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PROLOGUE

DEATH AND RESURRECTION

No one knows what brought the huge animal down. The life of a di-
nosaur had no shortage of perils. Even a dinosaur this big—more than
80 feet long and weighing perhaps 65 to 70 tons—was not immune.
Something killed it: disease, injury, attack, possibly just old age. At
some point its knees buckled and it dropped to the ground with a seis-
mic thud, or perhaps a massive splash. It was almost certainly still alive
at that moment—critically injured or racked with illness, perhaps, but
still alive. Too weak to lift its head above the incoming tide, it may have
drowned. It may have expired quietly, alone. It may have been sur-
rounded by its fellow creatures, in much the same way elephants will
gather around a stricken member of their herd. It may have been sur-
rounded by far less sympathetic company. A predator, perhaps its at-
tacker. Maybe more than one. The scent of death travels far. Ever
opportunists, the predators may have begun dismembering the great
animal while it was still struggling, still clinging to life.

Eventually the beast lost its battle against death. Almost immedi-
ately thereafter, possibly even before, when they knew it was safe to ap-
proach, the scavengers arrived—by land and air, even water—and began
tearing apart the carcass. Soft tissue left behind by the larger scavengers

was consumed by smaller ones, insects and bacteria, gradually decom-
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posing into the soil or water beneath. The dead sustain the living: con-
servation of energy and matter.

In time, all that was left were the beast's great bones, scattered now,
no longer part of an intact skeleton. Mud and sand drifting in and out
on the tide collected around its remains. The process was so gentle that
it did not disturb the bones much and merely buried them.

Bones are remarkably good at providing evidence of trouble, in both
dinosaurs and humans. Bones preserve the signs of fractures and breaks
even after they heal because the new material that fills in the cracks, called
callus, is structurally different from the original. And even after new bone
cells replace the callus, traces ofthe injury often remain. Disease can de-
form bones as well, twisting them, causing abnormal growths or altering
their density or porosity. And the scars of tooth marks remain on bone
even after predator and prey have been dead for tens of millions of years.

But over those millions ofyears, the bones can change. Very gradu-
ally, minerals dissolved in water percolating through the soil—silicate,
calcium carbonate, iron oxide, calcium sulfate, and others—can perme-
ate the porous structure of bone, filling in around and in some cases ac-
tually replacing the organic material of which the bone is composed. In
the case of this particular dinosaur, the result of thousands of years of
this exquisitely slow process was a certain kind of immortality for the

fallen giant. It had become a fossil.

And that would normally be the end ofthe story. But in this case, it was
just the beginning. On May 31, 2001, at a press conference in Philadel-
phia, the great beast was resurrected.

That same day, the June 1 issue of the prestigious magazine Science
was released. In it was an article formally describing "A Giant Sauropod
Dinosaur from an Upper Cretaceous Mangrove Deposit in Egypt."The

article announced, in the typically arid prose of such journals:

We describe a giant titanosaurid sauropod dinosaur discovered in

coastal deposits in the Upper Cretaceous Bahariya Formation of
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Egypt, a unit that has produced three Tyrannosaurus-sized theropods
and numerous other vertebrate taxa. Paralititan stromeri is the first
tetrapod reported from Bahariya since 1935. Its 1.69-meter-long
[about 66.5 inches] humerus is longer than any known Cretaceous
sauropod. The autochthonous scavenged skeleton was preserved in
mangrove deposits, raising the possibility that titanosaurids and their

predators habitually entered such environments.'

At the press conference, held on the campus of the University of
Pennsylvania, Ann Druyan, founder and CEO of Cosmos Studios,
stepped to the microphone before a large group ofreporters and televi-
sion cameras. To her left were five young scientists. She introduced the
young man closest to her and he came to the microphone.

Josh Smith, a Penn doctoral candidate in paleontology, expressed his
surprise at the number ofreporters present and thanked them for com-
ing. Then he told them a story. It was the story ofa long forgotten Ger-
man explorer and scientist who, almost a century earlier, had made not
one but several astonishing dinosaur discoveries in, ofall places, the Sa-
hara Desert. It was a story about how the scientist lost them, and much
more besides, through a series of crushingly tragic events.

It was also the story of a group of young contemporary scientists
who believed they could resurrect the German's legacy and, at the same
time, make a significant contribution to the world's understanding of
what the planet looked like nearly a hundred million years ago.

In the Western Desert of Egypt in the winter 0f2000, the group had
succeeded, beyond their wildest imaginings, at both.

Smith introduced the other members of the Bahariya Dinosaur
Project team: fellow paleontology doctoral student Matthew Lamanna
and geology doctoral student Jennifer Smith, both from the University
of Pennsylvania; Drexel University professor of engineering geology
Kenneth Lacovara; and Jason Poole, head of the fossil preparation lab-
oratory at Philadelphia's Academy of Natural Sciences. Smith also in-
troduced two Penn faculty advisers who participated in the expedition:

Dr. Robert Giegengack, experienced Egypt hand and chair of the De-
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partment of Earth and Environmental Science; and from the School of
Veterinary Medicine, Dr. Peter Dodson, one of America's best-regarded
vertebrate paleontologists.

Smith thanked three members ofthe team who were not present but
whose participation had been critical to the success of the expedition:
their Egyptian collaborators Yousry Attia, geologist and curator of the
Egyptian Geological Museum, and Medhat Said Abdelghani and Yas-
sir Abdelrazik, members of the museum's paleontology staff.

Then Smith introduced a bone.

Between the group and the audience was a long, heavily reinforced
table with a large object covered by a plain white sheet. Smith and Jason
Poole stepped up to the table, removed the sheet, and revealed a reddish-
brown dinosaur bone of stunning immensity. A murmur went around
the room; camera lenses zoomed. Then came the questions. The press
conference went into overtime. But one question in particular captured
the moment:

"So give us an idea of how big this animal was, say, compared to an
elephant.”

Matt Lamanna stepped to the microphone, laughing, and said:
"This animal was as big as an entire herd of elephants."”

The next day this lost dinosaur from Egypt was front-page news
around the world. Josh Smith and Matt Lamanna would spend the next
three weeks on the phone and in radio and television studios describing
the great beast and the expedition that discovered it.

But as is so often the case, the media missed entirely the fact that the
dinosaur, as big as it was, was only a small part of the story of the Lost
Dinosaurs of Egypt.

This is the whole story.



ONE

REAPING THE WHIRLWIND

The second extinction ofthe dinosaurs from the Bahariya Oasis began
shortly after midnight. It came from the sky. It began with a barely dis-
cernible disturbance in the air, a distant rumble that insinuated itself
into the quiet of the night and quickly grew in intensity to a deafening
roar. Then, suddenly, the sound became sight and the dark became light
as the sky itselfbecame fire. Moments later the roaring was punctuated
by a stunning explosion that shattered the still night air. Then another.
Then dozens more, until the earth shook and the ground split. Almost
immediately, the sound and light became smell—the smell of burning,
the singed stink of death. Screams rent the night, and soon the living

became the dead.

There have been roughly a dozen mass extinctions during the his-
tory of life on Earth, five of them so severe and all-encompassing that
they killed off vast numbers of living things. One was so catastrophic
that it came close to ending life altogether. Indeed, all of the species
alive today represent only 1 percent of all the life that has ever lived dur-
ing the Earth's history. The other 99 percent have long since perished.'
By far the worst of the mass extinctions occurred an estimated 245 mil-
lion years ago and took several million years to run its course. But

though it was gradual, it was also exceptionally deadly Scientists believe
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fully 95 percent of all the forms of plant and animal life in the seas at
that time were likely eliminated. Though the cause is still hotly debated,
many scientists believe that the consolidation of all of the continents
then in existence into a single landmass—called Pangaeca—caused sea
levels to fall, the land to heat, and the ocean to stagnate. In this scenario,
carbon dioxide levels rose, the heat increased, oxygen levels in the ocean
plummeted. Slowly but surely, life in nearly all its forms suffocated to
death.” All we know about the creatures that vanished is what they left
behind, their fossilized remains—petrified plantlike stems and calices of
sea-dwelling crinoids, limy corals, bits of ammonite shell, skeletons of
certain kinds of fish, tiny seagoing creatures.

But extinctions can also occur with cataclysmic suddenness. The age
of the dinosaurs, those massive reptiles that ruled the Earth for more
than 165 million years, appears to have ended abruptly, in geological
terms, roughly 65 million years ago. To this day, no one knows why. One
theory, intriguing though not widely accepted, points to the fact that
this was a period of intense volcanic activity in many places on the
Earth's crust. Perhaps the most spectacular eruption occurred in what is
now southern India. There, between 66 and 68 million years ago, the
Earth cleaved apart, spewing what may have been as much as 48,000
cubic miles oflava over an area of more than 772,000 square miles,’ an
area roughly three quarters the size of the entire American West. The
remnant ofthis event is a formation known to geologists as the Deccan
Traps.' The consequences of an eruption of this scale could have been
appalling: Immense quantities of dust and ash would have been flung
into the upper atmosphere and, in a matter of weeks, would have dark-
ened the sky everywhere on the globe. In time, starved of light, plants
would have shriveled and died. Animals that lived on plants would have
followed, and animals that lived on other animals would, in turn, have
followed them. What may have happened next is uncertain. The sul-
furous air could have reduced temperatures sharply worldwide. Alterna-
tively, the death of plants on land, and algae in the seas, may have caused
carbon dioxide levels in the air to skyrocket, creating a massive green-

house effect.’ In no time at all, geologically speaking—perhaps only a
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few thousand years—the diversity of life on Earth would have been
drastically reduced.

That is one theory. Scientists from the University of California at
Berkeley and Lawrence Livermore National Laboratory proposed an-
other, more frightening one: that the great age of dinosaurs was termi-
nated by the impact of an object plummeting from space. Examining
rocks in Gubbio, Italy, the scientists found surprisingly high levels ofa
rare element called iridium in a narrow band ofrock that dated back 65
million years. Iridium does not occur normally in the Earth's crust in
such concentrations: Most arrives from space through the gentle rain of
cosmic dust and the somewhat less gentle arrival of small meteorites
and asteroids. The accumulation of this element has been fairly consis-
tent throughout time. But in this particular layer, the element appeared
in the rock at a concentration equal to all the iridium that had been de-
posited in the preceding half million years!” In 1980 researchers felt
confident enough to make an announcement that was quite literally
earth-shattering: 65 million years ago, they explained, an asteroid or
comet roughly the size of Mount Everest struck the Earth at a speed of
more than 22,000 miles per hour, creating an explosion 10,000 times
more powerful than if all the nuclear bombs that exist today had gone
off at once. The impact vaporized the comet or asteroid and spread irid-
ium—and destruction—across a great swath of the Earth's surface, in
roughly the same manner and to the same effect as the Deccan Trap
eruptions.” The impact theory was strongly supported a decade later by
the discovery ofa crater, one of the largest yet discovered. Between 100
and 125 miles in diameter, it was found beneath the Yucatan Peninsula
and the Caribbean Sea. Its date of origin? Roughly 65 million years ago.

Other craters of similar age also have been discovered.’

So, which phenomenon caused the disappearance of virtually every
single dinosaur on Earth? Maybe both, and other events as well.” It may
well be that the age of dinosaurs was, in both ecological and evolution-
ary terms, an immense house of cards—intact but extraordinarily frag-
ile. Or it may be more like the straw that broke the camel's back; as one

nio

scientist puts it, "Things got bad, then they got worse.

9
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Although similar in effect, the second extinction of the dinosaurs of
the Bahariya Oasis, which occurred less than a century ago, had a dif-
ferent cause altogether. This particular extinction was a product of nei-
ther terrestrial nor extraterrestrial geologic forces. This extinction was

man-made.

Wing Commander G. Leonard Cheshire arrived at the Royal Air
Force's aerodrome at Woodhall Spa on the morning of April 24, 1944,
as the soft spring sunlight began burnishing the hazy, expansive land-
scape ofeastern England. An American expatriate to England, the poet
T. S. Eliot, once wrote that "April is the cruellest month," but in Lin-
colnshire it can be positively radiant, the grass impossibly green, fields
of nearly black soil freshly plowed and planted, lanes replete with natu-
ralized daffodils and hedgerows frothy with hawthorn blossoms. As flat
as a snooker table and richly fertile, this area just south of the Lin-
colnshire Wolds, along with the adjoining reaches of Cambridgeshire,
contains to this day some of Britain's finest farmland, producing a wide
array of market vegetables and flowers for the country's industrial cities.
But after the outbreak of World War II, the region's principal crop was
aerodromes. Close to the coast, and therefore to Nazi Germany, the
farm fields became airfields. RAF Woodhall Spa, with three runways
forming a rough triangle, a pair of corrugated-iron hangars, and a scat-
tering of thrown-together brick huts, was simply one of dozens of air-
fields scattered across the eastern counties. The pilots and officers were
billeted in a hotel in town that had been requisitioned by the Air Min-
istry. They got to and from the airfield mostly by bicycle.

As he approached the flight briefing room, Leonard Cheshire was ef-
fectively a walking miracle. An RAF bomber pilot for nearly four years,
Cheshire by now should have been dead. The RAF's losses through the
first three years of the war had been staggering. On average, of every
hundred crew members in Bomber Command, only twenty-seven sur-
vived. Losses for each sortie or bombing mission ranged from 5 to as

high as 10 percent. A single tour of duty for a bomber pilot involved
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thirty sorties. Mathematically, at least, a pilot couldn't be expected to live
through one complete tour of duty. Cheshire was well into his fourth. He
was twenty-seven years old.

Cheshire was an unlikely ace. With his movie-star looks and a col-
lege career at Oxford that he freely admitted was distinguished more by
carousing than achievement, he hardly seemed a candidate for great-
ness. One biography describes his college years as "a time of fast cars,
reckless exploits, fantastic extravagance, mounting debts and shady as-

ni

sociations."" A student ofthe law, he graduated with a second-class de-
gree, but that would turn out to be of far less importance to Cheshire,
and to England, than another skill he learned at school: the science and
art of flying. Cheshire joined the university's Air Squadron in 1936, and
the undeniable panache attached to flying suited him perfectly. He was
commissioned in the RAF Volunteer Reserve in 1937, as war with Ger-
many began to seem inevitable; he joined No. 102 Squadron in June
1940, immediately after completing his degree. And there Cheshire
seemed to find himselfat last, quickly demonstrating remarkable flying
skills and strong but compassionate leadership ability. Combining what
his fellow pilots described as an ice-cold brain and hair-raising flight
tactics, Cheshire soon won the admiration ofhis crews and the respect
of the leadership of Bomber Command. During the next four years he
and his crews were assigned ever more difficult missions. Unlike most of
his fellow pilots and squadron leaders, however, Cheshire always made

it home—though sometimes only barely.

On this particular morning, April 24, 1944, Cheshire knew that
this, his hundredth mission, had an importance that far exceeded any
other in his flying career to date. Cheshire had become the critical
weapon in a high-risk battle between not England and Germany but
two senior officers of RAF Bomber Command. That the outcome of
this night's sortie might substantially affect the success ofthe upcoming
top-secret Allied invasion of France seemed, at that moment at least,
secondary to the war that had been waged for months between No. 8
Bomb Group commander Air Vice Marshal Donald Bennett and No. 5
Bomb Group commander Air Vice Marshal Ralph Cochrane.
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The first three years of the war had been difficult and sometimes dis-
astrous for the RAF. Initially, its bomber force wasn't large enough to
pose a significant threat to the Germans (even as late as mid-1941, the
RAF had only seven hundred serviceable planes available on any given
day).” In addition, the bombers they did have lacked the speed, range,
power, or altitude capabilities needed to drop large numbers of bombs
on targets within Germany. At the same time, the RAF didn't have the
long-range fighters needed to escort and protect bombers from German
fighters during daytime raids. As a result, Britain could conduct only
nighttime raids—a perfectly reasonable strategy if the RAF had devel-
oped the navigational technology to guide its bombers to their targets
effectively at night. But they had not. Operating in the early years es-
sentially by dead reckoning—aquite literally "in the dark" about their own
location—the bombers more often than not were unable to find their
targets, and they often failed even to hit the cities in which their targets
lay. And the RAF's losses were brutal. During 1941 its aircrew losses

were actually higher than the civilian losses at its German targets."

The British command concluded that the only way to wage a suc-
cessful air war was to build a massive number of heavy bombers, work
furiously to improve navigation technologies, and then mount a sus-
tained campaign of areca-wide bombing raids to destroy not just Ger-
man military materiel, but also the homes, morale, and lives of German
civilians as well. On February 23, 1942, the Air Staff named Arthur
Harris—soon to be nicknamed "Bomber Harris"—air chief marshal to
carry out the policy. He was "a commander of coarse single-mindedness
[who] had neither intellectual doubt nor moral scruple about the Tight-
ness of the arca bombing policy and was to seek by every means—
increasing bomber numbers, refining technical bombing aids, elaborat-
ing deception measures—to maximize its effectiveness."” As new
planes began to enter service, Harris was able to put as many as a thou-
sand bombers in the sky on a single night, creating firestorms in some
German cities that reached in excess of 1,000 degrees Fahrenheit; even
the asphalt pavements caught fire. It was Harris who is famously quoted
as saying of the Germans, "They have sown the wind, and now they

shall reap the whirlwind."
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Although the RAF's technicians steadily developed better naviga-
tional technologies (only to have their advantage quickly countered by
Germany's own technicians), bombing accuracy was still unacceptably
poor. Internal RAF studies found that despite the tonnages of bombs
dropped, targeting was still "wide or wild," and the bombs were having
little effect on Germany's ability to wage war.

In the end it was human innovation that began to improve the effec-
tiveness of the RAF's bombing campaign. That innovation was the birth
of the Pathfinder Force. The Pathfinders, created within Air Vice Mar-
shal Bennett's 8 Group on August 24,1942, were a group ofelite pilots
and crews who were assigned to fly ahead of a bomber formation and
mark the targets with flares. Flying Lancaster heavy bombers and, on
occasion, light, high-speed Mosquito fighter-bombers, the Pathfinders
traced the route across Europe, then dropped brilliant markers to guide
the bomber streams that followed. Bomber Command chief Harris ini-
tially had opposed the creation of the Pathfinders, fearing it would
siphon offhis best crews and strip the RAF ofits leaders, but their suc-
cess was undeniable and eventually he relented. Each target marker con-
tained sixty pyrotechnic flares equipped with barometric fuses designed
to set off at predetermined altitudes. As the air war progressed, the flares
were color-coded daily to prevent German decoy flares from drawing
the incoming bombers offtarget. Though much improved, accuracy was
still inadequate and, as a weapon of war, "Bomber Command remained

more ofa cudgel than a rapier."”

The plain fact was that area bombing was not slowing appreciably
the flow of materiel to German troops. Consequently, in June 1943, the
Allied Command, meeting in Casablanca, changed the bombing rules
on Harris and ordered that the area bombing campaign be replaced
with a more narrowly focused one aimed at destroying smaller and
much more strategic targets: refineries, rail yards, submarine bases, air-
plane engine factories, and transportation hubs, among others. Harris
vehemently opposed this new offensive, code-named Pointblank, and
for the most part simply refused to alter his long-standing commitment

to massive area bombing.

This was more than just stubbornness on his part. For one thing, the
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Germans had repeatedly demonstrated an astonishing ability to hide,
relocate, or simply rebuild military manufacturing factories destroyed
by Allied bombers. Harris argued that "strategic" bombing would have
little practical effect. Only massive and sustained bombing of entire
cities would break the will of the German people, cripple the country's
industrial capacity, and starve its troops of the means of waging war at
the fronts. But Harris and his subordinate Bennett knew something else
as well, something they were perhaps somewhat less willing to admit:
that even with the Pathfinders marking targets, their nocturnal bombers
could not achieve the kind of pinpoint accuracy required by Pointblank.
Bennett in particular was convinced that the Pathfinders could never fly
low enough to mark such targets precisely without being destroyed by

ground defense forces.

Enter Air Vice Marshal Cochrane, commander of 5 Group. While
Bennett's 8 Group had the Pathfinders Force, Cochrane's 5 Group had
the No. 617 Squadron—the so-called Dambusters—whose daring low-
level bombing in 1943 had destroyed the hydroelectric dams in the
Ruhr Valley, crippling German industrial capacity there and capturing
the imagination of the British people. Cochrane was convinced the
problem with the Pathfinders Force was that they released their flares at
too high an altitude; he argued that low-altitude target marking could
dramatically improve bombing accuracy without increasing casualties.
At a meeting on January 18, 1944, he presented his case formally to
Harris. Bennett, who attended, was opposed, and assumed the matter
was closed. But Cochrane lobbied relentlessly for a chance to demon-
strate his theory. What's more, he had an ace in the hole: Leonard
Cheshire, now wing commander of No. 617 Squadron, had in early
1944 successfully marked the Gnome and Rhone engine plants at
Limoges, France, from an altitude of only two hundred feet. The rest of
Cheshire's squadron, following close on his tail, had demolished the
factories."”

Throughout the early months of 1944, Cheshire and his squadron
worked continually to fine-tune their low-level bombing tactics until,

by early March, they could promise that upwards of 60 percent of their
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bombs would fall within a hundred yards of the target, an unheard-of
level of accuracy. On April 14, Harris not only gave Cochrane the go-
ahead but went so far as to transfer Bennett's No. 627 Mosquito
fighter-bomber squadron as well as his No. 83 and 97 Lancaster bomber
squadrons to Cochrane's command. Bennett was so furious he had to be
restrained from resigning his command.”

Cochrane had more on his mind, however, than simply showing off
his best fliers or advancing his career. Planning for Overlord, the Allied
invasion of Normandy, was well advanced. D Day was only weeks away.
If low-level target marking was feasible under extreme combat condi-
tions, if it could significantly improve the accuracy of bombing raids,
then nighttime bombing of heavily fortified German installations in
France might be accomplished without causing massive losses among
French civilians. The strategic importance of this demonstration mis-
sion was very high indeed.

Having made his Faustian bargain, Cochrane now learned what it

was to cost him: Harris wanted Munich.

In the spring of 1944, Munich was the second most heavily defended
city in Germany, after Berlin. If that was not sobering enough, it was
also located so deep within the country that it lay at the very limit of a
Mosquito's round-trip fuel range. Assuming they met with no fuel-
consuming headwinds, dropped their markers on their first try, and
were not required to undertake many evasive maneuvers, Wing Com-
mander Cheshire's target markers would have just fifteen minutes of
fuel to spare when—and if—they returned to England.

Bomber Command chose Munich for reasons as much symbolic as
strategic. Certainly destroying the rail center, the raid's principal objec-
tive, had strategic value. But Munich was also the birthplace and cere-
monial home of the National Socialist German Workers' Party—the
"premier city of the Nazi Movement."" Berlin may have been the ad-
ministrative heart ofthe Third Reich, but Munich was its soul. Destroy

it and you would destroy Nazism's birthplace and drive a symbolic stake
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into Hitler's heart. The RAF had attempted to do just that in the early
months of the war, with catastrophic effect—not to Germany, but to
England. It was this early unsuccessful raid on Munich that resulted in
the retaliatory raid by Germany which destroyed Coventry, England.
Perhaps Harris had been waiting all this time to get even.

And so, sometime around midday on April 24,1944, 617 Squadron
Wing Commander Leonard Cheshire, the marker leader for the mis-
sion, taxied his Mosquito to the end of the runway at Woodhall Spa
aerodrome, raced down the end of the airstrip, and lifted into the air.
Three other Mosquitoes followed suit, piloted respectively by Squadron
Leader David J. Shannon as deputy leader and Flight Lieutenants G. E.
Fawke and R.S.D. Kearns as assistant deputies. Though Cheshire had
spent most of his years as a pilot at the controls of Lancasters, the
deHavilland-designed Mosquito was uniquely suited to this mission.
Lightweight—manufactured, in fact, largely of plywood—and fitted
with a pair of powerful and reliable Rolls-Royce Merlin engines, the
Mosquito could fly faster and higher and maneuver better than any

other plane in the war at that time.

Together, the four planes turned south and made for Kent, in south-
eastern England. There, at RAF Manston aerodrome, they would top
up their fuel tanks and await the order to take off again, this time for
Munich.

Even before darkness had fallen, from airfields scattered across the
countryside around the cathedral city of Lincoln, bomb-laden Munich-
bound Lancasters lumbered into the air. By this stage of the war the for-
mation pattern was well established: The bombers rose and circled over
eastern England, massing and eventually forming a dense bomber
stream before turning east toward the European coast and their target.
In all, the raid on Munich would involve 244 Lancaster heavy bombers
and 16 Mosquitoes.” By 1944 the Lancaster, with its four Merlin en-
gines and its immense bomb-carrying capacity (up to twenty-two thou-
sand pounds of bombs by the end of the war), had become the RAF's
"Shining Sword." Lancasters had the range, speed, altitude, and sheer

flyability that earlier bombers had lacked. In addition, with hydraulic
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gunner turrets fore, aft, and amidships, Lancasters were formidably able
to defend themselves.” They were tough, resilient flying machines; it
was not uncommon for ground crews to hear, long after the main force
had returned home, a Lancaster straining through the early-morning
sky and see one of their crippled charges skim the hedgerows at the end
of the airfield to touch down safely, if awkwardly, with only two engines
functioning.

The main bomber force took off in daylight because Bomber Com-
mand had devised an elaborate ruse to throw off the German defense
forces. Instead of turning east toward Germany, the Lancaster force
flew south, crossing the English Channel near Southampton, passing
over the Normandy coast at Deauville, continuing on this southerly
course to Romorantin, just east of the grand chateaus ofthe Loire Val-
ley. There the bombers turned to the southeast and flew high above the
vineyards of Burgundy toward Geneva. To German trackers, their route
was unmistakable: heading straight for Milan, Italy. And indeed a small
force of sixteen Lancasters did exactly that, scattering flares and a cloud
of tinfoil strips (called "window" by the RAF) over the city to trick radar
installations there into believing a huge force of bombers had arrived. In
fact, the main force had turned due east just beyond Geneva and then

north, heading directly for Munich.

After German command recognized the false alarm in Milan, they
had new trouble on their hands: Another force of 637 RAF bombers
had mounted a simultaneous raid on the industrial city of Karlsruhe in
southern Germany, near the French border,” and German defensive
fighter planes raced back to defend that city. By the time the German
command realized another force was headed for Munich it was too late;
the fighters were effectively out of fuel.”

As these various feints and evasions got under way, Cheshire's four
Mosquito target markers streaked through the sky on a ramrod-straight
route from Kent, over Belgium and across southern Germany to Mu-
nich. The weather was terrible. The Mosquitoes lifted off from RAF
Manston several hours after the main bomber force and immediately

ran into dense cloud cover. They managed to stay on course and broke
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out of the cloud cover near Augsberg, just northwest of Munich, where
they were immediately picked up by ground defenses, plastered with
searchlight cones, and subjected to withering flak attacks. Miraculously,
they reached Munich shortly after midnight, on time and unscathed.
Here some three hundred searchlight beams groped for their planes in
the night and bursts of lethal radar-guided flak were heavy, in part be-
cause an advance group of Pathfinder Lancasters from the main force
had just released a stream of flares high above the city to enable
Cheshire and his fliers to find their marks.

Cheshire was the first of the target markers to arrive. Looking down
at the brilliantly illuminated city from an altitude of five thousand feet,
he saw his aiming point directly beneath him—a Gestapo building just
east of the raid's strategic target, Munich's central railway station and its
switchyards. A proper approach would have meant crossing the city and
returning, which, given his fuel limitations, he could not afford. Imme-
diately and instinctively, he dropped one wingtip and put the Mosquito
into a vertical dive he knew would exceed the safe speed limits of the
plane. Only a few hundred feet from the ground he began to pull up, re-
leasing his markers and placing them virtually on the rooftop ofhis tar-
get. Struggling to retain consciousness in the enormous G-force created
as he reversed the dive, he put the plane into a steep climb through the
flak clouds. He called in the other three Mosquitoes to mark their tar-
gets. Circling the city atjust a thousand feet, Cheshire, acting as the op-
eration's master bomber, summoned the main bomber force to the

markers. They came in two waves, separated by a few minutes.

Cheshire's own situation was now extremely perilous. His plane was
illuminated by light from above and below and subjected to intense
ground attack. Above him, waves of Lancasters passed high above the
city. One by one, they opened their bomb bays. The sky filled with
bombs and incendiaries. Moments later, explosions traced lines of fiery
destruction across the center of Munich.

With fuel already dangerously low and flak explosions thundering
around them, Cheshire finally took the four Mosquitoes home. Search-

lights and flak followed them, and Cheshire was forced to execute vio-
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lent and fuel-costly evasive maneuvers. Twisting through the sky, they
finally outran enemy fire. With luck, they would have just enough fuel
to make it back to RAF Manston airfield. And luck was with them, at
least until they crossed the English coast and began to descend. Ahead,
the field was illuminated oddly, as if it was having electrical trouble. It
was Cheshire who realized what was up: A lone German fighter plane
was shooting up the airfield. After a few more evasive moves, luck re-
turned: The fighter withdrew, and the four Mosquitoes landed safely.
They had little more than fumes left in their fuel tanks.

Munich in 1944 was a city of broad squares and grand public buildings
built in the sort of neoclassical monumental architectural style so char-
acteristic of the era. One such building, the Alte Akademie, occupied
nearly an entire city block. Its main entrance was on Neuhauserstrasse,
roughly a half mile from the bahnhof-

The Alte Akademie was, in 1944, the home of the Bavarian State
Collection of Paleontology and Historical Geology, one of Germany's
and the world's most respected centers of scientific research. Within its
high-ceilinged halls was housed, among many other antiquities, an ex-
traordinary collection—the 95-million-year-old bones of four huge di-
nosaurs entirely new to the world of science that had been found some
years earlier in the barren wastes of the Western Desert of Egypt. The
fossils had been found by a Munich-based German explorer and pio-
neering paleontologist near an ancient oasis known to desert dwellers
for centuries as El Bahria, the Bahariya Oasis.

The RAF bombing of Munich ended at one-forty A.M. on the
morning of April 25. At dawn, the city's residents would discover that
the central railway station—the kind of strategic target 8 Group Vice
Marshal Bennett had refused to believe could be safely marked at low
altitude—was now a mass of twisted steel and burning rubble.

Despite Cheshire's exceptional marking, however, there was collat-
eral damage beyond the station. With more than two hundred Lancas-

ters dropping hundreds of bombs, it was inevitable. More than seven
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thousand buildings in the vicinity of the station were in flames. One of
them was the Alte Akademie. As the wan daylight filtered through the
smoke, it was clear all that was left of the Akademie was a hollow ma-
sonry shell. Sometime after midnight an RAF bomb had slammed
through the roof and set the museum ablaze. The collection was de-
stroyed.

The dinosaurs never knew what hit them.



TWO

THE BONE-HUNTING

ARISTOCRAT

Anyone taking a stroll on the upper deck of the Lloyd's steamship
Cleopatra on the morning of Wednesday, November 9, 1910, could not
fail to note the gentleman standing at the railing, nor that he was thor-
oughly disgusted with the situation in which he found himself. A small
bespectacled man, carefully groomed with a neatly trimmed Vandyke
beard, he was dressed—as he had been throughout the voyage—with a
certain studied precision. On this day he wore a white shirt, tie, dark
trousers, handmade shoes, and a thigh-length wool coat buttoned, as
was the fashion ofthe day, just once, at the breastbone. And because he
was a gentleman, he of course wore a hat. He stood ramrod-straight, al-
most visibly vibrating with impatience, his delicate hands clasped
tightly behind his back.

Before him sprawled the teeming port of Alexandria, Egypt. Even
now, in November, and with the day still young, the heat was rising. All
along the ramshackle docks, hundreds of laborers dressed in what
seemed to be little more than rags scurried about, backs bent under heavy
bundles, loading and unloading steam and sailing vessels of every de-
scription and condition. As the morning warmed, the air was redolent of
tarred wharf timbers, horse and donkey dung, fetid seawater and sweat.

Beyond the docks lay a warren of narrow alleys, tawny mud-brick ware-
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houses and primitive dwellings, the flat-roofed scene punctuated here
and there with taller municipal buildings of a decidedly French colonial
design and, taller still, the minarets of Muslim mosques. The entire scene
was bathed in that peculiar quality oflight the man had come to associ-
ate with Egypt, a pale golden haze—part sunlight, part wood and coal
smoke, part the ever present fine-grained dust ofthe Sahara: carried on
the wind for hundreds of miles, filling the air and giving it texture before
finally settling in shallow drifts in the nooks and crannies ofthe ancient
port city. On any other day, this prospect, of which he had become curi-
ously fond over the years, would have filled him with pleasure.

But not this day. Nor even the day before. The gentleman had had
enough of this view. The ship had docked two days earlier, only to be
slapped with a quarantine when the captain revealed that someone be-
lowdecks in third class had a disease he suspected was cholera. Under
police guard, the cargo had been unloaded—huge sacks of sugar from
Hungary, bags of apples, crates of wine—but the passengers had re-
mained on board. As the hours crawled by, a doctor of uncertain quali-
fication moved slowly among the passengers, checking their pulses and
making them stick out their tongues. Trained in medicine himself, the
gentleman in first class was not impressed. He was not the sort of fellow
who suffered fools easily, and now he seemed beset by them. He was
sick of the delays, of the contradictory assurances and apologies of the
captain, of the simultancous officiousness and inefficiency of the port
police, and ofthe endless, pointless waiting. He had important work to

do and a limited time within which to accomplish it.

The impatient gentleman's name was Ernst Freiherr Stromer von
Reichenbach. Any fellow German on the boat would immediately have
taken note of the "Freiherr," a word that translates roughly as "baron"
in English and signaled instantly the gentleman's aristocratic standing.
In fact, members of his family had been pillars of his home city of
Nuremberg, in what was then the kingdom of Bavaria, since the fif-
teenth century. His ancestors had been courtiers, lawyers, judges, ar-
chitects, scientists, and political leaders. The gentleman's own father

had been the city's mayor. Stromer himself was a scientist, an associate
y y
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professor at the highly respected University of Munich and a man with
a rising reputation in his field. Though he had originally studied med-
icine and science, his field now was geology and paleontology. His spe-
cialty was the paleontology of the Western Desert of Egypt. He was
just past his fortieth birthday, and this was his third expedition to that
remote and inhospitable part of Africa.

Notwithstanding the present unpleasantness, the voyage so far had
been less than salubrious. The suitably, if somewhat unimaginatively,
named Cleopatra had sailed from Trieste at noon on the previous
Thursday. Stromer had arrived the night before, having traveled by train
from Germany along a route that had taken him from Munich through
Muhldorf and Salzburg, then south through spectacular mountain
scenery bright with the colors of autumn, before finally arriving at the
port on Wednesday evening. To save money, he had taken a third-class
train ticket and, for the single evening he was to spend in Trieste,
booked himself into an inexpensive hotel, only to find the bed ver-
minous. Though it pained him to spend the money, that night's experi-
ence had caused him to book a first-class cabin (though one he shared

with another passenger) for the voyage to Egypt.

For a few hours the Cleopatra steamed southeast along the Istrian
coast of what is now Slovenia, then through the coastal islands of Croa-
tia before heading out across the Adriatic toward the heel of Italy's boot.
The sail through the islands had been splendid, the low slant ofthe No-
vember sun coating the islands with gold. But later that afternoon the
sea turned rough, and Stromer spent the time on a deck chair trying,
with typical German determination, to control his unruly stomach. Un-
successful, he skipped dinner altogether, retired to his cabin, and spent
the night seasick. To make matters worse, at one-thirty A.M. Stromer
discovered that his first-class stateroom, which he had assumed would
guarantee him a modicum of comfort and peace, was directly below the
galley, from which there arose a clattering that would awaken him in the

wee hours of each morning throughout the trip.

Still, the second day dawned warm and sunny, with a calm sea, and

Stromer regained his stomach and his good humor as the ship sailed
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south under a crisp blue sky. The ship docked briefly at Brindisi at three
P.M., then turned away from Italy and made for the southwestern coast
of Greece. Having once again slept miserably because of the noise,
Stromer rose early on Saturday morning to see first the sunbaked lo-
nian island of Kefallinia and, later, Zakinthos, passing just off the star-
board bow as the boat steamed south along the inside passage toward
the rugged Peloponnesian coast. By sunset the ship had reached the
Gulf of Messini, and under the light of the moon, it slipped past Crete
and headed out into the Mediterranean. The next day, as the steamer
crossed the sea toward Africa, Stromer lounged on the deck in the sun,
passing time with the other first-class passengers. That night, in what
would turn out to be the vain hope of a restful sleep, he turned in early.
The next morning, Monday, November 7, he was up at dawn to scan the
horizon for the approaching North African coast and the port of
Alexandria. It was as the Cleopatra was easing into its berth on Tuesday

afternoon that the captain revealed news of the quarantine.

In some respects, the dockside delay was the least of Stromer's prob-
lems. On this expedition, he was to be accompanied by another scientist
whom he identifies in his meticulously kept field journals only as "Dr.
Leuchs."" However, the relationship between them began badly and
continued to deteriorate. For one thing, Stromer (at this time still a
bachelor) was astonished to find, when he boarded the Cleopatra, that
Leuchs had arrived on the expedition with his wife. Furious at the ex-
tent to which this would hamper what would certainly be a physically
difficult journey—therefore compromising his scientific objectives—
Stromer nonetheless swallowed his irritation, remained cordial, and
even attempted to teach Leuchs the rudiments of Arabic only to find
him a thoroughly uninterested student. To make matters worse, as
Stromer details in his journal in the spidery Siitterlin handwriting that
was even then falling from favor in Germany, both Dr. and Frau Leuchs
treated him rudely when they considered him at all. It was, in sum, an
intolerable situation. For Stromer, being kept prisoner aboard the
Cleopatra was made doubly trying because it forced him to remain in

close proximity with the doctor and his distant, unfriendly wife.” In-
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deed, it would be hard to know which prospect he found more troubling
that morning: spending more time on board the ship or spending more
time in Egypt with "Dr. Leuchs undFrau.” Neither alternative was even
remotely attractive.

At last, on the ninth, the captain announced that the passengers
would be released. After a night ashore at a hotel of dubious quality
arranged through a local hired by Leuchs, Stromer and his companions
finally boarded a train at noon the next day, rattled along the western
edge ofthe lush Nile Delta, and arrived in Cairo at three P.M.

The Cairo they entered as they disembarked from the train that after-
noon was a city that seemed in the grip of chaos. Not that there was any
crisis afoot; chaos was simply endemic in Cairo in 1910. It had been
thus for twenty-five centuries, as Egypt had been under some form of
constantly shifting foreign control since 525 B.C.’

Europe's influence in Egypt began in 1798, when Napoleon Bona-
parte, with an eye to cutting off the British from their growing holdings
in India and the Far East, landed an invasion force at Alexandria, ad-
vanced up the Nile to Cairo, and crushed the local chieftains, the
Mameluke beys, at the Battle of the Pyramids. He declared himself an
admirer of the Muslim faith and a disciple of Muhammad, and claimed
his goal was to return Egypt to the Ottoman sultan's control. Egypt was
nominally a part ofthe Ottoman Empire, but the sultan had never been
able to win the full support of the Mamelukes. But neither side trusted
Napoleon,' and France abandoned its claim to Egypt in 1801, to be re-

placed immediately by a joint Anglo-Ottoman expeditionary force.

Napoleon's invasion and the subsequent French occupation did have
three immediate and lasting effects. First, it awakened his enemies, the
British, to the strategic importance of Egypt and the Ottoman Middle
East to their colonial aspirations. Second, somewhat ironically, it turned
many leading Egyptians into avid Francophiles. Forward-looking Egyp-
tians and representatives of the Ottoman sultanate in Egypt adopted

French customs, sent their children to school in France, and built homes
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and official buildings in the French style of the era. (Many of these ele-
gant buildings remained when Stromer arrived in Cairo on his first ex-
pedition in 1901.°) Third, a corps of French intellectuals was dispatched
to study Egyptian culture and history. They brought back detailed ac-
counts of the monuments and wonders of Egypt, sparking an obsession
in Europe with all things Egyptian.

But there was another, even more lasting effect. An Albanian Mus-
lim, nominally in the service ofthe sultan but a man of dubious loyalty
to anyone but himself, arrived in Egypt with the Anglo-Ottoman force.
In 1805 he stepped into the void left by Napoleon and the weakened
Mameluke beys and seized power. His name was Muhammad Ali. He
and his heirs would rule Egypt for a century and a half.

Muhammad Ali was succeeded in 1849 by his grandson Abbas,’
who was an admirer of the British and granted to Britain the concession
to build a railroad—the first in Africa or Asia—from Alexandria to
Cairo. Completed in 1851, the railroad dramatically strengthened
Britain's foothold in the region and simultaneously eased its imperial
passage to India. Abbas's successor, his uncle Said, was a French loyalist
and had long been friends with the French engineer Ferdinand-Marie
de Lesseps, to whom, in 1856, he awarded the right to build a canal
from the Mediterranean to the Gulf of Suez—the Suez Canal.

It was Said and his successor, Ismail, one of Muhammad Ali's younger
sons, who moved Egypt into the modern era and, ultimately, bankruptcy.
The two put Egypt into a rapid campaign of modernization, building new
railways, roads, telegraph lines, canals, dams, bridges, and municipal infra-
structure at a pace that prompted a correspondent of The Times of London
to write, "Egypt is a marvelous instance of progress. She has advanced as
much in seventy years as many other countries have done in five hun-
dred." Much of this progress, however, was funded by European loans
carrying ruinously high interest rates. And because the Ottoman sul-
tanate, which still ruled Egypt, had leased out much of the country's eco-
nomic activity to European commercial concessionaires at very low rates,
the Egyptian leaders were strapped for funds with which to cover the
state's debts.
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In a desperate attempt to reduce the debt load and stave off bank-
ruptcy, in 1875 Ismail sold Britain his 44 percent interest in the Suez
Canal for a mere £4 million, making Britain the principal stockholder
(thus infuriating the French). But even this could not stem the cresting
tide of debt; Egypt formally declared bankruptcy a year later." Thus,
what Britain and France had failed to do militarily or politically, they
achieved instead financially: Egypt was ruled now by its creditors,
through a joint Anglo-French debt commission.

When, a few years later, a nationalist uprising threatened to upset
the European control of Egypt through its puppet—Ismail's successor,
Tewfik—most of the European powers were surprisingly unwilling to
undertake a military action against the uprising. Britain, with perhaps
the most at stake, acted on its own in crushing the rebel forces. From
that point on, Britain ruled Egypt as a protectorate. Six years before
Stromer and his companions arrived in Cairo, the 1904 Entente Cor-
diale between France and Britain solemnized the arrangement.’ In the
agreement, France received Morocco as its protectorate in return for
ceding Egypt to Britain. It was to these British authorities that Stromer
would have to appeal for the permits he needed to enter the Western

Desert.

Despite its crowds, hawkers, hustlers, noise, and furious activity, Cairo
in 1910 was still only Egypt's second city, after Alexandria. But change
was in the air. Some roads had been macadamized. Formal government
buildings were well established, and construction activity was every-
where. Though horses, donkeys, and camels filled the streets and pedes-
trians picked their way around them and their droppings, there were
also some five hundred automobiles that tried, with limited success, to
squeeze their way through the narrow streets and milling throngs—a
harbinger of the vehicular anarchy that rules the city's streets today."
British domination of Egypt notwithstanding, Stromer's social cal-
endar in Cairo during November 1910 demonstrates a substantial Ger-

man presence there in the years before World War I. The Germans
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played a significant role in exploring and mapping the Western Desert.
Georg Schweinfurth, for example, founded the Royal Geographical So-
ciety of Egypt in the late 1800s. Schweinfurth, also president of the In-
stitute of Egypt, was an archaeologist, geologist, and botanist who
worked in Egypt, and particularly in the Fayoum Oasis southwest of
Cairo, for more than thirty years." Schweinfurth's discoveries of mam-
mal and other fossils in the Fayoum had led Stromer to Egypt on his
first expedition.

Although other Europeans had explored portions of North Africa, it
was the German geographer Gerhard Rohlfs who mounted the most
comprehensive expeditions, crisscrossing the northern portion of the
continent six times in the latter half of the nineteenth century and
amassing an immense amount of information on the region. In 1873
Rohlfs secured Ismail's sponsorship for an expedition to explore and
document the "unknown territories of Egypt" in the Western Desert.
While Rohlfs's objectives were scientific, Ismail's were fundamentally
economic: He asked Rohlfs to search for the rumored old riverbed of
the Nile and to determine whether agriculture was possible in the
Western Desert.”

A massive undertaking that required months to plan and equip, the
Rohlfs expedition was, among other firsts, the first to produce a reliable
though still incomplete geological map of the Western Desert. It was
compiled and ultimately published by one of the scientists who accom-
panied Rohlfs, the famous German geologist Karl Alfred von Zittel. A
few years later von Zittel, based at the University of Munich, would
serve as mentor and thesis adviser to a promising young student of ge-

ology and paleontology. The student's name was Ernst Stromer.

After checking in to his Cairo hotel, Stromer went directly to the post
office and found a letter of welcome waiting for him from the director
of the Geological Survey of Egypt. While the older Royal Geological
Society had been created by a German, the Geological Survey was

founded in 1896 by the British, primarily to map Egypt's boundaries in
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order to defend them from increasingly troublesome attacks from
Sudan, in the south. Both institutions had a history of cooperation by
the time Stromer arrived, and he had established good working rela-
tionships with each during his earlier expeditions to the Fayoum Oasis
and Wadi el Natrun, the Natrun Valley, during the winters of 1901-
1902 and 1903-1904.

Stromer was, by all accounts, a man who observed the formalities,
and the second thing he did that first afternoon in Cairo was pay a visit
to the office of Georg Steindorff, a noted German Egyptologist. The
visit would have been both a matter of courtesy to the senior scientist
and part of planning the current expedition. In 1901 Steindorffhad vis-
ited several of the oases of the Western Desert,” including the one that
would occupy much of Stromer's time on this expedition and much of
the rest of his life—Bahariya—and he needed Steindorff's counsel.

Meanwhile, in between meetings, and whenever Leuchs and his
wife were not out sight-seeing somewhere on their own, Stromer intro-
duced them to his German and British associates and acquaintances, in-
cluding the great Schweinfurth, with whom he remained close friends.
He also invited the couple to dine with him at the German tennis club
and attempted to expose them to the range of artistic and cultural at-
tractions in Cairo. To Stromer's growing annoyance, the couple showed
neither interest nor gratitude.

It was with what one senses must have been relief that, on Novem-
ber 14, Stromer went off to meet with John Ball, founder of the Desert
Survey Department of the Geological Survey of Egypt. Much of what
is known about the Western Desert today is due in large part to the
work of Ball and his early colleagues at the survey: H. G. Lyons, its first
director, Hugh Beadnell, William Fraser Hume, and Thomas Barron.
Once again, Stromer's visit was both formal and practical, for just that
year the Survey had published the first topographic map of Egypt, in six
large sheets, and was even then finishing up a geological map that
would be published in 1911. Both resources would have been invaluable
to Stromer for his upcoming expedition to Bahariya, one of the less well

known areas of the Western Desert.
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On the morning of November 15, after yet another unpleasant
evening with the Leuchses, Stromer was worried about two matters.
The first, and in many respects the most important, was a missing per-
son, one Richard Markgraf. Markgraf, a somewhat mysterious figure
about whom little is known, was one of those people of European de-
scent, common even today, who fall in love with the deserts of North
Africa and will do anything, often living hand-to-mouth, to stay there.
Originally from Bohemia, Markgraf lived in the village of Sinnuris in
the Fayoum Oasis, just south and slightly west of Cairo. He was a com-
mercial collector of fossils and other natural curiosities who sold the
items he found to paleontologists and museums, principally in Europe.
Markgrafhad worked with earlier fossil hunters in the Fayoum, among
them the German paleontologist Eberhard Fraas (who would later
make remarkable discoveries of Late Jurassic dinosaurs in East Africa)
and Henry Fairfield Osborn, from the American Museum of Natural
History."” There is no record of how Markgrafcame to Stromer's atten-
tion, although several of Stromer's friends in Egypt, including Schwein-
furth and the English geologist Hugh Beadnell, would both certainly
have known Markgraf and could well have recommended him to
Stromer. What is known is that they met during Stromer's first visit to
the Fayoum in the winter of 1901-1902, and they got along well: Mark-
graf served as Stromer's sammler, or fossil collector, for a decade and a
half, and became his friend. By all accounts Markgrafhad a remarkable
ability to recognize and carefully excavate significant fossils. At least
three fossil animals are known to have been named in his honor, the
early primates Moeripithecus markgrafi* and Libypithecus markgraf, and
a fish, Markgrafia libica.

But Markgraf often was not well. It is unclear from Stromer's jour-
nals whether the cause was malaria, still a chronic danger in some oases
during the spring and early summer, or intestinal bleeding, perhaps
from typhoid or chronic amebic dysentery (there are references to both
kinds of symptoms). On this particular morning, Stromer was worried
that Markgraf was having one of his spells. Stromer desperately needed

Markgrafto help organize and equip the expedition, on which the col-
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lector had agreed to accompany Stromer. So far, however, he had not
appeared and time was running out. Attempts to reach him had failed.

Stromer's second worry was chronic: how to address the fact that a
joint expedition with Leuchs, and now his wife, was rapidly becoming
an intolerable notion. As it happened, Leuchs caught Stromer in the
hallway of their pension, on his way to his room after breakfast, and
shortly resolved the problem by starting a row. He attacked the stunned
Stromer for "creating a scene" when the doctor had appeared aboard the
Cleopatra with his wife, accused him ofrudeness and of hating his wife
and women in general, and complained that his wife found Cairo un-
bearably dull. No doubt at the limit ofhis very considerable self-control,
his voice low but tight with tension, Stromer reminded the good doctor
that he had told him even in Munich that the budget would not permit
the addition of Frau Leuchs, pointed out that he had gone out of his
way to introduce the doctor and his wife to friends in Cairo, and sug-
gested that the desert would provide far less in the way of entertain-
ments than Cairo. It is entirely unclear what Leuchs had expected of the
Egyptian desert or what he had intended to do on the expedition, but in
any case Stromer had had enough. He offered to provide Leuchs with
half of the expedition's water containers and supplies so Leuchs could
pursue his own journey, and even volunteered Markgraf as companion
and guide. Leuchs rejected the assistance of Markgrafbut accepted the
supplies, and that was the end ofit. Stiffly, Leuchs turned on his heel
and stalked down the hall. But for an occasional mention in his later

journals, Herr Doktor Leuchs and his wife vanished from the scene.

Stromer's other worry that morning similarly vanished the moment
he inserted his key into the lock ofhis door, turned the handle, and en-

tered his hotel room. There, sitting in a chair, was Richard Markgraf.

Stromer's plan for this season's expedition was in three parts. First, he
and Markgraf would head northwest from Cairo to Wadi el Natrun,
which lay roughly at the halfway point and some distance to the west of

the Cairo-Alexandria rail line. After exploring that region for a few
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weeks, they would return to Cairo, replenish their supplies, and then
head south to Luxor to explore the eastern slopes of the Nile Valley,
where Stromer believed he would find rocks and fossils similar to those
in the Natrun Valley. Finally, they would return again to Cairo, restock,
acquire additional permits, and then turn southwest for the main focus
of'the expedition, far out in the Western Desert: the Bahariya Oasis.
The days prior to their departure were filled with preparations. The
crates of supplies Stromer shipped to Cairo from the docks at Alexan-
dria arrived, and he conducted a complete inventory. Among his most
important possessions were three square metal boxes, sealed with
screws, in which he would carry the expedition's water. Awkward and
heavy—ecach box held 50 liters (13.2 gallons) and weighed 25 pounds
empty and 125 pounds filled—these boxes were critical to the success of
their journey. They were the only drinking water Stromer's little expe-
ditionary force would have for long stretches of desert that had neither
oases nor wells.” The boxes originally had been designed and manufac-
tured in Germany for the Rohlfs expedition to the Western Desert
more than thirty-five years earlier but were still the standard. On No-
vember 16 Stromer and Markgraf shopped for tents and additional
supplies and, more important, tracked down one of the native Egyp-
tians with whom they had worked before, a camel driver named Oraan.
Stromer and Markgraf arranged for Oraan to secure the camels they
would need for the trek into the desert. Then, on November 17,
Stromer secured the final permissions from Egyptian and British au-
thorities, including a vital permit to refill the water boxes at a well that

he knew from his previous expedition would provide safe water.

Gaining permission to enter the desert was no longer as easy as it
once had been. Even in 1910 tension was growing between Germany
and Britain, and the two countries were wary of each other's activities
anywhere on the globe. While their scientific communities still worked
together easily in Egypt, the political authorities were a somewhat dif-
ferent matter. There was, after all, a history. Kaiser Wilhelm, as later be-
came horribly evident, was a rabid German nationalist—this despite the

fact that his own mother was a daughter of Queen Victoria's. He was
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also unabashedly expansionist. Only two years before Stromer's first
visit to the Egyptian desert, the kaiser had gone to Damascus, to the
tomb of the great Saladin, and had sworn that the Ottoman Empire
would henceforth have Germany's protection—a pledge the British
took as a none too subtle threat.

Thus it would not be at all surprising if the British authorities
thought twice about permitting a German like Stromer to mount a new
expedition into the desert. But here his investments in courtesy and re-
lationship building paid off. He was by now well respected among not
just the trusted German scientists who had long worked in Egypt, like
Schweinfurth and Steindorff, but also by the British-led Geological
Survey. He got his permits.

Papers finally in hand, Stromer began his fieldwork. He and Mark-
graftook the tram from Cairo to Giza, where they joined their trusted
camel driver, Oraan, and loaded their four camels. Then, according to
Stromer's journal, at nine-forty in the morning on November 18, he,
Markgraf, and Oraan began hiking across the Giza plateau, their little

train of camels following behind.

As they marched northwest toward Wadi el Natrun—a valley named for
the native natron salts that, centuries earlier, had been instrumental in
mummification—Stromer had an explicit objective. His principal interest
was discovering the fossils of early mammals in North Africa, both ma-
rine mammals like early whales and sea cows, and land mammals. It was
a passion driven by his conviction that mammals, including humans, had
originated not in Europe or the northern continents but in Africa. This
was not a popular notion. In the late nineteenth and even early twentieth
centuries, it was still widely believed that mankind had originated where
it now was clearly at its most advanced state of development, specifically
Europe. Another theory, promulgated by the American (though Cana-
dian by birth) scientist William Diller Matthew, argued that North
America was the source of most groups of mammals.” The idea that

human beings could have evolved somewhere else, somewhere "more
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primitive," was simply not to be entertained. The fact that most of the in-
formation collected to date had come from Europe and North America
and that Africa and South America were virtually unexplored, and that
this might have skewed the conclusion somewhat, seems not to have oc-
curred to many people at the time.

In 1901, when Stromer first visited Egypt and the Fayoum Oasis in
search of mammal fossils to support his belief, he was not the first to
look there. Only a few years earlier, his friend Georg Schweinfurth had
announced the discovery ofa new whale species {Zeuglodon osiris—now
called Basilosaurus) from the rocks ofthe Fayoum. And in the same year
that Stromer first visited the Fayoum, C. W. Andrews, from the British
Museum (Natural History), announced finding there the teeth and jaw
of one of the oldest-known elephants (Palaeomastodon).” Yet even
though fossil hunters had by then been at work for almost a century, the
fields of both geology and paleontology were still relatively young, and
the conclusions of their practitioners about the age and origins of the
Earth and of mankind, though widely discussed among scholars, were

by no means universally embraced.

How rock layers were made—sedimentary layers, at least—had
been explained in the mid-seventeenth century by Nicholas Steno, a
Dane who lived for many years in Florence, working under the spon-
sorship of the Grand Duke of Tuscany.” There were three fundamen-
tal principles, said Steno, that govern the formation of sedimentary
strata. His first principle, the principle of superposition, is perhaps the
most obvious: In any sequence of undisturbed sedimentary rock strata,
the oldest rocks are on the bottom, with the younger ones stacked suc-
cessively atop them. His principle of original horizontality states that the
tiny particles of material from which rock is composed settle through a
fluid and arrange themselves in layers that solidify over time and are,
initially at least, horizontal; any strata not horizontal have been dis-
turbed by forces yet unknown. Finally, Steno's principle of original lat-
eral continuity explains that sediment is deposited laterally in all
directions until it runs up against some preexisting barrier or simply

thins out at its margins.



THE BONE-HUNTING ARISTOCRAT |

These notions seem, in retrospect, virtually self-evident. But in the
seventeenth century, they were revolutionary: To suggest that there were
older or younger rocks was to suggest that the Earth was not created all
at once, which contradicted everything believed at the time. That is to
say, they contradicted the Bible, and in those days, contradicting the
Bible was a dangerous business. After all, thanks to detailed calculations
by the Irish bishop James Ussher in 1658 (later refined by Bishop
Lightfoot), it was well known that the Almighty had created the Earth
all at once, and at the remarkably civilized hour of nine A.M. on Mon-
day, October 23, 4004 B.C.” Steno does not appear ever to have ven-
tured an opinion—in public, at least—on the age of the rock layers he
had so crisply described. He had explained how some rock is formed,
but not when. Steno, after all, was a Catholic who would eventually be-

come a bishop ofthe Church.

It was not until 1785 that someone endeavored to clarify how long it
might take for such rocks to form. In that year, Edinburgh physician
James Hutton published his Theory ofthe Earth and announced, no
doubt to the horror of the clergy of the time, that he had found in his in-
vestigations of the rocks of his native Scotland "no vestige of a begin-
ning, no prospect ofan end"” to the history ofthe Earth. Hutton arrived
at this conclusion from two blindingly simple observations: First, the
rate at which sediments accumulate and rock erodes is very, very slow;
and second, there is nothing to suggest that it has ever been otherwise.
The next conclusion was as obvious as it was unsettling: The Earth as we

know it must therefore have taken millions of years, not days, to create.

Meanwhile, at roughly the same time thoughtful gentlemen with a
bit of spare time on their hands were figuring out how rocks were
formed and beginning, tentatively, to speculate about when they were
formed, others in England were struggling to make sense of peculiar
objects farmers uncovered from time to time with their plows. The pe-
culiar objects were stones. But they were stones in the shape, or with the
imprint of recognizable objects: leaves, oyster shells, snails, sea urchins.
They were puzzling because there was little in the received dogma of

the late seventeenth and early eighteenth centuries that made it possi-
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ble to explain what they were, since they were clearly none ofthese rec-
ognizable objects; they were rocks. For a while the only explanation was
that these objects, called "figured stones," were placed by the Creator in
a sort of heavenly version of showing off—that is, to prove He could do
pretty much anything He wanted to, including embedding rocks that
looked just like living things deep within the Earth. Later still, as peo-
ple began to toy with the deeply troubling notion that the figured stones
had once been living things but had somehow mineralized when they
died, the question of how they got there remained. These stones, which
were predominantly images of sea creatures, were often found far in-

land, even on mountaintops.

The ever nimble Church explained this problem away in a manner
that did no violence to accepted dogma and actually seemed to enhance
it: The mountaintop fossils were proof of Noah's Flood. The creatures
had been swept to these locations by the Flood, became somehow pet-
rified, and that was that. The fact that the Flood, like Creation itself,
was an event measured in days, not the much longer period oftime sug-
gested by the rock layers, was a vexing complication. For now, at least, it
seemed enough that the stones were miraculous and beautiful. For a
while, even well into the mid-nineteenth century, these curiosities were
all the rage, and rare was the manor-house drawing room that did not
possess a glass-fronted case displaying the owner's much prized collec-
tion.

It took longer for another explanation—that the Earth must have
much greater antiquity than ever before imagined—to gain currency.
This idea had been suggested, albeit delicately, as early as the Renais-
sance by both Leonardo da Vinci and Girolamo Fracastoro of Verona,”
but was long overshadowed by the more widely promoted biblical inter-
pretation of Earth's creation.

It took a workingman, the son of a blacksmith and a virtually self-
taught surveyor who himself embodied the concept of progress then
emerging in rapidly industrializing England, to see the relationship be-
tween the principles of rock formation and the existence of figured

stones in some rocks but not others, and then make that relationship
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visible and thus understandable. His name was William Smith. A
denizen of coal-mine shafts and canal cuts, a man who traveled the
length and breadth of England noting the rock formations he passed—
not just their composition but also the angle and direction of their in-
clination—Smith was soon able to predict, to the astonishment of his
friends, the precise rock composition and fossil content of places he had
never even visited. The product of his genius, The Delineation ofthe
Strata ofEngland and Wales with a Part of Scotland, was the first ever ge-
ological map of an entire nation.”

Smith's map was published in London in 1815, only eighty-six years
before Ernst Stromer entered Egypt for the first time. It would be an-
other fifteen years after the map's publication before the English geolo-
gist (there now was such a profession) Charles Lyell would publish the
first volume of his four-volume classic, Principles of Geology, which com-
piled the emerging knowledge of the day and added to geology's basic
principles.” It was Lyell who proposed the principle of cross-cutting rela-
tionships, which stipulated that when one geologic feature cuts through
another, the latter must necessarily be the older of the two—a concept
that anyone who has wondered about the existence of veins of white
quartz in dark masses of granite will find helpful, and that anyone
searching for veins of gold or silver will find profitable. Lyell also added
the principle ofinclusion, which explained that whenever two rock for-
mations are in contact with each other, the one that surrounds pieces of
the other will be the younger of the two, having obviously flowed into

or collected around the bits of the other.

For the great mass of people struggling for a living in the seven-
teenth and eighteenth centuries, the question of where rocks came from
and what happened to them over time would have been considered a
matter of interest only to wealthy amateurs. The question of where
mankind itself came from, of how and when living things were created,
was another matter altogether, however, one that cut much closer, as it
were, to the bone.

So in the mid-eighteenth century, when people began to find fossils
that looked like bones rather than shells—indeed, like the bones of
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nothing that currently existed on Earth—the issues of time and Cre-
ation became much more complicated. The trouble actually began a bit
earlier, in 1677, when the curator of the Ashmolean Museum at Ox-
ford University announced he was compiling a book on the natural his-
tory of Oxfordshire and was brought a large and puzzling fossil. It was
cylindrical and had a broken end. Its center had been hollow but now
was filled with solid sandstone, and it ended in two large rounded
knobs. It looked like part of a petrified leg bone, but it was huge, much
larger than the bone ofan ox or an elephant or anything else known on
Earth. In what must have seemed even to him a bit ofa stretch, the cu-
rator, Robert Plot, reached back into mythology and proclaimed it the
leg bone of a giant. He was not certain whether it was a male or a fe-
male giant. That puzzle was apparently resolved a century later, when
another scientist concluded, rather surprisingly, that the fossil was an

5

immense human scrotum.” Both, of course, would later be proved

wrong.

Gradually, new and even more perplexing bone specimens were dis-
covered. The Reverend William Buckland, dean of Christ Church at
Oxford and a lecturer in geology, identified another group of fossilized
bones and teeth as having belonged to a reptile, but one of unimagin-
able immensity. In 1824, after thinking about it for years (and no doubt
praying for guidance), Buckland named the beast Megalosaurus ("big
lizard"). By the mid-nineteenth century, several more fossils of what
were believed to be giant reptiles had been discovered, described, and
named. But while the naming of these puzzling creatures was one thing,
explaining them was quite another.

The problem was basic: The Bible makes no mention of creatures
being created and then becoming extinct. The Reverend George Young,
who discovered a huge ichthyosaur (a large sea-living reptile, though
not a dinosaur) near a village in Scotland, solved this problem, at least
to his own satisfaction, by concluding in 1840 that scientists simply had
not yet explored enough of the globe. When they did, he said, they
would find living specimens of the beasts whose petrified bones were

now being discovered.”
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But science has a way of gaining velocity and sweeping all things be-
fore it. In England and elsewhere in the Western world, dinosaurs had
captured the public's imagination. After the Great Exhibition of 1851
in London, Queen Victoria's husband, Prince Albert, had the Crystal
Palace turned into a park and exhibition center for illustrating the his-
tory ofthe Earth. There were many exhibits, but the hit ofthe show was
the reconstruction of an /guanodon, another dinosaur. So large was the
model that on the eve of the opening of the exhibit in 1854, the orga-
nizers held a celebratory dinner inside the hollow sculpted beast.

By now commoners and clergymen alike were forced to accept what
scholars had been arguing for some time: both that the Earth was much
older than previously imagined and that giant animals once roamed the
planet but had somehow disappeared. But the biggest conundrum ofall
remained: the mechanism ofthat disappearance. Noah's Flood had long
since been discarded as a credible explanation, but there was no theory
with which to replace it.

As it turned out, another Englishman was working on the problem at
that very moment. As the resident naturalist on a five-year mapping ex-
pedition around the world, the young man had been struck repeatedly by
the fact that the fossils he found were similar, but not identical, to the liv-
ing animals he captured or observed.” Though obviously related, they
had changed. If life had been created, for all intents and purposes, at one
time, then there was no explanation for the similarities and differences
between extinct and living forms. There was only one possible explana-
tion: Life had not been created all at once, it had evolved. Some years
after his return to England, the naturalist Charles Darwin presented his
comprehensive theory in the landmark study The Origin of Species. Ex-
tinction was explained by evolution.” Evolution was explained by the
principle of natural selection. Darwin's book was published in 1859, only
forty-two years before Stromer's first expedition to the Egyptian desert.
Its effects were, and still are, far-reaching. But at the time it was pub-
lished, one ofits effects was to present to the young science of paleon-
tology a purpose that lifted it out of dilettantism: to document through

the ancient fossil record the history and process of evolution.



THE LOST DINOSAURS OF EGYPT

Ernst Freiherr Stromer von Reichenbach, the diminutive but deter-
mined man striding beside his camel on the morning of November 18,
1910, had little doubt that he and Richard Markgraf would be able to
fill in important segments of that history, just as he had during his ex-
peditions to the Fayoum Oasis a decade earlier.

As he made his way north from Cairo to Wadi el Natrun, Stromer
was, in a sense, part of the vanguard ofa new generation of paleontolo-
gists. Virtually everything that is known about paleontology in general
and dinosaurs in particular has been learned in just the last two hun-
dred years. But the first generation of paleontologists were principally
desk-bound European gentleman scholars to whom bones, also Euro-
pean in origin, were delivered by amateur collectors and men who
worked in quarries. In England, there were the aforementioned re-
markable, and remarkably eccentric, Reverend William Buckland;” the
physician Gideon Mantell; and the anatomist Richard Owen, who first
coined the word "dinosaur" in 1842. There was Harry Govier Seeley,
who first identified and named the two major groups of dinosaurs (Or-
nithischia and Saurischia, based on their differing pelvic structures),
and several others who contributed significantly to the birth of the
field. In France, there were Baron Georges Leopold Cuvier, the ac-
knowledged father ofthe science of comparative anatomy (which made
distinguishing among dinosaurs possible), and the melodiously named
Jacques-Armand Eudes-Deslongchamps (whose collection, like
Stromer's a century later, was destroyed in World War II). In Germany,
there was the father of German vertebrate paleontology, Hermann von
Meyer, who first identified the spectacular half-reptile, half-bird "miss-
ing link" Archaeopteryx.”

It was not until the late nineteenth century that paleontologists
began to forsake their desks for prospecting in distant lands. Among the
earliest field paleontologists were the prolific German Friedrich von
Huene, who worked in Europe, South America, and South Africa; and
his countryman Eberhard Fraas, who worked in the Fayoum Oasis and

later uncovered the extraordinary dinosaur graveyard at Tendaguru, in
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what was then the German protectorate of East Africa (now Tanzania).
But Fraas, weakened by amebic dysentery (which killed him a few years
later), was forced to abandon the dig, and his work was carried on by
Werner Janensch until World War I brought the excavations there to a
halt.

But while all this was happening, a change was under way. The geo-
graphical locus of dinosaur hunting was shifting rapidly to the Ameri-
can West, and a Wild West it was, complete with shoot-outs among
competing bone hunters. The first acknowledged American dinosaur
paleontologist was the University of Pennsylvania anatomy professor
Joseph Leidy. In 1868, at Philadelphia's Academy of Natural Sciences,
Leidy reconstructed the first dinosaur skeleton to be displayed to the
public anywhere in the world, a twenty-six-foot, bipedal herbivore
found in New Jersey a decade earlier that he called Hadrosaurus. It was
a University of Pennsylvania protege of Leidy's, Edward Drinker Cope,
and his rival, Yale University's Othniel Charles Marsh, who made di-
nosaurs a subject of widespread public fascination in the United States.
Cope and Marsh had met in Europe and worked initially in the eastern
United States. But as the railroads expanded into the West, construc-
tion crews began discovering immense ancient bones protruding from
the treeless, arid ground and in the railway cuts they dug through hills.
The two young paleontologists quickly shifted their attention west-
ward. Working feverishly against each other, their diggers tore fossils
out of the ground, hastily packed and shipped them east by boxcar, and
raced to be the first to publish descriptions so as to secure the honor of
naming the specimens. Wealthy as well as ambitious, they were not
above establishing their own scientific journals in order to assure last-
minute publication. It was part science and part circus. It was, in short,

ail-American.

In contrast to the grandstanding of the American bone warriors,
European paleontologists worked quietly, even obscurely, producing de-
tailed and often stunningly illustrated scientific monographs. In the first
decade ofthe twentieth century, one ofthe quietest of these profession-

als was the student of the great geologist Karl Alfred von Zittel, Ernst
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Stromer. It was in 1893, after studying medicine at the universities of
Munich and Strasbourg for several years, that Stromer switched to ge-
ology and paleontology. At von Zittel's suggestion, he wrote his disser-
tation on the geology of the German protectorates in Africa and
received his doctoral degree just before Christmas 1895. After further
study in Munich and Berlin, Stromer was appointed conservator of the
geology and mineralogy department of the Rijksmuseum in Leiden,
Holland, in 1897, but he became ill and soon returned to Munich (he is
almost invariably described as "frail," even though he lived to the ripe
old age of eighty-two). Shortly thereafter, he was appointed lecturer in
paleontology and geology at the University of Munich.”

To conduct the research for his dissertation on the geology of Ger-
many's African colonies, Stromer traveled no farther than the university
library. But after the turn of the century, the Sahara seems to have cap-
tured his imagination. Following his two winter expeditions to the Fa-
youm Oasis and Wadi el Natrun, Stromer spent the next decade
producing nearly two dozen professional papers, most of them on his
Egyptian fossil discoveries. In time he would become one of the most

successful—if least known—field paleontologists of his era.

Stromer's 1910 journals of his days in Wadi el Natrun reveal a man
thoroughly in his element. He worked throughout the day, apparently
tirelessly, hiking for miles, climbing hills and escarpments, hammering
out promising pieces of rock from outcrops in the valley. He recorded
his activities in fastidious—one might say numbing—detail. Each jour-
nal entry is dated, his location given in precise coordinates, the times
noted to the minute. His explanations of rock formations are precise, his
descriptions of strata often colorful. They read like rough drafts of aca-
demic monographs, which is what they eventually would become. He
confesses to weariness only at the end of these long days, complaining

about the weight and poor fit of his specimen-filled knapsack.

As he scrambled over the valley slopes, Stromer yielded not an inch

to the ruggedness of the desert climate or landscape in his manner of
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dress, apart from stout shoes. Pictures of him during this period show
him dressed in Western attire—as, for that matter, do photographs of
virtually all the European explorers of this age. From the poles to the
Himalayas, there they stand in their expedition photos, looking for all
the world as if they had just stepped out of a carriage in Piccadilly Cir-
cus or a tram in Berlin.

Stromer had visited Wadi el Natrun before and believed he might
find there the kinds ofrock layers that could contain the early mammal
fossils he sought. But he would be disappointed. The weeks he and
Markgrafspent in the wadi at the end of November 1910 turned out to
be largely unsuccessful. Though he found no shortage of fossil frag-
ments—shark's teeth, the smooth broken shells of ancient turtles, the
jaw of the occasional prehistoric crocodile—he uncovered no mam-
malian remains.

By early December, Stromer had washed his hands of Wadi el Na-
trun and returned to Cairo to make arrangements for the second stage
ofthe expedition. Markgrafremained behind to continue digging in the
Natrun Valley upon Stromer's instructions, and not without success.
When he finally returned to Cairo a week or so later, he was able to
present his employer with the skull ofa small monkey. Stromer was de-
lighted. This was the fossil that would be named in Markgraf's honor,
Libypithecus markgrafi.

Stromer may have been delighted by something else as well. While
busying himselfin Cairo with official and professional meetings during
the first two weeks of December 1910, Stromer also had time to be en-
tertained by a variety of friends and acquaintances, both German and
British. Among the dinner parties he attended, often in the company of
his friend Georg Schweinfurth, was one in the home ofthe Rennebaum
family. In one aside in Stromer's journal, there is a hint of something to
come: In a single sentence, he mentions having taken Fraulein Ren-
nebaum—the Rennebaum's daughter Elizabeth—shopping for an af-
ternoon. There is no mention in the journal of how Stromer felt about
the fraulein, who would have been a very young woman. Perhaps he was

only doing the Rennebaums a favor that day. Many years later, however,
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Stromer chanced upon Elizabeth Rennebaum again, in Germany. This
time he asked her to marry him, and in 1920 she accepted his offer.
Though well into his fifties by then, he had three sons and a long mar-
riage with Elizabeth. It was, however, a marriage that would be marked

repeatedly by tragedy.

The second stage of Stromer's 1910 expedition took him to a location
far up the Nile River in mid-December. It began pleasantly enough
with a visit to some of the tombs and antiquities that had been exca-
vated in Luxor. It is clear from his journals that Stromer enjoyed the ex-
cavations here immensely (though he noted that the addition of electric
lighting had taken away some of the eerie romance from when the
tombs were illuminated only by candlelight). Then Markgrafjoined
him, and the two traveled farther upriver, not far from Aswan, where
they hired a few camels led by a Bedouin named Muhammad, who

would also serve as Stromer's cook.

Markgraf, who once again was unwell, then returned to Cairo to
make arrangements for the longer trip to the Western Desert. Stromer
spent the next week and a halfon his own, exploring rock strata exposed
on the west-facing escarpments and side valleys of the Nile. He was
looking for rock ofan age and composition similar to what he had stud-
ied in Wadi el Natrun. But while he was often treated to sweeping views
and stunning sunsets over the Nile from the slopes where he worked,
these rocks proved no more fossil-rich than those in Natrun.

Disappointed, Stromer packed up on December 21, went to the
nearest rail station, and boarded an overnight train for the 470-mile re-
turn trip to Cairo, arriving at seven-ten the following morning. After
checking in to his hotel, Stromer went to the post office, where he found
two letters that swung him from one emotional extreme to another. In
the first letter, he learned that the second volume of a textbook he had
written on paleozoology had been accepted for publication.” However,
the second letter confirmed a fear that had been growing since he saw his

collector a little over a week earlier in Luxor—Markgraf's illness had re-
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turned and he would not be able to undertake the most critical trip of
all, the upcoming expedition to Bahariya Oasis.

With his limited grasp of Arabic and his complete unfamiliarity
with the remote reaches of Egypt's Western Desert, Stromer suddenly
felt abandoned and bereft. Now, two days before Christmas Eve, his en-
tire expedition now seemed threatened, especially given the limited re-
sults of the trips to the Nile Valley and Wadi el Natrun.

It was a stunning setback.



THREE

UNEARTHING A LEGEND

"Whoa, stop . . . Go back!"

Reflexively, Josh Smith, in the passenger seat of a lurching Toyota
Land Cruiser, flung out his left arm and smacked the right shoulder of
his driver. It helped that his driver, Robert Giegengack, is a preternatu-
rally imperturbable man of exceptionally good humor and an experi-
enced hand at driving in the desert.

"Okay, okay," Giegengack shouted back amiably, swinging the vehi-
cle in a wide arc to keep it from bogging down in the sand. "What the
hell is it?"

"Back there. Something big right on the surface."

The Toyota had been rattling across the parched and rugged floor of
the Bahariya Depression at roughly forty miles per hour, and Smith had
been riding with his head out the passenger window, scanning the
ground. The date was February 21, 1999. Smith, who is possessed of
a pronounced and serious brow to begin with, was scowling as he
squinted into the midmorning sun. He was worried. So far the day had
not gone well. He had fewer than twenty-four hours to uncover a leg-
end that had sat undisturbed, a mystery that had lain unexamined, for
nearly a century. Smith, then a twenty-nine-year-old doctoral candidate

in paleontology at the University of Pennsylvania, was looking for the
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lost dinosaurs of Egypt, the lost dinosaurs of Ernst Freiherr Stromer

von Reichenbach. And he was getting nowhere.

It had begun, as is often the case with great notions, with beer. A year
earlier, Smith had sat at the end of a long day in the office of a fellow
Penn doctoral student and then-twenty-two-year-old dinosaur sa-
vant, Matt Lamanna, in the university's geology building: historic, red
sandstone-sheathed Hayden Hall. They were working their way
through a six-pack and musing idly about where on the globe they
might begin a collaborative project.

"We started putting together a rough list of selection criteria," recalls
Lamanna. "They had to be places that offered the prospect of success
but also had not been worked to death. They had to have something
about them that would permit us to make a real contribution to science,
to what we know about the world. And, of course, they had to be cool
places to go to.

"So, we had the usual locations where interesting new discoveries are
being made—Patagonia, Mongolia, and a few other places—but what
surprised us was that we each had this little known place, Bahariya, in
Egypt, at the top of our lists. And we just sort oflooked at each other.”

In this regard, and in other ways that emerged in the months that
followed, Smith and Lamanna revealed themselves to be different from
many others in their chosen profession. Hans-Dieter Sues, vice presi-
dent of collections and research at the Royal Ontario Museum in
Toronto and one of the world's leading paleontologists, explains: "Gen-
erally, I would say that for the majority of paleontologists, there's a sort
of herd mentality. You go places where other people are already working
because it does have the distinct advantage that you're going to find
something, too."

Sues adds another point that Josh Smith later found only too true:
"Also, it's often a lot easier to convince funding agencies and sponsors to
give you some research money for known places because they assume

you'll bring something back.
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"But there's a subset of our community," says Sues, "that thrives on
being a bit more adventurous, going out on a limb, doing the kind of
thing Ernst Stromer did—that is, saying to themselves, 'Let's not go to
where everyone else is collecting fossils; let's go somewhere else!'
They're the Indiana Joneses of our profession."

And when you examine a geological map of the world, Sues notes,
and look for areas where rock from the age ofthe dinosaurs lies exposed
on the surface, your eye cannot help but be drawn to North Africa.
"There's a big stretch of Cretaceous rock that shows up there in various
places. Rock from the Cretaceous Period—that is, rock anywhere be-
tween 66 and 144 million years old—is where many of the really rich
dinosaur deposits have been found, like the badlands of the western
United States and in Canada. In Cretaceous times, many of these areas
were on the shorelines of great shallow seas. And that's exactly what you
see when you look at a geological map of Egypt's Western Desert."

Josh Smith was drawn to Bahariya for another reason, though: "I've
been fascinated with Egypt since I was in sixth grade; I distinctly re-
member doing a little paper on the pyramids and the pharaohs and
being really captivated by that history and the desert in general."

Smith had other, less academic reasons for his interest in deserts.
With grades that he admits were "less than spectacular," and a working-
class family who could not easily afford to send him to college, Josh
Smith made an obvious decision at the end of his senior year of high
school: "For a six-year part-time commitment, the Army Reserve would
pay for my [environmental geology] degree at the University of Massa-
chusetts at Amherst. Pretty easy math." Like everyone else in the U.S.
Army in 1990 and 1991—during the Gulf War—he had his eyes firmly
focused on one particular desert.

But it was a decision that was more than purely financial. Smith had
been, in his own words, "the quintessential skinny little science nerd" in
high school. "I got beat up a lot," he recalls with a pain that is still evi-
dent. The army would be a way for him to toughen up and gain a cer-
tain level of self-esteem that he needed to acquire ifhe was going to get

anywhere in his career—a career he already knew would involve physi-
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cally challenging working conditions, not to mention the notoriously
nasty infighting of the world of academia.

Soon after his advanced infantry training, and as he continued with
his college studies, Smith began to seek out training that would make
him an attractive candidate for selection by the army's Special Forces,
the elite units that undertake some of the most difficult and hazardous
missions in the military. Though his tour of duty expired before he ac-
quired these skills, the legacy of Smith's military training goes far
deeper than his characteristic crew cut and burly physique: He is an ex-
ceptionally capable, deeply determined young man who, once he re-
ceives an assignment or conceives a plan, drives forward relentlessly
until it is achieved.

"All T know," jokes Matt Lamanna about his easygoing but intense
friend, "is that I try not to make him angry; I'm sure he knows a hun-
dred ways to kill people with just his hands."

A few weeks after Smith and Lamanna had talked about the sites
they might one day like to explore for dinosaurs, Lamanna walked into
Smith's office with a completed spreadsheet analyzing the criteria the
two had listed for choosing an interesting field-expedition target. Sure
enough, Bahariya was right at the top.

Says Smith, "There were several reasons to consider Bahariya, but
three stand out for me, and Matt as well, I think. The first was no pale-
ontologist had been there since Stromer. Second, very little is known
about the terrestrial animals of Late Cretaceous Africa, beyond what
Stromer and Markgraf found in Egypt, so there was an opportunity to
make a real contribution to the science. Third was that everything
Stromer found had been lost. Here was this pioneer, an explorer as
much as a paleontologist, who identified a number of unique dinosaurs
and a baroquely complex fauna in what now is a desert, and all his di-
nosaurs and many of his other finds were lost. All we have are his
monographs. That seemed such a terrible injustice, not just to science
but to this man himself, and we decided we wanted to try to recap-
ture and rebuild his legacy. Someone should have done it long before

n

now.
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There are any number of good reasons why no one had returned to Ba-
hariya since Ernst Stromer and Richard Markgraf first explored the
oasis ninety years ago. For one thing, the Western Desert of Egypt is an
exceptionally harsh environment in which to work. In the Bahariya De-
pression, which lies some 220 miles southwest of Cairo, temperatures in
the summer can rise in excess of 130 degrees Fahrenheit. In the winter,
the season when most work is done in the desert, temperatures can be
bitterly cold at night and still viciously hot in the daytime. The threat of
dehydration is constant in any season. The other constant is the wind
and, borne upon it, sand and dust. Sandstorms are common year-round

and at their worst in the winter and early spring.

War has been another barrier. Fierce and bloody battles raged across
North Africa in both world wars, and the desert itself was a hotbed of
espionage and intrigue.' For long stretches ofthe twentieth century, the
Western Desert of Egypt was as inaccessible politically as it was physi-
cally. Even today much ofthe region is guarded by military patrols con-
stantly on the watch for border incursions and internal insurgents.
Every road into the Western Desert is marked by a checkpoint, and no
foreigner ventures off established routes without a permit from the au-
thorities in Cairo.

Finally, the plain fact is that until recently, those same authorities
have seemed little interested in Egypt's paleontological history. What
limited funds are available for geological endeavors in Egypt have been
invested primarily in the exploration for mineral and energy resources.

Still, others have tried to reopen the strange case of Ernst Stromer
and the Bahariya Oasis, but failed to get an expedition off the ground.
Hans-Dieter Sues says, "Many of us have tried before. We did the
proper thing: We applied in writing to the Egyptian authorities, re-
questing permission to enter the desert. When they do respond, the
Egyptian authorities are very friendly and helpful. But mostly they do
not respond, and you wait. And wait. You send a letter and nothing hap-
pens. You send a fax and nothing happens. This is largely a matter of

culture; the Egyptians much prefer to conduct such negotiations in per-
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son, which is understandable and quite charming, but it makes it very
hard to get an expedition organized and funded. Also, I think paleon-

tology has just not been a priority for them."

Coincidence and chance often play critical, ifrarely acknowledged, roles
in the process of scientific discovery, and they would do so in the redis-
covery of the lost dinosaurs of Egypt. It is not even clear whether Josh
Smith understood at this early stage how difficult it could be to gain
entry to Egypt's Western Desert, but two coincidences would come to
his aid before he even knew he had a problem.

The first one sat, even as Smith was looking over Lamanna's spread-
sheet, at a desk in an office exactly one story beneath and roughly six
times larger than Smith's. The man seated at the desk was Robert
Giegengack. Lanky, with penetrating eyes but a quick and genuine
smile, he is known to his students simply as "Gieg."The man who, some
months later, would be Smith's "driver," is chair of the University of
Pennsylvania's Department of Earth and Environmental Science. A
noted geologist, Giegengack had spent much of the last thirty years
doing fieldwork on the climatic history of deserts. To Josh Smith's very
good fortune, the places Gieg chose to pursue this research were the
oases of the Western Desert of Egypt. Well known, well liked, and ut-
terly trusted by officials ofthe Egyptian Geological Survey and Mining
Authority (the successor to the original Egyptian Geological Survey),
Giegengack would be the key to the door to the desert for his young
student, a door that had been effectively closed to many paleontologists

for nearly a century.

It is easy to understand why Giegengack is held in such esteem by
the Egyptians: He is very fond of them and of Egypt. It is the place
where, even more than the university campus where he spends much of
each year, he feels most at home.

"Americans think of Egypt as a poor, dirty, hot, dusty place where it
is hard to get around, hard to communicate, and hard to get what you

need. All of this is true. But what is also true, what is far more impor-
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tant and what so many people, and not just Americans, fail to grasp, is
that Egypt is one of the most civilized cultures on Earth. And it's not
just superficially civilized. It's not a matter of there being technological
marvels at every turn. There aren't many, and the fact is that in reality,
they aren't important. What is important is the spiritual and cultural
depth ofa place and a people, and this is where Egypt really shines. It is
a place where the people are rich despite having an absolute minimum
of material possessions.

"There are a lot of deserts in the world. I could work in any one of
them. I go to Egypt year after year because I love it. That is where my
heart is."

As he sat in his office that day, Giegengack was wrestling with a prob-
lem that would become the second coincidence to make Smith's Ba-
hariyan vision a reality. During the previous two seasons at the Dakhla
Oasis in central Egypt, Giegengack had been assisted by one of his doc-
toral students, a student who had received multiple undergraduate honors
at Harvard University before graduating magna cum laude in Earth and
planetary sciences in 1996, a student whom Giegengack describes thus:
"Without a doubt the most brilliant I have ever had. Period. A person of
penetrating insight and absolute intellectual and personal integrity whose
range ofinterests and depth of knowledge are simply astonishing."

What worried Giegengack about the upcoming season in Dakhla
was that, because of another professional commitment, he would have
to leave for part ofthe season. With an assistant ofthis student's caliber,
his departure should have been no problem. Giegengack could be per-
fectly confident the fieldwork would progress carefully and competently
without him. But this assistant presented a problem. This assistant was
a woman.

Jennifer Smith is a diminutive young lady, just under five foot three,
with long dark hair, immense dark brown eyes, and a mouth that flashes
with lightning speed from tightly pursed concentration to a broad and
slightly feline smile that bears more than a trace resemblance to Julie
Christie's. She also holds a black belt in karate.

For that, and two other reasons, Giegengack's concern was notJen-
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nifer Smith's safety in Egypt. First, her determination is legendary. He
explains with a story: "Once, on an expedition with Jennifer in the jun-
gles of Belize on the Yucatan Peninsula, I saw a promising rock outcrop
on the other side of what looked like a fairly shallow stream. I led the
way across the stream, and Jen followed. Right away the water was up to
my knees. I kept going, transferring the stuff in my pockets to a com-
partment in my knapsack. Then it rose above my waist, and I slid the
knapsack off and held it over my head, which was a good thing, because
in a few more moments the water was chest-deep. I'm embarrassed to
say that I was most of the way across before I thought of Jennifer. I
turned, and there she was behind me, completely submerged. All you
could see were her two arms sticking above the water supporting her
pack as she trudged through the water, hopping up from time to time to
catch a breath. When she slogged out of the water on the other side, I
was aghast and asked her why she hadn't said anything. She said simply,

'l was saving my breath.'"

The second reason Giegengack was unconcerned for her safety was
the nature of Egypt itself. "Egypt is very safe; Cairo is a city of twelve
million where violent crime is virtually unknown. Interpersonal vio-
lence is just beneath Egyptians, and women can walk safely through
cities alone even at night."

Giegengack's problem wasn't criminal in nature, it was cultural. He
knew that even with the proper entry permits, Jennifer Smith would
never get past the checkpoint on the road from their lodgings to the re-
search site in the desert. It would be inconceivable to the soldiers man-
ning the gates that an unmarried woman, traveling alone, could do such
a thing. It simply wasn't done. It would not be permitted.

Jennifer Smith, therefore, needed a male escort—better yet, a "hus-
band." And quite by chance, in an office directly above him, Giegengack
had a tailor-made candidate, a highly qualified field scientist who—
coincidentally, since they were unrelated—had the same surname. It did
not hurt that the two Smiths were already romantically involved and in-
deed would soon become engaged.

It is, unfortunately, in the nature ofscientific research that specialists
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in one academic discipline—even closely related disciplines like geology
and paleontology—often know very little about the history of each
other's fields. So when Josh Smith agreed to join the expedition with
the condition that, on the way to the Dakhla Oasis in central Egypt
where Giegengack pursued his research, they stop for a night at the Ba-
hariya Oasis, Giegengack was surprised.

"Frankly, after working in the Western Desert for thirty years," says
Giegengack, "I had never even heard of Ernst Stromer or his dinosaurs.
And anyway, I'm a geologist, not a paleontologist. If I ever did know
anything about it, I had long since forgotten." Nonetheless, Gieg read-
ily agreed to the stop.

It was, as he well knew, a bargain. Josh Smith was not a standard-
issue graduate student. In addition to his military experience, he had al-
ready worked as a fossil preparator, received a number of academic
awards, and published professional papers. Says Giegengack, "Even
when he first arrived here, Josh thought, acted, and spoke like a profes-
sional. Since then he's produced professional papers prodigiously; in all
the years I've been here, I've never seen a graduate student who's as fo-
cused as Josh is." Happily, he was also a skilled sedimentologist: just
what Jen Smith and Giegengack needed in Dakhla.

"Still," admits Jen guiltily, "it wasn't an especially terrific deal for
Josh; the price for spending a day or two in Bahariya was that he'd have
to spend five or six weeks down in Dakhla working for me and Gieg.

"I'd done some paleontological work with Josh before, and I knew
that even in fossil-rich locations, you can spend a number of eight- to
ten-hour days hiking and prospecting and find only one or two little
bones. Gieg and I figured Josh didn't stand a chance in hell of finding
Stromer's dinosaurs in the middle of the desert in a day and a half.

There was just no way."

The Toyota Land Cruiser crunched to a stop on a firm section of the
desert floor and Josh Smith leaped out, walked a few paces, and bent
down. At his feet were three sections of what once had been a very large

bone. A dinosaur bone.
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The sun was nearly at its zenith, and despite the fact that it was cold,
the sunlight shimmered off the pebbly desert pavement. It had been a
long, difficult morning, a morning of fruitless wandering and mounting
frustration.

"Josh had some of Stromer's scientific monographs with him that

day, but they weren't much help," recalls Jen, who was riding in the
backseat. "The papers described geologic strata and the details of the
bones he found. Like most scientists, he didn't waste words on the land-
scape or directions, though he did mention an 'isolated conical hill'
called Gebel’ el Dist. If we could find the general area where Stromer
had worked ninety years ago, we could probably identify the site from
his description ofthe rock strata there. But first we had to find the hill."

As it turned out, a friend of Giegengack's, Bahay Issawi, the former
head of the Egyptian Geological Survey and Mining Authority, had
photocopied a paper about one of Stromer's finds that included survey
coordinates for Gebel el Dist.

"If you're looking for invertebrate fossils—Ilittle critters without a
spine—or for ancient plants," says Josh Smith, "you work a specific,
often very small site, sometimes for years. But with large vertebrate fos-
sils, that's not as important, because the productive horizons are spread
over a much broader area. If we got into the same general suite of rocks
where Stromer had worked, we would have just as high—or low—
a probability of finding bones as he had. We knew he'd found his di-
nosaurs mostly near Gebel el Dist, so that's what we went looking for
that first morning. We punched the coordinates that were in the re-
search paper into our global positioning system [GPS] and headed
northeast across the desert from the town of Bawiti, where we had spent

the night. We had the technology; it should have been easy."

It wasn't. The three scientists bumped across a landscape marked by
not a shred of greenery. For as far as the eye could see, there was only an
uneven, rather lumpy expanse of rock-strewn grayish-tan earth and
sand. Eventually they approached two long, low ridges, each a bit more
than a half mile in length separated by a saddle. Giegengack drove the
Toyota around one end and came up along the back ofthe ridges. Here

the driving became dramatically more difficult. The ridges were capped
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with a hard limestone layer that had eroded away along the southeast-
facing side. The ground was strewn with enormous chunks oflimestone
and, in their lee, drifts of soft sand. Several times they sank up to the
Toyota's axles and had to spend as much as an hour digging out.

"Okay," Jennifer suddenly announced as they lurched along the
slope, "we're almost on top of the coordinates."

Josh and Giegengack looked at each other blankly. There was
nothing here that even remotely resembled the features they were look-
ing for. They were simply running along the dip slope ofthe linear ridge
and there was nothing isolated or conical about it. There was one spot
where the ridge had slumped slightly and eroded, but Josh couldn't
make himself describe the feature as either isolated or cone-shaped.
They stopped, got out, and took a look around for a while anyway, wan-
dering across the wind- and sun-blasted desert floor but seeing nothing.

"I figured, you know, forget it," remembers Jennifer, "we have obvi-
ously screwed this up somehow. And it's not like you can ask anyone for
directions. First of all, there's no one out there; we were in the middle of
nowhere. Second, place-names in the desert are mutable; one person
will call a hill one name and another will call it something else."

"We'd spent most of the morning getting there," Josh recalls, "and
we hadn't seen much at all. The day was moving on, it was cold, the
wind was kicking up, and we were tired, hungry, and frustrated. At some
point Jen looked across the depression to the west and said, '"Why don't
we try over there somewhere?' and I just shrugged and said, 'Okay, fine,
whatever. This place is getting us nowhere anyway' "

But even as Giegengack swung the Land Cruiser around and hur-
tled off toward the northwest, Josh Smith was still searching the
ground, his head out the window.

"I have never known a student who is as doggedly determined as
Josh Smith," Giegengack says. "He's a terrifically hard worker. I joke
that he is from the 'brute force' school of science; he will beat a problem
to death, consider every possible aspect of it, to reach a solution. He will
keep at a thing long after other people have decided it's a dead end.

That's the downside. The upside is that he often succeeds."
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And succeed he did. Now, as he squatted on his haunches above a
group of very large bone fragments, the largest of which measured eigh-
teen inches long and seven inches across, the tension that had been in
Josh Smith's face disappeared. From the largest of these fragments, he
knew instantly that he was looking at a portion of the leg bone of a
sauropod, an immense, long-necked, long-tailed, plant-eating dinosaur.

"Sweet," he said quietly.

Since the day in 1842 when England's Sir Richard Owen first created
the term "dinosaur" for the strange creatures whose petrified bones were
being found, hundreds of different dinosaur species have been discov-
ered. Gradually, with the bones as guides, scientists have been able to
piece together a reasonably understandable if still fragmentary family
tree, based upon the shared characteristics of different groups of di-
nosaurs.

The stocky stem of this tree is the broad category Vertebrata, ani-
mals with backbones. Vertebrates are divided between fish and those
with limbs, called tetrapods. These in turn are divided between am-
phibians, which return to the water to reproduce; and amniotes, crea-
tures that effectively carry the water with them, within either an egg or
awomb. Amniotes diverged into two lineages: synapsids, which eventu-
ally led to mammals, and reptiles. The reptile lineage continued to
evolve and branch for millions of years before the arrival of one distinc-
tive and highly successful subgroup: dinosaurs.’

Dinosaurs distinguished themselves from all other creatures on the
Earth roughly 230 million years ago by standing upright on two strong
hind legs, their center of gravity in front of their hip junction, counter-
balanced by a long and heavy tail. The dinosaurs split into two groups,
ornithischians and saurischians. Both of their names are misleading.
The name ornithischian means "bird-hipped," while saurischian means
"lizard-hipped." But birds do not come from the ornithischian line; nor
are lizards saurischians. The confusion stems simply from the shape and

orientation of one bone in the pelvis, the pubis. In ornithischians, the
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pubis points backward beneath the hip (as it does in modern birds); in
most saurischians, it points forward (as it does in modern lizards). No
one knows precisely why.

Over time, ornithischians evolved into three broad groups. The first
was Thyreophora, which produced the heavily armored dinosaurs, the
best known of which are probably the stegosaurs, which had spikes and
plates atop their backs and tails. The second was Marginocephalia,
which includes forms that had thick, bony skulls and horns, like the
amazing Triceratops. The third was Ornithopoda, which includes mostly
bipedal beaked and duck-billed dinosaurs. All three groups were herbi-
vores, or plant eaters.

But it was the second broad category of dinosaurs, the saurischians,
that would come to dominate what today is Bahariya 95 million years ago
(though ornithischians would predominate in many other areas of the
Northern Hemisphere during the Cretaceous Period). Within this cate-
gory there were two primary groups: the sauropods and the theropods.
The former were, like the ornithischians, herbivores. Sauropods had small
heads, long necks, and equally long tails. They grew to such enormous
size that they had to walk on all fours, on elephantlike legs nearly as tall
and thick as building columns. Emerging roughly 210 million years ago
and evolving over tens of millions of years, they ranged widely in size
while maintaining the same basic body characteristics. The longest
sauropods (diplodocids) reached over a hundred feet, and the heaviest (ti-

tanosaurs) may have weighed as much as a hundred tons.

Big as the sauropods were, it is the theropods that get all the atten-
tion. Most were fearsome carnivores. Smaller and faster than sauropods,
they prowled the landscape on two powerful hind legs that ended in feet
with three functional toes. Their forelegs were generally much smaller
by comparison. Theropods appear to have emerged roughly 225 million
years ago, and then diversified. They were abundant throughout the
Mesozoic Era and ranged in size from the forty-three-foot-long Gigan-
otosaurus’ to the pigeon-sized Microraptor. Theropods are the only kind

of dinosaur that survives today—amazingly, as birds.
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As he bent over the sauropod bones in Bahariya that day in February
1999, Josh Smith was relieved but not particularly excited. For one thing,
Smith is a theropod guy. He already knew from Stromer's work that there
were sauropods in Bahariya; finding the remains of one was not all that
surprising. More important from a paleontological perspective, the pieces
of bone were simply sitting on the surface, not protruding from the
ground, which would have suggested that more lay beneath. As it was,
the bone was what paleontologists call "float"—fragments left behind by
the elements. Given this, Josh and Jen and Giegengack concluded that
these fossils were of no special scientific significance. After marking the
coordinates of the bone and photographing the fragments, they left. It
would be more than a year before they returned to this site to discover, to
their very great relief and to the amazement of much of the rest of the

world, that their initial conclusion had been wildly incorrect.

Now, however, Josh, Jennifer, and Gieg drove west across the floor of
the Bahariya Depression into the lowering sun. The afternoon was slip-
ping away, and shadows had begun to lengthen in the lee ofthe hillocks
they passed. After another hour and a halfof driving around the desert
floor, they topped a rise and saw ahead a distinctive landform silhouet-
ted in black against the deepening orange ofthe early winter desert sun-
set. They recognized it immediately.

It was Stromer's isolated cone-shaped hill. It was Gebel el Dist.

The next morning, Josh was buzzing with nervous energy. With
Giegengack, he dragged the slow-starting Jennifer out to the Toyota,
shoving a thermos ofblack coffee in her direction, and headed them out
for the northwestern desert. On this morning, partly because they now
knew what they were looking for, they couldn't miss Gebel el Dist, but
it still took more than an hour ofrugged driving to get there.

"The moment we reached el Dist," Josh remembers, "things just got
stupid. I mean, there was bone all over the place, all around the base of
that hill. Lots ofit. I had just returned with Matt Lamanna from an ex-

pedition to a very rich dinosaur fossil deposit in Argentina, but there
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was much more bone on the ground here in Egypt. The sheer quantity
of float was astonishing."

While Jennifer prowled along the crest of a ridge, Josh and Gieg
walked around the base of a small hill a short distance from el Dist.

"And there, right at my feet, I found another very large bone," says
Josh, "a hollow, shaftlike bone, almost like a stovepipe, that could only
have come from a very large carnivorous dinosaur, a theropod. The
sauropod the day before was interesting, but this was the bone that
started everything rolling. And there were more bones surrounding it. It
was really exciting."

But Josh's Bahariya hourglass had run out. It was time to turn south
to Dakhla to begin the real work of Giegengack and Jennifer's expedi-
tion. Josh didn't care; he'd found what he came for: Stromer's dinosaur
graveyard. Soon, however, he would face months of the taxing pick-
and-shovel work of raising funds for an expedition to Bahariya—a skill
for which there is no course in graduate school and in which luck is an

essential ingredient.

On March 10, 1999, the day after his return from Egypt, Josh Smith
thundered up the stairs of Hayden Hall and into Matt Lamanna's office.

"I heard him before I saw him," Lamanna recalls. "He has this way
of stomping up the stairs. But when he came around the corner, I hardly
recognized him. He had this long messy hair and a completely over-
grown red beard. He looked like a wild man. He also had this huge
smile on his face. He smacked down a pile of photographs and just said,
'Dude, check it out.'

"I looked at the pictures and could hardly believe my eyes. Here was
this barren desert pavement just strewn with bone. I'd never seen any-
thing like it."

Smith remembers, "I showed him one picture, and his eyes got as big
as dinner plates and he said, 'Is that a theropod?'I said, "Yeah, I'm pretty
sure it is, but what kind?' And he looked at some more and just said, 'I'm
not sure yet; I'll let you know. But I can tell you this: Whatever it is, it

rn

is very seriously big.
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Smith made one other important stop right after he returned from
Egypt, at the office of his faculty adviser, Peter Dodson. A professor of
anatomy, geology, and dinosaur paleontology wrapped up in one genial
package, Dodson is a sort of one-man Earth sciences department. He
has worked on dinosaur expeditions in Madagascar, China, and North
America. Along the way he has written or edited a number of books on
dinosaurs, including the award-winning reference book The Dinosauria,
as well as books for children and scores of professional papers. But Dod-
son's most important products, as far as he is concerned, at least, are his
graduate students. He has sent off from the University of Pennsylvania
several of the most successful young paleontologists working in the
world today.

Of Dodson, Smith recalls, "When I started looking around at grad
schools and talking to professionals in the field of paleontology, Peter
Dodson's name and Penn kept showing up. And I decided, why look
anywhere else?" Says Lamanna: "I came from a very small town and
really didn't want to be in a place as big as Philadelphia, but Peter took
me under his wing. As an adviser, he's terrific. He doesn't tell you what
to do, he encourages you to seek for yourself, and then he supports you
all the way. It really builds up your confidence; I think that's why he's
had so many successful students."

Smith showed Dodson the photographs, reviewed the strange story
of Ernst Stromer's lost dinosaurs, and asked his adviser what he
thought. "Well," said Dodson, "I think we'd better buy some airplane
tickets."

In the days that followed, however, Josh had very little time to enjoy
the enthusiasm of his colleagues and his adviser. He and Jennifer al-
ready were busy preparing for a second seven-week expedition, this time
into the Arctic. Amid the preparations, Josh met a friend ofhis, an evo-
lutionary biology doctoral student named Scott Winters, for a beer at
the New Deck Tavern on the edge of the Penn campus.

"We were sitting in a booth in the back, just talking about the Egypt
trip, and I showed him my pictures and he just said, 'Listen, I have an
idea; can I show these to some friends of mine?' "

Even as he stepped out the door of the New Deck, Winters was
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punching numbers into his cell phone. While a student, Winters was
also a partner in a small filmmaking company, Last Word Productions,
and he immediately began looking for a larger firm that might be inter-
ested in underwriting an expedition to Bahariya in order to make a doc-
umentary. By the time Josh and Jennifer returned from the Arctic, there
was an e-mail waiting from Winters. He had pitched the idea to a film
company in Los Angeles called MPH Entertainment, which had asked
for a proposal. Josh obliged, and shortly after MPH received his pro-
posal, they wrote to say they were interested.

Meanwhile, Josh Smith was preparing to present a talk at the annual
meeting ofthe Society of Vertebrate Paleontology, the principal profes-
sional organization in the field, in Denver that October. The presenta-
tion he made was like nothing the society had heard before.

Hans-Dieter Sues, the society's president, remembers it vividly: "I
shouldn't say this, perhaps, but often at these meetings you just sit
through talk after talk and you wonder, Jesus, why is anyone wasting
their time studying that stuff, you know? Because of course they're not
doing what you're doing, so you're not that interested. And people are
constantly getting up and going to other sessions they think will be
more interesting. But word had gotten around that Josh's talk was the
one to hear, and people were just flooding into the hall. And once he
started, nobody moved. He didn't begin by talking about dinosaurs
at all."

"I just decided to do something different," explains Smith. "I said,
'Well, this morning we've been hearing all sorts of things about thero-
pod phylogeny. Now we're going to talk about war.' "

"My first thought," says Sues, "was 'What is this, a Veterans of For-
eign Wars meeting?' But then Josh started talking about his own mili-
tary experience, and about the incredibly destructive effects of war on all
of society. Then he told the story of Stromer's losses in World War 11,
his rediscovery of the place in the Egyptian desert where Stromer had
worked, the amazing amount of bone still there, and the expedition he
was planning. The audience response was amazing. I remember think-

ing, 'Wow.""
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Sitting in that audience, Mark Hufnail was paying very close atten-
tion both to Smith and to the response he was getting. Mark is the "H"
in MPH Entertainment, the company that was considering underwrit-
ing the Bahariya expedition to film a documentary on the dig. But at
this point, MPH had yet to commit to the project financially. The com-
pany filmed the presentation, interviewed Josh, Jennifer, Matt, and
Peter on-camera, and, shortly thereafter, began shopping the film pro-
posal to several major cable-television companies. No one bit.

"Hell," says Josh now, laughing, "I wouldn't have, either. To begin
with, we were only grad students. What's more, we were proposing to
go someplace unknown, or at least long forgotten. And to top it off, we
hadn't actually found anything yet."

To their credit, and to Josh's everlasting gratitude, MPH didn't give
up. But Smith was running out of time.

"As Christmas of 1999 approached, we still didn't know whether we
were going back to Bahariya in January or not. I'd already assembled an
expedition team and we had arranged things like passports, inocula-
tions, preliminary permits, and excavation supplies. But we had no idea
whether it was on; it was that up in the air, that shoestring an opera-
tion."

It was a situation Ernst Stromer and many other early explorers
would have understood only too well. In the years before World War I,
most scientific expeditions were funded not by governments but by
wealthy patrons (Stromer, for example, occasionally received support
from the Krupps von Bohlen und Halbach family of industrialists, who
had an interest in paleontology), as well as by small grants from univer-
sities or scientific societies and, not incidentally, by the explorer's own
personal resources.

Not surprisingly and almost by necessity, given these financial con-
straints, most explorers and field scientists in the early days of the twenti-
eth century had, like Stromer, aristocratic backgrounds and independent
means. But while Stromer was an aristocrat by birth, the evidence sug-
gests that he was by no means wealthy. The total budget for Stromer's

1910-11 expedition, including shipping, was eighteen thousand German
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marks, a paltry sum, which would certainly help explain his anxiety about
the sudden appearance of Dr. Leuchs's wife. In an era when African
desert expeditions typically involved immense caravans and dozens, even
hundreds, of native laborers, Stromer's own expeditions were astonish-
ingly modest—a few camels and sometimes just one Egyptian helper
who served as camel driver, cook, and guide. It was something about
which he was especially proud, and it is one of many ways in which
Stromer revealed his essential nature: efficient, exacting, careful with
every detail, and a bit of a tightwad.

Neither Josh Smith nor his colleagues had the luxury of financing
the Bahariya expedition themselves. While they attended an expensive
Ivy League university, they were, to a man and woman, from blue-collar
backgrounds and supported largely by their own labors and occasional
fellowships.

"Peter Dodson secured a $5,000 university grant as well as an ad-
ditional grant of $10,000 from a local philanthropist, the late Emilie
de Hellebranth, and the project received a $1,000 donation from the
Delaware Valley Paleontology Society," says Smith. "All together, it
came to only $16,000. We needed at least $60,000." We were a very
long way from being able to afford to go."

Eventually, in December, Hufnail and his two partners, Jim Milio
and Melissa Jo Peltier, met to decide what to do next. They knew fund-
ing and filming the expedition themselves would put the financial se-
curity oftheir own firm at risk. They voted. The vote was two to one in
favor. As Milio put it later, "This is a democracy, and the majority
rules." What Milio does not generally disclose is that he placed a sec-
ond mortgage on his own home to cover the cost of funding and film-
ing the expedition. Eventually, a major new force in science-inspired
entertainment—Cosmos Studios, founded by the late Carl Sagan's
wife and colleague, Ann Druyan—would step in to back the project
and reimburse both Milio and MPH. Indeed, Cosmos gave MPH
more than they had asked for; excellence was Cosmos's objective, and
they were willing to pay for it.

In the frantic weeks that followed, Smith scrambled to complete the
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travel arrangements for all the participants in what henceforth would be
known as the Bahariya Dinosaur Project. Finally, on January 10, 2000,
the team boarded a plane in Philadelphia bound for London and then
Cairo.

The search for the lost dinosaurs of Egypt had begun.



FOUR

DRAGOMEN, FOSSILS,

AND FLEAS

Almost exactly ninety years earlier, on the eve of the second decade of
the twentieth century, Ernst Stromer was in a similar state of frantic
preparation.

In the week since Christmas, he had struggled with the unantici-
pated calamity of his partner's illness, and had swung, pendulum-like,
between fear and determination, frustration and action. He knew his
own weaknesses only too well. His Arabic was rudimentary. His knowl-
edge of the Western Desert beyond the Fayoum Oasis was next to nil,
limited to what he had gleaned from the report written on Bahariya by
British surveyors—a report he now studied closely. He was not accus-
tomed to traveling without a guide and cook (indeed, his good friend
Schweinfurth had criticized him for carrying his own knapsack).
What's more, he worried over the limits of his own physical health.
Writing in his diary the day after Christmas, he observed, "I am notice-
ably tired as a reaction to all the days I have been traveling. I am, after
all, too frail for such expeditions; I substitute tenacity and flexibility for
the strength and pluck that I lack."

For several days, Stromer sought a replacement for Markgraf, some
other fossil collector conversant in Arabic and in the ways of'the desert

to whom he could entrust the details of organizing the trip, managing
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the recruitment of laborers and camels, guiding him to Bahariya, and
assisting with exploration. Eventually, a friend of his in Cairo recom-
mended a candidate, a gentleman named Hartmann. Stromer spent two
days trying to locate him, writing to his postal address and traveling to
restaurants and cafes the man was known to frequent. "One loses so
much time here just trying to find someone," he wrote, "because no one
knows the exact addresses and house numbers anywhere and address
books are available only in hotels—but not in mine."

Stromer finally reached the collector, and Herr Hartmann presented
himself at Stromer's hotel one afternoon a few days before the end of
the year. "The somewhat gray-bearded Hartmann arrives," Stromer
wrote with evident disgust, "in a dirty suit, spreading an indescribable
odor. He appears to be down and out, denies having any experience in
the desert and declares that he does not want to occupy himself with
fossil gathering or chiseling anything out ofrock and is uninterested in
learning how to do it." Hartmann, in fact, suggested caustically that
what Stromer wanted was an Italian stonemason, not a man ofhis more
elevated scientific talents. Stromer dismissed him, not without relief,
noting that the man's odor "contaminates my room long after his leav-
ing."

Stromer found deliverance, of a sort, in a dragoman (a guide and
translator) recommended by the German consulate, a Mr. Mohammad
Hasranin el Hitu, who worked as a guide at the luxurious, and ulti-
mately infamous, Sheppards Hotel—a hotel designed, in fact, by Eliza-
beth Rennebaum's father, Johann Adam. Stromer describes the man as
"young and dressed clegantly" in the uniform of the hotel, and they
spent an hour discussing the expedition proposition and haggling about
prices. Eventually, although not amicably, they arrived at an agreement.

During the following days, Stromer purchased "a pair of cowhide
shoes with thick rope soles recommended to me for marching in the
desert sand," canned and bottled provisions from Giorgioni's market,
and several bottles of Palestinian wine. A friend visited and gave
Stromer a hundred pieces of a rock-hard, half-moon-shaped type of

bread that could be reconstituted in water and baked in the ashes of a
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fire. And he collected old newspapers with which to wrap any fossils he
might find on the expedition. In addition, he obtained another water
crate to augment the three he had been traveling with—this one, he
noted, with a lock that would prohibit his workers from draining it on
their own.

In the meantime, Stromer crisscrossed Cairo trying, unsuccessfully
and with mounting frustration, to secure the permits he would require
from British, French, and Egyptian authorities to travel in the Western
Desert. It was a process so labyrinthine and inefficient as to drive his or-
derly German mind to the limit of its patience. Despite multiple visits
to assorted offices, telephone calls, telegrams, letters, and still more vis-
its, he could not get the authorities to act expeditiously, even as the day
and hour of his departure loomed. In the end, he was forced to ask
British authorities to telegram the mamur, or chiefpolice officer, in Ba-
hariya and announce his forthcoming arrival. Even then, he did not re-
ceive the appropriate papers until a messenger delivered them to his
hotel in Fayoum after he had already left Cairo.

Finally, on the afternoon of New Year's Eve 1910, Stromer boarded
a train to Medinet el Fayoum, the principal town in the Fayoum Oasis.
Upon his arrival late in the afternoon, he was met by Mohammad
Maslim, a servant he had employed during his earlier expeditions to this
oasis but who now, nearly a decade later, had aged so much Stromer
barely recognized him. Maslim was so pleased to see him and so eager
to serve that Stromer hired him, despite his misgivings, for the trip.

After a bedbug-plagued night in a cheap hotel, Stromer spent most
of the next day waiting for his dragoman, el Hitu, to arrive from Cairo
by train. The camels would not arrive until the following day and when
they did, to Stromer's irritation, one ofthe four proved to be a juvenile.
What is more, though Stromer had contracted with el Hitu for four
drivers, only two arrived. In the end, this would prove to be a boon, for
Stromer found a third camel driver in Fayoum, a Bedouin named
Gumaa, who knew the desert caravan routes far better than Stromer's al-
leged "guide," el Hitu. Indeed, el Hitu had already become a thorn in

Stromer's side. He mistrusted the dragoman. Moreover he resented el
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Hitu's tendency, in Stromer's eyes at least, to attempt to rise above "his
station." Here Stromer revealed his least likable trait: He was an unre-
constructed colonialist snob. His journal makes it clear that he regarded
the Egyptians he hired as inferior beings—ignorant, dirty, greedy, devi-
ous, even dangerous. The great irony, one that no doubt would have been
lost on a Victorian-era aristocrat like Stromer, was that he depended
upon these people utterly—to manage the camels, to guide him through
the desert and keep him safe, to cook for him, and to carry burdens.
Finally, on the morning of January 3, after a day of frustrating efforts
to get the travel permits signed by the appropriate authorities in the
Fayoum, Stromer, el Hitu, and Maslim boarded a train for Ghauraq, the
end of the line, at the southern edge of the oasis. As the steam train
chuffed across the oasis floor, Stromer marveled at the lush agricultural
landscape through which they passed: "Everything is green, the grain is
already a meter high and I can see some of the heads are already bloom-
ing; the sugar cane is also ripe and the maize has already been harvested
and the stalks are layered on the ground, drying." It was the last green-
ery Stromer would see for many days. That afternoon they set up camp
in Ghauraq near a water source where they could fill the four water
crates he had brought. They waited there until the camels caught up
with them. Stromer had brought a simple canvas wall tent, supported by
two vertical poles and held down by guy ropes staked in the sand.
Maslim assumed his accustomed place just outside the entry to the tent
and began preparing a simple dinner of chicken and rice. The expedi-

tion to Bahariya was finally under way.

By noon the next day, they were deep in the desert, making for Ain
el Rayyan, the spring at the head of the Rayyan Valley, southwest of
Fayoum. But because ofel Hitu's dawdling to graze and rest his camels,
Stromer's little party failed to reach the spring that first day. It was a
pattern that would repeat itself for the rest of the trip. Stromer had sus-
pected that el Hitu had scrimped on purchasing fodder for the camels,
and now he had proof. At every opportunity, the dragoman led the car-
avan off on long detours to known or suspected grazing areas, which,

given their rarity in the desert, slowed the caravan's progress dramati-
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cally. There was little Stromer could do about it but fume. He was ut-
terly at el Hitu's mercy. Markgraf, he knew, never would have put up
with it.

The high desert plateau between the Fayoum and Bahariya oases is
a landscape only a geologist could love. There are vast, undulating ex-
panses of wind-eroded sandstone and limestone with shifting sand be-
tween the hillocks. There are crumbling outcrops of limestone here
and there and, on occasion, mesa promontories in the distance. The
sunbaked rock is so bright, even in winter, that Stromer often wore his
yellow prescription sunglasses. It was also cold. Stromer, who was in-
adequately dressed, often walked beside the camels rather than riding,
simply to generate enough heat to stay warm.

He wrote in his journal constantly, painstakingly recording even the
slightest changes in the geology around him and in the distance, noting
hard white limestones, greenish-white sandstones, crusts of greenish
gypsum, pavements of light yellow to ocher sandstones, outcrops of
quartzite, reddish-brown claystone, and even limestone tinted lilac.
There were oddities as well: long bands of dunes, always oriented by the
prevailing winds in the same northwest/southeast direction, fields of
weathered limestone accretions, called "ball stones," scatterings of bro-

ken and petrified wood Stromer called "wood pebbles," and, numerous
beyond belief, literally billions of fossilized oyster shells and Num-
mulites, single-celled foraminifera as large as thumbnails, along with

scattered bits of ancient coral.

All ofthese deposits and rock formations spoke ofa world that once
lay beneath a warm, shallow sea—a sea that advanced and retreated
many times over many millions ofyears, laying down alternating bands
of shell-packed limestone and fine-grained sandstone. Stromer knew all
this beforehand, of course, from the detailed reports published by the
Egyptian Geological Survey, but he was mesmerized nonetheless. As
the camels and their drivers plodded across the desert floor, Stromer
often scurried into the distance with his rock hammer to examine
closely some interesting outcrop, or simply dropped to his knees to mar-

vel at the astounding density ofthe fossil shells beneath his feet.
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Almost obsessively, as if committing the landscape around him to
print before it blew away forever—which, in a sense, he was—Stromer
described what he saw, his detailed journal entries seldom more than a
few minutes apart. At night, his sleep was broken constantly by a plague
of biting fleas, and early each morning he continued to write the record
of the desperately bleak world through which his little band traveled.

Finally, on the morning ofJanuary 11, after more than a week of
marching, Stromer noticed that the camel drivers were pushing their
charges at a faster clip. He realized they must be approaching their des-
tination, the Bahariya Depression. As they traversed the crest of an-
other band of dunes more than twenty feet high, he could see the valley
at last. Soon he was at the edge of the precipice. He reported in his jour-
nal, "we made a sandy descent steeply down into the Bahariya valley."

As his camels picked their way carefully down this cleft in the rim of
the great Bahariya Depression, the expanse of landscape that opened
before and below Stromer was balm to his eyes: "surprisingly beautiful
after the monotony up to this point." His predecessors, the British sur-
veyors John Ball and Hugh Beadnell, noted in their 1903 report, which
Stromer was carrying, that "A fine view of the depression is obtainable
from the top ofthe escarpment, a broad low-lying expanse, bounded by
steep escarpments or walls, stretching away to the south, its monotony
relieved by several large flat-topped hill-masses, near which, in the low-
est portions of the floor, dark areas, the cultivated lands and palm groves
can be distinguished.™

They also described its form: "In plan the oasis is ofhighly irregular
outline, more particularly on its western side; but the general shape of
the excavation is that ofa large oval, with its major axis running north-
east and south-west, and with a narrow blunt pointed extension at each
end."” Though it is smaller than the other oases in Egypt's Western
Desert (and was known for centuries as al-Waha al-Saghira, or "Little
Oasis""), the Bahariya Depression is nonetheless vast. Distinct from the
other oases in the Western Desert, it is completely enclosed by a deeply
scalloped limestone-capped escarpment; its floor measures nearly sixty

miles long and more than twenty-five miles wide at its broadest point.
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Oases in general bear little resemblance to the paradises of film or
fiction. One carly oasis explorer cautioned that the impression of lusti-
ness "is in great measure fictitious; it has chiefly its origin in the relief
afforded to the mind, wearied by the monotony and dreariness of the

ns

surrounding wastes."* Bahariya is no exception. Although the total area
of'the oasis is roughly 1,100 square miles, only a tiny percentage of this
arca has water and is therefore cultivated. Everything else in the depres-
sion is as dry and desolate as the rest ofthe Western Desert, only lower;
the average depth of the floor of Bahariya Oasis is 295 feet below the

level ofthe surrounding plateau.

As Stromer, the dragoman el Hitu and his camel drivers, the servant
and cook Mohammad Maslim, and the Bedouin Gumaa descended
toward the oasis floor, they were effectively walking several tens of mil-
lions ofyears back through time. In the century after the publication of
James Hutton's Theory of the Earth in 1785, researchers in the infant sci-
ence of geology were beginning to piece together the Earth's history,
rock by rock, fossil by fossil. The result was a sort of vertical map that
came to be called the Geologic Time Scale. In a sense, this map was to
become the visual embodiment of the principles established by the ear-
liest geologists—for example, that younger sedimentary rocks are su-
perimposed upon older ones and that, when deposited, they spread

laterally, and predictably, in all directions to form distinct layers.

But in its early incarnations, the time scale's name was misleading,
for it mapped rocks only in their relationship with one another in space,
not in time as we now understand it to be. It could not, because as re-
cently as the early years ofthe twentieth century, no one had the slight-
est idea precisely how old the Earth was. It was not until scientists
understood the process ofradioactive decay and the concept of the pre-
dictable half-life of certain elements that they were able to calculate the
Earth's true age.

Scientists now estimate that the Earth is some 4.6 billion years old.

This is an almost unfathomable period of time. Human civilization—
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that is, the point at which our ancestors changed from wandering
hunters and gatherers to settled farmers—is perhaps ten thousand years
old, almost invisible on a time scale measured in billions of years. Di-
nosaurs did not even appear on Earth until 230 million years ago, after
more than 95 percent ofthe Earth's total history already had passed, and
165 million years later they were gone.

The Geological Time Scale today divides the Earth's entire history
into four immense blocks of time called eons. From the oldest to the
most recent, they are the Hadean, Archean, Proterozoic, and Phanero-
zoic.

For roughly the first billion ofthe Earth's 4.6 billion years—or all of
the wonderfully named Hadean Eon and half of the Archean Eon that
followed it—there appears to have been no life of even the most primi-
tive kind on the planet. The first single-celled organisms, bacteria and
algae, appeared toward the end of the first billion years and spread for
the next three billion as indeed they continue to do today. The great
strength of some of these organisms was their ability to convert the
gases in the early atmosphere and seas (which were themselves chang-
ing as a result of photochemical reactions) into food and oxygen. They
did this for a very long time before they were succeeded by single-celled
organisms with a defined nucleus and, even later—toward the end of
the Proterozoic Eon—by more complex but still tiny multicelled life-
forms. The nearly four-billion-year span of time covered by the
Hadean, Archean, and Proterozoic eons is known now as Precam-
brian—which is to say, it came before ("pre-") the first period ("Cam-

brian") of the most recent eon, the Phanerozoic.

Al 1

It was in the Phanerozoic ("phanero," evident; "zoic," animal life)
Eon that organisms with hard parts—bones and shells—first appeared
in any abundance. The Phanerozoic Eon is divided into three vast eras.
The Paleozoic ("ancient life") is the earliest, followed by the Mesozoic
("middle life"), and finally the Cenozoic ("recent life"). Oversimplifying
greatly and focusing only on vertebrates, these three eras might be de-
scribed as the ages of fish and amphibians; of dinosaurs; and of mam-

mals, respectively."
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Each of these eras is further divided into periods. These are the
blocks oftime most commonly referred to, those that were identified by
the earliest geologists in the eighteenth and nineteenth centuries (be-
fore the larger blocks could even be imagined). And because these peri-
ods were identified piecemeal, over time, their names might seem
whimsical or simply obscure. Sometimes they are named after the place
where their characteristic rock was first found (Devonian, for example,
takes its name from Devon, a county in southern England); or a range
of mountains (the now famous Jurassic, after the Jura mountains be-
tween France and Switzerland); or what the rocks are composed of
(Carboniferous, or coal-bearing); or even from long vanished groups of
people (Silurian, from the Silures, a tribe of ancient Britons). These pe-
riods, which can span tens of millions of years, are further subdivided
into epochs, and ages. From the biggest to the smallest blocks of time,
the geological time-scale groupings are eons, eras, periods, epochs, and

ages.

Though there is fossil evidence ofearlier organisms, the fossil record
blossoms when those creatures with hard parts first show up some 540
million years ago, during the very first period of the Paleozoic Era
(called the Cambrian, after the name the Romans gave to Wales, Cam-
bria). This is the moment when we see the first clear imprints of the re-
doubtable sea-dwelling trilobites (early relatives of insects, spiders, and
crustaceans).

It was in the Permian Period, which marks the end ofthe Paleozoic
Era, that life came perilously close to vanishing altogether in the great-
est of the extinctions to afflict the history of the Earth. From the forms
oflife that survived that extinction was born the Mesozoic Era, the age

of the dinosaurs.

As Ernst Stromer reached the bottom of the escarpment of the Ba-
hariya Depression on the afternoon of January 11, he skirted the flanks
of Gebel Ghorabi, one of the many hills and ridges rising from the val-
ley floor, and headed south toward the village of Mandisha. He knew he
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was walking on rock formed in the Mesozoic Era and, in particular, the
youngest period of the Mesozoic, the Cretaceous, which gets its name
from the Greek word for chalk, a fine-grained limestone that dominates
the marine rocks of this era in many parts of the world. Stromer's
British colleague at the Egyptian Geological Survey, John Ball, had al-
ready proven that. What Stromer did not know, because no one did at
the time, was precisely how old those rocks were in calendar years.

To Stromer, the journey to Bahariya was a natural extension of his
successful work in the Fayoum Oasis. The Fayoum was a prodigiously
productive fossil area. During the course of the twentieth century it
yielded some of the earliest species of apes and other early primates,
whales, elephantlike mastodons, strange and immense rhinoceroslike
creatures equipped with massive horns, an array of small mammals,
giant sea snakes, both long- and short-headed crocodilians, turtles of
several types, sharks, rays, lungfisri and early catfish, birds, and many
more.’

But Stromer was, as always, searching for evidence of even earlier an-
cestors of mammals. It was part of his continuing quest to demonstrate
that mammals had evolved first in Africa. The sediment layers at the
bottom of the Fayoum Oasis, he knew, were formed in the Eocene
Epoch of the Cenozoic Era—relatively recently in geologic terms. Thus,
ifhe wanted to find older mammal fossils than those he had already un-
earthed in Fayoum, he needed to look in a place where somewhat older
rocks were exposed. Stromer knew from the British surveyors that there
were older, Cretaceous rocks in Bahariya, so that was the logical next
place to look. It was logical because Stromer, like everyone else at that
time, thought the Eocene Epoch was perhaps a few million years old
and the Cretaceous Period a little bit older.

But he was off—by tens of millions of years. We now know that the
Eocene Epoch spanned the Earth's history between 34 and 55 million
years ago. But by the time Stromer reached the bottom of the Bahariya
Depression, he stood upon rock that modern stratigraphic dating tells
us had been deposited nearly 100 million years ago, or between two and

three times older than the rocks he had been working on in the Fayoum.
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They would yield him little in the way of mammal fossils, for mammals
then were small and easily missed. We do not know whether he was dis-
appointed with this discovery. What we do know is that what Stromer
found in Bahariya would keep him busy for most of the rest of his pro-
fessional career.

For Ernst Freiherr Stromer von Reichenbach had walked right into

the heart of the age of dinosaurs.

Stromer chose the small village of Mandisha as his base of operations in
the Bahariya Oasis, rather than the larger town of Bawiti, for at least
three reasons. First, the mamur, or police chief, of the oasis lived here,
and Stromer knew he needed to have good relations with the mamur to
do his work. Second, the Bahariya Depression is large, and Mandisha
was more central than other hamlets to the sites he wanted to explore.
Third and perhaps most interesting, given his frequent complaints
about the rigors of roughing it, Stromer genuinely preferred the quiet
and relative discomfort of camping in less urban areas to the noise and
activity of a larger town. He arrived in Mandisha late in the afternoon
of January 11 and immediately presented himself to the mamur.

Stromer was surprised to find that the mamur was a blond, blue-
eyed gentleman who spoke French. The mamur was surprised to find
Stromer in his midst at all, since the authorities in Cairo and at the Ge-
ological Survey apparently had never informed him of the paleontolo-
gist's impending arrival. His reception, therefore, was cool, but he
offered Stromer a place to camp near the home of a doctor recently as-
signed to the oasis, a thoughtful gesture that gave Stromer an educated
and, it would transpire, pleasant neighbor with whom to talk from time
to time during his visit. Stromer, exhausted from the journey, ate lightly
that night and retired early.

In the morning, the physician delivered hot tea, along with fresh
eggs and bread, but Stromer's plan to spend the day resting was ham-
pered by arguments with some ofthe Egyptians who had accompanied

him, by visits from the mamur and his staff, and by steadily worsening
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weather that included, astonishingly, rain. He had planned to begin ex-
ploring the next morning, but before midnight a full-fledged sandstorm
blew into Mandisha. "It tears so strongly at the tent," Stromer wrote
that night, "that I am constantly fearful of its destruction and get up
several times in the night to tie it down." Not that Stromer had much
chance of sleeping well that night anyway; his tent and sleeping bag
were, as they would be every night during this journey, infested with
fleas: "a terrible beginning of my research in the oasis!" he wrote that
night.

The next day the storm raged on and Stromer remained in his tent,
writing letters to friends and colleagues in Egypt and Germany. The
faithful Maslim worked with limited success to clean the sand and dust
from their belongings and food provisions, and for most of the day the
two cooked, ate, and rested within the confines of the tent while the
other members of Stromer's party found accommodation elsewhere in
the village. Despite the wind and sand, the physician and an Arabic-
speaking clerk from the village visited, and Stromer entertained them
with his theories about the ancient history ofthe oasis and the idea that
the Nile had once flowed through the area. He later wrote, with some
pleasure, that they were astonished by his theories.

The storm finally abated that night, and on the clear, cool, and fi-
nally still morning of the fourteenth ofJanuary, after a delay of three
days, Stromer at last hiked out of Mandisha with Maslim to begin his
exploration of a long ridge called Gebel Hafhuf, in the middle of the
Bahariya Depression and southeast of Bawiti. After a long day of climb-
ing, prowling, and documenting the sediments that made up this ridge,
Stromer would be rewarded with little more than a fossilized shark ver-
tebra, some fish teeth, the stemlike sections of fossilized wood, and a
live scorpion that terrified his companion.’

The next day, not unexpectedly perhaps, Maslim complained he was
too tired to accompany Stromer, so the dragoman, el Hitu, and one of
the camel drivers walked with him instead as he explored yet another
major geological feature of the oasis, an elongated oval plateau called

Gebel Mandisha, above the village where they were camping. While
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Stromer appears to have been happy to chronicle the stratification of
the exposed flanks of the ridge, the fossil finds were limited here, too.
Over the course of the day he found only a fish vertebra, a piece of what
he believed to be shark cartilage, and, toward the end ofthe day, the fin
spines of a primitive shark and what may have been the teeth ofa rep-
tile. Tired and disappointed, he returned to his campsite only to find
that the mamur and two other civil servants had come to pay him a so-
cial call. Politely, he and Maslim served them tea and made small talk
until they departed, after which Stromer collapsed in his tent and slept
soundly until the following morning.

This day's prospecting, at another remote outcropping, proved so
disappointing that by midafternoon Stromer gave up and returned to
the area of Gebel Mandisha that had yielded at least meager results the
day before. Here he was rewarded by the discovery of several pieces ofa
crocodile skull. Not far from this spot, he also found a large and well-
preserved vertebra he recognized as having belonged to a plesiosaur, a
long-necked, paddle-finned marine reptile that reached lengths ofup to
thirty-five feet. Stromer's patience, it would appear, was beginning to
pay off.

The seventeenth of January dawned clear and exceptionally cold.
Stromer and his entourage decamped from Mandisha and began jour-
neying north across the oasis floor to the isolated hill called Gebel el
Dist.” With its almost perfect cone shape and regular horizontal bands
of rock strata, el Dist looks for all the world like an immense and elabo-
rate multilayered wedding cake that has been left out in the rain by a dis-
tracted bridal party. None of the other hills and ridges in the northern
part of the oasis looks even remotely like it. Now, as he neared the end of
his visit to Bahariya, Stromer's journals record a heightened level of frus-
tration and anxiety. He had found little so far to justify his long, difficult,
and costly journey from Cairo. And while Stromer never seemed to be
so happy as when he was scrambling over new exposures of desert out-
crops, mapping and describing the sediment layers, it is clear his main
purpose for being in Bahariya—to discover new and significant fossils—

had thus far been notably unsuccessful. That was about to change.
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Just before noon, they made camp in the lee of a south-facing ledge
on the west side of Gebel el Dist, and by one-thirty P.M. Stromer was
already wandering north along the west slope. Almost immediately, he
had some success. In a layer of fine-grained white sandstone, just be-
neath a brown, iron-rich layer, he found "a few gypsum-weathered bone
pieces, among them a crocodile vertebra." Later that afternoon he also
found pieces of shark-fin spine. Clearly this was a more promising site
than gebels Hathuf or Mandisha. After spending the rest of the after-
noon carefully profiling each ofthe layers of the exposed face ofthe hill,
which he estimated to have a total height of 492 feet, he returned,

heartened, to camp as night came on. The best was yet to come.

On the eighteenth of January, after yet another remarkably rare rain-
fall, Stromer was up early and picking his way around the south flank of
el Dist. He found a variety of bone fragments, but most, to his disgust,
were so badly weathered or gypsum-infused that they crumbled when
he touched them. But as he wandered among a peculiar group of wind-
eroded three- to twenty-foot-high knolls just south ofthe main hill, he
suddenly found "three large bones which I attempt to excavate and
photograph. The upper extremity is heavily weathered and incomplete
[but] measures 110 cm long and 15 cm thick [about 43 by 6 inches].
The second and better one underneath is probably a femur [thighbone]
and is wholly 95 c¢m long and, in the middle, also 15 cm thick [about 37
by 6 inches].” The third is too deep in the ground and will require too
much time to recover." Later that same morning, he would find a pelvic
vertebra, a flat, riblike bone he identified as an ischium (one of the
pelvic bones of a dinosaur), another vertebra with "a convex end"" and

what he described as "a gigantic claw." All the bones were huge.

With characteristic understatement evidencing none of what must
have been his genuine excitement, Stromer wrote in his journal, with
what may have been stunned surprise, "Apparently these are the first of
Egypt's dinosaurs and I have finally before me the layer that contains
land animals."

If his excitement was tempered, it may well have been because he

now was faced with a major technical problem: "I don't know how to
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conserve such gigantic pieces," he wrote ruefully in his journal, "or
transport them to Fayoum." After all, he had not come to Bahariya in
search of dinosaurs but of much more manageable small mammal fos-
sils. He had neither the tools with which to excavate large bones nor the
means by which to carry them back to Cairo and thence to Munich. He
looked in vain for smaller pieces of definitive evidence, such as teeth,
but complained, "I have little hope of finding smaller remains, especially
teeth, because they suffer from weathering, losing their enamel and be-
coming cracked and shapeless." Nonetheless, he collected one of the

vertebrae and a part of one of the large leg bones he found.

That afternoon, Stromer continued around the base ofel Dist, mov-
ing now to the west side of the steep hill, finding even more large bones,
including a possible femur. But this bone, like so much else, was too
badly weathered to save. He also found "a gigantic vertebra from a bony
fish" and, nearby, "a large black Ceratodus [lungfish] tooth." Finally re-
turning to camp, Stromer wrapped his smaller finds in newspaper. Then
he cut up a section of his mosquito netting, wrapped the two larger
bones he had collected, and coated them in a plasterlike flour and water
mixture, following "an American technique taught to me by Mark-
graf"—one little changed today.

Writing later that night, Stromer reported for the first time, "I['am
rather satisfied with the results of this day," adding, "and I so enjoy the
sound of so many jackals singing in the dark offto the west."

Given his success after only a day at Gebel el Dist, it is surprising
that Stromer chose to uproot his team the next morning and trek south
again beyond the town of Bawiti to the area near Gebel Hammad. Even
on his way out of the el Dist area, he found more fossils—a limb ex-
tremity protruding vertically from the ground (which he examined and
then covered to retard weathering), a shark-fin spine, and "several armor
plates together, the thickest transcending at the surface into brown
ironstone, which I take with me since it probably originates from turtles
or dinosaurs."” But after two days' prospecting around both Gebel
Hammad and Gebel Hafhuf, he found little and wrote, "I regret not

having remained at G. el Dist." All was not lost, however. Returning to
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his original base near Gebel Mandisha, Stromer found on January 21
two more intriguing fossil remains, the tooth ofa ray, and another ver-

tebra of what he believed to be a plesiosaur.

Two days later, after a day of packing and readying themselves, Stromer
and his "people," as he tended to refer to them, were retracing their steps
northward toward Fayoum, clearing the summit of the escarpment and
leaving Bahariya behind. As they began the trek across the high plateau
lands between Bahariya and Fayoum, Stromer was pleased not only by
what he had found—a remarkably diverse array of fossil fauna from the
Late Cretaceous Period—but also by what he suspected remained to be
found. He resolved to engage the services of Richard Markgraf in the
following seasons to explore Bahariya further.

The expedition ended where it had begun, in the village of Ghauraq
at the southern rim of the Fayoum Oasis. It did not surprise Stromer at
all that it took them only six days to return—far less than the outward
journey—thus confirming his suspicion that el Hitu had taken longer
than was necessary to get to Bahariya. They took the train to Medinet
el Fayoum, spent the night, and on January 29 Stromer was aboard an
express train to Cairo, spurred along in part by news that Markgrafhad
been hospitalized there. But by the time he arrived, Markgrafhad been
discharged and had returned home to Fayoum: two steam engines ef-
fectively passing in the night.

In the weeks that followed, Stromer was kept busy by any number of
activities, disputes, and geological forays. A rather nasty battle ensued
between Stromer and el Hitu as to the matter of compensation—el
Hitu wanting more, Stromer offering less, than was originally agreed to
because el Hitu had not met the terms ofthe contract between them—
which eventually had to be mediated by the German consul's office. The
net effect was that both parties went away unhappy. Stromer delivered a
lecture in Cairo on his expeditions. And he made several more short
trips of exploration to locations within the Nile Valley, to no great ef-

fect. As February drew to a close, and with the help of Markgraf, now
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recovered, he packed his rock and fossil specimens in eight wooden
crates, arranged for their shipment direct to Munich, and made the
rounds ofhis friends to bid them good-bye. He appears to have made a
special effort to connect one last time with Herr Rennebaum and his
daughter, Elizabeth.

It is clear that despite the hardships of his journeys and his long ab-
sence from home, Stromer was not eager to leave Egypt. He made spe-
cial trips during his last few days to take in some ofhis favorite gardens
in the city and to watch the sun set behind the pyramids at Giza; and he
spent one evening simply watching the darkness gather over the Nile as
lateen-rigged feluccas ghosted across its surface and the stars appeared.

Finally, on February 18, 1911, Stromer rode the train once again
across the flat green delta of the Nile to Alexandria and boarded his
Lloyd's steamship for the return journey across the Mediterranean. The
crossing would prove rougher than before, and Stromer was frequently
seasick, but by February 23 he was home in Munich.

Over the next few years, and especially in the years following the
Great War, Ernst Stromer would announce a series of astonishing and
unique dinosaur discoveries from Egypt's Bahariya Oasis. They should
have made him one ofthe most famous paleontologists ofhis era. They
did not.

Instead—to the extent anyone remembered him at all—he would be

remembered more for what he later lost than what he found.
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THE ROAD TO BAHARIYA

The jet-lagged members ofthe Bahariya Dinosaur Project arrived at the
Cairo airport a few minutes before midnight on January 11, 2000,
eighty-nine years to the day from the date Ernst Stromer arrived in Ba-
hariya. After flying for some twenty-four hours, they found the official
welcome at the airport somewhat less than cordial.

"The first thing you see when you get offthe plane is a huge sign, in
English," recalls Ken Lacovara, forty, an associate professor at the Uni-
versity of Pennsylvania's neighboring institution, Drexel University, and
one of the Bahariya Dinosaur Project's field geologists. "The sign says,
'Narcotics Offenses Are Punishable by Hanging." And you think to
yourself, 'Okay, this is definitely a different world.' "

Lacovara became a member of the expedition team almost by acci-
dent. He had attended a 1999 talk Josh Smith gave and met with him
afterward. Smith, who knew Bahariya had been a coastal environment
in the Late Cretaceous, needed an expert in coastal sedimentology, La-
covara's specialty. Lacovara leaped at the offer to participate and would
prove a felicitous addition to the team.

For Lacovara, the "different world" of Egypt, a country he would
come to love, was about to get even more exciting. Bleary-eyed and

weary, the expedition team collected mounds of baggage and tumbled
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into two small, beat-up white passenger vans, which then tore off into
the night.

"I'll never forget that ride," says Lacovara with a look on his face
that, with the passage of time, has mellowed from stark terror to mild
bemusement. "The two kids who were driving—they looked like they
were maybe twelve years old—drag-raced all the way through Cairo,
weaving in and out of the traffic at something like eighty miles per
hour, leaning on their horns, ignoring lines on the road, and screaming
through red lights as ifthe signals were merely suggestions, which they
ignored. At one point the two drivers, going at full speed, were passing
things back and forth between them! It was at that point that I decided
that wherever else we went on the expedition, I would be the one driv-
ing.

The next day, the breakneck speed of the arrival slowed to a crawl.
The team had split into two groups. Jason Poole, chief fossil preparator
at Philadelphia's Academy of Natural Sciences and the team's fifth prin-
cipal member, joined project volunteers Jean Caton and Steve Kurth,
Penn graduate student Allison Tumarkin, and Patti Kane-Vanni, an at-
torney and artist with some prior field experience, at an apartment in
Giza that had a splendid view ofthe pyramids. Meanwhile, Josh Smith,
Jennifer Smith, Ken Lacovara, Matt Lamanna, and Penn faculty mem-
bers Bob Giegengack and Peter Dodson moved into the somewhat
oddly named Flamenco Hotel in Cairo and embarked on four days of
meetings and negotiations with senior officials at the Egyptian Geolog-

ical Survey and Mining Authority on Salem Saleh Street.

This was a slow, highly ritualized process, as Jen Smith explains: "In
Egypt, you don'tjust storm in, slap down your money, get your permits,
and hit the road. You meet. You chat. It's '"How are you?' '"How is your
family?' '"What do you think of the weather?' 'Have a seat; have a cup of
tea.' It's very civilized. But it takes forever."

"We met with the director of the Geological Museum, Khyrate
Soleiman," recalls Ken Lacovara, "and talked and had tea. We were in-
troduced to our three Egyptian partners on the expedition—the geolo-
gist Yousry Attia and his students Medhat Said Abdelghani and Yassir
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Abdelrazik—and had tea. We met with everyone and had tea. The tea
is very hot and very sweet and very strong. It's like magma. I've never
been so caffeinated in my life."

"Even before we left Egypt the year before," project leader Josh
Smith explains, "Gieg and Jennifer and I had met with officials at the
Survey and explained the expedition we had in mind. Then, in the
months that followed, we submitted all the applications and security
forms and passport pictures the Egyptian authorities required ofus. But
they hadn't processed any of it until we actually showed up, which I sup-
pose makes sense, since I think they get a lot of requests and a lot of no-
shows. So we talked and had tea while all of these things were being
processed in various offices. We also needed to acquire maps, military
permits for entering the restricted zone in the Western Desert, and per-
mits to work there. It took days."

Meanwhile, between meetings and tea, the project team members
went shopping for the tools and supplies they would need during the
six-week expedition. The techniques and tools of vertebrate paleontol-
ogy today haven't evolved much beyond those used by Ernst Stromer
and Richard Markgraf almost a century ago. They are decidedly low-
tech: brushes of various sizes and stiffness, hammers, chisels, awls, shov-
els, rope, picks (from as big as pickaxes to as small as dental picks),
buckets, water jugs, burlap, and bags of plaster of paris.

"A dinosaur bone," Josh Smith explains, "even a really big one,
doesn't come out of the rock in the same condition it went in. A hun-
dred million years is a very long time. The bone is now a fossil, so it's
much harder. But it's also much more brittle, and it's usually full of
cracks and is very fragile. When we dig it out, we do it very gently and
we have to protect it before we can move it, the same way you would
cast a broken leg. First we wrap it in paper or aluminum foil, then we
cover it with strips of burlap soaked in plaster."

Though they had brought the dental picks with them, they had to
locate and purchase almost everything else in Cairo. For a few hours
each day, members of the team plunged into the city's chaotic market-

places.
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"Cairo," says Ken Lacovara of their first day of shopping, "is a full-
body experience—noises, smells, crowds the likes of which you simply
do not experience, I suspect, anywhere else.”

Jennifer Smith, on her third trip to Egypt and accustomed to the
chaos, says, "Even though Cairo is a major city, there is still that sharp
smell of dust from the Sahara in the air. You know the desert isn't very
far away. That's how I know I'm back—by that completely characteris-
tic, ancient smell.

"The main marketplace," she continues, "looks positively medieval.
There are all these wonderful old buildings with hundreds oftiny shops
selling absolutely everything under the sun. Someone will come up to
you and say, 'What do you need?' and then, 'Okay, I have it. Follow me.'
And you'll follow this guy through these narrow, twisting passages, up
stairways—things you would never do here—and eventually he gets you
to a place where they have exactly what you need. The people are won-
derful and just love it ifyou try to speak a few words of Arabic. And it's
completely safe."

Not everything was easy, however. "It takes a lot of fractured English

and Arabic and gesturing," says Jason Poole, "to get across to a shop-
keeper that you want his big burlap bags but not the peanuts inside
them, and when they figure it out, they just think you're crazy. Which I
suppose we were, really."

"Jason was amazing," Josh says. "He would draw sketches and smile
and laugh, and eventually it all got done. Of course, when he finally did
find us burlap, it was from some old farmer and was full of dried manure
and flies, weighed a ton, and was almost impossible to cut. But we had
burlap!"

Jason Poole is the sort of fellow who is likely to get attention in a
place like Cairo. A big brown bear of a man with shiny dark hair down
to his shoulders and a full beard, he is called "Chewie" by the rest of the
team, after the similarly hirsute character Chewbacca in George Lucas's
Star Wars saga—which, for some reason no one can explain, today's gen-
eration of paleontologists seems to have committed to memory. Poole,

twenty-nine at the time, is also one of the best young bone preparators
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in America, a master in the delicate art of freeing dinosaurs and other
fossils from the rock in which they are locked. Unlike the other four
team members, he is an artist, not an academic. Born and raised in
Philadelphia, he attended the city's High School for Creative and Per-
forming Arts and later received an associate's degree in commercial art,
graduating at the top ofhis class. Almost as soon as he started working
in his field, however, he quit. "I just realized that the commercial art
business was a lot more about doing deals than doing art, and I decided
I wasn't made that way."

Poole tried a number of jobs that, in one way or another, led him to
where he is now. "I taught preschoolers for a while, I taught biology at
summer camps, I worked with addicts in the mental health ward of
Pennsylvania Hospital. But because I'd been bitten by the dinosaur bug
years before, thanks to my father's own interest in fossils, I started doing
volunteer bone preparation at the Academy. After a few years I ended
up running the education program in the fossil preparation lab, working
with kids every day." Today Poole is assistant manager of the museum's
dinosaur hall and manager ofthe museum's fossil preparation lab, one of
the few that is open to the public. Jason's lab is run as an educational

center in the heart of the Academy's Dinosaur Hall.

"The truth is that people who work with fossils all suffer from ar-
rested development," Poole says, laughing. "We never got beyond the
dinosaur stage of childhood. Both my current wife and my ex-wife will
be happy to confirm this, I'm sure. I've got a great job; I get to work all
day with dinosaur bones and play with kids at the museum.

"And when I'm out in the field with scientists, my mental health
training really pays off," he deadpans.

Poole's gentle self-disparagement is charming but utterly mislead-
ing. While he doesn't hold degrees in geology or paleontology, he has
spent years studying both, often auditing the same courses at the Uni-
versity of Pennsylvania that his academic colleagues have taken.

"Chewie is just a terrifyingly bright guy," says Josh. "The rest of us
are academics and, unfortunately, we've been trained to think narrowly

Jason isn't. He's an artist, and an incredibly creative thinker. He's also
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amazingly quick and funny. Ifyou're trading quips and wisecracks with
him, he'll just take you down. And when the tension gets high, he's like
a wave thatjust cuts through and smooths out whatever the problem is.
He is completely unflappable. When you combine that with the fact
that he's mechanically gifted as well, you couldn't ask for a better field
partner."

After days of preparation, a small caravan of white Toyota Land
Cruisers, their roofs mounded with lashed-down piles of brown burlap
so that they looked for all the world like leatherback turtles on wheels,
left Cairo on the afternoon of January 15, 2000, reached the Fayoum-
Bahariya road west of Giza, and turned southwest toward the town of
Bawiti, 220 miles away in the Bahariya Oasis.

There is no transition between the city and the desert. The sudden-
ness with which the traveler is transported into the unforgiving world of
the easternmost extension of the Sahara is like slipping through a crack
in the space/time continuum. "After you leave Giza and the pyramids
behind," says Jen Smith, "you pass a few scattered housing develop-
ments, and even an amusement park called Magic Land. One ofthe last
things you see is a large Coke billboard that says, 'Thirst Is an Ancient
Feeling' in English. And then it's the desert. Just like that. Bam!"

In their 1903 survey of the Western Desert, John Ball and Hugh Bead-
nell described the terrain through which the Bahariya Dinosaur Project
team now rode as "a remarkably monotonous undulating gravel-covered
desert, the typical 'serir' of the Arabs. . . . Skeletons of camels lie about
near the roadside at frequent intervals."

Things have changed only slightly since then. A look at any map of
Egypt demonstrates starkly the relationship between water and civiliza-
tion. Almost the entire population of this nation lives within a few miles
ofthe Nile and its delta. Only about 5 percent ofthe nation's total land
area is settled. With the exception of a handful of oases, most of the
rest—including virtually all of the Western Desert, a vast blank spot on

the map that occupies fully two thirds of Egypt's land area—is virtually
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The partly destroyed Alte Akademie, home ofthe Bavarian State Collection of
Paleontology and Historical Geology, in Munich. This building, which housed
the fossils collected by Stromer in Egypt, was bombed during the Allied air cam-
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Stromer and a femur ofBahariasaurus. Courtesy of Munich Museum of Paleontology
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A comparative illustration of the skeletons of Spinosaurus aegyptiacus and a
human, which appeared in one of Stromer's monographs. Courtesy of Munich Museum

of Paleontology
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uninhabitable. There is only one road into the Western Desert, and the
narrow two-lane blacktop to Bahariya is it. It runs nearly arrow-straight
southwest from Giza to the Bahariya Oasis. Here the road splits. One
branch turns due west to the Siwa Oasis near the Libyan border; the
other continues southwest to the Farafra Oasis, where, having reached
the edge of the Great Sand Sea, it seems to lose heart. Turning away
from the deepening desert, it flees east through the Dakhla and Kharga
oases. At Kharga it branches again. One stem turns south toward
Sudan, the other turns north and eventually returns to the lush and fer-
tile Nile Valley.

The Western Desert is hyperarid; it is one of the driest regions in the
entire Sahara. The climate is unrelievedly inhospitable and the land-
scape utterly barren in all but a handful of spots. Vast cresting sand-
dune belts rise and flow, north to south, like living things relentlessly on
the move, eventually reaching deep into the Sudan. The dunes can build
as high as 660 feet and stretch unbroken for hundreds of miles. The
Great Sand Sea alone is the size of the state of Massachusetts.’

But most of the floor of the Western Desert is not sandy. The wind,
which is nearly constant, lifts the smallest particles into the air and car-
ries them hundreds, sometimes thousands, of miles. What is left behind
is called "desert pavement"—a wind-scoured hardened surface carpeted
with gravel, rock, and, not infrequently, fossils—all too heavy for the
wind to carry. This is the kind of landscape traversed by the Bahariya
road.

"There is a severe lack of green," marvels Jason Poole. "As an east-
erner, I guess that was what shocked me most. There is no plant life at
all. The ground is almost completely flat, and the flatness stretches and
shimmers to the horizon. Most ofthe time there aren't even any moun-
tains in the distance, and when there are, they often disappear behind a
sort of fog caused by distant blowing sand. The sky is an astonishing
crystalline blue with occasional very clearly defined clouds. Below that
blue, though, the world is completely tan, almost gray."

"When you get out and walk on the desert pavement," explains ge-

ologist Ken Lacovara, "you notice there is a sort of black patina to it.
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The pebbles in this area have a lot of manganese and iron oxide in them,
and they blacken with exposure."”

"In the middle ofall this," says Jennifer Smith, "the road looks com-
pletely out of place. And there is also a rail line that runs parallel to the
road that carries iron ore from mines near Bahariya to the steel mills at
Helwan, near Cairo. Once in a while you'll see ancient ore cars lying on
their side where, at some point, they derailed, and no one bothered to
right them."

"You still see camel and horse skeletons," adds Poole, "but also rusted-
out cars, and you think to yourself, Boy, I bet they had a bad day."

At roughly the halfway point between Giza and Bahariya, a lone
building rises like a mirage along the side ofthe road. A rest stop. Like
everything else, it is the color of sun-bleached khaki. "The place is like
the cantina scene in Star Wars" says Lacovara. "You run a gauntlet
through these packs of feral dogs and step inside, and there will be a
handful of mysterious-looking men sipping tea and perhaps a woman
behind a veil, and you have no idea how they got there or how long
they've been there because there are no other cars outside. It's eerie.”

Back on the road, the journey was interrupted once more, by a mili-
tary checkpoint manned by soldiers with automatic weapons. "To be
honest," recalls Matt Lamanna, "the soldiers seemed lonely and happy
to see us. Yousry Attia handled the permits and passports, and we were
on our way pretty quickly. As we left, I could hear Josh chuckling. Then
he said, 'You know those guns they had? They had no ammunition clips
in them.""

Finally, as they continued speeding southwest, the team was treated
to what Jason Poole describes as "the longest and most beautiful sunset
I've ever seen.

"I guess because ofthe dust in the air, the colors were just brilliant,"
Poole recalls. "There was bright purple and vivid orange and neon red.
There were colors I have never seen on any palette. And they went on
and on for what seemed like forever."

But the only thing moving on the ground was the deepening shadow

ofthe Land Cruisers as they raced southwest across the desert plateau.
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It was nighttime when the cars at last descended into the Bahariya
Depression and reached Bawiti, the largest settlement in the oasis, but
Jennifer Smith had been there before and knew the daytime approach:
"The road cuts through a notch in the northeast corner of the depres-
sion, and the oasis just opens up in front of you. The escarpment curves
away on both sides, and the oasis floor is dotted with isolated round hills
and longer linear ridges. The strata—the layers of the earth—are very
clear on these hills and ridges. Some ofthem are capped with ironstone,
others with basalt, and still others by limestone. It's the only oasis that
has this kind of internal topography. All the others are mostly flat. It's
breathtaking."

There are six major oases in the Western Desert of Egypt, transcribing a
roughly scythe-shaped arc. From the oasis closest to Cairo and running
counterclockwise, they are Fayoum, Siwa, Bahariya, Farafra, Dakhla,
and Kharga. They have water, and therefore life, because they lie in de-
pressions far below the otherwise arid and lifeless plateau lands that sur-
round them. They are, effectively, vast deep holes in the ground with
sandstones at the bottom from which water bubbles out of perennial
springs. Each is an accident of geology. Each is a small miracle.

In Bahariya's case, this water-bearing level, the floor of the depres-
sion, is an average of 360 feet below the limestone that forms the cap of
the surrounding plateau—the plateau crossed by the narrow two-lane
road from Giza.’ That limestone was created at least 38 million years
ago, when a vast sea covered this part of the Earth. Over tens, even
hundreds, of thousands of years, trillions of tiny organisms rained their
calcite skeletons down to the seafloor where they accumulated, were
compressed, and became limestone. Eventually, the sea retreated. Other
rock sediments accumulated and later eroded, exposing the limestone to
the elements and to the forces of nature.

At some point millions of years ago, this limestone plateau, and all
the older rock beneath it, lifted and bowed slightly in the middle along

a northeast-southwest axis. Some faulting also occurred, cracking the
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limestone at the apex of the curved surface. Nature is not kind to such
wrinkles in the Earth's crust. It worries them with wind and rain until
they lengthen and widen, exposing the rock below. In Bahariya's case,
and indeed in the case of each of the oases of the Western Desert, the
rocks beneath were erodible. They weathered easily. The cracks not only
lengthened and widened but also deepened. The more resistant lime-
stone above was undercut, creating caves. Sections collapsed, creating
holes. The holes widened and joined. The scooping action of the wind
and, since the Western Desert of Egypt has not always been dry, the
weathering work of the rain, with sand as their scouring agent, contin-
ued for perhaps 10 million years until they had dug down through the
clays that formed the floor of the oasis, exposing, in a few spots, the
water-bearing sandstone beneath. More porous than the clay rock that
once overlaid them, these sandstones—formed as much as 100 million
years ago during the Late Cretaceous of the Mesozoic Era—sprang

leaks, and water emerged.

The water in the Bahariya Oasis—and in the Farafra, Dakhla, and
Kharga oases as well—comes from a single source: the Nubian aquifer
system, a vast expanse of water-saturated rock that lies deep beneath the
ground and stretches across most ofthe Sahara. In Egypt, the aquifer is
bounded on the north by an underground interface, effectively a barrier,
between the fresh water of the aquifer and saltier water intruding
through the rock from the Mediterranean along a curving east-west line
running roughly north of Bahariya and south of Cairo. On the east, the
aquifer is girded by ancient impermeable "basement" rock that heads
north-south for hundreds of miles between the Red Sea and the Nile
Valley. There are more varied barriers and connections to the south, into
Sudan. But the aquifer has no barriers or boundaries to the west.

For most of the twentieth century, surveyors and hydrogeologists
thought that the water trapped in the rock of the Nubian aquifer had
percolated north, exquisitely slowly, from equatorial Africa where rain-
fall is heavy, providing a continuous source of recharge for whatever
water was used. In large part because of this theory, the governments of

former Egyptian presidents Gamel Abdel Nasser and Anwar Sadat
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proposed tapping the supply to create agricultural economies in the
desert and, not incidentally, relieve population pressures in Cairo, the
Nile Valley, and the Delta. But the limited extent and uncertain source
of the water under the desert held back these grandiose plans.

It was a good thing. Today, scientists believe the Nubian aquifer is
"fossil water." It dates back to periods in the distant past when the re-
gion that now is one ofthe driest on Earth was warm and more humid.
Though existing dating technologies permit scientists to say only that
this water is at least forty thousand years old, it is almost certainly
older—the still puddled prehistoric remains of rain that fell perhaps
hundreds of thousands of years ago. Water extracted from this aquifer
will not be recharged; when it is gone, it will be gone forever—or until
the climate changes again in the region of the Sahara, something that
has happened several times before and will probably happen again in
some thirty thousand years. Not surprisingly, plans to turn the desert
green have been less than successful.

However old it may be, the water of the Nubian aquifer has made
Bahariya and its sister oases lushly productive havens in the desert for
millennia. Though Bahariya may have been occupied in Paleolithic
times, it most certainly supported an agricultural community as early as
3000 B.C. Researchers believe these oasis dwellers were of Libyan ori-
gin, and Bahariya itself did not come under the control of the pharaohs
for another thousand years.” By the time the Romans arrived, in per-
haps 30 B.C., Bahariya was already a renowned producer of fine wine (a
product that would lose its market when Arabian Muslims conquered
Egyptin A.D. 642). It was the Romans who employed their engineering
skills to build wells and channels for the springs ofthe oasis. When the
British surveyors John Ball and Hugh Beadnell arrived in the late
1800s, the same springs were still in use, and Bahariya had become a
major producer and exporter of dates prized for their quality. The sur-
veyors reported that "though dates are the only fruit exported, olives,
apricots, grapes, pomegranates, oranges, lemons, and figs are grown in
great numbers, and about 600 feddans’ are cultivated with rice, wheat

and barley crops."” More than a century later, many ofthese same crops
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are still under cultivation, with methods little changed by the passage of

time.

Like the tools of paleontology, field accommodations for paleontolo-
gists have changed little since Stromer's time. Dinosaur bones are typi-
cally found in remote, dry, badly eroded, not especially hospitable parts
of the world—for example, the badlands of Montana or western
Canada, the windy wastes of central and southern Argentina, the dusty
expanses of western China and Mongolia. The usual place paleontolo-
gists call home is a tent. But in the middle of the Western Desert of
Egypt, at the bottom of the Bahariya Depression, the paleontologists
and geologists of the Bahariya Dinosaur Project were basically in Fat
City. They "set up camp" at El Beshmo Lodge, a new, though small,
hotel in Bawiti, consisting of a crescent of connected cottages with roofs
supported by wooden beams, ceilings made of palm fronds, tiled floors,
and walls covered in smooth stucco, like the mud-brick dwellings in the
rest of the town. The stucco was painted a warm peach color that
glowed in the afternoon, and the whole complex backed up to a lush
grove of date palms on the edge ofthe town. The rooms had beds, bath-
rooms, and, somewhat irregularly, hot showers. It was, in short, paleon-

tologist heaven.

Except perhaps for the morning wake-up call, which was abrupt,
loud, and early. The muezzin's call to worship came over Bawiti's loud-
speakers at five-thirty A.M., provoking an equally startling cascade of
donkey braying, rooster crowing, and dog barking.

"It was very effective," deadpans Matt Lamanna.

The rude awakening notwithstanding, the view from El Beshmo
Lodge that first morning charmed Lamanna: "The grove of date palms
behind the lodge was the most amazing green I've ever seen. And it's
slammed right up against this completely barren desert. If you step past
the date palms, you step from dense greenery to nothing; you have one
foot in what looks like a rain forest and the other in what looks like the

surface of Mars. The contrast is just awe-inspiring, these ruler-straight
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lines ofirrigated farmland and orchards, and then, with no transition at
all, fierce desert."

After breakfast, the team members could hardly contain their en-
thusiasm to get out into the desert, but Josh Smith called a meeting in-
stead. While he credits Matt Lamanna with the original idea for the
expedition to Bahariya, it was Smith's determination that made it hap-
pen, and now he had become the expedition leader. It was not ajob that
sat easily on his shoulders.

"Despite his military training, or maybe because of it," Lamanna
says, "Josh is a reluctant leader. He doesn't want to be bossing people
around, partly for fear they'll think he's the drill sergeant. But he's really
well organized and he sweats the details.”

That morning Smith had several details he wanted to get across to
his restless team, most of them having to do with safety: Drink plenty
of water, use plenty of sunscreen, never go anywhere in the desert with-
out a buddy, never go out of radio range. Then he turned to Jason Poole.

"Because of my work at the Academy, where we also have live ani-
mals," Poole explains, "I got to wondering about what sorts of critters
we might come across in the desert. Turns out there are three different
and dangerous scorpions out there, the yellow fat-tailed scorpion, the
black fat-tailed scorpion, and the death stalker scorpion. The last one's
name says it all. It's the most venomous scorpion known in the world.
There are also foot-long venomous centipedes with stingers at both
ends, horned viper snakes, and, my personal favorite, the camel spider,
also known as the sun spider or wind scorpion. It is rumored to have a
saliva that acts as an anesthetic so that it can eat part of your face off
while you're sleeping and you don't even know it. Very nice.

"And the best thing," he adds, "is that you don't even need to leave
your bedroom to see a lot of this native wildlife."

Poole told the group they needed to change their normal geological
prospecting habits and not stick their hands under every rock that
looked interesting. In addition, he made them study photographs so
they could recognize these animals, should they encounter one. "That's

really important," he explained, "because it's the only way we'll be able
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to tell the people at the hospital in Bawiti what kind of antivenom to
use." Not that the antivenom was risk-free, he commented in passing:
"Basically, antivenom is just a different kind of poison. Use enough ofit
and it counteracts the poison from the stinger. Use too much or too lit-
tle ofit and you die anyway."

Chastened, the group broke up and piled into the Land Cruisers to
head out to the desert.

Things did not begin propitiously.

It took the better part of two hours to reach Gebel el Dist, which rises
in the northwestern corner of the Bahariya, not far from the edge ofthe
escarpment. But when the Land Cruiser caravan finally ground to a halt
at the spot designated by their GPS as the coordinates Josh, Jennifer,
and Giegengack had marked the year before, it appeared the landscape
had changed completely.

"We wandered around for an hour, at least," Josh Smith recalls, "and
part of me was wondering whether the desert could be changed so
much by the wind in a year that I wouldn't recognize it. Butjust viscer-
ally, I knew this was the wrong place. Nothing was right about it. It
seemed too high on the slope of el Dist and too far west. But we had the
GPS, and it's so incredibly accurate, I was questioning myself. Suddenly
I really felt the weight of leading this expedition. I'd brought all these
people here. I had a film crew tracking my every move. And I couldn't
find the damned site. I remember mumbling to myself, 'Well, I still have
my military credentials; I can always reenlist. I don't need to be a pale-
ontologist." "

Josh should have trusted his instincts. It was the technology that had
failed, not his own internal compass. While he wandered offlooking for
the landscape features he remembered, Jennifer Smith, the GPS guru,
and Ken Lacovara fiddled with the equipment and eventually realized
what was wrong. At some point in the preceding year, the grid pro-
grammed in the GPS had been altered. Reprogramming it as they

walked, they arrived at a site Jennifer recognized. And at exactly the
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same moment, she heard Josh hollering from a short distance away, be-
hind a hill. Following his desert instincts, he had located the same place
by sight.

"It was a hell ofa relief," he confesses. High-fiving his fiancee, Josh
called together the rest of the team. "Now that we'd located the site I'd
found the year before, we needed everyone to get their bearings and es-
pecially become familiar with what bone in Bahariya looks like—since
bone looks different in every formation I've ever seen. In Bahariya,
partly because of the high amount ofiron in the ground, fossil bone on
the surface is oxidized; it looks a lot like charred wood, sometimes with
a kind of purplish sheen. But if you look closer, you can see the porosity
ofthe bone, which isn't what wood or rock looks like at all."

Smith's Ph.D. faculty adviser and fellow expedition member Peter
Dodson explains further: "The first step in dinosaur hunting is develop-
ing a search image. Lots of people can walk across a piece of ground and
step right over fossil bone, never even see it. So when we get to a site
like Bahariya, the first thing we want to do is look closely at the bone
that is characteristic there. We look for the cell structure. Ifit looks fi-
brous, you know it's not a rock."

With the search image established, the plan for the rest of the day
was a lot more low-tech than its beginning. Armed with little orange
marker flags on stiff wire stems, Josh fanned most of the team across the
desert floor on the northeast side of el Dist to begin prospecting for
bone. Jennifer Smith and Ken Lacovara, the team's geologists, began ex-
ploring the flanks of el Dist itself.

Peter Dodson recalls, "It was Medhat Said, one of our Egyptian
team members, who found the first fossil, a lungfish tooth plate. But as
we spread out, pretty soon bone was coming up all over. It was very
promising. We were finding a lot of what I like to call the 'cast of sup-
porting characters'—lots of fish remains, snails, clams, and oyster shells,
all sorts of invertebrates."

"The idea was just to identify significant concentrations," Josh says,
laughing, "but there was so much bone on the ground that things sort of

got out of hand. Towards the end of the afternoon, I had radio reports
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coming in to me that the team had marked more than a hundred sites.
It was crazy."

Says Jason Poole, "I remember turning around at one point near the
end of the afternoon, and there was this amazing visual: all these little
orange flags fluttering over this dull tannish-gray landscape. And each

flag represented fossil bone. There was an incredible amount ofbone."

The town of Bawiti to which the team returned that afternoon as the
winter light faded probably would have been recognizable to Ernst
Stromer. It is, without question, larger today than ninety years ago: The
population has more than doubled, to some thirteen thousand people.
There are several incongruous multistory buildings here and there, but
for the most part, the town remains composed of brown mud-brick sin-
gle- or double-story dwellings interspersed with domed tombs.

There is a distinctive, and typically Egyptian, pattern to the homes
of Bawiti; it is visible to outsiders only from the air. For as long as any-
one alive today can remember, entire square blocks of the town have
been owned and occupied by large extended families. The plain mud
facades that face the dusty streets conceal rather than reveal. And what
they conceal is an intimate series of family homes connected by private
courtyards. Typically, these courtyards have space for a small kitchen
garden and open areas in which children play and women congregate
and visit with one another. The tenets of the Islamic culture limit the
extent to which women can move freely about the town, but if one
chances a glimpse through an open door to the inner courtyards of
these domestic compounds, it is clear that there exists a rich interior
life.

"If you're lucky," says Jennifer Smith, "you can glimpse the women in
these courtyards working with grain or making bread. Often they're
wearing brightly colorful clothes. They may have only their eyes show-
ing, but they're wearing hot pink. Only the old women seem to wear
black. Behind these walls, which may be centuries old, there is such a

continuity of lifestyle.
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"You seldom see women in the street, but children are everywhere.
The older men would pretend they didn't understand my rudimentary
Arabic, but the kids understood me perfectly well. We would talk and
laugh together: 'What's your name?' 'How old are you?' 'How many
brothers and sisters do you have?' That sort ofthing. The kids were ter-

rific."

At dinner that first night, the mood of the group was mixed. Jason
Poole remembers, "A lot of us were terrifically excited just to be there at
last. Josh was really up because we had made it to Bahariya and had
found the sites he'd seen the year before. Peter, who had more experi-
ence, was more guarded. But Matt was totally gloomy."

The second thing everyone says about Lamanna is that he wears his
heart on his sleeve. A handsome and well-built young man with the
wide-open dark brown eyes of a surprised deer and close-cropped hair
that is nearly black, Lamanna has the kind of face that telegraphs his
emotions instantly, from ebullient enthusiasm to deep disappointment.

The first thing everyone says about him is that he is brilliant. He has
an unparalleled knowledge of dinosaurs. Says the Royal Ontario Mu-
seum's Hans-Dieter Sues, only half joking: "At the age of twenty-five,
Matt Lamanna has already forgotten more about dinosaurs than most
of us ever know." He started young. In 1986, when Peter Dodson an-
nounced the discovery of a new kind of horned dinosaur, Lamanna
clipped the story from his local paper in Waterloo, in New York State's
Finger Lakes region, and took it to school. That is where it would have
stopped for most young dinosaur enthusiasts, Dodson says. "But Matt
sent me this letter filled with the kind of detailed questions I usually ex-
pect from college students. He was maybe nine or ten years old. I was
amazed and wrote back immediately. I still have that letter."

Josh Smith, who helped recruit Lamanna to do his doctoral work at
Penn after the dinosaur prodigy graduated with high honors in geo-
science and biology from Hobart College, admits to being in awe of his

friend: "Matt can look at some obscure bone that's still coming out of
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the rock and tell you almost immediately whether it has been discovered
before. You can see it happen: His face scrunches up, and you can just
see him going through this encyclopedic card file in his head. Then he'll
tell you the paper where he read about this bone or one like it, cite the
specimen number, tell you the geological formation it was found in and
the age of the formation. It's insane. But that's not where it stops. He
also has amazing analytic ability. Where Chewie and I might bludgeon
a problem into solution, Matt will systematically dissect it until the sup-
ports of the problem fall away and it's resolved. It is elegant to watch."

Of the respect in which his colleagues hold him, Lamanna is self-
deprecating. "I've been obsessed with dinosaurs since I was four. I've
never really thought about being anything else but a paleontologist. I
think my experience and my knowledge is pretty narrow, actually; I
could use some more interests," he says, laughing.

It may well be that Lamanna's gloom on that first evening was be-
cause his mind was racing. "To me, the first day was horrible," he says.
"Sure, we found immense amounts of bone, just like Josh said we would,
but most of it was incredibly badly preserved, just weathered to pieces
and floating on the surface. It was crap.”

Largely because they had never worked in North African desert
conditions before, it took a while for Josh and Matt to realize that what
they were finding on the floor ofthe Bahariya Depression at the foot of
Gebel el Dist was not, for the most part, bone emerging from the rock
but bone left behind by the wind.

"In the Western Desert," explains Lamanna, "the wind blows almost
all the time and is .the major erosional agent. It sweeps away any fine-
grained material, including, in time, the solid rock of sandstones and
mudstones, but it can't move the bigger material, like chunks ofbone. I
figured that, since no one had been to Bahariya since Stromer and
Markgraf almost a century before, we'd just walk around the hill and
find bones in the sand, brush them off, dig around a little, and expose
entire articulated skeletons.

"Instead, what we had were these large pieces of bone that were left

behind by the wind and, over centuries, had settled to a lower level as
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the surrounding rock eroded away. They're called ablation lags. And be-
cause bones in these lags have been so exposed for so long, they're just
beaten to pieces. Combine that with gypsum, a mineral that penetrates
every flaw and crack and accelerates the bone's deterioration, and pretty
soon you have fossils that explode apart almost the moment you touch
them."

Poole recalls, "We didn't talk about it much that first night, but I
knew what Matt was thinking because I was thinking the same thing:
Most of the bone we'd marked was garbage. I call it 'souvenirosaurus'

material. It had no scientific merit at all."

Ernst Stromer had struggled with the same problem in 1911. He com-
plained frequently in his journal about the poor state of preservation of
the fossils he was finding. On subsequent expeditions for Stromer,
Markgraf would face the same reality: A desert is a destructive environ-
ment for bones once they are exposed.

But in 1914, as he eagerly awaited the next shipment from his col-
lector in Egypt, Stromer would discover that poor preservation was the

least of his problems.
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FINDS AND LOSSES

The trouble began with a letter from Richard Markgraf. Working for
weeks at a time during the winters of 1912 and 1913, Stromer's re-
markable bone collector had found, excavated, and recovered a treasure
trove of dinosaur bones from the rock and sand of the Bahariya Oasis.
On Stromer's instructions, he finally closed the excavations in April
1914 and returned to Cairo to begin the process of shipping the fossils
to Munich.

He found Cairo a changed place, however. After years of easy and
collegial cooperation, the Anglo-Egyptian authorities now viewed Ger-
mans, even trusted scientists like Stromer and collectors like Markgraf,
as suspect. In July they refused to permit the shipment to Munich. The
Great War, as it soon would be called, was at that moment only a month
off.

Markgraf was frantic; he would not be paid until the fossils were de-
livered successfully to Stromer, and his livelihood, tenuous even in the
best of times, was now in jeopardy—months of work, and thus income,
held hostage. In retrospect, one cannot help but wonder why Stromer
waited so long to shut down the Bahariya dig. The winds of war had
been gusting for months; nations had been preparing for it. Perhaps he

believed his long-standing friendships in Egypt would survive and even
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bridge the outbreak of war. Perhaps he believed that science tran-
scended the idiocy of politicians and war makers. If so, he was wrong.
Egypt was a strategically vital British protectorate. Given the in-
evitability ofthe coming conflict, Stromer's naivete was stunning. After
the outbreak of the war, when it was too late, he wrote to British and
Egyptian authorities begging for the release of the fossils, but to no
avail. In a sense, it was just as well; there is little likelihood his shipment
would have reached Munich after the war had begun.

Then another letter arrived in Munich, this time from Markgraf's
wife: Richard Markgraf, never a healthy man in the best of times, had
died. His wife was destitute and desperate. Stromer appealed again to
his British friends at the Geological Survey of Egypt, and eventually
they paid Markgraf's widow a fee and took receipt ofthe twelve cases of
fossil material for safekeeping. Stromer was deeply grateful, writing
later that the Survey's action "thus saved [the fossils] from probable de-

ni

struction."" But it would be a full eight years before he would see them.

In the meantime, he wrote monographs on the geology of the Ba-
hariya Oasis and labored to piece together a group of extraordinarily pe-
culiar bones Markgrafhad found, excavated, and shipped to Munich in
1912 In 1915, he was at last ready. He published a paper announcing
the discovery of Spinosaurus aegyptiacus, an enormous predatory di-
nosaur that probably exceeded Tyrannosaurus rex in size. The skeletal
parts Stromer assembled, which subsequently were mounted on a wall
ofthe Bavarian State Collection, included the lower jaw, a fragment of
the upperjaw, teeth, ribs, and vertebrae from the neck, back, pelvis, and
possibly the tail. The body of Spinosaurus was, in some respects at least,
similar to most other predatory dinosaurs; it walked upright on massive
hind legs and had smaller forelimbs, although they were far more robust
than those of, for example, 7. rex, and carried an enlarged claw on the
first digit.

Other characteristics, however, marked Spinosaurus as peculiar
among theropods. Perhaps the strangest thing about Stromer's dinosaur
was the vertebrae along its back, which sported bladelike vertical exten-

sions, some more than five feet in length. Nothing exactly like it had
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ever been seen before. Some scientists have suggested that these spines
supported a dorsal hump not unlike that of modern buffalo.” Stromer
considered this same explanation, but later rejected it as improbable.
Today, these spines are popularly believed to have supported a thin skin
sail, possibly used by the animal to regulate its temperature.

Strange as this dorsal crest was, however, it was not the dinosaur's
most distinguishing feature. That distinction belongs to its teeth, as
Hans-Dieter Sues explains: "We distinguish dinosaurs, in part, by their
teeth. Teeth vary markedly from species to species and their hard
enamel preserves them longer than regular bones. It's really a credit to
Stromer's tremendous knowledge of fossil animals that he even identi-
fied Spinosaurus as a theropod, a meat eater, because Spinosaurus”™ teeth
are completely different from the teeth of the usual carnivorous di-
nosaur. Most big carnivores have teeth like steak knives; they're long
and somewhat flattened side to side and they have serrated edges front
and back. But not Spinosaurus. Its teeth were long and cone-shaped, al-
most round in cross section—Stromer called them 'awl-like'—and
while they had sharp edges fore and aft, they were not serrated. They
weren't for slicing and dicing, they were for puncturing and tearing, like
the teeth of today's crocodiles. But crocodiles grab their victims and
thrash them side to side. Spinosaurus chomped on them and then

yanked its head violently up and down, ripping out chunks."

Given these never-before-seen features, Stromer wrote with charac-
teristic understatement, "the establishment of a new genus and species
is justified."

Since then, other probable Spinosaurus remains have been found in
Morocco, Algeria, Tunisia, and Cameroon.” Some of this fragmentary
material has been assigned to a new species, Spinosaurus maroccanus, but
scientists disagree about whether there is a clear distinction between the
two.’ More recently, several apparent relatives of Spinosaurus have been
discovered in Cretaceous rocks from several continents, including Bary-
onyx from England,’ Irritator from Brazil," and Suchominus from Niger.’
Among other things, these latest discoveries demonstrate that the long,

low skull of Spinosaurus looked more like that of a crocodile than a typ-
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ical theropod and is one reason some scientists suggest that it may have
been a fish eater, though this is disputed by others."

But Stromer's Spinosaurus aegyptiacus remains the only spinosaurid
yet known to have had extremely elongated dorsal spines. It was, and
still is, utterly unique. It should have set the scientific world on fire. It
did nothing ofthe sort. There was a world war on, and it completely es-
caped the notice of all but the most dedicated researchers."

If Stromer was disappointed, and he could hardly have been other-
wise, he did not reveal it in any written document that survives today.
There may be any number of reasons why he did not, not least of which
was his own pride and professionalism. But he was also otherwise occu-
pied. His medical training had been called upon in the early months of
the war, and he served initially as a male nurse. Later he was appointed
military geologist at the Geological Survey in Strasbourg, which in
those days was in German territory. In a war fought predominantly on
land and in trenches, his geological skills would have been invaluable to
the war's tactical planners.

Stromer did not return to Munich until November 1,1919, when he
received an appointment to the Bavarian State Collection of Paleontol-
ogy and Historical Geology. But life was very different in Munich than
it had been before the war, and he did not stay long.

Prewar Munich had been a gracious city rich with culture, one of the
jewels of the kingdom. It was a wealthy city as well, one that could af-
ford to support the arts and sciences and one in which the level of in-
tellectual discourse was stimulating and vigorous. Indeed, at one point,
Stromer was offered the chair of the geology and paleontology depart-
ment at a university in northern Germany, but he turned it down. He
could not imagine leaving Munich.

But after the Great War, Munich was a city at war with itself, a city
in which simply surviving from day to day was a struggle. Food short-
ages had been widespread long before the war ended; now they were

catastrophic, and food riots were common. Germany was entering
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what would become a years-long economic, social, and political tail-
spin; what the war had not destroyed, the victorious Allied nations
took pains to finish off by diplomatic means. The Treaty of Versailles,
signed finally on June 28, 1919, not only altered forever the map of
Central Europe, it altered for what must have seemed like forever the
lives of the people within it. The Allied demand for reparations pay-
ments crippled Germany's already critically weakened economic and
financial systems. People were jobless, penniless, and starving. Civil
unrest was endemic.

Even as the German old guard struggled to maintain control not just
ofthe country and its economy but of the rigidly stratified society it had
created and ruled for so long, radical movements on both the left and the
right grew quickly. Workers, emboldened by the apparent success of the
Bolshevik Revolution in Russia, formed their own communist party. In
fact, even before the Versailles Treaty was signed, the German kingdom
of Bavaria—ironically, the most conservative, Catholic, and traditionally
nationalistic region of Germany—declared itself the Soviet Republic of
Bavaria, with Munich as its capital and a workers' council running the
city. The central government had neither the will nor the wherewithal to
fight this move. But others did. The end ofthe war had released a flood
of defeated but still staunchly nationalistic officers into a society that no
longer revered them and an economy that had no means of supporting
them. Searching for someone to blame, they seized upon the commu-

nists.

With Bavarian extremists now shooting at one another in the streets
of Munich, Ernst Stromer went home to Nuremberg. During the win-
ter semester of 1919 to 1920, he taught at the city's commercial college,
and retreated to the family's nearby castle and estate, Griinsberg—
where, thanks to its extensive lands and farm, there was at least food to
eat and wood to burn in the hearths. Throughout the war and in the
hard years that followed, Stromer continued to pursue his research and
to publish papers in scientific journals. But the Treaty of Versailles did
not bring his exiled Bahariya fossils any closer. Despite the war's end,

they remained in storage at the Egyptian Geological Survey.
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By October 1920, Stromer was back in Munich with a wife, Eliza-
beth Rennebaum, and a promotion to the post of chief conservator of
the Bavarian State Collection of Paleontology and Historical Geology.
Nine months later he was appointed honorary professor in paleontology
at the University of Munich, and on July 23, 1921, he was made a full
member of the Bavarian Academy of Sciences, a signal honor. Six days
later a young Austrian firebrand named Adolf Hitler also got a promo-
tion. He was named chairman ofa new political group that called itself
the National Socialist German Workers' Party.

It was this latter promotion that would have the greatest impact on

Stromer's life.

It was just as Stromer's professional fortunes began to soar that his per-
sonal fortunes, like those of so many other German families in the early
1920s, utterly collapsed. As the central government of Germany strug-
gled with the lethal combination ofa collapsed economy and punishing
reparations payments, it resorted to the simple but disastrous expedient
of printing more money. Inflation soared. In the span of four years, the
cost of a two-pound loaf of dense German bread rose from a little under
three marks to 399 billion marks. Citizens staggered home from work
carrying suitcases and pushing baby carriages filled with money for
food, only to find that either there was none to be had or their "billions"
would not pay for even the most basic items. As winter approached, it
was literally the case that burning bundles of banknotes created more
heat than the amount of coal one could buy with them.” The banking
system collapsed. What cash Stromer had managed to put away over
the years was now worthless. The great Stromer family, while still

landed gentry, was effectively impoverished.

For Stromer, it couldn't have come at a worse time. By the summer
0f 1922, just as the hyperinflation began to peak, his efforts to secure the
release of the Bahariya dinosaur fossils from the basement of the Geo-
logical Survey of Egypt finally succeeded. Some of the most renowned

scientists in the world had come to his aid, including American paleon-
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tologist William Diller Matthew and Sir Arthur Smith Woodward, the
head of the geology department of the Natural History Museum in
London. So, too, had the neutral Swedish embassy in Cairo and the
German legation there. As a result oftheir appeals, the Anglo-Egyptian
authorities finally relented. The long incarcerated crates were free to go;
the only problem was that Stromer now could not afford to ship them.
Deliverance finally came in the person of a former pupil of Stromer's,
Bernhard Peyer, an associate professor of zoology and paleontology at
the University of Zurich. Having heard of Stromer's plight, he quietly
paid some seventy-two British pounds sterling to Cairo officials—a sig-
nificant sum in those days—to have the crates shipped to his former
teacher and mentor.” They arrived in the summer of 1922. Stromer was

elated.

The elation lasted only until Stromer opened the crates. In Cairo, staff
at the museum ofthe Geological Survey had unpacked and examined the
fossils Markgrafhad collected. When the time came to forward them to
Munich, the museum was slipshod about repacking them. "Hence every-
thing," Stromer later reported, "was rather badly smashed up.""

Given his own and Germany's precarious financial condition, and
with his colleague and collector Markgraf now dead, Stromer knew he
had very little likelihood of ever returning to Egypt for more or better
specimens. So he spent the next several years carefully piecing together
what was recoverable from the 1922 shipment. Even in its damaged
state, the collection would turn out to be, in paleontological terms, a
gold mine. In the decade between 1925 and 1935, Stromer (occasion-
ally with the help of colleagues) identified an incredible number of truly
remarkable species.

Stromer already had announced in 1914 the discovery ofa new croc-
odyliform (reptiles related to, but not as advanced as, modern crocodil-
ians), Libycosuchus, a small, land-based animal that had a skull more like
a mammal than a crocodile. Now he added two more: Stomatosuchus and
Aegyptosuchus, and an anomalous pair of specimens they were. For ex-
ample, Stomatosuchus, a huge aquatic beast, had a six-foot skull with an

extremely long, flattened snout. Its lower jaw was probably toothless
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and may have supported a saclike structure not unlike that ofa pelican.
Stromer identified, but did not name, other types of crocodyliforms in
his collection from Bahariya. Two were later named Stromerosuchus and
Baharijodon, but they were based upon very poor fossil material and are
currently regarded as invalid genera.

In addition to the crocodyliforms, Stromer identified at least two
turtle species, including a side-necked form, Apertotemporalis. Incom-
plete remains indicate that there were a number of plesiosaurs, a long-
necked marine reptile, in the Bahariya area as well. And isolated fossils
indicate that the primitive, apparently marine-dwelling relative of
snakes, Simoliophis, was also abundant.”

But the most dramatic discoveries from the 1922 shipment were the
dinosaurs—with certainty, three more besides the Spinosaurus aegyptiacus
he had identified in 1915, and perhaps others. In 1931, Stromer an-
nounced the identification of a new predatory dinosaur, Carcharodonto-
saurus saharicus,”" based upon an incomplete skeleton that included
several pieces of the skull, teeth, neck, and tail vertebrae, a rib fragment,
a hemal arch, fragmentary pelvic bones, and parts of the animal's hind

7

limbs."” Carcharodontosaurus means "shark-toothed lizard," a name
Stromer chose because of the dinosaur's distinctive, nearly straight,
grooved, and serrated teeth. A lot more has been learned about this thero-
pod just in the last decade. Remains, principally teeth, have been discov-
ered in Cretaceous rocks in Morocco, Algeria, Tunisia, Libya, Niger, and
Sudan. A giant skull, found in Late Cretaceous rocks in Morocco and
measuring nearly five and a half feet in length, was announced in 1996"
and verified that Carcharodontosaurus belongs to a larger clade, or group of
theropods, known as the Allosauroidea, which also includes the well-
known Jurassic dinosaurs Allosaurus and Sinraptor. This new skull, from
an animal perhaps 15 percent larger than Stromer's specimen, indicates
that Carcharodontosaurus, like Spinosaurus, rivaled Tyrannosaurus in size.
Carcharodontosauruh closest relative appears to be another titanic thero-
pod, Giganotosaurus, found in Patagonia. Their similarity probably reflects
the fact that Africa and South America had only recently separated, geo-
logically speaking, by the early part ofthe Late Cretaceous.
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In 1932, Stromer described a sauropod from the Bahariya Forma-
tion he named Aegyptosaurus baharijensis. Plant-eating sauropods, par-
ticularly a clade called the titanosaurs to which he assigned this
discovery, were abundant in the Cretaceous Period, especially in the
Southern Hemisphere. As titanosaurs go, though, Aegyptosaurus was
only mid-sized, approximately forty-five feet in length—or the size ofa
small house. Stromer's type specimen consisted of back and tail verte-
brae, a shoulder blade, and several limb bones, and was, at the time, one
ofthe most complete skeletons ofa titanosaur known. He also found an
isolated vertebra from the tail of a different sauropod he tentatively as-
signed to Dicraeosaurus. But that sauropod lived some 60 million years
earlier and it may be that the vertebra belongs instead either to a rela-
tive, a peculiar tall-spined Amargasaurus, known from the Early Creta-
ceous of Argentina, or to a closely related, recently recognized group of
sauropods known as rebbachisaurids—named for a dinosaur first de-
scribed from rocks in Morocco the same age as those in the Bahariya
Formation. Intriguingly, Stromer also noted, among other sauropod
material, a single, very large vertebra he could assign to no known genus
or species—a vertebra that would figure importantly many years later, in

the Bahariya Dinosaur Project.

In 1934, Stromer announced the identification of a third theropod
from Bahariya he called Bahariasaurus ingens. The type specimen for
this discovery included back and pelvic vertebrae, a rib fragment, and
three pelvic bones. Stromer assigned other fossils he found in the 1922
shipment to several more individuals of this genus, including a frag-
ment of an ilium, additional pelvic elements, and neck, back, and tail
vertebrae. He also tentatively assigned other material, including the
femur he collected at Gebel el Dist on January 18, 1911, to Bahari-
asaurus. Taken together, these fossils suggest another large theropod ap-
proaching the size of Tyrannosaurus. But because of its fragmentary
nature, many of today's paleontologists have ignored Bahariasaurus, or
have suggested it was a close relative of Carcharodontosaurus.” Then
again, in 1996, the paleontologist Paul Sereno identified a new thero-

pod from Morocco, Deltadromeus, said to closely resemble Bahari-
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asaurus.” In fact, he assigned the femur Stromer found in 1911, among
other of Stromer's fossils, to this new genus—suggesting that it is pos-
sible that Deltadromeus may also have been present in Bahariya in the
Late Cretaceous (though the possibility also exists that Bahariasaurus
and Deltadromeus were the same predatory dinosaur).

Also in 1934, Stromer described several bones in the 1922 shipment
as belonging to "Spinosaurus B." He believed these bones to have come
from two individuals, the larger represented by some vertebrae, the
smaller by a few limb elements. Since then, however, the paleontologist
Dale Russell identified nearly identical bones from early Late Creta-
ceous sediments in Morocco and proposed a new genus, Sigilmassa-
saurus, to accommodate both. But Paul Sereno and his colleagues have
argued that both belong to Carcharodontosaurus, thus rendering Rus-
sell's Sigilmassasaurus an invalid genus. The controversy has yet to be re-
solved.

Even with Spinosaurus B, however, Stromer had not exhausted the
1922 shipment. In 1934 he also tentatively identified several limb bones
to the theropods Elaphrosaurus bambergi and Erectopus sauvergei, but
both are dubious. What is significant, though, is that they document the
existence of theropods in Bahariya other than the three—Spinosaurus,
Carcharodontosaurus, and Bahariasaurus—that he identified definitively.
In short, it may well be that five—or more—Ilarge predatory dinosaurs
simultaneously inhabited this remarkable area 99 million years ago, an
astonishing number.

The veritable blizzard of new dinosaur discoveries Stromer an-
nounced in 1934 should have been front-page news around the world,
but was not. There was too much other news on the front pages of the
world's newspapers—most notably the tidal wave of misery precipitated
worldwide by the collapse of the New York Stock Exchange on Black
Friday, October 25,1929. Germany, still crippled by its reparations pay-
ments, was hammered again.

And there was worse yet to come. Germany did not know it in the
early 1930s, but the Depression was the least ofits problems. Its biggest

problem was that its war hero and longtime president, Paul von Hin-
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denburg, now aging and gradually losing his power and place of rever-
ence in the hearts of the German people, had been pressured to appoint
a new chancellor. The appointment was announced on January 29,
1933. The new chancellor's name was Adolf Hitler.

The National Socialist German Workers' Party had grown dramati-
cally during the previous decade, despite its leader's brief imprisonment
after an unsuccessful attempt to take over Bavaria by force (the so-called
beer hall putsch in 1923). Gradually, through succeeding elections, the
Nazis gained a significant minority of the seats in the Reichstag, the
German parliament. Hitler's appointment to the post of chancellor was
part of a desperate effort by President von Hindenburg's supporters to
put together a coalition government that would keep the old guard in
power. Their hope was short-lived. Within a month Hitler had seized
effective control of the nation, demanding and receiving broad emer-
gency powers from von Hindenburg on February 28, 1933. Immedi-
ately, he began dismissing, or simply eliminating, his opponents and
replacing them with his own associates—names that echo with menace
today. Heinrich Himmler became police chief of Munich on March 9,
1933. A month and a halflater, Rudolf Hess was named deputy fuhrer
of the Nazi Party. Less than a week after that, Hermann Goring, on

Hitler's orders, established the Geheime Staatspolizei—the Gestapo.

A year later, President von Hindenburg died. Adolf Hitler immedi-

ately declared himself fuhrer of the German state.

One can imagine Ernst Freiherr Stromer von Reichenbach, scion of one
of the great patrician families of Nuremberg, longing for the resurrec-
tion ofa strong and proud German nation amid the chaos and humili-
ation that followed the Great War. Initially, at least, he might have
found some comfort in the resurgence of national spirit in his belea-
guered and virtually bankrupt native country. But Stromer was a man
with a sharp, and sharply critical, mind, which saw through the fog of
political demagoguery just as clearly as it saw through the fog of aca-

demia, and he was equally outspoken about both. His critical thinking
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and plain speaking in his own field of paleontology were legendary.
Rudolf Richter, one of the most distinguished paleontologists of the
twentieth century and the director of the Senckenberg Museum in
Frankfurt am Main, described Stromer admiringly as the most brilliant
and knowledgeable of all German-speaking paleontologists.” He also
characterized him as a man "with a mind that judged without preju-
dice," who was "inclined to argument almost by principle."”

As scrupulously scientific and impersonal as Stromer's journals often
are, they nonetheless reveal a man with a passionate commitment to
painstaking research, rigorous analysis, and exactitude in scientific de-
scription. In an era when new discoveries were the route to recognition
and many paleontologists rushed to publish poorly researched and often
fanciful papers on their alleged finds, Stromer raged against irresponsi-
ble scientific practices among his European colleagues. In a famous
speech at a meeting in 1927, he attacked what he believed were twin
threats to the science to which he was devoted: schwindelpalaontologie,
or "fraud paleontology," as he called efforts to bring partial dinosaur
skeletons to life in the public mind by embellishing their appearance
and habits; and krume/pa/aonto/ogie, or "junk paleontology," the ten-
dency among some of his contemporaries to claim the discovery of new
species from the most inadequate of fossil remains. He was dismissive
of both.

But if he was critical of the less responsible of his colleagues, he ap-
pears to have been just as critical of himself, often taking his own past
work to task for overreaching the evidence. In a congratulatory note
published on the occasion of Stromer's eightieth birthday, in 1951,
when he had become the most senior of Germany's paleontologists,
Richter described him as "a recognized and respected example of what
can be done through much sacrifice, individual research and critical
consideration, even against oneself."”

The most revealing clause in Richter's 1951 appreciation, however,
was not that Stromer could be self-critical; for him to be otherwise
would have been utterly out of character. The most revealing statement,

a phrase that spoke volumes to anyone who knew Stromer well, was
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"through much sacrifice," for by then Ernst Freiherr Stromer von
Reichenbach's commitment to scrupulous personal and professional
honesty had cost him dearly—as it did anyone who resisted the Nazi

regime. And Stromer did so openly.

In the months following Hitler's August 1934 ascension to the position
of fuhrer of the German state, the Nazis moved with extraordinary
speed to take control of all of the nation's institutions. The universities
were not excepted. At this time, they were instruments of the state, and
professors were effectively civil servants. In return for their loyalty, they
received life tenure, respectable salaries, and generous pensions. But the
Nazis pushed the oath of loyalty to a new and—to Stromer, at least—
unacceptable level.

Professors were pressured to join the party. Academics with known
connections to the Communist, Socialist, or Social Democratic parties
either renounced those connections or lost their positions. But the
Nazis' agenda was much more than political. Quietly at first, then more
boldly, they purged the nation's institutions ofJews—an act that bled
the universities of some of their finest minds.

"You had to prove," explains Hans-Dieter Sues, "that at least back to
your great-grandparents you were of pure Aryan blood—which is to say,
not Jewish. Ifyou could not, your were harassed and humiliated. In the
universities, you were no longer invited to meetings. Your work was ig-
nored. Your funding dried up. As time passed, Jewish professors were
dismissed, arrested, or simply disappeared.

"People had two options," Sues continues. "You kept your mouth
shut, or you spoke up and expected a call from the Gestapo."

But Ernst Stromer had a third option. He was an aristocrat. In the
early years of the Third Reich, the Nazis took pains not to harass the
nation's aristocratic families. They understood the power and influence
such families still had. As a consequence, individuals from these fami-
lies enjoyed a certain degree of immunity from the party's worst ex-

cesses. But there were limits.
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Stromer had become head ofthe paleontology section of the Bavar-
ian State Collection of Paleontology and Historical Geology in 1930.
But there the progress of his career, which had advanced steadily for
three decades, slowly ground to a halt. He had refused to join the Nazi
Party (though most of his colleagues joined simply out of self-
preservation). Worse, he spoke against the Nazi regime and maintained
close relationships with his Jewish friends and associates.” He was, in
short, "politically unreliable."

On July 7, 1937, having passed his sixty-fifth birthday, Ernst
Stromer was forced to retire from his post at the university and from his
job at the State Collection by the rules of Germany's civil service. In
fact, it was amazing that he had lasted that long. His views about the di-
rection the Nazis were taking his country were well known, and only his
ancient family lineage protected him from arrest.

Stromer did not retire quietly to the family castle. Instead, he and
his family remained in their apartment in Munich, and Stromer re-
mained a fellow of the Bavarian Academy of Sciences. He continued
with his research, publishing papers on fossil vertebrates from the re-
gion surrounding Munich, as well as critical essays and appreciations of
other scientists, including his colleague and friend Ferdinand Broili, the
director of the Bavarian State Collection.

By now, Germany was at war with much ofthe Western world. On
March 13, 1938, Hitler annexed Austria. In September of that year, he
threatened the annexation of the western region of Czechoslovakia,
called the Sudetenland. After agreeing to cease further claims, Ger-
many seized the rest of Czechoslovakia in March 1939. Years earlier
Germany had negotiated a nonaggression agreement with Poland;
nonetheless, Hitler invaded it on September 1, 1939. Two days later,
Britain and France declared war against Germany. World War II had
begun.

Closer to home, the Nazis made sure every institution in the nation
was headed by party members whose loyalty to the fuhrer was unques-
tioned. So when Broili reached the mandatory retirement age in 1940, his

replacement was Karl Beurlen, a young and well-regarded paleontologist
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who was also an ardent Nazi. Beurlen would soon demonstrate just how
completely, and disastrously, he could be trusted to toe the party line.

Almost from the start, there was a thorn in Beurlen's side, and the
thorn's name was Ernst Stromer. As the war deepened, Stromer went
repeatedly to Beurlen to demand that the Bavarian State Collection be
removed from the museum at the Alte Akademie and placed in a pro-
tected location far from the city of Munich. Beurlen rebuffed him dis-
missively. No less a personage than Luftwaffe chief Hermann Goring
had guaranteed that neither Germany nor Munich would be attacked
by Allied forces, and Beurlen believed him utterly, the way only a true
believer can. As the war progressed, Beurlen's position on this issue be-
came progressively more ridiculous; fine art and science museums
throughout Germany were removing their collections to caves and salt
mines, but he remained intractable.

In the meantime, Broili (who was still involved with the museum in
an emeritus capacity) began quietly to remove small specimens from the
museum in his briefcase. Broili had an ally, the paleontologist and no-
blewoman Princess Theresa zu Oettingen-Spielberg, in whose castle to
the north of Munich many of these small, easily removed specimens
were stored.” But there were obvious limits to what could be trans-
ported in a briefcase, and almost all of the collection remained in the
museum. With rising insistence, Stromer demanded that the rest of the
collection—which, not incidentally, included his own extraordinary
finds—be removed. In response, Beurlen threatened Stromer on at least

two occasions with his own removal—to a concentration camp.

At some point, it seems clear that Beurlen reported Stromer to Nazi
authorities, but Hitler's henchmen took no direct action. They found a
more subtle and far more horrible way to punish him.

"In those days," explains Hans-Dieter Sues, "if you had the kind of
social standing Stromer did, they left you alone. But your friends might
suddenly get in trouble. Or, if you had a son in the military, he might be
assigned to a strafbattalion, a battalion used for suicidal missions on the
front lines, or to some other detachment that was deliberately sent into

places where they were certain to be killed."”
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Ernst and Elizabeth Stromer von Reichenbach had three sons:
Ulman, born in 1921, Wolfgang, born in 1922, and Gerhard, born in
1927. Ulman and Wolfgang were sent to the Russian front as soon as
they were conscripted.

Ulman was killed on November 10, 1941. Wolfgang survived until
November of 1944 and then disappeared in Russia. By this time
Stromer and his wife had abandoned Munich and retreated to Griins-
berg. But tragedy followed.

It was at Griinsberg that Stromer was to learn ofthe April 24,1944,
Royal Air Force bombing of Munich, the raid that reduced to ashes his
life's work, and everything else in the Bavarian State Collection of Pa-
leontology and Historical Geology that had not been smuggled to
safety, just as he had predicted.

Exactly one year later, on April 25, 1945, Stromer's third and
youngest son, Gerhard, died within months ofbeing assigned to a bat-
talion fighting rapidly advancing Allied forces in northern Germany.
Less than two weeks after Gerhard was killed, Germany surrendered.

Ernst Freiherr Stromer von Reichenbach, never a visibly emotional
man, shouldered his multiple losses. His life's work was destroyed. Two
of his sons were dead. In Griinsberg, he and his wife awaited word of
their missing son, Wolfgang.

It would be a very long wait.
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SEVEN

SAND, WIND, AND TIME

The radio message came from Ken Lacovara, who was high on the slope
of Gebel el Dist: "Listen, you guys, it looks like there's a sandstorm
coming up from the south; better batten things down!"

A few minutes later the storm arrived. It began with an almost im-
perceptible shift in the normal direction ofthe wind in the oasis, swing-
ing around to the south from the usual northwest. Then it rose. And as
it rose, dust clouds swirled around the paleontologists working on the
desert floor. Within only a few minutes the wind was gusting higher
and lifting ever larger particles off the desert pavement. Sand devils
snaked across the ground, twisting and curling like live things. The col-
ors of the oasis floor, never particularly rich to begin with, gradually
turned a nearly uniform light tan, the color of flying bits of quartz. The
distant features ofthe landscape, including the cliffs ofthe oasis escarp-
ment, softened as if wreathed in smoke, then vanished altogether.

At the foot of Gebel el Dist, the diggers turned their backs to the
wind. Wearing ski goggles, with handkerchiefs tied over their mouths,
they kept working, picking away at the rock upon which they were
sprawled. In what seemed like no time, however, the blowing sand ac-
celerated, rose like a curtain over their heads, and blasted their exposed

skin.
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"This is nuts," Josh Smith yelled over the wind and the hiss of the
sand racing across the desert floor, "I uncover something and in three
seconds it's covered again!"

"You'd stand up," Jason Poole explained later, "and you'd be afraid to
walk anywhere because you didn't want to step on anything someone
had been working on, but you couldn't open your eyes to see. And when
you walked, it was like walking through sandpaper. If we'd had shorts
on, our legs would have been blasted raw."

Up on the side of el Dist, where Lacovara was trying to work, it was
the wind, not the sand, that was the hazard. "It was definitely blowing
near hurricane force up there," says Lacovara. "There were several times
when I just felt buoyant—which is not a good thing when you're stand-
ing on a cliff."

"At one point," recalls Jennifer Smith, who was working with him,
"Ken stepped behind me and I nearly tumbled over. I'd been leaning
into the wind so hard that when he created a wind shadow, it was as if
someone had pushed me from the other side."

Though it came from the right direction, the south, the storm was
probably not an early harbinger of the dreaded khamsin, the sometimes
fifty-day-long season of frequent sandstorms that typically lasts from
March to May. The giveaway was the temperature. The khamsin is a
hot wind; this one was cold.

Though the dig had just begun and they'd stuck it out as long as they
could, Josh felt he had no alternative but to call off work for the rest of the
afternoon. He was as frustrated as Stromer had been when forced to
spend two days in his tent for the same reason ninety years earlier. But
there was a difference. Stromer was responsible only for himself, the
Egyptians being wise enough to seek shelter. Smith was responsible for a
whole team. Finally, heads down, buffeted by the wind and blasted by the
sand, they abandoned their various sites and fled to the Land Cruisers.

"I've been a field paleontologist for thirty years," says Peter Dodson,
"and that was the toughest day I ever spent in the field."

Though the senior member of the expedition team and both Smith's

and Lamanna's professor and dissertation adviser, Dodson was not merely
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an observer in the field. He spent the six-week season on his knees in
the sand like everyone else, typically working patiently to finish up sites
while his younger colleagues moved on to other locations. His experi-
ence helped the team in one other way as well: It dampened their highs
and lifted their lows. Says Lamanna, whose highs and lows tended to be
the most dramatic, "Peter is the voice of experience; when we were de-
pressed or disgusted about our progress, he'd just gently encourage us
to forge ahead. And when we'd get all jazzed about some piece of bone,
he'd say, 'Well, okay, interesting, a possible maybe, but let's not get too
excited."

Peter Dodson would have occasion to be excited himself, but it
would take nearly two weeks of digging before he ventured an exultant
"Yahoo!"

On the second day of the expedition, the Bahariya Dinosaur Project
team returned to the area around the southwestern flanks of Gebel el
Dist. Josh Smith explains: "An expedition has four stages: exploration,
evaluation, excavation, and—if you decide something is worthwhile—
extraction." With more than a hundred orange flags bobbing on the
desert floor, it was time to evaluate.

"We all knew, even though we hadn't talked about it much, that
most of what had been flagged the day before was crap," Josh admits.
"Most of it was float, stuffjust left behind by the wind and so badly
weathered it was useless. That's one of the things that is so frustrating
about Bahariya; there's so much bone everywhere you look, but most of
it is so badly preserved that after a while you don't even bend over to
look at it anymore."

It was just as well, because the team found that most ofthe flags had
disappeared. "I was thinking to myself," remembers Jason Poole face-
tiously, " 'Uh-oh, we've offended the park ranger!" Weeks later, the
flags reappeared—decorating the rooflines of a house in the small vil-
lage of Mandisha, outside of Bawiti, gaily fluttering in the wind. "Actu-

ally," says Ken Lacovara, who saw them first, "they looked terrific."
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Three of the locations the team had found on their first day at el
Dist had shown real promise, and on the second day, Josh Smith divided
his colleagues into working groups and they began examining these
sites more closely. Ironically, the site where Josh had found the large
theropod bone that got the expedition started in the first place was not
one of the promising sites. That bone turned out to have been merely
float, with nothing else associated with it.

It was Ken Lacovara and Jen Smith who found the first promising
site on the first day of this expedition, while setting up the base for the
expedition's global positioning system on a low hill not far from the
southwest foot of el Dist.

"The top of this hummock," recalls Lacovara, "had weathered to
desert pavement, so it was hard and covered with pebbles and what Jen
and I realized suddenly were pieces of bone, fish teeth, that sort of thing."

When Matt Lamanna arrived, he didn't even make it to the top of
the mound before his eye was drawn to something: "There was this big
disclike plate of bone sort of sprawling down the side of the hill, and
there was another one higher up, coming out of the rock layer." He im-
mediately began evaluating the site. There appeared to be a possible
bone-bearing horizon just beneath the top ofthe twelve-foot hillock, in
a layer of hard mudstone. Matt, Peter, Medhat, Yassir, Patti Kane-
Vanni, and Steve Kurth went to work.

While the naming of fossils is a fairly formalized process, the nam-
ing of the sites where fossils are found is informal, even whimsical. This
first ofthe promising sites was named by Kane-Vanni after the brand of
canned tuna fish the team gathered at the hill to lunch upon that day—
an Egyptian brand called "Happy Fish" that appeared to have been
manufactured with paleontologists in mind, since it came complete
with bones. But the name proved eerily predictive.

When a site looks promising, paleontologists don't just whip out
their rock hammers and start pounding away. "Well, we used to," admits
Dodson, "back in the old days, in the late eighteen-hundreds, for exam-
ple. But today we're as interested in where a bone is, and why, as we are

in what it is. So we're a lot more careful nowadays.
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"The first thing we do is clean up the site, because ifit's covered in
extraneous stuff, you'll make mistakes and have accidents and maybe
damage the fossils. So we get down on our hands and knees and remove
loose rocks and anything else that isn't bone. Then we get out our
brushes and gently sweep away loose sand and dust. We want to get
down to firm rock, and we're always hoping the bone will be coming out
of firm rock, or be associated with bones that are, because bone that's
still in the rock will be in much better condition than bone that's been
exposed to the elements. If we're lucky and we have bone encased in
rock, then we get out the hand tools—dental picks and awls—to start
chipping away the rock around the specimen."

At Happy Fish, they were lucky. The bone there was still embedded
in rock. But precisely what it was would turn out to be a stubborn mys-
tery. Says Dodson, who spent subsequent days excavating this site,
"These were clearly large enough to be dinosaur bones, but they were
unlike any dinosaur bone I'd ever seen, and pretty quickly Matt and I
agreed it had to be something else. The texture on the plate suggested it
might have been the shell of some kind of turtle. But Matt, Jason, and
Allison argued the material was too thin for that. A case could be made
for an amphibian or a marine reptile of some kind. It could have been
some kind of fish. I have to say I've rarely been to a site where there were
such clearly diagnostic fossils and found myself so singularly clueless
about what they were." It would be days before the rock gave up the
bones' secrets.

Clearly, Happy Fish was going to be a difficult but potentially pro-
ductive site. For the next step, Patti Kane-Vanni gridded and began
mapping the site. Josh Smith explains: "If we locate a single, isolated
bone, we usually just dig it out, jacket it, take it home, and worry about
it later. But when we've got multiple fossils, and especially if we have
what seem to be pieces of a single skeleton—as we did at Happy Fish
and a couple of other sites—we mark off the site with yarn or string in
one-meter squares and then systematically evaluate each square of the
grid. We'll photograph the site and create a map of each square in three

dimensions, identifying the position ofevery piece we find, from the lit-
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tlest snail shell to the biggest dinosaur bone. And each fossil fragment
we remove gets a number coded to the map.

"This is called collecting taphonomic data—information about what
happened to the animal after it died. It's what we need to do to under-
stand notjust what we've found but how it got there before we found it.
Did the body die right there or did the skeleton get washed there from
someplace else? Did it get picked apart by scavengers? Often the clues
are sitting right there around the bone. We need to find those clues and
then try to figure out what they're telling us. We do it for ourselves and
for scientists who will look at this work after us, even a hundred years
from now."

While Dodson's group was preparing the ground and beginning to
excavate Happy Fish, another group was evaluating a site some fifty
yards away on a low ridge where, the day before, Medhat Said had
found what appeared to be a lizard vertebra. This was a promising de-
velopment, since while Stromer had identified some fifty species of ver-
tebrates and invertebrates in Bahariya, he had not found a single lizard.
(Dinosaurs, despite the fact that their name means "terrible lizard," are
not lizards.) What's more, as Dodson explains, "Lizards were beginning
to show some diversity seventy million years ago, but ninety-five or a
hundred million years ago—that is, the age of the rock in Bahariya—
they would have been very, very early in their evolutionary history. So
we really wanted to identify this lizard."

This site, a low plateau perhaps fifty feet long, had an abundance of
fossils, but most had weathered severely. "They were horribly pre-
served," says Matt Lamanna. There were also lots of gastropod, or snail,
fossils, as well as fragments of fish bone that had been encrusted with
snails before being buried and fossilized.

"For the record,"” Josh Smith says with frank admiration, "Matt
Lamanna disagreed with Peter's lizard notion right away. He identified
it right there in the field—and correctly, as it turned out—as the verte-
bra of Simoliophis, a very primitive form of snakelike marine squamate
we would later learn was abundant in Bahariya and that Stromer and
Markgrafhad found as well."
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Matt and Peter went back and forth on the subject for days, but by
then the site had already become known, rightly or wrongly, as Lizard
Ridge. Dodson would eventually ask Medhat and Yassir to scour the
site, but first they turned their attention to Happy Fish, which seemed
more promising. Lizard Ridge would return to prominence a few days
later, when it produced an important fossil discovery.

Matt Lamanna had found the third promising site that first day. He
had wandered a bit farther afield, through the hummocky landscape
southwest ofel Dist, and come upon a large bone emerging from, rather
than floating upon, the west slope of one of the mounds in a hard gray
siltstone. Since much of the bone so far had been float, and badly pre-
served float at that, Lamanna was excited by this find. On the second
day ofthe expedition, while Happy Fish was beginning to be excavated,
Josh Smith and Jason Poole went to Lamanna's find and examined two
bony protrusions emerging from the side of the low mound. They
looked to Josh like the peduncles, or joints, between a dinosaur's pelvic
bone—an ilium—and the two other bones in the pelvis, the ischium
and the pubis. After discussion with Matt, they concluded the bone had
belonged to a theropod, a carnivorous dinosaur, and with the help of
Yousry Attia, Jean Caton, and Allison Tumarkin, they began excavating

the site.

"But that rock was like concrete," Josh Smith recalls painfully. "It
was just awful." Both he and Jason Poole bashed the rock around the
ilium with pickaxes on and off for days, catching a breath by working at
more forgiving sites, including Happy Fish. There, Dodson had found
the tooth plate ofa lungfish, a descendant of one of the earliest aquatic
creatures to develop lungs and thus to survive both on land and in the
water. On Lizard Ridge, Josh had found what looked to him like a
promising theropod bone. But the highlight of the day was volunteer
Steve Kurth's discovery near Happy Fish of what appeared to be the
tooth ofa Spinosaurus, the carnivorous dinosaur Stromer had discovered
and that everyone on the team hoped to find to replace the type speci-
men, or original, that had been destroyed in the 1944 RAF bombing of
Munich.
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Josh Smith, so high the first day, was less enthusiastic as the second
day drew to a close. They had found an interesting array of fossils, but
no significant dinosaur remains. "I felt like we were chasing shadows.
Time after time this massive, gorgeous accumulation of float turned out
to be exactly that, float, and nothing more. It was find a bone, evaluate

it, then nothing. Over and over again."

The next day a short distance up the slope ofel Dist, on a lumpy ledge
overlooking the valley floor, Ken Lacovara and Jen Smith made an ex-
citing discovery.

Lacovara says, "After the rest ofthe team found those first bones, Jen
and I began to trace out that same depositional environment, that same
rock layer, around the south side ofel Dist, and to follow oxidized bone
fragments located there, almost like a trail of bread crumbs. Stromer
had called it his Saurierlagen, his dinosaur bone layer. Sometime around
noon, while Medhat and Steve Kurth were working with us, we reached
this ledge about seven or eight feet above the floor ofthe depression and
found much bigger bone pieces."

Lacovara radioed the rest of the crew, and they quickly converged
on the site. Josh Smith was delighted, but Lacovara had a bigger sur-
prise for the project leader: three piles of loose, broken rock and sand
running in a row north to south; they had nothing to do with the rock
structures around them. Lacovara knew what they were immediately:
"These are spoils piles left behind by someone else who was digging
around the base of Gebel el Dist, and I think we know who that some-
body was."

It appeared they had found one of Ernst Stromer's sites, or one ex-
cavated a year or two later by his colleague Richard Markgraf. The
mounds covered or were adjacent to three backfilled pits.

"What really amazed me," Josh Smith recalls, "was that I realized
that Jennifer, Giegengack, and I had sat at that very spot the year before
and missed them completely. Now they were plain as day. For the first

time, we were in the footsteps of old Uncle Ernst.
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"Of course the big question on all of our minds," Josh continues,
"was why Stromer or Markgraf—if it was indeed one of them—had
gone to the trouble ofrefilling these pits. The only explanation was that
whoever dug them had run out of money or time or both, so they cov-
ered them to preserve whatever was in there until they could return.
Was it a skeleton? A group ofother bones? We immediately began dig-
ging to find out."

It was at precisely this point that another one of Bahariya's brutal
sandstorms hit. They kept digging anyway, eager to find out whether
something had been left behind. Eventually, they did: At the bottom of
the three foot-deep pits they found not a skeleton, as they had hoped,
but three large, badly preserved dinosaur vertebrae. They had been
pedestaled: the process by which the rock around and beneath a fossil is
chipped away until all that is left is a slim pillar with the rock-encased
bone on top. Even more astonishing, one of them was partlyjacketed—
that is, someone, presumably Markgraf, had begun covering the bone in
newspaper and plaster-soaked burlap, to preserve it for transporting,
just as paleontologists do today.

"It was really strange, almost eerie," recalls Jason Poole, who, as the
team's bone preparator, often oversaw the jacketing process. "It was as if
we were picking up where he had left oft." Darkness, made early by the
sandstorm, eventually forced them off the mountain. The site they had
named Stromer I was left for the next day.

In retrospect, it seems possible that this was perhaps the last excava-
tion ever undertaken by Richard Markgraf for his employer and friend
Ernst Stromer in the early spring of 1914. Soon thereafter, World War I
intervened, and Markgraf was unable to ship to Stromer even those
bones that he had been able to remove; then he had died soon there-
after.

"If it was Markgraf's site, maybe he covered it because he thought he
was coming back," says Josh Smith simply. "But never did." And neither
did Stromer, who by then was virtually penniless because ofthe collapse

of Germany's currency after World War 1.
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The crew was back the following morning. If Markgraf had finished the
job of jacketing the fossil, the next step would have been to cut away the
pedestal beneath, flip the specimen over, and plaster the underside of
the jacket so it could be hauled away. Now, though the bones were badly
weathered (whether before they had been pedestaled or after was un-
clear), the team spent the next couple of days finishing the job Markgraf
appeared to have begun nine decades earlier.

Fossils—even those partially encased in rock, as were the three sit-
ting on Markgraf's pedestals—are inevitably cracked, brittle, and frag-
ile. They are exposed in the field only enough to determine their
significance and state of preservation. For the most part, they are left in
the rock in which they are found for protection in transport. Before that
can happen, the exposed bone has to be stabilized. These days, Vinac is
one of the most commonly used stabilizing agents. Beads of polyvinyl
acetate are dissolved in liquid acetone, and the resulting polymer is
brushed or dripped onto the bone to create a fast-drying coating that
effectively "glues" the fossil so it can be jacketed and moved. The great
advantage of Vinac is that it can be removed in the preparation labora-
tory simply by adding liquid acetone. Without it, or something like it,
bones can disintegrate in transit, even in their plasterjackets, becoming
extraordinarily difficult three-dimensional jigsaw puzzles—as Ernst

Stromer learned only too well in 1922.

Over at Happy Fish, Dodson, Kane-Vanni, Yousry, Medhat, and
Yassir continued to work on what now were two large, platelike bones.
But, like a frustrated detective, Dodson was no closer to making an
identification ofthe "corpse." As they excavated one ofthe flat bones, he
began formulating an unlikely but pulse-quickening theory: The bone
emerging from the hill looked to him like the scutes, or bony scale
plates, of a labyrinthodont, a swamp-wallowing amphibian that had
been widespread in the Triassic and Early Jurassic periods ofthe Meso-
zoic Era. "Could we have one?" he wrote later in large letters in hisjour-
nal with evident excitement. His excitement certainly would have been
justified, for by the time the Late Cretaceous sediments of Bahariya

Formation had been formed, most labyrinthodonts had been thought to



8 | THE LOST DINOSAURS OF EGYPT

have been extinct." Finding evidence of one in rock strata this recent
would have been an important discovery. In time, however, Dodson
would abandon this theory, but others would emerge as regularly as the
fossils they extracted from the hill.

Meanwhile, he was busy with another task. One of the principal
aims of the Bahariya Dinosaur Project was to strengthen the profes-
sional paleontological capacity of the Egyptian Geological Survey and
Mining Authority, the project's in-country collaborator, and Dodson
spent time teaching his Egyptian colleagues field techniques and, in
evening lectures, the finer points of paleontology. Yousry Attia, at fifty,
is Egypt's leading vertebrate paleontologist and curator of paleontology
at the Geological Museum in Cairo. Having worked closely with pale-
ontological legend Elwyn Simons in the Fayoum Oasis, searching for
early mammal fossils, Yousry proved he had developed a sharp eye for
small fossils. Almost as valuable, he was exceptionally gifted at helping
the team find its way through Egyptian red tape and more than once
had to persuade visiting Egyptian Antiquities officials that the project
was not plundering archeological sites. Medhat Said Abdelghani,
thirty-seven, had a master's degree in archeology but had decided to
begin a second career as a paleontologist. Evangelical about the virtues
ofIslam and of Egypt, Medhat also had a remarkable ability to find fos-
sils. Matt Lamanna has called Medhat "one of the most gifted discov-
erers of fossils I have ever worked with." Yassir Abdelrazik, despite his
youth (twenty-four, the same age as Lamanna), was nonetheless held in
high esteem as an intellectual by his older Egyptian colleagues. Typi-
cally he rose each morning at two A.M. to study. About to begin his own
project studying dinosaur remains in the Mahamid region of Egypt,

Yassir had Matt Lamanna as his adviser.

Often it was Yassir who led his fellow Muslims in prayer. At late
morning, midday, and late afternoon, the three would withdraw
slightly from their dig site, face east, kneel, and perform rituals that
seemed to the rest of the crew as timeless as the very desert in which

they knelt.
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Paleontologists working in close proximity, under often difficult physi-
cal conditions, eventually have to find a way to let off steam. On their
way back to Bawiti late on this particular winter afternoon, the Bahariya
Dinosaur Project found theirs: drive-by fruitings.

Racing across the desert floor in their Land Cruiser, Matt, Josh,
Jason, Allison, and Patti launched a vicious ambush on their colleagues
Jennifer and Ken, plastering their car with overripe fruit from the oasis.
Ken and Jennifer fled across the sand with the other Land Cruiser in
hot pursuit, amid much hooting and hollering. It was an ugly, chaotic,
and thoroughly delightful exhibition, one that became a regular part of
the end ofthe workday as the weeks progressed, often marked by elab-
orately planned and messily executed surprise attacks.

The next day, January 20, work returned to normal. Most of the
team continued to excavate the Stromer I site, along with another site
some three hundred feet away that yielded the fibula (one oftwo bones
in the lower leg) ofa large theropod. Then, recalls Josh Smith, "We got
a squawk over the radio. It was Ken, saying, 'Hey, you guys better come
over here; Jen and I just found lots of really big dinosaur bones just
lying on the desert floor." " Once again, in what had already become a
pattern, the geologists had found more new dinosaur bones—though
this time somewhat inelegantly, by driving over them with their Toy-
ota.

"I was thinking," says Lacovara, "this is probably the first time a di-
nosaur has been hit by a car."

Still hoping for a well-preserved, relatively intact skeleton, Josh,
Matt, and Jason jumped into their Land Cruiser and raced around the
west side of the mountain to the site where Lacovara and Jen Smith
waited. When they got there, it seemed to be just what they had been
looking for all along: two accumulations of large bones on the surface,
seemingly parts of an associated skeleton. The site lay on flat ground a
little more than a hundred yards from the low cliffs that formed the base
of Gebel el Dist. Lacovara identified the sediments as consistent with
some ofthe other spots where they had found dinosaur fossils. The rest

of the team was visibly excited.
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"This is what it looks like when you find the real thing," Matt
Lamanna enthused.

Recalls Josh Smith, "It was clear to me that this was a big sauropod,
maybe Stromer's Aegyptosaurus. Our mood went right from the base-
ment to the mountaintop with Ken and Jen's latest find."

But that ebullient mood would not last long. This new discovery
created a moment of sharp tension between Josh Smith and Matt
Lamanna—both close friends, both excellent paleontologists, both
driven to succeed. Smith, unquestionably feeling enormous pressure to
unearth a significant skeleton after nearly a week of disappointments,
wanted to begin excavating the new site immediately. (Not incidentally,
he had learned the day before from film producer Jim Milio that MPH
had placed itself in financial jeopardy by financing the expedition,
which dramatically increased the pressure to find an important fossil.)
Lamanna, something of a compulsive perfectionist, argued that they
should finish excavating already existing sites first—particularly the
theropod ilium—before they plunged into a new one. Smith did not
think much of the ilium site but chose to keep the peace and yielded.
Later that afternoon, he, Matt, and Jason Poole, the three strongest
members ofthe paleontology team, took their tensions out on the iron-

like rock in which the ilium was encased.

Smith, swinging furiously at the stubborn rock with a pickax, grum-
bled, only half jokingly, "I want whoever found this fossil killed imme-
diately." The finder, of course, had been Lamanna, and that was all it
took to break the tension. The three worked together grudgingly but
companionably for the rest of the day. Matt would comment later, "Josh
channels his anger really well and takes it out on the rock; it was really
a good thing to have him breaking up that rock instead of my jaw."

In the end, however, after all that effort, the ilium proved just one
more fink in the lengthening chain of disappointments. Though they
completed excavating the large bone and jacketed it for transportation
back to Cairo, the diggers agreed that it was a poorly preserved specimen
and, more disappointingly, that it was isolated—that is, not related to any

other bones that they could locate at the site. The ilium site was history.
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Says Jason Poole, recalling that day, "None of us was angry at the
others, really; we were just feeling beaten down. It was like Bahariya was
playing games with us; wed find a promising accumulation of bone, dig
it out expecting to find more underneath, but find nothing. Or stufftoo
badly preserved to bother with. Wed get excited and then be let down.

It was hard not to take it personally."

While Josh, Matt, and Jason were breaking rock, trading brickbats, and
getting nowhere, Peter Dodson and his team were still chipping away at
the mysterious Happy Fish site. Dodson had run several more theories
up the flagpole about the strange, and very large, platelike bones emerg-
ing there. One of the fiat bones, he suggested idly, might be the
humerus, or upper arm bone, ofa plesiosaur. The next day another bone
emerged from the hillside, one Dodson thought might be the quadrate
(a bone in the skull to which the lower jaw is attached) of a theropod,
possibly even the long-sought giant carnivore Spinosaurus, since theyd
also found one ofits teeth in the hill. With each new discovery, Dod-
son, Josh, and Matt would gather and confer, scrutinize and differ, and
each time they would decide collectively they still had no idea. But in
fact the last theory was very close to the mark. This latter bone was

quite clearly a quadrate—but of what?

Meanwhile, across the desert floor at Stromer I, the site where
Richard Markgraf had apparently left behind the pedestaled fossils, the
rest of the team was finishing the job of plaster-jacketing the bones. The
team was working well together now and the expedition had slipped
into a familiar, if exhausting, routine. Graduate student Allison Tu-
markin wrote in her journal with wry delight: "Okay, now I know I'm
really in the field. My clothes are covered in plaster, my hands are per-
manently Vinaced, my skin is cracking from plaster burn, my knees and
shins are covered with bruises and every other word out of my mouth
seems to be an expletive. We have so many inside jokes at this point it's
like we've invented our own language. How could anyone ask for

more?
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That night after dinner, most of the team ended up at a local music
concert held in a large round yurtlike structure in Bawiti with a pit fire
in the center and straw mats strewn over the sand. Musicians sat cross-
legged on the mats—reed instrument players, panpipe players, and
drummers playing various forms of percussion instruments. All men.
The only women in the crowd were the team's female members, who
had come prepared, wearing long clothes and shawls around their
heads. The Egyptians in the tent surprised the Americans by dancing
sinuously with one another to the mesmerizing beat while everyone else
clapped along.

The Bahariya Dinosaur Project is perhaps unusual in that it harbors
two drummers: Josh Smith and Ken Lacovara. Lacovara spent a num-
ber ofyears between high school and college playing drums profession-
ally as the house drummer at the Golden Nugget Casino in Atlantic
City and in several bands. Having bought a dumbek, a traditional hand-
held drum, in Cairo, Lacovara joined in with the musicians, to the
amusement ofthe Egyptians in the tent. "There's sort of a national beat
in Egypt," says Lacovara, laughing. "Everyone knows it, whether they're
trained drummers or not. It's very fast and very repetitive and there's no
room for improvisation. If you pop in a backbeat or start embellishing,
they wave their fingers at you, smiling, and say 'La, la, la,' which means
No, no, no. For Americans, music—especially jazz—is a form of self-
expression. For Egyptians, though, playing in a large group, it's more an
expression of solidarity and camaraderie. But it was great fun anyway; I
couldn't hold a conversation with these guys, but at least we could speak

in music."

The next day, January 23, no one on the team was "speaking music."
They were grumbling disgustedly again. In a team evaluation, the lat-
est Ken-and-Jen find, the site that seemed to be an extremely impor-
tant group of associated bones—parts of a skeleton—was turning into
yet another desert mirage, one haunted again by the ghost of Ernst

Stromer.
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The crew had begun by gridding the site and working on and around
the several large exposed bones on the surface, but by noon things had
stopped making sense. Josh Smith realized that the sand they were
sweeping away from the bone specimens was much younger than the
specimens themselves. Initially, he attributed it to erosion. The wind
had removed the sand and rock that had originally encased the bones
and then, much later, they had been re-covered by newer sand. But
while sweeping the southern area of the grid, Matt Lamanna found
sand that was much deeper. Switching to a shovel, he soon realized he
was emptying a man-made trench nearly five feet deep that had filled up
with drifting sand. The trench stretched across the entire back of the
site and was bounded by completely unnatural vertical bedrock walls
roughly a yard apart. By late afternoon the workers arrived at a depress-
ing conclusion: They were picking over another site that Stromer, or
Markgraf working for Stromer, or perhaps someone else, had already
excavated. As at Stromer I, they found evidence of plaster jacketing
from decades earlier: weathered bits of burlap and crumbling yellow
shreds of newspaper printed in German. With little enthusiasm, they

named the site Stromer II.

Disappointed again, the diggers turned from the first accumulation
of bones at this site to the second, this time with more success. Here
they found more than a dozen dinosaur bones, including vertebrae, that
Josh Smith tentatively (and, it would later prove, accurately) identified
as belonging to a sauropod, possibly the species Stromer himself had
identified, Adegyptosaurus baharijensis. But all of these bones were shot
through with gypsum deposits and crumbling to dust. If this was the
site from which Markgraf had excavated Stromer's Aegyptosaurus,
which did not seem likely at this point, then the collector had taken all
the good bones and left behind what Smith's crew was now finding. In
Smith's words, "We were finding nothing but ghosts of what once were
really good bones. Now most of them were composed of little more than
gypsum crystals. I don't know whether that happened before they were
excavated or this is simply how fast things weather in the Western

Desert, but the bones were just blown apart by gypsum."
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In the world of fossil formation, gypsum is an insidious mineral, an
agent of quiet but continuous destruction. When water evaporates, it
leaves behind mineral crystals. One of the crystals it leaves behind is hy-
drous calcium sulfate, also known as gypsum. Gypsum is a remarkably
useful mineral. Its most well-known and common use is in the manu-
facture of Sheetrock wallboard, also known to builders as gyp board. In
its various forms, gypsum is both the bane and the salvation of paleon-
tologists.

Gypsum exists in the soils of many arid locations (especially in
sands) where fossils are often easiest to find. In other, wetter locations,
salts like gypsum simply wash away. But in deserts, the salt concen-
trates. And when gypsum crystals combine with the slightest amount of
moisture, a saturated solution is formed that percolates through the
sand and infiltrates any porous structure, including buried bone. When
gypsum crystallizes out of solution within a dinosaur bone it can, in
time, explode the bone. In other circumstances, the gypsum mineral can
actually replace the organic material in the bone during the process of
fossilization. Either way, it's bad news.

Says Matt Lamanna, "We found bones at Stromer II that had en-
tirely become gypsum. The only way you knew what they were was be-
cause their morphology—their shape—had been retained. But the
moment you touched them, even just with a brush, they disintegrated."

On the other hand, gypsum makes it possible for paleontologists to
jacket fossil bones safely for transportation from site to museum: Plas-
ter of paris is composed largely of gypsum.

Meanwhile, at Happy Fish, the one site that was consistently pro-
ducing intriguing fossils—though not of dinosaurs—Dodson and
Yousry, assisted by Medhat, Yassir, and Kane-Vanni, kept at it. After
days of uncertainty and theories, a theme was beginning to emerge.
Many of'the large, flat bones emerging from the site were discovered to
be intricately ornamented, cut with radiating parallel ridges. Dodson
had found what he thought were two pieces of the jaw ofa fish. Kane-
Vanni found two fish scales more than two inches long. Finally, by the

beginning of the second week of work on the site, like a camera lens
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suddenly snapping into focus, the bones of Happy Fish suddenly made
sense and were bearing out the wisdom of the site's chosen name: The
various large, bony, disclike plates that now littered the floor of the care-
fully gridded and mapped site were almost certainly once parts of the
skull of a fish. But a very large fish. It would be many months before the
team was able to definitively identify the fish at Happy Fish as a coela-
canth, a lobe-finned fish that first emerged in the Devonian Period of
the Paleozoic Era, some 400 million years ago, and became extinct not
long after the rocks of Bahariya were laid down. Or at least everyone
thought they had become extinct until fishermen off the coast of South
Africa brought one up in a net in 1938, a "living fossil." More have been
found since and even filmed underwater. As usual, however, Lamanna
was ahead ofthe team. On the day the quadrate first was unearthed, he
had dug in to his monographs and found that Stromer had discovered a

similar bone and identified it as the quadrate ofa coelacanth.

The Happy Fish coelacanth would turn out to be Mawsonia libyca.
This is a genus better known from Brazil, though, as Stromer proved,
not unknown in North Africa. It was a monster, eventually estimated to
have been some thirteen feet long. It was, as Dodson later put it, "The
sardine that ate Cleveland."

But Matt Lamanna was not impressed. "I did not come to Bahariya
to catch fish," he grumbled. In his journal that day, Lamanna would
write, "It would seem that the important specimens continue to elude
us." To top things off, another harsh sandstorm raced into the Bahariya
Depression, and by midafternoon the digs were again brought to a halt
and the crew forced to retreat to El Beshmo Lodge.

The next day, January 24, was devoted largely to the less exciting,
manual-labor aspects of dinosaur hunting: excavating, pedestaling, plas-
tering, flipping, and finishing the jacketing of the bones that had already
been found. As the day wore on, a new problem emerged: One by one,
members of the team fell ill—food poisoning or dysentery, no one was
ever certain which. By the evening, dinosaur hunting had given way to
colleague comforting. In an odd way, the sickness pushed aside the team's

dissatisfaction with the dig and the group pulled together again, as
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healthy members cared for those who were suffering. Whatever their
transitory difficulties, this was becoming a very close group of friends and
colleagues. Josh called the next day a day off, and the group quietly recu-
perated from the ailment they called, perhaps inevitably, "Baharrhea."

When they returned to work on January 26, the teams continued
collecting and jacketing the fragmentary sauropod bones at Stromer II
and excavated the theropod fibula not far from the Stromer I site. At the
same time, Dodson's team finished their work at Happy Fish and
moved a few dozen yards north to Lizard Ridge, one of the first sites
found but set aside in favor of what seemed at the time like more im-
portant sites elsewhere. Almost immediately, the new site began paying
off. Medhat discovered what looked like another lizard vertebra and an-
other Spinosaurus tooth, and Dodson began digging around a complex
of bones Josh Smith had found (later determined to be from a very
large, bony fish) that had been buried while still being scavenged by
hundreds of snails.

In the days to come, the patient work of Medhat, Yousry, and Yassir
would yield a number ofimportant discoveries at this site, among them
another dinosaur tooth, more Similiophis vertebrae,” and two standout
finds: what looked to be a lizard jaw with well-preserved teeth, and
what initially looked like the jaw of a turtle with teeth. Once again,
Matt Lamanna, Jason Poole, and Peter Dodson entered into a paleon-
tological debate: Jason held out for a turtle identification, but Matt
pointed out what Dodson already knew, that no turtle with teeth had
ever been found in Late Cretaceous rock. In fact, no toothed turtles
have ever been found in any period. And the fact that no other lizards
had been found in Bahariya by either Stromer or Markgraf made Matt
certain that the apparent lizard jaw was nothing of the sort. His in-
stincts would eventually prove correct. Months later, Allison Tumarkin
discovered that the so-called turtle jaw was from perhaps an even more
unusual beast, a strange crocodilian called Libycosuchus, a reptile that,
unlike most crocodilians, appears to have lived almost entirely on land.
The first Libycosuchus ever discovered had been identified by none other

than Ernst Stromer in 1914.
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But these discoveries were still to come. By the afternoon of January
26, when another sandstorm blasted the northern half of the Bahariya
Depression, where they had been working for nearly two weeks, the
team was happy to abandon their digs. With the lingering effects ofill-
ness and the frustrating lack of dramatic discoveries, the energy level
was low.

That evening, Jennifer Smith—who had been working elsewhere
most of the week with Ken Lacovara—watched her friends drift into El
Beshmo Lodge in Bawiti, shook her head in sympathy, and com-
mented, "It's hard to watch these dinosaur guys sometimes. First they
find something and it's the greatest thing ever. Then, by the end of the
day, it stinks, it's worthless. They go up and down, up and down like
they're on a roller coaster. I'm glad I'm a geologist. From one day to the
next, the rocks are still just the rocks, telling you stories."

They were stories that stretched back almost to the dawn oftime it-
self.
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Gebel el Dist is dying. It has perhaps a hundred thousand years to live;
not long, geologically speaking, given that it began being created almost
100 million years ago. This fact is so certain you can stand upon it. This
fact is not much larger than the average living room. That is the size of
the limestone cap that sits atop the 560-foot hill. E1 Dist is cone-shaped
because the sides ofthe hill are slowly slipping down to the desert floor
far below. That the hill exists at all is due to the fact that the limestone
cap that sits at its summit—a remnant of the limestone plateau that
stretches for miles in every direction beyond the Bahariya Depression—
is more erosion-resistant than the rocks beneath it. When the cap goes,
el Dist goes. Without the cap, el Dist is washed up—or, to be more ac-
curate, blown down. It's only a matter of time.

"Erosion," Peter Dodson is fond of saying, "is the paleontologist's
best friend." It is what releases fossils from the rocks in which they are
entombed. But it is very hard on mountains. As the Bahariya Dinosaur
Project's paleontologists scrambled around on the dusty, rumpled carpet
at el Dist's feet looking for fossils, the most distinctive fossil in the de-
pression loomed directly above them: el Dist—the fossil remnant of
millions of'years of the history of this particular portion of the planet.

Many of'the stories el Dist once could tell are gone. Geologist Ken La-
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covara estimates that 37 million years' worth of sedimentary layers have
long since disappeared—well before the limestone that caps el Dist and
the surrounding plateau had even been formed. What remains is really
only an outline of the much larger story of Bahariya.

"Here's what the science of geology is like," says Lacovara, who, like
all good professors, thinks in easy-to-grasp analogies: "Somebody gives
you a hundred loose frames cut from various parts of a full-length fea-
ture film you've never seen before, and then says, 'Tell me the plot of this

movie.""

The Egypt movie is very long. Much of it is missing, but what remains
is amazing nonetheless. The opening scene, set some 3.7 billion years
ago, is stark and terrifying. The Hadean Eon, an interval that lasted
nearly a billion years after the Earth's birth, has just ended, leaving be-
hind a barren postapocalyptic landscape. Heavier elements in the still
unconsolidated planet, principally iron, have formed a molten core at
the center. Closer to the surface, lighter minerals, not yet fully solid
themselves, have begun forming a crust. But this crust is far from stable,
and during the early stages of the Archean Eon that followed the
Hadean, it changed continuously, moving, twisting, turning under con-
vection forces, plunging downward, and slipping upward, but at a pace
that was nearly imperceptible, spanning perhaps another billion years.
Gradually, sections solidified and began to accrete to form small land-
masses. They rose steeply from prehistoric oceans beneath an atmo-
sphere composed of noxious gases and water vapor but no free oxygen,
very gradually sliding into one another to form larger masses, breaking

apart and disappearing.

Perhaps 2.7 billion years ago, and very possibly earlier, the nucleus of
one of these masses emerged in what today is northern Africa.' Re-
markably, some of these rocks are now visible, in the Uweinat Moun-
tains in the southwest corner of Egypt, in the cataracts ofthe Nile, and
in the Red Sea Hills, exposed again after billions of years. Starting

small, this landmass gradually accumulated other bits of crust as it was
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pushed by tectonic forces over the surface of the globe. From time to
time, hot, fresh magma oozed out from beneath this crust, spreading
across the landscape. The rocks formed by these events—which contin-
ued for another 2 billion years, well into the Proterozoic or third great
eon ofthe Earth's history—are the oldest in Egypt. They form what ge-
ologists call the basement complex, the foundation upon which every-
thing else sits. And as with all basements, in most of Egypt these rocks
are buried far beneath the surface, under layers and layers of rock and
time.

At the same time this infant landmass was growing, it was also mov-
ing, carried along on the constantly shifting plates from which the
Earth's crust is made. In the Silurian Period of the Paleozoic Era,
roughly 420 million years ago—well into the fourth and most recent of
the Earth's great eons—Egypt sat not far from the South Pole’ and was
covered with glaciers that began the slow but relentless process of
grinding down the earliest mountains. Indeed, geologists have found
glacial deposits in southern Egypt from as recently as perhaps 300 mil-
lion years ago.

Such glaciers would not have lasted long, for the piece ofthe Earth
we now call Egypt, part of the larger piece we call Africa, had begun
migrating north toward the equator. And it was not a lone traveler. For
one thing, what now is Africa was part of a much larger landmass. For
another, there were now five landmasses roaming the globe: two large
ones and three smaller ones. The largest have been named Gondwana
and Euramerica. The latter consisted essentially of what today are east-
ern North America and Western Europe, along with Greenland and
Scandinavia. The three smaller land areas were what eventually would
become southern China, northern China, and Siberia. Africa was part
of the largest landmass, Gondwana, along with what today are South
America, India, Australia, Madagascar, and Antarctica.

But this, too, was about to change. By the Late Permian Period, the
last of the Paleozoic Era, some 245 million years ago, all of these mi-
grating landmasses converged. Now the Earth was composed of only

two units: a single enormous continent, called Pangaea, that stretched
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virtually from pole to pole with Africa at its center, and a single ocean,
called Panthalassa, that covered the rest of the globe.

Pangaea was a supercontinent that had come a long way from the
barren wastes of the earliest landmasses. Though a mysterious extinc-
tion wiped out 95 percent of all marine and land-based animals at the
end ofthe Paleozoic Era, life rebounded by the early Mesozoic Era, just
a few million years later. Pangaea teemed and Panthalassa was even
more diverse, supporting an amazing array of fish, shellfish, corals, and
marine reptiles.

The formation of a single immense continent had profound effects
on both the evolution and the distribution ofliving things. Without the
barriers presented by intervening seas and oceans, terrestrial creatures
were free to roam and colonize the land. Scientists have found a re-
markable degree of homogeneity in terrestrial life-forms across the
globe when they examine fossils from this period. But the Earth is a
restless place, and neither Pangaea nor that homogeneity was to last
long.

That these landmasses were moving at all is something scientists
have confirmed only quite recently. Schoolchildren have long noticed
that some of the continents, notably South America and Africa, look
like pieces of a jigsaw puzzle that once fit together, but it was not until
the 1960s that measurement of polarity shifts in the earth's magnetic
field, preserved in seafloor lavas, proved that the seafloor was spreading
along rifts deep beneath the ocean and that the continents sat upon
drifting plates, or slabs, ofthe Earth's crust and upper mantle, called the
lithosphere. In some places, close to where the seafloor was spreading,
these plates were growing. In other places, they were diving beneath the
continental landmasses, in the process driving up massive mountain

ranges by the force of their collision.

At last there was definitive proofofthe cause of earthquakes and the
tendency of volcanoes to be located in some areas of the globe but not
others. At last there was an explanation, amazing but understandable,
for why there were fossil shells at the summit of Mount Everest and

other mountain peaks: The summits had once been ocean floors. At last
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too, there was scientific confirmation for why terrestrial forms of life,
including early dinosaurs, were similar throughout the globe for some
of'the Earth's history but then suddenly diverged and diversified. Until
the principle of continental drift, or plate tectonics, was established and
proved, one widely held explanation for the similarity of terrestrial life-
forms on what today are distant continents was that animals had mi-
grated over incredibly long land bridges.' Then the sea levels rose, the
theory went, the bridges disappeared, migration ended, and species dif-
ferentiation began.

The notion that entire continents could drift across the surface of
the globe seemed preposterous. But it was also a proven fact. What plate
tectonics tells us is that this episode ofterrestrial species differentiation
began, in effect, because it had no choice. As massjve chunks of the
early supercontinent drifted off across the globe, life began evolving in-
dependently in each now isolated location.

But as demonstrable as this theory was, it was also true that no one
was certain precisely when these geologic events occurred. To answer
that question, scientists—especially paleontologists—study the bones
they unearth for clues of differences that distinguish their finds from
anything else known on Earth. Dinosaurs, which ruled the land for
much of the period during which Pangaea was breaking apart—that is,
during the Mesozoic Era—provide tangible clues to the planet's history.
Understand when similar dinosaurs began to differentiate, and you
begin to have a better idea of when continents may have separated. The
reverse is also true: Geologists help paleontologists understand why di-
nosaur species differ from place to place on the globe by revealing how

and when landforms changed.

Thus it was that Josh Smith made quite sure he had two first-rate
geologists—Ken Lacovara and Jennifer Smith—studying the layer-
cake flanks of Gebel el Dist while his diggers crawled around on their
hands and knees down at the mountain's base. The diggers'job was to
find the "what" oflife in the Late Cretaceous Period of Egypt's prehis-

tory. Lacovara and Smith's job was to explain the "why."
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"l was born one house away from a salt marsh in a small town called
Pleasantville on the southern New Jersey coast, and grew up in nearby
Linwood, a small strip ofland with salt marsh on two sides," says La-
covara. "I spent most of my childhood mucking about in the marsh or
at the beach. I don't think there were many days when my feet weren't
wet. But the thing is, there are not a lot of rocks in that environment,
just sand and mud. So when you found any rock bigger than, say, a
baseball, it was a remarkable event. My older brother had a rock col-
lection, which may have gotten me started, but maybe not. My mother
says even when I was a toddler, she found rocks in my pockets when
she did the wash. I picked up whatever I found. When I got a little
older, I would go out into our backyard, turn the garden hose on and
blast away holes on the grass and dirt, looking for more rocks and
checking out the layers when the hole dried out. The yard was sort of

pockmarked as a result."

Unlike most ofhis colleagues on the Bahariya Dinosaur Project, La-
covara's career trajectory took a sharp detour when he fell in love—with
a drum set. But after working as a professional drummer for several
years, he explains, "I looked around one day and saw all these crusty old
musicians rolling home at four in the morning and decided maybe I
needed another vocation."

After earning degrees in geography and geology, Lacovara went
back to the beach, this time to form his own consulting firm in geology,
advising clients on the engineering and geological issues associated with
building in or around salt marshes and beach environments. In 1999 he
joined the faculty of Drexel University.

His and Jennifer Smith's job on the project was to explore and map
the physical landscape of Gebel el Dist and the area around it so the
team could better understand the geological history of the area where
they prospected for fossils. In the end, it would be Lacovara's knowledge
of coastal environments, perhaps even more than Jennifer Smith's ex-
tensive knowledge of the Egyptian desert, that would bring this
parched landscape to life.
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The walls of the Bahariya Depression and the slopes of Gebel el Dist
offer a graphic, often quite beautiful, though still incomplete picture of
what happened to this particular part of North Africa during the Late
Cretaceous. But what is visible is only a small part of the sedimentary
record of this area of the continent.

Here, as elsewhere on the globe over hundreds of millions ofyears,
the basement layer weathered. The surface was forced upward, frac-
tured, and broken apart; basement rocks with large crystal structures be-
came gravel; rocks with smaller crystal structures became sand. Even
finer crystals became silt. Sea levels rose and fell, inundating the land,
not once but repeatedly. The lime-rich skeletons and shells of trillions
of marine creatures rained down to the seafloor, gently building thick
beds of calcium carbonate. Muddy runoff from the land laid down other
sediments, finer-grained than the sands and lime layers. From time to
time the Earth fissured and molten rock oozed across the surface of'the
land. In others places, immense quantities of volcanic ash belched into
the sky, then settled again on the land and in the sea. The moving con-
tinental landmasses collided, buckled, and pushed mountains toward

the sky, all with exquisite slowness.

But each time the violence ended, the quieter destruction of erosion
persisted and the layering of the Earth continued. During particularly
violent intervals, these layers might be fractured and lifted, pushed up
and over themselves, even twisted into tortured folds. This process of
buildup and breakdown continues even today.

As the Triassic Period ended, the supercontinent Pangaea began to
break up, answering to the same tectonic forces that had brought it to-
gether in the first place. The landmass called Gondwana remained in-
tact. But the landmass encompassing what today is North America,
Europe, and Asia, called Laurasia, began separating from Gondwana
along the northern edge of South America and the Moroccan bulge of
western Africa. Rifts grew between these two megacontinents, and
fresh molten basaltic rock welled up to fill the cavities between the
spreading crust segments. Seawater entered the widening rift from the

southwest, and the North Atlantic Ocean was born.
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Then a rift opened in southern Gondwana, separating Africa/South
America from Antarctica/Australia (though a connection may have re-
mained between the southern tip of South America and a corner of
Antarctica). The rift grew in a northeasterly direction throughout the
Jurassic Period and well into the Cretaceous Period that followed, even-
tually splitting and separating what is now India from both halves of the
divided Gondwana and setting it adrift. In time, this fragment—the
Indian subcontinent—would travel northward, collide with the Asian
landmass, and, through the force of that collision, drive the Himalayan
mountains toward the sky, a process that continues today. Another frag-

ment split off from southern Africa, forming the island of Madagascar.

By the end of the Jurassic Period, another rift began to appear, this
time between what now is southern Africa and southern South Amer-
ica. The rift spread northward for the next 50 to 60 million years, grad-
ually peeling South America away from Africa and creating the South
Atlantic Ocean. This process continued throughout the middle of the
Cretaceous Period, the last period of the Mesozoic Era, until the sepa-
ration was complete and the South and North Atlantic oceans became
one continuous body of water.

While all this tearing and rending was going on, the center of
Gondwana—Africa—remained a remarkably peaceful place. There was
little in the way of earthquake or volcanic activity, except along the east-
ern edge, where today's rift valleys now appear. But one event would
prove especially significant for Egypt. Beginning in the Triassic Period
and continuing throughout the Mesozoic Era, a great body of water
called the Tethys Sea grew westward from what is now the Indian
Ocean through what is now the Middle East, filling the widening gap
between Gondwana and Laurasia. Millions ofyears later, the Mediter-
ranean Sea is its last remnant. The Tethys was a warm, placid sea, and
throughout the immense time frame ofits existence, marine vertebrates
and invertebrates grew, lived, and died, and thick beds of their skeletal

remains blanketed the sea bottom.

The southern shore of the Tethys Sea advanced and retreated re-

peatedly during this period, often migrating hundreds of miles as sea
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levels rose and fell worldwide and as the continent itself rose and fell.
Meanwhile, the relentless forces of terrestrial erosion continued, wear-
ing down mountains, filling streams and rivers with sediment, and cov-
ering the former seafloor with alternating layers of sand and silt. The
climate changed throughout the Mesozoic Era as well, alternating be-
tween wet and dry, hot and cold. And with each change, the nature and
rate of erosion changed. Sometimes water was the principal erosional
force, sometimes wind. As each layer built upon the last, the weight of
the whole grew, exerting enormous pressure on the strata far below,
compressing the sediments into rock: sandstone, mudstone, siltstone,
shale, and limestone.

Gebel el Dist, Stromer's isolated conical hill, the stratigraphy of
which Jennifer Smith and Ken Lacovara spent several weeks exploring
and charting for the Bahariya Dinosaur Project, is effectively a three-
dimensional photograph of the history of these ancient layer-building
events.

Neither they nor Ernst Stromer were the only explorers to have rec-
ognized this. The original British surveyors ofthe Bahariya Oasis, John
Ball and Hugh Beadnell, were the first to measure and define the lay-
ered rock strata of el Dist, publishing the results of their analysis in
1903. They were the first to use the term "isolated conical hill" to dis-
tinguish el Dist from other ridges and hills in the huge, hollowed-out
depression. They identified some twenty-five distinct strata from the
sandy beds at el Dist's base to its limestone-capped summit. According
to their measurements, the hill was nearly 560 feet high and composed
primarily of alternating beds of sandstones, clays, and marls." It was
Stromer, however, who proclaimed el Dist the "type section"—that is,
the defining example—of the multiple layers of rock that make up the
northern escarpment of the oasis, though in truth he could have chosen
any section of the area. He called the sequence of rocks the Baharije-
stufe—the Bahariya Formation.’

The word "formation" in this case is a technical term; the complete
term is "lithostratigraphic formation." It means a mappable and distinct

body of rock (Greek: litho) layers (Latin: strata) that exist in a certain
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pattern (Greek: graphikos) and will—locally, at least—have the same
recognizable relationship with the rocks above and below them, in
much the same way as a Linzer torte will always have the same ingredi-
ents stacked in the same order. It is this tendency of rock strata in for-
mations to spread laterally and be traceable over distances that made it
possible for William Smith to produce that first ever geological map of
all of England in 1815. In a sense, Ken Lacovara and Jen Smith were
following in his footsteps as well as Stromer's.

Geologists who explored Bahariya after Stromer have further subdi-
vided the Bahariya Formation into different and distinct members, of
which the Gebel el Dist member is one. Beneath el Dist—that is, be-
neath the floor of the oasis—there are another estimated 2,800 feet of
additional layers to the basement rock. The Gebel el Dist member is
typically described as "made up of fine-grained, well-bedded, ferrugi-
nous [iron-rich] elastics [grainy rock] carrying a large number of fossils
including vertebrates in the lower levels and an assortment of oysters
and other fossils in middle and upper layers."

This is a convoluted way of saying that if you are looking for
Stromer's dinosaurs, you need look no farther than the foot of el Dist,
in the relatively thin band ofrock Stromer called the Saurierlagen—the
dinosaur layer. And that is where Josh Smith and his intrepid if some-
what disheartened band of paleontologists spent the first two weeks of
the expedition.

But Ken Lacovara and Jen Smith had other work to do, and as they
prowled around the flanks of the hill, they saw that el Dist held a few
secrets. For one thing, Gebel el Dist is an incomplete "photograph" of
Bahariya's geological history: Some parts of the picture appear to be
missing. And even some of the parts that are there seem fuzzy, out of
focus. For example, it has been known for more than a century that al-
most all of the layers in the Bahariya Formation were formed during
what is known as the Cenomanian age, at the very beginning of the
Late Cretaceous, which began 99 million years ago. It has long been
understood that the various bands of rock that make up the slopes of

Gebel el Dist are neatly stacked and firmly compressed layers of sedi-

147



8 | THE LOST DINOSAURS OF EGYPT

merits that were deposited in shallow estuaries and in saltwater lagoons
over a few million years, during which time the Tethys Sea inundated
the land and then retreated from it.

It has also long been known that the limestone cap that sits atop
these Late Cretaceous sediments was formed during a much more re-
cent period, the Eocene Epoch of the Cenozoic Era, which followed
the Mesozoic. And therein lies the mystery: The Eocene did not follow
directly after the Late Cretaceous; it did not even begin until 37 million
years after the rock in el Dist was formed.

Thus, since erosion happens whenever rock is exposed, either some
periods of erosion were more severe than others—severe enough to
eliminate nearly 40 million years of sediment that built atop the Late
Cretaceous rocks of the Bahariya Formation—or sediments were not
deposited during this period at all. Eventually, the Eocene Epoch ar-
rived, bringing with it a warm, shallow sea that remained sufficiently
undisturbed long enough for a thick bed of marine skeletons to drift
down to the bottom, solidify, and become limestone: the same lime-
stone that today caps el Dist. Presumably, in the 38 million years that
stretch back between today and the end ofthe Eocene, many more lay-
ers of sediment were deposited atop this limestone bed, but every single
layer that was laid down has since disappeared, for the youngest rock at
the top of the Bahariya escarpment is the Eocene limestone. There is
nothing younger but the dust and sand that drift and blow across the

surface of the desert.

But there was another mystery on the flanks of Gebel el Dist, one
that would bedevil Ken Lacovara for days once he began studying the
ancient hill. And that was what seemed to him the peculiarly illogical
order in which some ofthe layers were stacked. This was one mystery it

would take a while to solve.

If the tools and techniques of paleontology have not changed much
since Ernst Stromer's time, most ofthe tools and techniques ofgeology

haven't, either. It is still basically pick-and-shovel work. Jennifer Smith
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describes how she and Ken packed for a day on el Dist: "We both had
our knapsacks, and besides lunch and plenty of water, we had our rock
hammers and a couple of other basic tools, plastic bags to put rock spec-
imens in, indelible marking pens to identify each specimen, and a tape
measure. In addition, Ken carried an old army entrenching shovel, the
short-handled kind that allows you to adjust the blade to a ninety-
degree angle so you can swing it over your head and chop down into the
dirt."

Jen Smith also carried one of the team's high-tech additions to this
tool kit: the global positioning system, with which they recorded the
specific location of the bottom and top of each rock layer they uncov-
ered as they climbed. It consisted of a tall antenna that rose from her
pack and connected them to the base station erected at the Happy Fish
site, a battery pack strapped around her waist, and a handheld computer
for data.

On their first day at Gebel el Dist, Lacovara and Smith circled the
hill in their Land Cruiser, taking the measure of the mountain. "We
were trying to find the best and safest route to the summit and the area
where the rocks were best exposed,” Lacovara explains. "That turned
out to be the west side, and that's where we spent the first three weeks."
Having chosen a route, the two climbed to the summit.

"At five hundred and sixty feet," says Lacovara, "el Dist is about the
height of a fifty-six-story building, and it's a tough climb. You're climb-
ing on steep slopes that are often made ofloose, sandy scree that gives
way as you climb. It's like trying to walk up a down escalator; your quads
get quite a workout. There are also some vertical cliff faces, including
the summit cap, that I wasn't sure we'd be able to climb without ropes,
but Jen wanted to climb the mountain, so that's what we did. And the
view of the oasis from the summit was just breathtaking."

The next day, their "tourist" stage over, they went to work. Says La-
covara, "The first time you go into a new geologic area, everything is
kind of a blur for a few days. It's like going to a party, meeting thirty
people, and trying to remember their names and what they do. You can't

do it. You want to get to the stage where it's like a class you've been tak-
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ing for three months and you know everyone's name and where they sit
and their various little habits. That's where we needed to get. So we did
what all geologists do: We started at the bottom and worked our way to
the top."

Lacovara and Smith's job was to examine and map each layer of el
Dist, from the lowest to the highest, in as much detail as the rocks
themselves would permit. For most of el Dist, this was not a simple
task; with the exception of a few bands of hard rock with vertical cliff
faces, most of the slope was covered with material that had eroded and
slipped down from above. This is where Lacovara's trenching shovel
came in. "El Dist," he says, "is more of a shovel environment than a
rock-hammer one."

"Ken was just a digging maniac," Jen Smith says, laughing. "Starting
right from the bottom the first day, he would straddle the slope in front
ofhim and start swinging furiously away with his shovel with the blade
at a ninety-degree angle until he had exposed a nice, clean vertical or
sloped section a yard or so high. He looked like a giant prairie dog."

While Lacovara was burrowing away, Smith walked laterally around
the area where they were, logging location and elevation data into the
GPS. "There aren't any really detailed maps of the topography of this
area; with a few more years of collecting data, we should be able to pro-
duce one."

When Lacovara finished digging a section, the two geologists would
get down on their hands and knees to scrutinize the clean face. They
would determine what kind of sediment they were looking at, what its
structure and mineral content was, discuss how it had come to be de-
posited in this particular spot, take a sample, and try to figure out where
one layer ended and another began.

"That's not as clear as you might think," says Smith. "Sometimes the
distinction jumps right out at you, maybe a hard brown mudstone layer
sitting cleanly on top ofa lighter sandstone. But you also could be look-
ing at sand with a bit of mud in it and find above it mud with a bit of
sand in it, and you have to try to decide if that's a new layer or just a

continuation of the other one. It can be tricky."
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At some clevations, as the days went on and the geologists worked
higher, this task was easier. "There are places," recalls Smith, "where the
sandstone is ferruginous; it's basically ironstone, and it's hard as iron,
and all you need is the pointed end ofthe hammer to clean a surface. In
other places there are thick blocks of mudstone where you can scrape
the weathered material off and get a good sample of clean rock. So Ken
didn't always have to bust into the rock itself, just clean it off."

Before the invention of the GPS, geologists had to measure the
length of a sloped section with a tape measure, determine the angle of
the slope, then calculate the vertical thickness of the deposit. "Today,"
Jen Smith explains, "the GPS satellite sends a signal to our base receiver
down at Happy Fish and gives us the precise elevation and location
where I am standing. To measure the thickness ofa sloped layer ofrock
now, | just stand at the bottom of it and take a reading, then stand at the
top and take another reading. The difference is the vertical thickness,
accurate to within twenty centimeters [about eight inches]. Later, we
can create equally accurate maps in three dimensions simply by plotting

out all the readings we take in the field."

There is nothing inherently interesting about a rock. Or a layer of rock.
What fascinates most sedimentary geologists—as distinct from, say,
children, who will pick up a rock simply because it is there—is that the
rocks have stories to tell about what a particular part of the world
looked like at the moment the rock was formed. That is what geologists
live for: to unravel those stories. In the case of the sedimentary rocks
that form the Bahariya Formation, the way Smith and Lacovara hoped
to find out about the landscape once roamed by the animals their col-
leagues were unearthing at the bottom ofthe hill was by studying some-
thing that might well seem crashingly dull but turns out not to be: the
size of the grains in the rock.

It is quite simple, really. Sedimentary rock is formed when particles
ofrock are transported from one place (their place of origination) to an-

other (their place of deposition). The only difference between the clay
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an artist uses for sculpture and the rocks a builder uses to craft a wall is
particle, or grain, size. There is a formal scale by which such things are
sorted, called the Wentworth Scale. Clay is defined as any material with
a particle size smaller than thirty-nine one thousandths of a millimeter
(0.0039 mm). A boulder, which one might think was an informal des-
ignation for a big rock, is any particle of rock larger than 256 millime-
ters (about ten inches) in diameter.

Grains of rock are transported in three ways, depending on how
large they are. Fine-grained materials—mud, silt—are transported in
suspension; that is, suspended as separate particles, typically in a fluid,’
more often than not water but sometimes air. Medium-grained materi-
als, like sand, are also carried along by this fluid but tend to bounce
along the bottom instead ofbeing suspended, a process called saltation.
Boulders simply roll, a process called traction. The faster the fluid is
moving, the larger the particles it can carry, and the farther it can carry
them. But when the fluid slows, the particles slow as well. The bigger
and heavier ones stop first. A flash flood can carry boulders the size of
automobiles (and automobiles as well, for that matter) substantial dis-
tances. A fast-flowing mountain stream can carry significant amounts
ofrock and gravel much farther, until it reaches the valley floor below,
slows, and begins to release the debris it carries. The finest particles
keep moving until the fluid comes to a halt. To use an extreme example,
anything carried by water or wind to a lake, which has no current at all,
simply settles to the bottom, including the finest silts—which explains
why most swimmers don't like putting their feet down on a slimy, fine-

grained lake bottom but have no reservations at all at a sandy beach.

When Lacovara and Smith break a piece of dark brown mudstone
from an outcrop on the face of Gebel el Dist, for example, they know a
few things immediately. First, since the particle size of the grains in a
mudstone is very small, the depositional environment in which the
mudstone was formed had to have been still water, otherwise the tiny
particles would have kept right on going. Second, depending upon how
thick the layer of mudstone is, they can hazard a guess about how long

this particular spot was placid. Third, they can assume that the particles
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TOP: A rendering of what Paralititan stromeri would have looked like.

BOTTOM: A lateral view of Paralititaris skeleton.
Illustrations courtesy of Bob Walters and Bruce Mohn
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TOP: A rendering of what Spinosaurus would have looked like.

BOTTOM: A lateral view of Spinosaurus’s skeleton.
Illustrations courtesy of Bob Walters and Bruce Mohn
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TOP: A rendering of what Carcharodontosaurus would have looked like.
BOTTOM: A lateral view of Carcharodontosauruss skeleton.
Illustrations courtesy of Bob Walters and Bruce Mohn



SN

Left to right: Jen Smith, Josh Smith, Matt Lamanna, Ken Lacovara, Jason
Poole, and Peter Dodson. In front is the humerus bone of Paralititan stromeri.
Courtesy of MPH Entertainment
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from which the rock is formed probably originated somewhere far away
(in this case, far to the south), since the tiny particles of mudstone can
be carried so easily over long distances.

Sandstone is a different story. It is composed of much coarser grains
of rock, which can be deposited even when water is moving. The
coarser the grains of sand left behind, the faster the water was moving;
the finer the grains, the slower the water was moving. By looking hard
not just at the grain size of a sandstone, but the way the bed has been
laid down, you can tell a lot about the character and history ofthe place
where it was formed millions ofyears ago.

"The thing to remember," says Lacovara, "is that every layer of sed-
imentary rock was a modern depositional environment at the time it
was laid down, and each depositional environment has a signature set of
processes that operate there. Waves deposit sediment differently than
rivers do. Wind deposits sediment differently than waves do. You look
for their unique signatures. And when you decipher the writing, there's
a story that it tells.

"But if we're going to understand the whole story, we need to un-
derstand the succession ofeach layer. We know that only some kinds of
depositional environments can come before other kinds. We know only
some kinds of environments can follow other kinds, unless there has
been some kind of a break—an unconformity—in the geologic record.
When we find strata lying above or below each other that violate our
understanding of the likely succession, we know we have a mystery to
solve."

One of the ways of dividing sedimentologists, or scientists who
study sedimentary rocks, is by the depositional environment in which
they specialize. There are fluvial sedimentologists, who study ancient
river systems; marine sedimentologists, who study ocean bottoms; and
coastal sedimentologists, who study the rock formed where land and
water meet. Jennifer Smith, for example, is primarily a fluvial sedimen-
tologist; she specializes in riverine environments. Ken Lacovara, as per-
haps was inevitable given his childhood fascinations, is primarily a

coastal sedimentologist.
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And one day, perhaps a third of the way up the side of Gebel el Dist,
Lacovara saw a world within the rock that he recognized immediately:
beach sands.

"We scraped away a lot ofloose stuff beneath a ledge, and right be-
fore me were several beautifully formed, cross-bedded layers of sand,
the kind of beds—some sloping one way, others sloping another way—
that you only see where a beach has been for a very long time. And I re-
alized I was standing on a beach formed almost one hundred million
years ago at the edge ofthe Tethys Sea.

"It may seem odd, but that was a very emotional moment. Here I
was standing in the middle of the Egyptian desert, but in my mind's
eye, I could see the water of the Tethys Sea stretching away from me
toward the north. My feet would have been in the shallows along the
beach. I could even tell that the water would have been lapping at my
feet very gently. There would have been no crashing surf. The grain size
of the sandstone was too fine. If there had been surf, or any significant
current at all, the fine-grained sand would not have ended up here be-
neath my feet. This would have been a quiet, peaceful spot by the sea."

Nearby, Lacovara and Smith found more evidence that they were at
the edge of the ancient sea. Beneath one eroded ledge, they looked up
and could see plainly the rippled bedding ofa sandbar. The sand layers
had a greenish tint produced by a mineral called glauconite, almost al-
ways the sign of a marine or coastal environment. And just above the
rippled beach sand was a shell bed thick with the remains of Exogyra, a
type of oyster. The ripples themselves, preserved in rock, were a small
miracle of geology.

"As you probably know from your own experiences," Lacovara ex-
plains with awe, "ripples in a sandy beach are created in a matter ofa few
seconds, as a small wave retreats or the tide goes out. When Jen and I
looked at that rock, we were looking literally at a ten-second snapshot
of part of the history of the world, a moment almost a hundred million
years ago—one frame of the movie—preserved for all time."

"It's moments like these," says Jen Smith, "that make it so rewarding

to be a geologist. You have this sense of connectedness through geologic
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time that most people never get to experience. It's pretty awesome. I
have picked up a rock that was three hundred million years old that had
raindrop impressions in it; I held in my hand one moment in time,
frozen in the rock. It is just awe-inspiring."

Apart from the excitement, Lacovara was also relieved. "Just as it
was a big relief for the paleontologists when they found the first di-
nosaur bones, it was a big relief for me when I found the first beach de-
posits. I knew where I was, what kind of system I was in, I knew I could
explain this world those dinosaurs lived in."

But in the days to come, Lacovara would discover that the explana-
tions were harder to divine than he first imagined, the mysteries in the
rock more difficult to unravel. Until, at least, he had the breakthrough

vision that explained it all.
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"Chewie, dammit, get out of my light," said Josh Smith, playfully shov-
ing Jason Poole away.

"No way! You get out of my light," Poole shot back.

On the afternoon of February 3, 2000, Poole and Smith were
sprawled a few feet apart on the ground in a particularly barren part of
the Bahariya Depression's desert floor. They had been working in this
spot, a new and promising site a couple of miles southeast of Gebel el
Dist, for most of the day, as they had been for several days. After clear-
ing away loose sand and gravel with stiff bristle brushes and doing a
preliminary reconnaissance of the site, they and some of their colleagues
had chipped away rock with hammers and awls, sometimes switching to
dental picks, and had exposed a number of large dinosaur bones be-
longing—they were almost certain—to a sauropod, a plant-eating di-
nosaur from the Late Cretaceous. On this particular afternoon, with the
winter light beginning to fade, Smith and Poole were working their way
carefully along what had appeared to be two rather similar and parallel
bones. The day before, they had been surprised to find that their two
bones were actually sides of the same bone. Now, the longer they
worked, the closer together they crept, until they were getting into each

other's way. Thus, the good-natured shoving.
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"I don't know what made me think ofit," Poole recalls, "but it sud-
denly occurred to me that the piece I was working on looked like a del-
topectoral crest, and I said, 'Hey, I think this is a humerus!" And Josh
said, 'No, you dumbass, if it was a humerus it would go all the way down
there," and he pointed a couple of yards away from where we were work-
ing.

"And I said, 'Yeah, you're right, no way. Forget it. But stay out of my
light."

For two weeks, the paleontologists on the Bahariya Dinosaur Project
had repeatedly swung from high to low on sites that started out promis-
ing but ended up disappointing. Matt Lamanna wrote in his field book,
"I'm worried that we're not making enough discoveries fast enough and
that we're losing so many days to bad weather and illness."

Trying to make the best ofit, Josh Smith mused, "Look, we're ask-
ing a lot of this place. We've never been here before; reconnaissance and
prospecting chew up a lot oftime wherever you go, and this is our first
official season. Even if we come back next year, we'll still just be getting
to know this place. Combine that with the environment we're working
in and the effect it has on bones, and it's no wonder the quality of what
we're finding is so poor.

"And yet there are dinosaurs all around us. We've got probable Spin-
osaurus and Carcharodontosaurus teeth. We've got a fibula in one place
and what almost certainly are the vertebrae ofa large sauropod, perhaps
Stromer's Aegyptosaurus, in another. And of course we've got amazing
fossils from all sorts of other nondinosaur species. What we're missing
is that big articulated skeleton."

The fact that Smith and his colleagues had found anything at all was
miraculous, something enthusiastic paleontologists often forget in the
heat of the moment. Any fossil is a miracle. The odds of one being cre-
ated in the first place, much less being found, are vanishingly small.
Consider the process. First, a creature must die. But not just any crea-

ture; it has to be one with a significant number of hard bones. For ex-
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ample, the reason why Stromer found the Bahariya Oasis floor littered
with prehistoric shark's teeth and fin spines but nothing else from a
shark is because that is virtually all that is bony in a shark. Moreover, the
remains ofthe dead creature have to be sturdy; delicate parts tend to be
destroyed over time. This is why there are so few fossil remains of the
small, lightly boned early mammals Stromer worked so hard and so un-
successfully to find; they just get crushed or washed away.

Next—and this is perhaps the trickiest part—the body of'the crea-
ture must be buried relatively quickly, before the elements and scav-
engers can break it down and scatter the remains. The best dinosaur
remains tend to be found in places where a catastrophe occurred.
There is a more recent analogy. In A.D. 79, Italy's Mount Vesuvius
erupted violently, heaving into the air prodigious quantities of ash and
hot cinders, which, when gravity overcame the force of the eruption,
fell upon the city of Pompeii at the mountain's foot. Everything and
everyone in the city at that moment was instantly entombed in the
cinders and ash, sealed hermetically for all time—or at least until the
late eighteenth century, when a German archaeologist began un-
earthing the city.

Roughly the same kind of thing has to happen to create fossils.
Sometimes the process is catastrophic. It might be a massive flood that
suddenly inundates an entire valley, burying it in mud of the sort that
covered the thousands of dinosaur eggs recently discovered in Patago-
nia.” Or perhaps a stupendous submarine mudslide of the type that re-
sulted in the Burgess Shale of western Canada, which has yielded
extraordinary fossils from the Cambrian Period back near the begin-
ning of the Phanerozoic Eon, some 500 million years ago. Or the terri-
ble sandstorms thought by some scientists to have occurred during the
Cretaceous Period in what today is Mongolia, burying dinosaurs where
they crouched, turned away from the terrible wind. In some cases, the
process can be more mundane, as simple and as deadly as a mud pit or
quicksand from which a lumbering dinosaur struggled unsuccessfully to
free itself. Or an animal might simply perish near the shore of a lake or

a sea and slip down to the quiet bottom or became buried in tidal sedi-
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merits. The burial, however, may not be permanent. Rivers can bury
skeletons in sediment and uncover them again repeatedly.

Next, the environment in which the creature is buried needs to be
fairly peaceful for long periods of time, so additional layers of sediment
can settle atop the body. Sometimes bones can emerge millions of years
later virtually unaltered. More often, moisture filtering down through
the sediment will pick up minerals and then deposit them again in the
interstices of the bone, or replace the bone altogether, a process called
permineralization, which effectively turns bone to rock. More time
passes and the deposition of new sediments continues. The weight of
the successive layers may well flatten the now fossilized bone. Violent
activity deep within the Earth's crust may lift, twist, or even bury farther

the rock layer in which the skeleton is entombed.

Finally, erosion must strip away all ofthe layers ofrock that have ac-
cumulated above the fossilized skeleton. The process of building up
must be matched, and eventually exceeded by, the process of tearing
down. In time—maybe tens, even hundreds, of millions of years—the
forces of erosion, along a stream or riverbed, for example, may cut
through the overlying sediments and expose the fossilized bones.

Then someone must wander by. Someone who has the kind of eye
that can recognize the difference between old bone and old rock, a rare
skill. And that person must have the curiosity and energy to bend down,
look hard, begin digging, and release the creature, finally, after millions
and millions ofyears of being locked in rock.

The statistical probability ofthis precise sequence of events happen-
ing is almost but not quite nil, which is one reason why the fossil record
is so spotty. Based upon an estimated rate of species longevity, scientists
estimate that the fossil record of the last 500 million years should con-
tain the remains of at least 500 million species. To date, only some
500,000 species have been identified—a sample of just one tenth of
1 percent. Of that total, fewer than 500 species of dinosaurs have been
identified definitively.’

Little wonder, then, that the Bahariya Dinosaur Project team found

the search frustrating. The odds were stacked against them.
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Ernst Stromer had beaten those odds in Bahariya. Between 1911 and
1914, he and Richard Markgraf had found not one but three gigantic
meat-eating dinosaurs. Says Dr. Thomas R. Holtz, noted paleontologist
and director of the Earth, Life and Time Program at the University of
Maryland, "If it were not for Bahariya and Stromer's discoveries there,
we would have no idea even to this day that there could have been three
giant carnivores in one place. Itjust doesn't happen."”

Stromer's discoveries created what has come to be known, among
those who know about him at all, as "Stromer's three-theropod riddle."
The Royal Ontario Museum's Hans-Dieter Sues explains: "In most
prehistoric ecosystems, you typically have one top dog, so to speak. For
example, in the Late Cretaceous in North America, it was T. rex. But in
Bahariya you had three huge predators: Spinosaurus, Carcharodon-
tosaurus, and Bahariasaurus, all living in the same environment. So here
is the riddle, which Stromer himself wondered about: What on Earth
were they eating?"

Stromer found the remains of dozens of species of plants and animals
in Bahariya. Most of the animal remains were of marine creatures, not
land-dwelling ones. Though he found sketchy evidence ofa diplodocoid
sauropod and another much larger sauropod, he was able to identify de-
finitively just one species of plant-eating dinosaur, degypfosaurus, not an
especially large sauropod and unlikely to have been the sole food source
for three species of giant meat eaters (and very possibly more, given ad-
ditional fragmentary evidence described by Stromer). There has been
some debate as to whether one of the predators, Spinosaurus, might have
been a fish eater, but many paleontologists dismiss this notion, conclud-
ing it is far more likely that these theropods were opportunistic carni-
vores, eating whatever meat came their way—including fish.

But Stromer's riddle remains. It baffled Matt Lamanna. "These
three predators each weighed three tons or more. I know ofno other di-
nosaurian ecosystem that supported three carnivores this size. They
would have required a lot of food to stay alive. The ecosystem that sup-

ported them must have been incredibly productive."



SOLVING STROMER S RIDDLE

"Granted," says Peter Dodson, "as successful as Stromer was, we still
don't know a great deal about the diversity of fauna in the environment
of Late Cretaceous Bahariya. But there is no question that the fauna we
do know about is extraordinarily unbalanced. Under normal circum-
stances, you expect a large variety of plant eaters, sauropods, feeding a
limited number of meat eaters, theropods. But here the situation is re-
versed; we have more theropods than sauropods. It's definitely a puzzle.”

At least in part, the puzzle, Stromer's riddle, was about to be solved.

On January 27, 2000, after days during which several members of the
expedition team had been laid low by intestinal unpleasantnesses of
varying degrees of severity, the team was back in the field, and project
leader Josh Smith made what would turn out to be a pivotal decision.

"We had gone to Gebel el Dist as soon as we arrived in Bahariya be-
cause we knew that was the area where Stromer and Markgraf had
made many of their best finds. We were sure that if there were di-
nosaurs to be found they would be found there, in the northern part of
the depression. But the bone quality was lousy—badly weathered, shot
through with gypsum. We even had bones encrusted with prehistoric
snails that had been fossilized right along with the bones themselves.
And the rock layers were tough, too; lots of ironstone.

"Folks were worn out, beaten up by the work and the sandstorms,
tired and beginning to be unhappy. And we still had three weeks left to
go in the season. We needed a change of scene. El Dist was just not
panning out."

There was still a great deal of work left to finish up the sites the team
had already excavated, and that work continued for several days, until the
end of the month—final pedestaling, jacketing, undercutting and flipping
the jackets, plastering the bottoms, numbering and transporting dozens of
specimens back to the lodge. But in the meantime, Josh took a few mem-
bers of the team across the desert to the site where he had first come across
dinosaur bones during his reconnaissance in 1999. The site, while still in

the northern half of the Bahariya Depression, was roughly six miles east
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southeast from Gebel el Dist, on the other side ofthe road between Cairo
and Bawiti. It was a particularly bleak part of the valley floor, a nearly flat
area of desert pavement not far from a low mesa called Gebel el Fagga.

"The rock here was less gypsum-infused and a little more conducive
to good preservation, if we were to find anything," says Smith.

Using the coordinates he had noted a year earlier, Smith found the
original site and the thick black fragments of bone that had caught his
eye from Giegengack's Land Cruiser on that first day in 1999. Here the
team split up. Matt Lamanna led graduate student Allison Tumarkin
and volunteer Steve Kurth on a prospecting foray, and Smith and Poole
went to work on the original location.

"The first thing we did," recalls Poole, "was uncover the site. We just
got out some big, stiff bristle brushes, the kind you'd use to scrub a floor,
and we basically just bulldozed the sand out of the way. I don't think
Josh had any real hope for this site; he thought the bone he'd found in
1999 was just an isolated piece, like so much else we found. But as we
moved the sand, we found some other, smaller bones emerging. And we
worked a little farther down and found some larger bones. And the
larger bones led us to some gigantic bones, and that's when the story
started to get really interesting."

At dinner that evening, the mood of the group had definitely
changed for the better.

"There was no question we were dealing with much better bone
quality at this new site than we'd had at el Dist," says Smith, "and that
really helped."

Poole agrees. "We couldn't have asked for better bone quality. Well,
we could, but we wouldn't get it. Not out there. So this was great. This
was fine. We could deal with this."

One reason the bone was in such good shape was because the rock in
which it was encased was, in most places, a dense gray mudstone. This
was both good news and bad news. It kept the bones better preserved
than sandstone, but it was also very hard. Excavation would not be easy.

And even as they began excavating, no one really had a clue what

they were unearthing.
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While Josh and Jason had been evaluating this new site, Matt
Lamanna and his exploratory group found themselves in trouble with
the boss. "We had wandered quite a ways, prospecting, and at one point
I saw a group of hills that looked intriguing. I went over there and saw
something in a sandstone outcrop that looked just like dinosaur skin. It
wasn't skin, as it turned out, but I began to realize there were bluish ob-
jects in this outcrop that were quite clearly well-preserved bone. Lots of
it. Bits of turtle, lungfish jaws, and other things. A little higher I found
the metatarsal of a dinosaur and all kinds of small vertebrae. Then I
heard the radio crackle and realized we were out of radio range, and I
knew Josh was going to be pissed off."

"Josh is very protective of his crew," Jason explains. "He really gets
worried if someone slips out of radio range. He's responsible. He was
angry."

Matt goes on, "We'd argued back and forth over the radio as my
team walked back, so when we got to where Josh and Jason were work-
ing, I said, 'Okay, fine, I'm not going to show you what we found.' And
he kind of made a face and said, 'Okay, show me.' So I showed him
some lungfish jaws, and he said, 'Nice, well preserved, but I'm not im-
pressed. Whip out something else." So I pulled out the metatarsal and
his eyes just lit up. And that was the end of that. But we never got out
ofradio range again, either."

The site Matt found—on the date of his brother Jon's birthday and
thus known thereafter as the "Jon's Birthday" site—would eventually
become the richest site of the entire expedition, in terms of the number
of fossils it produced. But it would not be the most dramatic. That dis-
tinction was about to be claimed by the site Josh and Jason were work-
ing on near Gebel el Fagga, beneath the bone fragments that Josh,
Jennifer Smith, and Bob Giegengack had decided in 1999 were "of lim-

ited scientific value."

While Matt's group began exploring Jon's Birthday, and Peter's team

continued making interesting discoveries back at Lizard Ridge, Josh's
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group began slowly unecarthing bone at the new site. Josh and Jason,
helped occasionally by other members of the team, painstakingly
cleared sand, gravel, and rock away from the emerging bones with
smaller brushes, awls, and dental picks. A remarkable variety of bones
began to emerge—large bones, clearly those of a dinosaur. And the
bones told Josh they had belonged to a sauropod, a plant eater.

A few days into this process, he called Peter Dodson over from where
he was working at Gebel el Dist to examine what they were uncovering.
Ever the cautious elder, Dodson crawled around the new site and stud-
ied the bones peeking out of the rock. Then he stood up, put his hands
on his hips, and said, "You know what I think, guys? I think Yahoo!""
For the first time since they'd arrived in the oasis, Peter Dodson was ex-
cited. And in a gesture typical of him, he went back to Gebel el Dist and
let his students have the excitement of opening up the new site.

The work progressed inch by inch in the hard, blocky mudstone and
was made more difficult by the fact that in some places bones overlaid
one another. "We could see some ribs in the rock, maybe a scapula or
shoulder bone, and a limb bone or two, all nicely preserved," remembers
Josh. "It looked to me like a small sauropod, maybe ajuvenile version of
Stromer's Aegyptosaurus.” About this, Smith soon would be proved
rather dramatically wrong.

By this time, geologists Ken Lacovara and Jennifer Smith had begun
to wander farther afield. While exploring Gebel Maghrafa, a long lime-
stone-capped ridge just west of Gebel el Dist in the shadow ofthe edge
of the escarpment, they kept up their record of finding most of the ex-
pedition's dinosaur bones, which, in a sense, is not surprising. As Laco-
vara comments with evident amusement, "We were just covering a lot
more territory than the paleontologists were. We'd see something, log it
in the GPS, and let the rest ofthe guys know later. Paleontologists don't
cover very much ground. They see something promising, and the next
thing you know they've dropped to their knees and gotten out their
toothbrushes."

Lacovara found the new bone about a quarter of the way up the

slope of the hill, under a fractured layer of ironstone. Jen Smith de-
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scribes it as "a really distinctive bluish-purple color, because the bone
had been completely replaced with iron minerals." There was more
bone nearby. But by this time Lamanna's team was busy with Jon's
Birthday, Josh's team was hard at work at the new sauropod site near
Gebel el Fagga, and Peter Dodson's crew was giving the final touches
to Lizard Ridge. They put the intriguing new find, which seemed to
Lamanna to have some promise of being an associated skeleton—one
disassembled but proximate—on the back burner. Said Jen Smith, "All
of a sudden, there was as much work—and good work—as we could
do."

By the beginning of February, Peter Dodson, Parti Kane-Vanni,
Medhat Said, and Yousry Attia finished up Lizard Ridge and joined the
rest of the Bahariya Dinosaur Project team working farther south. Dod-
son, Kane-Vanni, and Yousry, all of whom were interested in smaller
specimens—Yousry, for example, still hoped to find early mammals—
joined Matt and the others atJon's Birthday. Medhatjoined Yassir, Jean
Caton, Allison Tumarkin, Jason, and Josh at the peculiar pile of large
bones now called the South Sauropod site, which by now had been
gridded out in two-meter squares. On different days, various members
ofthe teams would swap places for a change of scene, scale, and muscle
soreness.

On February 1, 2000, Jason Poole cleaned a new spot at the South
Sauropod site and began chipping away the stone matrix around what
looked like a thicker bone than the ribs the team had been excavating.
"Although it was almost entirely invisible, what I could see looked like
it might be something like a radius or an ulna from the forelimb ofthe
animal. After a while, Josh came over and started working near me,
and pretty soon he had uncovered a similar bone running parallel to
mine. So I was definitely thinking now they were a radius and ulna in
place."

Smith recalls, "I thought it was more likely they were two more ribs
in close association. But you have to remember, this is a pretty slow pro-
cedure; things get revealed very slowly, and you have lots oftime to spin

out theories to break the tedium. We were working with dental picks,
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little brushes, and occasionally a hammer and awl, very carefully remov-
ing rock from around the bone and trying not to mark the bone in the
process.

"We were each chipping our way down the length and sides of our
respective bones at maybe an inch or two an hour, and it became clear
my bone was larger. I had chipped away the rock on one small section of
the top and halfway down each side, and it was looking perfectly cylin-
drical, with a diameter of maybe four inches. So the rib idea sort of went
out the window. Maybe we were working on a limb and an ilium, I
didn't know. I remember radioing Peter at the other site toward the end
of the day and joking with him that I hadn't found a bone after all; it
was just an old stovepipe."

The next day, which dawned clear and warmer, Smith and Poole
were back at work, chipping rock alongside each other and trading
barbs. Sometime around lunchtime, Jason's bone suddenly became baf-
fling. Instead of continuing around in cylindrical fashion, the side of the
bone started to curve downward and outward, toward the bone Josh was
working on. It made no sense at all.

"So right away I know I'm not working on a radius or an ulna any-
more," he says. "Then Josh, who was working the inside curve of his
own bone, found it was doing the same thing. Instead of continuing
around like a stovepipe, it was flaring out toward mine. That was our
first 'Aha!' moment, when we looked at each other and said, 'You know
what? We're working on two parts of the same bone.' It was a complete
mystery. Totally bizarre."

Matt Lamanna recalls, "At one point around midday, while I was
working with Peter and a few of the others at Jon's Birthday, Josh came
on the radio saying, 'Hey, I think you'd better get over here.' So I drove
over and looked at what they had begun to uncover, which was this bone
exposed about a foot long with some kind of furrow running down the
middle. I was at a complete loss. We were sure it was a sauropod, and
the only thing I could think of that it might have been was an Aegyp-
tosaurus hipbone. So I just left them to it and went back to Jon's Birth-

n

day.
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By the end ofthe day, things were no clearer.

On February 3, Josh and Jason continued working on what now was
clearly one bone, painstakingly revealing more of it. "It was a really
beautiful day," Poole remembers, "really warm and dry, a great day to
chip rock." By now they had abandoned the thought that the mysteri-
ous bone they were quarrying might be a hipbone and were working on
the theory that it was a femur, the largest leg bone. But during the af-
ternoon, Jason's side threw him another curve when the trend of the
upper edge started to rise above the level at which the rest of the bone
edge had been running. Femora don't do that.

"That was when I had the second 'Aha!' moment," says Poole. "I
know only one bone in the body that has this odd sort of protrusion
on the side, and that's the upper bone in the arm, the one between the
elbow and the shoulder. So I sort of blurted out, 'You know what? I
think this might be a humerus!' And Josh just looked at me like I was
an idiot. That's when he pointed a couple of yards away and said, 'No,
you dumbass; if it was a humerus it would go all the way down
there.' "

Thinking back to that moment, Smith grins and says now, "I think
in the future I'll just keep my mouth shut when I'm in the field."

A few hours later, as evening approached and they exposed more of
the length ofthe bone, it became clear that it did indeed go "all the way
down there."

They radioed Lamanna again. Since it was the end of the day, the
entire Jon's Birthday crew arrived. "When they got there, Josh and I
were just sitting there with these big grins on our faces," Jason remem-
bers, "and as Matt and Peter walked up, Matt was looking at us and say-
ing 'What? What?' and then we just watched as both of their jaws
dropped open."

Uncharacteristically, Lamanna was dumbstruck: "Just six months
earlier, Peter, Allison, Jason, and I had uncovered the skeleton ofa large
fifty-foot sauropod in Montana that included an extremely well-
preserved humerus. And it was big, maybe thirty inches long. But this

bone was more than double that size. This bone was just gigantic."
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"Matt does this thing when he's really thinking hard," says Poole.
"He sort of taps or scratches his nose. He probably doesn't even know
he's doing it. We gave him our calculations on the bone's measurements,
and you could watch him tapping his nose and going through all these
numbers and diagrams he keeps in his head, and finally he just said, sort
of amazed, 'This does not match anything I have ever seen. This could
be a new species. This could be the largest dinosaur in the world.' "

Says Lamanna, simply, "It was just staggering to think about how
big that animal was."

"We were all pretty happy," Poole remembers. "After all the digging
and dead ends, all the wandering around in the desert and the cold and
the sandstorms, I thought to myself, 'Hey, we just paid all the bills!' "

Said project leader Josh Smith later that night, "I think we know
now what was keeping all those theropods alive in Bahariya. Maybe we

just solved part of Stromer's riddle."

The process by which paleontologists identify and classify dinosaur fos-
sils is called systematics. This is something of a misnomer. Anarchy-
matics might be a more accurate term. For a start, there are three
different and competing approaches to systematics.” Paleontologists
argue constantly about the various strengths and weaknesses ofeach ap-
proach. They also argue constantly about the relative evolutionary posi-
tion of dinosaur species. In fact, this suits the science splendidly. The
science itselfis fluid; it is perhaps appropriate that its classification sys-
tems are fluid as well.

The basic concept behind each of these systems is relatively sim-
ple, like all good scientific concepts. It was first proposed in the mid-
eighteenth century by Swedish botanist Carl von Linne, more widely
known by the rather grander Latin name he chose for himself as a
scholar, Carolus Linnaeus. Linnaeus suggested all life could be classi-
fied by similarities of visible form into a sort of hierarchy of groups
and subgroups, called faxa (singular, (axon), from most unique

(species), through gradually larger groupings (genus, order, class), to
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most all-encompassing (kingdom—as in "animal kingdom" or "plant
kingdom"). Of course, in predating Charles Darwin by almost a cen-
tury, Linnaeus could provide no clue to how these variations came
about. But it was a start. And it created a little crimp in the then pre-
vailing notion of a "Great Chain of Being" that, naturally, put man on
top. Darwin's proposition that species evolve through time, combined
with Linnaeus's classification scheme, led to the creation of various
"trees oflife" in the century that followed publication of Darwin's The
Origin of Species. Ultimately, these mapping exercises also failed, for
the simple reason that evolution itself had created so much species di-
versity over such a long time—most of it already extinct—that there
were far too many data points missing (and far too many others that
were just confusing) from which to come up with a single coherent di-
agram. What's more, the whole idea of hierarchy became pointless;
there was no reason to believe one animal was any more important

than another.

In the mid-twentieth century, an East German entomologist came
up with a lucid system that retained Linnaeus's essential determining
criterion—Iliving things can be organized based upon their anatomical
similarities—but also provided a way to handle the vast gaps in existing
knowledge. Willi Hennig's system, which came to be called cladistics (it
comes from the Greek word klados, or "branch"), takes advantage ofthe
very species diversity that bedeviled earlier efforts at classification. Take
any newly discovered species, said Hennig, and look back. Find the
most recent ancestor that appeared with a particular evolutionary nov-
elty and you have the spot where two species that share this common
ancestral characteristic—their derived characteristic—first diverged.
Cladistics is simply the successive branching from common ancestors,
in any category of living things. It is a bit like the address on an inter-
national business letter, with each line above the last becoming succes-
sively more particular: country, state or province, city or town, street

address, company name, department in company, name of individual.

There are disputes among paleontologists about the utility of this

method for determining evolutionary relationships, as there are with
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other methods, but one of its great strengths is its ability to enable a rel-
atively quick decision on where a newly discovered sauropod—Iike the
one found by Josh Smith and Jason Poole in Bahariya—fits in the exist-
ing branching diagram of sauropod dinosaurs discovered by earlier pa-
leontologists.

The evolutionary relationships of dinosaurs have been mapped on
cladistic branching diagrams, called cladograms. But these diagrams are
far from complete. Indeed, they probably never will be, as most new di-
nosaur discoveries alter them. Which raises an intriguing question:
Fewer than five hundred species of dinosaurs have been identified de-
finitively,” but how many were there altogether? A lot more, without
question. Peter Dodson explains: "The age of dinosaurs lasted 165 mil-
lion years, from the Late Triassic to the end ofthe Cretaceous Period of
the Mesozoic Era. It's been estimated that the longevity of a given
genus of dinosaur before it died out or evolved into something else was
between 5 and 10.5 million years, say an average of 7.7 million years. At
any one time there were probably no more than 100 dinosaur genera
alive. That suggests that there may have been anywhere from 900 to
1,200 genera of dinosaurs over the course of that 165 million years.
Other researchers, using different methodologies, have estimated as
many as 3,300. So our classification systems still have more blank spaces

than filled spaces."’

While Matt Lamanna was standing on the edge ofthe South Sauropod
quarry in Bahariya on the afternoon of February 3, after Smith and
Poole revealed the gigantic humerus they were excavating, it was pre-
cisely this kind of anatomical analysis he was doing in his head. That
night Lamanna hit the books he'd brought with him on the expedition.

"There are some kinds of sauropods, called brachiosaurids, that have
longer forelimbs than hind limbs," explains Lamanna, "but I didn't
think this was one of them—in part because they were probably extinct
by then. At the same time, it didn't seem to be a specimen of Stromer's

Aegyptosaurus, either. I had Stromer's monographs with me, with their
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beautifully detailed illustrations, and it was unlikely this bone belonged
to that animal.”

As the excavation proceeded, members of the team began finding
other parts ofthe skeleton: more ribs, the shoulder girdle, a second (ul-
timately partial) humerus—all huge. Like Lamanna, Josh Smith was
still puzzling over the humerus: "A lot of dinosaur identification is about
checking out variances in shape. It's comparative anatomy. This new
humerus was different from any one we had ever seen before. It was not
shaped like a brachiosaurid. It didn't look like an Aegyptosaurus
humerus, which is boxier and a whole lot shorter. And in Bahariya, if it's
not Aegyptosaurus or some other taxon from the Late Cretaceous of
Africa, like Morocco or Niger, then it's almost certainly a new genus or
species."

"You can learn a lot from a humerus," bone preparator Jason Poole
explains, "and especially from that bump on one side called the del-
topectoral crest. You can look at a dozen species of dinosaurs, and the
deltopectoral crest will always be positioned a little differently. It exists
on the humerus so muscles can attach the limb to the chest and help
move the leg around. And since every animal moves slightly differently,
every deltopectoral crest differs. We can begin to figure out what an an-
imal is by asking questions like: How large is the crest compared with
the rest of the bone? How far does it stick out from the main shaft of
the bone? What is its position on the bone; how far down is it from the
top? Are there any unusual concavities—scooped-out places? Each
measurement helps us narrow down the list of candidates."

Lamanna was somewhat surprised by the shape of the humerus.
"This humerus was remarkably gracile: It started out wide and massive
and then tapered toward the center fairly narrowly before broadening
out again at the base. I had seen similar but not identical humeri from
South America and Utah. We needed more diagnostic evidence. You'd
love to find a skull, but you almost never find skulls with sauropods.
They're tiny to begin with, given how big these animals were, but they
break down quickly after the beast dies. Vertebrae are the next best

thing."
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Explains Peter Dodson, "Ideally, you hope to find a skeleton that's
complete from tip to toe, but we rarely do. So you hope for what are
called diagnostic bones, which are bones that vary in some significant
way from species to species. A humerus is good. A scapula is good. But
you hope for vertebrae from the neck or the dorsal or rear part of the
torso and tail."

Soon his wish began to come true. With many members of the team
working on the site in the days that followed the discovery of the im-
mense humerus, a few tail vertebrae finally emerged from the quarry.
Says Jason Poole, "We got lucky. We pulled out some caudal vertebrae,
the spinal bones close to hips at the point where the creature's long tail
attached to its torso. And what looked like a cervical vertebra, a neck
bone. Though these bones were somewhat less well preserved than
others at the site, they had distinctive processes, little arms on the ver-
tebra to which the muscles attach and which direct how the spine will

move, that clearly were diagnostic."

Lamanna adds, "I was looking for derived characteristics so I could
place these bones in context. We needed to know what characteristics
this animal shared with other sauropods of'this period in order to iden-
tify it. The caudal vertebrae were the giveaway; these vertebrae had a
kind of ball-and-socket joint structure, a cup shape on one side into
which the ball ofthe next vertebra fit. That's how their tails articulated.
That is almost exclusively a characteristic of titanosaurids."

"There were other clues as well," says Josh Smith. "One end of the
humerus was squared off on one side. Some of the processes, the spikes,
of the vertebrac were downswept. Like the ball-and-socket structure,
these were all anatomical signals that told us this was a titanosaurid."

Titanosaurs were the dominant sauropods of the Late Cretaceous,
before the great mass extinction that ended the Mesozoic Era. They
have been found in many parts of the world, but most notably in South
America, where a number of different genera have been identified. They
ranged from elephant-size to earthshakingly enormous.

The problem with titanosaurs is that their fossil record, while wide-

spread, is still fragmentary. No complete articulated skeleton has ever
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been described. (Indeed, complete, fully articulated skeletons ofany di-
nosaur are rare; most are reconstructed from partial skeletons.) Based
upon a few recently discovered bones, scientists had estimated that the
largest titanosaur, and the heaviest dinosaur ever known, was Argenti-
nosaurus, found in South America. It probably weighed between eighty
and a hundred tons, and it may have measured as long as a hundred
feet. No humerus had ever been found for it, however. The humerus
Smith and Poole were excavating was immense: five feet seven inches
long. This new dinosaur emerging from the rock on the floor of the
Bahariya Oasis at the foot of Gebel el Fagga would rival Argenti-
nosaurus for the title of the most massive animal ever to have walked
the Earth.

But the size of this new sauropod was not the only thing unusual
about it. Perhaps more unusual was the fact that it existed at all in the

Late Cretaceous of North Africa.

Not long after he began publishing scientific monographs about the
extraordinarily unusual dinosaurs he had found in Bahariya, Ernst
Stromer was contacted by the respected American paleontologist
William Diller Matthew. Matthew had read Stromer's papers and was
impressed by how different Stromer's African dinosaurs were from
those discovered in North America.

None of'this should have surprised Matthew. After all, there was an
ocean between the two continents. Of course the dinosaurs would be
different. On the other hand, there was also an ocean between North
America and Europe, and there were many similarities between the
Early Cretaceous dinosaurs found in these two places. It was a puzzle-
ment. And it wasn't the only one. Matthew certainly knew that the
fauna ofthe Late Triassic and Early Jurassic periods of the Mesozoic—
that is, the period from 230 to 180 million years ago—were generally
similar across the globe. Now here was Stromer with Late Cretaceous
dinosaurs that were utterly different from the ones Matthew was famil-

iar with from roughly that same period in North America. What could
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have caused dinosaurs that were essentially similar worldwide to have
become so very different by the Late Cretaceous?

There was no way for either Matthew or Stromer to have guessed
that the continents had ever existed in any part of the globe other than
the places they are now located. The notion that the continents were
adrift would not be proposed for another decade and would not be
proved for halfa century. Similarly, there was no way for them to know
that North America and Western Europe had once been part of the
same landmass as Africa and, more important, had remained connected
to each other long after Africa and the rest ofthe continents then in the
Southern Hemisphere had split away.

But it was also the case that the search for dinosaurs in the so-called
dark continent was in its infancy (in many respects, it still is). Perhaps
William Matthew thought that, in time, more familiar Late Cretaceous
dinosaurs would be found in Africa as well. If he did, he was wrong. We
now know that fauna were similar across the globe in the Late Triassic
and Early Jurassic periods because there was only one continent at that
time, Pangaea, and animals were—climate, environment, and diet per-
mitting—free to wander wherever they wished. We know also that they
were different by the Late Cretaceous because Pangaea had by then
split into the fragments that would form the continents spanning the
globe today. Each time the earth split, the species on either side of the

rift began to diverge as well.

It is hard to overestimate the importance of Ernst Stromer's dis-
coveries or, for that matter, the tragedy of their loss. Says the Univer-
sity of Maryland's Thomas R. Holtz, "When it was first found, the
Bahariya assemblage was the only good collection of specimens of
Cenomanian [the first age of the Late Cretaceous] fauna from any-
where in the world, notjust Africa or the Southern Hemisphere. Then
it was lost."

"To oversimplify somewhat," explains Matt Lamanna, "by the Late
Cretaceous there were very different faunas in the Northern and South-
ern hemispheres. The creatures filling various ecological niches were

evolutionarily different. To a great extent, except for a Carcharodon-
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tosaurus skull found recently in Morocco and a few others,” Stromer's
dinosaurs are still unique; dinosaurs from the Late Cretaceous in Africa
are almost totally unknown. Spinosaurus, for example, remains virtually
unknown. Aegyptosaurus remains have never been identified with cer-
tainty since Stromer. No one has identified more than isolated remains
of Bahariasaurus. All we have now are Stromer's papers and their su-
perbly detailed illustrations. But it is clear from these papers that there
are few dinosaurs comparable to the ones from Bahariya anywhere in
North America, Europe, or Asia.

"Stromer's Carcharodontosaurus, for example, looks a lot like Tyran-
nosaurus,” Lamanna continues. "They're both tall, long-limbed, two-
legged predators with huge heads, sharp teeth, and small forelimbs. But
they're only distantly related. Carcharodontosaurus” closest relative is the
theropod Gigantosaurus, from South America. We now think we know
why that makes sense; though there is still some controversy about the
precise sequence, it seems likely that South America was the last land-
mass to separate from Africa. For that reason alone, I'm not surprised
that the only sauropod as massive as the one we've found in Bahariya is
South America's Argentinosaurus. It just makes sense."

Also for that reason, the gigantic sauropod emerging from the stub-
born rock on the undulating desert floor near Gebel el Fagga was a valu-
able indicator for geologists and paleontologists trying to understand
more accurately the timing of the rift between these two great conti-
nents, continents whose shapes even today conform to each other's out-

lines like lovers parting from an embrace.

Getting the sauropod to part from the rock of Bahariya, however, was
proving no easy task.

Explains Josh Smith, "The day we found the sauropod was just
about the last day we could find anything large and expect to get it out
of the ground and prepared for transportation before our time in the
oasis was scheduled to run out. We hadn't even identified all the parts in

the quarry yet. It was clear it was going to be a brutal schedule."
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In the meantime, the other southern site, Jon's Birthday, was contin-
uing to produce a steady stream ofintriguing small specimens, the kind
of fossils that Josh knew would be important clues to the kind of world
the big sauropod lived in and would provide what Peter Dodson called
the "supporting characters" in that world. Josh Smith is a relatively un-
usual paleontologist, one as interested in the environmental context of
an ancient landscape as he is in finding dramatic dinosaur fossils. He
and Dodson agreed that it was important to keep some of the team at
Jon's Birthday, and Dodson headed up that task. Matt Lamanna worked
at both sites, and Josh Smith and Jason Poole oversaw the difficult and
ultimately dangerous job of excavating, chemically stabilizing, jacket-
ing, and moving the enormous bones that were emerging from the
sauropod quarry.

Most of the rock the sauropod bones were encased in, as geologist
Jen Smith recalls, was a brutally tough mudstone. "By the last week Ken
Lacovara and I were both helping out at the site, and the rock was mis-
erable. We were using hammers and chisels and awls to break out blocks
of this rock, and it would come away in pieces so sharp they would cut
your hand. The trick is to split away the blocks without breaking the
bone as well. Anyone who had any field experience at all was pressed
into service."

Meanwhile, the team hired two residents in nearby Bawiti to dig
trenches out beyond the bones that had already been excavated to more
clearly delineate the extent of the bone bed. The men from Bawiti were
so eager to participate that the team members felt the price they were
asking for their labor was too low. As Peter Dodson puts it, "We had to
bargain mightily for their services; they wanted ten Egyptian pounds a
day, but we managed to bargain them up to twenty pounds, and then
twenty-five. But we still felt it was a pittance."

As the excavation continued, Dodson's team, having closed down
the Jon's Birthday site for the season, joined the rest of the crew exca-
vating the sauropod. Gradually, it became clear that the team would not
find a complete skeleton. The site was full of mysteries. The bones lay in

sometimes confusing patterns—not random, but not in expected ways,
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either. And there were large areas of the site that held nothing at all.
There were no geologic signs that the skeleton had been broken up by
water; the rock it was found in was the kind laid down under quiet en-
vironmental conditions. Then Matt Lamanna found a possible Carchar-
odontosaurus tooth mixed in with some of the bones. Another digger
found what may have been tooth marks on one ofthe bones. A possible
picture of the great beast's last moments began to form.

"It seems possible," Josh Smith explains, "that this critter was scav-
enged. The tooth we found belonged to a very large predator, perhaps
five tons in weight. It might well have had the capability to completely
disarticulate the body, just tear it to pieces and spread it around the site
pretty widely. Ifthere was more than one predator at work, which is cer-
tainly possible, it's entirely likely each dragged a piece off a few dozen
yards to eat in peace. We suspected there was more to our sauropod very
nearby, but we had run out of time."

As the days left grew fewer, the pace of the excavation grew more
feverish and the hours the team spent in the quarry longer. "Toward the
end," says Ken Lacovara, laughing, "we were pulling bones out of the
ground in the dark, using the headlights of our car to see what we were
doing."

"Pulling bones out of the ground" is more than a little euphemistic.
What the team was doing—partly because ofthe sheer size ofthe indi-
vidual bone specimens and partly because in some cases the bones could
not be safely separated in the field—was excavating and jacketing huge
blocks ofrock and bone, some ofthem weighing in excess ofeight hun-
dred pounds. This presented a problem of equally prodigious propor-
tions: how to flip the top-jacketed blocks so the bottom could also be
reinforced and plastered.

"We'd all gather around one of these things," remembers Jason
Poole, "count to three, and lift. Now, we are pretty buff guys. Ken and
Matt lift weights, and Josh is built like a tank. And it would be, like, no
movement. Forget it." On a couple of occasions, they tied rope around
the blocks and turned them over as gently as possible with one of the

Land Cruisers.
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Once the bottom was plastered, the specimens were even heavier
and another, more critical challenge presented itself: getting the huge,
now fully jacketed specimens off the ground and onto a flatbed truck
the team had hired in Bawiti for the trip back to Cairo. A forklift was
found in the town, but it was disassembled and it could not be reassem-
bled in time. Then the team's ever enterprising Egyptian colleagues
found a tripod and hoist in a nearby village. Ken Lacovara, who had en-
gineering as well as geology training, went to the village to look at it.

"It was aluminum and held together with three rusty bolts that were
about a quarter of an inch in diameter. There was a chain hoist attached,
like the kind you use to pull engines out of cars. I was skeptical, but we
didn't have a lot of choice."

They set up the tripod at the rear of the truck and looped rope and
chain around the first of the giant blocks. Wisely, Jennifer Smith, Alli-
son Tumarkin, and Jean Caton stood aside. "You can just imagine the
scene," Jen says, laughing. "Here are all these guys, maybe fifteen or
twenty of them, testosterone pumping, yelling back and forth in two
different languages, each certain that he knows the best way to get this
job done. Some are pulling on the chain hoist, some are guiding the
block. It was scary."

Adds Lacovara, "It was like trying to hoist a grand piano off the
desert floor with a little block and tackle. I was sure those rusty bolts
were going to snap at any second and just kill us all."

They didn't. Rickety as the tripod was, the team managed, by nine-
thirty P.M. on their last night in Bahariya, to load the final jacketed
sauropod block onto the flatbed. Naturally, the heavily loaded truck
bogged down in the sand on the way back to the road, but the team at
last made it back to El Beshmo Lodge for a celebratory dinner and a very
short night: They had an appointment with the director ofthe Egyptian
Geological Survey and Mining Authority in Cairo at nine the following
morning. The truck pulled out of the lodge parking lot at three-thirty
A.M. on February 19. The Land Cruisers followed at five A.M.

As they zigzagged up the northern escarpment of the Bahariya

Oasis and headed northeast toward the rising desert sun, the Bahariya



SOLVING STROMER'S RIDDLE

Dinosaur Project team knew they had gathered much more than a
truckload of dinosaur fossils. While the paleontologists had been ham-
mering away to unlock the giant sauropods bones from rock, geologists
Ken Lacovara and Jen Smith had succeeded in unlocking the secret of
what the world the huge creature lived in 95 million years ago had
looked like.

And that would prove just as remarkable as the dinosaur itself.
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Ken Lacovara does not recall precisely when the question began insin-
uating itselfinto his head. Sometime toward the end ofthe first week of
the expedition, the geologist thinks, but it is unclear. It arrived slowly,
the way a worry sometimes does, and then nagged at him with growing
insistence until it became intolerable.

It was a problem having to do with sand.

Lacovara likens science to detective work. Not surprisingly, he is
fond of quoting Arthur Conan Doyle's great fictional detective, Sher-
lock Holmes. His favorite is Holmes's definition of deductive reasoning.
Says Lacovara, "When you have eliminated what cannot be, whatever is
left, no matter how improbable, is what must be."

"You never prove anything in scientific research," Lacovara explains.
"The best you can do is propose a theory that fails to be disproved.
Newton's law of gravity, for example, has never been proved and never
will be. It's just failed, so far at least, to be disproved. So, like Holmes, a
scientist's job is to eliminate everything that cannot be and reveal the
thing that must be."

But there is another Sherlock Holmes passage that, had he recalled
it at the time, might have helped Lacovara with his problem having to

do with sand. In one Holmes story, the detective and his estimable col-
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league, Dr. Watson, are discussing a crime that occurred during the pre-
vious night at a house where they were both staying. Holmes notes that
the most significant issue in the case is "the problem ofthe dog barking
in the night." Watson, the perpetually baffled everyman, replies that
there was no dog barking in the night. To which Holmes counters, "Yes,
that is the problem."

Ken Lacovara's problem having to do with sand was that there was
none. Yes, he had found beautiful deposits of cross-bedded beach sands
and even dunes in places on el Dist, but in one particular section, there
was no evidence of Late Cretaceous beach sand where there should
have been.

Fellow geologist Jen Smith explains: "We had found a layer of
rock—a hard, dense, reddish iron oxide-rich rock—the kind that is
formed in vegetated tidal flats. It was sitting right on top of a layer of
rock that quite clearly was formed in the shallows of a near-shore ma-
rine environment. That doesn't happen. Normally, you'd expect a layer
of beach sand in between. But it wasn't there. Where was the missing
rock? Where was the beach sand?

"I'm a fluvial geologist, which means I know river systems best, and in
ancient river systems, you can get all sorts of different sediment combina-
tions and it's no big deal. I'm also a big believer in the theory that, due to
erosion, most ofthe sedimentary record is missing anyway. So when Ken
found this one rock layer that, logically, should not have existed on top of
the layer immediately below it, I just assumed the intervening layer or lay-
ers had simply eroded away. We call it an unconformity. But Ken is a
coastal sedimentology expert, and I could tell he didn't feel comfortable
with erosion as the explanation for the missing layer. It bugged him."

Lacovara explains: "Oftentimes I read professional papers that de-
scribe one depositional environment sitting on top of another that sim-
ply cannot exist in that order, and it's dismissed as an unconformity. It
drives me nuts; I hate dealing with geological non sequiturs. Calling
anything that doesn't belong someplace an unconformity can some-
times just be a copout. We knew that these rocks in the Bahariya For-

mation had been created in a coastal environment. I knew the beach
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sand should have been there, and I just didn't see erosion signs. I knew

there had to be a better explanation, but I just hadn't figured it out yet."

Ninety-five million years ago, at the beginning of the Late Creta-
ceous, the Earth was undergoing a series of profound geological and
climatological changes. Global temperatures are believed to have been
much higher than they are today, as were carbon dioxide levels. Sea
levels were higher than at any time in the last 250 million years. One
reason was that because of higher temperatures worldwide, the sea-
water was warmer, and because it was warmer, it expanded. What's
more, it appears there were no polar ice sheets. But the larger reason
for the record-high sea level arose directly from the breakup of the
supercontinent of Pangaea, which by the Late Cretaceous was nearly
complete.

The fragmentation of Pangaea into the continents we recognize
today occurred because the Earth's crust was spreading along volcanic
rifts from which hot magma flowed episodically. As the continents split
apart, seawater filled the gaps, eventually forming oceans. But the vol-
canism continued, and as new magma billowed out of the gashes in the
seafloor, this molten rock piled up and cooled, creating massive under-
water ridges running thousands of miles parallel to each rift and rising
as high as modern terrestrial mountain ranges. As millions of years
passed, ridge after ridge was created and then pushed sideways from the
edges of these rifts as the next ridge was born, until the bottom of the
oceans in many places looked like corduroy and the continents had been
pushed thousands of miles apart. The new rock in these immense ridges
was warmer and less dense than the rock built by earlier ridges and
therefore sat higher on the Earth's mantle. In time, the combination of
these phenomena—warm, wet climate; warm seawater expansion; lack
of polar ice caps; underwater ridge creation; new, less dense oceanic
crust rock—displaced enormous quantities of seawater and caused sea
levels to rise hundreds of feet higher than they are today, inundating

vast areas of the land with shallow seas. All of what today is central
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North America, for example, was covered by one of these seas (called
epicontinental, or epeiric, seaways).

The situation was the same everywhere on the globe, and what is
North Africa today was no exception. The east-west Tethys Sea was
nearing its widest stage of development at this time, and its southern
shore lay deep within what today is the Sahara. Indeed, as the Late Cre-
taceous continued, the western or Moroccan bulge of Africa was cut off
completely from the rest of the continent by the joining of the Tethys
Sea and the South Atlantic Ocean and stayed that way for millions of
years until the seas once again receded.

These epeiric seas were different from oceans in a number of ways.
They were narrower, so wind had less space to build waves. The tidal
range was mild because many of these seas were somewhat constricted,
so the tidal ebb was trying to escape even as the flow of the new tide was
coming in, effectively creating a stalemate. In addition, the gradient of
the floor of these seas was very gradual, and consequently, storm waves
"tripped" and were dissipated long before they ever reached the shore.
Finally, North Africa was quite close to the equator, or the Doldrums,
an area of the globe where atmospheric winds are very light. The result?
Very placid waters lapping gently on the northern shore of Africa. A

quiet environment for sediments to be deposited century after century.

There were major changes under way on land as well. Until the be-
ginning of the Cretaceous Period, the plant life that covered the early
continents was surprisingly limited and monotonous. Grass did not
exist. There were no flowering plants of any kind. As Peter Dodson has
pointed out, Mesozoic Era plant life before the Cretaceous Period was
limited primarily to conifer and ginkgo trees, cycads, horsetails, and
ferns. Lots of ferns.' In fact, some of the herbivores of this period had
teeth that appear to be shaped explicitly to "comb" foliage off the stems
of ferns and conifers.

Even for herbivores this was not especially nutritional stuff, and big
plant eaters like the giant sauropods had to consume huge quantities
just to stay alive. Scientists believe they evolved enormous guts, and be-

cause they lacked the kind of jaw mechanism that would permit chew-

183



184 j THE LOST DINOSAURS OF EGYPT

ing, they swallowed the shrubbery whole—and wholesale, eating per-
haps a quarter ton of foliage every day.” Because of their long necks, it
was thought that they ate like giraffes, grazing the tops of trees. But this
now appears unlikely. They appear to have had neither the musculature
nor the skeletal capability to lift or hold their necks in an elevated posi-
tion for very long. Indeed, doing so probably would have been fatal. The
blood pressure necessary to get blood to a dinosaur's head suddenly
lifted to such great heights would have placed its cardiovascular system
under unsustainable stress.'

It seems far more likely, particularly given how much biomass these
great beasts had to consume, that their elongated necks permitted them
to strip huge arcs of the landscape at low or moderate elevations with-
out even moving their feet—a far more efficient system. There is some
evidence to suggest that sauropods were gregarious—not unlike ele-
phants, feeding and migrating in herds—so the damage they caused to
the slow-growing plant life they fed upon must have been astonishing.
Trampling the earth, stripping the vegetation, they were huge, four-
legged, traveling environmental minidisasters.

The torn-up earth and naked open spaces, combined with the
warm, humid environment that prevailed in much of the world at the
time, provided an ideal environment for the emergence of the first flow-
ering plants, or angiosperms, in the Early Cretaceous. Angiosperms had
a number of distinct advantages. Fast-growing and weedy, they were
able quickly to colonize earth disturbed by grazing sauropods. Fast
growth also meant they went to seed readily, and rebounded easily after
being grazed. By the Late Cretaceous they had begun to create an in-
creasingly diversified array of scrubby plants and even trees in many
parts of the globe.’

It was the angiosperms that made it possible for a large and diverse
group of herbivores—the ornithopods—to proliferate during the Cre-
taceous Period, roaming the landscape, especially in North America and
Asia, in herds. Generally smaller than the huge sauropod herbivores of
the Jurassic and Early Cretaceous and typically equipped with teeth for
grinding and chewing fodder, they were, says the Royal Ontario Mu-
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seum's Hans-Dieter Sues, the "cattle of the Cretaceous." By the Late
Cretaceous, sauropods had begun to decline in some parts of the world,
especially North America and Asia, but they appear to have remained
the dominant herbivore in Africa. The sauropod discovered by the Ba-
hariya Dinosaur Project was a prime example. Indeed, neither Stromer
and Markgrafnor the 2000 expedition team ever found evidence of or-
nithopods, though they have been found in Early Cretaceous sediments
in Niger.

This is not to say that there were none. The fact is, there has been
so little exploration ofthe Late Cretaceous paleontology of Africa that
not much is known about what life was like on the continent then.
While the period is thought to have been hot and wet globally, there
are many questions about the precise extent of those lush, humid con-
ditions. Some scientists suggest that the northern fringes of southern
continents, and Africa in particular, had persistently hot, arid condi-
tions.’

But if that was the case, it puts a new twist on Stromer's riddle. If
there were three huge meat-eating dinosaurs roaming the northern
coastal region of Late Cretaceous Africa and at least two species of large
plant-eating dinosaurs in sufficient quantity to be part ofthe carnivores'
diet, what were the herbivores eating ifthe landscape was arid? Ken La-
covara's Holmesian habit of deductive reasoning told him it didn't add
up. The region of Africa where the Bahariya Oasis now sits had to have
been prodigiously productive, capable of creating huge quantities of
biomass to feed massive plant eaters, which in turn fed terrifyingly large
meat eaters. But ifit was arid, what were the herbivores eating?

Lacovara was about to discover that the answer to this question
might well be found in the answer to the other question that vexed him:

the problem ofthe missing beach sand.

While Ken Lacovara and Jen Smith continued to measure, map, and
document the successive layers from the bottom of Gebel el Dist to the

top, Lacovara kept coming back to the one part of the section that trou-
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bled him—a section low on the hill, close to the level where his col-
leagues were finding dinosaurs.

"In this particular spot," explains Lacovara, "we had one layer of
glauconitic rock. Glauconite is a mineral that often precipitates out of
shallow seawater and settles into marine sediment. It's sort of greenish
and easy to recognize. You also find a lot of fish scales, marine snails,
shells of bivalves like oysters in this kind of rock—all the things you find
in shallow coastal water, say one to twenty feet deep. But sitting directly
on top of that layer, effectively welded to it, was a layer of rock consis-
tent with a vegetated tidal flat. It shouldn't have been there.

"There is a very important principle in geology called Walther's
Law, that says that in any uninterrupted sequence of sedimentary de-
posits—the kind we were seeing on el Dist—the lateral sequence of
sediments that existed at the time of formation should be mimicked by
the vertical sequence of rock layers when we expose them today. We
knew that ninety-five million years ago or so, this had been the south-
ern shore of the Tethys Sea. The sequence we would expect to see,
therefore, would be nearshore sands with glauconite, then beach or bar-
rier island sand, then a lagoon with vegetated tidal flats, and finally the
mainland. When the sea is advancing, as it was during this period, one
layer sort of rolls over and covers the next, so you get a nice vertical
record.

"But the beach or barrier island sand was missing. Not only that, but
the sequence of what was there was upside down. There were intertidal,
or lagoon, deposits sitting atop shallow glauconitic marine or shore-face
deposits. In a normal situation with an advancing sea, it should have
been the other way around. This was evidence that the opposite was
true: The land had advanced into the sea. Even so, there should have
been evidence of the passing of the beach. That evidence is usually
found in the form of a chewed-up gravel layer, full of shells and other
debris. This layer is formed where waves break. Their churning action
winnows out all but the coarsest material, leaving behind an easy-to-
recognize 'lag.' I kept going back to look at the two layers, but there was

no lag there. I finally accepted that I was seeing a perfectly gradual tran-
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sition from shallow marine environment to tidal flat. There never was

an intervening beach."

Ken Lacovara is a reasonably normal fellow. But he has one peculiar
quirk. He hates to sleep. "My wife thinks I'm crazy," he confesses. "But
sleep just annoys me; it's such a waste of time. Once I go to sleep, [ know
I'll never get that day back. It's gone." Even when he is tired, Lacovara
doesn't sleep well and, as a consequence, has plenty oftime to think.

"Sometime in the beginning of our second week in Bahariya," says
Lacovara, "I was lying in bed in the dark in the room I was sharing with
Matt, wrestling with this problem ofthe missing beach sand, when I re-
alized I couldn't solve it without clearing away all my assumptions and
starting over."

He began with a deceptively simple question: What did Bahariya
look like 99 million years ago? He put himselfon the shore ofthe Tethys
Sea and, in his head, looked around. The water was very calm; he knew
that from the grain size of the sediments he and Jen Smith had uncov-
ered. He also knew that the sea level was rising, rather than falling, be-
cause there was no evidence in the el Dist sediments of an erosional
environment, of rivers flowing downhill toward a receding seashore. He
knew he was seeing what coastal geologists call a transgressive sequence.

"Even if we hadn't had the sedimentary records,"” Lacovara com-
ments, "we might have been able to deduce that from the fact that we
were finding dinosaur bones. You find dinosaur bones in depositional
environments that have eroded—not, for the most part, in environ-
ments that were erosional in the first place."

On this ancient shoreline, he knew there were some places where there
were beaches, because he and Smith had found beautifully cross-bedded
sandstones characteristic of beach deposits. And in other places at the
same general section ofel Dist, they had seen evidence of tidal channels
and current movement in deposits with what is known as flaser bedding.

"If you could put your head underwater while the tide is gradually re-

ceding through a channel," Lacovara explains, "you'd see ripples on the
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sandy bottom. Then, at the moment of slack tide, youd see finer silty
sediments settling into the hollows between those ripples. When the tide
came in again, youd see the bottom sand creeping back over these little
mud deposits, gently covering them. This sequence repeats itself four
times a day, with each tidal change. If the sediments remain undisturbed,
eventually the record of each change in the tide in that channel is pre-
served for all time by rock, with little lenses of siltstone encased in the
surrounding sandstone. That's flaser bedding. It proves bidirectional
water flow existed and that the current wasn't terribly strong. We also
found deposits that had what is known as wavy bedding, which are about

halfsand and half mud, where the movement is even gentler."

And finally, there were those areas of troublesome unconformity,
where intertidal sediments—called paralic sediments—were sitting
atop nearshore marine sediments. Normally, when sea levels rise, ma-
rine sediments will cover over beach and intertidal or lagoon areas, as
the seafloor gradually migrates landward; that would be a conformable
sequence. But it seemed to Lacovara that instead ofbeing buried by ma-
rine sediments as the sea level rose, the intertidal sediments in what he
and Jennifer Smith were calling the unconformable sequence were
doing the opposite: actually advancing into the marine zone.

"But they weren't unconformable sequences," says Lacovara. "In the
case of an advancing sea, the typical sequence is shallow marine sedi-
ments, over beach, over tidal flat. A retreating sea normally leaves beach
over shallow marine sediments. But here we had neither. We had tidal
flat over shallow marine. Nature was clear but we were not. We needed
a new paradigm, one where this sequence would be conformable, where
it would make sense."

In the dark, Lacovara tried to imagine a coastal landscape in which all
of these features might coexist. And later that night, he realized he could.

In fact, he did not even have to imagine this landscape. He had been there.

On the Gulf coast of the Florida peninsula, at the western or seaward

edge of the Everglades between Cape Sable and Cape Romano, is a vast
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region the Florida tourism office calls the Ten Thousand Islands. It is a
watery world of small, densely forested islands separated by a maze of
sandy tidal channels. But they are not islands in the conventional sense,
sandy hills rising above the surface of the sea and colonized by plants.
These islands are thickets oftreelike plants that grow directly out ofthe
seawater, their roots anchored in shallow marine sediments. They are
mangrove islands. On the seaward margin, some of these islands are
connected by stretches of beach where the sand is finely grained, as the
Gulf is normally calm. In other places, the islands have advanced out
into the shallow waters of the continental shelf.

Four years before the Bahariya Dinosaur Project went to Egypt, Ken
Lacovara spent a briefvacation kayaking in the Ten Thousand Islands.
Remembering that trip as he lay in bed at E1 Beshmo Lodge, Lacovara
realized he had his answer at last: 99 million years ago, the southern
coast of the Tethys Sea had been an intertidal forest—a mangrove
swamp.

The word "mangrove" has several definitions. The narrowest is any of
a variety of modern tropical shrubs and trees that grow in dense thickets
on stiltlike support roots along quiet tidal shorelines. A broader defini-
tion refers to any collection of woody plants that have the same habit of
growing with their "feet" in salt water. All have a number of common
characteristics. They have filtering systems by which to extract fresh
water from salt water. They support themselves on thick "prop" roots that
anchor them to the bottom. They connect with one another through a
tangled mass of horizontal roots, forming small islands that, in time, can
become larger islands as dead leaves and other trapped organic matter
settles between the roots, forming a peaty organic soil. Moreover, they
often advance seaward out across the shallow marine shelf, forming new
islands and thus expanding the coastal margin even if the sea level has
been rising. On Florida's Gulf coast, for example, the sea level has been
rising gently for eighteen thousand years, but the Ten Thousand Islands

mangrove environment has been getting wider, not narrower.’

Says Ken Lacovara, "It's often the case in science that the correct an-

swer to any question is simpler than the incorrect answer. There is a sort
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of informal principle of parsimony that cuts through convoluted expla-
nations. It's called Occam's Razor, and it was first proposed by a four-
teenth-century English friar and thinker, William of Occam. He said,
and I'm paraphrasing here from the Latin, that one should not increase,
beyond what is necessary, the entities required to explain something.
Which is to say, don't make things more complicated than they have to
be. Nothing demonstrates this principle better than how vastly more
simple our understanding of the solar system became after Copernicus
suggested that the Earth and all the other planets revolved around the
sun, instead of everything revolving around the Earth. The Earth-
centered model required the sun and the other planets to do all sorts of
complex and, frankly, physically impossible things, while the Coperni-

can model of concentric rings around the sun was elegantly simple."

Lacovara's mangrove hypothesis was another example of the inher-
ent simplicity of the right answer.

The next day, Lacovara ran his idea by Jen Smith. "We were walking
by the unconformity," Smith recalls, "and Ken just said, "You know what
this might be?' and presented his hypothesis. I remember thinking,
'Wow, that is exactly what we are seeing here. Suddenly everything
makes sense.'Things just started falling into place."

In fact, once he returned to Philadelphia and began digging into the
literature, Lacovara would find support for his idea. Another researcher
working in the southern reaches of the Bahariya Oasis some years ear-
lier had noticed "massive root colonies [that] resemble mangrove
swamp type deposits."”

But Lacovara's notion that the floor and lower levels of the Bahariya
Depression had been an intertidal tropical-forest environment did not
solve just the problem of the missing beach sand—the alleged "uncon-
formity"—between beds of nearshore marine sediment and lagoonal
deposits. It solved other problems as well. The sedimentary rock in this
area—the same area from which their paleontological colleagues had
been removing dinosaur and other bones—had revealed itself to be
complex, discontinuous, and puzzling. A perfectly preserved deposit of

dune sand would, for example, suddenly end and give way to a dense,
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hard brown mudstone. This, in turn, might taper off in a short distance
to a grainy sandstone with fiaser bedding. Fossilized wood stems might
sit within a few inches of fossilized oyster-shell beds.

Like the sun burning through fog, a clear picture began to emerge
from these otherwise puzzling deposits. "The lateral variability of Ba-

hariya deposits was bizarre," says Lacovara. "In most coastal environ-
ments in the world, ifyou hit a layer of sandstone, for example, it can
run for miles, even hundreds of miles. But in Bahariya, when you hit a
layer of sandstone, it might go only for twenty feet. And then it would
turn into mudstone, and then interbedded sand and mud. It was a mess.
"But in a place like the Ten Thousand Islands in Florida, you can
step off the beach and in five feet be in marine sediment. Step five feet
in another direction and you're in mangrove deposits, or in intertidal
sediments. It's exactly the crazy lateral variability we see in Bahariya."
Lacovara postulated that the hillocks of brown, iron-rich mudstone
atop grayish-green glauconitic marine sands were mangrove islands,
also known as mangals. Eventually, Lacovara would find more and more
evidence of roots welding these two layers together, just as they do in
Florida's Ten Thousand Islands, as well as thicker support stems. The
altered ancient soils, or paleosols, formed within these islands are dif-
ferent from other forms of sedimentary rock. There are no clear strati-
fications, no obvious soil horizons. The layers have been disturbed by
worms, clams, and other marine life burrowing through them. In addi-
tion, the saltwater content of such soil makes them bad places for the
preservation of plant material, though bits and pieces are scattered
throughout the rock. Some of'the pieces even show signs ofhaving been
turned to charcoal; brush and forest fires are common in such environ-

ments, even in the Everglades.

In between the ancient mangals, the geologists had found grainy lin-
ear quartz-sand deposits with fiaser bedding. But these deposits were
very narrow. Now they knew why: They were the sandy-bottomed tidal
channels separating the mangrove islands, analogous to the networks of
channels in the Ten Thousand Islands. In some places, the ripples in the

prehistoric channels and the tiny lenses of mud between the ridges were
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so perfectly preserved that they presented a complete geological record
of each incoming and outgoing tide—events that happened in a matter
of hours, 99 million years ago.

In addition, the geologists had found fine-grained beach deposits
that they now realized lay between the remnants of individual mangrove
islands, acting as barrier beaches along the seaward margin ofthe coast.
Exactly the same kind of pattern can be seen in the Ten Thousand Is-
lands of the Florida Gulf coast.

What Lacovara and Smith had not found, largely because they did
not yet know what to look for, were substantial and persuasive organic
remains of the mangrove-like shrubs and trees that had formed the is-
lands in the first place. But that, too, would come.

"Just as Josh, on the first day, had the paleontologists on the team
develop a search image of what dinosaur bones look like in Bahariya,"
Lacovara explains, "we needed a search image for what these plant re-
mains would look like."

The first thing he began to recognize were vertical root structures,
with the branching systems one might expect of any plant. He also saw
densely packed vertical root casts characteristic of mangrove species. He
had found such root systems in the rock above, below, and around the
bones of the giant sauropod that the team had excavated south of el
Dist, right in the quarry.

In addition, Lacovara noticed curious and widespread mats of root
systems that spread horizontally, rather than vertically. Since the sedi-
ments of Gebel el Dist have been undisturbed by major geological
forces, they remain in their original horizontal position. Therefore,
these horizontal root systems had to have been in their original posi-
tion as well. The vast majority of plants have vertical root systems, but
thick, interwoven horizontal root masses are characteristic of man-
groves.

The specific genera of plants that are called "mangrove" today did
not exist 99 million years ago in the Cenomanian age of the Late Cre-
taceous. But a variety of mangrove-adapted plants have existed for at

least 300 million years. What Lacovara wanted to discover was the spe-
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cific kind of plant that had created the mangrove environment on the
southern shore of the Tethys Sea in the big embayment he had begun
calling the Bahariya Bight.

In time, Lacovara found it:" a treelike fern called Weichselia reticulata,
which flourished from the middle Jurassic Period of the Mesozoic Era
to the end of the Cenomanian age ofthe Late Cretaceous. Thus it was
at its greatest extent of development at precisely the time that Stromer's
lost dinosaurs and the 2000 expedition's giant sauropod roamed the
shores of the Tethys Sea. A plant that was adapted to living in shallow
saltwater environments, it may have grown to a height of twenty feet
(based upon a type of mangrove fern, Acrostichum, that exists today). It
had a trunk Lacovara describes as "ropy," potentially thick prop roots
like today's mangroves, and a tasty, feathery, fernlike top—with exactly
the kind ofleafy fronds giant sauropods' teeth were designed to strip. A
grove of Weichselia was, for all intents and purposes, a sauropod salad
bar.

Lacovara found the distinctive petrified roots of Weichselia growing
directly out of tidal sediments in the layer where the dinosaurs of Ba-
hariya had been found—in fact, he found it in the very quarry in which
the giant sauropod had been found in 2000.

"When I found that, I just stood there and stared, thinking, 'There
it is at last,' " remembers Lacovara. "I almost cried."

Later, Lacovara would learn that Ernst Stromer had also found
pieces of wood during his 1911 expedition, but Stromer had no context
in which to place them and no real idea what they were.

"The woody part of Weichselia looks unrelated to its ferny top," says
Lacovara, "and if you didn't know better, you'd think they were two dif-
ferent plants. Stromer didn't know better. Eventually, other re-
searchers, using just the woody material that had been collected in
Bahariya, named the plant Paradoxopteris stromeri—literally 'Stromer's
puzzling-looking plant.' Much later it was found to be none other than
Weichselia.

"Weichselia" he explains, "has a lot of unusual, xeromorphic fea-

tures—that is, features that make it possible to live in a water-short en-
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vironment. It has water storage cells, which makes its leaves look like
those of a succulent plant. It has cells that limit the rate of transpiration,
so more ofthe water it holds stays inside. And the surface ofthe leafhas
a thick, waxy cuticle, or skin, which further reduces water loss to the
air.

All of which raises a question: Why does a plant living in what many
scientists believe was the hot, humid climate of the Cenomanian age of
the Late Cretaceous of North Africa, some 99 million years ago, need to
be designed as if it were living in a desert? Answer: because it lives in
salt water and acquires moisture by a very complex microfiltration sys-
tem that filters salt out of the water in which it is immersed.

"The less water they lose," Lacovara says, "the less they have to man-
ufacture, so they grow slowly and have to be very stingy with water. If
you were to find a plant like this, with these xeromorphic features, you
might think it was growing in an arid environment."

But not necessarily. Though they grow in water, the plants them-
selves might just as well be in a desert, because the fresh water that falls
as precipitation in a mangrove swamp is largely unavailable to them. It
falls into the salt water in which the plants stand, or quickly runs offthe
peaty soil that has accumulated in larger islands. Proof of this fact can
be found today on many of the mangrove islands of Florida's Gulf coast,
a region of abundant rainfall. Lacovara notes, "You can walk six or seven
feet from the shore of a mangrove island in the Ten Thousand Islands
and find cactus growing. Why? Because even though it rains something
like sixty inches a year, the fresh water disappears. Fresh water exists,
but in these paralic or intertidal zones, it mightjust as well not; it's not
available."

It's something a lot of researchers have missed, says Lacovara: "I've
seen academic papers where one author says Weicbselia is a desert plant
and another says it's a coastal plant, all because ofits xeromorphic char-
acteristics. And that may well be why some scientists think North
Africa was an arid environment ninety-nine million years ago. But I
don't think it was. At that time it was quite close to the equator. I think

the evidence suggests it was very like the Gulf coast of the Florida
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Everglades: hot, humid, lush—and yet functionally arid. That's not to
say there is never any fresh water in mangroves. There certainly are
some mangrove islands in the Ten Thousand Islands area, where fresh-
water springs and pools exist in their interior, and there you find a dif-
ferent and more varied mix of plants, even water lilies. But most of the
plants you see are those that are well suited to an ephemeral, freshwa-

ter-short environment."

Over breakfast at E1 Beshmo Lodge one morning, Lacovara laid out his
intertidal tropical-forest idea for the rest of the team. They were in-
trigued. Josh Smith thought for a moment and then said, "Dude, if this
was a mangrove, you're a god!"

His enthusiasm was not due to Lacovara's having solved the prob-
lem of the missing beach sand, although having studied geology as an
undergraduate himself, Smith was interested. The principal reason for
his excitement was that he realized Lacovara had just provided another
part of the answer to Stromer's riddle.

Stromer's riddle does not stop with the question "What were three
species of giant carnivorous dinosaurs eating?" Part of that answer had
been provided by the Bahariya Dinosaur Project's discovery ofthe giant
sauropod, which, as Lacovara once put it, "could feed roughly five hun-
dred thousand of your closest friends a nice, juicy quarter-pound
burger." But there almost certainly had to have been other plant-eating
dinosaurs besides that one and Stromer's Aegyptosaurus, just to keep the
three species of carnivores alive. For that to be the case, the region
where they all lived had to have been immensely productive ecologi-
cally, capable of producing immense amounts of foliage for large num-
bers of sauropods, and, though none have yet been discovered, other
herbivores.

The most productive ecosystem on Earth today, producing by far the
greatest amount of biomass per acre per year, is the tropical rain forest.
However, rain forests are composed almost completely of angiosperms,

flowering plants and trees, and in the Late Cretaceous, angiosperms
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were still just getting established. The second most productive ecosys-
tem on Earth? Mangroves and salt marshes. Thus, in the Cenomanian
age of the Late Cretaceous, when no rain forests are believed to have ex-
isted, mangroves and salt marshes probably were the most productive
environments on the globe. An intertidal forest, a mangrove like the one
on the Florida coast, at the interface between freshwater and saltwater
worlds, would have been a nutrient-rich environment capable of sup-
porting an astonishingly diverse array of flora and fauna. Mangroves are
bursting with life.

"And what we've found in Bahariya bears this out," says Lacovara.
"You've got a wide variety of plants, you've got huge carnivores, you've
got ridiculously large herbivores, and then you've got all the other guys,
the fish and the crocs and clams and snails and more."

Says Josh Smith, "The parallel with the Everglades mangroves isjust
stunning. Not only do the sediments look the same, but often the fauna
does, too. The Everglades has turtles, Bahariya has turtles. The Ever-
glades has crocodilians, Bahariya has crocodilians. The matchups are
amazing. Except that the Bahariya versions of each of these species are
much bigger. They're giants. Why is there so much diversity and why is
everything so big? Because there's a lot of food there for everyone."

A mangrove environment has two primary ecological conditions.
First, the seawater in which the plants live must be low-energy, or with-
out waves and surf. "Plant a tree on the beach in, say, Oregon," says Ken
Lacovara, "and it won't be there after one tide cycle."

Second, the temperature of the coldest month cannot average lower
than 68 degrees Fahrenheit. A map ofthe Earth during the Cenoman-
ian age ofthe Late Cretaceous, when temperatures were higher world-
wide than they are today, would show a very broad global belt that fell
within this temperature range, much broader than would be the case
today. Superimpose upon that map the outline of the coasts at that time,
many of which were epeiric and thus shallow and low-energy, and it be-
comes clear that the ecosystem requirements of mangrove-like inter-
tidal forests—low-energy shorelines and warm temperatures—existed

in many places around the globe.
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"I suspect this was a huge biome," says Lacovara, "one that is only

just beginning to be explored."

It seems certain that this biome was one in which giant sauropods, like
the one discovered by the Baharyia Dinosaur Project, felt at home,
though Ken Lacovara suspects they did not spend their entire lives
there.

"They might have lived back on the mainland and only gone into
the mangroves a couple of times a day to graze," he suggests. "Or they
might have gone in a couple of times a year, during migrations. They
might have used the shallow channels as an easy way to get up or down
the coast. We have no way of knowing how much oftheir life cycle they
spent there. But anything that an animal as big as a sauropod did would
have been pretty deliberate, I suspect; you don't just take a walk in the
mangrove for the hell ofit ifyou weigh eighty tons."

Still, the world of a mangrove would have been a remarkably hos-
pitable place for a large herbivorous dinosaur. The sand in the tidal
channels is fine-grained and evenly sized, and Lacovara had calculations
done that demonstrated that these channels would have made a firm
walking surface for a heavy animal. Even at high tide (and tide ranges
would have been slight in any event), the water is likely to barely have
reached the animal's shins—plenty deep for a wide variety ofeven quite
large fish, but a shallow wade for a giant sauropod.

As it lumbered along these watery trails, past dense thickets of
Weichselia, forage would have been plentiful—"sauropod cafeterias left
and right," as Jen Smith puts it.

Visibility also would have been excellent, since the animal's head,
even unextended, would easily have cleared the tops of most of the for-
est foliage on the islands. Thus, both route taking and reconnaissance
for predators would have been relatively easy. Whether a huge sauropod
would volunteer to walk overland, through the thickets on the islands,
is unclear. Footing might have been less certain than in the channels,

but for a very large animal, small trees like Weichselia would hardly have



198 | THE LOST DINOSAURS OF EGYPT

been an obstacle to progress. But where there are herbivores, carnivores
are certain to follow, as predators and as scavengers.

There is no way to say with any certainty how this gigantic sauropod
met its end in Bahariya's mangroves. Given its sheer size, a single-
predator attack or killing is probably extremely unlikely. Even a would-
be attacker as large as any of the three carnivores Stromer discovered
nearby would have been dwarfed by such a beast and might well have
thought twice about attacking it.

Could several theropods have ganged up on the mild-mannered
giant as it quietly munched Weichselia fronds? It has been proposed that
smaller carnivores may have hunted in packs, but there is relatively lit-
tle evidence ofgiant carnivores having done so.” An injured or diseased
sauropod, however, may have been an easy mark for a lone hunter. A
group of sauropods may have migrated through the mangrove, and one
of them may have lagged behind and fallen prey. Or it could have ex-
pired alone from any of a number of causes and been found and fed
upon by scavengers. Certainly the scattered nature of some of its bones
would support such a theory, as would the discovery ofa theropod tooth
amid the sauropods bones.

What does not seem either likely or possible is that the huge sauro-
pod was what Josh Smith calls a "bloat and float." That is, an animal
that died some great distance away, became bloated by decomposition,
and floated to the location where it was eventually found, in the process
distributing parts ofits skeleton by wind or current to parts unknown.
The environment in which the researchers believe it died makes that a
virtual impossibility.

Ken Lacovara explains: "In some cases, a dinosaur will die and its re-
mains can be transported long distances by wave action or a fast-
moving stream or river. But there is absolutely no evidence in the
sedimentological record where this sauropod was found of any of those
conditions. The rock in which it was found is very fine-grained, the
kind of grains that can only be deposited in a very calm, low-energy
fluid environment. The channel would have been very shallow, perhaps

a few feet deep at high tide. A body of water that is incapable of mov-
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ing even fine-grained silt and mud is not going to move an eighty-ton
dinosaur or even a two-hundred-pound dinosaur humerus. It's not
going to happen. We may not know how that sauropod died, but we do
know it died in place. It keeled over or was brought down, but it did not
drift to the place where we found it."

And for precisely the same reasons—the gentle tidal flow of calm,
silt- and sand-laden intertidal waters—the body of the enormous
sauropod was, tide after tide, quickly surrounded and then covered by

10

sediments.” The Tethys Sea receded, inundated the region, and receded
again many times, judging by what the geologists can tell from the lay-
ers of the Gebel el Dist member of the Bahariya Formation, steadily
building layer upon layer of sediment atop the now ancient corpse. Lay-
ers accumulated. Layers eroded. New layers were laid down and eroded
away again. Tens of millions of years passed, and hundreds of feet of
rock rose above it. Then, millions ofyears ago, the limestone layer that
had been deposited by Eocene seas was exposed, bowed upward, and
cracked. Wind and water widened the cracks and, over hundreds of
thousands more years, scooped out a depression where water eventually
emerged and human beings began to settle. Succeeding generations of
settlers gave the oasis several names, the most recent of which was Ba-
hariya. Explorers came and went, and one, a German, stayed long
enough to find dinosaur bones, only to have them turned to dust by a
man-made cataclysm more destructive than the pressure of tens of mil-

lions ofyears' worth of rock.

Then one day, in the winter of 1999, three scientists drove along the
bottom of this depression, and one of them, a young paleontologist
named Josh Smith, caught sight of something out of the corner of his
eye, something that looked like dinosaur bone. They stopped. They
marked the spot. And a year later they returned and began digging,

eventually releasing the great beast from its ancient tomb.
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They called it Paralititan, meaning "giant near the sea."

In so doing, the members of the Bahariya Dinosaur Project lifted
the sauropod dinosaur they discovered beneath the oasis floor from the
anonymity of deep time and gave it unique status: The tidal giant was a
new genus and species of dinosaur, never before known.

There is a precise protocol to the naming of new dinosaurs, codified
in the International Code of Zoological Nomenclature (ICZN) but actually
dating back to the eighteenth century and Carolus Linnaeus's seminal
work Systema Naturae. Every creature, Linnaeus proposed, shall have
two names. The first name is the genus to which the creature belongs.
The second is the name of its species, called a species epithet." The
name Tyrannosaurus rex, to choose perhaps the most well known, signi-
fies that a species, rex, was found to belong to a previously unknown
genus of theropods, Tyrannosaurus. When a paleontologist finds a di-
nosaur that subsequent research shows has already been identified and
described, the specimen gets no new name. A rule called the principle of
priority takes effect, and only the original name is recognized. Perhaps
the second best-known dinosaur—a long-necked, long-tailed sauropod
once called Brontosaurus—no longer exists by that name because it was

found, years after it was discovered, to be identical to a previously



202 | THE LOST DINOSAURS OF EGYPT

named sauropod called Apatosaurus. The previous name had priority,
and Brontosaurus disappeared as a distinct name. However, if a dinosaur
is found that belongs to neither a known species nor a known genus, the
scientists making the announcement get to create new names for both.

And this was the case with Paralititan. But it did not happen
overnight. It was three weeks after the completion ofthe 2000 field sea-
son that the fossils collected by the Bahariya Dinosaur Project team—
those, at least, that Egyptian officials authorized to be shipped—arrived
at the loading dock of the Academy of Natural Sciences in Philadel-
phia. It was many more months before fossil preparator Jason Poole and
his crew had extracted most of the sauropod's remains from their plas-
ter jackets and removed enough of the rock encasing the bones for the
paleontology team to painstakingly identify the remains. Only after
Matt, Peter, and Josh had measured, photographed, sketched, and doc-
umented the length, width, and depth, not only of each bone but of
every bump and hollow in each bone, could they begin comparing the
new fossils to similar bones of already identified sauropods.

By the late fall 0f2000, they were reasonably certain they were deal-
ing with a new genus and species. But by then, the 2001 field season was
upon them, and they wanted to determine if there were more pieces of
the huge creature's skeleton buried in the quarry rock before making a
formal announcement. In that regard—though not in others—the 2001
field season was a disappointment. Jason Poole and Egyptian geologist
Yousry Attia, along with a team of local laborers, spent weeks expand-
ing the titanosaur site to seven times its original size but came up with
nothing new of significance.

"The quarry was the size of an olympic swimming pool," recalls Josh
Smith, "and it was empty." This finding may well reinforce the notion
that Paralititan was scavenged after it died; team members suspect the
other parts of the enormous sauropod's skeleton are not far away.

In other ways, the 2001 season (once again underwritten by the Ba-
hariya Dinosaur Project's partner, Cosmos Studios, and filmed by
MPH Productions) was successful. In addition to excavating far more

of the immensely productive Jon's Birthday site, the team recovered a
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partial skeleton of a theropod dinosaur, gypsum-free and well pre-
served; the skeleton of another large animal as yet unidentified, though
believed to be either another theropod or a large crocodilian; a large
lower jaw, perhaps of the huge coelacanth Mawsonia, and many other
fossils, including one thimble-size discovery that, if found to be from
the Late Cretaceous, may prove "bigger" than Paralititan. Many of
these specimens are still in Egypt.

While the team was in Egypt for the 2001 expedition, it completed
a formal professional paper describing both the giant sauropod they had
found in 2000 and—rare for such articles—the world in which the crea-
ture had lived.

After almost a year of research, the Bahariya Dinosaur Project pale-
ontologists concluded that the sauropod was not only a new species but
a new genus as well, positioned within the titanosaurid clade—just as
Matt Lamanna had hypothesized the day the great beast's vertebrae
were unearthed. It was time to give it a name.

As in Linnaeus's time, the language of species identification today is
Latin—or occasionally "Latinized" English. This presents a bit of a
problem, however, in the case of dinosaurs: They were unknown during
the Roman Empire. Consequently, there are no ready-made Latin
names to apply to them. So paleontologists have the honor, and the
challenge, of creating new names. The ICZN permits scientists to cre-
ate any name they choose when identifying a new species or genus, so
long as it has not already been used. Grammatically, the species name,

which comes second, modifies the genus name.

After a good deal of discussion, the members of the Bahariya Di-
nosaur Project chose the full name Paralititan stromeri. In a felicitous
way it captured the driving passion of the entire group—to focus not
just on the "trophy" of a new dinosaur discovery but equally on the dis-
covery of the world in which that dinosaur had lived, its paleoenviron-
ment. The new name presents, simultaneously, two hypotheses: first,
that this is indeed a new species and genus deserving of a new name;
and second, that this enormous beast (fifan) was found in, and spent

part of its life in, a tidal {paralic) environment. Thus, Paralititan.
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But it is also a name that memorializes, that lifts two beings from
the layered strata of paleontological and historical obscurity into the
light of scientific and public recognition.

Once Jason Poole has completed the process of cleaning and pre-
serving the bones in the fossil preparation laboratory ofthe Academy of
Natural Sciences in Philadelphia, Para/ititan's remains will be physically
memorialized when they are returned to Egypt. They will be displayed
at the Cairo Geological Museum, along with many of the other fossils
discovered by the joint American-Egyptian Bahariya Dinosaur Project
in 2000 and 2001. This immense dinosaur—the second most massive
dinosaur ever found anywhere in the world—will take its rightful place
ofhonor in the land of’its birth, life, and death. As team member Med-
hat Said has said of his own work on the project and of the importance
of Paralititan to his country, "Egypt has given us so many blessings; now
we can give it something back in thanks."

The other memorial can be found in Para/ititan’s species epithet,
stromeri. The species epithet of a newly discovered dinosaur can be al-
most any name its discoverer chooses. The team could have named it
after the place in which it was found, Bahariya, or simply Egypt. They
could have chosen a Latin word that signified the dinosaur's enormous
size.

Instead, they chose stromeri to memorialize a remarkable and little
known German paleontologist whose decades of exceptional and metic-
ulous work on the fossils of Bahariya had been vaporized in the early
hours of April 25,1944, for no other reason than because the world had
gone mad.

Despite his purported frailty, despite the loss of much ofhis family's
fortune in the dark years following World War I, despite the threats of
the Nazis, the loss of two ofhis sons in World War II, and the destruc-
tion of much of his life's work during that RAF bombing raid, Ernst
Stromer endured. He was still writing and publishing scientific mono-
graphs well into his late sixties.

Appreciations written about him by fellow scientists cite the strength

of his will as the explanation for his longevity. Perhaps. His surviving
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family members have another explanation, however. He was waiting for
Wolfgang, the son simply referred to as "missing" at the Russian front
during World War II, to return. Miraculously, on May 5, 1950, Wolf-
gang did. A physicist by education, he had been pressed by the Russians
to help produce poison gas after his capture. When he repeatedly re-
fused, he was held in various prison camps in Siberia for years. When he
finally was released, his father, then eighty, was waiting for him. Stromer
lived long enough to learn that Wolfgang and his new wife, Heidrun
Ruhle, would soon have a child, a daughter, Rotraut, the first girl to be
born in Stromer's family in a century.

And then, on December 18,1952, just a few days before Christmas,
Ernst Freiherr Stromer von Reichenbach died.

He is buried in a family plot on the grounds of the castle, Griins-
berg. Appropriately, for a man who spent so much time in the desert,
the stone he is buried under is sandstone. Only his family name is chis-
eled upon the stone. There is no epitaph.

But there will be soon, in the place he seems to have loved almost as
much as Griinsberg. In Cairo, in the halls of the Geological Museum,
both he and the great titanosaur will at last become public history with
the display of the bones of an immense dinosaur and a plaque in Latin
that reads simply:

Paralititan stromeri.
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