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Utah's FossilTrove Beckons, 
And Tests, Researchers 

At Grand Staircase-Escalante National Monument, patience and muscle 
power pay off in paleontological riches 

GRAND STAIRCASE-ESCALANTE NATIONAL 
MONUMENT, UTAH-Alan Titus parks his 
four-wheel-drive field vehicle on a dirt 
road that cuts across a remote plateau 
here, hops out, and strides into a scrubby 
forest. Just minutes later, the Bureau of 
Land Management (BLM) paleontologist 
spots fragments of bone under a juniper 
tree and crouches to investigate. Quickly 
brushing away the 
surrounding shale, 
he identifies it as 
the broken end of a 
femur, probably 
from a duck-billed 
dinosaur. 

There are few 
better places inNorth 
America to scout for 
dinosaurs and other 
large Mesozoic ver-
tebrates. All over the 
plateau pieces of 
bone litter the sur-

most of the 20 million to 30 million years 
before the demise of the dinosaurs. And 
because the region is so remote, few large 
skeletons have been excavated. "I consider 
this to be the promised land of vertebrate 
paleontology in the U.S.," says Scott 
Sampson of the Utah Museum of Natural 
History in Salt Lake City, who heads an-
other of the survey teams. 

mains of plants and animals. The narrow 
continent was covered with thick stacks of 
these sediments; in the monument, they are 
an impressive 2000 meters thick. Elsewhere 
in the Western United States, the terrestrial 
rocks either are still buried by younger sedi-
ments or have been eroded away. In the 
monument, however, a large-scale gentle 
fold called a monocline has left more than 
5000 square kilometers of fossil-rich Late 
Cretaceousrocks exposed. 

Not much work has been done on the 
large fossils. Partly that's because the area is 
so rugged and remote; the Escalante River, 
for example, was the last major river to be 
discovered in the continental United States, 
around 1872.Vertebrate paleontologists have 
focused on other fossil-rich areas, such as the 
badlands of South Dakota and Montana. It 
wasn't clear how many fossils, if any, were in 

face. The badlands 
are so rich that Titus 
sometimes~ ~ o u t sfor Rich pickings. Finds at the monument, indudingrare irnpres-
fossils with binocu- sionsof hadmsaurskin (above),are abundantenough to satisfy 
lars, searching the "anarmy of paleontologists,"saysAlanTius (right]. 
hills for piles of 
orange-stained bone. "This place has Revolutionaryrocks 
enough fossils to keep an army of paleontol- Rocks in the monument date 
ogists happy for the rest of their careers," he back to the middle Permian 
says. Yet most of the plateau has never been period, about 280 million 
thoroughlyprospectedby paleontologists. years ago, but most of the ex-

That's about to change. Three teams of citement centers on the 
vertebrate paleontologists have started to unique terrestrial record of the Late Creta- other so-called vertebrate microfossils, in-
survey the fossil diversity of parts of the ceous period. During this period, a doomed cluding many fish, crocodiles, frogs, and 

P monument. Despite frustrations with a group of rodentlike mammals called the lizards. "The exposures are obscene. They'lengthy permitting process and restricted ac- multituberculates was wildly diversifying, drip with fossils," says Jeff Eaton of Weber!cess to field sites, they're fiiding relatively as were marsupials. At the same time, new State University in Ogden, Utah. He started 
complete skeletons of new horned dinosaurs types of dinosaurs-hadrosaurs, ceratop- working in the area that is now the monu-
and other creatures. Graduate students are sians, and tyrannosaurs-were rising to ment in 1982 and 9 years later bought a 

5 already working in the area, and Yale Uni- prominence. "We see a whole revolutiongo- house nearby to be able to spend more time 
E venity is planning to set up a research pro- ing on; the biota is changing dramatically," in the field. "I kaew I would spend the rest 

gram. "It's a high," says Dave Gillette of the says Richard CifeUi, a paleontologist at the of my life here," Eaton says. "And I've bare-
5 Museum of Northern Arizona in Flagstaff, University of Oklahoma,Norman. ly scratched it." 
2 one of the team leaders. "Everythmg we've The revolution was absent from most This early work-much of it done with 
g touched has turned to gold." parts of North America, which were covered Cifelli+stablished the ages of the rocks, 

The monument was created in 1996 by seas. But the monument belonged to land an important step because there are no vol-
e with its vast trove of fossils in mind. The that stretched fiom Mexico to Canada. Be- canic ash beds for geologists to date. Fossils 
iZ 760,000 hectares boast what could be the cause the climate was humid, sediment fiom from the area also pushed back the rnarsupi-
% world's best record of Late Cretaceous ter- mountainsnear the Utah-Nevada border was al record by 10 million years and helped re-
;restrial life--creatures that lived during washed into lowlands, preserving the re- veal the geographic distribution of early 

www.sciencemag.org SCIENCE VOL 294 5 OCTOBER 2001 



N E W S  F O C U S  

mammals across North America. 
Big beasts are there, too. After Presi- 

dent Bill Clinton created the national mon- 
ument in 1996, the BLM commissioned a 
survey of the fossil resources, including the 
larger bones that Eaton and his colleagues 
hadn't focused on. The final report, pub- 
lished this year by the Utah Geological 
Survey, lists more than 800 localities with 
fossils-a number that Gillette estimates is 
just 1% of the potential. Evidence from 
teeth and scraps of bone suggests that 
skeletons of as many as 50 genera of 
dinosaurs may be waiting to be found. 

Dinosaur paleontology at the site is now 
getting in gear. The BLM plans to spend 
about $200,000 a year on paleontology 
there-about 20% of the monument's sci- 
ence budget. The money is supporting three 
teams on 5-year contracts to survey the fossil 
resources, plus a few additional excavations. 
Dinosaur workers say the monument fills in 
a geographic gap for Late Cretaceous dino- 
saurs, which are well known from rocks 
north to Alaska and south to Mexico. Be- 
cause dinosaurs are believed to have rnigrat- 
ed less than was previously thought, Samp- 
son says, southern Utah may reveal unique 
facts about their ranges, ecologies, and evo- 
lutionary relationships. 

Already there are finds, although none 
of the discoveries has been published yet. 
So far, the cast of characters includes the 
back half of a hadrosaur with skin impres- 
sions and an articulated tail, found by Titus 
in 1998. Working last summer in rocks the 
same age just outside the monument, 
Gillette and his colleague Barry Albright 
excavated a 75% complete therizinosaur, a 
strange plant-eating dinosaur-ne of only 
two such specimens discovered outside 
Asia. The team also dug up two marine rep- 
tiles called pliosaurs, including the most 
complete specimen known from Utah. A 
team led by Sampson has found a 
hadrosaur of its own, plus armor from a 

z new giant crocodilian and what appears to P 
be a new genus of horned dinosaur. To top 

2 it off, just last month they discovered re- 

Fossil trove.The monument abounds in traces of ancient life, particularly Cretaceous. 

mains of what could be a new species of 
tyrannosaur. The skull of another new cera- 
topsid genus was found in 1998 by a crew 
working for the Utah Geological Survey. 

Obstacle course 
The work poses special challenges-the 
first of which is getting permission. Each 
application for an excavation permit has to 
be reviewed by a BLM archaeologist and 
botanist and by other specialists to make 
sure no other resources are threatened by the 
dig. That takes 3 to 6 months on average. 
"Some people may be discouraged by the 
hoops and hurdles you have to go through to 
get a permit," says Sid Ash, a paleobotanist 
affiliated with the University of New Mexi- 
co in Albuquerque. The wait can complicate 
grant writing, Gillette notes, as some fun- 
ders require a permit with an application. 
"It's a big balancing act," he says. 

er researchers were allowed two trips to 
drive along a closed road to carry tools in 
and remove the bones. 

Eaton says that almost all of the hun- 
dreds of sites he's worked are now inaccessi- 
ble by vehicles-which are needed to re- 
move heavy samples of sediment. "I'd like 
other people to test my findings," he says. 
'That's difficult when they can't get to the 
site." For his own research, Eaton has had to 
pack out a 1500-kilogram sample of rock in 
20-kg bags loaded into a frame backpack. 

Members of the Utah team also had to 
resort to muscle power last year while dig- 
ging up their ceratopsian skull. To haul it 
away, they put each of three 360-kg blocks 
of sandstone on an old car hood and spent 
5 days dragging them half a kilometer to a 
dirt road. "It was comic," says Utah's state 
paleontologist, Jim Kirkland. "If we'd driv- 
en in, we could have swept out the tracks." 

Despite the hurdles, Kirkland and oth- 
ers are glad to be working in the monu- 
ment. "It really is going to explode in the 
next few years," Sampson says. "I plan on 
working there the rest of my career." Oth- 
ers clearly feel the same way about the 
possibilities. This summer, a crew from 
Yale University examined some of the 
monument's Triassic rocks-strata from 
the early days of the dinosaurs-to beef up 
their collections and begin a field program 
for up to a dozen graduate students. Titus 
has high hopes for all the researchers: "It 
boggles my mind to think of what they'll 

f NO wheels. Vehicle restrictions forced Utah paleontologists excavation of the hadrosaur findwhenthey really get going." 
3 to drag heavy fossils through the desert. tail, for which Gillette and oth- -ERIK STOKSTAD 
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