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NOTICE

Because of the value of large vertebrate fossils, and because of the popularity of fossil collecting
in western Kansas, landowners here are particularly sensitive about fossil collecting on their property
(the fouowing section of the guidebook contains information about controversies surrounding fossil
collecting and the laws that regulate it).

Out of respect for the landowners who have been considerate enough to allow us onto their
property, this guidebook dces not describe today's first two stops, or give directions from Gove to
those locations.   The Kansas Earth Science Teachers Association, and the trip organizers, also ask
that field trip participants understand the fouowing conditions of today's field trip.

First, KESTA and the field trip organizers have pemission from landowners for participants to
collect.   That pemission applies only to this trip, however, and does not constitute pemission to
return to these lacatious for future visits. Failure to obtain pemission from landowners for any future
visit would make you liable to prosecution for trespassing, and may mean that landowners win not
allow future field trips to visit these sites.

Second, if you find fossils that you believe are particularly unusual or valuable. we ask that you
provide that infomation to the landowners. so that they are aware of finds.  Then you and the
landowner can detemine how such fossils should be recovered and where they should eventually
reside.

Finally, watch out for rattlesnakes.   Local residents have lots of stories about the number of
rattlers that they see in these canyons.   While you walk through the chalk beds looking for fossils, or
when you turn over rocks, keep an eye out for snakes.

If you have questions about the circumstances of today's stops. please talk to one of the field trip
organizers.   Remember that we will be on private property, and our ability to continue to use these
sites for educational purposes depends on appropriate behavior by participants, and the cooperation of
landowners.
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mRODucHON

This field trip fcx=uses on racks deposit`ed during
the Cretaccous Period, about  140 to 65  million
years ago. in western and central Kansas (Figure
I),   The Niobrara Chalk was deposi(ed late in the
Cretaceous, about 80 million years ago, when  the
western United States was  covered t)y a sca
O=igure 2 and 3)  that was  several hundred feet deep
Q}uchanan, et al.,  1990).   The bottom of that sea
was warm. dark. and relatively flat.   The remains of
single{eued animals that lived  in the oceans
rained down on the ocean floor, forming a limy
ooze at the rate of a fraction of an inch per ycar,
eventually  accumulating  to  thicknesses of as  much
as 750 feet.   That ooze was the perfect medium to
trap and preserve the animals  tha( lived in the
Cretaccous  sea,  including  fish, sharks,
pterodac(yls,  mosasaurs,  and  plesiosaurs  (Figure 4).

The first large vertebrate fossil to come out of
the chalk was discovered in  1867 by the post
surgeon at Fort Wallace, near the Colorado border.
That set off a collecting spree in the  1870s that
attracted paleontologists from around the world.
Among their more notable finds was the discovery
of Hcspcrom!.i, a toothed-bird fossil that was
par(icularly important at the time because of the
debate about Darwinian evolution.   Today, the area
still attracts  large numbers of fossil colleerors,
including commercial companies  that  take fossils
from  the Niobrara for sale to museums, scientists,
and private collectors, both in the US  and abroad.
Casual collectors here are far more likely (o find
invertebrate refpains,  including clams,  crinoids.
oysters. and barnacles  O=igure 5).   Castle Rock and
Monument Rocks. in far westcm Cove County, are
probably the best known outliers of the Niobrara   -
and have long  served as collecting lcx=ations.

THE LEGALITIES  OF  FOSSIL  COLLECTING
IN WrESTERN KANSAS

Commercial  fossil  collecting--collecting  and
restoring fossils for resale to private buyers and
museums--became a contentious  issue  in  the  1980s.
A large market for fossils, particularly large
vertebrate fossils. began  to develop.   Landowners in

the chalk beds  became concerned  that fossil
hunters were trespassing on property to collee[
fossils, and that they were selling fossils without
making landowners aware of the fossils.  market
value.

In response, .the  1990 legislature passed a law
(Kansas Statutes  Annotated 21-3759)  that requires
commercial  fossil hunters to "obtain written
authorization of the landowner to go upon such land
for such purpose and when requesting such whtten
authorization  has identified oneself to the
landowner as a commercial fossil  hunter."
Commercial fossil hunters must also provide
landowners  with `.a description o.f the fossil"  they
intend  ro  collect and receive owner  authorization,
in  whting. to remove it.

This  legislation  applies  only  to  commercial
fossil collecting and  not ro casual collectors who
are searching for foss.i_lE._for their own use or for use
in a classroom, or to groups such as school
children, 4-Hers, or boy or girl scouts.    These
casual collectors,  of course.  must obey  existing
laws related to  trespass,  and thus  must secure
owner permission before entering private property
to search for fossils.     _

This permission is particularly important
because some landowners in the arcs have signed
lease agreements  with  fossil  collectors,  in essence
giving those collectors exclusive right (o take
fossils from their property.   These agreements are
somewhat akin to  leases for mineral rights, and
allow the landowner and the fossil hunter to share   .
in the proceeds from  the sale of any fossils.
Because  these  leases  may  give  the  leasor
exclusive right to collect on a piece of property,
landowners cannot allow other people,  including
casual  collectors,  to  collect on  their  land.

VERTEBRATE FOSSIL COLLECTING IN
KANSAS

The first vertebrate collected from  the wes[em
Kansas chalk beds  was discovered by Capt.
Theophilus H. Tuner. the post surgeon at Fort
Wallace  in  the  1860s  (Almy.  1987).   Turner
discovered  the remains  of a pleisiosaur,
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Figure  1.   StratigTaphic classification of Upper Cretaccous racks in  Kansas  (from Zeller,  1968).
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Figure  2.   Paleogeographic map of-the United States during deposition of the Greenhorn Limestone (from
Hattin,  1978).

Figure  3.   Block diagram showing a portion of the Western Interior Sca during deposition of the Greenhorn
Limestone  (from  Hattin,  1978).
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Figure  4.   Plesiosaurs (A and 8) and mosasaurs  (C, D. and E) from  the Kansas Cretaccous.   A)  the shor[-
necked Dolichorhyrochops. 8) the \oT\g-necked Slyxosaurus. C) Tylosiiurus, D) Clidastes, and E) I.latecarpus.
(from  Buchanan,  1984).
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Figure  S_.   Representative species of macroinvertebrate fossils  from  the Niobran Chalk (I-11) and Pierre Shale
(12.13).   Bar Scales equal  1  cm.   I) C/I.oscapAi./cs  cholca#c#si.s Cobban;  2) /noccrc}m4if  /Crc»moccramusJ
inconstara Woods.` 3) Inoceramus (C?) hoeneni Mul\e[., 4) Inoceramus (Endocoslea) bal[icus Bohm.,
5) Psendoperna congesla (Co[\rad)., 6) Strarnen[um haworthi qul.ENisroT\).,1) [noceramus  browni Cia,giv\..
8) Volviceramus grandis (Co"ald)., 9) Inoceramus doforn.is Meck..10) Pycnodonte  aucella Roeme;I..
11) Inoceramus  (Platyceramus) plalinus hogal\., and 12-13) Baculiles  asperifermis Meek (E[om Hz\win. \978).
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Elasmosaurus platyurus, in WalLe\ce County when
he was on a hunting tip.   Tuner excavated the
fossils and shipped them east. by train, to Edward
Drinker Cope, curator at the Academy of Natural
Sciences  in Philadelphia.   The pleisiosaur  was
displayed in Philadelphia and was known as"Thof's dragon."  Tuner died of gastritis at Fort
Wallace in July  1869.

Other Kansas collee[ors soon  found additional
vertebrate  fossns  in the Cretaceous, often working
as  hired collectors for scientists at eastern
universities Qalazewski,  1984).   George M.
Stemberg. post surgeon at Fort IIaricer, worked with
Othniel C. -Marsh, a paleontologist at the Pcabody
Museum at Yale.   Stemberg was the first of the
famous  fossil collecting falnily that the  Stemberg
Museum  is named for Qogers,1991).   Benjamin
Mudge, the  first state geologist of Kansas and later
a professor of geology at Kansas Sta(e University,
sent apecimens (o both Cope and Marsh.   One of
those finds, sent to Marsh in  1872, turned oiit lo be
the first dacumented find of a bird with teeth.

Both Cope and Marsh  made collecting
expeditions  to Kansas.  But their collecting episodes
[umed into a scientific rivalry, and they resorted to
such behavior as covering up specimens  [o prevent
their discovery by the other party and guarding
locations  to keep  the  other away  (Skelton,  1984).
There were even accusations that one  side
destroyed fossils to keep them  from falhing into the
hands of the other side.

Collectors continued to work in Kansas in
the late  l800s.   One of the collectors for Marsh was
S.W. Williston. who eventually became one of the
early members of the Kansas Geological Survey
and later moved to  the University of Chicago,
where he became famous  both as  a paleontologist
and an entomologist (Shor,  1971).   Other, more
recent paleontologists who worked in  Kansas
include C.H. Stemberg, H.T. Marth, George F.
Stemberg, Marion C. Bonner, and his son, Orville
Bonner (who continues as a vertebrate
p-aleontologist- at the University of Kansas).

Because fossils from here are so well-preserved.
the chalk beds of western Kansas are among the
world's most famous lcx:ations for collecting large
vertebrate fossils.   Specimens from Kansas are
exhibited in museums around the world. including

the Smithsonian Institution in Washington, D.C.,
the American Museum of Natural History in New
York, and the Denver Natural mstory Museum.
World-class collections are also on display  in
Kansas  museums (see  the enclosed brochure about
fossil collecting in Kansas for more information).
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ROAD LOG
See  Figure 7,  Field  Trip  Route  Map

0.0   From the parking lot at Tomanek  Ha]].
proceed northeast a short distance on South
Campus Drive and malce a small jog to  the east

0.15   Park Streel   Turn left (northeast).
0.38th Street.   Jog one blcx:k to  the right

(southeast)  then  turn left (northeast)  on Elm  Street.
0.5  Cross Union Pacific railroad tracks.   The

elevation here is 2,OcO feet.   About one-half mile
down the tracks  to the west is the railroad trestle
over Big Creek.   In the early days of IIays` this was
known as "IIangman's  Bridge,"  the site of several
executions,  frontier-style.

0.6    12th StreeL   At this  five-cornered
intersection proceed due north. on Hall Street.   This
is about a 30-degree course correction to the left.

0.9  Thomas Moore prep School is  to the west.
Just southwes( of this school is the site of the failed
town of Rome, which lost out to Hays as a railroad
stop despite being promoted by Buffalo Bill Cody.
Unlike  the city  in  Italy,  this  Rome was built  in  a
day.

I.2   27th Street   Turn left (west).
2.0   The road bends around a meander in Big

Creek, just to the south.   This stream and its
alluvial aquifer are an  important water resource for
Hays.  But despite  its  name,  Big Creek  dces  not
Carry  major amounts of water, at least-in
comparison to the Arkansas River or even  the
Smoky Hill River,  13  miles  to the  south.   In
addition.  Hays  sits  in  a  valley  carved  into  the
Carlile  Shale.  with  the  Fort  Hays  Limestone
Member of the Niobrara Chalk capping  the
surounding hills.   These Cretaceous locks are not
aquifers. or-water-yielding fomations.   In  fact.  they
are what geohydrologists call aquitards or
aquicludes.   Aquitards allow  only very slight
movement of groundwater while aquicludes do  not
allow movement of groundwater at all.

This geologic  setting results  in limited water
resources for the city of Hays, the largest city in
northwest Kansas.   The city has taken a variety of
measures  to nee( its  needs,  including conservation.
restricting private wells in town, drilling wells in
the Smoky Hill alluvial aquifer south of town and
piping the water north, and drnling deeper wells
into the Dakota aquifer. which underlies  the city.
The wa(er from  the Dakota in this arca is of
marginal quality because of high salt coritent and
must be blended with  fresh  water before it can be
used.

2.2  Junction  with U.S.183  Bypass.   T`rm right
(north).

4.0   Junction  with Interstate  70.   Turn west
onto I-70.

The following portion of this road log is
keyed  to  milepost  markers along I-70.   The
description is from Roadside Ka"sa§.. A
Traveler's Guide  to Its Geology and lnndli'Iarks,
reproduced  here  by  permission  of the
University Press or Kansas.

157.0  Hays. named for the folt that was     _
established  here,  is  today a regional  trade center
for much of western Kansas. It is the home of Fort
Hays State University;  many of the school's
buildings are constructed out of native limes[ones,
particularly  the Fort Hays  limestone seen  at
milepost  149.5.   Fort Hays  was established here in
1865, one of a sinng of forts designed to protect the
trail ro Denver across western Kansas.

The fort was originally known as Fort Fletcher
and  was lacated about five miles south of the town
of Walker (which  is  about  11  miles  east of Flays),
where the North Fork of Big Creek flows inro Big
Creek.   In June,  1867. a flood roared through many
of the buildings.   Euzabeth Custer, whose husband
George Amstrong Custer was stationed a[ Fort
Hays with the Seventh Cavalry. described the flood
in her book rcn/I.ng o#  rAc P/al.ur:   "Between the
bluffs that rose gradually  from  the scream, and the
place where we  were on  its banks,  a wide newly
made river sprcad over land  that had been perfectly
dry, and as far as any one knew, had never been
inundated before.   The water had overflowed the
banks of the stream  between our ground and the
hills.   We  were  left on  that narrow  neck of land,
and the water on either side of us, seen  in the
nghming's  glare, appeared  like two boundless seas.
The creek had broken over its banks- and divided us
from the post below, while the garrison found
themselves on an  island also. as  the wa(er (ook a
new course down  there, and cut them off from the
bluffs."   Later that summer, Elizabeth Custer
returned to Fort Riley and George Custer headed
north and west in search of Indians.   During this
campaign  Custer became concerned about reports
of cholera in  Kansas and. without permission. left
his troops to see his wife at Fort Rfley.   He was
subsequently court marshaled and suspended from
duty for a year.

After-the  1867  flood,  the government relcx}ated
the fort upstream, on the southwest edge of today.s
city of Hays.   The fort was abandoned in  1889.

156.0   Wells  here are  in  the Gatsche[ Southeast
field.

155.3  Gatsche[ oil  field. The Toronto Limestone
Member of the Oread Limestone is one of the
producing horizons for this field. The Toronto crops
out along I-70 around Lawrence.

154.0  The wells  here are  in  the  I-70 oil field,
producing  from the Topeka Limestone and rocks in
the Lansing  and  Kansas City groups.
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153.0  Yocemento Road. The U.S. Portland
Cement Company, owned by I.  M. Yost. once
operated here. and  the  town's name may  have
come from the combination of Yost and cement.
The gcological expertise  for the plant was provided
by Erasmus Haworth, a director of the Kansas
Geological Survey around the turn of the century.

150.0  South of the highway are  wells  in  the
Pfeifer North oil field, discovered in  1982. Nearby
is the Pfeifer Northwest oil field, discovered in
1983.  During  the late  1970s and the early  1980s,
rising oil prices led to a drilling boom  in Kansas,
which  resulted in  new  oil  fields  such as  these.

A mile south of the highway is a railroad siding
named Hogback. which probably got its name  from
a shalp bluff fomed by an outcrop of the Fort Hays
limestone along the Big Creek valley.  In gcological
tens, a hogback is a sharp ridge formed by a
resistant rack unit that dips steeply. A less sharp
ridge formed by rocks that dip more gently is called
a cuesta.  Although the Fort Hays  limestone dips
very  gently here. the ridge  was  still called a
hogback. Mount Oread. the hill that is the site of
the University of Kansas  in Lawrence, was
originally called  Hogback Ridge.

149.5  Fort Hays  limestone.
149.2  Fort Hays  limestone. This  massive

limestone  bed  often contains  fossilized  clamshells.
It marks the base of the Niobrara Chalk.

148.4  Oil  wells  to the south of the highway  are
in  the Werth  Southeast oil  field.

147.7  Wells north of the highway are in  the
Werth  field. Because of its  location astride the
Central  Kansas  Uplift. Ellis  County  has  long been
the top oil-producing county in Kansas.

145.6   K-247 exits south to Ellis, the boyhood
home of Walter-Chrysler, of automobile fame.
Although Chrysler grew up in Ellis, he was born in
Wamego,  in  northeast Kansas.

143.7  Ellis/I`rego county  line. Ellis County was
named for George Ellis. a Civil War lieutenant who
was killed in  the Battle of Jenkins' Ferry  in
Arkansas. Lieutenant Ellis happened to be in  the
Eldridge House in lawrence when it was burned by
Quantrill's raiders in  1863. To the north of Ellis
County is Rooks County. named for a Civil War
private. John C. Rooks. Forty-seven Kansas
counties are named for soldiers. but only Rooks
County is named for a private.

143.0-145.0   Numerous wells  in  the Ellis oil
field are visible along t>oth sides of the highway  in
this area. These wells produce oil from four
different horizons. or layers, of Palcozoic racks. `

141.0  About 3.5  miles south of I-70 is a hill
called  Round  Mound (elevation 2,323  feet).  Oil
wells  in  the Ridgeway South  oil  field are also
visible from here. These wells produce from

formations deposited in the Cambrian and
ordovician periods of geologic history.

140.5  Riga Road. This towri was settled by
Volga-Germans who moved westward from Euis
County ro Trego County. Now just a railroad siding,
Riga is a mile south of I-70.

139£   Spring Creek.   According to the U.S.
Geological  Sur`rey, Spring Creek is  the most
popular name for rivers and creeks in Kansas.

139.5  The weu south of the highway is in the
Spring  Creek oil  field. Wells  in this  field are up to
3.800  feet deep.

138.0  This is the approximate boundary
between Tertiary rocks.  to  the west and older
Cretaceous rcx:ks  to  the east.  Chalks and chalky
shales  are common  to  the east,  while  the Ogallala
Formation is more common to the west. The
Cretaceous Period was named from  the latin word
crc/a.  which  means chalk.  Limestones and chalks
were common deposits in  the seas of this age;  they
are found over large parts of the world, including
the island of Crete in  the  Mediterranean.  The
famous white cliffs of Dover, England. are thick
Cretaceous  chalk deposits, similar  to  the Niobrara
Chalk  that is  widespread in  western Kansas. The
Niobrara Chalk contains  famous fossil beds that
have  yielded  skeletons  of fish.  marine reptiles,  and
even flying reptiles from the age of dinosaurs.

136.0  Just south  of Ogauah  is the Ogallah oil
field.   Since oil  was discovered here in  1951,  this
field has  produced more than  14  million barrels
from  wells  that penetrate  the same Pennsylvanian
racks that are visible on  the surface in eastern
Kansas. From  here east to the area around Russell,
I-70 passes through  numerous oil fields  that are
located on  the Central  Kansas Uplift, a broad.
northwest-southeast trending upwarp of the earth's
crust, This uplift occurred in the early
Pennsylvanian Period and has  several smaller folds
and  faults superimposed upon it, which have
localized  many of the  oil  accumulaLions.  Oil  was
first discovered in the Central Kansas Uplift in
1923. northwest of Russell.   Since then, the area
has been the site of continued oil exploration.
Today it is the most densely drilled geologic
feature  in the United States.

135.4  K-i47 exit. To the nonh this highway
.gees to Ogallah. Ogallah was once the home of the
Kansas State Forestry Station, started in  1887.   In
1897 it produced 2.000,coo trees for homestcaders
and timber claims.   It closed in  1913.   To the south,
Highway  147 goes about  13  miles to Cedar Bluff
Reservoir. a lake built in  1951  on  the Smoky  Hill
River by the Bureau of Reclamation. Chalk bluffs
and outcrops are visible along many of the banks of
Cedar Bluff.

134.6  The wells here are part of the Ogallah
Northwest oil  field, discovered in  1957.
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132.5  Oil  well  in  the FCS  field.
131.8-133.0   Rest area.
127.2  U.S.  283  interchange. North of the

highway is  the town of WaKeeney.  a place-nalne
that was created from combining  two  names:  Albert
Warren and James  Keeney,  owners of a Chicago
business  firm that bought land here in  the  1870s.
According  to  the United  States Postal  Service,
WaKeeney is still the only to`m  in  the country by
that name. This is also about the halfway point
between Kansas City and  Denver.

121.7  The elevation  here  is 2,500  feet.
120.1  Voda Road exiL The town of Voda is 2

miles  to the north of the highway.
118.5  To the north are wells  in the Hladek oil

field. These wells produce oil from  the Lansing and
Kansas City groups of formations at a depth of
about 4,000  feet. These racks, deposited in the
Pennsylvanian  Period  when  a  shallow  sea  left
limestones  and shales  across  the state,  crop out at
the eastern end of I-70 in Kansas.

115.1  K-198 leads a short distance north  to
Collyer. The county road that ruris south from here
winds  near Castle Rcx:k.  Visitors  ro  Castle Rock
should keep in  mind  that they are on private
Property.

About a mile nonh of Collyer is Coyote Creek.
Coyotes, the largest member of the dog  family sull
found in Kansas, live throughout the state and are
often  seen  in  fields  and  along creeks.  Coyotes_are
generally  solitary,  nocturnal  animals  whose  howls
and  yips  can  be  heard  at night.  Resembling
underfed German  shepherds, coyotes  live on a
variety  of plants  and  animals,  eating  everything
from mice to birds and berries.  In his book
Jiowgh].ng /f, Mark Twain described a prairie
encounter with a coyote:  "The coyote  is a long,
sum, sick and sorry-looking skeleton,  with a gray
wolf-skin stretched over it, a tolerably bushy tail
that forever sags down with a despairing expression
of forsakenness and misery, a furtive and evil eye,
and a long. sharp face, with  slightly  ufted lip and
exposed  teeth.  He has a general  slinking expression
all over. The coyote is a living. breathing allegory
of Want. He is a/ways hungry .... When he sees you
he lifts his  lip and lets a flash of his (eeth ou(, and
then turns a little ou( of tJie course he was pursuing,
de'presses his hcad a bit, and strikes a long, soft-
footed trot through the sage-brush, glancing over his
shoulder at you, from  time to  time, till he is about
out of easy pistol range, and then  he stops and
takes a deliberate survey of you: he will trot fifty
yards and stop again-another fifty and  stop again;
and finally the gray of his gliding body blends with
the gray of the sage-brush, and he disappears."

113.1  GoveITrego county  line. These counties
are  named  for two captains  in  the  Civil  War.
Grenville Cove and Edgar P.  Trego.

107.5  K-212 leads north to Quinter. This is also
the exit for Castle Rack Road.  a county road that
runs about  14 miles south [o Castle Rock. Castle
Rock overlooks the valley of Hackberry Creek;
near Castle Rock is a heavily eroded ou(crop of the
Niobrara Formation,  the salne formation  that makes
up both Castle Rack and Monument Racks  in
western Gove County. The old Butterfield stage
line ran past Castle Rack. The ruts are sell  visible
in the grass just north of the fomation.

99.8   K-211 leads north one mile to Park. This
town was originally named Buffalo, then  Buffalo
Park, and finally simply Park.  During the late
1800s,  fossil collectors  often  used  this  town as a
supply base as  they  moved into  the  Cretaceous
chalk to look for fossils. A( the time, western
Kansas  was  a paleontologist's paradise,  offering
numerous  samples of previously  unknown  species.
Swimming  reptiles  called  mosasaurs;  flying  reptiles
called  pterosaurs;  shark's  teeth;  toothed birds;  and
other fantastic  fossils that came out of the
Cretaceous-all  lured paleontologists  to  western
Kansas.

The scientists weren't always  a[ home on  the
western Kansas range. Prof. 0. C. Marsh of Yale
University  came to  Kansas  in  1870 and began  to
dig  for fossils  in Wallace County  the day before
Thanksgiving.  That night the coyotes scared away
the party's  mules.  which  returned to  nearby  Fort
Wallace.  When  the  mounts  straggled  into  the  fort,
the commander surmised  that  "the  Indians  have
jumped the professor.  We must save the party if
possible.'!  He sent soldiers  to  Marsh's  dig;  they
found  the scientists  safe,  although  "somewhat short
of mules."

With  the episode  settled,  Marsh  invited the
soldiers to supper and provided the following
description of that Thanksgiving night on  the plains.
"Our bill of fare for the game courses included

buffalo tongue,  steak, and roast rib:  antelope meat
in various forms, and stewed jack rabbit  with pork
and beans,  canned  fruit,  and  vegetables as  side
dishes. Our beverages were limited but good army
coffee and the wine of Kentucky were in
abundance.  As the feast progressed. the fun became
fas( and furious. I was reques(ed to make a speech,
thanking the lieutenant and his comrades for our
rescue, and he replied in feeling terms.  Yale songs
were sung by our party and western stories were
told by the any officers, The November wind
howled through our camp and the coyotes. sniffing
the fcast, serenaded us from the orchestra bluff
above. but we heeded them not for we were safe
and happy, and tha( Thanksgiving dinner on the
plains of Kansas will,  I am sLITe,  not be forgo(ten by
any  one present."  Marsh's visit may  mark the  first
time  that the  strains of a  nineteenth-century  version
of "Boola  Boola"  were  heard  in  western Kansas.
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The competition among paleontologists (o  find
and record new  fossils became so intense that it
was later known as the Fossil War.  Collectors
resorted to bribery and to covering up new finds to
keep their rivals  from discovering them.  And they
lived in fear of attack by Indians. Geologist F.  V.
Hayden,  who explored Kansas during the  1850s and
1860s, was given the Indian riame of "The-man-
who-picks-up-racks-running." According to one
report, Hayden was once stopped by  the Indians,
but "finding him amed only with a hammer and
carrying a bag of rocks and fossils,  they concluded
he  was  insane and  let him  alone."

Yale's Marsh wrote that he was worried about
Indians during his rip to Kansas in  1870.  "We k?pt
a sentinel posted on the high part of the bluffs, so
that our enemies.  the Cheyennes.  could  not steal
upon  us  unawares."  But other geologists  took issue
with Marsh's concern about Indians.  Samuel
Wendell  Williston,  a  noted  paleontologist  and
early member of the Kansas Geological  Survey,
later wrote that "his (Marsh's) reference  to the
personal dangers encountered from hostile Indians
is amusing in the extreme to all those who know
the facts. I think that I can say without fear of
dispute .  . . Prof. Marsh never ran any greater
danger from Indians than  when he entertained Red
Cloud at his  home in New Haven."

96.6-97.0   Rest area.
94.0   K-23  interchange. Just to the north is the

town of Gralnfield. Here it is easy to see why  tJiis
arca is called  the High plains. The ground  is  flaL
and  seemingly  featureless,  although  the  Saline
River cuts  through  the earth just a few miles [o the
north.   Exit here.and take K-23 south.

Reset your  trip  odometers,  because  the
fo][owing portion of the guidebook  begins with

mileages at 0.0.   We  apologize for any
inconvenience  this  may  cause.

0.0   Junction with I-70 and K-23.   The elevation
here is 2,820 feet, the highest point on the trip.   Go
sLouth on K-23.

0.2   Wheatland High School, home of the
Wheatland  Shockers.

I.4   North Fork Big Creek.
3£   Big Creek.   This creek. which flows through

Hays and joins the Smoky Hill southwest of
Russell,  has  its  sources  17  miles  to  the west, jus(
east of Oakley.   Its drainage basin is nowhere more
than  10 miles  wide.

6.6   Edst Spring Creek.
8.7   Niobrara Chalk is exposed in the shallow

roadcuts along the highway.
10.0   North edge of Cove,  officially called

Cove City.  the county  seat of Cove County.   Gove
is  named for Grenville L. Cove,  who enlisted in the
Union Any as a private but athined the rank of
Captain  in  the  I lth  Kansas Cavalry.   He died from
brain fever in Olathe in  1864.   The town of Gove
was  lard out by settlers from Davenport. Iowa.
With a population of  109, Cove is the smallest
county seat in  Kansas.   Although Cove is centrally
lcK)ated  in Cove County,  it's  the smallest town in
the county,  having been bypassed by first the
railroad, then U.S.  Highway 40,  then I-70, all of
which pass  through  the only other towns in the
county:  Quinter,  Park.  Grain field, and Grinnell.

From  Cove we  will  travel to our  first collecting
site,  then  return  to  the county  ofrlce  building
and  former  school  house on  the southeast edge
of town  for  Lunch.   After lunch  we  will  proceed
to another site, then  to Castle  Rock.   This guide
once again  begins at 0.0  at Castle  Rock.

11



TABLE  I.   OUTCROP DESCRIPTION AT COLLECTING SITES:   Smoky Hill Chalk Member,
Niobrara  Chalk, Cove County,  Kansas.
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0.0   Castle  Rock.   The elevation  a[ this scenic
overlook is 2,577  feet. about  loo feet higher than
the top of Castle Rack. which  stands about 50 feet
above the surrounding prairie.  The bluff at the
scenic overlook  is capped by the Ogallala
Fomation. which is composed  mostly of sand and
gravels  that eroded off the face of the Rocky
Mountains and were washed out onto the Kansas
plains about five  to  10  million years ago.   Here the
Ogallala is  in contact with  the Smoky  Hill Chalk
Member of the Niobrara Chalk.   The road continues
south and east, to  the trottom of the bluff,  then east
past the base of the bluff [o Castle Rock.   This east
face is a maze of narrow canyons,  hoodoos, and
other erosional  fcatures,  including  a  small  cave
near Cobra Rock.   Features such as Cobra Rack
look  fragile,  but they  have not changed
dramatically  over the past  loo  years  (see  the
attached article about rephotography of these
features).

Castle Rack was an  important landmark on  the
Butter field Overland  Despatch stage route,  marking
the approximate halfway point between  the
Missouri River and Denver.   Traces of the old stage
route are sull  visible a short distance north of
Castle  Rack,  and  there was  a Castle  Rack  station
about two miles northeast of the rack itself.   From .
Castle Rack.  return south  to  the east-west section
road,  and head east (reset your  trip  odometers  to
0.0).

2.7   T-intersection.   Those who wish to return
directly  to  Hays should  lum left (north)  and go  12.5
miles  to  I-70,  then  head cast.   Those  wishing  to
visit Ceder Bluff should turn right (south) and
follow the road log.

3.2   A short distance to  the east is Wildcat
Canyon, a maze of badlands in the Niobrara Chalk.
From here, go south 6.5  miles.

5.9   Smoky mll River and exposures of Fort
Hays limestone.   The elevation here is 2.240 feel

9.7   Turn east on County Road 478.
10.8   Wild Horse Creek and exposures of

Smoky lhill chalk.
12.7   Tun right (south).
13.7   Turn left (east).
14.2   Abandoned farm house built of Fort Hays

limestone.
18.9   Sand Creek and exposures of Fort Hays

limestone.
20.0   East Branch Sand Creek.
22.5   Stop sign.   Junction with U.S. Highway

283, which runs south (o Ness City
and Dodge City. and north to Trego Center.
WaKenney, Hill City, and Norton.   Turn left
(north).

24.5   Turn right (east) on County Road 474 for
4.2 mnes

24.7   Fort IIays  limestone in creek banks.
26.9   Fort  Hays  limestone in creek banks.
28.7   Turn  (left) north on dirt road  leading to

P`iblic Wildlife area.   Look for the small  sign
showing the way  ro Cedar Bluff.

29£   Turn right (cast), go up steep hiu.   Make
sure your  vehicle  has sufficient clearance  to handle
this steep, rocky road.

303  Ton left (north).
30.7  Cedar  Bluff.   This sheer cliff has been

carved from the Fort flays Limestone Member of
the Niobrara Chalk and is  the source of the name
for the lake below.   Cedar Bluff Reservoir was built
in  1951  to provide water for irrigation downstream
in the Smoky ELll River valley, for flood control,
and to provide water for a fish hatchery below the
dam.   Shortly after the  dam  was completed, heavy
spring rains  in  1951  and  1957 filled the reservoir.
In  the  mid  1960s,  lessened stl-eamflow--caused by
pumping  in  alluvial  wells  and  the  increased  use  of
conservation practices such  as  terracing and fami
ponds--caused  the lake  to drop  and relcaLses  (o
entities with-water rights, such as  irigators,
stopped in  1979.

The  lowering of the  lake  level  had
consequences beyond  the reservoir.   When
discharges  from Cedar Bluff ended, considerably
less water was available  in the  Smoky  mll River
downstream  from the lake.   That. along with other
factors,  had an  impact on  wells  pumping out of the
alluvial  aquifer along  the  river,  including  wells
belonging to  the city of Hays.   Eventually  Hays was
forced  to take aggressive  water-conservation
measures and began  to develop other water
sources,  including purchasing a ranch  in Edwards
County,  with  the plan  to build a pipeline and bring
water some 85  miles  from  the ranch  to Flays.

Heavy  rains  in  the summer of  1993, and several
years of above-average precipitation,  have served
to bring  the lake  level  back up,  drowning out the
cottonwoods  and other  vegetation  that established
themselves during  low-water times.   The tops of
that vegetation are now apparent in  the water
below this bluff.   Backtrack from Cedar Bluff to
the east-west section road and then turn east.
Again, the roadlog starts at 0.0, so reset your
odometers.

0.0   Entrance ro Cedar Bluff.   Head east on  -
gravel section road.

1.0   Cedar Gorge. with exposiires of the Fort
Hays  limestone.

3.0   Carlile  Shale.  the  formation  immediately
below the Niobrara, is exposed in a roadcut west of•the road.   The Carlile consists of a chalky shale,

bentonites, chalk, and fine-grained sandstones.   Its
maximum  thickness is about 300 feet.   This
uppermost portion of the Carlile is the Blue Hill
shale  member.

3.4   Page Creek.
4.5   Curve east and climb out of Goat Canyon

through an exposure of the Fort IIays limestone.
6.1    Stop sign a(   Kansas Highway  147.   TLim

left (north)  across  Cedar Bluff dam.   Ogallala
Formation  is  exposed  at  this  intersection,  elevation
2.409  feet.
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7.2  Road curves around exposures of the
Ogallala Formation.

10.0   Outlet for Cedar Bluff Reservoir.   Fort
Hays limes(one is  exposed at the south abutment of
the dam.   Carlile Shale is exposed in  the outlet
below  the dam  to the east.   The elevation  here is
2.200 fee,.

10.6   To the east are the remnants of the Cedar
Bluff National Fish  Hatchery and irrigation canals
that once carried water from Cedar Bluff Reservoir
eastward to fields in the Smoky Hill River valley.
Unlike reservoirs in eastern Kansas that were built
by the Corps of Engineers, Cedar Bluff was built by
the  Bureau  of Reclamation,  which  operales
numerous irrigation projects throughout the west.

11.8   This  historical  marker is  located on  the
approximate path of the Butterfield Overland
Despatch  Stage roiite that followed the Smoky Hill
Trail.   This trail was used from  1859  to  1867 when
the railroad came  to this part of Kansas.   Three
miles  [o  the  west is Threshing  Machine  Canyon,
named for machinery being carried west to

Brigham  Young and fellow Mormons in Utah.   The
freighters  were attacked by  Indians and killed and
the three threshing machines were burned.

16.2   K-147 curves to the west   Turn right
(cast) on  the gravel road.

27.3   Turn left (north) on the black-top road.
31.8   The town of Ellis.   Turn left on old U.S. 40

and go one block. then  lum right on Main Street.
Ellis is an important railroad town, being the
division point on the line from  Kansas City (o
Denver,  the place  where crews change.   The high
school's  nickname  is  the  "Railroaders."

32.6   Kansas Highway 247,  the shortest highway
in  the state.  leads 417  feet to I-70.   Take I-70 eas[
lo Hays and the Sternberg  Museum.   To reach
the Stemberg.  take exit  159  (U.S.  mghway  183)
south  into Hays.   Travel 0.8 miles Lo 27th Stree(,
then  Lum  left (east)  for one  mile,  then  (urn left
(north)  a short distance to  the  museum.
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Portraits of Change
by James R. Mccauley, John R. Charlton, and Rex C. Buchanan

Myfirstknowledgeof
the Rock [Castle Rock] dates from October 1874, and
since that time I-have seen but little evidence of
erosion. In various places throughout the chalk beds
of the Smoky Hill river I have observed marks
scratched-by myself eighteen years previously that
appeared as clear almost as when they were made.
The erosion in general is not nearly so rapid as one
would think.

-S. W. Williston, 18971





Femwargkeso|l:gk:i::i;re
as distinctive and well known
as the chalk monoliths of the
western part of the state.
Monument Rocks and Castle
Rock, in particular, served as
landmarks for early travelers
and pioneers, and are still
popular tourist sites in the
Smoky Hill River valley.
Although these features may
have the semblance of perma-
nence, they change, some-
times dramatically, over time.
Erosion, mostly from precipi-
tation but sometimes also
from the wind, constantly
chips away at the shales, lime-
stones, and chalks that form
these monuments. The vegeta-
tion changes, in terms of both
the species and the profusion
of plants. Cultural changes,

Change is constant
and certain. Most

change occurs
slowly, over the
course of several

decades or centuries,
and not at a rate that

is familiar to most
humans.

those induced by people, are also apparent.
Change is constant and certain, but discerning

change in a landscape is not easy. Most change
occurs slowly, over the course of several decades
or centuries, and not at a rate that is familiar to
most humans. Yet the documentation of that
change reveals a great deal about not only the
impact of natural forces on the environment, but
also the impact of human activities, even on
seemingly impregnable landscape features such
as rock outcrops.

In recent years, geologists have increasingly
employed photography to measure changes in
geologic landscapes. Using an original photograph

A geologist al the Kansas Geological Survey, James R. Mccauley
received his master`s and Ph.D. degrees from the University of Kansas. |chn R.
Char\ton is staff photographer for the Kar.sos Geological Survey, and holds a
masler's degree from the University of Kansas. Rex C. Buchonan received
master's degrees in history and in journalism from the University of Wisconsin-

qudison, and is the assislanl direclor of publica[tons al the Kansas Geological
Survey. The three authors previously collaborated on Roadside Ka\I\sas.. A
Traveler's Guide to Its Gcology and landmarks, pro/I.sfred I.n 1987 dy tfrc
uniursity Press of Kansas. They currently are working on a repho[ographic
project involving Alexander Gardner's 1867 photographs of Kansas.

The authors would like to express appreciation to Dr.  Robert
Lichtwardt, Dr. Larry Martin, the staff at the University of Kans<is
Archives, and owners of the land where the chalk moniiments cire
loc`1ted.
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of a field location, geologists
return to the exact location

*:::i::::gifea-|sf::tt:he
Photo at the same angle. The

i::T,'tji:nn:.wmppha%g;aiEf
the older photo, reveals
changes-r in some cases
the lack of c.hange-in the
landscape. This technique
(variously called duplicate
photography, repeat photog-
raphy, or comparative pho-
tography) has been applied
to document changes in
such places as the Grand
Canyon and other locations
in the Southwest.:

The use of photography to
record geologic change is lim-
ited to the past 150 years after
this technology was invented.
This is a small portion of the
geologic record, but an event-

ful period of human history, corresponding to
European movement into the American West. The
original government surveys of the western territo-
ries, such as those by Clarence King and George M.
Wheeler in the 1860s and 1870s, provide some of the
most familiar images of the West now in the nation-
al park system. The Rephotographic Survey Project
of the late 1970s revealed little natural change in
these areas.3 Repeat images from outside the parks,
however, often show dramatic change, much of it
from human activity. Sometimes this change is con-
troversial, such as changes in river flow, vegetation,
and erosion along the Colorado River in the Grand
Canyon, nearly all related, one way or another, to
human activities.1

2. Carry F. Rogers, Harold E. Malde, and Raymond M. Turner,
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Lake City: University of Utah Press,1984); Harold E. Malde,
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Pro/iecf (Albuquerque: University of New Mexico Press,1984).

4. Hal G. Stephens and Eugene M. SI`oem.iker, /n the Foo/sfcps a/
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Repeat photography has
also been used, in a less tech-
nical way, to document pure-
ly societal and cultural
change. Portraits taken dur-
ing the Depression by Works
Progress Administration pho-
tographers Walker Evans and
Dorthea Lange have provided
a basis for repeated portraits
years or even generations
later.3 These portraits display
direct social, economic, and
cultural changes made on
individual lives. These repeat-
ed photographs are also con-
troversial, but in a much dif-
ferent way from geologic and
environmental photographs.

In Kansas, extensive use of
landscape photography in
geologic publications dates
only to the 1890s when geolo-
gists from the Kansas
Geological Survey began regu-

Castle Rock, Mon-
ument Rocks, and
other outcrops that

are part of the Smoky
Hill Chalk Member of
the Niobrara Chalk,

provided obvious
and scenic subjects

f or photography.

larly using photographic plates to accompany their
reports. Some of the early heavily photographed
locations in Kansas were in the chalk beds in the
west-central part of the state. There, Castle Rock,
Monument Rocks, and other chalk outcrops pro-
vided obvious and scenic subjects for photogra-
phy. These monuments are part of a rock layer that
geologists have labeled the Smoky Hill Chalk
Member of the Niobrara Chalk, one of the most
paleontologically important rock formations in
Kansas and in much of North America in the latter
part of the nineteenth century. Beginning in 1868,
the Smoky Hill produced a variety of large verte-
brate fossils that brought paleontologists from
around the world to western Kansas.6 There they
found skeletal remains of sharks, turtles, ptero-
dactyls, swimming reptiles, bony fish, and a vari-
ety of other animals.

Those fossils had been deposited at the bottom
of the Cretaceous sea, a large inland waterway that
covered much of North America about eighty nil-

5. Bill Ganzel, Diist  Boru`  Dcsccnt (Lincoln: University of
Nebraska Press, 1984).

6. Kenneth J. Almy, ed., "Thof's Dragon and the Letters of Capt.
Theophilus H. Tuner, M.D., U.S. Army,"  K4rls"s Hi.sfory 10 (Autumn
1987):  170-200; Lawrence H. Skelton, "Kansas Skirmishes in the
Cope/Mcirsh War,`'  Eflrf/]  Sci.ct]cL's  Hi'story 3 (1984):  117-22; Charles
Stemberg, "c Li./c o/n fossi./ H!it!tcr (Bloomington: Indiana University
Press,1990);  Katherine Rogers, A  Di/ios¢tir Dyn¢s/y.. TJlc SferNbcrg
foss/./ Hl//Itt'rs (Missoula, Mont.:  Mountain  Press,1991 ).

lion years ago. The bottom
of the Cretaceous sea was
dark, level, and covered
with a mucky ooze-per-
fect for holding and pre-
serving parts of the animals
that drifted to the ocean
floor.7 After that sea reced-
ed, erosion exposed the
remains of those animals,
and paleontologists
trooped to western Kansas
to find, name, and take
home a variety of fossils.

Among the best-known of those
paleontologists was Samuel
Wendell Williston, who
came to the University of
Kansas and ther Kansas
Geological Survey in 1890.
Williston was a native of
Massachusetts who had

studied at the Kansas State Agricultural Couege in
Manhattan with Benjamin Franklin Mudge, the
first state geologist of Kansas and later a teacher at
the Agricultural College. Williston left Manhattan
and went to Yale University, where he studied
paleontology with 0. C. Marsh (who worked with
large vertebrate fossils from the Kansas chalk beds
in the 1870s) and earned an M.D. When he came
back to Kansas, Wilhston undertook extensive field
work in the chalk beds and published his results
widely, including two major Geological Survey
bulletins that were devoted to paleontology and
remain standard references.8 Although he later
moved to the University of Chicago, Williston is
certainly among the most important scientists to
have worked in nineteenth-century Kansas.

The photographs that accompany Williston's
work provide convenient, approximately one-
hundred-year-old starting points for rephotogra-
phy of Kansas geology. These photos are highly
useful for comparative purposes for several rea-
sons. First, they are among the early geologic

7 . Donalld E. Ha`tin, S[ratigraphy and Depositional .Environment of
SmokyHillchalkMember,Niobr-gr;C-halk(¥ppeTcre_tap.aous)_o_i_the_I_\y_pe
Area,  Wesfcrn  Kfl/Isos), Kansas Geological Survey, Bulletin 225 (1982).

8. Samuel W. Williston,  uni.I)crslfy Gce/ogi.co/ Swruey o/ K4Hsas,
PalcoH/a/ogy,  Pqrt  I  4 (1898); Samuel W.  Williston,  uni.ucrslty Gco/og/cH/
Swrt/ey o/ K4nsos, Pn/contology, P¢rl 2 6 (1900); Elizabeth Noble Shor,
Fossil-s and  Flies: The  Li/e uf a  Complcat  Scientisl:  Samuel  Weridell  Willislon
(]851-19]8) (Norman:  University of Oklahoma  Press,1971).
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photographs of the state.
Second, many of Williston's
photos are of specific, easily
identifiable locations, such as
Monument Rocks and Castle
Rock. Third, identifying
change in the geology of the
High Plains of west-central
Kansas is much easier than in
locations in central or eastern
Kansas where increased vege-
tation has obscured many
locations that served as land-
scape sites one hundred years
ago. Erosion in chalk beds
monuments is relatively easy
to spot without increased veg-
etation growth or extensive
erosion of vantage points
where the early photographs
were taken.

W:ebs:8oafndtuh;iLPcra::ng

The purpose was to
match the location

where Williston took
his original pho-

tograph, and to
stand in his foot-

prints as nearly as
we could.

Williston's photographs by locating photographs
taken during Williston expeditions in the 1890s.
While a number of such photographs are extant at
the University of Kansas Archives and the Univer-
sity of Kansas Museum of Natural History, most are
close-ups of field locations with no identifiable
background features and thus would be very diffi-
cult to relocate. We eventually selected six pho-
tographs from three locations (Castle Rock, Mon-
ument Rocks, and Cedar Bluffs) that we could posi-
tively identify and could rephotograph. It is unclear
whether Williston himself took these photographs;
he generally worked with several field assistants
who may have taken some of the photos. Either
way, the. photographs appear in Williston publica-
tions and are closely associated with his work, and
for the remainder of this article we will refer to them
as Williston's photos.

In 1941, H. T. U. Smith of the University of
Kansas repeated two of Williston's photographs in
a paper that was published in the LJrH.ucrs!./y o/
KflHsas Sc!.cricc Bi!/Jcf!.r].9 In the case of Castle Rock
and one photo at Monument Rocks, Smith's pho-
tographs provide an approximate halfway point
between Williston's 1890s photographs and views

9.  H. T.  U. Smith,  "Erosional  Modificatioi` of L.indmarks in
Western K.insas  D`iring  Historic Time,"  L/wi'uc'rsi.ty a/ K¢ils"s  Sc.I.c/icc
Bl///t'/iii  30  (Mtiy  1944):  3-13.

of the chalk monuments
today.

During August 1991, we
visited the three locations. In
each spot, we used several
variables from Williston's
old photographs to locate
the vantage point. In partic-
ular, we searched for the
point at which the far hori-
zon intersected a rock for-
mation in the foreground.
By attempting to match that
location, we could usually
approximat_e the distance
between Williston and the
site he was photographing.
We also attempted to find
objects in the foreground,
such as boulders and other
rock debris, that were still in
place. Next, we moved by
trial and error to match up
the angular relationships of
other features in the scene

until parallax between the two photos was reduced
as nearly as possible to zero. The purpose was to
match, as exactly as-we could, the location where
Williston took his original photograph, and to
stand in his footprints as nearly as we could.

We do not know the type of camera that
Williston used to take his original photographs. We
used a view camera with normal and wide-angle

-   lenses. We shot Polaroids at each location, develop-
ing them on the spot to test how well they matched
up with the original. We then made adjustments to
the angle, the height of the camera, and its location,
eventually arriving at the precise location.

The result is a series of six duplicate photo-
graphs. Each duplicate set of photographs was com-
pared using a Bausch and Lomb Zoom Transfer
Scope, an optical device that allows the simultaneous
viewing of two different photos of the same or differ-
ent scales. By superimposing the new photo on the
old and flicking back and forth between them, the
extent of the obvious changes can be quantified and
subtle changes, those not apparent in normal view-
ing, can be detected. In general, the photographs
show considerable geologic change over the past one
hundred years. While erosion is an active ingredient
of nearly every photograph, other factors are also
visible. The following is a detailed discussion of each
of those photographs.
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Cobra Rock, Gone County,1890s.

COBRA ROCK. Inone of the many box

canyons in the chalk badlands

immediately south of Castle Rock is

a chalk monolith called Cobra Rock.

This slender chalk spire, a feature

that geologists refer to as a
"hoodoo," is one that appears in

imminent danger of collapse, with

an oversized ``head" being support-

edbyaslenderpeckbelo'E!?.However,CoxpariEqftofthe

two photographs shows that the Cobra has appdrchtly

perchedprecaftously,withrou.grtythesap.
support, since at least the 1890s.

``j.;,:/   ,

Agin,acomppri5¢nofthefrorizonlbe
the two photogivph:`.shows hbvi well the tw6.iriaich.

Thehorizonstr{keson\eofthe_fiar-ptllarson.therigha-

hand side just at the feet of the person standing on the

rock. The horizon crosses the.neck of the Cobra Rock at

the sane bedding plane in the chalky shale: Because of

the indistinct background in the older photo , vegetation-

aichpmgesaredifficulttodiscern.However,thedark

patt&msjustbelowthehorizononthenowphotoappear
to be riparian woodlands along Hackberry Creek that are

:'notdeiedabteontheoldphoto.

The geologic change in this photograph lies largely

in the foreground. The large boulder in the left-center

foreground of the older photograph has been reduced
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Cobra Rock,1991.

somewhat in the new picture with  `

softer strata having been weathered

a:any, leaving more resistant rock

standing out in rdief . The si'nall

gully between the photograph and
the boulder, which leads to the base of

the Cobra, has oticeably deepened

over the years as well. More hotice-

ably, the outcrop on the right hand

foreground of the photo is no longer

presentinthenewerphotograph.t'
Overlaying the photographs shows t

'      --='         =   --'--.   ^,.`     -

bluff on the left has been reduled`§omewi

top, but Cobra Rjock is largely

older photograph. The base of Cobra Rock
1    .-.--   `.    ,I.i     =_S

`    +i         I                     -..,  Ur`        `   `'.

been;educeisomowhat.ridwinrf::ince{£-:5risr`ro;;:i,:-,:

broaderpedestal,itisprotectedfromundercutting

`-~,.-.v€

runoff.and rabbin

-.1\,      `                                    +,

rfeotogivaph,andi

Of the.!qck`is

photogivdph,

at the top

in the\ new

;idea;:dinthebluffson
hely?fT~trht.:ho:ds`#tt:e

makesthatdiffiouirtodefinine.
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Cedar Bluffs, Trego County,1890s.

EDAR BL:UFFS.  Pf the locations we

rephotogivphed;thisisth^eonlyoneriot

takefeinthq.SxpokyHtllchalkMchberbftheNiobrar?

Cha|fe.. Ixpsted¢, it is at Cedar Bluffs, in
`lyI{              ,

western
Courty;apd`isaphotographoFtheFort

Lirfes;6;e;'aslightly-blderrori]imittini;al=:partof
theiviot;ira`chatk.w.ttii:;onideutifeei.tis'lo6;tion

L"

ontheorigivalphotographa;"Neprwl;St6`Rock

Creek.H;one-of his-booksonpal;ontology,heidenti-

fted it as in Gave County, near the Smoky Hill River.13

13. Williston, P4Jeo#lolog!/, Part I, 39.

However, the location is quite clearly Cedar Bluffs on

the` south side of present-day Cedar Bluffs Reservoir.

Of all the locations rephotographed, this one presented

the most problems. The vantage point was difficult to

locate. This photo was taken from below the bluffs at

the east end of the bluffs locking almost due west. The

greaterproblemwastheconsiderablegrowth'ofvegeta-
iionnorthofthebaseoftheb[uffs,whichmadeit

impossible to take the photograph in the exact sane

vantagepoint.
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CedarBluffs,1991.

Many of the changes in the photograph are related

to the construction of Cedar Bluff Reservoir by the

U.S. Bureau of Reclamation in 1;51. This reservoir   '

was designed to have a cons.ervation pool level of 2,144

fectabovesealevel,thatis,thelevel;twhicht;ereser-
voir was meant to be maintained when storing water.

The 2,144-foot contour line runs very close to the base

of the chalk in the photos. In times of foood, the reser-

voir was designed to hold back water to a level of 2,166

or twenty-two feet higher than the conservation pool.T4

In the early life of the reservoir, the water level was at

times maintained at the coirservation pool level, or pos-

sibly higher. In recent years , streamfoows in western

Kansas are much reduced, inostly .due to water use and

con§in]ationandtrttlegepracti;es.Tloday,CedarBluff

andc;ther'reseriioirsinwesternKansasseldomreach

levels close to their conservation pools.

14. Kansas Water Resources Board, A Kansas  Wafer AfJas, Kansas

R]=nbi:i::I(rDoe#:i:i=:#a°t:;'RP::j£CctesNE::i:rigp6-#5Ti.:;.port
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Vvhen the reservoir was at or near conservation

pool levels, the water level was near the level at which
the photos were taken. This level is below the base of

the cliff-forming Fort Hays Linestone and is in the

much softer Carlile Shale. The contact between the two

formations is not apparent on the older photo, being
buried beneath a talus slope at the base of the cliffs,

which in places extends ap into the small gulches

carved in their cliffs. Wave action is a powerful erosive

force even on a relatively small body of water such as
CedrBluffReservoir.Whenthe-reservoirwasathigh-

er levels, wave action removed much of the unconsoli-

dated rubble making up the talus slope, exposing the

sharp limestone-shale contact that is visible in the later

photo. Wave action also appears to have carved a wave-
cutbenchthatisvisivleasalevel.stripofgrouniinthe

right foreground of the later photo. This bench does not

appear in the old photo, which shows a continuous
slope to the right toward the Smoky Hill R.ivdr, less

thantwondndredfectnorthofthecamera'slocation.

Of the six photo pairs analyzed, the Cedar Bluffs pho-

tos ar? the ones in which the original canera loca:tion

haschangedihfihemostovertheyears.Waveerosionhas

removed so much material from the base of the cliffs

that the original camera location is now in ndd-air sev-

eral feet above the present terrain, and might only be

reoccapied by means of some sort of elevated platform.

With wave a.ction working on sof i rocks underlying

more resistant rocks , undercutting would be expected

and can be seen by careful matching and comparison of

the two photos. This is most apparent in the bluff in the

distance xpon which the individuals are standing (the

``Y"  shdpe in the middle of the bluff on the older photo is

a photographic artifact) . The person in the older photo is

standing about eight feet to the right of the one in the

newer photo. The edge of this bluff has receded consider-

ably. The line drown (A; ) in the now photo shows the

outline of the bluff as it appeared in Wtllistonds photo.

Using the hunan figure in the new photo as scale, we

estinate that the bluff face has receded a maxinum of

thirty feet. The erosion of the soft shale base of the chff

has considerably undercut the linestone face , creating

instability. Visible only in the newer photo at Fy is a

deep crevice that has developed in the interim. This

crevice is two to tluree feet wide at the surface, extends

across the bluff to the opposite side, and is rougldy par-

allel to the viewing direction of the photo.

The overall effect of beach erosion at Cedar Bluffs `

has been the steepening of the limestone cliffs by under='

cutting and rerl'ioval of rock, espechtty from the base of

the cliffs. This is apparent not only at A and A: but also

in the cliff face that dominates the left half ,of the photos.

The limestone nose at C and a has been cleared off to

near verticality. The re.maining bases of the chffs to the

lefthavebeen-exhumed,und;cut,andsh?aredoffds

well.Althoughlarge-scalefeaturessuch;stheprond-,

nencesatDandTycanbematchedapbyaasualvi

ing gf the photos, opticq[ analysis fails to rriatchu

manyofthedetatlsofthectiff,showingthai'd?nsl

changehasoccurred.Thefreshrocksurfe`estxpfaere`.the

mostrecentrockfalls-haveoccurredhavenotyetdinel-

opedthedark-coioredalgaegrowthofoldrers;rface;land

appear white in the new photo.
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Conclusion

Repeat photographyis a useful method
of documenting change in the
geologic and cultural land-
scape of Kansas. When
undertaken with care, the
technique can reveal changes
that are seldom visible in the
field. Substantial change has
taken place in some of the
better-known locations of the
chalk beds of west-central
Kansas since the time of
Samuel Williston. For exam-
ple, the last fifty years have
seen considerable shrinkage
of the base of Castle Rock,
making it appear much more
unstable than in the early

Repeat photography
shows the subtle but
certain change in the

geologic landscape
that may escape tfae

notice of field
observers or local

residents .

photos. If, in fact, non-natural
agents are responsible for this erosion, protective
steps may need to be taken to prevent the pre-nat-
ural collapse of this landmark.

L.ike the erosion of Castle Rock, many of the
other changes in the chalk beds may be the result

of interaction between nat-
ural and human activities.
The increased algae growth
at the tops of the rocks, for
example, is probably natur-
al, although it may be influ-
enced by human activities.
Changes in vegetation may
be related to climatic fluctu-
ations and human
activities-the introduction
of grazing cattle or the dis-
turbance of the soil through
cultivation, for example.
Regardless of the rate or
nature of change, repeat
photography shows
changes in the landscape
that may escape the notice
and recollection of field

observers or local residents. It provides reminders
of the subtle but certain change that takes place in
the geologic landscape. Repeat photography is a
valuable tool to record, document, .and understand
the dynamic of humans and the environment.

idffl

PORTRAITS  OF CLIANGE 239



rrjcerafops skeleton
from private land on
display c[t the Tucson
Gem and Mineral
Show.

!=,*   +--=-i £±-      -  -_-

money,  too,  ancl  business  people  who  buy and  sell  fossils  would  like tci
take a crack at them. Should they get the chance?

No,  say  many researchers:  these fossils, and the
knowledge we  glean  from  them,  belong to the
public and  shouldn't disappear into  private hands.
Yes,  say professional  collectors:  there are  plenty
of fossils for everyone -ancl if we don't dig them
out, they will  erode into nothing.

The  stakes are  high. The  FBI  even  raided  one
Collector and  arrested  him  on  suspicion  of
trafficking  in  stolen  bones.  Emotions  run
high,  too,  anc]  grievances  and  h.orror stories
abound -from  scientists,  amateur collec-
tors,  dealers,  museum  curators,  ancl  others
involved  in  the clispute.

Earfn  has  invited  a  broad  range of these
people to air their opinions in these pages.
They  include  the  heacl  of the  major orga-

`!      `.'        `1,    ,`    i,      :i

={li&i3.
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nization  of vertebrate  paleontologists;
a  well-known  commercial  collector;  a
volunteer  fielcl  worker;  a  fossil  broker;

ancl  a  Canadian  museum  director with
a  radically  clifferent take  on  fossil  reg-
ulation.  All  of them  care  cleepl\/ about

fossils.  Ancl  they  think you  should,  too.



Don'L sell oL]r
fo's5EI heritctge
hat should become-of fossils found

::efrerd:rfaoL[tp:E']icaLdaen€o'csoh[:euc]t:
-'J`

I.e.se.i{re[ study, clnd display -in
feet, to use. tha fossils for all the
efile,o£.the United States?

h6hld +I-ede`ral public  lands
-,_,

9Pgned tc*-`c6mmercial col-
„``,+.i`acJting  Lt taJs€1ling   our

paleontological heritage?
I think c[ll vertebrate fossils from

federal public lands should go to
the public good and not be sold
of I . This view of the public vc[lue
of fossils is shared by most Ameri-
cans and put into practice by many
privc[te landowners. For e
earlier this year, Lone Star
saur§, a museum exhibit I helpe
develop,  was  on  dis
rotunda of the Texas state capitol
in Austin. Texas legislators lauded
the  exhibit  in  o££icial  speeches.
Politicians know that people like
dinosaurs,  and  they  know  that
Texans tc[ke pride  in seeing this
part  ol  the  story  of  their  state
brought to light for the first time.

Most of the fossils displayed in
Lone  Star  Dinosaurs  ccime  from
private land. The landowners gclve

EAf]TH  lllustrations`: Terri  Metzger

Louis L. ]acobs,
paleontologist,
Southern Methodist
University; president,
Society ol Vertebrate
Paleontology

Government
\  policies give

special
protection to
fossils of
vertebrc(tes
- including
fish.

their fossils to the public good. Sell-
ing fossils from federc[l public lands
does just the opposite - it removes
fossils from the public good. And
landowners see this. For instcmce:

As a grc[ndfather, Billy Jones had
one  desire  I or  the  Pjeurocoejus
bones on his land: "I want my grcmd-
kids to be c[ble to see these bones in
the museum and say, `These came

in my grandpa's place.',,
Seven-year-old Thad Willic[ms
s  out  with  his  father,  a  high
ool biology teacher from Mill-

sap, and found three individuals o£
hew species oITenonfosaurus.
e owners of the land where Thad
de his find wanted to see these

fossils studied and displayed. Now
c[  skeleton  is  on display  in Fort
Worth, seen by over a million visi-
tors a year, and the nc[me o£ Thad's
dinosaur is being published in the
Journal of Vertebrate Paleontology.

These Texans aren't unusual. A
recent  survey  shows  that  most
Americans agree. In  1995, the Dino-
saur Society asked three hundred

ters of the respondents
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"You ccm go to the

Denver or Tucson
rock shows c[nd
see appalling
things. But you
CC[n 90 to

museums c[nd
see c[ppalling
things, too: large
museums where
fossils disc[ppear,
specimeis
unprepared alter
fifty or a hundred
yec[rs, bc[d
preparation.
Nobody is so
righteous to be
able to point a
finger at
somebody else -
to scry `you can't
do it.„
Chri-sweege,
petroleum engrineer
ctnd ama(eur I ossil
hunter, Iiittleton,
Colorado

48     EAR"    October  1997

opposed com-
mercial collect-
ingcmdthought
fossils should
go to museums
and  universi-
ties for scien-
tific study.

Privcrte lcmd-
owners     like
those of Texas
own their place
on  Earth.  But

even those of us who are not pri-
vate  landowners  possess  vast
areas of lcmd. We -together
own the federal public lcmds of t
Americcm West, millions of ac
from Montana to the Mexicc[n I
der, in most adjacent states di
westward. And we own what co`¥

::Ttthae-md::::uda':gs:-mpeoor5i
fossils in the world.

Public land in the We;t is cc;
trolled by several public agencies,
most notably the Bureau of Lc[nd
Management (ELM), the Forest Ser-
vice, and the National Park Service.
On  land  managed  by  the  ELM,
people may collect invertebrate
fossils (that is, fossils-of animals

_without bc[ckbones, such c[s clc[ms
and starfish) and small amounts of
petrified wood for personc[l use, but
they need a permit to collect verte-
brate fossils. Other agencies have
more restrictive regulations, but
the upshot is that vertebrate fossils
cannot be commercially collected
c[nd sold from federal public lands.

That is as it should be. Verte-
brate fossils of a given species are
usuc[lly rare. They can also be spec-
taculc[r -even awe-inspiring -
c[nd since private landowners are
free to sell fossils from their own
lands, a commercial market has
developed. Vertebrate fossils are
sold at curio shops, at auctions,
through catalogs, and on the World
Wide Web, sometimes at posted
prices  o{  tens  of  thousands  of
dollars. Each sale represents edu-
cational and scientif ic value lost
from the public domain.

Federal public  lands are our
legacy and one source of our na-
tional pride. As a paleontologist
cnd researcher, I value fossils for
what they tell us about how Earth
works, about time and place, who

was where when. The knowledge
gained i ron studying Earth can
and should be put to use to make a
better world for people. Education
cnd pleasurable fossil experiences
c[re two of those ways, and both
depend  heavily  on  our  federal
public lands as their source. We,
cls  responsible  citizens,  should
manc[ge for our grandchildren, cnd
all grandchildren, what is right-
fully cls much theirs as ours.

anla

tics  of  commercial  fossil
a-ollectors  say  that  busi-

sT_fefltRERE|n:_f
€'dds`.6 Ios-

¥f:I:rn:,:
I have ever heard

invoking ``the children"
had a hidden motive,
and   this   case   is
no     exception.
Public land is
the academics'
exclusive do-
main, and they
want to keep it
that wcry.

At present,
almost all per-
mits   I or   col-
lecting fossils
on public land
are held by acad-
emic  paleontologists
a££ilic[ted with universities
or museums; independent collec-
tors c[re not invited. The academics'
idea of benefit to the public is very
narrow: when one of them finds a
fossil, it goes to that person's insti-
tution. It probably will never be dis-
plcryed (museums used to brag that
fewer than on-e percent oi their fos-
sils were on display). A new or un-
usual I ind might be studied and
written up in c[ scientif ic journal,
but whatever its fate, at least it will
be saved I ron being sold (oh, the
horror!).

The real enemy o£ fossils, how-
ever, is not commercial collecting

Mil[e Triebold
presiderit.
Trieboia
Paleontologry



"In the past,

people would cut
comers -cnd
cut barbed wire.
Everybody has
been guilty o£
violating that
one. Now there's

pressure I or
people to clean
up their act."

Sally Shelton,
paleontologist,
Sam Diego Museum
of Nc[tural History

but    nc[ture    itself.
E:very year, on rc[nch-
land    in    western
Kansas,  I I ind new
specimens weather-
ing out of the same
rocks.    Without    a
trc[ined  eye  to  find
them,   they   would
simply erode away
unnoticed. The I ed-
eral public land in
the United States -
470 million acres of
it west of the Missis-
sippi  -is  so  vast
that all the academ-
ic paleontologists in
the country, working
full  time,  couldn`t
cover it  e£±ectively.
Yet even though they
know they can save
only a tiny I raction
of the eroding fossils,

they would rather sacrifice the rest
than let any of them be saved by
private companies.

What commercial collectors c[re
seeking  is  not  a  free-for-all  on
pu5fro lands but an opportunity to
collect there responsibly. The more
workers there are, at c[ll levels, the
more  fossils  will be  saved.  The
National  Academy  of  Sciences
reached   the   same   conclusion
in 1987, when a panel studying this
issue-wrote:   "The   science   of
paleontology  is  best  served  by
unimpeded c[ccess to fossils and
fossil-bearing rocks in the field."

To show how that could be done,
I have proposed what I consider a
moderate plan that would benefit
everybody. Under my proposal, com-

mercial companies must comply
with all the provisions ol a permit
(completing a paleontology course
would be one wc[y for collectors to
meet the requirements). In the field,
they must collect the same data cls
any clcademic paleontologist. Any
one-of-a-kind "type specimen" they
find automcltically goes to a fossil
repository, and the collector re-
ceives a standard fee. That way,
discoverers get a reasonable return
for  their  efforts,  while  the  most
scientifically valuable specimens
are preserved for the good of all.

As for other specimens, collec-
tors mc[y dispose of them as they
see fit. That's only.fair: they have
pcrid their permit fees (to the public)
and have taken the risk of possibly
finding nothing. Whenever a col-
lector sells a fossil, however, he
must pay a royalty to the state for
the privilege o± collecting -and
the more work he puts into clean-
irig and preparing that fossil, the
higher  the  royalty  will  be.  For
example, suppose the royalty is
eight percent. 1± a `'raw" fossil spec-
imen in its plaster jclcket sells for
$500, then the collector must pay
$40 in royc[lties. But the same speci-
men,  properly  prepared,  might
bring Slo,000 -c[nd $800 in tax.
Since most collectors prepc[re their
I inds, the value-added I actor of
their skills as preparators could
bring the public a significclnt bonus.

Nothing  is  lost,  more  is  pre-
served, more fossils are available
for display and study, and taxpay-
ers`benef it. Everyone wins, and
the c[rguments against commer-
cicrl  I ossil  collecting on  public
lands dissolve.
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How dare
some®ma do this
to the ±ossils!
hen  someone  wclnts  to  damc{ge
a place you care about, your i irst
impulse  is  to  try to  stop  him  -
unless he has a pistol on his hip
cnd a bad attitude.

The plclce was the Garden Park
Fossil Area, a world-clc{ss Jurclssic
fossil site on public  land  in Colo-
rado. In 1990, I was out with a group
surveying the area I or I ossils. He
was doing the same thing for a dif -
ferent reason. I am a "bara-paleon-
tologist,"  cin amateur trained to
work with professional paleontolo-

gists, a qualificc[tion I got through
two years of study at the Denver
Museum  of  Naturc[l  History.
He  was  a  commercic[l  fossil
collector.  Legally,  I belonged
there; he didn`t.

But the man didn't see it

Patricia I. Monaco,
pctleontological
volunteer, Gc(rdezt
Pt.rk Fossil Area,
Colorado

thc[t way. He had as much
right to be there as I did, he
said. What`s more, he could
do  whatever  he  iJF6-nted
because,   as   he   put   it,
"There is no law."

No law? I hear that a lot
Iron commercial collectors
I  encounter  in  the  I ield,
though   never   I roin   the
scientists I work with or the
agencies  that  issue  our
collecting   permits.   The
only reason my gun-toting
friend was clt Garden Park
was that there was no one
around to throw him out.
With only one ranger pa-
trolling the whole eastern
half of Colorc[do, access to
public land has to be bc[sed
largely on trust. In my ex-

perience,  scientists have proven
themselves trustworthy; commer-
cial collectors have not.

HQving  worked  with  proles-
sionc{l  paleontologists  for  more
than a decade, I know how much
painstaking work  is  involved  in
prospecting, mapping, excavating,
and restoring sites;  in preparing
fossils;  in researching and pub-
lishing scientif ic papers. Not many
commercial  fossil collectors make
that   effort,   and   consequently,
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valuable scientific  informQtion  is
lost  i orever.  When I am out  in the
field, it fills me with outrage to see
a large gouge in the countryside,
made by a backhoe and left open
cnd exposed with plaster and trash
strewn around and cmy remaining
unsclleable"  I ossils  destroyed

with  hc[nd  tools.  How dare  some-
one do this to the fossils -and to
a lcmdscape that may not recover
for centuries?

Fossils  cannot  be  mass-pro-
duced  like dinner plates or blue
jeans;  they are finite and limited.
To buy or sell them without regc[rd
i or  s_cientif ic  understanding  is
something I cannot fathom`. What
benefit would I get from owning a
scientif ically   valuable   fossil?
A decoration for my living room?
How could I enjoy it, knowing how
much the fossil might add to our
knowledge   of   the   past?   As   it
happens, I do have a small collec-
tion of fossils.  They are  replicas,
given to me by the scientists I work
with - mementos of unique or sig-
nificant finds I have contributed to
their research. They give me more
satisfaction than owning the '`real
thing`' ever could.

Not  long ago,  I was out in the
field teaching a group of amc[teurs
what they must do before they take
a fossil out ol the ground.  I told
them about mapping and gather-
ing information about the locality
and its geology. About letting other
scientists working this area know
-about our finds. About
the grueling work in-
volved in excavcrting
a   fossil.   Abou-t   the
ranger  who  (if  he  is
clround) cc[n arrest any
of  them  who  breaks
the lclw.

As I was winding up
my lecture, we came
across a commercial
collector who  dared
me to stop him. All my
talk  about  methods
and    ethics     meant
nothing  to him.  If  he
felt  like  it,  he  could
have done what I did:
earned a federal per-

Students in the Denver
Museum of Nc[tural Hist(

mit, and the freedom  to collect fos-
sils side by side with scientists, by
choosing  to work conscientiously

Certificatior
Program in
Pcheontolog
tcke to the
field in wes
era Colorad
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and non-exploitatively within the
lclw. But thQt's not what he wcmted.
He claimed a dilferent kind o£ ''free-
dom": the freedom to do whatever
he likes on public lands, whenever
he likes, with no regard for any laws.

People like him are the reason
public land should remain off-limits
to commercial fossil collectors.

There c=re
decllers, c=nd
then there c=re
dec(Iers
eing a commercial fossil dealer
with c[ background in paleontology
is like straddling. c[ barbed-wire
fence: I have c[ foot in each camp
cnd a lot of grief in the middle, But
it is a privileged position, too, and
it has led me to an unusual conclu-
sion.  I  think  a  I ew  dealers  are
professional enough to be allowed
onto  public  lands.  But  the  rest
should be kept far gwc[y.

Right now, academic paleontolo-
gists in North America feel outnum-
bered.  They  see  themselves  as
surrounded by barbarian hordes
who have more hands and fewer
scruples than the scientists do.
Unfortunately, some commercial
fossil  collectors  live  up  to  that
reputation. Many dealers -even
well-equipped, well-intentioned
ones -simply don't know what
they are doing when they collect in-
the field. Many of them will collect
only pc[rt of a skeleton, such c[s the

"I think commercial paleontologists should be kept

off public land. But it's important that we move
beyond tliis controversy. The community Of fossil
people -academic, museum, amateur. and
commercial paleontologists -is small, and we
could all use one another's help. Yet we are
Polarized by mistrust and lack of a common goal.

A few changes in attitudes and behavior would
make life easier for everybody. Commercial
collectors could gain credibility by act(nowledging
that certain fossils are too important to be
subjected to the whims Of the marketplace. By
donating important fossils -creatures that miglit

Hetlry
Galiano`

proprietor,
Maxilla a
Mandible, Ltd.,
New York.
New York

skull, and leave the rest behind. Or,
ignorant of vertebrate anatomy,
they will restore fossils inaccu-
rately, ruining specimens virith irre-
versible epoxy glues.

Meanwhile, conscientious com-
mercial collectors feel c[ggrieved,
too. Some of them contribute to sci-
entiiic research already, or would
like to. Yet (as they see it) arrogant
paleontologists treat them as sec-
ond-class citizens. By alienating
responsible commercial collectors,-
paleontologists are cutting them-
selves o£± from a valuable source of
important specimens. They are also
eliminating c[ big incentive for the
bad apples to change their ways:
the desire for respect.

Both sides need to change some
`ol their attitudes before they will be

ready to share the same turf. Let me
start with some words of wisdom
for the academics:

be new species, for instance -found on private
land to museums, they can show tliat tliey
understand the real significance of rare fossils.

At the same time, the professional community
sliould acknowledge that many fossils -including
some vertebrates, such as fish from the Green
River Formation in western Wyoming -are so
common that commerce in them causes no major
loss to science."

Kirk )ohnson,
paleontologist, Denver Museul[i of Natural
History, Denver, Colorado
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Cornme[cial  los-      -.+-:-:::.-`.
sll collecting ls.here      :=f:
to  stcry.  The  busi-      ±+.:
ness of buyingand      r+j±±
selling fossils is c[s
old as paleontology
itself  c{nd,  if  c[ny-
thing, is likely to get
bigger and more e£-
£icient in the future.

#5ewo:yesi:::d,::    --=`=..-;.?`-S
right to collect and
enjoy     fossils     as        -,`-I:..
muchasthosewho       .:i+
collect stamps and
seashells. The real issue is how to
protect scientif ically important,
rare, and unique specimens.

Most commelclal dealers alen't
crffer your fossjjs. Many paleontolo-
gists think commercial collectors
make their living from rare, expen-
sive vertebrate fossils. Actually,
most o±  the  i ossils of I ered to the
public are common ones - amber,
ammonites,  trilobites,  fish,  petri-
tied wood,  and sharks`  teeth -
rcmging in value from a few dollars
to, at most, several hundred dol-
lars. At major trade shows and in
retail businesses like mine, virtu-
ally all of the fossils sold are non-
vertebrate fossils. Why? Because
people can al±ord them.

Velteblate tosslls are not created
eq.uaj.  Not  every  bone  eroding
out in the badlands will advance
paleontological knowledge. Con-

. sider the hundreds ol thousands of
fossil I ish that have been collected
from the Green River Formation, a
rock unit that stretches across vast
arec[s of Wyoming, Colorado and
Utah. The fossils from those locali-
ties are well represented in most
institutional   collections;   their
scientif ic  value  has  long  since
passed the point of near-zero mar-
ginal returns. In cases  like this,
commercial collecting, under pro-
fessional supervision, poses no

• threat to paleontology.
Some  places  do  need specicll

protection from unauthorized ama-
teur and commercial collecting.
Commercial collectors i'n Florida

'    have alreadydestroyed sinkhole
',.    deposits containing species unique

to this part o£ North America. An-
other  shamef ul  example  is  the
frequent illegal collection of fossil

RCITest a( the rare,
fossils suck as this
fitty-hillion-year-old
bat from Wyoming

i   are coveted by scien-
lists c[nd colnmercich
collectors c[like.
Courtesy University ol

Wyoming  Geological

Museum

mammals on federal lands
in the Bridger Basin of Wyoming.
Preserving vulnerable areas, in
their entirety, is just as important
as protecting scientifically impor-
tant specimens -and it should be
a great deal easier to achieve.

The "other side" va_lues your ap-
provcrJ. Most commercial collectors
share a deep devotion to fossils,
and the professionals among them
dislike the rascals as much as you
do. I think recognition from profes-
sional paleontologists would go
a long way toward bridging the
gap   between   the   two   camps.
Maybe what we need is a program
aimed  at  teaching  commercial
dealers  whc[t  to  do  and  how  to
do  it.  The  Society of Vertebrate
Paleontology might off er classes
as a requirement before applying
for some kind c;I collecting permit
on federal lands.

Perhaps someday paleontolo-
gists and fossil dealers will coex-

` ,   ist the way archaeologists and art
dealers do now. Art dealers, like
I ossil dealers,  see the aesthetic
beauty and value in the objects
they sell, and archaeologists occa-
sionally tap them for information
about artifacts and localities. If
similar links could be forged  in
the  i ossil community, both sides   -
would flourish.

Before that can happen, though,
commercial collectors  must  be-
come better educated and must
do  their  own  part  to  establish
constructive, mutually benef icial
relationships with paleontologists.
Only then will they be ready I or
prime time -cmd for prime collect-
ing spots on public lands.



da, regult=Iion works
r over fossil collecting is old
o  those  of  us  in  Albertc[,

We went through a.simi-
c[te  in  the  1970s, when the

i5rrfuent was preparing to pass
in-gt6ircalResourcesAct,which

gEL#gpgiii€£s;!if:;I::i;::t:nhga:;rc.hp:soer:
to do in the United States. But pass
it did, and for two decades Alber-
tcms have been living the reality of
what some in the United States fear
and for which others hope. For us, I
believe,  regulation works. But I
didn't always think so.

Before   the  act   becc[me   law,
Albertans were free to collect fos-
sils as long as they were outside
provincial parks. After passage, at
one stroke, all fossils on public end
prjvafe land became public prop-
er±y. They belong to us all. A few
types of fossils -oyster shells,
fossil wood, and the remains of
ancient marine mollusks known cls
ammonites -may be collected and
sold commercic[lly under permit.
Vertebrate fossils, however, may be

BruceNa-ylor,
director, Ftoya]
Tyrrell Museum
of Palaeonlology,
Drumheller,
Alberta, Canada

excavated only by quali-
fied scientists operating
under a permit, and they
must  be  cared  tor  in  c[
public collection run by a
museum, university, or
government agency. If
fossils are found on the
ground, rather than in it,

children and amateurs may keep
them. Even these surfc[ce-collected
fossils  remain public property,
however, and c[ny of them collected
since   1978  may  not  be  sold  or
removed from the province.

While debclte over this law was
still roiling,  some people feared
that it would shut down all collec-
tion of fossils. I too was appalled
at the idea. I was a graduate stu-

dent at the University
of Alberta at the time,
and I saw it as a gov-
ernment   intrusion
that might limit my
access   to   fossils
that I needed for my
research. How dare
the   hand   of   the
state mess with my
profession?

Today I I ind myself helping to
administe.r   the   very   law   that
worried me so much. I'm both the
director of a public museum c[nd
the Provincial Pcilaeontologist, and
our museum processes applica-
tions to excavate fossil resources.

Frankly, I believe that the over-
all impact of the law has been very
good. Scientists and museums hcrve
been able  to continue to collect
freely, under permits reviewed by a
pcmel of our peers. Unique speci-
mens -collected by professionals
and properly studied and protected
-  c[re  available  for  study  and
enjoyment by Albertans and non-
Albertans alike. Commercial col-
lectors were af I ected, of course,
but most of them shifted their inter-
ests   to   non-vertebrate   fossils.
Others moved their collecting south
of the border.

I believe strongly thc[t there is c[
role for commercial and c{mateur
collectors but that it is the proper
role for government to regulate
these activities. For my preJv-ince,
Alberta, the loss of unique speci-
mens to private collections is, in my
opinion, wrong, and government
hcls both the right and the responsi-
bility to limit this loss to science
and to future generations.     -

_1BZould I recommend similar laws
for the United States? Not necessar-
ily. We hclve different histories and
different fossils to protect. National
and regional characteristics must`
be taken into account, as well. One
of our countries became a nation
during a revolution, giving its citi-
zens ``life, liberty,
and the pursuit of
happiness'`;   the
other evolved from
a colony, provid-
ing   its   citizens
with  ''peace,  or-
der, and good gov-
ernment."  I can't
say which  is  the
proper route, but I
can say that for Al-
berta, il there had
been serious prob-
lems with the law,
we   would   have
changed it.            ©

In 1991,

£irespotters in
northern
Wyoming noticed
commercic[l fossil
collectors
unearthing the
near-perfect
skeleton of an
adolescent
AIlosaums on
I ederal lcmd.
Paleontologists
I inished digging up
the dinosaur.
Today casts of ''Big
Al" are on displcry in-
two museums, and
scientists are studying
his bones. During his
sho-ri lil e, Al rc[cked up
more than a dozen bone
injuries. He lived fast

. cmd died young. But he
didn't escape the teds.

Coiirtesy  University of Wyoming  Geological  Museum
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KANSAS    GEOLOGIC    TIMETABLE
(Not scaled for geologic time or thickness of deposits)

ERAS PERIODS EPOCHS
EST.  LENGTH(YEAPIS)*

DESCRIPTION

C,5rlaZLJJ
QUATERNARY

HOLOCENE T           |TT      .T             |0`000+
Early, the land was stable with  some erosion.   Glaciers

moved into the northeast at least twice. Later the climate was

PLEISTOCENE                           J    1,590,000I
dry.  Sand dunes were formed  by  wind in the west.   VolcanicashwasblowninfromCalifornia,NewMexico,andWyoming.

TEPITIAPIY

PLIOCENE 3,700,000
Rocks found  are  part of the  Ogallala  Formation  (sand,

MIOCENE 18,400,000a
gravel,  and  porous rock),  which contains a  large  quantity of

OLIGOCENE I          12,900,000
ground water  and occurs only in the western third of the state.

EOCENE                                        21,200,000PALEOCENE8,600,000 No rocks were formed in eastern Kansas.

CJ

ICRETACEOUSais` `              77,6oo,ooo Much of thewestern half  was covered by  seas.    Lime-

stone, sandstone, and chalk formed from sea deposits.   Fos-

sils can be found in these rocks, which crop out  in central and
aaCOLLJI

1'

western Kansas.

JUPIASSIC 64,000,000
Most  rock in Kansas is underground in the west.  A few

small outcrops are found in the southwest corner.

TPIASSIC 37,000,000 No rocks have been found in Kansas.

aar+aLLJI

•`

Much of  Kansas was covered by several  seas.  As they
rose and fell, limestone, shale, and chert were deposited. The

PERMIAN                       ```_  ___--===_„`.i=T  ->      41,ooo,ooo`T
Flint Hills were formed.  When the seas dried up, salt and gyp-

sum  were  left  behind.    Salt,  now  underground,  is  mined  in

central  Kansas.  The  Fed  Hills were formed from  deposits of

shale, siltstone,  sandstone, gypsum, and dolomite.

fa34,000,000=

For  much  of  the  period  the  land  was  flat.    Seas  andswampscameandwent;coalformedinswampsfromdead

PENNSYLVANIAN
plants.   Shale,  limestone,  sandstone,  chert,  and  conglomer-atesweredeposited.Tworidgesofhills,theNemahauplift

and the Central Kansas uplift, appeared; both are now buried.PennsylvanianrocksarefoundatthesurfaceineasternKansas.

MISSISSIPPIAN 40,000,000

Plepeated layers of limestone, shale, and sandstone in-
<a_ dicate that  seas   rose and fell.   Mississippian rocks are the

oldest found at the surface and are in the southeast corner;
elsewhere these rocks are only underground.

DEVONIAN                         ,     __  _..,---- 48,000,000
Seas covered  Kansas during  much  of the  period.  Lime-

stone, shale, and sandstone deposits are only underground.

S'LUPl'AN 30,000,000
Land was uplifted and seas disappeared.  Limestone de-

posits are found only underground.

ORDOVICIAN
-\h,           67,000,000s`l, Seas covered parts of Kansas during much of the

period.   Dolomite and   sandstone are only underground.

CAMBBIAN

Early , the climate was dry and many rocks eroded .  Later,

parts of Kansas were covered by seas.  Dolomite, sandstone,
limestone, and  shale are  now underground.

PBECAMBRIAN 3,930,000,000

These rocks are the oldest on earth.  In Kansas, they are
only found  deep below the surface  and  not much is  known
about them.   Many are igneous and metamorphic and have

gone through many changes.

Eons  not shown                                                                                              *  Decade of North  American Geology   1983 Geology  Time  scale,  Gecilogical  society  of America

Kansas Geological survey           Lawrence,  Kansas               1988
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