-
nated by geology, and in places the record kept its own se-
quence of readers: bear claws raked across some of the en-
graved lines, which means the cave’s first audience arrived on
four feet, studied the work by scent, and annotated it, the
ground’s earliest marginalia. On a fallen block near the center
of one chamber, a cave bear’s skull sat placed, arranged, set

132

BolesBooks.com | Free Download Edition



there by somebody, and the floor around it kept the hollows
where the bears themselves had wintered, and kept, in the soft
clay, the tracks of the people, among them the prints of a child
who had walked in by torchlight and walked out again,
pressed near the track of a wolf or large dog, companions or
coincidence, the clay keeping both and saying nothing. The
dating settled into two visits separated by millennia, artists re-
turning to a gallery already ancient to them, and nothing
about the find has ever been opened to the public; a filmmaker
was admitted for a season on a metal walkway with a skeleton
crew, a full-scale replica rose nearby for the crowds in 2015,
and the cave itself keeps its climate under lock, the state hav-
ing learned its lesson one valley over.

The paintings, when the laboratories finished with the
charcoal, ran to some thirty-six thousand years old, twice the
age of Lascaux, among the oldest great picture cycles known,
and the second discovery mattered as much as the first: the
reason anything remained. Around twenty-one thousand years
ago, the cliff face above the entrance let go. Rockslides buried
the mouth, the last one sealing it outright, and from that day
to the December afternoon of the draft, nothing entered, no
light, no weather, no animal larger than a bat, no human be-
ing, and cosmogenic dating of the fallen cliff face fixes the
door’s closing. The collapse was the delivery. A mountain
closed the envelope, and the envelope stayed closed for two
hundred centuries, and when it opened, the contents were in-
tact down to the wipe marks where torch-bearers had knocked
the char off their brands against the wall, gestures of an
evening preserved like the evening itself. The ground, given
custody of a document, had done what the ground does. It
kept the document and outlived the senders and delivered the
mail to whoever finally knocked.

The mechanics of the service deserve one plain paragraph,
because the ground preserves by subtraction and nothing else.
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Take away light and pigments stop fading; take away oxygen
and the rot stands down; take away weather and surfaces keep
their morning; take away readers and nothing is touched.
Each of the office’s great branches works by removing a differ-
ent destroyer: waterlogged soil drowned the oxygen at Vin-
dolanda, cold arrested the chemistry around the man in the
ice, Egyptian desert drought starved the microbes of
Oxyrhynchus, and rockfall subtracted everything at once from
Chauvet, even the fire at Herculaneum performing, in its vio-
lence, a subtraction, carbonizing the scrolls past the appetite
of decay. Every archive our species has ever engineered is an
imitation hole, darkness, dryness, stillness, and a locked door,
the technology of memory converging from every direction on
one design, which the ground invented by having no qualities
at all.

This chapter belongs to that postal system, because hon-
esty requires it. Six chapters have watched our species ad-
dress its hope upward and its warnings downward, and a fair
reader has been entitled, the whole way, to an objection the
account must now pay in full: the ground is the only corre-
spondent that has ever answered. Every reply humanity has
ever received arrived from below. The sky, for all our mail, has
yet to sign anything.

Lascaux is the control experiment, the envelope opened early.
Four teenagers found it in September 1940, led back to a hole
that a dog named Robot had nosed open where a storm-felled
pine had pulled up the ground days before, and the boys re-
turned with a lamp and dropped into the painted halls that
would make the valley famous: the great aurochs, the swim-
ming stags, the falling horse. Two of them never left in any
sense that matters. Marcel Ravidat and Jacques Marsal stood
guard over the entrance with a tent in the first weeks, and
Marsal spent the rest of his life as the cave’s guide and con-
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science, the finder converted into the priesthood on the spot,
which is the oldest career path in the story. The abbé who
came to catalogue the walls pronounced the place a Sistine of
prehistory, and the valley believed him, and so did the ticket
office; the paintings had outlasted the occupation overhead
before they met their real siege. France opened the cave to
the public in 1948, and the public came as the public does, up
to twelve hundred visitors a day at the peak, filing through
chambers that had known no breath but bats’ for seventeen
thousand years. And the breath was the problem, abetted by
the fixes. Machinery installed in the 1950s to manage the air
managed instead to redistribute the damage, and a later reno-
vation of the climate system preceded the worst of the fungal
invasions, custodianship itself becoming a vector, each cure
auditioning as the next disease. Carbon dioxide and body heat
and moisture, dose after dose, day after day, changed the
cave’s ancient weather, and the walls began to answer. Green
sickness first, algae blooming across the paint where lights
and warmth invited it; then white sickness, calcite veiling the
images like cataract; and the state, to its credit, chose the
paintings over the ticket line and closed the cave in 1963. The
closure came late. Fungal invasions swept the chambers in
waves across the following decades, white threads and then
black spots advancing and retreating under treatments that
sometimes bred the next invasion, and today the original ad-
mits only its monitors, a few minutes of humanity per year,
while the crowds tour the replicas built beside it, the original’s
whole human traffic reduced to a suited conservator with a
lamp and a logbook, art’s most exclusive reading room, copies
of copies now into their fourth generation, a partial facsimile
in 1983, a traveling version for foreign halls, and a full replica
in 2016 that reproduces the original down to its chill and its
damp, humanity building a decoy cave to protect a real one
from humanity, the first marker system ever erected against
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the readers themselves. Two caves, one river system, one art:
the sealed one arrived perfect and the opened one is dying of
its readers. The ground’s postal rule stands in the pairing. The
mail keeps while it stays sealed, and every early opening is a
small fire.

Call it what it is: a dead-letter office the size of the planet’s
crust, and staffed, for the last two centuries, by archaeology,
the profession this book met in the salt as the panels’ con-
science and meets again here as the ground’s postmaster. The
metaphor is earned literally, because so much of what the
ground returns is mail in the plainest sense, correspondence,
addressed and signed, delivered late by amounts that beggar
the word.

In 1887 an Egyptian village woman digging ancient mud-
brick for fertilizer at a site called el-Amarna broke into the
buried filing room of a dead capital and pulled out tablets by
the basketful, wares first dismissed by dealers as forgeries and
scattered accordingly, and the tablets, once the dealers and
scholars finished fighting over them, turned out to be the
diplomatic mailbag of the fourteenth century before the com-
mon era: nearly four hundred letters between the Egyptian
court and the kings of Babylon, Assyria, Mitanni, and the rest-
less princes of Canaan, written in cuneiform Akkadian, the
era’s diplomatic tongue. They read like mail because they are
mail. Kings complain about the quality of gold shipments,
plead for royal daughters, take offense at protocol, ask why
the last courier was detained; one Babylonian king protests
that the gold Pharaoh sent, when put in the furnace, came up
short of its stated weight, the customer complaint aged thir-
ty-three centuries without losing its tone; vassals grovel and
inform on their neighbors, begging archers by return post; the
whole correspondence breathes the eternal registers of the in-
box, flattery, grievance, invoice. The file sat in the ground for
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thirty-two centuries and arrived legible. Nor was Amarna the
only mailroom down there. The palace archive of Mari on the
Euphrates gave up some twenty thousand tablets of eighteen-
th-century-BCE statecraft, ambassadors’ dispatches and spy
reports and a king’s daily grind; Ebla yielded seventeen thou-
sand more from a millennium earlier still; and at Nineveh the
library of Ashurbanipal, thirty thousand tablets of omens,
epics, and correspondence, reached us by the most instructive
route of all: the city burned in 612 BCE, and the fire that de-
stroyed the library baked its clay hard, arson acting as Kiln,
the collection mailed to the future by the catastrophe itself
that ended its readers. Out of that baked wreckage, in a Lon-
don workroom in 1872, an assistant named George Smith
pieced together a tablet describing a flood, an ark, a bird sent
out over the waters, the deluge story older than its scripture,
and by the museum’s own lore the man leapt up and began
tearing off his clothes in excitement, which remains the
strongest documented reaction to a piece of delivered mail in
the profession’s history.

At Vindolanda, a Roman fort below Hadrian’s Wall, water-
logged soil preserved what parchment cultures never keep,
the wafer-thin wooden leaves on which the garrison wrote its
ordinary life in ink, and among the hundreds recovered is an
invitation from one officer’s wife, Claudia Severa, asking her
friend Sulpicia Lepidina to her birthday celebration, warmth
crossing nineteen centuries on a slip of birch, the earliest
known Latin in a woman’s hand. That waterlogged fort also re-
turned the quartermaster’s side of empire, a note recording
the dispatch of socks, sandals, and underwear to soldiers on
the world’s cold rim, the ground preserving the supply chain
along with the sentiment, because the ground does not rank
its mail. At Oxyrhynchus, in Egypt, two Oxford scholars named
Grenfell and Hunt in the 1890s began mining the town’s an-
cient rubbish mounds and did not stop for a decade, and the
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trash of that provincial city, half a million papyrus scraps, has
been feeding the classics ever since: lost lines of Sappho lifted
out of the middens verse by verse, sayings attributed to Jesus
that electrified the first season’s press, tax rolls by the hun-
dredweight, and the private letters that make antiquity audi-
ble, including the deathless note from a boy named Theon to
the father who left on a trip without him, a tantrum in ink
promising hunger strikes and withheld affection until the
wrong is remedied, the oldest surviving specimen of a child’s
leverage.

The great hoards keep arriving by accident’s favorite in-
struments, boredom and error. A Bedouin shepherd chasing a
stray in 1947 tossed a stone into a cliff hole above the Dead
Sea, heard pottery break instead of rock, and the jars held
scrolls that rewrote the textual history of the Bible. In Cairo,
meanwhile, a synagogue storeroom had been practicing the
opposite of rubbish for a thousand years: because texts bear-
ing the divine name could not be destroyed, everything went
into the geniza, contracts, poems, shopping lists, letters, mar-
riage deeds, the sacred hoarding of a community that could
not bring itself to throw words away, and when scholars
opened the chamber at the nineteenth century’s end they
found four hundred thousand fragments, the haul that reached
Cambridge after two scholarly sisters carried a stray leaf to
Solomon Schechter and he recognized lost Hebrew scripture
in it, and the chamber’s contents became, in the century of
study since, the densest archive of medieval Mediterranean
life in existence, an entire civilization of merchants, wives,
judges, and debtors audible again, one scholar spending his
whole career reading the fragments into the portrait of a me-
dieval sea, all because reverence had acted as landfill. Add the
jars of Qumran and their scrolls; add the man the ice returned
in 1991, five thousand three hundred years old, tattooed six-
ty-one times, dressed in grass cloak and bearskin cap, carrying
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a copper axe, a bow in progress, and a last meal of ibex and
grain, interrupted mid-errand by the arrowhead a scanner
found in his shoulder a decade after the finding, the ground
for once delivering the correspondent himself, kit, dinner, and
murder forwarded together; and the pattern closes to a rule.
Count what is missing and the rule sharpens. Alexandria’s li-
brary died its slow institutional death and left not one scroll of
its own; of the thousands of Maya codices, four books survive,
the rest fed to a bishop’s fire in 1562 as instruments of the
devil; the Tigris, by the tradition of 1258, ran dark with the ink
of Baghdad’s drowned libraries; Nalanda’s halls burned with
their manuscripts inside. Everything entrusted to institutions
above ground died of institutions, by fire, zeal, budget, or war,
while the era’s trash, sealed in middens and mudbrick, kept
every word it was given. Sappho is the case in miniature: the
nine books the canon curated are gone, and the poet survives
as wrapping, strips of her torn up for mummy casings and mid-
den scrap, the verse the librarians lost retained by the
garbage. Curation kills on a long enough clock; burial keeps.
Voices reach us from the deep past by one route. Libraries
burn, empires curate themselves into oblivion, parchment
feeds worms, and the ground, the indiscriminate, unlettered
ground, keeps whatever it was handed and hands it back.

The newest branch of the office may be its strangest.
Herculaneum’s one intact library, carbonized whole by Vesu-
vius in the year 79, has spent two centuries defeating its read-
ers, the scrolls preserved as cylinders of char that crumble at
a touch, and lately the unopenable has begun to speak any-
way: particle-accelerator scans read the faint density of ink
through the rolled layers, pattern-trained software untangles
the spiral into pages, and words have started surfacing from
scrolls no hand will ever unroll, the first of them, fittingly, a
Greek word for purple. The ground kept the letters even
through fire, and the living have now learned to read mail
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without opening it, which any postmaster will tell you is the
profession’s oldest temptation and newest tool.

Nor was the downward mail all accident and salvage, and here
the chapter must correct an impression its own book has
risked. Humanity did write to the ground, deliberately, ad-
dressed and stamped, for thousands of years before New Mex-
ico, because the ground was where the addressees lived.
Egypt kept a genre the scholars call letters to the dead: pe-
titions written on pottery bowls and linen and left at tomb
doors, the living writing to their own deceased with the practi-
cal urgency of people addressing someone merely relocated,
asking a dead husband to stop the harassment of his widow, a
dead parent to intervene in an inheritance, a dead kinsman to
litigate, from his side, against the hostile dead, the underworld
imagined as a functioning bureau with dockets, standing, and
hours. The tomb was a mailbox because the resident was pre-
sumed home, and the corpus that survives, a couple dozen
texts across a millennium, reads with the unbearable intimacy
of any recovered mail: a widow protesting to her husband that
she has been wronged and he, of all people, should know it; a
son asking a dead father whether the trouble in the house is
the father’s own doing. Mesopotamia ran the service in the
other direction with full institutional confidence. Kings buried
inscribed deposits in the foundations of temples addressed ex-
plicitly to the future kings who would someday rebuild, re-
questing restoration and reburial, and the system worked, de-
livery confirmed inside antiquity itself: Nabonidus, last king of
Babylon, excavated the foundations of a temple in the sixth
century before the common era, found the deposit of a king fif-
teen centuries gone, misdated it grandly, restored it with cere-
mony, put it back, and left an inscription describing the dig,
the profession’s first field report, one monarch answering
another’s buried letter across a gulf wider than the one sepa-
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rating us from Nabonidus, the first documented instance of
the ground’s mail reaching a reader who read it as mail and
replied in kind. Assyrian kings filed campaign reports ad-
dressed to the god Ashur, Sargon’s account of his eighth cam-
paign in 714 the masterpiece of the genre, a war narrated to
heaven in high style, framed by its editors for recitation, the
deity addressed as a superior awaiting the paperwork, and the
whole dispatch archived in earthly clay against heaven’s noto-
rious failure to file. And across the Greek and Roman world
ran the postal system of the defixiones, the curse tablets:
sheets of lead inscribed with grievances and targets, folded,
often nailed, and then posted downward through the recog-
nized slots, dropped into graves, wells, and springs, addressed
to the managers below. At the sacred spring of Bath, bathers
robbed of their cloaks and rings filed complaints with the god-
dess Sulis in the register, itemized and aggrieved, of an insur-
ance claim, naming the stolen goods and requesting
vengeance in itemized detail, some tablets written mir-
ror-backwards to keep the matter between sender and god-
dess; the wells of the Athenian agora took folded lead by the
dozen, aimed at rival lawyers, faithless lovers, and opposing
chariot teams, the slot chosen because wells, like graves, were
understood to open downward onto the offices of the manage-
ment. Lakes served as parcel post: at Llyn Cerrig Bach in
Wales, Iron Age hands committed swords, spears, chariot fit-
tings, and slave chains to the water across generations, wealth
mailed down on purpose, and the Thames has yielded shields
and blades enough to argue the river ran a standing counter
for such deposits.

Then comes the twist that earns the passage its place. All
of it was delivered, eventually, to us. The letters to the dead sit
in museum cases, read by the living they never addressed.
Sargon’s report to his god survives because clay outlives con-
gregations. The curses of Bath are catalogued, translated, and
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published, every private malediction now scholarship; the
lake-hoards gleam under gallery light. The underworld’s mail
was collected, forwarded across two and three millennia, and
dumped, all of it, on a single unintended recipient, the future,
which turns out to have been the only addressee the ground
ever served. Write to the gods below, write to the dead, write
to the water, and the ground takes the letter with perfect cour-
tesy and delivers it, on its own schedule, to whoever is stand-
ing there when the schedule matures. The system has never
lost a delivery it was given time to make, and it has never once
delivered to the party named on the envelope. Nor has the
counter closed. A fountain in Rome banks roughly a million
and a half euros of coins a year, wished into the water one
flick at a time and swept out on a schedule for the city’s poor,
the chthonic post still operating at retail, its modern deliveries
running to charity instead of museums, which may be
progress.

Now the sky’s side of the ledger, kept with equal care, because
the sky does send. It sends constantly. It has never signed.
Some fifty tons of extraterrestrial material arrive on Earth
every day, nearly all of it as dust settling unnoticed onto
oceans and rooftops, the sky’s mail mostly a fine gray postage
of itself. The larger parcels announce themselves. A stone fell
out of a clear noon onto a wheat field at Ensisheim in Alsace in
1492 with a bang heard across the Rhine, and the town hauled
it to the church and chained it, literally chained the visitor to
prevent its return or theft, the oldest witnessed fall in the
West still on display where it landed five centuries ago, the
event pamphleted at the time by the satirist Sebastian Brant
as an omen for the young king Maximilian, sky mail immedi-
ately drafted into politics, which is the fate of most mail.
Europe’s farmers, plowing up strange axes for centuries,
called them thunderstones and shelved them against lightning,
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the sky credited with correspondence it never sent while its
actual parcels sat chained in churches. Long before anyone
could smelt iron, people worked it, and the source was over-
head: beads from a grave at Gerzeh in Egypt, strung five thou-
sand years ago, are meteoritic metal, hammered sky; the Inuit
of Greenland quarried the great Cape York irons for knife
blades across generations, working a delivery that had waited
millennia in the gravel; the fifteen-ton Willamette iron,
ground-buried in Oregon and sacred to the Clackamas as
Tomanowos, sits today in a New York museum under an agree-
ment that brings its people to visit it, a parcel with standing
visitation rights; and in the innermost wrappings of
Tutankhamun’s mummy lay a dagger whose blade, analyzed in
2016, carries the nickel signature of meteoritic iron, sky metal
forged into a king’s weapon and sealed into the ground’s most
famous envelope, a parcel from one postal system enclosed in
the other, the two postal directions crossing in a single object
that waited thirty-three centuries in the dark to be read as
what it was. The Egyptians needed no laboratory for the
provenance; their word for the metal in that age was iron of
the sky, the label written into the noun. And the Amarna mail-
bag may hold the parcel’s paperwork: a Mitanni king’s gift list
to Pharaoh, two generations before Tutankhamun, itemizes
daggers of iron among the treasures, and scholars have won-
dered ever since whether the blade in the wrappings is the
manifest’s line item come down as heirloom, the letter in one
museum and its cargo in another, mail and freight reunited
only in the reading.

Sometimes the parcels carry more than metal. On a Sep-
tember morning in 1969 a fireball broke apart over the Aus-
tralian town of Murchison, a Sunday morning, church-bound
streets below, and rained fragments across paddocks and
lanes, stones gathered out of gutters and hedges by residents
within days, and the stones, a rare carbonaceous kind, proved
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to be freighted with chemistry: amino acids by the dozens, in-
cluding varieties terrestrial life has never used, sugars, nucle-
obases, the alphabet blocks of biology delivered unassembled,
no message, all ink. Amateurs, for their part, have learned to
sieve the daily dust itself from city rooftops and rain gutters,
micrometeorites in the downspouts, the smallest class of sky
mail now sorted at home. Decades later, laboratories teasing
grains from the Murchison stone dated some of them, by the
noble gases their star-years had banked, older than the Sun,
pre-solar dust from dying stars that predates the solar system
by up to two billion years, the oldest solid matter ever held,
which means the sky’s post includes antiques from before
there was a here to deliver to. Other parcels arrive as bills. A
comet or stone burst over Siberia in 1908 and laid down two
thousand square kilometers of forest with no signature at all,
and a rock the size of a house came in over Chelyabinsk on a
February morning in 2013 and blew in the windows of a city,
fifteen hundred people cut by glass while their dashboard
cameras filmed the flash, windows by the thousand replaced in
a Russian winter, delivery confirmed, sender unknown, con-
tents percussion. The main mass had punched through the ice
of a lake, and divers brought it up months later, a half-ton
stone that cracked the scale it was weighed on, and a year to
the day after the fall, champions at the Sochi games received
gold medals inlaid with fragments of the visitor, sky mail con-
verted into prizes on its first anniversary, which is one honest
way for a species to answer a letter it cannot read.

And once, the sky’s mail reached the presidential podium.
A four-pound stone collected by a snowmobile survey on the
Antarctic ice in 1984 and catalogued as ALH84001 was shown,
a decade later, to have come from Mars, blasted off that world
by an impact and delivered here after eons in transit, and in
1996 a team announced in the most public way that its interior
carried possible traces of ancient Martian life, wormlike mi-
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crostructures, suggestive minerals, organic residues. The
president of the United States walked onto the South Lawn to
address a rock. For a season the parcel seemed to be a letter
after all, the first signed anything in the sky’s whole delivery
history, and then the long peer review did its work: the struc-
tures could form without biology, the minerals had abiotic
routes, the claim subsided from finding to argument, where it
still lives quietly, the stone itself curated in Houston and avail-
able for re-reading whenever the argument revives, a parcel
that, unlike the visitor about to enter this ledger, at least re-
mained in evidence. The verdict matters less here than the re-
flex. Offered one ambiguous smudge of possible sky-handwrit-
ing, the country stopped everything, and its head of state read
the envelope aloud on television. We know what we are wait-
ing for. It has never yet come.

The nearest miss gets its full walk here, because it rehearsed
the future the whole argument keeps circling. On the nine-
teenth of October, 2017, a survey telescope on Maui picked up
a fast point of light that the orbit computers refused to close
into an ellipse; the thing was hyperbolic, unbound, a visitor
from outside the solar system entirely, the first interstellar ob-
ject ever caught passing through, and it had rounded the Sun
some forty days before anyone noticed, the mail already leav-
ing as the door opened. The survey was Pan-STARRS, the ob-
ject perhaps a few hundred meters long, tumbling, and it re-
ceived a Hawaiian name, ‘Oumuamua, a scout or messenger
arriving first from far away, and then it received the treatment
any unsigned parcel of sufficient strangeness was always go-
ing to receive. Its brightness swung by factors that implied an
extreme shape, a shard or a pancake, like nothing in the local
catalog; it showed no coma, no tail, none of a comet’s exhala-
tions; and as it departed it accelerated, gently, in a way sun-
light and gravity alone would not produce, the classic signa-
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ture of outgassing from a body that visibly was not outgassing.
The astronomer Avi Loeb of Harvard put the forbidden reading
on the table in public: perhaps the parcel was a package, a
thin artificial sheet riding light pressure, debris or instrument
of another civilization’s post. Mainstream astronomy answered
with exotic but natural candidates, a sliver of nitrogen ice
calved from some alien Pluto, a hydrogen iceberg, an ultra-
porous dust bunny blown like a leaf, each proposal straining
physics less than an artifact and each requiring an object of a
kind never otherwise observed. The great dish in the West Vir-
ginia quiet, the dish that listened for signatures in 1960,
swung onto the visitor and listened across the bands for any
carrier of intent, and recorded static, the parcel offering no re-
turn address even under direct interrogation. The dispute was
never resolved; the evidence left the solar system at twenty-six
kilometers a second and cannot be recalled for cross-examina-
tion, and its chief heretic went on to found a project for scan-
ning the skies and the seafloors for artifacts, institutionalizing
the question he could not close. A second interstellar visitor
crossed in 2019, spotted by a Crimean engineer with a tele-
scope he had built himself, and it wore an honest coma, a
comet by every measure, reassuringly dull; a third crossed in
2025 in a comet’s coat of its own, and the argument recon-
vened around its oddities on schedule, because the argument
is now a standing committee. What the episode proved has
outlasted its object: at present data, our species cannot reli-
ably distinguish a sufficiently strange rock from a piece of
mail, and it knows it cannot, and it watches the approaches
now with instruments built for ambiguity of just this kind, a
planet checking its slot for envelopes it half expects and can-
not yet read. The sorting office does keep criteria on file, and
they belong in the record, because the standard is neither
credulous nor closed: a narrowband carrier where nature
broadcasts in smears; isotopic ratios no stellar process assem-
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bles; machined regularities of shape or spin; surfaces too uni-
form for weathering; any one of these, verified, would move a
parcel from geology to correspondence, and none has ap-
peared in the mail to date. The silence, meanwhile, counts as
evidence in its own austere way, a datum about the neighbor-
hood if never a verdict, and both camps in the standing com-
mittee agree on the ledger’s bottom line even while fighting
over one entry.

Side by side, then, the two ledgers balance out like this.
The ground has returned to us every category of thing we ever
gave it and several we gave the gods: pictures, tools, bodies,
and above all sentences, letters in the tens of thousands, voic-
es by the archive, the collected correspondence of the dead
delivered to the living daily. The sky has returned matter,
chemistry, momentum, and antiques older than the Sun,
parcels of magnificent contents and no handwriting, ever, any-
where, once. Every sentence our species has ever received
was written by our species. The mail from below is all mean-
ing; the mail from above is all material. On sentences, the
score across the whole of history stands at everything to noth-
ing.

Which brings the chapter to its turn, because the honest
ledger, fully paid, points its own moral in the direction nobody
expects.

A skeptic will call the asymmetry trivial, and the skeptic
should be met head-on. Of course the ground answers, runs
the objection, the dead were writers and the stars are fur-
naces; no ledger was needed to establish that graves outper-
form vacuum as archives. But the ledger was never kept to es-
tablish it. The ledger matters because the mailing continues in
full knowledge of it. A species that wrote skyward out of igno-
rance would present no puzzle, and would have stopped by
now; the species in evidence reads the empty in-box every
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generation, tallies the score at everything to nothing, funds
the antennas anyway, and launches the records anyway, hope
persisting after the audit rather than before it, which is the
phenomenon these pages exist to explain and the trait a lesser
account keeps mistaking for naivety.

If replies were what the upward instinct wanted, the in-
stinct would have reversed long ago; the evidence has run
one-way for the entire archaeological record, and our species
reads evidence. It keeps writing upward anyway, and the rea-
son is in the tenses. The ground’s replies, every one, are post-
humous. Its postal system is real and flawless and runs entire-
ly in the past perfect: what was written, what was buried, what
was done, delivered after the deaths of all parties, correspon-
dence between the living and the dead in which the dead hold
every pen. Ask the ground a question and it answers with an
archive; the answer is finished, closed, and final, which is the
whole comfort and the whole limit of archives. Even our new-
est trick obeys the grammar: the scanners at Herculaneum
read sealed mail from below, ink through char, and there has
never been anything above to point them at, because the sky’s
envelopes hold minerals. A civilization keeps organs for both
tenses, archives and archaeology for what was, observatories
and antennas for what might be, memory’s offices facing down
and hope’s facing up, and no institution has ever served both
directions at once. The division runs right down into the
household. A diary is a down-letter, past tense, sealed toward
an unnamed finder; a prayer is an up-letter, subjunctive, ad-
dressed past the ceiling; and most people, without ever read-
ing a page of the argument, keep one of each, filing what hap-
pened and mailing what might, our two-desk postal habit re-
produced at the scale of a nightstand. The sky’s silence has
the opposite grammar. Unanswered is a different state from
answered in the negative; a letter into the dark is refused by
no one, contradicted by no one, filed by no one, and so it re-
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mains, uniquely among human utterances, open. The vacancy
at the address is the feature. A correspondent who cannot re-
ply cannot decline.

This book has been hunting a definition since its first page,
and the ledger of this chapter finally affords it. Hope is the
name our species gives to correspondence that survives the
absence of an answer. Memory, its downward twin, is corre-
spondence that survives the absence of a sender. They are the
two services a creature made of time requires, and a people
can be read by the postage it splits between them. We file
what happened into the ground, where the tense is past and
the delivery is certain and the recipient is whoever comes; we
fling what might be at the sky, where the tense is subjunctive
and the delivery is never and the recipient is the openness it-
self. The repositories of the last three chapters mark the mo-
ment a civilization finally learned to write to the ground in the
ground’s own tense, past, confessional, sealed, we were dan-
gerous, while the gold records of the first three ride the other
grammar outward, we hoped for you. Two tenses, two direc-
tions, one species keeping both books.

Both posts are working tonight, as they work every night.
Somewhere a coin is mid-arc over dark water; somewhere a
dish is holding its frequency against the cold sky; somewhere
a conservator’s lamp is spending its few minutes of the year on
a painted wall; and neither sender expects what the other
would call an answer, and neither stops.

The child in Chauvet walked in with the torch-bearers,
stood where the lions run on stone, and walked out, and the
mountain closed the door on the visit, and the visit was deliv-
ered, whole, to a December afternoon twenty-one thousand
years later, footprints and torch-wipe and all, the fullest letter
any human ever sent without meaning to send one. Nothing
that child imagined was addressed to us. Everything that child
did arrived. That is the ground’s bargain, stated one final time
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in a child’s stride: perfect delivery, no addressing. The sky of-
fers the inverse and always has, all address, no delivery, and
the species that knows both bargains cold has never once been
willing to give up either, because a creature made of time
needs somewhere to keep what happened and somewhere to
send what hasn’t, and it has, and the two places have never
been interchangeable, and it mails accordingly, downward
what it was, upward what it wants, forever. Forever, it turns
out, keeps a running account. Both directions charge, and the
living are the ones still paying.
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PART THREE

The Ledger
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CHAPTER EIGHT

The Severed Column

The chickens started dying in the summer of 1942, and they
died of the sky. Thomas Lee Causby ran a small chicken farm
outside Greensboro, North Carolina, close enough to the mu-
nicipal field at Lindley that when the military leased it for the
war and the heavy aircraft came, bombers and transports
training day and night through the seasons, the glide path to
the northwest runway passed directly over his property,
eighty-three feet above the ground, sixty-seven above the
house, sixty-three above the barn, low enough to blow leaves
off the trees and conversation out of the kitchen. Chickens
cannot reason about bombers, and nothing in a hundred gen-
erations of the breed had prepared them for a sky with ma-
chinery in it. When the four-engine aircraft came over at night
with landing lights blazing and engines at approach power, the
birds panicked, flew into the walls of their own coop, and
broke their necks, six to ten of them on the worst days, some
hundred and fifty in all before the Causbys gave up the busi-
ness. The family stopped sleeping; the lights swept the bed-
room walls on every approach. The government did not stop
flying, because there was a war, and wars hold easements
over everything. And Causby, who could not sue the war, sued
the United States for taking his property, on the theory, an-
cient and respectable, that his deed did not stop at the grass.
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The theory had a name older than any airplane and grander
than any farm. Cuius est solum, eius est usque ad coelum et ad
inferos: whoever owns the soil owns it up to heaven and down
to hell. A Bolognese glossator set the phrase down in the thir-
teenth century, English judges were reciting it by Elizabeth’s
reign, and Coke carried it into the common law’s bloodstream,
Blackstone dressing it in English for the colonies, land having
“in its legal signification, an indefinite extent, upwards,”
where American courts inherited it as furniture, quoted in cas-
es about overhanging branches, protruding eaves, telegraph
wires, and mining shafts, a maxim so settled that lawyers ab-
breviated it, ad coelum, the way one abbreviates what every-
one knows. Nobody drafted the rule for a purpose; it accreted,
the way a boundary fence accretes moss. Read literally, the
maxim makes every deed on Earth a wedge: a parcel of sur-
face projected downward to the planet’s center, where all the
wedges meet at a point every landowner on Earth co-owns,
and projected upward without limit, a cone of private heaven
widening forever, sweeping through the atmosphere, the
Moon’s orbit on its schedule, and, given the day’s rotation,
most of the visible universe in any twenty-four hours. Nobody
ever believed the upward half in full, and nobody had to, be-
cause for seven centuries nothing anyone owned or wanted
happened more than a treetop above the grass. The column
was infinite because infinity was cheap, and the maxim’s actu-
al working life was spent at eave height. Courts invoked it to
make a neighbor saw off an overhanging cornice, to call a bul-
let crossing a field at fence level a trespass though it touched
nothing, to give the surface owner a right of support against
the miner hollowing below, the heaven half of the formula
earning its keep a few feet off the ground while the hell half
earned fortunes. Balloons gave the upward claim its first gen-
uine test and produced mostly comedy: a New York aeronaut
who came down in a Manhattan vegetable garden in 1822 was
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held liable for the crowd that trampled in after him, the sky’s
first tort running through a cabbage patch, and an English
judge of that era mused aloud that a balloon merely passing
overhead might not trespass at all, a musing that waited a cen-
tury for its war. When powered flight arrived, the ceremonial
infinity had to choose between meaning what it said and mat-
tering, and the choosing fell, as such things do in America, to a
man with dead chickens and a lawyer. Then the twentieth cen-
tury sent traffic through the column in earnest.

The Supreme Court decided United States v. Causby in May
1946, and the opinion, by Justice William O. Douglas, per-
formed the first of the century’s two great amputations in a
single sentence, declaring that the ancient doctrine “has no
place in the modern world.” The air, Douglas wrote, is a public
highway, as Congress had already declared; to recognize pri-
vate claims running to the heavens would clog the routes, sub-
ject operators to endless trespass suits, and hand every farmer
a veto over the age of flight. The Court did not leave Causby
with nothing. A landowner, it held, owns at least as much of
the space above the ground as he can occupy or use in connec-
tion with the land, and flights so low and frequent as to de-
stroy that use amount to a taking that must be paid for; the
chickens, in other words, were compensable, and what the
government had taken, the Court said, was an easement of
flight, a servitude carved through the farm’s low sky, to be de-
scribed and priced like any other interest in land, and the case
went back down for the accounting; the claims court had val-
ued the family’s loss at two thousand dollars. Justice Black dis-
sented from all of it, arguing that the age of flight belonged to
Congress and to the future rather than to judges retailoring
old trespass doctrine at altitude, an institutionalist’s objection
lodged against a poet’s opinion, a dissent whose spirit would
win most of the later battles even as the easement holding
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stood. Within a generation the Court had shifted the bill for
such takings to the airport operators themselves, and the air-
port noise case became a settled American genre, the
column’s stump generating litigation the way the amputated
whole once generated maxims. The stump has lately grown
new bark. The drone age reopened the low column from be-
low, quadcopters hovering at window height in the band Caus-
by was left, and the states have been legislating privacy floors
and surveillance ceilings over backyards ever since, the argu-
ment over who owns the first four hundred feet running fresh
in the decade the argument over the Moon’s ridges opened,
the vertical contested at both ends at once. But the grand col-
umn was gone. Above some modest and deliberately unfixed
height, the private wedge now ended, and everything over it
belonged to the traffic.

What replaced private heaven was national heaven, and the
substitution matters to everything this part of the book will
weigh. Two years before Causby, the powers meeting at Chica-
go had written into the convention governing civil aviation the
principle that every state holds sovereignty, entire and exclu-
sive, over the airspace above its territory, and the treaty’s first
article merely codified what the Great War had taught: what-
ever the landowner lost, the nation kept. The highways above
became toll roads between governments, every international
route a bilateral bargain, overflight itself a negotiable instru-
ment. The column was cut, and the upper section handed to
the flag. An American farmer could no longer exclude a
bomber at a hundred feet, but the United States could exclude
a foreign aircraft at any altitude, and did, and does. For the
decade after 1946, then, the vertical stood partitioned into
three bands: private ground and its low usable air; the nation-
al highway above it; and, higher than aircraft flew, a question
nobody had yet been forced to answer.
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Sputnik answered it by circling, and by being small, and by
belonging to the power least likely to concede an inch of any-
thing. In October 1957 the satellite crossed the sovereign
airspace of every nation on its track, over and over, beeping,
and no government lodged a protest against the overflight as
trespass, not even the ones most alarmed by what it meant,
because every government with ambitions understood that the
objection would bind the objector. Silence made law, or some-
thing lawyers still argue about: whether custom can crystallize
in a single decade remains a seminar fight, and the satellites
kept crossing while the seminars fought. The decade obliging-
ly ran the controlled experiment that proved where the law’s
edge sat. In May 1960 the Soviet Union shot down an Ameri-
can aircraft twenty kilometers over Sverdlovsk, paraded the
pilot, and canceled a summit, air sovereignty enforced with
missiles and theater; the satellites of both powers crossed
those meridians a couple hundred kilometers higher, daily, to
no protest at all. Twenty kilometers up was an act of war. Two
hundred was Tuesday. Between those altitudes, without a
treaty line ever being drawn, the old national heaven quietly
ended, and custom has kept the boundary deliberately foggy
since, a convenient hundred-kilometer line serving engineers
while the powers decline to bind themselves to any number.
Within a decade the powers had negotiated the Outer Space
Treaty of 1967, and its second article performed the second
amputation, cleaner and higher than the first: outer space, in-
cluding the Moon and other celestial bodies, is not subject to
national appropriation by claim of sovereignty, by means of
use or occupation, or by any other means. No flag planted
there creates title, which is why the one at Tranquility was
planted with speeches about mankind and no deed at all. No
occupation ripens into ownership. The treaty even legislates
manners for the mail itself: parties must avoid the harmful
contamination of the worlds they visit, a clause that grew a

156

BolesBooks.com | Free Download Edition



whole hygiene bureaucracy, landers bound for Mars baked
and swabbed to microbial quotas, the commons policing our
biological handwriting so that the letters we send do not scrib-
ble on the stationery; and astronauts, by the treaty’s own
words, rank as envoys of mankind, the only human beings
whose diplomatic status is conferred by altitude. Dread was
the engine under the generosity. Negotiations ran fast be-
cause both powers wanted one thing above all others, and the
treaty’s fourth article delivers it, banning weapons of mass de-
struction from orbit and the celestial bodies; the commons
was, at bottom, an arms-control perimeter, heaven declared
nobody’s chiefly so that it could not be fortified, the loftiest re-
al-estate settlement in history drafted to keep warheads out of
the sky’s window seats. The instrument opened for signature
in Washington, London, and Moscow on the twenty-seventh of
January, 1967, statesmen at three tables signing the heavens
over to everyone, and that evening, on a launch pad in Florida,
a fire in a capsule during a ground test killed the three astro-
nauts of the first Apollo crew, the day the up-direction became
a commons closing with the up-direction’s first American
dead, the treaty and the tragedy sharing a dateline that no one
planned and no one who signs the anniversaries forgets. The
treaty’s opening article had already declared the exploration
and use of outer space the province of all mankind, and its ar-
ticles together built, above the air, the largest commons ever
established, a jurisdiction of nobody stretching from roughly
the altitude where aerodynamics quits to the end of every-
thing. Nobody’s, though, came with liability attached: the
treaty and its progeny made launching states internationally
responsible for their objects and answerable for the damage
those objects do, a tort law for the commons that has been in-
voked in earnest once, when a Soviet satellite scattered reac-
tor debris across northern Canada in 1978 and the cleanup bill
was pressed and partially paid, the largest littering settlement
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in the jurisdiction of nobody. The column that once ran from
hell to heaven now reads, from the bottom up: private, until
use runs out; national, until air runs out; nobody’s, from there
to forever.

The severance did not go unchallenged from below. In
1976 eight equatorial nations met at Bogota and claimed the
geostationary arc, the ring thirty-six thousand kilometers up
where a satellite hovers fixed over one longitude, arguing that
the ring’s segments over their territories were extensions of
their sovereignty, scarce natural resources sitting, as it were,
atop the national column at great height. The claim was the
old maxim'’s last stand, ad coelum arguing its farewell appear-
ance in international life, and the spacefaring world declined it
politely and without exception; the arc filled with everyone’s
satellites, rationed in practice by the international telecommu-
nication registry’s filing queue, first paperwork, first served,
the commons administered by its oldest currency, and the dec-
laration survives as a curiosity taught in the first week of
space law. Three years later the Moon Treaty tried to push the
commons the other way, declaring the Moon and its resources
the common heritage of mankind and calling for an interna-
tional regime to govern any exploitation, and the spacefaring
nations declined that too, by the simpler method of never join-
ing; the treaty entered into force among a handful of states
that included no one with a rocket. The upward severance, in
other words, settled where the powers wanted it: no private
heaven, no national heaven, and no common ownership with
teeth, a commons defined by what it forbids rather than what
it shares.

Now turn the deed over, because the other half of the maxim
never met its Douglas. Ad inferos survived the century that
killed ad coelum, and it survived in vigorous commercial
health. Beneath the United States, ownership still runs down-
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ward with the deed, and the law has spent a hundred and fifty
years elaborating rather than amputating it: the land can be
split horizontally into estates, the surface sold to one party and
the minerals beneath to another, and in most American juris-
dictions the mineral estate is the dominant one, entitled to rea-
sonable use of the surface above it to get at what lies below,
which is why a rancher can own his grass and not his shale
and find a drill pad in the pasture with the law’s blessing. The
General Mining Law of 1872 still lets a prospector locate and
work a hardrock claim on public land, though the patenting of
such claims into private title has been frozen by an annual
congressional moratorium since 1994. The down-column even
had its own constitutional collision a generation before
Causby’s, and it went the other way: when Pennsylvania tried
by statute to stop coal companies from mining out the support
beneath people’s houses, the Supreme Court in 1922 struck
the law as a taking of the companies’ subsurface estate, Jus-
tice Holmes writing that regulation which “goes too far” be-
comes confiscation, the state forbidden to give the surface
what the deeds had sold to the deep. Above the grass, in 1946,
the public interest amputated private property; below it, in
1922, private property amputated the public interest; the
column’s two halves met the Constitution and the Constitution
chose differently in each direction, which tells a reader most
of what follows here. The nation’s underworld runs on its own
instrument set, the deed, the lease, the royalty, the unitization
order, and it stores as well as extracts: the strategic petroleum
reserve sleeps in salt domes along the Gulf, the republic’s
emergency oil kept in the one rock this ledger knows best, salt
again, trusted with the nation’s fuel for the virtues that had
recommended it for the nation’s poison. Pore space, the empti-
ness between rock grains where injected carbon or gas can be
stored, has been assigned by statute in several states to the
surface owner, emptiness itself deeded, while states without
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the statute leave the void to litigation, absence acquiring a
docket. The down direction has depth charts, title chains, roy-
alty ledgers, and case law running to the horizon, a full econo-
my of the underworld, and no court has ever fixed a floor be-
neath which ownership stops. Hell remains, in principle, ap-
purtenant.

Two carve-outs prove the rule by their loneliness, and both
live at the planet’s margins, where the cost of holding a claim
outruns the worth of holding it. The deep seabed beyond na-
tional jurisdiction was declared, by the law of the sea, the com-
mon heritage of mankind, the phrase itself that the Moon
Treaty could not sell, alive and in force underwater, its poly-
metallic nodules licensed, in prospect, by an international au-
thority seated in Kingston, Jamaica, that has spent decades
writing a mining code for a mine that has not opened, common
heritage administered so carefully that nothing has yet been
inherited. And Antarctica, by the environmental protocol of
1991, banned mineral extraction outright across a continent,
ownership suspended along with the digging, the one land-
mass where ad inferos sleeps. Everywhere else on the dry
Earth, the downward column is titled, leased, or claimable,
and the two exceptions required, between them, an ocean and
a hundred degrees of frost to hold the line.

The doctrine’s most instructive test came from a cave.
Great Onyx Cave in Kentucky opened under the land of one
man, Edwards, who owned the entrance, developed the tours,
and took the receipts, and the cave’s passages wandered, as
caves do, beneath the boundary line of a neighbor named Lee
who had no entrance, no access, and no idea until the survey-
ors went down. In 1929 Kentucky’s highest court applied the
maxim without blinking: the neighbor owned the segment of
cave beneath his surface, sight unseen, use or no use, and the
entrance-owner had been trespassing in the dark for years,
one-third of his cave belonging, all along, to a man who could
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never visit it. A dissenting judge protested that ownership
should follow the one who found the cave, held its mouth, and
gave it value, that a thing no surface owner could ever reach
or use ought to belong to whoever could, and the dissent be-
came famous and changed nothing. A sequel priced the hold-
ing: seven years on, Kentucky’s courts ordered the showman
to hand his neighbor a third of the net gate, dark passages the
showman’s neighbor could never enter generating royalties
payable to him for no reason on Earth except that the maxim
said the dark was his. The column below the grass held. It
holds today through the fracking wars, where the question be-
came whether a fracture driven under a neighbor’s land is a
trespass or merely drainage, the oilfield’s ancient rule of cap-
ture wearing new clothes. Texas answered for capture in
2008, holding that a landowner whose gas migrates to a
neighbor’s well through an artificial fissure has lost it fair and
square; Pennsylvania’s high court, a dozen years later, de-
clined to let capture immunize the physical intrusion itself and
sent its case back for facts; and the states have been sorting
themselves between those poles since, the answers varying
while the premise never does. Down there, everything is
somebody’s. Nor has the somebody ever met a floor: no deed
has been litigated more than a few miles beneath its grass,
and the maxim’s remaining four thousand subterranean miles
stand today as the upward cone once stood, an infinity kept on
the books because infinity, unused, costs nothing to assert.

So the vertical, by the late twentieth century, had become
the strangest map in property law. A deed in Greensboro runs,
in unbroken theory, four thousand miles down to the center of
the Earth, and stops, in practice, a few hundred feet up. Every
landowner on the planet owns more of hell than of heaven by a
factor that cannot be written without exponents. The direction
of burial is the most thoroughly owned space in human affairs;
the direction of launch is the least. And the two letters of this
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book, without their authors ever once consulting a property
lawyer, were mailed into opposite legal universes.

First, the upward letter. The Golden Record left Earth through
the national band in minutes and crossed into the commons
within the hour, and from that crossing forward it has traveled
through territory that no deed, no flag, and no treaty article
can reach, addressed to a jurisdiction of nobody. That is half
its legal story. The other half is stranger: the bottle remains
owned while the ocean cannot be. Under the treaty and the
registration convention that followed it, a launching state re-
tains jurisdiction and control over its space objects, and own-
ership is unaffected by their presence in space, without any
time limit, which means Voyager 1 is United States govern-
ment property today, out past the heliopause, and will remain
United States government property in ten thousand years, in a
place where the United States cannot go, cannot enforce, and
cannot even point without a forty-hour round trip for the point-
ing. The registry that anchors all this is a ledger kept with the
United Nations, each object logged by its state with a date and
an orbit, and the Voyagers sit in it with trajectories given as
solar escape, the only entries in a property record whose col-
umn for location reads, in effect, leaving. The ledger asks
three questions of every object, whose, when, and where
bound, and keeps no column for why, which is the only ques-
tion the cargo aboard answers. There is no salvage law in
space; a derelict remains its owner’s forever; Vanguard 1, the
oldest satellite still aloft, has been dead since 1964 and is
American yet, a locked filing cabinet no one can reach orbiting
a jurisdiction that will not lapse. And the title, examined close-
ly, wraps the envelope alone. The words and music aboard the
Record belong, most of them, to everyone already or to their
scattered earthly rights-holders; the craft keeps the only clean
title in the system, an owned envelope around an unowned let-
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ter, property law clutching the bottle and losing the message.
If some other civilization ever lifts the Record from its craft,
they will be, by the only law the senders have, receiving stolen
property, and the senders knew the absurdity and mailed any-
way, because the commons was the point. You do not address
hope to a landlord. Heritage law has even begun trailing the
mail into the void: American statute since 2020 requires the
government’s launch licensees to keep clear of the Apollo
landing hardware, boot prints and descent stages designated
for protection in a place where designation binds only the
designator’s own citizens, the first landmarked sites in
nobody’s jurisdiction, monuments awaiting a law that can
reach them, six crewed landing sites and their scattered ro-
botic elders holding, for now, the status of shrines guarded by
a single congregation’s promise.

Next, the downward letter, which discovered that mailing
into property is harder than mailing into nobody’s. The waste
at Carlsbad sits in the most heavily owned direction there is, in
a state laced with mineral estates, grazing allotments, potash
leases, and oil plays, and to bury the letter the government
could not simply buy a ranch; it had to reassemble the severed
column by statute. Congress obliged with the Land Withdrawal
Act of 1992, which took sixteen square miles of New Mexico,
surface to depths, out of the ordinary workings of American
property law entirely: withdrawn from settlement, sale, loca-
tion, and entry, closed to mining claims, closed to mineral leas-
ing, the potash and hydrocarbon interests already outstanding
bought out or barred from the acreage, the ancient wedge re-
constituted in reverse, all rights gathered back into one feder-
al hand so that no future driller’s dominant estate could law-
fully churn toward the panels. Title even follows the cargo
down: the drums’ contents remain federal property after em-
placement, ownership riding the poison into the salt, so that
the two letters, for all their opposition, share one clause, each
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owned by its author in perpetuity, the gold in a commons no
one can hold and the waste in a column no one else may enter.
Two chapters back, the marker’s designers spent their imagi-
nations on intruders who could not read; the lawyers spent
theirs on intruders who could read a title abstract. Both were
writing the same warning in different registers, and the legal
version, unlike the granite one, is already built, already filed,
and already aging, because a withdrawal is a statute and
statutes are amendable, and the county records that announce
the buried danger to every future title searcher will protect
the site for as long as there are title searchers, which is a sen-
tence the reader of the previous chapters knows how to finish.
The genre, it should be said, is bigger than one desert. Ameri-
can environmental law has spent four decades planting paper
markers over its lesser burials, deed notices and restrictive
covenants filed against thousands of capped and contaminated
sites, instructions to the future recorded where futures actual-
ly look, in the county land records, the nation’s real ten-thou-
sand-year archive turning out to be the title system, gran-
ite-free, fireproof only as paper is, and consulted daily by the
one class of reader guaranteed to exist as long as land is
bought, the closing attorney, whose title search is the one ritu-
al of futurity this civilization performs by the million every
year without ever calling it that.

The border between the two regimes even has a crossing
rule, written, as so much of this law is, over something that
fell. In 1890 an aerolite came down in Iowa and buried itself in
the soil of one man’s farm, and another man dug it up and
claimed it as a finder claims a wild thing. Iowa’s supreme
court sided with the ground: a stone from the sky, once em-
bedded, becomes part of the soil it strikes and belongs to the
owner of that soil, sky mail converted to real estate on arrival.
The rule has governed American meteorites since. Britain runs
the mirror-image counter for the other direction’s old mail:
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gold out of the plow-soil there goes before a coroner, ancient
finds are declared treasure and vest in the Crown with a re-
ward to the finder, the buried past nationalized at the inquest
table, a medieval office repurposed as the down-mail’s cus-
toms desk, while the fallen sky, in America, goes private at the
point of impact. Between them the rules finish the map with a
tidy cruelty: the heavens’ parcels, unowned and unownable
through their whole transit, acquire a landlord at the moment
of delivery, while humanity’s parcels, launched the other way,
shed every landlord at the moment of departure and keep only
a distant registrant. What comes down becomes property.
What goes up becomes nobody’s, carrying a title nobody can
execute.

Except that the commons is developing fences, and the timing
belongs in this ledger, because the enclosure has begun in the
generation now drafting humanity’s longest letters.

The first move was statutory and domestic. In 2015 the
United States, in a law otherwise concerned with launch li-
censes and insurance, added a short title declaring that Ameri-
can citizens are entitled to possess, own, transport, use, and
sell any space resource they manage to extract, asteroid wa-
ter, lunar ice, regolith metals, provided the extraction accords
with the nation’s international obligations. The drafters
threaded the treaty with care: nobody claims the asteroid, the
statute insists, only the ore once it is severed, the way no one
owns the ocean but everyone owns their catch. Critics of the
reading point at the treaty’s own breadth, appropriation for-
bidden by use, by occupation, or by any other means, and ask
what severing a mountain’s worth of metal is if it is none of
those; defenders answer that the fish analogy has governed
the high seas for centuries without dissolving them; and the
honest summary is that the catch theory carries the day in the
capitals that mine and limps in the seminars that object, a le-
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gal question scheduled to be answered, as the enclosure of
commons is always answered, by whoever shows up with
equipment and stays. A United Nations working group has
been convened to grind at rules for it, and grinds. Luxembourg
passed its own version within two years and set up a ministry
to court the miners, a grand duchy of six hundred square miles
legislating for the asteroid belt; the Emirates followed; Japan
followed. An American executive order of 2020 said the quiet
part in print, declaring that the United States does not regard
outer space as a global commons, the open interval’s obituary
drafted in advance by one of its heirs. The companies the laws
were written for mostly died waiting, the celebrated aster-
oid-mining ventures of the 2010s sold for parts before touch-
ing a rock, but statutes outlive startups, and the shelf of na-
tional space-resource laws now stands ready for whoever ar-
rives with working equipment.

Softer, plurilateral, and further-reaching came the second
move. The Artemis Accords, opened in 2020 as the admission
ticket to the American lunar program, commit their signato-
ries, past fifty nations by the mid-2020s, to principles that in-
clude the extraction and use of space resources as consistent
with the treaty, and to the establishment of safety zones
around operations, areas where others are asked to coordinate
before approaching, sized and placed by the operator, dissolv-
ing when the work ends, though work, on ice worth having,
has a way of not ending. Deconfliction, the drafters call the
zones. The critics call them the oldest trick in the commons,
use ripening into exclusion, the fence that begins as a cour-
tesy, and they note what the maps already show, that the
workable real estate on the Moon is small and known. At the
lunar south pole, ridges in near-perpetual sunlight stand be-
side craters in eternal shadow where water ice has waited for
eons, power and propellant a few kilometers apart, real estate
defined by photons and shadow, worth measured in hours of
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sunlight and tons of frozen water, and the crewed landings
now planned are aimed at that one neighborhood by every par-
ty planning them, the whole species’ next chapter drafted for a
single county of the Moon. A safety zone on the best ridge
functions as title regardless of what the paperwork declines to
claim, and the zones are sized, under the Accords, by the
operator’s own assessment of the operation, the fenced decid-
ing the fence. First arrival, in unowned places, has always
written the customs the latecomers inherit; the common law of
the Moon is being drafted now, in mission plans, by parties
who all insist no law is being made. The stakes are surveyor’s
stakes for now. Surveys are how title stories begin. Machinery
will settle the argument, as it settles these arguments. What
can be said in the present tense is modest and sufficient: the
direction this book has spent seven chapters calling nobody’s
is being surveyed, and the survey stakes carry flags, and the
generation driving them is the one that grew up with the
Record’s photograph on its classroom walls. Nor is the survey
a single party’s. The powers outside the Accords, China and
Russia foremost, are drafting a lunar research station of their
own with its own adherents, so the commons is acquiring,
along with zones, the one thing commons acquire last before
they stop being commons, which is blocs. What this does to
the mail is the ledger’s concern. A letter launched today still
departs through the open interval’s law, unowned medium,
registered envelope, addressee nobody; a letter launched by
the century’s end may thread surveyed corridors, coordinate
with somebody’s zone, and carry clearances, hope filing flight
plans and paying coordination calls. The Record’s successors,
whatever they say, will say it from inside a subdivided sky, and
the difference will be legible in them the way the open com-
mons is legible in the Record, because letters always carry the
property law of their moment in their assumptions, which is
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one more thing the future can read in our mail whether we in-
tend it or not.

The down direction is enclosing in its own way, and the
symmetry earns its sentence. Below, the decades that pro-
duced resource statutes for the sky have been producing the
pore-space deeds, the carbon-storage easements, the com-
pressed-air caverns, the data centers sunk into mines, an in-
tensifying title work of the deep, emptiness itself entering the
ledgers. Our species, offered its two directions, is titling both
at once, with matching instruments, and the era of the un-
owned vertical, which lasted from Causby to roughly now, may
turn out to have been an interval rather than a settlement, six-
ty-odd years in which the up was briefly and genuinely
nobody’s, and the two great letters of that interval, one gold
and one granite, will carry the interval’s stamp forever, mail
from the short age when heaven was a commons and hell was
still for sale. Property law has a word for a promise that runs
with land and binds whoever comes to it later: a covenant.
Both letters are covenants in everything except enforceability,
the granite one a servitude laid on sixteen square miles and
every future owner of the view, the golden one an easement of
hope granted across a commons to grantees unnamed and un-
numbered, and the difference between them and the
covenants in any deed book is the one this whole ledger keeps
finding, that the parties bound have not been born and the
courts of the term’s last centuries have not been built.

Stand on any parcel and take the survey upward, and the
century’s settlement reads like strata. The grass is private.
The first few hundred feet are private too, in the diminished
coin Causby was paid in, the airspace one can use, patrolled
now against drones. Above that runs the national highway,
wings and jurisdictions to the top of the air; above the air,
nobody’s, liability trailing like a kite string; higher still, at the
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fixed ring, the queue of filings; and past all of it, on the
registry’s far page, the entries whose location column reads
leaving. Taken downward, that walk meets no strata at all, ti-
tle in one unbroken regime to the center of the world. One sur-
vey, six regimes upward and one down, and the whole of it in-
visible from the grass, which looks, on any evening, like a sky.
The chickens deserve the last word, since they paid first.
What killed them was neither the airplanes nor the noise; it
was the partition, the moment the law decided that the column
above the coop belonged to the traffic and priced the birds as
incidental damages of the new map. A later age would file
them under externalities; the Causbys had fed them by hand.
Causby took his compensation and his family left the chicken
business to the sky, and the field that broke his farm grew into
an international airport whose approaches carry more aircraft
in a day than the wartime field saw in a season, every one of
them descending through what a thirteenth-century gloss
would have called his heaven, paying nothing, owing nothing,
trespassing on nobody. The deed to that ground still exists,
somewhere in a Guilford County records room, and it has com-
pany in the nation’s filing systems: the withdrawal that re-
assembled sixteen square miles of New Mexico sits in the
statutes at large, and the entry that owns a departing space-
craft sits in a registry in New York, three documents in three
cabinets carrying the century’s whole vertical settlement be-
tween them. The Guilford deed still describes, in the old un-
broken language, a parcel of earth; and the parcel runs, in
law, down through the water table, the bedrock, the mantle’s
edge and onward to the iron center of the world, and upward
just as far as a man can make use of the air above his grass,
and no farther. Everything else up there has been assigned: to
the nation as far as wings work, to nobody beyond, and to the
zone-stakers lately arriving at the far end of nobody’s. One
American parcel, though, is still out past all of it, registered, ti-
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tled, and receding at seventeen kilometers a second, the only
real property the republic holds in the commons, a gold-plated
deed that outran every jurisdiction including its own. No court
will ever quiet this title. None will need to. The law cut the col-
umn, and hope slipped through the cut, carrying the paper-
work, the stamp still good.
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CHAPTER NINE

The Inventory of Hedges

The first time anyone opened the doomsday vault, it was be-
cause of a war. In 2015 the International Center for Agricul-
tural Research in the Dry Areas, a gene bank that had kept the
crop diversity of the Fertile Crescent in a facility outside Alep-
po, was driven from Syria by the civil war and stranded from
its own collection. Its scientists, regrouping in Beirut and Ra-
bat, sent a request north to a mountain on the Norwegian is-
land of Spitsbergen, asking for tens of thousands of the back-
up samples they had deposited years before against a day like
this one. Boxes came out of the permafrost. The oldest wheats
on Earth, ancestral varieties carrying resistances to drought
and disease that modern breeding had thinned away, were
flown to the Bekaa Valley and the foothills of the Atlas, plant-
ed, multiplied, and in part shipped back to the mountain, the
withdrawal answered and then redeposited for the next emer-
gency. ICARDA made a second and larger withdrawal in 2017,
and the regenerated seeds were replanted in Lebanon and Mo-
rocco and some returned to the vault. Wheat began in that cor-
ner of the world, and the Aleppo collection had held ancient
landraces no longer grown, carrying tolerances for heat and
drought that the breeders of the future will need and that ex-
isted, after the war reached the city, only in the copies under
the ice. The idea of an Arctic seed refuge was older than the
mountain that now houses it. From 1984 the Nordic gene bank
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had stored backup samples in an abandoned coal mine outside
Longyearbyen, on the reasoning that a played-out shaft in the
permafrost was the cheapest reliable cold on Earth, and the in-
ternational vault of 2008 was that modest experiment scaled
to the planet. The Svalbard Global Seed Vault had been built
for a moment like this and had waited seven years to perform
it, and this was the first time in its history it was asked. A let-
ter buried against catastrophe had been opened by catastro-
phe, read and used and sealed again.

The vault that answered is the plainest expression humani-
ty has yet built of the downward letter’s second grammar.
Opened in February 2008, carved into solid rock more than a
hundred meters inside a sandstone mountain, the seed store
sits well above sea level and relies on the surrounding per-
mafrost for natural freezing, with an added cooling system
holding the chambers at eighteen below zero. The Norwegian
government funded the roughly nine-million-dollar construc-
tion, and the facility is managed jointly by that government,
the Crop Trust, and the Nordic Genetic Resource Center; stor-
ing seeds is free, and no permanent staff work on site. The
seeds arrive under black-box conditions, sealed in three-ply
foil packages, their legal ownership never transferred, so that
only the depositor may open a given box, the vault functioning
as a safe-deposit bank whose tenants keep the keys to their
own drawers. As of mid-2026 it held more than 1.4 million dis-
tinct samples against a capacity of four and a half million, rep-
resenting over thirteen thousand years of agriculture, deposit-
ed by well over a hundred institutions from almost every coun-
try on Earth. The ark is roughly a third full, its shelves waiting
on the genebanks that have not yet backed up and the ones
that have no backup at all. The press calls it the doomsday
vault, and the popular name mistakes its character. Chapter
Six watched a nation bury a sentence at Carlsbad meaning
stay out; the mountain on Spitsbergen buries a resource mean-
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ing open when you must. Both are letters to the future, both
interred, both memory rather than hope. The warning wants
never to be read; the deposit waits to be needed, and it has
been. Its conceivers, Cary Fowler and Geoffrey Hawtin, took
the 2024 World Food Prize for it, and in 2026 the vault itself
received a Spanish prize for international cooperation, a letter
to the future decorated in the present. One detail undercuts
the whole enterprise with a small cold joke: the refrigeration
that chills the chambers below the permafrost’s own tempera-
ture is powered by coal mined on the island, so the bank built
to help agriculture outlast a warming climate runs, in part, on
the fuel that warms it.

The Aleppo withdrawal was also the first real test of the
vault’s central promise, the black-box rule that lets only a de-
positor open its own boxes, and the rule held: the seeds went
out to the institution that had put them in, and to no one else.
The deposits since have widened the ark’s contents past the
grain staples, one recent shipment from a vegetable center in
Tanzania carrying the largest consignment of traditional
African vegetables the vault had received, crops with no back-
up anywhere else on Earth. That difference sets the seed vault
against the gold record climbing away past the heliopause.
The Golden Record was addressed to no heir anyone could
name and expects no reply and can never be retrieved by its
senders. The seed vault was addressed to our own descen-
dants, in a distress they could predict, and it assumes an heir
who will come to the mountain, know how to open it, and be
glad the copies are there. That assumption is the whole con-
tent of the deposit letter, and Aleppo is the proof it can be hon-
ored. It is also the assumption that fails most of the time hu-
manity makes it.

The proof that even Svalbard’s promise is conditional arrived
from inside the mountain, in the autumn of 2016, as water. Af-
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ter heavy rainfall and warmer-than-average temperatures,
meltwater pushed about fifteen meters into the hundred-meter
entrance tunnel before it refroze; the seeds, held far deeper
behind additional barriers, were never at risk, but the intru-
sion was not in the plan. The vault had been sited on a bet that
the permafrost was permanent, a bet that made the refrigera-
tion a courtesy rather than a necessity, since rock frozen for
millennia would keep the seeds cold even if every human insti-
tution walked away and the power failed forever. The bet was
the design’s whole appeal. Leaking water from melting per-
mafrost flooded the entryway in 2017, prompting a renovation
of around thirteen million dollars to waterproof it, and in the
plainest irony available, pipes carrying coolant were threaded
through the soil and a freezing mat laid over the tunnel to help
the permafrost stay frozen. The Norwegian public works agen-
cy replaced the original tube with a water-resistant concrete
construction and moved all technical installations to a sepa-
rate service building to keep their heat away from the ice,
work completed in 2019. Its operators, briefing the world
through the alarm, kept insisting on the resilience of the de-
sign and the safety of the seeds, and they were right on the
narrow point; the correction had cost money and confidence
rather than a single sample. The larger point they could not
talk away. A structure sold to the world as failsafe had needed,
within a decade, to be saved.

Honestly read, the engineering means something worse
than an accident. The permafrost was chosen as the guarantee
because it needed no tending; it is failing as a guarantee be-
cause the Arctic is warming faster than anywhere on the plan-
et, the trend, in part, that a global crop bank exists to outlast.
Svalbard has already warmed several degrees over fifty years
and is projected to warm as much as seven to ten degrees by
the century’s end, forcing the keepers to manufacture, with
machines and a power bill, the cold that the mountain was
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supposed to supply for free. The deposits go on regardless,
and faster. In a single week of October 2024 the vault took in
more than thirty thousand new samples from two dozen depos-
itors across as many countries, including seeds assembled in
Sudan while war raged around the national genebank and a
first contribution from Palestine, boxes carried north from the
world’s emergencies into the world’s coldest drawer even as
the drawer’s own climate turned against it. On its tenth an-
niversary, in February 2018, the vault had taken a single deliv-
ery of seventy thousand samples, the ark filling even as the
ground beneath it thawed. The fail-safe now has a fail-safe. A
vault built so that it would survive the collapse of the institu-
tions maintaining it now depends, for its foundational cold, on
the institutions it was meant to outlive continuing to fund it.
The independence from human attention that justified building
near the North Pole is the thing the climate is quietly repeal-
ing, and the seed vault, the flagship of the deposit letter, is the
first of these hedges to discover that the ground it trusted is
not as patient as it was hired to be.

A mile from the seeds, in another shaft of the frozen archipel-
ago, the newest species of vault stores a thing its makers
named after the sky. Inside a decommissioned coal mine on
Svalbard, a joint venture of the Norwegian state mining com-
pany and a long-term data firm called Piql runs the Arctic
World Archive, which already holds cultural and historical
records from Italy, Brazil, the Vatican, Norway, and others, its
reels sealed in a steel-walled chamber deep in the permafrost.
On the second of February, 2020, the code-hosting service
GitHub took a snapshot of every active public software reposi-
tory in the world and sent it here. Its partners wrote twen-
ty-one terabytes of repository data onto 186 reels of photosen-
sitive archival film, and after the pandemic delayed the escort,
the code was deposited in the Arctic Code Vault on the eighth
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of July, 2020, to reside in a chamber hundreds of meters inside
the permafrost for a projected thousand years. The reels flew
commercial to Longyearbyen, were met by a local logistics
crew, and were carried into the mountain by hand, twenty-one
terabytes of the world’s working code arriving in the Arctic in
a few boxes, each frame of the film packed with millions of en-
coded dots too fine for the eye. The medium is silver halides on
polyester, rated by international standard to last five centuries
and by the vendor’s aging tests to last twice that. A trial ship-
ment of a few thousand of the most-used repositories had gone
north the previous autumn to prove the method before the full
snapshot followed it. Each frame carries millions of microscop-
ic dots of encoded data, and every reel opens with a guide,
translated by the code-writing community into a couple of
dozen languages, explaining to some distant finder how to
read what follows, the buried letter worrying about its own
legibility just as the desert panels did. The archive carries a
separate human-readable reel, a Tech Tree, meant to teach a
future finder how modern computing works, inspired by a
foundation’s Manual for Civilization, and its makers have gone
further, partnering with a project that writes data into quartz
glass with lasers in pursuit of a ten-thousand-year archive, the
software industry reaching, at last, for the timescales this
ledger keeps. The company even minted a badge for the con-
tributors whose code went into the ice, a small vanity pinned
to the buried, proof of deposit in a vault none of them will
open.

That arrangement is a confession. The cloud, the industry’s
own word for data held aloft in some placeless everywhere,
turns out to be so fragile against real time that its most valued
contents were printed onto film, as photographs, and buried in
a hole in the Arctic. Archivists call the governing principle
LOCKSS, for Lots Of Copies Keeps Stuff Safe, and they dupli-
cated the reels across the Bodleian Library at Oxford, Stan-
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ford, and the modern library raised on the site of the burned
one at Alexandria, hedging the digital age at the most famous
grave of a lost library, the Oxford copy holding the ten thou-
sand most-depended-upon projects and the Alexandria copy
some seventeen thousand, so that the loss of the Arctic reels
would not be the loss of the whole. Our most modern memory
reverts, when it wants to survive, to the oldest available sub-
strate in the oldest available place, silver on a strip in the
dark, because a strip in the dark outlasts a spinning disk. The
word for the sky was borrowed to make data feel weightless;
the data, to be kept, was weighed down and interred.

The reversion is not confined to the Arctic. Under the ham-
let of Boyers, Pennsylvania, in a former limestone mine two
hundred and twenty feet down that once fed the steel mills of
Pittsburgh, a company called Iron Mountain keeps the
Bettmann Archive, some eleven million photographs of the
twentieth century, behind armed guards and a locked cold.
The archive’s origin sharpens every irony here. Otto Bettmann
was a rare-book curator fired for being Jewish on the eve of
Hitler’s rise, who fled Germany in 1935 with two steamer
trunks of images and built from them one of the most used pic-
ture libraries in the world. He sold it in 1981; a company Bill
Gates had founded bought it in 1995 for a few million dollars;
a Chinese group acquired it in 2016 and handed the licensing
to a larger agency, so that the century’s photographs passed
from a refugee’s trunks through the richest man alive into a
corporate portfolio, and down, at the last, into the mine. A man
escaped a regime that would soon be burning books, carrying
pictures out in trunks, and the pictures he saved now lie
frozen under a Pennsylvania field where almost no one will
ever see them. The holdings are the visual memory of the cen-
tury, Einstein with his tongue out, Monroe over the subway
grate, Rosa Parks on the bus, the lunch crew on the girder
above Manhattan, all of it filed in a ten-thousand-square-foot
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cold room and drawn out one frame at a time when a buyer
calls. By the early 2020s only a quarter of a million of the
eleven million had been scanned; the rest waits in the dark for
a demand that, at seventy dollars a high-resolution scan, most-
ly never comes. Between late 2001 and early 2002, to halt the
chemical decay called vinegar syndrome, in which aging film
releases acetic acid and consumes itself, the collection’s new
owner, a company founded by Bill Gates, moved the whole ar-
chive from Manhattan into the mine in a caravan of refrigerat-
ed vans and began lowering the storage room toward twenty
degrees below zero, the temperature a film preservationist
named Henry Wilhelm had calculated as optimal. The mine
keeps more than the pictures. Confidential government and
corporate records fill its other passages, and mastering stu-
dios inside it restore old film and audio for museums and
record labels, a whole industry of memory operating a fifth of
a mile under a Pennsylvania hamlet, its archivists working in
coats and gloves the year round in rooms kept at a preserving
chill. The site was settled on after a search of the globe for ge-
ological and thermal stability, and its owners expect the cold
and the rock to hold the pictures nearly unchanged for thou-
sands of years, a commercial promise pitched at the timescale
of a pharaoh’s tomb.

Here the deposit letter meets the condition the warning let-
ter lives under, and the meeting is the chapter’s hinge. Pre-
serving the photographs meant refrigerating and burying
them, which meant almost no one could reach them; of the
eleven million images, researchers found that only about a
hundred thousand had ever been looked at by a client and only
about seventy-five thousand had ever sold. Warmth is what
eats the film, so the pictures survive only in the cold, and the
cold, like the permafrost around the seeds, is now a thing that
must be manufactured and maintained against the surround-
ing air. The century’s faces were saved by being sealed away
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from the century’s descendants, and the seller added a digital
paywall on top of the physical cold, so that the archive delivers
to virtually no living person, since delivery would let it rot.
Chapter Seven found that at Lascaux every early opening was
a small fire; the Bettmann proves the commercial form of that
law. To keep the letter you must seal it, and a sealed letter is
one the living cannot read. Every archive is a small tomb, and
the better it preserves, the more completely it buries. When
the sale and the burial were announced, a history magazine
ran an elegy for a collection that had functioned, in practice,
as a public resource and was now a private one locked in a
hole, mourning the forfeit of a shared inheritance. The images
remain the century’s common stock even so, the archive that a
filmmaker mined to rebuild old New York for the screen, and
that stock now sits, mostly, where no eye reaches it. When
Gates bought the collection its namesake said the buyer now
owned “the history of everything,” and the history of every-
thing is at twenty below, in the dark, mostly unseen.

Even the servers went under. Beginning around 2014, Mi-
crosoft ran a proof of concept off the California coast for a
hundred days, then sank a sealed steel container of servers off
the Orkney Islands to test whether a data center could live on
the seafloor, filled it with dry nitrogen, and left it about thirty-
five meters down from 2018 to 2020, twenty-five months in the
dark and cold. Of the 855 servers sealed underwater, only six
failed over two years, against eight of 135 in a matching test
on land, a failure rate of about a tenth as much, which the en-
gineers credited to the inert nitrogen, the stable temperature,
and the absence of any human being present to disturb the
machines. The finding rhymes with everything the account has
watched go into the ground. The reliability came in part from
removing the people, the lesson the empty mine taught at
Carlsbad the night a drum breached with no one underground
to see it, the finding the instruments keep teaching whenever
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they outperform the hands. Microsoft wound the experiment
down and confirmed by 2024 that it operates no servers un-
derwater anywhere, its cloud-infrastructure chief stating that
the company runs no undersea data centers anywhere, the sal-
vaged container returning cleaner than its keepers had ex-
pected, though other parties, including firms in China, have
since taken up the idea. The cloud, cooled by the sea, ran bet-
ter untouched. Absence, again, kept the letter.

The hedges that store people rather than data change the
question from how to whom. Continuity of government built
the first of them into American mountains: a granite complex
under Cheyenne Mountain in Colorado, its buildings mounted
on giant springs behind blast doors thick as bank vaults,
raised in the 1960s to let the air-defense command outlive a
direct strike; a federal relocation site inside Mount Weather in
Virginia, kept ready to house a shadow government; the
buried command post at Raven Rock on the Pennsylvania line,
the so-called underground Pentagon. Cheyenne Mountain, dug
through the mid-1960s, sits under nearly two thousand feet of
granite, its structures resting on more than a thousand steel
springs so that the rock can shudder without shaking the
rooms, and after the Cold War it was stood down to a warm
standby and later, as the threats returned, partly reactivated,
a tomb that reopens when the century darkens. These are de-
posit letters whose contents are the state’s ability to keep issu-
ing orders, buried so that command survives the surface. Their
heir is the government itself, and the assumption behind them,
that there will be a functioning chain to emerge and rule, is
the continuity-of-government problem stated in reinforced
concrete. The bet is the one Chapter Six found under the
Carlsbad markers, that institutions persist and control en-
dures, poured here into springs and blast doors rather than
written into land records. What the buried command needs,
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when it comes back up, is a surface still governable enough to
be worth commanding, and there is no vault deep enough to
guarantee that.

Private wealth has built its own version, and it advertises.
Near Concordia, Kansas, a developer named Larry Hall bought
a decommissioned Atlas missile silo at government auction in
2008 for three hundred thousand dollars and rebuilt it, by
2012 and at a cost of around twenty million, into a fifteen-story
underground tower called the Survival Condo. The silo was
one of seventy-odd Atlas sites the Army Corps of Engineers
had poured across the country in the early 1960s, its walls of
epoxy-hardened concrete nine feet thick and built to survive a
direct nuclear strike, and Hall picked it up at a government
auction once the missiles were gone; the condominium units
inside, running one and a half to three million dollars apiece,
hold up to seventy-five people with years of stored food, a
pool, a theater, a library, a climbing wall, and aquaponic tanks
of tilapia, alongside the harder furniture of a fortress: a decon-
tamination room, armories, a shooting range, a jail cell, and,
on the perimeter, a remote-operated automatic rifle. Hall
pitched the units to the successful and well-to-do wanting
peace of mind, rather than to the survivalists of caricature,
took reservations for a second, penthouse-only silo, and hired
out to design private bunkers for individual clients. A structure
built to launch annihilation was refitted to survive it, one hole
repurposed from offense to escape. The detail that finishes the
portrait is the window. Each unit is fitted with a large screen
turned to portrait orientation and wired to a camera on the
surface, so that a resident a hundred feet underground can
look at a live image of daylight and a wind turbine and, in the
developer’s words, cannot tell he is below ground. The buyers
purchase a picture of the sky they buried themselves to flee.

The silo and the seed vault turn the inventory of hedges
into a moral census. Svalbard stores the food of the whole
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species and gives its use to whoever loses a harvest, an insur-
ance policy written for everyone though funded by a few. The
Survival Condo stores seventy-five wealthy individuals and
gives its use to them alone, an ark with a guest list. Demand
for the units rose with each turn of the political weather, spik-
ing after the 2008 election and again after 2016, as the anx-
ious affluent looked underground. The two vaults sit in one
ground and answer opposite questions. One asks what a civi-
lization owes its descendants. The other asks what a fortune
can buy its owner. What a people choose to bury, and for
whom, is a fair measure of what that people is.

The oldest and most ambitious of these letters is a room under
a university, and it names the deep-time problem the whole
genre keeps rediscovering. The Crypt of Civilization at
Oglethorpe University in Atlanta, built into a former swimming
pool beneath Phoebe Hearst Hall, was welded shut in 1940
with instructions that it not be opened until the year 8113. It
sits on bedrock under two feet of stone, sealed by a welded
stainless-steel door faced in art-deco metalwork, among the
last things placed inside a recording of Jacobs’s own voice
speaking to the people of 8113, and Jacobs, who called the
project his generation’s archaeological duty, meant it to spare
the future the silence that had frustrated his own study of the
deep past. Its initiator, the university president Thornwell Ja-
cobs, was inspired by the opening of the Egyptian tombs and
wanted a repository of everyday objects and human knowl-
edge; he arrived at 8113 by calculating that 6,177 years had
passed since the start of the Egyptian calendar in 4241 BC,
and projecting that span forward, placing his own moment at
the midpoint of recorded history. Jacobs took the idea from the
archaeology of his day, from Howard Carter’s opening of
Tutankhamun’s tomb in 1922, which had shown a private buri-
al surviving three thousand years and arriving as revelation,
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and he resolved that his own century would leave its succes-
sors more than the scattered fragments Egypt had left him.
The arithmetic is the one Chapter Four ran from the other di-
rection. Writing is roughly five thousand years old, and Jacobs
addressed a reader as far ahead of him as the first scribes lay
behind him, a letter flung across the whole length of literacy in
both directions from its writing. Into the sealed pool went
more than six hundred thousand pages of microfilmed text, the
Bible and the Koran and the Iliad and Dante among them, a
donated script of Gone With the Wind, recordings of the voices
of the age from Hitler and Roosevelt down to Popeye the
Sailor and a champion hog caller, and the ordinary furniture of
1940, a typewriter, a toaster, a set of Lincoln Logs, a toy Don-
ald Duck.

What the crypt did next its designers could not have known
they shared with a desert panel fifty years in their future.
Fearing that electricity might not exist in 8113, they installed
a windmill-driven generator to power the film readers, and
provided a magnifier to read the microfilm by hand; fearing
that English itself might be dead, they placed at the door a de-
vice they called a Language Integrator, a machine meant to
teach the tongue to whoever opened the room, a Rosetta Stone
rebuilt as an appliance. Chapter Five watched the marker
teams agonize over how a message could stay legible across
geological time, whether a face or a symbol or a periodic table
could survive the death of every living tongue. A publicity-
minded college president had wrestled the problem decades
earlier and answered it with a windmill and a language ma-
chine, the findability and legibility of the buried letter worried
into being by anyone who thinks seriously about deep time, ar-
rived at again and again because the problem is real and the
solutions are few. What went into the crypt is also a caution
against trusting any such letter as the truth about its senders.
The collection is a self-portrait chosen by a few white male
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academics of 1940 Georgia, blind spots and all, down to a doll
labeled by the racial language of its day, and a reader in 8113
who took the room as an honest cross-section would be read-
ing one narrow window as the whole house. The dedication of
the door, in 1938, was performed on campus by the head of a
broadcasting corporation, and the sealing, in 1940, went for-
ward under the shadow of a gathering war, its final deposits
including press plates of a newspaper already thick with it. Af-
ter the atomic bomb five years later the whole gesture looked
more forlorn, and by 1970 the crypt had been half forgotten,
revived only when the university founded a society in 1990 to
keep track of such things.

The crypt’s plaque exposes the assumption underneath ev-
ery vault in this chapter. Jacobs’s message depends, in its own
words, upon the laws of the county, the state, and the federal
government and their heirs and successors, and upon “the
sense of sportsmanship of posterity,” for the vault’s preserva-
tion until 8113. That is the continuity-of-institutions bet again,
the credit Carlsbad’s regulators wrote when they assumed a
century of active control and no more, here extended across
six millennia and resting, by the end of the sentence, on the
sportsmanship of strangers. The letter cannot enforce its own
terms. It can only beg. And the record of such begging is not
encouraging.

The company that coined the word for these things buried
two of them and set their opening even further out. Westing-
house, promoting itself at the 1939 New York World’s Fair,
buried a seven-foot torpedo of a copper alloy it named Cupaloy
and called the thing a time capsule, a term the language ab-
sorbed almost overnight, and followed it with a second capsule
at the 1964 fair. Each held the small evidence of its year, ev-
eryday articles, seeds, texts, newsreels, a message to the far
future. Both lie fifty feet under Flushing Meadows and are
scheduled to be opened together in the year 6939, five thou-
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sand years after the first. To fight the forgetting, Westing-
house printed a Book of Record giving the location and a key
to the English language and distributed it to libraries and
monasteries around the world, a distributed backup against
the loss of the address, which is the problem itself, five
decades early, that the seed vault solves with duplicate
genebanks and GitHub solves with copies at Oxford and
Alexandria.

The famous vaults are only the visible peaks of the habit.
More than seventeen hundred genebanks hold crops around
the world, of which Svalbard is the backup; thousands of ar-
chives keep paper and film against fire and flood; and buried
capsules past counting sleep under cornerstones and lawns,
most of them modest, private, and already slipping from mem-
ory. The society at Oglethorpe exists because the capsules
vanish: it is a register of where the letters are buried, a hedge
against the loss of the hedges, an archive whose only holding
is the addresses of other archives. And here is the number that
indicts the entire inventory. The International Time Capsule
Society, founded at Oglethorpe in 1990, estimates that roughly
nine in ten time capsules are eventually lost, because build-
ings change hands, plaques corrode, records disappear, and
the people who remember the burial grow old and die. The de-
posit letter’s failure mode is nothing exotic, only the ordinary
erosion of institutional memory, running at a rate that swal-
lows nine of every ten letters humanity buries to itself. Even
the crypt, whose sheer scale has kept it from being forgotten,
is not secure for its full term; its own keeper has said he can
imagine it opened within his lifetime. The flagship of the mil-
lennial capsule may not survive one century of its intended six-

ty.

Two findings emerge from the census, and the rest of the book
has been circling both. The downward letter comes in two
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grammars, the warning that says stay out and the deposit that
says open when needed, and the deposit is the true opposite of
the Golden Record, because it expects delivery to a known heir
who will want its contents and can retrieve them, none of
which the record expects. The deposit’s confidence rests on
one property the record can never have, which is retrievabili-
ty. Seeds come back up the mountain when a genebank fails;
photographs ride the elevator out of the mine when a client
pays; a capsule can, in principle, be dug up on schedule. Voy-
ager cannot be recalled. Chapter Eight found it registered as
United States property in a place the United States cannot
reach, and the record it carries is therefore the one letter in
this whole accounting that its own senders can never open
again. The vaults are drop boxes their owners keep a key to.
The record is a letter posted into a slot with no door on the far
side, and the difference is the difference between memory and
hope. Yet both downward grammars share a single depen-
dence, and the vaults expose it: they rely on an unbroken
chain of institutions to remember, to maintain, to find, and to
open, and the nine-in-ten number is the measured failure of
that chain.

What survives, when it survives, is the ground and seldom
the institution, the granite outlasting the guard, the salt out-
lasting the statute, the permafrost outlasting the treaty that
was supposed to protect it. The vaults that keep their contents
are the ones nature keeps, cold rock and deep mine and dry
salt, and the ones that vanish are the ones only human atten-
tion was keeping. The siting repeats a pattern of its own. A
coal mine holds the seeds and another holds the code; a lime-
stone mine that fed the steel age holds the photographs; a mis-
sile silo of the nuclear age holds the wealthy; the salt of an an-
cient sea holds the waste of Chapter Six. The species stores its
future in the emptied-out infrastructure of its industrial past,
the shafts and holes left over from the age that made preserva-
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tion necessary, the tombs of one era refitted as the arks of the
next. Svalbard demonstrates the whole law in a single site. It
works because of permafrost, not because of Norway; and now
that the permafrost is thawing, it needs Norway after all, the
manufactured cold standing in for the failing free cold, the de-
posit letter reduced to the institutional maintenance it was
built to do without. Absence preserves, as the sealed servers
and the empty mine and the frozen photographs all attest, and
presence destroys, as every opened capsule and every
breathed-upon cave confirms. To keep the letter you seal it,
and a sealed letter waits in the dark for an heir who, the statis-
tics say, will probably never come to the door. The archive is a
tomb that works, and it works by keeping the living out.

The inventory faces downward, and it expects a return.
That is the quiet fact under the whole census. Humanity in-
sures its memory obsessively, building vault upon vault, be-
cause memory is a wager it expects to collect, a deposit it or
its children mean to draw on. It barely insures its hope at all,
because hope is a wager it knows it will never collect, a letter
with no payout and no maturity date. The books make the
asymmetry plain. Every downward letter runs a standing tab,
the power bills and the guards and the pumped cold and the
thirteen-million-dollar repair, a memory kept only so long as
someone keeps paying to keep it. The upward letter’s postage
was settled once, on a launch pad in 1977, and its delivery, if
delivery ever comes, will cost the senders nothing and require
of them nothing, because there is no one left to send it and
nothing left to maintain. Seed vault, bunker, archive frozen in
Pennsylvania: all rational. The gold record is not, and its irra-
tionality is the point, because of everything the species has
buried in the ground or thrown at the sky, the record is the
only wager placed with no expectation of ever seeing anything
back.
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We have built the hedges and we are still building them,
faster now: the seeds arriving every year, the code recopied
every five, a new bunker sold with every election and a second
silo already under conversion, film reels laid up in a coal mine
a mile from the seeds, the century’s faces held at twenty below
in a Pennsylvania mine, the servers that ran best on the
seafloor where no hand could touch them, a room under an At-
lanta university counting down to a midpoint its makers placed
themselves at, and a torpedo of copper alloy under a New York
park addressed to the far year 6939. The down-direction is
crowded with our insurance, drawer upon labeled drawer of
what we cannot bear to lose, each drawer with its power bill
and its heir presumptive. The up-direction holds one gold
record, unmaintained, uninsured, and receding, addressed to
no one we will meet, expecting nothing back. And the ground,
the reliable postman that carried the Amarna letters and the
Chauvet child across every institutional collapse between, that
ground we are now warming faster than any other on Earth,
pumping manufactured cold into a mountain to do by machine
what the permafrost did for nothing, tending by hand the one
hedge that was built to need no tending, while a single record
we will never tend again keeps moving outward, alone,
through a cold that costs us nothing and asks us for nothing,
the only correspondence in the entire inventory that was never
a hedge at all.
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CHAPTER TEN

The Clock in the Mountain

At midnight on the last night of 1999, in a workshop in the Pre-
sidio of San Francisco, an eight-foot machine of steel and Mon-
el and tungsten did the two things it had been built across a
decade to do. Its date wheel turned from 01999 to 02000, five
digits where the world outside was panicking over two, and its
chime struck twice. Two strikes, and then silence, and the
small crowd gathered around it, the machine’s builders and a
few friends, understood that they had heard the opening notes
of a peal scored to run ten thousand years, a bell pattern
whose remaining performances outnumber the mornings any
civilization has yet survived. Nobody in that room would live to
hear the third strike of the cuckoo’s era, and that was the de-
sign working, a machine whose first public act was to render
its audience temporary. Elsewhere that night, programmers
sweated over software that could not imagine a year beyond
99, the world having lately spent sums in the hundreds of bil-
lions repairing two missing digits. The machine in the work-
shop had been designed by people worried about the opposite
failure, the deca-millennium bug, the assumption buried in ev-
ery artifact of the age that nothing needs to work for long. The
five-digit year is a stunt with teeth. Write 02026 and the eye
feels the eight thousand years of room left on the odometer,
the leading zero holding a door open.
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The machine’s designer had spent his career at the other
end of time. Danny Hillis had founded Thinking Machines and
built the Connection Machine, massively parallel computers
that competed in nanoseconds, the blinking black cubes of the
supercomputing 1980s, and somewhere in that decade, by his
own account around 1986, while the industry raced to shave
nanoseconds, he began imagining the slowest machine in-
stead, a rebellion conducted in the one direction nobody was
competing. In 1995 he confessed the idea in the pages of
Wired: “I want to build a clock that ticks once a year.” The
century hand would advance once every hundred years. The
cuckoo would come out on the millennium, and he wanted the
cuckoo to keep its appointments for ten thousand years, which
meant that if he hurried he might live to see it emerge once,
the inventor writing himself into the audience for a single per-
formance. A man whose machines had made speed into a com-
modity proposed to manufacture slowness at monumental
scale, and the proposal sorted his acquaintances on contact
into those who laughed and those who could not stop thinking
about it. The second group proved larger than anyone expect-
ed, and better funded.

The ones who could not stop thinking about it incorporat-
ed. In 01996, as their stationery would insist on writing it,
Hillis and Stewart Brand founded the organization to build the
clock, and Brian Eno, the musician, gave it the name that be-
came its argument: The Long Now Foundation, the long now
being the span the clock was meant to hold open, against the
short now of the next quarter, the next election, the next five
minutes. Eno had earned the phrase honestly. He tells of arriv-
ing at a lavish loft in a wrecked block of late-1970s New York
and asking his hostess whether she liked the neighborhood,
and of her answer, that her world ended at the apartment
door, which struck him as a small here to go with the culture’s
ever-shorter now; the foundation’s name simply turned both
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dials the other way, the big here, the long now, a whole planet
and ten thousand years admitted as the local neighborhood
and the present moment. Brand brought to it the instincts of a
man who had spent 1966 selling buttons that demanded a pho-
tograph of the whole Earth, on the theory that an image can
reorganize a civilization’s sense of itself, and who had then
watched the Apollo pictures prove him right, the blue planet
becoming the environmental movement’s flag within half a
decade of its publication. The clock was conceived in the fami-
ly line of that photograph, an object whose engineering pur-
pose is almost beside its actual purpose, which is to sit in the
mind. Its prototype bonged twice at the millennium and went
into a museum case. The real one went into a mountain.

The mountain stands in the Sierra Diablo range of far west
Texas, near the town of Van Horn, on ranch land owned by Jeff
Bezos, who has put a reported forty-two million dollars into
the project and who shares the property with the launch facili-
ties of his rocket company, so that one tract of Chihuahuan
desert now holds a machine for leaving the planet and a ma-
chine for staying put a long time. Construction crews began
test drilling in 2009, and when installation of the works began,
the funder announced it in six words that double as the
project’s entire theory, calling the machine “a symbol for
long-term thinking.” Outside a desert town of a couple thou-
sand people, a shaft five hundred feet deep was cut down
through the limestone, a robot saw from Seattle carved a spi-
ral stair directly into the living rock around it, five stories of
staircase with no building attached, and up that stone
corkscrew, over the following decade and a half, came the
parts: a drive weight of about five tons; a stack of Geneva
wheels, twenty gears the better part of half a ton each and as
wide as a dining table, which one of the project’s own officers
has called “the world’s slowest computer”; a titanium pendu-
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lum swinging a ten-second beat; and ten bells. No dial in the
mountain acknowledges the second; the unit is simply not spo-
ken there, the way a cathedral does not post the hour. The ma-
terials read like a treaty with corrosion: marine-grade 316
stainless steel, titanium, ceramic ball bearings that run dry,
because a lubricant is a promise of maintenance and the de-
sign forbids promises it cannot keep. Five principles governed
every such choice, and Hillis published them like a constitu-
tion. Longevity, meaning the machine must keep the correct
time for the whole term and contain nothing worth looting, no
jewels, no precious metals, poverty as a preservative. Main-
tainability, meaning a future generation should be able to keep
it running with Bronze Age tools. Transparency, meaning the
works must be understandable by inspection, no black boxes,
a machine that confesses its own principles to anyone who
climbs to it. And evolvability and scalability, meaning the de-
sign should improve without betraying itself and should work
the size of a tabletop or the size of a mountain, which between
them explain why the London prototype and the Texas monu-
ment are the one invention at two magnitudes.

A visitor who makes the climb will read the machine from
the bottom up, the way a title searcher reads a deed, from the
ground toward the sky. Lowest in the shaft sits power, the
great weight and the winding station where human effort en-
ters the system; above it turns the computer, the tower of
Geneva wheels whose pins and slots work through their mil-
lions of combinations, choosing each day’s ordering of the
bells the way a lock chooses to open; above that swings the
pendulum on its ten-second beat, the machine’s pulse; and
near the top wait the dials, sun and moon and the wheeling
stars, the interface saved for last like an altar at the end of a
nave. Meaning is stacked vertically here too, effort at the bot-
tom, computation in the middle, heaven on top, a column as-
sembled in the one direction the century never severed.
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The clock feeds on the desert’s temper. A day-night ther-
mal engine harvests the swing between the heat of the after-
noon rock and the cold of the high desert dark, and that differ-
ence in temperature, banked mechanically, keeps time ticking
whether or not anyone ever climbs the mountain again; the
clock banks weather and spends it as time. Light does the cor-
recting: at solar noon on any sunny day, a beam falls through a
lens and trues the clock to the sky, so the machine cannot drift
from the sun it answers to, a synchronizer with no moving
parts except the Earth. Even the calendar’s own treachery was
engineered for: across ten millennia the planet’s spin will
slacken by some unpredictable margin, so the ratios that turn
ticks into days and days into years were built adjustable, cor-
rectable without stopping the works, a clock humble enough to
assume that time itself will need renegotiating. Human beings
enter the design as a power source and as an audience, which
in this machine are the one role. The display that shows the
year, the century, and the current arrangement of the stars
and planets overhead sits dormant until a visitor turns the
winding station, three-pronged, sized for pilgrims; the clock al-
ways knows what time it is and tells only when asked, knowl-
edge hoarded against the asking, a discipline no other time-
piece on Earth observes, since every other clock in the world
announces continuously to rooms that have stopped listening.
Wind the station further and the bells sound at the next solar
noon. Eno, who had spent a career coaxing music out of sys-
tems that compose themselves, built the chime scheme as a
generator rather than a tune, ten bells rung by the gear-com-
puter in a progression of permutations, and the arithmetic be-
hind the promise sits eerily flush with the calendar: ten bells
permit a little over three and a half million distinct orderings,
and ten thousand years hold a little over three and a half mil-
lion days, the instrument and the term fitted to one another
like a lid, so that the sequence never repeats across the whole
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span; every noon peal is a first performance, and the machine
hoards enough banked sunlight that once in a long while, un-
wound and unvisited, it will ring anyway, spending a premiere
on the dark.

Nobody will say when it opens. The components have been
going in for years; Hillis, in an interview published in 02024,
allowed that the machine should be running within a few years
more; the foundation promises a public opening with no date
attached, keeps a signup list for the eventual visits, and offers
its members priority for the climb, and the works have been
seventeen years in the shaft and counting, a machine about
patience assembled at the speed of its subject, its unhurried
construction the first proof of concept; and the visit, when it
comes, is designed as a pilgrimage rather than an attraction, a
start before dawn and a day’s hard walk to reach the gears,
the approach engineered as carefully as the escapement, since
a monument that can be reached idly gets read idly. Its reward
structure inverts a whole family of machines these pages have
been collecting. The great dish that heard the Wow! signal
watched the sky so nobody had to; the camera at the waste
site watches the salt so nobody has to; the quiet-zone tele-
scopes listened to a passing interstellar object on humanity’s
behalf while humanity slept. Sentinels stand in for us. The
clock refuses the arrangement, a sentinel built backward,
watching nothing, waiting to be watched, the first machine in
the ledger whose duty cannot be delegated to it. Delegation
was the whole industrial bargain, machines watching, ma-
chines remembering, machines keeping so that people could
forget, and the mountain rescinds the bargain for one machine
and calls the rescinding a feature. A second mountain is al-
ready waiting. The foundation bought the summit of Mount
Washington in eastern Nevada outright, a nonprofit holding a
mountaintop the way a monastery holds a relic, white lime-
stone at ten thousand feet beside Great Basin National Park,
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ringed by dwarf bristlecone pines approaching five thousand
years old, trees that have kept time half as long as the clock’s
whole ambition and kept it in writing, their rings an archive
that scientists already read the way the clock’s builders hope
their dials will be read, and the plan of record is that the Texas
machine, privately held, is the rehearsal, its lessons to be
spent on a public clock in the Nevada stone. The bristlecones
are the site’s argument. Something on that mountain has al-
ready run five millennia without maintenance, and the builders
propose to double it in metal, with the seniors looking on.

This book has been sorting mail into two directions, and the
clock fits neither. It does not go up, and it does not go down
any farther than five hundred feet, which in the terms of the
previous chapters is barely below the grass. The clock is a let-
ter mailed in place, addressed along the one axis the other let-
ters only endure, which is time itself, and its arrival is continu-
ous: the letter is delivered every day it still ticks, to whoever is
there or to no one, and its failure to arrive would be a silence
indistinguishable, from far enough away, from a silence of the
readers.

Already the ledger holds clocks, and the new one com-
pletes a set that belongs side by side. The Record carries a de-
cay clock, the plutonium heartbeat that has powered the Voy-
agers through their long falling and tells the craft’s age by
dimming, a timepiece nobody built as a timepiece, physics
keeping the appointment on its own. Sandia’s marker plans
carry a sky clock, the slow wobble of the Earth’s axis that the
Sandia panels drew as the Big Dipper unwinding across ten
millennia, a dial borrowed whole from the heavens, running
whether or not the desert keeps its granite. The mountain car-
ries the third kind, a kept clock, an escapement that some per-
son machined and some person must, at intervals, visit. Two of
the three run regardless. The third runs on attention, and that
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is the design and the wager both: the plutonium clock asks
nothing of us, the precession clock asks only that someone
look up, and the Geneva wheels in Texas ask for a hike, a grip,
and a turn, a letter that runs on being read. Reading it amends
it. Every visitor who grips the winding station adds a turn the
mechanism will spend, becomes for one rotation part of the
power train, and so signs the letter in torque; the Record’s au-
thorship closed forever after six weeks in 1977, while the
clock’s list of co-authors is designed to lengthen for a hundred
centuries, a letter still being written by everyone who opens it.
And the instrument does not so much measure the long now as
manufacture it. Ten thousand years had no constituency be-
fore a machine was built to need one; the clock creates the in-
terval it keeps, the way a lighthouse creates a coastline out of
what had been merely rocks. Around the machine the founda-
tion grew a small ecology of the conviction, long bets staked
and adjudicated across decades, the language archive, semi-
nars conducted as if the year had five digits, software for the
hardware in the mountain.

Each letter treats its reader differently, and the clock’s ap-
proach is the strangest of the three. The Record needs no
reader and expects none; its dignity is that it says its piece to
the vacuum. Its opposite, the marker, dreads its reader; every
element of that design exists to make an arriving human turn
around. The clock recruits its reader, cannot fulfill its purpose
without one, and pays wages for the labor in the currency of
bells. And where the Record’s strategy against time is repeti-
tion, one fixed groove that will say one thing, unchanged, to
the ten-thousandth listener as to the first, the chime
generator’s strategy is inexhaustibility, a peal that never re-
peats, so that deep time can be met either by saying one thing
forever or by never running out of new things to say, and the
century that built both letters could not decide which, and
built both.
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Brand’s old theory runs under all of it. He had argued, be-
fore the Apollo cameras proved him right, that a photograph of
the whole planet would do work that no argument could do,
that certain objects operate on civilization the way instru-
ments operate on a laboratory, changing what can be per-
ceived and therefore what can be thought. The clock is that
theory built at architectural scale, a myth-making machine in
the builders’ own descriptions, and its designed product, from
the first sketch onward, has never been the time of day. Its
product is a question, the one a visitor is meant to carry back
down the mountain: if this thing intends to be ringing in ten
thousand years, what else should? Whether a machine can ad-
minister such a question to a species is the experiment, and it
has been running, so far, on the small sample of everyone who
has heard of it. Brand supplied the theory of where such an in-
strument bites. Civilizations, he argued, run in layers that
move at different speeds, fashion spinning fastest, then com-
merce, then infrastructure, then governance, then culture,
then nature, the fast layers getting all the attention and the
headlines while the slow layers hold all the power, and the
health of the whole depends on the slow layers being tended
by somebody. Most institutions live in the quick strata and an-
swer to them. The clock was aimed deliberately at the slow
ones, a flywheel bolted to culture’s axle, built to make the
deep layers visible the way the whole-Earth photograph had
made the planet’s finitude visible, one object doing the work of
a thousand arguments.

The vanity charge is the obvious one, and it carries full weight
before any answer. A ten-thousand-year clock in a billionaire’s
private mountain, up-canyon from his private spaceport,
toured by magazine photographers while the public signs a
waiting list for a machine with no opening date, invites the old-
est reading in the book of monuments: Ozymandias with gears,
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vanity seeking the alibi of eternity, the pharaonic instinct
dressed in the language of stewardship. The desert has re-
ceived such deposits before, and magazine photographers
have already been down the shaft while the general public
holds a signup page and a promise. The criticism writes itself,
and the project’s officers have heard every word of it, and a
book about letters to the far future owes the charge an honest
hearing rather than a brochure.

Two answers survive the hearing, and they are not the flat-
tering ones. First, the object’s argument does not require its
funders to be saints, any more than a cathedral’s geometry re-
quired virtue of the duke who paid the masons, whose names
the centuries shed while the vaulting stands; the clock will
outlive its patronage if it outlives anything, and the design is
scrubbed of plunder by the first principle’s own decree, an ar-
tifact built to be worth less than its meaning. The pyramids
teach the lesson from the other side: they were emptied within
centuries of their sealing for the sufficient reason that they
were treasuries, and the clock’s designers answered the tomb
robbers of the fourth millennium before anyone else, by build-
ing a treasury of nothing. Second, and less comfortably, the
vanity charge misidentifies where the risk actually lives. The
danger to the clock lives less in its funder’s ego than in his ti-
tle chain. The machine sits in the owned column of the previ-
ous chapter, on private land, under a family’s holdings, inside
a legal system in which no American parcel has yet demon-
strated a thousand years of continuous stewardship of any-
thing at all, and a device premised on ten demands a property
story nobody alive can write; the oldest family land grants in
the republic have not yet seen four hundred years, and most of
those have changed hands, purpose, and nation on the way.
Nevada is the hedge against that, the foundation’s mountain
held by the nonprofit beside a national park, the public clock
waiting on public-adjacent ground, and the honest forecast is
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that the Texas machine’s meaning will be settled around its
five-hundredth year, when its first owners are long dust and
the access road has either opened or gated. A clock can sur-
vive its century. What it must survive is probate.

Access is the referendum that has not yet been held. A
signup page and a members’ priority list describe a shrine
with a velvet rope, and the promise of eventual openness is a
promise, the least durable material in the clock’s whole bill of
goods; the Nevada plan, a public clock on nonprofit ground be-
side a national park, reads as the founders’ own admission
that a monument to the ten-thousand-year commons cannot
live forever behind one family’s gate. Meanwhile the ranch it-
self stages the tension daily, rockets rising from one end of the
property while the stillest machine on Earth waits under the
other, departure and duration under one deed. There is also
the sharpest form of the vanity charge, the one serious critics
of long-horizon thinking actually make: that the year 9999 can
become a place to hide from the year 2030, futurity as dis-
placement, the comfortable trance of distant obligations
drowning out the near ones. The builders’ answer, to their
credit, concedes the ground on which it stands: the clock was
never for the tenth millennium, whose people will have their
own instruments; it is aimed at this one, the far date function-
ing as a lever rather than a destination, and if the lever moves
nothing now, the machine has already failed, however long it
ticks.

There remains the deeper doubt, the one that does not care
who paid: whether such an object changes minds or merely
flatters them, whether long-term thinking can be induced by
monument or only performed near one. The project’s own lit-
erature meets this doubt by lowering the claim to a question,
the novelist Michael Chabon’s question in the essay the foun-
dation circulates: can you actually imagine the day ten thou-
sand years out, do you believe the future is going to happen?
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The clock does not answer that question. A machine cannot. It
is built to ask it on a schedule, once per visitor, once per noon,
for longer than the question has existed. A fair audit admits
the sample will stay skewed, pilgrims being volunteers; the
machine will never once be visited by anyone who does not al-
ready half believe.

The clock people also write letters of the ordinary kinds, and
their two best-known dispatches map neatly onto this book’s
two directions. First among them is the Rosetta Disk, the
foundation’s hedge against the death of languages, and its
method is the Rosetta Stone’s own accident made into policy.
Champollion could crack the hieroglyphs at all only because
one decree happened to be carved in three scripts side by
side, parallelism as the master key, and the disk industrializes
that luck on purpose, matching texts laid out in tongue after
tongue so that whichever languages survive can unlock which-
ever do not. It is a nickel disk about the size of a palm onto
which some thirteen thousand pages of parallel texts and vo-
cabularies in some fifteen hundred tongues have been mi-
cro-etched, readable by anyone with optics at a few hundred
powers of magnification, no software, no format, no player,
writing all the way down, the medium chosen in open flight
from the digital. The disk begins with a spiral of text in eight
major languages that shrinks toward the center, teaching the
reader by its own taper that smallness here means more, look
closer. Where the Record hedged obsolescence with a stylus in
the lid and the code vault hedged it with film in a coal mine,
the disk hedges by refusing the machine altogether, and the
three together form the media ledger of the whole enterprise:
groove, silver halide, etched nickel, all of them bets that the
eye outlives the file. Copies are scattered on the spore theory,
sold and gifted into private hands on the logic that a thousand
small archives lose slower than one great one. And one copy
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left. A Rosetta Disk rode out of Earth’s gravity in 2004 on the
European probe that shares its name, reached its comet in
2014, and in 2016, when the mission ended and the orbiter
was set down for good on the surface it had been studying, the
disk went with it, nickel shrugging at vacuum as easily as at
oxygen, so that a library of human languages now rests on the
surface of comet 67P, on ices older than any of the languages
and most of the planets, the clock-makers’ own upward letter,
delivered. The people building the machine that stays put have
already had mail arrive at a comet, and the two postal direc-
tions of this book turn out, once again, to share authors. Nor
was theirs the era’s longest-dated dispatch. That record still
belongs to the LAGEOS sphere of Chapter Three, the mirrored
ball Sagan freighted with his map of the drifting continents, its
reentry figured better than eight million years out, riding the
one instrument in orbit that certifies its own map will expire.
Sagan is the ledger’s recidivist, the one correspondent who
appears in its every decade. Wherever a spacecraft had a
spare gram, he found the stamp.

The other dispatch never left the ground, and its story is
the ledger’s saddest entry. In 1994 a French artist who had
begun in the sciences, Jean-Marc Philippe, conceived a satel-
lite he called KEO, named for three sounds common to the
world’s most spoken languages, and the plan had a purity no
committee would have permitted: every human being on Earth
would be invited to write to the future, four pages each, six
thousand characters, uncensored by anyone, and a manuscript
that would have run past twenty billion pages had every living
hand answered, and the whole correspondence would be loft-
ed into an orbit eighteen hundred kilometers up, chosen be-
cause a sphere parked there takes about fifty thousand years
to spiral home, give or take a millennium, by the reckoning of
the aerospace engineers who donated their calculations, a fea-
sibility study in the late 1990s having pronounced the fifty-mil-
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lennium fall achievable. Philippe imagined the evening news
carrying the launch and then the slow flap of the wings at
dusk, a species watching its own letter beat overhead. Fifty
thousand years was the address, and the address was the
point: as far ahead as the painted caves are behind, the
species writing to a posterity as distant as Chauvet’s painters
are from us, and the delivery would be a return. KEO goes up
in order to come down. Among the book’s letters it is the only
self-addressed envelope, a boomerang post aimed at our own
descendants, reentry as the mail slot, with a thermal skin de-
signed to bloom into an artificial aurora on the way in so that
the delivery would announce itself in the sky. Chauvet, two
chapters back, mailed twenty-one thousand years by standing
still; Philippe proposed to mail fifty by round trip, and where
the Record’s editors, under orders, airbrushed the species and
vetoed its own nakedness, KEO forswore the airbrush as a
founding vow, whatever arrived in the post going up in the
post, the species unedited or nothing.

The object itself was drawn with a poet’s specifications. A
hollow titanium sphere eighty centimeters across, engraved
with a map of the Earth as the continents sit now, the post-
mark doubling as the address label; within, glass discs of mes-
sages hardened against radiation, instructions for building a
reader included on the Voyager principle that the player dies
before the disc; a drop of human blood held in a diamond; vials
of air and seawater and soil; the human genome engraved; a
pulsar clock for a postmark. And wings. For its first years in
orbit the sphere would wear wings ten meters across, jointed
in shape-memory alloy that would fold in Earth’s shadow and
spread again in sunlight, the satellite slowly beating like a bird
with each ninety-minute day, visible in telescopes, a letter that
flaps, until the wings were shed and the long fall began. UN-
ESCO gave its patronage; French aerospace engineers gave
donated hours; the letters came by the thousand into a Paris
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apartment, sacks of them, from dozens of countries on every
continent, from writers aged seven to ninety-two, schoolchild-
ren and pensioners answering the one invitation that had ever
been addressed to literally everyone, and Philippe’s wife and
partner in the work described the project as a puzzle with a
piece reserved for every living person, the missing pieces be-
ing the point of the invitation.

The rocket never came. Launch dates were announced for
2001, then 2003, then 2006, then the end of the decade, then
the middle of the next one, each postponement reported with a
little less ink than the last, the dates receding the way hori-
zons do, and the reasons were the ordinary planetary weather
of the era, budgets, upheavals, a sponsor industry restructur-
ing, a world after 2001 with other uses for its attention.
Philippe died in 2008 with the sphere unbuilt, twelve years
into waiting for a ride. The project’s homepage stands frozen
in its optimism, promising a launch window now fifteen years
gone, and by every visible sign the effort has ended where it
stood, the most democratic letter ever drafted still in its enve-
lope. What becomes of the pages a dead post office collected is
a question with no good answer; the messages were gathered
for a sky that never took them, mail addressed fifty millennia
forward now aging in the ordinary way, in files, in a city, at the
speed of paper, the ledger’s one entry that is a dead-letter of-
fice in the making rather than the finding. Fifty thousand
years was a good address. There was never a stamp. The com-
parison the ledger forces is unkind and instructive: the
Record, six people and six weeks, curated to the point of au-
tocracy, flew because it weighed twelve pounds and its ride
was leaving anyway; KEO, everyone and thirty years, uncen-
sored on principle, never flew because it needed its own rock-
et and belonged to no government’s manifest. Postage, in the
end, is authorship’s rival. An American artist split the differ-
ence in 2012 and got a hundred photographs to geostationary
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orbit by bolting an etched disc to a commercial television
satellite bound for the graveyard ring, a hundred images cho-
sen partly for their resistance to caption, a letter that hitched
instead of chartered, and it will likely outlast every broadcast
the satellite ever carried. The lesson the century keeps teach-
ing its correspondents is brutal bookkeeping: the mail that
moves is the mail that rides.

The deep-time devices sort into three species once the family
resemblance is clear. There are decay clocks, plutonium dim-
ming in the Voyagers’ hearts, uranium blinking out in the
Record’s cover corner, time told by abandonment, accurate
precisely because nothing tends them. There are sky clocks,
the precessing Dipper of the marker sketches, the pulsar post-
marks aboard the Record and KEO alike, dials that belong to
physics and merely get borrowed, legible to anyone anywhere
who learns to read what was always overhead. And now there
is a kept clock, the only species that can die of neglect, ticking
on banked weather but telling, chiming, meaning only when
climbed to and wound, a timepiece with a congregation where
the others have none and need none. Their failure modes di-
vide the family more sharply than their mechanisms do. A de-
cay clock cannot fail; it can only finish. Sky clocks fail only if
nobody anywhere ever looks up again, a condition indistin-
guishable from the problem it exists to outlast. A kept clock
can fail a thousand ways, flood, theft, probate, boredom, and
its builders chose that fragility on purpose, against the whole
engineering current of the age. The nuclear world, two chap-
ters back, perfected the opposite doctrine and gave it a name,
walk-away safety, the repository designed to be safest aban-
doned, the mountain that wants to be forgotten. Walk-toward
safety is the clock’s doctrine, an installation that grows safer
the more it is visited, remembered, wound, argued about, the
two philosophies of care built into two mountains a state
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apart, one asking the future to stay away forever and one ask-
ing it to keep climbing the stairs. Between them, the first two
species say time passes whether you attend or not. The third
says attendance is the point.

Which returns the ledger to its two original letters with the
clock as the hinge between their tempers. The Record is hope
with no maintenance plan, flung so that nothing we fail to do
can hurt it; the marker is memory with no faith in mainte-
nance, built heavy so that even our absence cannot unsay it.
The clock in the mountain is the middle wager the other two
refused to make, hope with a maintenance schedule, a bet that
the act of tending can itself be made durable, that a rite out-
lasts a machine and a machine can be built to hold the rite. Li-
braries survived the manuscript centuries on the method too,
every ancient text alive today having outlived each physical
copy of itself through recopying, permanence practiced as a
verb; and Japan has run the longest version of the experiment.
Chapter Four met it at Ise, the shrine rebuilt in fresh cypress
every twenty years for thirteen centuries, permanence kept in
the carpenters’ hands rather than the wood. The clock is Ise
with an escapement, the rite issued gears, and the deepest
thing its builders borrowed from anyone was the discovery
that a civilization keeps what it keeps doing. Its text is short.
The whole message of the mountain reduces to still ticking,
two words renewed daily; a quarter turn of a crank is the
smallest denomination hope is issued in, and the mountain is
built to make change; and the letter is finished only in the
reading, wound into being by the reader’s own hand, which no
other letter in this book can claim.

As this is written the machine stands largely assembled
and unsprung inside its shaft, the bells hung, the stair cut, the
first stranger not yet arrived, a peal wound and withheld.
Some noon deep in the machine’s fourth or fifth millennium, if
the wager holds, the light will fall through the lens and true
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the wheels, and the bells will sound an ordering of ten notes
that has never been heard, in a chamber that may be full of pil-
grims or may hold nobody at all, and either way the peal will
be spent, unrepeatable, the day’s one printing of the day’s one
edition. The prototype struck the first two notes of the score at
the century’s turn, in San Francisco, and fell silent; it rests
now in London, a period instrument behind glass in the Sci-
ence Museum among the marine chronometers and the astro-
labes, its elders; the score’s third note waits in Texas. In the
Texas dark the drum of unplayed mornings waits, better than
three and a half million of them, folded and unstruck. Hillis
said he hoped to hurry and hear the cuckoo once. The rest of
the peal, all the millions of unstruck mornings of it, was always
addressed to somebody else.
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CHAPTER ELEVEN

The Dead Go Up

There is one grave on the Moon, and the man in it spent his
life teaching other men to walk where he had been forbidden
to go. Eugene Shoemaker turned the study of impact into a
science, proved that the great pit in the Arizona desert had
been punched by a falling body rather than blown open by a
volcano, and drilled the Apollo astronauts in reading the
cratered ground they would kneel on. He wanted to kneel on it
himself. He had trained as the geologist who would fly, and a
diagnosis of Addison’s disease, a failure of the adrenal glands,
closed the astronaut corps to him before he could reach it, a
refusal he called the great disappointment of his life. In July of
1997 he died the way field geologists sometimes do, in a head-
-on collision on a dirt road in the Australian outback while
hunting craters, and his wife and lifelong collaborator Carolyn,
who would come to hold the record for comet discoveries, sur-
vived the wreck beside him. A colleague proposed that a por-
tion of his ashes ride to the world that had turned him away. In
January of 1998 a polycarbonate capsule the size of a thumb,
wrapped in brass foil etched with an image of a comet, a pic-
ture of the Arizona crater he had read correctly, and a passage
from Romeo and Juliet, went bolted inside NASA’s Lunar
Prospector, the verse asking the night to “cut him out in little
stars.” The probe circled for a year and a half and was then
steered, on purpose, into a shadowed crater near the lunar
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south pole, thrown down hard to kick up a plume that instru-
ments might search for the glint of water ice. Shoemaker
reached the Moon at the speed of a deliberate crash. He is
there still, the only human being buried on another world, in a
crater near the south pole that the naming authorities after-
ward called Shoemaker, so that the man who read craters for
a living became the label on one. Carolyn, who had learned to
hunt comets on the plates beside him and would be credited
with more comet discoveries than anyone in history, outlived
him by more than two decades and let the ashes go without
her, content that he had reached the ground he had trained a
generation of astronauts to walk.

That burial ran backward along the direction the middle
chapters had been following. The dead, in the long human
record, go down. We dig for them; we lay them under floors
and mounds and cathedral flagstones; the whole machinery of
the chthonic post, the letters slipped into Egyptian tombs and
the curses folded into the earth at Bath, assumed that to reach
the dead you addressed them downward, because down was
where the dead were kept. Shoemaker inverted the address. A
modest industry now exists to carry the human remainder in
the opposite direction, off the planet altogether, and its cata-
log reads like a parody of the funeral trade rewritten for es-
cape velocity: a pinch of ash to low orbit and back, a pinch to
orbit for a slow decay, a pinch to the lunar surface, a pinch
flung past the planets toward the open dark. The bodies going
up are small, a gram or a few, symbolic fractions of a crema-
tion, the rest staying in the urn on the mantel. Each fraction
travels signed. An earlier chapter watched the sky drop un-
signed parcels on the ground, meteorites arriving with no
sender and no note, mail from nobody that became
somebody’s property on impact. The up-burial reverses the
whole transaction: these parcels leave signed, each vial en-
graved with a name and often a line, the shortest letters any-
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where in the ledger, three words on Leary’s, a wife’s and son’s
love on Roddenberry’s, a farm family’s roll on Tombaugh’s
hull. Where the meteorite is an anonymous letter falling in, the
cremated gram is a signed letter thrown out, correspondence
addressed by the living in the name of someone who can no
longer sign, launched toward a reader who does not exist into
a silence guaranteed in advance. What matters is the vector.
For the whole of human existence the corpse went into the
ground, and within a single generation a portion of a few of
them began going the other way, and the reversal turned out
to be one of the most contested things a grieving family can
now buy.

The trade opened as a novelty nine months before Shoe-
maker reached the Moon. On the twenty-first of April, 1997, a
company called Celestis, founded by former employees of an
early private-rocket firm, bought room aboard a Pegasus
booster carrying a Spanish science satellite and flew the cre-
mated fractions of twenty-four people into low orbit, the
world’s first commercial burial off the planet. The manifest
read like a roll call of the century’s futurists. The Star Trek
creator Gene Roddenberry rode it, along with the psychologist
and counterculture preacher Timothy Leary, the Princeton
physicist Gerard O’Neill who had drawn the first serious blue-
prints for orbiting cities, and the rocket engineer Krafft
Ehricke, who had spent his life arguing that humanity had no
future confined to one world. Each traveler was reduced to
about seven grams sealed in an engraved vial, Leary’s in-
scribed with three words, “Peace Love Light,” and the little
fleet circled the Earth pole to pole every ninety-six minutes for
five years before the orbit decayed and the whole spacecraft,
capsules and all, burned over the ocean northeast of Australia
in 2002. Roddenberry had been up once already, a pinch of his
ashes carried into orbit and home again in an astronaut’s per-
sonal kit aboard a shuttle flight in the early nineties, so his
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1997 launch made him the rare man cremated once and flown
to space twice. And the enterprise was regulated, from the
start, by the least celestial office imaginable: in its home state
of Texas, a memorial spaceflight fell under the Department of
Banking, which supervised burial funds, and would not release
the company’s escrow until it confirmed that the dead had
completed one orbit. The first letters to the sky were mailed
under the supervision of a bank examiner.

The contest arrived with the first delivery and has recurred
with every one since. Days after Lunar Prospector carried
Shoemaker toward the south pole in 1998, Albert Hale, then
president of the Navajo Nation, objected that the Moon holds a
sacred place in Diné cosmology and that seeding it with hu-
man remains offended a relationship older than the space pro-
gram. NASA apologized, and a spokesperson promised that
the agency would consult with tribal nations before it autho-
rized any further burial on the Moon. The promise held for
twenty-six years, in the narrow sense that NASA sent no more
ashes itself. What NASA had not reckoned with was that it
would soon stop being the gatekeeper.

By January of 2024 the road to the Moon ran through pri-
vate hands. Astrobotic Technology, a Pittsburgh firm, had built
a lander called Peregrine to fly under NASA’s Commercial Lu-
nar Payload Services program, an arrangement in which the
agency buys delivery the way a shipper buys freight and the
carrier fills the rest of the hold with whatever paying cargo it
can find. Among Peregrine’s paying cargo were two memori-
al-spaceflight companies. Celestis had booked a payload it
named the Tranquility Flight, sixty-odd capsules of cremated
remains and DNA to be left on the lunar surface, its passenger
list a small museum of the space century: the science-fiction
writer Arthur C. Clarke, the Star Trek creators Gene and Majel
Roddenberry, and Mareta West, the NASA geologist who had
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helped choose the spot where Apollo 11 set down. Elysium
Space had booked remains aboard the same lander. A place on
the Tranquility Flight started near thirteen thousand dollars,
and the customers, most of them, were ordinary enthusiasts of
the sky who had bought a permanent address on the Moon.
One passenger was a dog. Among the roughly seventy human
samples rode the remains of somebody’s animal, which tells
the truth about the whole enterprise more plainly than the
celebrity names do: this is grief seeking a grander sky for its
beloved, the impulse that scatters ashes from a favorite ridge,
aimed now at the lunar surface and priced accordingly. The
scale of the thing stays humbling against the ground it flees.
Something over a hundred billion human beings have lived
and died, and the earth has taken all but a handful of them;
the number ever sent upward, across every orbital, lunar, and
deep-space mission combined, runs in the low thousands of
symbolic grams. The ground has buried more people than the
sky has ever heard of, and it did the work without a launch
window, a rocket, or a fee. Every ascent counted here is a
rounding error against the oldest and most complete burial
the planet performs on everyone for nothing.

The president of the Navajo Nation, Buu Nygren, wrote to
NASA and the Department of Transportation before the
launch, recalling the promise of 1998 and asking that the
flight be delayed. Placing the dead on the Moon, he wrote, was
tantamount to desecration of a body his people hold sacred,
and he represented, in the objection, something on the order
of four hundred thousand enrolled Diné. The letter forced a
last-minute meeting at the White House and a scramble of
press calls, in which NASA said the plain and awkward truth of
the new arrangement: the mission was commercial, the burial
payloads were not the agency’s, and there existed no frame-
work by which NASA could tell a private lander what it might
carry. Celestis, for its part, refused the whole premise. Its
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chief executive, Charles Chafer, answered that “no religion
owns the moon,” that a launch cannot be subjected to a reli-
gious test, and that the service his company sold was the oppo-
site of desecration, an act of celebration performed reverently,
the capsules never scattered but set down whole.

Against the previous chapter’s argument, the two claims
collide in a way the law built and cannot resolve. Chafer’s sen-
tence is Article II of the Outer Space Treaty spoken by a morti-
cian. The Moon belongs to nobody, the treaty says, subject to
no national appropriation, a commons; and if it is nobody’s,
the reasoning runs, then it is empty, and the empty may be
settled, even with the dead, since the dead disturb no owner
where there is no owner. Against that sits the Diné objection
the treaty never contemplated, that emptiness is a legal fiction
and not a fact, that a place can be unowned and yet occupied,
held in relation rather than in title, sacred precisely because
no one owns it. The Golden Record was mailed into that same
jurisdiction of nobody on the theory that nobody’s is where
hope belongs. The Tranquility Flight was mailed into it on the
theory that nobody’s is where anyone may bury. And a people
who had watched their own sacred ground surveyed, allotted,
and taken within living memory recognized the theory of emp-
ty land the instant it was pointed at the sky.

The objection had law behind it as well as cosmology,
which is why it reached the White House rather than a com-
ment card. A presidential order signed in 2000 had directed
federal agencies to consult with tribal nations on actions
touching their interests, and a later administration had reaf-
firmed it, and Nygren’s argument was that a celestial body sa-
cred to the Diné fell within the sacred-sites language those or-
ders protected, so that NASA’s involvement in Peregrine, how-
ever commercial, triggered a duty to consult that the agency’s
1998 apology had already conceded in principle. NASA’s an-
swer exposed the hole the private turn had opened underneath
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the promise. The duty to consult binds the government when
the government acts; Peregrine was a company’s lander flying
a company’s manifest, cleared through a transportation-de-
partment payload review that examined it for hazards and de-
bris and did not, and was never built to, weigh the sacred. The
1998 pledge had been a promise about missions NASA con-
trolled, made in an era when NASA controlled the missions,
and it aged into irrelevance the moment the Moon became a
destination a firm could reach on its own account. Sovereignty
met the commons and found no door. The Diné could bind the
United States and could not bind Celestis, and the dead went
up under a licensing regime that had a box for orbital debris
and none for desecration.

Peregrine never reached the Moon. Hours after it separated
from its rocket on the eighth of January, a valve failure bled its
propellant into space, and the lander, unable to turn its solar
panels to the Sun or to slow itself for a descent, was given a
controlled death instead of an uncontrolled one. Ten days after
launch it was steered back into Earth’s atmosphere and
burned over the empty South Pacific. The remains aboard the
Tranquility Flight were cremated a second time in the sky
above the ocean and returned, as ash and vapor, to the planet
they had been sent to leave. The letter had been refused deliv-
ery and marked return to sender, and the sender was the
ground.

The rocket that failed to land the dead on the Moon had,
minutes after liftoff, succeeded in sending a different cohort of
them far past it. Celestis had booked a second 2024 payload,
the Enterprise Flight, onto the upper stage of the Vulcan rock-
et rather than onto Peregrine, and that stage, its work of push-
ing the lander toward the Moon finished, fired itself into orbit
around the Sun carrying the remains and DNA of much of the
original Star Trek cast, Roddenberry and his wife Majel reunit-
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ed at last, alongside the actors who had played Uhura, McCoy,
and Scotty. One launch, two freighters of the dead, opposite
fates on one morning: the cast of a television show about a
hopeful future entered permanent solar orbit while the six-
ty-odd private citizens of the Tranquility Flight fell back
through the air in flame. The sky sorted its incoming mail by
which stage it was bolted to.

Nygren, asked afterward, said that from what he under-
stood the only way the lander could now reach the Moon was
to crash into it, and that the failure felt to him like a confirma-
tion of something his ceremonies already knew. A skeptic will
hear coincidence in a leaking valve, and the skeptic is entitled
to the leak. The bookkeeping stands whatever one hears in it.
A corpse sent up came back down, and the oldest direction in
the funeral trade reasserted itself over the newest by the sim-
ple physics of a mission that failed, gravity collecting what the
rocket could not keep. The dead-letter office, in the chapters
behind this one, was the place where undelivered mail waited
to be read by the wrong century. Peregrine opened a branch of
it in the upper air, where undelivered mail waits nowhere and
burns instead, the only postal system whose lost letters return
to their origin as weather.

The deepest burial the species has yet performed did not fail,
and it is still moving. Clyde Tombaugh was a Kansas farm boy
whose family could not afford college and who built his first
serious telescope from the parts of a cream separator, a dis-
carded car, and the crankshaft of a 1910 Buick, grinding the
mirror himself in a cellar he dug for the purpose. He sent his
careful drawings of Mars and Jupiter to the Lowell Observato-
ry in Arizona hoping for a professional opinion, and the obser-
vatory, impressed, offered him a job instead, hunting the ninth
planet that its late founder had predicted. In February of 1930,
comparing photographic plates on a blink comparator, twenty-

214

BolesBooks.com | Free Download Edition



four years old, he found the moving speck that became Pluto,
the only American to discover a planet, and though the defini-
tions changed around him in the century that followed, the dis-
covery did not. He died in 1997. When NASA at last sent a
probe to the world he had found, the New Horizons spacecraft
launched in 2006 with about an ounce of Tombaugh’s ashes
fixed to the inside of its hull, under an inscription that puts his
family ahead of his astronomy, calling him “Adelle and
Muron’s boy, Patricia’s husband,” a father, a teacher, a pun-
ster, and only after all of that the man who discovered Pluto.
In July of 2015 New Horizons flew past Pluto at roughly thir-
ty-one thousand miles an hour and photographed the frozen
heart on its surface, and Tombaugh’s remains passed the ob-
ject of his life’s one great sighting eighty-five years after he
caught it on a glass plate. The probe did not stop. New Hori-
zons was the fifth machine humanity had launched onto a path
out of the solar system, following the two Pioneers and the two
Voyagers, and like them it is bound outward on a trajectory it
cannot leave, and it carries the discoverer of Pluto past the
edge of everything he could see, the farthest a human body
has ever traveled and the farthest one ever will for a long age
to come.

Which places Tombaugh on the Record’s own road out. The
Voyagers carry a portrait of the living; New Horizons carries a
fragment of one man who died; each craft rides outbound on a
course that will not return, aimed at no address, sure of no
reader, and moving at a speed that will carry it among the
stars long after the Sun has forgotten it. Our species, which
buries its dead downward by ancient reflex, has flung one of
them upward and outward so far that the word grave stops fit-
ting, because a grave is a place and this is a heading. An earli-
er chapter left the Apollo landing sites as shrines in a jurisdic-
tion no law can reach, designated for protection by a govern-
ment whose designation binds only its own citizens, monu-
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ments awaiting a court that does not exist. Shoemaker’s crater
is the one lunar site among them that is a grave in the plain
sense, a man’s remains under the regolith of a world nobody
owns, the first tomb built off Earth and the least defended
tomb in human history, protected by no statute, no fence, no
priesthood, and no gravity of custom, only by the distance that
keeps everyone away. The Diné objection reads, in that light,
as the assertion the whole up-direction keeps provoking: that a
place can be full of meaning while empty of owners, and that
burying the dead in it is not the neutral act the licensing forms
assume. Shoemaker rests in a lunar crater, a destination.
Tombaugh has no destination. His ashes are cargo on a letter
with no recipient, the boundary between the dead and the mail
worn away entirely, a corpse that has become a probe and a
probe that carries a corpse, the two categories collapsed into
one small package receding into the dark at a speed that
makes the Moon look like the front step.

The reflex to send the dead upward is older than any rocket,
and its oldest surviving form leaves the body whole and feeds
it to the creatures that own the air. For something like three
thousand years the Zoroastrians of Persia and, after them, the
Parsis of India have practiced excarnation on structures the
British called Towers of Silence and the tradition -calls
dakhma: low circular towers, open to the sky, on which the
dead are laid out in rings so that vultures may strip the flesh
within hours and the sun and wind may bleach the bones,
which are later swept into a central ossuary pit. The theology
reasons from purity. Earth, fire, and water are holy elements
that a corpse would defile, so the body must not be buried,
burned, or sunk; it is given instead to the one element that can
carry it away without being polluted, the air, and to the birds
that are the air’s authorized couriers. The vulture, in this
scheme, works as a psychopomp rather than a scavenger, a
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carrier of the dead into the sky, and the practice is the literal
ancestor of everything Celestis sells: a mechanism, refined
over millennia, for mailing the human body upward. The Greek
historian Herodotus noted the Persian custom of exposure two
and a half thousand years ago, and the dakhma refined it into
architecture, the towers built with three concentric rings for
men, for women, and for children, the whole structure engi-
neered around the appetite of a bird. Tibetan Buddhists ar-
rived at the practice independently in the high country where
the ground is frozen too hard to dig and wood too scarce to
burn to ash, and their sky burial, jhator, likewise hands the
body to the vultures, performed by specialists who prepare the
corpse on a hillside and regard the birds’ consumption as a fi-
nal act of generosity, the flesh given back to the living world
as the last charity a person can perform. Across two religions
and two mountain ranges, the dead went up on wings, by one
method, for as long as anyone kept records, and the vulture
that carried them was, in both theologies, an agent of mercy
rather than an omen of rot.

The cruelest turn in the Indian collapse is that the poison
entered the couriers through the animal both traditions treat
as beyond killing. Hindus, who make up most of the country,
hold the cow sacred and do not slaughter it, so cattle in India
are worked until they die and their carcasses left in the open,
which for millennia meant a reliable feast for vultures and a
clean, fast disposal of the dead beast. The reverence that
spared the cow fed the birds. Then those cattle, aging and
arthritic, began receiving diclofenac for their joints in their fi-
nal years, so that the carcasses the vultures had always relied
on became lethal, and a food supply protected by one
religion’s mercy was turned to poison by simple veterinary
economics, killing the birds that a second religion required to
carry its human dead into the sky. Two faiths and a painkiller
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conspired, none of them intending it, to sever a relay older
than either creed’s arrival in India.

Then the couriers died. In the early 1990s Indian cattle
farmers began treating their animals with diclofenac, a cheap
anti-inflammatory that eased the pain of aging livestock, and
the vultures that fed on the carcasses of treated cattle ab-
sorbed the drug and died of kidney failure within days, their
bodies swelling with the visceral gout that the toxin produces.
The birds had no defense and no warning. India’s vulture pop-
ulation, once among the most numerous large raptors on
Earth, estimated in the tens of millions, collapsed by more
than ninety-nine percent in about a decade, some species fall-
ing by 99.9 percent, one of the fastest declines of any bird ever
recorded, and the sky over the subcontinent simply emptied of
the creatures that had cleaned it for as long as there had been
cattle and corpses to clean.

For years no one knew what was killing them. The birds fell
from the sky across the 1990s with their heads drooping in the
hours before death, and ornithologists suspected a virus until
a team led by the veterinary scientist Lindsay Oaks, working in
Pakistan and publishing in 2004, traced the deaths to di-
clofenac by finding the drug in the tissue of birds that had died
of gout and finding gout in the birds that carried the drug. The
organization that funded and drove much of that detective
work bore a name already attached to a lunar lander: the Pere-
grine Fund, a raptor-conservation group named for the falcon.
One Peregrine identified the poison killing the couriers of the
dead; another Peregrine, a quarter century later, carried the
dead upward and drew the objection of a nation that holds the
sky sacred. The falcon presided, by pure accident of naming,
over both ends of the story, the diagnosis and the desecration,
and the coincidence is worth nothing except that it is true and
hard to forget.
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The consequences reached the living in ways no one had
priced. A study published in the American Economic Review in
2024, by the economists Eyal Frank and Anant Sudarshan,
compared human death rates across Indian districts that had
been well suited to vultures against districts that never were,
before and after the collapse, and estimated that the loss of
the birds raised human mortality by more than four percent in
the affected districts and killed on the order of half a million
people between 2000 and 2005. The carcasses the vultures no
longer ate rotted in fields and washed into waterways, carry-
ing disease into the water supply; feral dogs bred into the va-
cant scavenging niche and brought rabies with them; and the
invisible services a keystone species had performed for free,
unnoticed until they stopped, turned out to have been worth,
by the study’s reckoning, on the order of sixty-nine billion dol-
lars a year in avoided death. A molecule in a cow had knocked
out a public-health system that no one had known was run-
ning. Governments moved once the cause was known. India,
Pakistan, and Nepal banned the veterinary manufacture of di-
clofenac in 2006, Bangladesh followed, and researchers identi-
fied a substitute anti-inflammatory, meloxicam, that eased live-
stock without poisoning the birds that later fed on them. The
bans came late and leaked. Human diclofenac, still legal, was
quietly diverted into veterinary use for years afterward; large
vials stayed on pharmacy shelves; new drugs of a like danger-
ous chemistry, nimesulide among them, turned up in dead vul-
tures as diclofenac receded. And the arithmetic of recovery is
unforgiving even where the ban holds, because a vulture takes
years to mature and raises a single chick a year, so a popula-
tion cut by 99.9 percent climbs back, if it climbs at all, over a
span measured in the deep-time units of the buried warnings.
The poison worked in days. The repair, if it comes, will take a
century, and the couriers of the Parsi dead may not last long
enough to see it.
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For the Parsis, the collapse broke the mechanism of the
dead directly. Without vultures the towers of Mumbai no
longer worked; bodies laid out for the birds now lay for
months, decomposing slowly under a sun that could bleach but
not strip them, and a community that had committed its dead
to the sky for three millennia faced the failure of the only car-
rier its theology allowed. The response was improvised and
telling. The Parsis installed solar concentrators at the towers,
banks of mirrors that focus sunlight to temperatures near a
hundred and twenty degrees Celsius, enough to reduce a body
to a skeleton in a few days, a machine brought in to do the
work the birds had done, the sun conscripted as a mechanical
vulture. Some families, unable to accept a tower that no longer
functioned as promised, turned to burial or cremation in defi-
ance of the tradition, and the community argued, and argues,
over whether a sky burial with no birds in the sky is a sky buri-
al at all. A postal route three thousand years old had been sev-
ered by nothing grander than a painkiller in the food of the an-
imals whose carcasses fed the couriers, no conquest and no
apostasy required, and the severance is, so far, permanent, be-
cause vultures mature slowly and raise a single chick at a time
and a population reduced by 99.9 percent does not come back
within any human patience.

This parable cuts close enough to hurt. The chapters on the
buried warning turned, at their center, on the fragility of an
engineered system, on the drum at the salt plant that ruptured
because someone had swapped an inorganic absorbent for an
organic one and turned a container of waste into a slow bomb.
The vulture collapse teaches that lesson again across a sub-
continent and a religion: a system that carried the dead reli-
ably for thousands of years, cheaper and more thorough than
anything that replaced it, undone by a single substance intro-
duced upstream with no thought for the courier at the end of
the chain. Infrastructure that runs on living things can be poi-
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soned through the things they eat, and the up-direction, which
always needs a carrier, is only ever as durable as the carrier
is. The ground needs no vulture. The ground takes everyone,
for free, forever, and asks nothing of a supply chain.

The corpse is the last weight this book sets on the scale. The
up-burial is curation carried to its limit, and the down-burial is
keeping carried to its limit, which reverses a lesson the earlier
chapters kept teaching. Burial in the ground preserves the
whole body by subtraction, taking everyone entire and asking
nothing about who deserves it. A rocket preserves a chosen
gram, edited down from the six pounds of a cremation to a to-
ken the size of a lipstick, selected, inscribed, and curated like
the tracks on the Golden Record, and what it saves is a sample
of the person rather than the person, a curatorial gesture
standing in for a body that stays home in an urn. Down keeps
the body and forgets no one. Up keeps a pinch and remembers
a name. The two directions divide the dead the way they divide
every other letter in this book, the ground taking the whole
and unglamorous truth of us while the sky takes the edited
highlight, and grief, offered the choice, now pays a premium
for the highlight.

Down is the default, and down is cheap. Gravity is the one
postal carrier that never goes on strike, never leaks its propel-
lant, never dies of a drug in the meat; the ground has accepted
every human body that was ever committed to it and will ac-
cept every one to come, indifferent, reliable, requiring no
rocket and no bird and no license from anyone. The down-di-
rection works because it asks nothing of the living, no mainte-
nance, no supply chain, no institution kept solvent across the
centuries, which is why the planners of the buried warning
trusted the salt and the granite to keep their letter when they
could not trust the payroll to keep the fence. Memory rides
gravity for free. Hope has to buy a rocket, breed a vulture,
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fund a foundation, launch before the window closes, and it
fails whenever the carrier does, which is often. The sky is
where we send what we cannot bear to leave in the reliable
dark of the ground, and the sky charges for the privilege in the
one currency the ground never demands, which is the con-
stant, expensive attention of the living. Up is the exception,
and up is expensive and contingent in every case counted
here. Shoemaker reached the Moon only because a spacecraft
was already going there and had a gram of room. Tombaugh
reached the stars only because a probe was already leaving
and an inscription had space beneath it. The Parsi dead
reached the sky only while the vultures lived, and stopped
reaching it the year the vultures did. Peregrine’s dead did not
reach the Moon at all. Every ascent depended on a machine or
an animal that had to be built, fed, licensed, or kept alive, and
every one of those carriers could fail, and several did. The
treaty of the previous chapter granted the living astronaut a ti-
tle, envoy of mankind, the only rank a human can earn by
crossing an altitude. The dead earn no such rank. They ride as
freight, logged on a manifest beside the science instruments
and the rovers, cleared through a payload review that rates
them for mass and hazard, cargo in the hold of a commercial
lander, and the distance between the two measures how far
the sky still is from being a country of its own: it knights the
living who reach it and ships the dead as parcels.

There is a cruelty folded into the up-burial that the down
never poses. The living who go to space return altered by the
sight of the whole Earth hanging in black, a shift of perspec-
tive the astronauts named and struggled to describe, the plan-
et seen at last as one small round home. The dead who go up
see nothing. Shoemaker crossed the space between the worlds
blind in a canister; Tombaugh passed the planet he discovered
without a working eye left to catch it; the Star Trek cast en-
tered the sunlit dark their show had imagined without a retina
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among them to register the arrival. Every passenger counted
here made the trip that changes a living traveler forever and
was changed by it not at all, because the thing that goes up is
the part of a person that has stopped being able to look. Space
burial sells the one voyage whose entire worth to the traveler
has already been subtracted before departure.

Which returns the ledger to the definitions it has been
building. Memory, in this book, is correspondence that sur-
vives the absence of its sender, and a grave is memory in its
purest form, the sender gone and the remains still addressed
to whoever digs. Hope is correspondence that survives the ab-
sence of a reply, and the dead flung upward are hope stripped
to its bones, a body sent toward no one, expecting nothing
back, launched into a silence that the sender will never hear
answered because the sender is the thing being launched. Ev-
ery other letter in the ledger was written by someone who
stayed behind to hope. The space burial is the only one where
author and message arrive as a single object, where the per-
son doing the hoping has become the thing hoped with, so that
the gesture no longer sits at any distance from the one who
made it. A family launching a gram of a parent sends no mes-
sage about the dead; it sends the dead as the message, hope
and its author fused into one small vial thrown at the dark,
which may be the purest form the whole impulse has ever tak-
en and is beyond question the strangest. Shoemaker and
Tombaugh are letters with no recipient and no return, mailed
by the living on behalf of the dead into a dark the treaty calls
empty and the Diné call occupied, and the argument over
which it is cannot be settled by measurement, because empti-
ness is a claim a civilization makes rather than a reading an in-
strument takes, and a corpse is how the claim gets tested. The
company said the Moon was a dead world and therefore free
for the dead, a vacant lot in a commons no religion may fence.
The Navajo said the sky was never empty and therefore never
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a landfill, that the absence of an owner is the beginning of rev-
erence and not the end of it. Neither claim can be weighed on
a scale, because the emptiness in dispute is a decision about
the Moon rather than a property of it, and the two peoples
brought incompatible decisions to one gray rock. Between
those two readings of one darkness, a farm boy who found a
planet crosses out past the last thing he ever saw, at roughly
thirty-one thousand miles an hour, named on his hull as
somebody’s husband and somebody’s son, carrying no mes-
sage but himself, and getting farther from every grave on
Earth with each second that the living down here spend argu-
ing about whether the place he is going was ever as empty as
it looks.
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CHAPTER TWELVE

One Light-Day

The appointment has a timestamp, which no other event in
this ledger can claim. On the eighteenth of November, 2026,
at sixteen minutes and seven seconds past two in the morning,
Pacific time, by the navigators’ current arithmetic, a machine
launched when Elvis Presley had been dead for three weeks,
older now than most of the people alive beneath it, will be-
come the first object human beings have ever made to stand
one full light-day from Earth. The navigators said mid-Novem-
ber for years and have lately committed to the date and the
second, which is its own small portrait of the enterprise, an
agency computing the moment a fifty-year-old appliance cross-
es an invisible line sixteen billion miles out, and publishing the
second in advance so anyone can set an alarm, so that for one
November morning the farthest thing anyone owns can be
toasted on time. No machine has ever had an anniversary of
pure distance before; the calendar has been asked to hold a
place for an absence. The line is not a place. Nothing marks it,
nothing changes at it, and the spacecraft, which has crossed
every boundary it was ever pointed at without ceremony, will
register nothing as it passes this one either. A skeptic will note
that a light-day is a parochial unit, the universe owing nothing
to one planet’s spin, and the skeptic is right, which is the
charm: the milestone marks the morning the cosmos first be-
came measurable in kitchen-calendar units, distance domesti-
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cated into a word any child with a calendar already knows.
What changes is the mail. From that morning on, a radio sig-
nal, the fastest thing the universe permits, needs a full rota-
tion of the Earth to reach Voyager 1, and a full rotation to
come back.

The project manager at the Jet Propulsion Laboratory has
explained what the threshold does to a working day, and her
example is the whole condition in one commute. Send the
spacecraft a greeting, she says, “good morning, Voyager 1,” at
eight on a Monday, and the reply arrives at eight on Wednes-
day, punctual and two days old. A two-day round trip, span-
ning the solar system’s whole outback twice, for a pleasantry,
which is why commands to the craft are now written like wills,
whole and self-executing, since a clarifying question costs four
days and the weekend it never knew about. There is a name
for communication on those terms, and it is the name the argu-
ment has used for eleven chapters: past a certain distance you
cannot talk to a thing anymore; you can only correspond with
it. Conversation died somewhere back in the light-minutes, un-
mourned because nobody could name the day it happened.
What survives at a light-day is the letter, sent in full, answered
in full, with the sender changed by the wait, and the ground
team at Pasadena, without ever asking for the honor, has be-
come the first human institution to conduct its daily business
entirely by post. Three great dishes on three continents, Cali-
fornia desert, Spanish plateau, Australian sheep country, take
turns carrying the route, the aging seventy-meter dishes still
holding the sack after half a century of route, and this year the
mission’s own public distance tables went briefly offline while
the navigators trued the figures for the approach, precision
suddenly mattering to the mile because an appointment had
been set.

Climb the ladder of delays and the century tells itself. Apol-
lo put the first hitch in live conversation, that one-and-a-quar-
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ter-second hesitation between Houston’s question and the
Moon’s answer, awkward as a transatlantic call and famous
for it. Mars stretched the pause to minutes and killed the con-
versation outright; rovers are managed, never talked to, their
working days scripted whole and mailed ahead like lessons in
a correspondence course. The outer planets took hours. And
now a day, a full calendar unit, the first time a human artifact
has been far enough away that the delay to it has a name on
the kitchen wall. Voyager 2, on its own slant out of the system,
rides about nineteen and a half light-hours behind and will not
feel its own twenty-fourth hour until 2035. The species has
opened its first one-day postal route, and the sole address on
the route is a machine that no longer needs anything. Perspec-
tive should be taken like medicine here, in careful doses. At
the threshold the craft will stand five and a half times as far
out as Neptune, the register’s only entry whose location col-
umn reads leaving, and it will also have covered about six hun-
dredths of one percent of the distance to the nearest star, a
day into a crossing measured in epochs; the whole triumphant
half century sums to one three-hundred-sixty-fifth of a
light-year, the postal service’s longest route still, by any galac-
tic accounting, a walk to the corner box.

The resume behind the milestone runs on one page.
Launched from Florida on the fifth of September, 1977, the
craft took the pictures of Jupiter that made volcanoes on Io a
fact, threaded the Saturn system, and bought its escape trajec-
tory with a detour past Titan that threw it up and out of the
plane of the planets forever. In 1990 it turned its camera back
for the family portrait, caught the pale blue dot in a shaft of
sunglare, and had the camera switched off to save power, thir-
ty-six years of watts ago. In 1998 it passed Pioneer 10 to be-
come the farthest object we own, a title it will never lose to
anything now flying, and it is written to today by controllers
whose parents were not yet born when it left, and in 2012 it
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crossed the heliopause into the interstellar medium, the first
machine to leave the Sun’s weather. Every mile since has been
a mile no machine ever logged, routine and unprecedented in
the one motion. Its condition needs an honest inventory, be-
cause the finale of this ledger turns on the difference between
the mailman and the mail. The spacecraft is failing at the
stately pace its builders bought it. Three computers share six-
ty-eight kilobytes of memory among them; commands go up at
sixteen bits a second and science comes down at about a hun-
dred and sixty, half a million times slower than a suburban
connection. Two winters ago a memory chip died and the craft
spoke gibberish for five months while engineers, some of them
retirees older than the mission recalled to advise on subsys-
tems nobody else alive understands, taught it by mail to route
around its own dead cells, every lesson a two-day round trip.
This spring the mission switched off another of the particle in-
struments to hoard watts, whittling the craft toward its last
pair of senses, a magnetometer and a receiver for the thin
plasma weather between the stars. The plutonium in its gener-
ators, the decay clock met in the first chapter, dims on the
schedule set at the Kennedy loading dock in 1977, and the
managers, asked how long, say two years, maybe five, with the
careful faces of people budgeting a grandparent’s decade;
nothing aboard has a backup anymore, every system down to
its last copy of itself, and the thrusters that keep the antenna
aimed at home run on plumbing the engineers nurse against
clogging one Tuesday at a time. Sometime in the 2030s the
power will slide below the last instrument’s appetite, then be-
low the transmitter’s own, and the good mornings will go out
from Pasadena to no reply, professional courtesy addressed to
a certainty.

The letter, meanwhile, is in perfect health. Bolted to the
hull, the gold-plated disk has no power budget, no thrusters to
clog, no memory to lose. Its cover was engineered against a

228

BolesBooks.com | Free Download Edition



billion years of dust; its grooves hold their music at a couple of
degrees above the temperature of the universe; and the craft’s
death will not slow it by a meter a second. The distinction the
coming decade will teach, gently and in public, is one the
ledger has been circling since the desert chapters: transmit-
ters are mortal and inscriptions are not, the voice dies and the
writing keeps, and on the day the radio falls silent the Voy-
agers will simply finish their long graduation from spacecraft
into envelopes. Nothing will have been lost that the letter ever
needed. The mission ends. The mail does not.

A letter that cannot be recalled sharpens an old argument
about whether the next one should be addressed, and the ar-
gument has spent the past decade becoming a proper quarrel
with institutions, manifestos, and a test transmission on the
books. The opening shot was fired from Puerto Rico in 1974,
the Arecibo message, three minutes of deliberate arithmetic
aimed at a star cluster twenty-five thousand years away, less a
letter than a demonstration that letters were possible. For
decades afterward the radio silence mostly held, and the quiet
was policy by inertia rather than decision, its loudest interrup-
tion the Crimean dish an earlier chapter promised would re-
turn to the habit. From the Evpatoria antenna, at the century’s
end, a Russian astronomer, Alexander Zaitsev, put the Cosmic
Call on the air, aimed at four Sun-like stars in 1999 and five
more in 2003, longer letters sent to chosen nearby worlds
rather than to a cluster safe by sheer distance, and the send-
ing drew objections from the first hour, alarming enough that
Ukraine’s space agency broke off the 1999 broadcast partway
through. Those firings reopened the argument Arecibo had
started. Then the exoplanet count climbed into the thousands,
the nearest stars acquired confirmed worlds, and the question
stopped being rhetorical: humanity now knows specific ad-
dresses within realistic reach of its transmitters, and some-
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body has to decide whether knowing an address creates per-
mission to write to it or an obligation to keep still.

The caution camp holds the intuitive ground, the ground a
parent recognizes without argument, and one enormous name
held it publicly for years. Stephen Hawking’s warning, repeat-
ed across his last decade, ran on a single historical analogy:
every meeting between civilizations of unequal technology in
our own record went badly for the junior partner, and a
species that cannot know the disposition of its neighbors does
poorly to advertise its position to them. He wanted humanity
to grow up before it spoke up. Others in the camp put the ob-
jection procedurally rather than prophetically: a transmission
speaks for the entire planet and its descendants, and no com-
mittee of enthusiasts with antenna time has standing to an-
swer for either, so the mail should wait on something like con-
sent, a consultation no one has ever managed about anything.
The asymmetry of the paperwork makes the point for them: in-
ternational astronomy long ago drafted careful protocols for
what to do upon receiving a signal, the committees, the verifi-
cation, the measured announcement, and drafted nothing at
all for sending one, etiquette for answering a phone we have
never stopped dialing. The gap has a psychology: receiving
flatters a species as chosen, sending indicts it as responsible,
and committees prefer flattery. Against them stands the trans-
mission camp, organized since 2015 in a small institute found-
ed for the purpose, whose president, Douglas Vakoch, argues
the mirror position: silence is also a policy with consequences;
a galaxy of listeners produces no signals for anyone to hear;
and the civilizations detectable at all may be, by definition, the
ones that decided to be. In 2017 his group acted on it, borrow-
ing a radar antenna in Arctic Norway to send a tutorial in
mathematics and music, short pieces commissioned for the oc-
casion, toward a red dwarf twelve light-years out with a con-
firmed temperate world, arrival due around 2030, with a sec-
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ond session the following spring, the first earnest targeted let-
ter since Arecibo and the first ever aimed at a known world.
Arecibo’s cluster sat twenty-five thousand years away, a letter
unanswerable by construction, safe as a toast; the new ad-
dress sits twelve years out, which moved the quarrel from the
seminar to the calendar, because a reply became something a
living sender might have to open. A reply, if the address is oc-
cupied and inclined, could arrive while some of the senders
are alive to read it, which no other letter in this book can say.
The quarrel’s honest accounting is smaller than its rhetoric
on both sides. Earth has been leaking radio incidentally for a
century, and the leakage argument cuts both ways, since ordi-
nary broadcast babble thins to nothing within a few light-years
while a targeted beam from a big dish carries detectably for
hundreds; the caution camp is right that a letter is louder than
a household, and the transmission camp is right that the house
has hardly been dark, since the planetary radars that ping
passing asteroids for science throw beams brighter than any
greeting, unsigned mail going out daily as a byproduct of cau-
tion about rocks. Irreversibility is the caution hand’s strongest
card, a beam being unrecallable even in principle; the sending
hand’s strongest is that the unrecallable thing was done in
1974 and has been done incidentally ever since. Sagan’s old
refrain hangs over the whole dispute. “Who speaks for Earth?”
he asked a television audience of hundreds of millions, mean-
ing it as a summons to maturity, and the decades returned a
postal answer he would not have liked: whoever holds a trans-
mitter and an hour of antenna time. A statement of caution
signed by a couple dozen scientists and technologists in 2015
urged worldwide consultation before any deliberate transmis-
sion, and the transmission two years later went out anyway,
consultation being, as ever, the one payload no rocket has
room for. What the argument is actually about, underneath the
exobiology, is the oldest question in this ledger wearing new
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equipment: whether hope requires an addressee. The Record’s
makers answered in 1977 by omission. They wrote to no one,
aimed at nothing, chose a bottle over a beam when a beam
was possible, and their letter is beyond the quarrel now in the
most literal sense available, one light-day out and receding,
past recall, past consent, past jurisdiction, the argument’s one
settled exhibit. Each camp cites the Record for its own side,
the cautious pointing to its whisper and its refusal of an ad-
dress, the senders to the plain fact of its sending, and the let-
ter, as is its habit, endorses nobody. Sagan himself counseled
listening first, the newest voice at the party keeping its coun-
sel, even as his own bottle rode out unaimed, restraint and au-
dacity managed in the one career by the simple trick of never
addressing anyone. The 2017 transmission has its own calen-
dar now: arrival near 2030, the earliest conceivable answer in
the first years of the 2040s, a window some of its composers
have marked in datebooks they reasonably expect to keep,
though Hawking, who died the spring after it was sent, kept no
calendar that long. Whatever the species decides about writ-
ing next, the first letter is mailed, and November’s threshold is
the receipt.

While the original recedes, its copies have been coming home,
and the homecoming is the strangest delivery in the ledger.
For thirty-nine years the Golden Record was the most famous
album on Earth that no one on Earth could play. NASA never
pressed a public edition; the master tapes sat in institutional
custody; the artifact everyone knew from posters existed, as
an experience, for an audience of zero. For those four decades
the most reproduced image of the letter was its cover, the one
surface addressed to nonhumans, studied by millions of hu-
mans who could not play side one, a nation of readers fluent in
the envelope. Forty years of that schooling taught us mostly
about ourselves, which had been the letter’s second address
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all along, and the reissue merely printed the mirror at scale.
Then in 2016 three enthusiasts, a science journalist named
David Pescovitz, a record-store manager named Tim Daly, and
a designer named Lawrence Azerrad, secured the blessings
and the licenses, remastered the audio from the archived
tapes, and put the letter on Kickstarter for its fortieth anniver-
sary, a mailing forty years late to the only address that had
been waiting. More than ten thousand strangers pledged
about a million and four hundred thousand dollars, at the time
the largest sum music crowdfunding had seen, to own a copy
of humanity’s mail and to hear, at last, what the envelope had
been keeping, greetings that open in Sumerian, oldest voice
first, and a whale cutting across the diplomacy without cre-
dentials. The pressing came as a run of translucent gold discs
with the letter’s images bound alongside, the whole boxed like
the reliquary it is, a general edition following the next year for
anyone who had missed the pledge drive, and in early 2018
the reissue won the Grammy for boxed and special edition
packaging, a civilization giving itself an award for a letter it
had addressed to somebody else four decades earlier, and the
trophy itself completes the joke, a Grammy being a small gild-
ed gramophone, the golden record handed a tiny golden
record as its receipt. The rights, examined closely, had traded
places at the front door: out past the heliopause the govern-
ment owns the envelope while nobody owns the letter, and at
home the cover diagram is public property while the songs in-
side are licensed, the two jurisdictions swapping coats on the
doorstep.

The company took the name Ozma Records, and the name
closes a circuit opened on the first pages. Project Ozma was
Frank Drake’s 1960 experiment at Green Bank, the first morn-
ing any human pointed a radio telescope at a nearby star on
the working assumption that somebody might be transmitting,
the listening post from which the whole correspondence de-
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scends; and Drake is the figure standing at both ends of the
wire, the man who aimed the first ear and, seventeen years
later, drew the pulsar map that is the letter’s return address.
The reissue reaches back to that morning and completes a
loop nobody planned: the enterprise that began with an ear
pressed to the sky ends its first epoch with the sky’s outgoing
mail pressed onto records for the senders’ own children.
Sagan always said, when pressed about the odds of alien dis-
covery, that the Record’s practical audience was terrestrial,
that the letter was a mirror wearing the costume of a message,
and the Kickstarter ledger is his claim audited and confirmed:
the first civilization to find the Golden Record turned out to be
the one that sent it. Bedrooms now have turntables where
Blind Willie Johnson hums into the dark for children whose
grandparents were children at the launch, and the loop that
began with one borrowed ear at Green Bank rests, for now, in
ten thousand living rooms. The first mass delivery of the inter-
stellar post was inward, and the post office turned a profit on
the route.

If the book’s braid has a single knot, it is a man, and the finale
owes him his full page. Jon Lomberg, Philadelphia-born in
1948, showed his paintings to Carl Sagan in 1972 and left the
meeting as the astronomer’s principal artist for the next quar-
ter century, chief artist of the Cosmos series with an Emmy to
show for it, designer of the three-minute retreat from Earth
that opens the film Contact, the most-watched departure ever
drawn, the design director of the Golden Record, the hand be-
hind its cover diagram, the pulsar map and the stylus instruc-
tions etched in a medium his own site describes, with justified
plainness, as likely to outlast every other work of human art.
Fourteen years later he sat as chairman of one of the two San-
dia marker teams in Albuquerque, drafting the desert’s men-
ace while his colleagues drafted its glyphs, which makes him
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the only person who has authored, in the full sense, both of
this book’s title letters, the gold one flung up and the granite
one aimed down. That alone would earn the page. What earns
the chapter’s center is the rest of his postal record, because
the man kept writing, and his four letters, taken together with
the warning, recapitulate every fate the ledger knows.

The second letter burned. After the Record, Lomberg di-
rected Visions of Mars for the Planetary Society, an anthology
disk of the literature of the red planet, eighty stories and es-
says running from Swift’s guesses to Benford’s rigor, Schia-
parelli on his canali, Lowell’s purple certainties, the science
fiction that taught three generations to want to go, along with
voices from some twenty nations and recorded greetings to
the future settlers of Mars from the elders of the tribe: Arthur
Clarke speaking from Sri Lanka, Judith Merril, the editor who
had hung Lomberg’s paintings in Toronto when he was twen-
ty-three, introducing the stories, and Sagan himself, taped
near his home in Ithaca with a waterfall running behind his
voice, addressing the Martians of some future century as
neighbors. The disk flew in November 1996 on Russia’s Mars
96 probe, which failed within hours of launch and came down
burning over the Pacific, pieces perhaps reaching the Andes,
the ledger’s one letter destroyed in the mail. Sagan died five
weeks later. The project seemed finished, and then it was
reprinted: the Society remastered the anthology onto a
mini-disk of silica glass, rated in centuries, and NASA carried
it on the Phoenix lander, which settled onto the northern
plains of Mars on the twenty-fifth of May, 2008, the disk bolted
to its deck a meter above the permafrost, a quarter million
names of ordinary people riding along. The lander froze to
death in the Martian winter within the year, as its designers
expected; the library on its deck does not mind, being built for
the wait. It sits there now under the slow pink dust. A small li-
brary stands on Mars, waiting for its borrowers to be born,
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shelved a meter off the floor like any children’s collection, and
a dead man'’s voice, recorded beside falling water on the plan-
et he never left, rests on the planet he spent a life pointing at,
so that somewhere beneath the dust of a dry world lies a
recording of running water, the sound Mars lost, returned to it
as a greeting. The letter that burned was the letter that ar-
rived. Delivery, the ledger keeps discovering, is a career
rather than an event.

The third letter never left the ground, and its failure mode
was new. In July 1994, flush from the Mars anthology,
Lomberg conceived an artifact for the Cassini mission then be-
ing built for Saturn: a wafer of diamond, the least destructible
medium chemistry offers, to be inscribed with a photograph
and landed on the moon Titan, where it might outwait the so-
lar system itself. The photograph existed before the quarrels
did, and it is the most self-aware image in the whole corre-
spondence: a stereo picture, shot by his friend Simon Bell as a
stereo pair so that its finders could see the species in the
round, of a circle of human beings in which an elder holds a
small object and tells its story to the children clustered around
her, and the small object in her hand is the diamond itself, the
letter depicting the moment of its own future reading, grand-
mother and audience standing in for whatever finds it. At the
edge of the frame a sailor readies a canoe at the waterline, the
old Pacific voyaging that Ben Finney, Lomberg’s colleague
from the marker team, had spent an anthropological career
mapping, the outrigger and the orbiter offered to the finder as
one continuing gesture. A photograph of Earth was planned
for the reverse, continental drift as the postmark, readers in-
vited to date the letter by how far the coastlines had crawled,
along with a map of the route from Earth to Saturn and draw-
ings of the two spacecraft themselves, so that whoever found
the wafer could reconstruct the machinery after the machinery
had rusted to lace. None of it flew. Credit and control curdled
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between the collaborators, patience and money ran out
against the launch schedule, and, in Lomberg’s own flat ac-
counting, the project “foundered even before leaving the
Earth.” The diamond was never inscribed. Cassini launched in
1997 without it, and when the Huygens probe drifted down
through Titan’s orange smog in 2005, the most distant landing
ever made, it carried no portrait of the people who built it.
KEO, two chapters ago, taught that a letter can die of postage.
The diamond taught that a letter can die of authorship, too
many hands closing on one pen, and of the ledger’s failure
modes it is the only one with no engineering fix.

The fourth letter is weightless and waiting. New Horizons
left for Pluto in 2006 carrying, as the previous chapter told, a
man instead of a message, and after the flyby Lomberg pro-
posed to correct the omission by the only route still open: up-
load. The One Earth Message would be a crowdsourced self-
portrait, pictures and sounds submitted from anywhere, sorted
by public vote, compressed into the spare corners of the
spacecraft’s memory, and transmitted up through the Deep
Space Network after the science was safely home, the first let-
ter in history consisting of nothing at all, no gold, no glass, no
diamond, pure pattern holding station in an aging computer, a
letter with no mass and therefore no manufacturing, no launch
window, no cargo fee, the first correspondence in the ledger
whose only postage is political. A crowdfunding round in 2017
built the collecting apparatus; endorsements gathered from
the mission’s own scientists; the agency’s formal blessing and
the money for antenna time did not, and as of this writing no
upload has been announced. The spacecraft itself, healthy and
drowsing through the Kuiper dark between assignments,
keeps the room available. The letter sits in the species’ outbox,
addressed, composed in principle, unsent in fact. One man’s
correspondence thus runs the whole board: a letter delivered
into eternity, a letter burned and reprinted onto another plan-
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et, a letter killed in committee, a letter awaiting postage of the
purest kind, and, underneath them all, a warning drafted for
the desert floor. In 1998 the International Astronomical Union
named an asteroid for him, 6446 Lomberg, so the mailman
himself now has a permanent address in the sky, which is
more than any of his letters can claim. He gardens a galaxy
these days, a walk-through model of the Milky Way planted
across Hawaiian ground, the mapmaker retired into his map,
still the only person alive who has written for the desert floor,
the Martian plain, and the interstellar dark and been read, so
far, by none of them. The readership is the one column of his
resume still blank, and it is the column the whole trade is paid
in.

The whole ledger, read at the end the way an executor reads
one, sorts by fate rather than by sentiment, and the sorting is
the summary. Delivered: a painted room under a French hill-
side, sealed by a rockslide and opened twenty-one millennia
later to the smell of its own charcoal, the ledger’s proof that
the mail can work; the daggers and grains and medals of the
sky’s unsigned parcels; a library of fifteen hundred languages
resting on a comet; an anthology of Mars resting on Mars. In
transit: five machines outbound past every planet, two of them
carrying records, two carrying plaques, one carrying its
discoverer’s ashes and, by his family’s chosen inscription, no
message but the man; the two Pioneers fell silent decades ago,
so their plaques have been the entire mission since, the first of
the mailmen to die in the saddle and prove the mail rides on.
Waiting: the salt rooms filling toward their statutory sealing
with the granite still uncut and the berm unbuilt; the seed
mountain at seventy-eight degrees north taking deliveries
from wars it was built to outlast; a steel door in Atlanta hold-
ing its breath for 8113; the bells hanging unstruck in a Texas
shaft; a Finnish tunnel awaiting its license and its first canis-
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ter. Returned: sixty urns of ash, twice cremated, sifting into
the Pacific as weather, the ground reclaiming what the rocket
could not keep. Burned: one anthology over that ocean, later
reprinted. Unsent: a diamond never inscribed, an upload never
scheduled, four typed pages from every human being aging in
Parisian files against a launch that will not come. The dead, in
their new column: one grave on the Moon under a Navajo ob-
jection, one discoverer outbound past everything he discov-
ered, a television crew circling the Sun. And the leaked, the
century of unintentional mail, every broadcast since Marconi
spreading at the speed of the deliberate letters and thinning
faster, the static of a species that corresponded accidentally
for a hundred years before it ever once wrote on purpose,
dance bands and air-raid warnings and quiz shows expanding
through the neighborhood stars in a sphere nobody addressed
and nobody can cancel. The board is not a triumph. Most of
what we have tried to say to the far future is still in drafts, in
probate, in orbit around its own quarrels, and the two title let-
ters remain what they have been from the start, the exceptions
that prove how hard the mail is: one letter actually going, one
letter actually staying, and everything else negotiating. Even
the exceptions carry asterisks. The desert letter is all statute
and no granite still, its berm a drawing, its monoliths a specifi-
cation, its panels filling on schedule toward a sealing whose
markers exist as reports; and the sky letter flew on a budget in
the tens of thousands of dollars, borrowed studio time and
waived fees, hope traveling steerage while memory, back
home, runs on appropriations. The ledger’s last arithmetic is
that we have spent, on the letter we dread, sums that make
the letter we love a rounding error in the account. Fear turns
out to be the better fundraiser. Hope works cheap.

Now set the two exceptions side by side one last time and
collect what everything between them has earned. The desert
letter is memory: correspondence built to survive the absence

239

BolesBooks.com | Free Download Edition



of a sender, a message from a civilization to its own orphaned
future, prepaid in granite and statute because nothing else
about the arrangement can be trusted. The sky letter is hope:
correspondence built to survive the absence of an answer,
flung with no address because an address would have made it
smaller. Every other deposit in the ledger falls somewhere on
the line between those two poles, the vaults and crypts and
clocks each mixing the two tempers in their own ratio, insur-
ance shading into aspiration by degrees no instrument reads.
And the threshold of this chapter quietly fuses the pair. When
the transmitter dies in some winter of the 2030s, the craft will
stop being a sender; there is already no prospect of an answer;
and the Golden Record will become, in that silence, the single
object in existence that is both letters at once, hope and mem-
ory riding one hull, correspondence surviving both absences
together, which may be as close to a definition of the human
signature as the ledger can get. And the desert letter faces the
mirror graduation on a longer fuse: the day the last office that
remembers the waste closes its files, the granite stops being
memory and starts being hope, a message to strangers with no
sender left behind it, addressed the way the Record was ad-
dressed, to whoever. The two letters do not merely balance
each other. Each is scheduled, by its own design, to become
the other, memory ripening into hope as the senders die off,
hope hardening into memory as the answer fails to come, one
act conjugated in two tenses, and the tenses trade. Nothing
else in the inventory can make that exchange; the vaults stay
memory, the transmissions stay hope, and only the two title
letters were built, knowingly or otherwise, on the fault line
where each converts. Down-mail is insured to the last drum,
and the premium difference is the whole finding. The down di-
rection is crowded with maintained things, funded, licensed,
guarded, watched. The up direction holds exactly one artifact
nobody can maintain, and it is the one the species mentions
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when it wants to feel that it might be forgiven. Hope is the
only infrastructure we build with no plan to service it. That is
either its definition or its flaw, and the Record declines, at any
distance, to say which.

This book opened with a girl at a backyard fence, and she has
been waiting twelve chapters, patient as her breed, for her
second breath. She stood at dusk with a dandelion gone to
seed, what children in half the world call a dandelion clock,
because the game is to tell the time by how many puffs it takes
to strip the head bare. She emptied her lungs into it, and the
seeds went over the fence on her breath and out of the yard,
each one a wish with a parachute, unaddressed, unrecallable,
cheap, while twenty-three light-hours out a gold record rode
the dark on a dying machine. That was the picture in the sum-
mer of 2026. In November the arithmetic finishes itself: the
twenty-third hour becomes the twenty-fourth, the wish clears
the fence line of the calendar, and the machine that carries
her species’ music will stand, for the first time, a full day
away, so that anyone who points an antenna at it is aiming at
yesterday, and anything said to it lands tomorrow. The sky has
become a place where the days themselves are kept, and the
smallest clock in this book turns out to be the seed head, ten
thousand years of agriculture balanced on a stem, wound by
nothing, read by breath, its alarm set for wherever the wind
puts it down, the only clock in this whole inventory that plants;
every other timepiece here tells, while this one sows, and what
it sows keeps time in yellow the following spring.

Nothing is planned aboard for the occasion. The craft will
be asked to perform no maneuver, light no instrument, mark
nothing, because the occasion is the impossibility of asking it
anything quickly ever again, a threshold observable only from
the sending end, like most thresholds in the mail; the party,
such as it is, happens where the stamps are sold, as the parties
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in this trade always have. Why hope aims up was the opening
question of this correspondence, and the sky offers its closing
answer in the shape of the milestone itself: up is the one ad-
dress from which nothing writes back, and hope is the tense a
species reserves for that mail.

She does not know the mission’s power budget, and she
does not need to. The trajectory does not require her belief,
and the record does not require her breath; that has been the
upward mail’s whole point from the start, that hope is the cor-
respondence we enter knowing the reply is not coming, and
enter anyway, because the entering is the message. A bean
field in Ohio once heard a shout nobody could confirm, and the
confirmation the listeners wanted has never come. The silence
ahead is the opposite kind, the only silence in the ledger that
arrives with a date range and a budget line.

Some Monday morning in the 2030s the good morning will
go out from Pasadena at eight and no Wednesday will answer
it, and the engineers will file the last report of the longest con-
versation ever conducted, and the letter will not notice. It will
go on at thirty-eight thousand miles an hour, and in forty thou-
sand years it will pass, at a polite distance, a faint star in
Camelopardalis, wearing a cover designed for a billion, in the
pale perpetual daylight of deep space, the Sun a hard bright
star it can no longer feel, carrying a heartbeat, a kiss, a brain-
wave, greetings in languages living and dead and one whale’s,
a street scene, a train, and the sound of rain. Somewhere be-
neath it, always, a child will be counting breaths against a
seed head at dusk. One breath, one tick. The spring stays
wound. The sky stays open.
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Note on Sources

This book reports real events and quotes real documents.
What follows names the principal sources behind each part
and points the reader toward the records that reward a closer
look. Every quotation in the text is drawn from these sources;
where wording carried a legal or historical point, the original
phrasing was kept short and exact, and everywhere else the
argument is put in my own words. Nothing here was invented.
Where a scene is offered as reconstruction or a claim as hy-
pothesis, the text says so where it appears.

The Prologue adapts an essay of mine, “Hope Has No Shov-
el.” Its literary sources sit in the public domain and are named
in place: Oscar Wilde’s Lady Windermere’s Fan, the Psalms
and Ecclesiastes in the King James rendering, Dante’s Comme-
dia, Thomas More’s Utopia, and the writings of Konstantin Tsi-
olkovsky and his teacher Nikolai Fyodorov. The Kola Su-
perdeep Borehole, the overview effect reported by returning
astronauts, and Carl Sagan’s phrase about star-stuff belong to
the public record.

Part One, on the letter that went up, rests above all on the
account the Record’s own makers left. Murmurs of Earth, the
1978 book by Carl Sagan, Frank Drake, Ann Druyan, Timothy
Ferris, Jon Lomberg, and Linda Salzman Sagan, remains the
primary source for how the disc was chosen and built under a
six-week deadline. The launch dates, trajectories, and present
positions of the two Voyager spacecraft come from NASA and
the Jet Propulsion Laboratory, whose mission pages are kept
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current. The Wow! signal is documented in the records of the
Big Ear radio telescope and in the account of the astronomer
who marked the printout.

Part Two, on the letter that went down, draws on the re-
ports of the marker panels convened at Sandia National Labo-
ratories in the early 1990s to design a warning for the Waste
Isolation Pilot Plant, including the message language quoted in
the text and the marker concepts proposed by the architects
and designers who served on those panels. The earlier propos-
als of the Human Interference Task Force, among them the
atomic priesthood suggested by Thomas Sebeok and the col-
or-changing cats later revived as the Ray Cat Solution, appear
in that body’s published papers. For Lascaux, the chapters fol-
low the published history of the cave’s discovery in 1940, its
closure to the public, and the facsimile built to replace it. What
the ground returns, from the Ensisheim meteorite of 1492 on-
ward, is traced through the meteoritical and legal records
named in place.

Part Three, the ledger, moves across many sources. On the
vertical in law, the argument follows the reported cases,
among them United States v. Causby and Goddard v. Winchell,
together with the text of the Outer Space Treaty of 1967, the
Waste Isolation Pilot Plant Land Withdrawal Act of 1992, and
the Artemis Accords. For the seed vault, the history comes
from the Crop Trust and the vault’s own operators, including
the withdrawal of 2015, the meltwater intrusion first reported
in 2016, and the recognition of its founders with the 2024
World Food Prize. The clock, the Rosetta Disk, and their relat-
ed projects draw on the publications of the Long Now Founda-
tion, and the account of the LAGEOS satellites and the KEO
project rests on their own public record. The chapter on the
dead who go up, written by the author, names its sources in
the text: the Lunar Prospector and New Horizons missions; the
objections raised by Albert Hale in 1998 and Buu Nygren in

244

BolesBooks.com | Free Download Edition



2024; the Peregrine lander and the memorial-spaceflight man-
ifests; the veterinary study by Lindsay Oaks and colleagues
that identified diclofenac as the cause of the Indian vulture
collapse, published in 2004; and the study by Eyal Frank and
Anant Sudarshan on the human cost of that collapse, pub-
lished in the American Economic Review in 2024. For the final
chapter, the sources are NASA and the Jet Propulsion Labora-
tory on the status of Voyager 1 and the one-light-day milestone
of November 2026; the transmission literature for the debate
over sending, including the Arecibo message of 1974, the Cos-
mic Call transmissions of 1999 and 2003, and the targeted
transmission of 2017; the crowdfunding and reissue record of
Ozma Records; and Jon Lomberg’s own published account of
his four later letters, from Visions of Mars through the pro-
posed One Earth Message.

A short shelf, for the reader who wants to go to the sources
first: Carl Sagan and colleagues, Murmurs of Earth (1978); the
Sandia National Laboratories marker reports (1993); Sir
Thomas Browne, Hydriotaphia, Urn-Burial (1658), quoted in
the epigraph and still the finest meditation in English on what
oblivion keeps and what it scatters; the 2004 study by Lindsay
Oaks and colleagues on diclofenac and the vultures; and the
2024 American Economic Review study by Eyal Frank and
Anant Sudarshan on what their loss cost the living. The mis-
sion pages of NASA and the Jet Propulsion Laboratory, the
Long Now Foundation, the Crop Trust, and the Planetary Soci-
ety carry the current state of the letters still in transit.
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Questions for Discussion

. The book argues that since 1972 the direction of humanity’s
hope infrastructure has been reversing, with vaults,
bunkers, and buried archives absorbing the ambition that
once went to launches. Do the examples persuade you that
this is one real reversal, or two separate trends that hap-
pen to overlap in time?

. The Golden Record was addressed to no one in particular
and expects no reply. The seed vault was addressed to our
own descendants and assumes they will come. Which of
these two ways of writing to the future strikes you as the
more honest, and why?

. Hope, in this book, is correspondence that survives the ab-
sence of an answer, and memory is correspondence that
survives the absence of a sender. Where in your own life
do you send messages of each kind, and do the definitions
hold?

. The desert warning tries to repel its future readers, while
nearly every other message humanity has buried tries to
draw them in. Is a warning still a letter, and does it belong
in the same family as the Golden Record?

. The Navajo objection to burying the dead on the Moon rests
on the claim that a place can be unowned and still occu-
pied, empty in law and not in fact. How should a society
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weigh a sacred claim against a commercial license when
no law connects the two?

6. Should humanity deliberately transmit messages toward
known planets, knowing a reply might arrive within a life-
time, or does the risk of announcing our position argue for
listening only? Whose consent, if anyone’s, should be re-
quired before the species answers for itself?

7. The book keeps a distinction between curation and burial.
Curation saves a chosen fragment; burial keeps the whole.
Which does the better job of carrying a life, or a civiliza-
tion, into the far future?

8. The clock in the mountain works only if someone keeps
winding it, and it is built to be tended by people not yet
born. Is a monument that depends on continued human at-
tention a sign of confidence in the future, or a hostage to
it?

9. The most expensive letters humanity has written point
downward, toward warning and containment, and the
cheapest point upward, toward hope. What does that
spending pattern reveal about what a civilization fears and
what it merely wishes for?

10. Several of the book’s letters failed. An anthology burned
over the Pacific, a diamond was never inscribed, an upload
was never sent. Do these failures weaken the argument
about the human impulse to write to the future, or do they
belong to the evidence for it?

11. The book ends by claiming that on the day its transmitter
dies, the Golden Record will become both letters at once,
hope and memory fused. Is that a fair resolution of the
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12.

book’s central opposition, or a move that dissolves a real
difference?

If you could add one message to either letter, the one go-
ing up or the one going down, what would you send, and
which direction would you choose?
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