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Scientists have studied the Jurassic dinosaur A/losaurus for more than 100 years: Dr.
Ferdinand Vandiveer Hayden first discovered a fragmented tail bone of Allosaurus in
Colorado in 1869. Our knowledge of this species advanced tremendously with the
1991 discovery of Big Al, the most complete (95 percent) individual Allosaurus ever
recovered. Found in the famous dinosaur-bearing Morrison Formation of northern
Wyoming, this skeleton is the most well-preserved carnivorous dinosaur found in the
fossil-rich state. Research on this specimen and the area where it was found is provid-
ing important information about Jurassic dinosaurs and the environment in which

they lived.

Important paleontological discoveries continue to be made in the Rocky Mountain
region. With a high potential for new discoveries in this region, cooperation between
university scientists, museum scientists, and federal land management agencies is es-
sential to the collection, study, interpretation, and exhibition of these specimens for
future generations. Paleontological studies of fossils, such as this Allosaurus, are the
basis for our understanding of past life — a fascinating topic for all of us.



INTRODUCTION

The Story of Big Al: Saving a Dinosaur for the Future is based on the actual events sur-
rounding the collection and display of the most complete Allosaurus skeleton ever
found, Big Al. The actual gender of this specimen is unknown, but the masculine form
is used in this publication. This book is designed to present a picture of the life and
times of an important dinosaur and to walk the young reader through all aspects of
dinosaur discovery, collection, research, storage, and display. It also illustrates the views
of paleontologists who believe that fossils on U.S. public lands are being threatened by
a worldwide commercial fossil market, and that we need to better protect these impor-
tant parts of our natural heritage for future generations, especially our future scientists
and educators. We suggest that readers become familiar with the terms used in this
book by reading the definitions provided in the glossary. The glossary will also help

young readers understand the terms used in many other dinosaur books.

We hope this book will help all readers understand the importance of our fossil re-
sources, their protection, and the scientific process, and that it will stimulate young
readers to learn more about the fascinating world of dinosaurs.

150 MILLION YEARS AGO

Long ago during the Jurassic Period (Figure 1), Wyoming was a very different place.
Instead of being thousands of feet above sea level divided by high mountains and val-
leys (as it is today), this area of the world was a lowland flood plain dotted with lakes
and rivers. It was a place like the modern African plains, with vast open spaces, diverse
vegetation, distinct subtropical wet and dry seasons, and a wide variety of animals.

The dominant animals of the time were the dinosaurs, a group that included the
enormous Apatosaurus and Diplodocus and the ferocious Allosaurus. Allosaurs were
the “tigers” of their age, some of the fiercest predators of the Jurassic Period. Their



powerful skulls were filled with serrated knife-like teeth, which allowed them to slice
through meat quickly and easily. Their strong arms ended in sharp claws for grasping
prey. Today, they are found preserved primarily in the Upper Jurassic Morrison Forma-
tion of western North America.

Figure 1. The Jurassic Period lasted about 62 mil-
lion years. Modified from Geological Society of
America’s 1999 geologic time scale.




THE LIFE OF BIG AL

One Allosaurus, known as Big Al, was a young animal 25 feet long who weighed ap-
proximately 2,500 pounds (Figure 2). Adult relatives of Big Al were 35 to 40 feet long
and weighed up to 4,000 pounds. Big Al, like many young adult animals today, spent
most of his life simply trying to survive and eventually look for a mate. He spent most
of each day looking for food. There were plenty of animals to eat (Figure 3). Some,
like the little lizards and mouse-sized mammals were good at hiding, fast, and hard to
catch. Flying reptiles like Comodactylus (Figure 3) also lived during this time, but they

Figure 2. Big Al the Allosaurus exploring his Late Jurassic environment.
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could fly away if they heard Big Al coming. Small plant-eating dinosaurs like Dryo-
saurus, Othnielosaurus, and young Camptosaurus were a good meal if they could be
caught, but they were also swift.

R o o%

Figure 3. Animals of the Late Jurassic of Wyoming. Although not seen, Big Al could be lurking in the trees
while a Barosaurus roams across an ancient floodplain in Wyoming. A pterosaur (Comodactylus) swoops from
the skies, while two Othnielosaurus wade into the water. A small Ornitholestes chases a small mammal (Ctena-
codon). A Camarasaurus walks away as a Dryosaurus stops eating and looks around, perhaps sensing Big Al’s
presence; an armored Stegosaurus ambles carefree across the plain. This drawing is titled “Eatables.”
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Young sauropods like Apatosaurus, Diplodocus, Camarasaurus, and Barosaurus were also
vulnerable, but older and larger members of their group usually protected them. With
their long necks and tails, some of these sauropods dwarfed Big Al: they measured
more than 100 feet long and weighed well over 60,000 pounds. They had powerful
limbs and tails. Big Al was no match for dinosaurs of this size. Likewise, young stego-
saurs and ankylosaurs (like Stegosaurus and Gargoyleosaurus) were possible meals, but
these juveniles traveled with adults. In addition, these dinosaurs were heavily armored.
Some had protective plates on their backs and defensive spines on their tails. Prey was
abundant — it was catching and killing these animals that caused problems for Big Al
and other carnivores of the time. Occasionally, allosaurs may have hunted in small
packs to catch a meal. Once an animal was caught, the battle was not over because

other hungry allosaurs, ceratosaurs, megalosaurs, and the pesky Ornitholestes had to be
chased away.

DYING YOUNG

Just because Big Al was a fierce carnivorous dinosaur did not mean life was easy. He
often fought with other animals for food. During some of these struggles, Big Al may
have been injured. Just like modern animals, those of the past suffered from a vari-
ety of injuries and infections in their day-to-day lives. Because Big Al’'s bones were
preserved so well and because we studied the bones in detail, we learned much about
these injuries. Big Al had seriously broken bones and infections. He suffered major in-
juries to his feet, hands, hips, and ribs, which made breathing, running, and grasping
prey difficult. Big Al was slower and weaker than other dinosaurs, and had a harder
time killing prey.

Big Al’s fossilized bones show us some of the hardships in the Late Jurassic. His inju-
ries could have been caused by a number of factors. Perhaps another Allosaurus broke
his bones as they struggled for food, or a sauropod defending its young stomped on
and broke his ribs (Figure 4). Perhaps his toe became infected after he stepped on a
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sharp rock, or on a broken bone while standing on a carcass. We do not know exactly
how the injuries occurred, but we do know that they affected the way Big Al lived.

Another mystery is the exact cause of Big Al's death. With more than a dozen serious
injuries, we do know that Big Al was not a healthy dinosaur. It was difficult for Big
Al to survive. One day approximately 150 million years ago, while crossing a stream
bed, Big Al collapsed because of weakness, injuries, or perhaps malnutrition, and died

(Figure 5).

Figure 4. Big Al battling a huge Apatosaurus.
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Figure 5. Big Al died along a stream after succumbing to injury and starvation.

BECOMING A FOSSIL

Big Als carcass lay on the flood plain. His skin gradually rotted away and beetle larvae
ate the soft tissue, while other animals may have pulled off pieces of flesh and scattered
some of his bones. However, most of Big Al was not scavenged and remained articulat-
ed. As the carcass lay on the dry stream bed, the hot sun dried out the flesh. The soft

tissues of the neck pulled Big Al's head over his back in a death pose typical of animals

that died in an arid environment. Unlike most dinosaur skeletons, which are disarticu-
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lated and scattered a long distance from where the animal died, the bones of Big Al
remained at the spot where he expired. Some of the chest and bones of the right side,
which were exposed the longest, had moved a few feet from the main part of his body.
Big Al’s skeleton was gradually buried by sand and mud as the rains of the wet season
flooded the streams (Figure 6). In less than a year, Big Al’s skeleton was completely
buried, freezing his final position on earth in time.

Over the years, layer upon layer of sediment was deposited on the material that en-
cased Big Al (Figure 7). In each of these layers, various plant and animal remains were
also preserved. As time went by, the region changed, the oceans rose, and eventually
the entire area was underwater. Ammonites and sea reptiles such as ichthyosaurs and
plesiosaurs swam in the ocean over the buried Big Al. The earth continued to change
during the remainder of the Mesozoic Era. The seas eventually retreated, and near the
end of the Cretaceous Period Wyoming had become a swampy flood plain. Across the
region, an enormous amount of vegetation grew, died, and eventually accumulated to
form coal deposits. During the Cretaceous Period, various land animals walked over
the buried Big Al. Tjrannosaurus rex, Triceratops, and Ankylosaurus were just a few of
the dinosaurs present as the region continued to change. By the end of this period,
dinosaurs had become extinct, but birds continued as their descendants.

Mountains rose and basins formed as the Cenozoic Era (Figure 1) began. Hyracoth-
erium (also known as Fohippus, the dawn horse), titanotheres, rhinoceroses, and mam-
moths were just a few of the species that occupied this area of the world during the
Cenozoic Era, the Age of Mammals.

Various prehistoric organisms were preserved in the thousands of feet of sediment laid
down over Big Al; the sand and mud encasing him were compacted. Groundwater
containing dissolved minerals filtered through the sediments around Big Al. Miner-
als crystallized out of the water and filled the pore spaces between the grains of sand
and mud. These minerals became a cement to hold the loose sediment together. This
process of compaction and cementation is how sedimentary rocks form. In addition,
the groundwater filtered through Big Al's bones and filled in any available space with
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Figure 6. Sediments in the stream during the wet season rapidly buried Big Al's bones where they lay in the
streambed.
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deeper.
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Figure 8. Eventually, the layers of sediment containing Big Al were compacted and cemented to form sedimen-
tary rocks. Uplift tilted these rocks, and more sediment was deposited on top of them.
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minerals, gradually mineralizing or petrifying the bones. Now Big Al lay petrified in a
layer of rock thousands of feet beneath the surface of the earth (Figure 8). Most layers
of rocks have been named by geologists for the regions or areas where they occur. Pa-
leontologists use these names to help them identify the rocks that contain fossils. The
rock layers that entombed Big Al are known as the Morrison Formation.

Millions of years after Big Al lived, died, and was buried, the entire area was uplifted
thousands of feet above sea level and formed the Rocky Mountain region. These are
the mountains and basins that exist in Wyoming today. Big Al (still encased in his
rocky tomb) was elevated more than a mile above the oceans. At the same time, rain,
wind, snow, and ice weathered and eroded away the uplifted rocks, creating more sedi-
ment and exposing the remains of various prehistoric plants and animals (Figure 9).
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Figure 9. Erosion and uplift of the Rocky Mountains exposed the fossilized remains of

Big Al buried 150 million years earlier.
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THE FIRST DISCOVERIES AT
HOWE QUARRY

In the 1930s, Barker Howe, a rancher who lived in Wyoming’s Bighorn Basin (Figure
10), found some prehistoric remains that had weathered out of a hillside on his prop-
erty. He contacted Barnum Brown, a well-known paleontologist from the American
Museum of Natural History in New York (Figure 11). Brown recognized the remains
as those of an enormous Jurassic dinosaur and brought a crew of fossil collectors to
Howe’s land in 1934 (Figure 12). Later that summer, a mass of bones from a group
of sauropods was also discovered in the Morrison Formation (Figure 13). Skeletal
remains were crisscrossed and interlocked in a confusing “pickup sticks” fashion. This
jumble of bones was exposed, mapped (Figure 14), and photographed (Figure 15).
After the quarry map was made to record the location of the bones (Figure 14), the
specimens were painstakingly removed from the quarry (Figure 16).

'The Howe Quarry produced an enormous amount of fossilized remains and con-
tained one of the highest single concentrations of Jurassic dinosaur bones ever found.
More than 4,000 dinosaur bones representing at least 20 animals were uncovered. The
quarry was dominated by sauropods such as Barosaurus, Diplodocus, Apatosaurus, and
Camarasaurus. In addition to these dinosaurs, remains of Camptosaurus and teeth of
Allosaurus were also found. The remains in the Howe Quarry were generally disarticu-
lated. Skin impressions and gastroliths were also found there.

The quarry was a popular attraction. Thousands of tourists from the U.S. and Europe
visited the site while the museum was working in the quarry. By the time the work was
finished, more than 60,000 pounds of fossil bones had been collected from the Howe
Quarry. Approximately six months after the quarry opened, the last of 144 boxes of
fossils was loaded on a train and shipped to New York.

In September 1991, fifty-seven years after Barnum Brown shipped his dinosaur bones
to New York, a Swiss commercial fossil dealer and his crew were collecting bones from
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Figure 10. Map of Wyoming showing the location in the Bighorn Basin where Big Al was
discovered.
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Figure 11. Barnum Brown at the Howe Quarry in Wyoming, 1934. Pho-
tograph is negative number 132806 courtesy of the Department of Library
Services, American Museum of Natural History.
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Figure 12. Crews from the American Museum of Natural History discovered the remains of over 20 different
dinosaurs from the Howe Quarry in the Morrison Formation of northern Wyoming. Photograph is Negative
number 132805 courtesy of the Department of Library Services, American Museum of Natural History.
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Figure 13. More than 4,000 bones were uncovered at the Howe Quarry
in 1934. Photograph taken by Roland T. Bird (from the hay stacker), 30
feet above. Dr. Barnum Brown was in charge of the expedition. Photo-
graph is negative number 132803 courtesy of the Department of Library
Services, American Museum of Natural History.
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Figure 14. American Museum worker Roland T. Bird made a quarry map of the Howe Quarry.
Photograph is Negative number 314524 courtesy of the Department of Library Services, Ameri-
can Museum of Natural History.
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Figure 15. Roland T. Bird photographing from the hay stacker,
Howe Quarry, Wyoming, 1934. Photograph is negative number
2A25670 courtesy of the Department of Library Services, Ameri-
can Museum of Natural History.
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Figure 16. Lillian Brown, R.T. Bird,
and C. Sorensen removing bones
from the Howe Quarry, Wyoming,
1934. Photograph is negative num-
ber 2A25669 courtesy of the Depart-
ment of Library Services, American
Museum of Natural History.



the privately-owned Howe Quarry. The Swiss crew worked very hard, but they were
not finding very many complete dinosaurs. One of the crew members started to look
for dinosaur fossils in the hills nearby and found what appeared to be a nearly com-
plete carnivorous dinosaur skeleton. It was Big Al! The Swiss crew worked quickly to
uncover Big Al’s bones. Big Al’s story didn't end here. In fact, the excitement was just
about to begin.

The Swiss fossil collector knew Big Al’s skeleton could sell for a lot of money so he
traveled to a big fossil show in Denver, Colorado to tell other fossil dealers about his
discovery. Unfortunately, he didn’t know that his crew had found Big Al on public in-
stead of private land. According to the laws, vertebrate fossils found on federal public
land belong to all U.S. citizens and cannot be sold commercially or permanently re-
moved from the country. Weeks after the discovery, a surveillance crew from the U.S.
Bureau of Land Management (BLM) flew over the area and spotted the Swiss crew’s
road leading to the Big Al site. They became suspicious of the work on public land and
decided to investigate.

PUBLIC FOSSILS ARE FOR
EVERYONE

The BLM is one of several federal land management agencies. Its job is to protect

our public lands, which are owned by all U.S. citizens. Not only does the agency care
for our public lands, it also looks after fossils and Native American artifacts because
the ones found on public lands are owned in common by the American people. This
means that no person can own a vertebrate fossil or artifact that was found on public
land — sort of like a book in a public library. Since the Swiss crew found Big Al on
public land, he could not be sold to an individual or leave the country. Instead, Big Al
would need to go to a museum in the U.S. so he could be studied and enjoyed by all
Americans. The BLM was worried that Big Al was going to be sold.
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Fortunately, the BLM found the Swiss quarry before Big Al was removed from the
ground and sold. Jim Chase (Figure 17), an archaeologist with the BLM in Cody,
Wyoming, is familiar with publicly-owned fossils and artifacts and was contacted
about Big Al. When he visited the site where Big Al was discovered, he informed the
Swiss crew that they were on public land and that they could no longer dig up Big Al’s
remains because they did not have permission.

Jim was looking for advice on what to do with Big Al. After talking with other BLM
staff members in Wyoming, he decided to call dinosaur experts at three museums. He
called Brent Breithaupt at the University of Wyoming Geological Museum in Laramie,
Pat Leiggi at the Museum of the Rockies at Montana State University in Bozeman,
and Brooks Britt from the Royal Tyrrell Museum of Paleontology in Drumheller, Al-
berta, Canada.

Figure 17. BLM archeologist Jim Chase from Cody, Wyoming.

29



Brent, Pat, and Brooks met with Jim at the Big Al site (Figure 18). When they saw
Big Al (Figure 19), they couldn't believe their eyes. Big Al was the most complete A/-
losaurus they had ever seen! One question came up: who was going to carefully dig up
Big Al's bones? Brooks worked at a museum in Canada, so his museum would not do
the work. Brent did not have a staff at his museum to remove Big Al’s skeleton. Pat’s
museum had a trained dinosaur team, so they decided that the Museum of the Rockies
would excavate Big Al's bones and preserve them. Brent would map Big Al’'s bones and
help the team when they arrived at the site.

SAVING BiG AL: THE DIRT

It was now late September 1991 and the nights were getting cold. Pat knew that he
had to get the dinosaur excavation team to the site as fast as possible. He made Bob
Harmon (Figure 20) from the Museum of the Rockies the crew chief for the Big Al
excavation. Bob is a very experienced dinosaur digger. He had helped Pat excavate a
Tyrannosaurus rex in Montana the year before, and worked with Museum of the Rock-
ies Curator of Paleontology Jack Horner for many years on many dinosaur sites. The
discovery of Big Al became big news in the U.S. (Figure 21) and around the world.
Pat asked Shelley McKamey (Figure 22) from the Museum of the Rockies to join

the dinosaur team because she knew how to work with news reporters — many curi-
ous people and reporters wanted to visit the site. The BLM called in their rangers (law
enforcement personnel) for security, and a camp was set up for the entire crew near the

Big Al site (Figure 23).

The crew (Pat, Brent, Bob, Shelley, Carrie Ancell, Ellen Lamm, Karen Masta, and Alli-
son Gentry) assembled at the Big Al site the next day, and Bob gave instructions to the
team. Greg Erickson (Figure 24), a graduate student from Montana State University
who visited the site, started calling the crew the Dinosaur Recovery Team or “DiRT”
(Figure 25). The crew was known as DiRT throughout the entire Big Al excavation.
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