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PREFACE

The great bone bed at Agate has caught the Imagination and
attention of scientists and the pubiic since the significance of
the deposit was flrst recognized by the paleontoliogist Ofaf
Peterson in 1904. August 1984 Is the 80th anniversary of this
discovery, and 1985 wili mark an equally significant event: +the
centennial of James Cook's initial discovery of bones at the Agate
hitls near his ranch in the valley of the Nlobrara River in 1885.

The period of greatest sclentiflic activity at Agate occurred
durlng the two decades that followed Peterson's recognition of the
Iimportance of the site. From 1904 to 1925, North Amerlican museums
and universlities competed for Agate's fossll resources. In thls
study, | have tried to capture both politics and sclentific
procedures In summarizing the history of the excavations In the
Agate hills. 1In so dolng, we see early 20th century paleontology
In whole cloth, as It was actually practiced. | offer no apology
in adopting this approach, since | find as much fascination and
significance in the history of the sclence as In Its findings.
Fortunately, my professional goals colnclded with the needs of the
Natlonal Park Service, who required identiflication and a history
of work at the varlous quarries In the main hills to manage the
fossli resources at Agate. :

After 1925, excavatlions in the Agate hilis never attained the
magnitude or Intensity of the early years. Some belleved that the
Important information had been gleaned from the Agate quarries,
and it was best to malntain the sites as a scientific storehouse
of good exhibit materlials, to be tapped when needed by museums
wishing to mount a rhinoceros skeleton or two. Others saw value
In preserving the quarries as a national resource, whereby both
the known and well recognized aspects of the bone bed, as well as
Its as-yet~undiscovered potentlal, would be actively conserved.

In 1965, the Agate Fossl| Beds Natlonal Monument was created by

act of Congress.

Despite the vigorous activity at Agate durling the early 20th
century, the data collected In the varlous quarries was never
brought together and systematically evaluated. The competitive
attltude among the several field partles precluded a useful
syntheslis of sclentiflc results. Flield data were accumulated by
‘different methods, and recorded In dlfferent styles. Exchange of
Information took place, but only as a courtesy, and never with a
summary of the paleontology of all sites In mind, Hypotheses
explaining the origln of the great bone bed were proposed, but
none proceeded from careful evaluation of observations of the
bones, the enclosing sediments, and the local and reglonal
geologlcal context In which they were found.



Thus there was a need to summarize what was known abouft
Agate, prior to the initiation of new excavations. Naturally,

. this proved a wise approach, for: much ‘emerged in the historical

survey.of the quarries that can guIde future p!annnng and
inferprefafion. My own views on the origin of the deposi+ have
changed since | first began work on the Agate sites, and have led
me to see where new excavation would be most.vadluable In answering
key questions about the origin of jhe bone béd. We have already a
much clearer insight into Agate's p!ace in the“reglonal geologlc
setting =-- the ancient environments of 20 million years ago are
today much better understood. - Although I cannot yet write that
only one hypothesis is needed to exp!afn the origin and setting of
‘the Agafe bone bed, |_can say that the presen?l known evidence -
gathered from archives and our recent fiegld gfudxes allows only.a
few well definéd seenarios. From among These,'we can more :
objectively choose in the next few years as research continues.

What have we learned about the setting and origin of the
Agate bone bed? The regional geologlc setting of the site is
perhaps best known, based on a decade of study of the Cenozoic
rocks of Sioux County by University of Nebraska field parties
(1973-1983). The bone bed occurs in a sandy ephemeral stream
channel setting. The quarries tap a bone accumulation that came
to rest in the base of such a stream channel. These ephemeral
streams traversed flat interchannel plains that extended westward
to the Rocky Mcuntain uplifts. A semiarid, seasonally wet,
continental climate with warm winters is most piausible, possibiy
developed In the rain shadow of the mountains.

Turning to the local setting, the sediments that enclose the
bones are similar in pattern in afl the quarries in the main Agate
hills, indicating that the burial event responsliblie for
preservation of the bone bed was common to all sites, and probably
of short duration. But here similarlty ends, for the most
intferesting and previously unappreciated result of this study was
the discovery that the nature of the bone‘bed differs somewhat
among the various quarries. Some quarries are dominated by
scattered, fragmented, and abraded bones, the residue of gradua!
skeletal attrition through normal environmental agencies (climatic
weathering of carcasses, scavenging and trampling of skeletons,
stream abrasion and fragmentation). The bone bed in such guarries
is not the result of a single sudden mass death event, followed by
rapid burifal of the carcasses, but reflects a more gradual
temporally extended process of skeletal disintegration. Some time
has elapsed between death and final burial, On the other hand,
the major Agate quarry (Southwest Excavation) has produced
numerous disarticulated but largely Intact, unbroken, and
unabraded bones of both chalicothere and rhinoceros, many without
attritional damage, and some still grouped together in individual
associations. In thls case, the process of skeletal destruction
has made little progress prior to sediment burial of these bones.
Large intact blocks of such bones encased in the original sediment



taken from this quarry are commonly exhliblted in major North

Amer ican museums and universitles, and have been thought typical
of the bone bed (see p. 138f., Flgs. 3.61, 3.62). Other blocks
from this same quarry, such as the superb slab on exhibit at the
Carnegie Museum, are made up of bones that have been scavenged,
abraded, and broken prior to burial. Such differences In the
nature of the bone bed reflect slightly different histories for
these areas In the quarry. In June~July 1984, test pits placed by
our fietd party In the Southwest Excavatlon revealed at ieast fwo
square meters of the quarry floor In which skeletal disintegration
was advanced, and scavenging of many bones was evident. Here In
the largest of the Agate quarries, a complex history of skeletal
processing Is Indicated, and additional excavation will be
necessary to understand the pattern of the deposit.

Why such dlfferences occur between the parts of the bone bed
s not clear. Several hypotheses can account for these
differences, and In this report, an initial attempt Is made to
explore them. At the present time, the explianation In conformity
with the earlier excavations and our own 1584 fleld work envisions
the bone bed In the maln hills as the product of muitiple death
events, in a sense the sum of many small catastrophes that befell
populations of rhlnoceros, chalicothere, and entelodont in the
sandy wide shallow ephemeral stream valley where the bone bed
accumulated over time. No single death event need be greater in
magnltude than present day mass mortalities that deplete Illving
ungulate populations In semiarid grassland environments today,
such as the Serenget! ecosystem of East Afrlica. In the Serenget!
and its nelghboring environs, ungulates die In significant numbers
(tens to hundreds) In mass drownings at river fords, in lake
crossings, and through lack of food, drought and dlsease. In such
a seasonal climate, rainfall occurring at certain times of the
- year tranports and concentrates dried carcasses, individual bones,
and partlally fragmented skeletons In the watercourses. Semlarid
grassliand plalins subject to seasonal sudden intense rainfall often
are characterized by major streamfioods capable of transport and
deposition of 1-2 feet of fine sandy sediment. Such a flash flood
‘could have Inltiated the final burial event at Agate. This flood
entombed (1) a basal lag grave! of worn and fragmented bones and
teeth mixed with rounded Harrison Formation sand pebbles -- this
lag gravel formed over a period of months to years; (2)
rhinoceros, entelodont, and chalicothere remains at varlious stages
of skeletal disintegration In the ephemeral stream valley and Its
tributaries when engulfed by the flood event -~ these carcasses
were probably the result of Individual and mass deaths that took
place perlodically over no more than about ten years, based on the
observed degree of bone weathering; (3) individuals drowned in
the flood event Itself, represented by associated skeletons and
the few well articulated specimens in the bone bed. New evidence
trom the Agate sites is necessary to confirm or modify this
scenarlo as work continues In the quarries.



This survey has also resulted in the first mapping of the
quarries (Map A) since the termination of excavations in the main
hills in 1965. Map A (in pocket on back cover) shows the names |
have adopted In this report for the various Agate quarries In the
main hills. The quarries on Carnegle Hil! have been given many
names over the years; in Appendix A (p. 158f.) these names are
synonymized and grouped under the site designations used on Map A.
Four topographic elevations were the focus of atl early
excavatlions in the main Agate hills In sectlon 10, T.28N, R.53W:
these are named on Map A, from north to south, North Ridge,
University Hill, Carnegie Hill, and Beardog Hill. '

The aim of thls hilstorical survey has been not only to bring
together the widely dispersed information on the Agate hiils, a
task that has long needed attention, but also to beglin to clarify
the picture created by this dlverse data base by initiation of new
research into the Agate fossils and field sites. Much work needs
to be done, but with the start of new excavations at Agate in
{981,-the necessary step was taken to develop an improved
perspective on this major North American fossil slte. New
insights at Agate must rest ultimately on renewed field
exploration. Techniques change and Improve with time In any
science. To achieve progress, the earlier results must be blended
with new observations., Furthermore, an hisfor}cal perspective,
employed in this survey of Agate's excavatlons, demonstrates
better than any other example the dependence of one generation of
paleontologists upon the next, and.iftustrates the necessity for.
detail and care in recording fietd observations in the science of
paleontology. With this end in mind, | dedicate tnhis study to a
paleontoiogist who exemplified these professional standards, and
who taught many of us through his own example -- Ted Galusha.

University of Nebraska : ‘ Robert Hunt, Jr.
July 1984



1. DISCOVERY OF THE AGATE FOSSIL BEDS

CONTENTS

O.A. Peterson and the Carnegle Museum ....ccecenes

1.1,
1.2. James and Harold Cook
1.3.

E.H. Barbour and the University of Nebraska ......

2. GEOLOGIC SETTING OF THE AGATE FOSSIL BEDS

NNNNN
s & o
U bW —
e e e @

Cenozolc clastic wedge of
Stratigraphic sequence of the wedge
Regional geologic setting
Local geologic setting of
Origin of the Agate bone bed

the central

Great Plains

® 00 8 0 00000 00 s

of the Agate Fossi] Beds
the Agate Fossi| Beds ..

Fossil pattern In the Agate bone bed .....
In the Agate bone bed ...
1984 ® 8 8 0 & S 5 0 0 0 0 8 00 00 0 00 0

2'5.1 L]
2.5.2. Sediment pattern
2.5.3. Agate scenarlo:

3. THE EARLY EXCAVATIONS AT AGATE: 1904 - 1925

3.1. Conflict and

3.1.1. 1904

3.1.2. 1905

3.1.3. 1906

3.1.4. 1907

3.1.5. 1908

3.2. 1909 - 1910:

Competition

Excavation
Quarry A
The Agate

Excavatlons

: 1904 - 1908

Ash cs e

Unlversity Quarry
Carneglie Quarry 3

Excavations

Carnegle Quarry 1 ..

Carnegle Quarry 1
Carnegie Quarry 2 ..

Quarry A

® 000 08¢ 00 0000

.
.
.
.
.

o 6 00 08 0000000
.
.

® 000 0 000000000

.

@ ® 06 0 0 0 00 0 8 0 ¢ 2000000000000

E.S. Riggs and the Fleld Museum ...

University Quarry
North Excavation

Excavation

North Excavation

Excavations

s 0 0 8 8 00 00000 e e

® % 0 00 500 00800000

® 0 06 0 06 0 00 0 00 0 0P 00 0 e e s e e R

* 0 % 8 00000 000000000

Carnegle Quarry 1 (.. eiienennsannan

University Quarry

8 0060 006 0 0t 000000 e

Yale Unlversity Excavation ........

Interlude

® 0 6 60 0 6 2006 s 00 e e G000 0

e o o * o © o o @ e o o o * o .

« e e e @ * o o e o o . ° o e o o

e o o * o . o o ¢ o * ‘e e o e o e

. ® o o o o . e e * s e o e o o o

19
20
21
25
27

51
51
52
54
54
57
58
62
62
65
66
68
70
74
75
75
83
89
93
. 98

e o o o . o o o s o @ e o o o o

103



5’

3.3,
3.3.1. 1911 Excavation
3.3.2., 1912 Excavation
3.3.3. 1913 Excavation
3.3.4, 1914 Excavation
3.3.5., 1916 Excavation
3.3.6. 1917 Excavation
3.3.7. 1918: Second lInterlude
3.3,8. 1919 Excavation
3.3.9. 1920 Excavation
32.3.,10., 1921 -~ 1922: Snake Creek
3.3.11. 1823 Excavation
BiIBLIOGRAPHY

APPENDICES

A.

B.

Thomson and the American queum: 1911 - 1623

" s 9 20 0

-

9 85 5 % 2 2 9 85 S S LT B S B G TS S E s

€ 6 5 ¢ % ¢ P XS E S EE LT S LS ST E TSNS RS

LR BN L B I A R AR R B AR 2N 2N IR SRR IR 2R B AN IR I R 3 2R 3N BN IR 4

LIRSS B R O A B AR A IR IR IR 2R 2R SR B 2 N J

* e 5 e s

(IR IR B AR IR A AR A B AR IR R B O A AR AR A O A

[ EEEREEEREEE I IS B I I I I B I I B

* % 2 8 58 9 5B TP e e et e

MEEEEREEEEEE NI A S I I I 2 I BN I I I A

E £ B 5 E R B 6 K 2 5T S E S AL P E R e et e

2 8 % R 2 B S E S S E P T 0L OE PSS

® B S A S S EE TS RS S S EDE S e

Summary of excavatlons in the maln Agate hilis

1904-1925 S B P E BB SN S E N PSS S SS E S eSS SN RSN

Chemical analysis of two samples of the Agate Ash,
Agate National Monument, Sioux County,

Nebraska

IR A AR A R AR R R AR SR O T T I IR AR I B I IR B IR AR A IR 2R IR I R B R IR AN R A

G P e E D £ D S O H B P 6 S L O S LB B L EE LS EEIE R E S SO EE R e

LI B U

Foss!| mammals from Carnegie Quarry 3, Beardog Hill,

Agate National Monument, Sioux County,

Nebraska

€« o re 0w

Fossil!l mammals from Carnegie Quarry 2, Carnegle Hill,
collected by W.H. Utterback in 1906 ...

Fossi] mammals from Universlty Quarry,

University HIlI, 1906 and

Fossils mammals from Carnegie Quarry 1

1908

LI B A Y I NN BT I I I

LIRS NENE IR BN RN 2 B A 2R R S R Y I A I I

Menoceras, Moropus, and Dincohyus, 1904 =~

Orientation of mammal! bones

1984

exclusive of

LR R BCRE BRI A

in University Quarry,

Universify Hi;l LR I N B L T I I A B A AN 2 I IR T T T R N I B A B B

Albert Thomson's |ist of challcotheres from the
American Museum Moropus Quarry at the north end

of the Southwest Excavation, Carnegie Hill

TABLES

1. Hypotheses on the origin of the Agate bone bed,

2.

1906‘1980 L A A I I N R

Esfimafed surface area occupied by bone bed and by

s 5 &8 6 5 0 0 8 o559 P

LR B AR A 2 B O A

5 8 % 8 8 B s a2 s Lt

barren ground In University Quarry, University Hill,

based on excavations of 1906 and 1908

LR IR B B BT Y A B

Calculation of excavated versus undisturbed areas
of Carnegie Hill based on 1983 University of Nebraska

field survey .coeecioensn

LR I A ]

108

108
116
119
124
129
133

136
138
141
143
144

154
158

158

162

163

168

175

177

178

. 28

149

150



LIST OF MAPS

I S A A N I I AR B A B AT S A B B B N R N A 2R 2 R A inSfde baCk cover

I, K .
Maps B’ C’ D’ F’ G) H’ J TR R I I E B B R B I Y Y R B I af’fer page 179

Comprehensive maps of all slites In the Agate hills:

.1. University of Nebraska 1983 Survey ..cceeeececscca.lMap A
Harold Cook Map of 721911 .......-..................?ﬁg%sﬁ”\
C

1
1.2.
1 - w.J. Hoiland Map Of 1914 .....‘....‘............'..@L

.2
.3

Detailed maps of Individual sites In the Agate hllls:

2.1. CARNEGIE HILL {(Southwest Excavation)

2.1.1. Carnegie Quarry 1
Sequence of Excavations: 1904-1908 ... Magﬁ§j>
Fossil Mamma! Distribution ....cecn...(Map E

2.1.2. Southwest Excavation ‘ TR
Sequence of Excavatlions: 1904-1920 ... Map F’
Fossit Mammal Distribution ...........Zgaé §>

2.1.3. American Museum Chalicothere Quarry T
Aibert Thomson Map: 1912-1916 ........ Map H
, —
No maps by the eariier pateontologlsts are known for the
North, Northwest, West, and South Excavations on Carnegile

N

Hiil.
2.2. UNIVERSITY HILL (University Quarry) e
2.2.1. Barbour Excavations of 1906 and 1908 ......{Map {
2.3. BEARDOG HILL (Carnegie Quarry 3) S
N

2.3.1., Carnegie Quarry 3 Map of Hunt: 1981~1983 .X/Map J

.

No map of Quarry 3 Is known to have been made by
O.A. Peterson.

2.4. NORTH RIDGE (Carnegie Quarry A)

No map of Quarry A is known to have been made by
elther O0.A. Peterson or F.B. Loomis.

2.5. ,GEOLOGIC MAP OF THE AGATE FOSSIL BEDS NATIONAL HONUMEQIM\\

Mapped by R.M. Hunt, Jr. in 1977 ..................'Map K

..



ACM,
AMNH,
CM,
FMNH,
UNSM,

USNM,

YPM,

ABBREVIATIONS

Amherst College Museum, Amherst

American Museum of Natural History, New York
Carnegle Museum of Natural History, Pittsburgh
Field Museum of Natural History, Chicago
Universlty of Nebraska State Museum, Lincoln

National Museum of Natural History, Smithsonian
Institution, Washington

Peabody Museum, Yale University, New Haven



1. DISCOVERY OF THE AGATE FOSSIL BEDS

1.1. 0, A, Peterson and {he Carnegie Museum

Olaf Peterson (1865-1933), who came from Sweden to the United
States when 17 years of age, became aware of vertebrate fossils from
his brother-in-iaw, J. B. Hatcher. In 1888, as a young man, he was
hired by Hatcher to assist in collecting fossils in Nebraska and
Wyoming for 0. C. Marsh of Yale Unlversity. Peterson was employed
both In the fleld and In the New Haven Jaboratory of Marsh from 1888
to 1891. From 1891 to 1896 Peterson worked for the American Museum
in New York, eventually leaving this Institution to joln his
brother-in-law on the Princeton expeditions to Patagonia In 1896 and
1898. In 1900, In part due to Hatcher's legendary success In South
America, both Peterson and Hatcher left Princeton and Joined the
Carnegle Museum In Pittsburgh.

It was during his tenure with the Carnegie Museum that Peterson
had his major impact on North American paleontology. HIis research
on the terrestrial Cenozolc rocks and fossil mammals of Sloux
County, northwest Nebraska, can be regarded as his best work, for he
not only collected most of the fosslls, but aiso publiished a number
of major monographs on the fauna. Much of thls Is still useful
today. He began his Sioux County explorations In 1901, continued
them In 1902, and iIn 1904, despite adverse circumstances, recognized
the Importance of the Agate bone bed.

in Sloux County (Fig. 1.1), Peterson first worked the Oligocene

White River badlands north of the Pine Ridge escarpment. These
barren sculptured hills so near the escarpment still produce
~mammallan fossiis In quantity. Today the escarpment defines the
northern (Imit of a great remnant tableland, now blsected by the
Platte River, but at one time in the late Cenozolc extending without
Interruptlion from northern Nebraska to northern Colorado, a
north-south distance of over 150 miies. The present tableiand Is
the dissected vestige of a thick wedge of Cenozolc terrestrial
sediments, Its western margin In contact with the Rocky Mountain
ranges and Its eastern edge thinning toward the midcontinent.
Extensive badland rock outcrops, representing the oldest part of
this wedge, are prominently exposed along the southern and northern
bounding escarpments of the tableland. Fleid collectors ilke
Hatcher and Peterson, early in this century, were invoived In
geographlically wide-ranging searches for exhlblt quality fosslils,
and commonly sought out such promising badland areas where the
probability of success was high. In 1901 the White River badlands
of Nebraska and South Dakota were known to produce mammallan fossilis
!n abundance, and the Pine Ridge escarpment was a logical place for
Peterson to begin hls search.

The geologlst N. H. Darton In 1899 recognized two stratigraphic
divisions within the Pine Ridge escarpment, named by him the White
River Formatlon and Arikaree Formatlion. The upper part of the
escarpment {s formed by Arlkaree rocks; the lower part of the



T

escarpment and the fiatland extending north from it are White River
beds. From as early as 1886 until 1895, Hatcher had traveled
through this area, and worked the deposits for fossils, focusing
primarily on the White River fterrain.

The extraordinary fossli!| potentlial of northwest Nebraska was
evident to Hatcher, and in 1901 he assigned Peterson the task of
amassing a collectlon from the Sioux County Cenozolc sequence. This
seems to have been stimulated by Hatcher's own work in the Sloux
County deposits in 1900: with his assistant, W. H. Utterback,
Hatcher spent three or four weeks In the Arikaree near Harrison,
Nebraska, and then moved on to the more productive White River beds.
Hatcher's effort of 1900 represents the flrst record of prolonged
work by the Carnegle Museum in Sloux County Arikaree rocks (earlier
work by Hatcher for other Institutions was focused on the White
River, especlally on the great titanotheres found in these beds).
Only a very small sample of fossi| mammals was collected by the two
men. However, Hatcherts initlal foray Into the Arikaree beds In
1900 was the first step of a long productive Journey for the
Carnegle Museum fleld men that would reach [ts sclientific climax
with Peterson'!s discovery of the Agate bone bed In Arikaree
sediments in 1904.

Peterson's first documented work in the Sloux County Arlkaree
beds took piace in May 1901 when, camped to the north of Pine Ridge
on Pralirle Dog Creek, he traveled south to Harrison for mall and
supplies, and looked over the "Dalmonelix beds" (gray Arlkaree
sandstones with large helical rodent burrows) on his journey to
town. Forced to remain In town due to rain, he wrote on May 25,
"Went afoot to the south of Harrlson; found Daimonelix beds exposed
on all elevated polnts. Found fragments of a rodent skull ...." He
contlinued to collect in both the Arikaree and White River of Sioux
County during the summer months, but focused on the White River
during May, June and July. In August, he moved south into the
Nlobrara Canyon, and began his Important collection of mammalian
fossils from the Arikaree cliffs on the south side of the canyon
Immediately east of the Nebraska-Wyoming state boundary. He worked
this area (which was to become the type locallity of his "Upper
Harrison" beds) during August and September, returning to Pittsburgh
on October 4.

in 1902, Peterson again returned to Sioux County, undoubtedly
because of the rich collection of fossils that he had found the
previous year. Locating near the old postoffice of Adelia, he
worked the White River beds until late In August, then entered
Wyoming to explore the dinosaur-bearing rocks of the Lance Creek
region north of the Hartville Uplift. In 1903, Peterson did not go-
Into the fleld but remained In the laboratory at the Carnegie
Museum, workling on fossll mammals found by him during the previous
two fleld seasons.

In 1904, Peterson returned to the field with Hatcher's strong
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Fig. 1.1. Map of the Agate reglon, showing the principst geographlic
features and localities mentioned In the text. The area was the focus
of earty fieid studies by E.H. Barbour, 0.A. Peterson, J.B, Hatcher, and
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exploration for fossi! mammais was focused In the Khite River badlands
and altong the Pine Ridge escarpment where prominent exposures of
mlid-Cenozolc rocks oroduce numerous fossils,



encouragement to continue his Sloux County explorations. Two
unusually Important discoverles befell Peterson: (1} the explanation
of the origin of the enigmatic hellical fossils called devll's
corkscrews or 'Dalmonelices'; (2) the finding of the Agate bone
bed.

At the start of fleld work in late May and June 1904, Peterson
explored the lower Arikaree rocks, trying to find fossils In the
Gering sandstones at the base of the Plne Ridge escarpment, but with
little tuck. He did obtain some bones from the "upper Monroe Creek
beds", at a higher level in the Arlkaree. On June 6, Hatcher
advised, "While It would have been gratifyling had you been able to
report more satisfactory finds from the Gering sandstones, yet this
was to be expected; however, If after a week spent In those beds you
meet with no better success should think it would be best to devote
your attentlon to elther the underlying or overlylng deposits."™ It
was the overlylng rocks that Peterson attacked with characteristic
vigor, working the upper Arlkaree on the tableland's surface near
the postoffice of Yan Tassell, Wyoming.

Van Tasseil lies near the Nebraska state line in the valiey of
the Niobrara River. ln this area, the rliver and its local tributary
streams dissect the surface of the tabieland, producing numerous
bare fossilliferous outcrops of the Arikaree. A visit to this
tecallty In July 1904 marked the beglnning of Peterson's interest
and extended work on the 'devil's corkscrews'; his notes include
numerous sketches of these bizarre Arlikaree fossiis. The corkscrews
were hellcal spirals of finely layered gray sandstone, often encased
In a silicified rind of fossil plant roots, some penetrating the
interior. Sometimes found In groups, each corkscrew was spaced a
speclfic distance from its neighbors. They were first noticed in
1891 by E. H. Barbour, a Nebraska paleontologlist, who argued that
they were glant plant fossils. Barbour resolutely maintained this
view at the time of Peterson's Sioux County explorations.

On July 4, 1904, Peterson found and studied a large grouplng of
corkscrews along the south side of the Niobrara River In Wyoming
opposite the mouth of Van Tassell! Creek. His notes reflect his
exclitement at what he found: "I had not remained very long In this
locallty before | became convinced of the origin of the Daemonhellx.
| found remains of rodents, not only one case but 6 or 7 cases, and
in two Instances | found nearly the complete skeletons lay In the
weathered out Inside of the corkscrew! Not once did | find the
rodent remains attached to the outside surface of the burrow, or,
corkscrew, but aiways on the weathered out Inside of the casts. The
fact that rodent remains are thus found In these casts of burrows or
Cork Screws and seidom ever found In the soft sandstone separate
from the burrows Is alone evidence of their true origin." From this
time, Peterson never doubted that the origin of these 'corkscrews'!
was attributable to the rodents found In them.
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In 1904, Peterson left some field notes of his Sioux County
work, Including a geologic cross-section of the tableland from Pine
Ridge as far south as Spoon Butte (Flg. 1.2), and excellent notes
and diagrams of the corkscrews near Van Tassell. But notes on the
discovery at Agate, written in the fileld at the time, have not been
located. Thls seems to have resulted from a personal tragedy that
befell Peterson In eariy July 1904, for after that time he
apparently made no detallied fleld notes.

Unknown to Peterson at the time of his corkscrew discovery, his
col league Hatchar had contracted typhoid fever In Pittsburgh In late
June and quickly became gravely ill. On June 30th, unaware of
Hatcher's condition, Peterson penned a routine letter from the field
in Harrlson, Nebraska, discussing expenses, weather, and fossils
found, stating: ™! am now about through along the Pine Ridge and
expect to move camp in a day or so, down towards Yantassle (sic)
where | expect to spend a week or so in the Harrison beds before we
start for the Reservation.”

On July 1, W. J. Holland, the controversial director of the
Carnegie Museum, had writfen Peterson a troubling letter:

"My Dear Mr. Peterson;-

| dare say that you have been advised ere this of the
fact that Mr. Hatcher Is i1l with typhoid fever. He was taken
to the hospital a few days ago, and, | understand, s very
sick, though not according to accounts In imminent danger....
Meanwhile, while he Is i1l and unable to attend to hls work,
you had better communicate with me directly in reference to
any matters that require attention .... | trust that you will
report to me as to your movements, so that we may keep In
touch with you.”

Probabiy weakened by years of sustalned overexertion In
research and fleldwork, Hatcher faiied to recover, and died on July
3rd at the age of 42. On July 4th, Peterson learned of Hatcher's
death, and the next day wrote Holland of his plan to return to the
east:

"My Dear Dr. Holland: :

Last night late a telegram was brought out to my camp
with the very sad news that Mr. Hatcher is dead. | just got
In. Have wired Mrs. Hatcher [Peterson's sister] ....

[There] wil! now necessarily be changes which will affect
every one concerned In the department. | have accordingly
decided to close up my work here as soon as | can and come
back to Pittsburgh. | wish to be there, If for nothing else
to fry to console and help Mrs. Hatcher as much as | can,.
Should [+ become advisable | could come out later in the
season, or, the work could be resumed again next spring.

I have met with very good success the last 2 weeks and
was just on the point of writing Hatcher some very Important
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Fig. 1.2. Geological cross-section of the Hartville Table, from
the Pine Ridge escarpment (Squaw Butte) to Spoon Butte, from 1904
field notes of O0.A. Peterson, who indicated that the Arlkaree
tableland was made up of a sequence of superposed tabular rock
units (Gering, Monroe Creek, Harrison, "Nebraska" [=Upper
Harrison]). Line of section (north to south) nearly parallelis
Wyoming~Nebraska state boundary. The Niobrara River (Runningwater
of Peterson) has cut the Niobrara Canyon at the center of the
cross-section. In 1904, the faults that occur in the region (see
Fig. 2.2) were not known to Peterson.



discoveries which | have made the last day or two when { got
the message from Mrs. Hatcher."

On July 8, Holland replied:

"My Dear Mr. Peterson;

| recelved your le++er this morning in which you s+a+ed that
you had decided to cease work and come home In order to at least
comfort your good sister, Mrs. Hatcher. Mr. Mellor and | were at
Mr. Hatcher's residence this morning, at Mrs. Hatcher's request, and
we talked over the matter carefully, and It seemed to us that In
view of all the circumstances it was scarcely wise for you to stop
work where you are, especialiy Iin view of the fact that you tell us
you have made Important discoverles, and come back here.... Mr.
Mellor and |, as well as your sister, think the best thing you can
do under the circumstances is to remaln where you are and carry on
the work that you are doing with energy.... I telegraphed you today
informing you of the substance of this decision, using the words -
'Have consulted Mrs. Hatcher; your return won't help; go on wlith
work; am writing fully.! In case at a iater date It should be
Judged necessary that you should return we can arrange for it, but |
doubt very much whether 1t would be wise for you to puil up stakes
and come back now. That would sacrifice the good results which In
your letter you say you are Just on the eve of achieving. Utterback
reports that thus far he has accompiished nothing throughout the
season, and | should regret very much to have to report to Mr.
Carnegle that nelther party had succeeded in accompllishing anythling
this summer ....

Until a successor to Prof. Hatcher Is secured | shall act as
the head of the Section of Paleontology In the Museum, and shall
expect you to report to me everything Just as you were In the habit
of doling to Mr. Hatcher, and to keep me fully advised of all your
movements and of your necessities."

On July 11, Peterson responded to Holland's Incredible letter In
a matter-of-fact tone, but his true reactlon was distilled In
letters to H. F, Osborn at the American Museum, and to Charles
Schuchert at the National Museum, later In July:

"My Dear Dr, Holland:

In reply would say that the discovery | have made
(determining what the Devils CorkScrews are) can not be much
Improved on. | will however contlnue to get a few more
specimens, and may perhaps go up on the Sioux Indian
Reservation a short while before coming back. In the
meantime, | wish you would kindly tell Mr. Douglass to get
together all literature on Daemonhelix [sic] and send to me.
| would Ilke to write a preliminary note to Science before
other parties do it for me, and | think the credit should go
to the discoverer and our instlitutlon."
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. On July 25, Peterson was more candid with his old empioyér Osborn:

"My Dear Prof. Osborn:

It is truly a plty that after Hatcher worked as hard as
he did to get to where he could begin to reap some genuine
satisfaction and pleasure of his many years of hard tolfing In
the fleld, he should be taken away. It is not only a great
loss to his poor wife and children but as you have tfruly sald
a loss to science as well.

With considerable pleasure and satisfactlion not to say
proudness | watched his steady onward march to distinction,
well knowing that he now occuplied a place where he could with
undividing energy devote his whole ambition to his most
cherlished work and | looked forward to years of pleasant
cooperation with him.

Returning from an extensive horseback trip the fourth of
July | was rejoicing to myself over the good news | had to
tell Hatcher of my discovery that day (the discovery of what
the Daemonelix really are) when | met one of my men - | sent
both of them [Olcott and Dodd] to town the third to spend the
fourth of July. As soon as | recognized him | was under the
influence of a pecullar sensation, and after reading the
yellow slip he handed me | felt dizzy.

| wanted to go back immediately but Dr. Holland Insisted

_ on my continulng the work. That he was now in full charge of
. that dept. and for me to report to him until such time as he
could get the proper party In Hatcher's place.

As a matter of fact | have no heart to do work as | did
formerly. ©Dr. Holland Is no doubt favorably disposed toward
me but | know that he Is not capablie of the sympathy a field
man craves In connectlion with paleontology. Not knowing what
is going on or what changes are taking place In the museum |
am naturally on the alert for another place as | may on my
return find that a change will be necessary."™

Earlier, on July 18, Peterson had written Charles Schuchert In
Washington at the National Museum:

"My Dear Mr. Schuchert:

Knowing there is a vacancy In the National Museum |
respectfully ask you what the position is?... | trust you know
me and what | have been doing for the past 16 years to present
my case to Dr. Merriili....

| know nothing as yet of what changes may take place in
Pittsburgh since Hatcher's death and naturally [am] on the
alert should things turn uncongenially there tc necessitate
making a change."

On July 22, Schuchert repiied encouragingly to Peterson:

. "Dear Mr. Peterson:
. Since Hatcher's lamented death | saw Hermann at New York



and | spoke of the vacancy In this museum In the vertebrate
division. As you know we had hopes of securing Hatcher but
his death upset all our plans. Telling these things to
Hermann he urged our securlng your services in the strongest
terms which | have done with Dr. Merrill. If you care to make
a change | can say that Dr. Merrill will be great!ly pleased to
conslider you as a candidate."

Against thls background of events, Peterson prepared to travel to
Agate to look over the regton in the vicinlity of the James Cook
ranch. His emotional state could hardly have been less conduclve to
carefu!l observation of the area, and the detailed recording of his
finds. On July 28th, the eve of his departure for Agate, he wrote .
Holland a terse note:

"Dear Dr. Holland:

Since about the 18th of June we have had very good
success to within the last few days. We leave this place
tomorrow on a short trip to a new locallty. | expect we will
be gone some 2 weeks perhaps longer, if we meet with any
success. In the meantime | would wish and expect 1st, a
guarantee to the Depot Agent for the shipment of fossils.
2nd, advice as to the disposal of the outfit. You wlli please
direct letter to Harrison Nebraska as that will be our next
P.0. address."

Peterson must have reached Agate durlng the first days of
August. At that time, when Harold Cook had jJjust shown him the
fosslis In the Agate hills, several letters arrived at Agate for
Peterson, one from Schuchert providing him further encouragement In
his attempt at the National Museum posltion, and the followlng
letter from Holland which could have done little to ease Peterson's
state of mind:

: Aug. 1, 1904
"My Dear Mr. Peterson,

As | see by the account that you send me that you have
only $1.59 on hand, | herewith send you a check for $100, on
account of field expenses, which you wlll kindly recelpt.

You ask me to furnish a guarantee to the depot agent at
Harrison, Nebraska, for the shlipment of fosslis. | do not
understand what you mean by a guarantee unless it be a letter
from me giving assurance that the frelght on the material will
be pald upon dellvery. | enclose a fetter which | suppose
will cover the purpose. |If It Is not what Is wanted, please
let me know, and tell me what the .statlon agent requlres.

You ask me for directlions as to the disposal of the
outflt. | wish to say In this connectlon that | would like to
have full information from you as to what you have In the way
of an outflt and Its condition. You must not Iimagline because
Mr. Hatcher Is dead that the work of the Department of
Paleontology at this Museum is going to end or that we shall



not have need of your services and of the services of the
entire staff. While we depiore Mr. Hatcher's death most
deeply, you must understand that the work of this Museum goes
on forever. | wish you to stay in the fleld and gather all
the good materlal that you possibly can. | know you to be an
eminently successful collector, and | do not think that an
early return on account of Mr. Hatcher's death wil! mend
matters at all. The more you collect this summer the better
It wiil be both for the Instltution and for your own
reputation, If you have good prospects and there is material
that can be acqulired that Is needed In the Museum, get I+. |
prefer to have you stay In the fleld as long as there Is any
chance to do good work. | know that Professor Hatcher's death
has necessarlly to some extent unsettled your mind, but you
need have no dlscouragement on that score. As long as | am
satisfled with you and well pleased |t makes no dlfference who
Is Professor Hatcher's successor. You are sure of your
position. | am, as you are aware, the man who is to be
satisfled....

In the letter you wrote me preceding your last you state
you have made some dlscoveries upon the origin of Daemonelix,
and express a wish to prepare an article for Sclence upon the
same. | desire to say that | shall be very pleased to have
you write an article for Science, and of course you
understand, under our rulfes and regulations all publications
in relation to the expeditlions conducted and In relation to
the material collected on such expedlitions must be submitted
to the Director. You would also possibiy be glad to have the
benefit of my edltorfal supervision. I|f you wil}l write your
article and send the same to me | wlll see that It Iis
transmitted in proper form to the edltor of S¢clience."

This was the last letter received In the field by Peterson, and it
I's not difficult to Imagine his state of mind during the work at
Agate.

Peterson left no field notes on Agate. He reports the details
of his discovery of the quarrlies In his publications (Peterson,
1906, 1909; Hoiland and Peterson, 1914). Hatcher's death and the
conflict with Holland, as they probably contributed to Peterson's
deteriorating mental and physical! condition, must in part be
responsible for this. However, the sequence of events leadling to
the discovery, his brief perlod of work at Agate In August 1904, and
his premature return to New York, can be pleced together.

On July 28th, Peterson wrote Holland, stating "Since about the
18th of June we have had very good success to within the last few
days. We leave this place tomorrow on a short trip to a new
focality. | expect we will be gone some two weeks perhaps longer,
if we meet with any success...." This letter has inscribed at the
letterhead, "Agate P.0. Nebraska™ Indicating that he [s leaving the
next day for Agate and wishes Holland to have his postal address



there. The date of July 28th is in agreement with a statement
published by Peterson (1909, p. 70) In his entelodont monograph:

"One day in the latter part of July, | decided to break camp
and go down the river in search of new locallties for fossils and
also to study the geologlical features of the neighborhood more
fully. As Mr. Cook's ranch was on our way down the stream, It was
decided to pay him a visit, and accordingly we stopped at his ranch.
After a camp-ground had been pointed out to me, on top of a high
butte Immediately to the south of the farm buildings, and
arrangements for wood, water, etc., had been made, the preliminary
work of prospecting the neighborhood was at once under way. A day
or two later Mr. Harold Cook, the eldest son of Mr. James H. Cook,

accompanied the writer to a small elevation some four miies to the
east of the farm buildings and immediately beyond the eastern limits
of the land belonging to the ranch. The talus of this low hill was |

discovered to be filled with fragments of bones, and was afterwards
designated as quarry A."

i
!

However, a later letter Indicates that the start for Agate was
briefly postponed, for Peterson became 11| with fever after writing
to Holland on July 28th, and went instead to Fort Robinson, about 30
miles east of Harrison, for medical treatment. The exact duration
of his stay at Fort Robinson Is unknown, but two to three days seems
likely. |f he departed Fort Robinson on August 1, he would have
arrived at Agate late on that same day. HIs preliminary prospecting
would have pccurred on August 2nd. .Thus Harol!d Cook possibly took
him to Quarry A elther on August 3rd or 4th. The first fleld label
from Quarry A (or from any of the Agate quarries) In the archlives of
the Carnegle Museum is dated August 6th, and records the collection
of rhinoceros. Horse, rhinoceros, and chalicothere remains are
reported from Quarry A In fleld labels dated August 8th. On August
9th, a large carnivore metacarpal (Hunt, 1972, Fig. 13) was found at
the future location of University Quarry at Unlversity Hill: there
are no fleld labels dated later than August 9th.

Shortiy after beginning work in Quarry A, Peterson (1909,
p.71f.) discovered the maln bone bed of the Agate hills: "We had
worked three or four days In [Quarry A] when | declded to visit the
two buttes (since named Carnegle HI!{ and University HIll by Prof.
E. H. Barbour) which tie about three hundred yards to the south of
the place where we were working. One may easily Imaglne the
thrilling excitement of a fossil~hunter when he finds the talus of
the hillsides positively covered with complete bones and fragments
of fossil remains." Working with him at Agate were his asslstants, -
T. F. Olcott and A. A. Dodd. '

|f the time table above Is correct, then Peterson found the
bones In the main hills some time from August 5 to 7, and thus
Peterson could have worked at Agate only a very short time, for on
August 10, he wrote to Holland announcing his readiness to end work
for the season:
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"As to the continuance of work in this f[ocality | would
say that we are not having the success we perhaps would have,
were | able to work llke | was accustomed to. This summer has
been a trial on me from beginning +ii! now. | have been
troubled wlth dyspepsia from time to time. The next day after
| wrote to you last [letter of July 28th] | was laid up with a
fever Instead of going as | expected to Jook up a new

locallty. | am just back from the hospital at Fort Robinson
and | have been advised by the doctor to be careful In not
exposing myself in this heat. | have about decided to quit

collecting for a time and have taken steps accordingly.

So far as our Institution the Carnegie Museum Is
concerned | can say that we have a magnlificent collection from
this locality which when worked up should be a pride to the

Museum as well as to the collectors and preparators. | am
giad to say that so far as | have been able to continue this
summer, we have met with good success. In fact | havs done

some of my best work this season notwithstandling my
conditlion....

As | do not think | am doing credit to myseif or to the
Institution to contlinue here much longer | will close up In a
few days and come In."

On August 16th, Peterson arrived In New York where he
recuperated from his Illness and arduous field season. Assuming
three days by train (the usual raii time) to reach New York,
Peterson must have left Agate about August 13th. |If this is true,
he could have spent only about 10 days In the Agate quarries In
1904. The only definite statement giving the date of Peterson's
departure from Agate was made by Holland (Holland and Peterson,
1914) who wrote that Peterson "left for his home In Pittsburgh on
the 10th of August." There Is an evident dlscrepancy between this
statement made by Holtfand, and Peterson's letter of August 10t+h In
which he "will close up In a few days."™ |t seems certain, however,
that Peterson left Agate at some time between the 10th and 13th, and
so could have only worked in the quarries for a week to 10 days at
most.

Peterson's stay at Agate leaves many unanswered questions: (1)
how much materlal was actually collected in 1904 from Agate sites,
especially Quarry A? (2) what was the role of T.F., QOlcott and A.A.
Dodd who were his assistants? when did they leave Agate? (3) why
did Peterson not mention the discovery to Holland in his letter of
August 10th? (4) why did Peterson leave no flield notes on the
excavation of the principal site, Quarry A?

Although the trylng events of the summer, particulariy the
developlng discord between Peterson and Holland culminating In
Peterson's 1| health, could be responsible for the absence of
detailed Information on the discovery, the possibiiity exlsts that
Peterson did complete notes on the Agate fleldwork which then did
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not find thelr way Into the Carnegie archives. The eventual
discovery of these notes would provide important information on the
first field excavation at Agate.

1.2, James and Harold Cook

‘Although the first notice of bones in the Agate hilis by a
professional paleontologist belongs to Olaf Peterson, the Cooks and
other settlers of the region had seen bones In these and other hills
in the area for many years prior to the Carnegle discovery. James
Cook emerges In much of the correspondence and narrative of the time
as strongly concerned with bringing the bones to the attention of
paieontologists. Peterson acknowledges a number of invitatlons from
Cook to visit his ranch, prior to Peterson's journey to Agate. And
among records In the Amerlcan Museum, New York, there Is an
indicatlon that James Cook had told J.B. Hatcher about the bones at

Agate.

James Cook married Kate Graham of Cheyenne, Wyoming, In 1886,
In 1887 they purchased the Agate Springs Ranch (then called the 04
Ranch) from Kate Graham'!s parents. According to Dorothy Meade, a
granddaughter of James Cook, "A year or two before thelr marriage,
when riding, Kate and Jim had discovered fossil| bones weathering out
on the ranch. Later, as owner, Cook reported this find to both the
Nebraska and the Wyoming State Geologists."

Peterson (1909) suppliled a published version of the dliscovery
of bones at Agate as understood by him: "A few days later [in
August 1904] when | reported my additional find to Mr. Cook, |
learned that | was not perhaps the original discoverer of the bones
in these two hills, as he told me he had seen bones there as long
ago as 1890, but always thought them to be of recent origin. In
1908 | was further convinced that the bones In these hllls had been
seen even eariier by Mr, Octave Harrlis, a prominent ranchman of the
neighborhood.”

Harold Cook gives an amplified account of the discovery of

bones at Agate In his book, Tales of the 04 Ranch:

"Father had shown the two hills In the valley of the
Nliobrara, on which he had found foss!l| bones, to E. H. Barbour
of the University of Nebraska in 1891; but Professor Barbour
had no money at that time for collecting.

"John B. Hatcher of Princeton University had been
collecting dinosaurs In eastern Wyoming in the Lance Creek
country. He came down Into Sioux County with his
brother-in-{aw, 0. A. Peterson, who was collecting fossilis for
the Carnegle Museum of Pittsburgh, which had recentiy been
built. One day when father ran across Hatcher and Peterson In
Harrison, he toid them about the fossil deposit near Agate,
which he had shown to Professor Bailey, territorial geologist



for the state of Wyoming, and to Professor Barbour. Ffather
suggested that they might find It interesting to come down to
the Niobrara and see the deposit. At that time Hatcher and
Peterson were takling out some skeletons In the Sloux County
badlands [White Rlver beds north of Pine Ridge]. |t was near
the end of their field season; they wanted to finish up; and
so they did not come to Agate in that year of 1903.

"Toward the end of the summer Iin 1904, Peterson wrote
that Dr. Hatcher had died durlng the winter [actually Hatcher
died July 3rd, 1904].

" 'l recall,' he wrote, 'the Invitation you gave us to
come to your place to do some prospecting. |Is that Invitation
still good?!

"Father answered his letter, saylng that [t certalnly
was., A short time later, Peterson and a boy drove Into the
ranch with a team and a light spring wagon. They stayed
overnight. The next morning he vold the boy to have the wagon
and team harnessed and ready to go when he returned from the
quarry hills, about three miies to the east.

"Peterson and | rode down on saddle horses. | had seen
the fossil bones many times while working with the cattle, but
| had not disturbed them. After prellminary Inspection,
Peterson was greatly excited. We rode back to the ranch
immediately. He had intended to drive south into the North
Platte country; but he waved his arms wildly when we
approached the ranch.

" 'Pyt the team in the barn,' he shouted, 'we aren't
going anywherel'",

Study of the records and correspondence in the archives of the
Carnegle and American museums Indicates the general outline of this
account accurately represents the events leading to Peterson's
discovery, but some details are mistaken. First, Barbour of the
University of Nebraska did not visit Agate in 1891, but first
arrived there in 1892, and, as will be shortly discussed, he never
visited the bone hills, reiying Instead on the Jjudgment of one of
his students who did reach the site. Barbour decided not to act on
the student's information, and thereby lost the chance to excavate
the quarries 12 years before Peterson's arrival.

Secondl!y, James Cook could not have told Hatcher and Peterson
about the bone hilis In Harrison Iin 1903, for Peterson never left
the Carnegie Museum in 1903, working in the laboratory and not
carrying out field work. In 1900, Hatcher worked In Sioux County,
but not with Peterson, and in 1904, only Peterson was present. In
1901, Hatcher and Peterson were rarely together, and then for often
only a brief visit In Harrison (on July 1st, and on July 30th); at
this time Peterson was working the White River badlands north of the
Pine Ridge In Sioux County. In 1902, during May and June, Peterson
worked the Sioux County White River badlands but Hatcher remained in
Pittsburgh where his daughter was seriously iil. Later In the
season Hatcher traveled to Colorado from Pittsburgh, but whether he

1
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stopped In Sioux County is not known and seems unlikely. Moreover,
this trlp occurred near the end of the fleld season when Peterson
had moved Into the dinosaur beds of Wyoming, so It Is doubtful that
the two would have met. Thus, {f Cock encountered the two fleld men
In Harrison, 11 seems that the meeting most [ikely occurred In 1901.
If this Is true, the Carnegie men were aware of the possibility of a
bone deposit at Agate for several years prior to Peterson's visit.

1.3, ELH, Barbour and the University of Nebrasksa

A discovery of the scientific Importance found by Peterson at
Agate perhaps comes once In a paleontologist's career, if at all.
The least Ilkely event in Peterson's mental scenario as he traveied
east to Pittsburgh in August 1904 was that he would find himself In
competition for the fossil resources of Agate In the summer of 1905.
Yet this took place, brought about through the zeal of Harold Cook,
unknown to Peterson. On May 26, 1905, Harold Cook wrote E. H.
Barbour in Lincoln who, untll now, knew nothing of the Agate bone
bed:

"Dear Sir:

Reading that an appropriation had been made to carry on
the work of Paleontology In this state, | thought you would be
Interested In learning of the recent fossil discoveries here.
As you probably know, Prof. Peterson, of the Carnegie Museum,
came out here to work a large quarry found last summer.

Owing to some important work to be done at the museum, he
had to return, leaving Mr. Oicott in charge of the work, but
Prof. Peterson will return to the fieid fater in the summer.

| have since found an Immense fleld, so large that they
could not work it out In years, so that there Is plenty of
materfal for other parties to work with., So far there have
been discovered here several varieties of rhinoceros, =-at
least one new species~ the Mastodon, the Tlitanotherium, at
least two varietlies of the Camel, the glant Sloth Mylodon
~never before discovered in the Miocene-, turties, the three
toed horse Anchitherium, several varleties of Orecdonts,
several Carnivora, and other unclassified specles.

The bones for the most part are In excellent condition,
especlaily after one gets under the surface. We are all
interested in having the State Museum in the front rank, and
Prof. Peterson says this Is one of the best localltles he has
ever been In,

If you come here, | belleve we can put you on the track
of all sorts of blg game. 1t will take Prof. Peterson years
to work the quarries they have now opened as there are simply
Innumerablie bones in them. They have uncovered ten skuils In
& place not more than six feet square, beslides quantitlies of
other bones. Papa saw Maj. Frank Wolcott in Denver at the
Stock Conventlon, and told him about the bones here. He sald
he would speak to you about them when he got to Lincoln, but
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I+ may have sliipped his memory."

Barbour's reply was Immediate and predlctable. Ten skulls In 6
square feet coupled with Peterson's endorsement should have been
enough encouragement for any professional. Barbour In this barely
restrained letter pens a classic in a fleld where the abillity to
play the cards can often be as Important as the luck of the draw:

"Mr. Harold G. Cook, Agate, Nebr.

"Dear Sir:

"Your letter came last evening about five o'clock, just
after all of our offlces had closed so | could not learn the
exact conditlions of the finances of this department. It Is
now Sunday and there will be no chance to make Inquiry untili
Monday. However | shall not wait. Your letter is Jjust what |
wanted. Do you mean that you have a bone bed which Is rather
exclusively your own to which we could come and collect? Or
Is It the bone bed which some other college has opened and
upon which there are the claims of others to be considered?
You see It Is often of doubtful proprlety to work another
man's quarry even though It ts the pubiic domain unclalimed.

"It seems to me that your letter plalnly states that you
have found a fossil bed of your own. |f this Is so keep It

. for us without fail and do not allow anyone to poach upon It.
What you say Is exactly true, everyone has been robbing the
state of Its very best things and the state Itself has
scarcely anything. Yale College has more specimens from
Nebraska fthan we can collect In years to come. Likewlse
Chicago, Carnegie Museum, Columblia, Princeton, etc. This Is
all wrong, and | am very thankful that you view it In This
way. Still what could we do? The museum has been overcrowded
for the past elght years and they have asked me to suspend
active work in the fleld, During the past year we have boxed
and stored as much as flfty tons of our best exhibits. These
were lowered and packed away In an abandoned steam tunnel
running east and west under the campus. By no fault of mine
we have been making progress backward in this matter for a
number of years....

"In Wyoming the university buys Its quarries, when they
prove to be extra good, and In this way can continue work from
year to year without the interference and poaching of other
collectors, How much should we buy and at what price could 1t
be bought? Would yocu advise us to buy? Is there any way In
which we can get a clialm upon it? Please advise me carefully.
Are you at liberty this summer vacatlion? Would you be willing
to conduct the work for us this summer? What compensation
would be fair? Do you understand collecting bones? | have no
fear whatever on this point.

.- "|s the quarry near your Ranch where you could work to
advantage and comfort? While we are engaged In settling
arrangements by mail, will you not go out to your 'find' and
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stake It out and put up some sort of a sign saying "Claimed by
the University”., This Is done by all the colleges who coliect?
in the badlands, and every collector respects all such prior
clalms. :

"You wlll recall possibly that we discovered the bones In
the region of Agate as early as 1891 and have qulte a
collection of such bones In the state museum together with the
Twisters [the helical burrow fills] which occurred on the same
horizon, so as far as rights of priority go, we have a prior
clalm on this region as a matter of fact. One reason why we
should act with decision Is this: collectors over the country
ask me to direct them to these beds and in dealling fairly we
are compelled to answer them. Only yesterday | was compelled
to tell of the coilecting grounds around Agate to a
professional collector from the University of Kansas. He will
skin the place. Please continue to stand by your own state in
this matter.

"{ shall make inquiry first thing In the morning and wili
see just what funds are avallable for fleld work, and If It Is
agreeable to you to undertake fleld work for us In your
region. It seems to me that we can come to terms which will
be fair and satisfactory all around. At the first moment |
will visit you and look the ground over with you. |In the
meantime, act for me."

Barbour had been a frequent visitor to Sioux County since 1891,
in fact, he might easlily have been the discoverer of the guarries at
Agate had it not been for his preoccupation with the 'devil's
corkscrews', or 'Daimonelices', the names he gave to the fillings or
natural casts of these Early Miocene rodent burrows. Barbour became
fascinated by these gigantic fossils on a collecting trip to Sioux
County In the summer of 1891,

On his first visit to Sioux County on June 29-30, 1891, Barbour
was taken by a local resident of Harrison, C.E. Holmes, to the Eagle
Crag locallty of the Pine Ridge escarpment, a short distance north
of the town. Here he saw for the first time the great helical
burrows of the rodent Pajeocastor that so excited Peterson In July
1904 when the latter found rodent skeletons within the burrow
spirals, lronically, Barbour came to belleve that these were the
fossils of huge plants, largely due to the plant cells which were
found In dense concentrations around the spiral cast and within Its
Interior. He fleided his first major expedition to collect these
'corkscrews! in the summer of 1892, accompanied by several of his
students.

Barbour arrived at the Eagle Crag locallty on May 1, 1892, and
colilected approximately one ton of these burrows casts within a
week. Later in June 1892 he and his associates returned to the area
as the Flrst Morrlil Expedition of the University of Nebraska,
exploring the "Dalimonellx beds” (as he named the corkscrew-~-bearing
rocks) along the Pine Ridge tableland. The Cooks, hearing of

€
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Barbour'!s Interest in the corkscrews, Invited him to visit Agate fo
see the ones found at thelr ranch.

On July 7, 1892, Barbour and his party reached the Cook
homestead at Agate in an Intense rainstorm. After establishing
camp, on the following day the Cook famliy gulided Barbour to
outcrops near the ranch containing superb rodent burrow casts. On
July 9th, Barbour and his men excavated some of these corkscrews in
the draws north of the Niobrara River, However, during the same
day, one of Barbour's students, F. C. Kenyon, during exploration of
the hills on the south side of the river, made the discovery that
could have glven Barbour flirst entrance into the Agate quarries. An
entry by Barbour In his personal fleld notebook for Saturday, July
9, 1892, records the event:

"Kenyon visited two hilis 4 m. S [slc, above this S the
letter E has been penclled] of Cooks where the bones of Indian
horses are reported to have been petrified. He finds Oreodon,
Hyracodon [a rhinoceros], and other animals in conslderable
abundance, all are fragmentary however. Vislt at another
time."

in a darker ink wrltten In and around this entry appear two State
Museum field numbers given to fossils presumably found by Kenyon In
the Agate hilis. The first number (UNSM 15-8-7-92) bears the red
stamp 'Discarded' above it, and In all probabliity no longer exists.
A second number, UNSM 16-9-7-92, reads 'Claw-~-Megatherium-Mylodon.
Probably belongs to higher beds.! This specimen | was able to
locate: it bears the field number on the side, and also the phrase,
'4 mi. S. of Cook Ranch, Agate'. It Is the claw-like ungual phalanx
of a Jarge chalicothere (Moropus). Because the chalicothere phalanx
bears both the flelid number, Indicating that It was found on July 9,
1892, and the same erroneous designation as found In Barbour's 1892
fleld notes (4 miles south), there !s not much doubt that It Is one
of the fossils collected by Kenyon and brought to Barbour to
examine., Because it was mistaken for the claw of a sloth, It was
assumed I+ must come from higher beds, since no sloths were known
from the Early Miocene of North America. The type of preservation
and color of this fossli{ leave no doubt it could have come from the
main Agate sites.

Anxious to move north of the Pine Ridge intfo the White River
badlands, the party left the Cook Ranch at 4 PM, reaching Harrlson
shortiy after midnight. They rested In Harrison the next day, some
attending church, leaving others to write letters, and going north
into the badlands on Monday, July 11th. They had missed an
incredible opportunity.

Barbour's preoccupation with the hellical rodent burrows led to
his fallure to follow up Kenyon's discovery, and Kenyon was
apparently too inexperienced to reallze that these were not the
bones of Oligocene oreodonts and the rhinoceros Hyracodon In the
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Agate hills, but rather the rare remains of Early Miocene rhinoceros
and chalicothere that would weather siowly on the slopes of the
hills until Peterson's later visit of 1904.

As postscript, and additional confirmation, of the Barbour
episode of 1892, Kenyon later wrote a narrative of the trip to Agate
which he publ!ished In the Amerlican Naturalist In 1895. He mentions
his own discovery, still unaware of the great bone deposit that he
must have stood upon, but left unrecognized:

“"After three weeks of corkscrew diggling in the vicinity
of Harrison, we decided to make a short trip southward to the
Niobrara, where, we were Informed, screws of enormous size,
some with tree-like tops, might be found. With the two teams
that we had managed to hire in the town, we followed the trail
over the prairie to the southeast. Once or twice we passed a
ljonely 'ciaim', but when these and Harrison had become hidden
by the hilis behind us, we could look for mlles around without
seeing a sign of human life.... Soon we found ourselves at
the edge of the bluff bordering the Niobrara Vailey on the
north. The valley ... is not wide, not more than & mile. On
the opposite side we could see the steep high bordering hills,
and near them the small stream winding through the neariy
level valley. By Its slde the log house of James Cook ....
This was the Agate Springs ranch, whither we had been
requested to come to see the glant corkscrews with tree-tiike
topses..

"The valley afforded very different scenery from what we
had met with farther north. On the south, high steep hills
rose up from the valley, on the north were high bluffs. Back
through these northern bluffs numerous narrow canons had been
cut in times long passed....

"in the upper courses of these canons we found the
‘corkscrews!. We certainly had not been deceived as to thelr
size; the largest that we had seen In the neighborhood of
Harrlison were pigmlies beslde some that now presented
themselves to view. Few of them were small. Stems and
splrals nearly three feet In diameter were not uncommon, but
they were not quite so regular and smooth as the smaller ones
to which we had become accustomed during our three weeks
digging. Many of them were found In which the great spiral
seemed to end In a broad top [the burrow mouth opening out
onto the fand surface], but in no Instance did we see any
evidence of the tree-~like tops ?haf we had been told were to
be found here....

"As in the beds near Harrlson, fragments [of the rodent
burrows] were common. One, which came near being left In the
fleid, was turned over and disclosed to view, Imbedded in Its
mass, the legs and several vertebrae of an animal! about the
size of a lfarge deer. The bones were clamped Into the side of
the stem Just as a shell might be by a low~growing sponge....

"The only other bones that were found on the north slde
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of the river was an Oreodon skull. This was dug out a few
Inches above the upper end of a 'screw!. On the hills of the
other side of the river, however, fragments of Rhinoceros were
not uncommon.... After a stay at Agate Springs of only a few
days, [we] set about our return for Harrison."

And so Kenyon himself refers to the fragmentary rhinoceros bones on
the south side of the Niobrara Rlver, surely the bones of the main
Agate hills. The existence of the challcothere claw In the State
Museum collectlon shows that he must have brought some of these
fragmentary bones to Barbour, but the significance of these fosslls
Barbour falled to recognize.

2. GEOLOGIC SETTING OF THE AGATE FOSS!L BEDS

The bone bed at Agate Is a fasclnating and spectacular natural
phenomenon -- a rare glimpse into a time long past, when the anclent
land surface was home to a mammallan fauna much different from the
present one. All the species of mammals found in the Agate bone bed
are today extinct., Some of thelr descendants contlnued to live In
this reglon for many millenia, but most llineages, and not jJust
specles, have died out entlirely. So we cannot simply draw an
analogy to a llving animal to deduce the mode of |ife of the Agate
species, for in most cases such close relatives no longer exist. No
living representatives of groups such as challcotheres, entelodonts,
oreodonts, or beardogs have survived. Inferences must be made on
the baslis of skeietal anatomy of the fossils, and, by simultaneously
drawing on knowledge of {1fe mode of the closest living analogues to
these extinct forms. Gliven these limitations, If additional
relevant Informatlion about environment can be gained from study of
the enclosing sediments, so much the better. Today's knowledge of
the environments in which sedimentary rocks are deposited Is much
improved relative to what was known and practiced during the early
Agate excavations; the local and regional geological setting of the
bone bed can tell us much about Its origin.

In addition to insights into the ancient environment, rocks
also provide our estimate of time. Radiometric dating of key rock
units Is the primary means whereby an age Is assigned to the bone
bed. The bones themselves cannot be dated: the short hatf-life of
carbon-14 prevents thls, but distributed at various stratigraphic
levels throughout the region are thin volcanic tuffs, made up
largely of air-fall grains of volcanic glass and mineral crystals.
Crystals with sufflclient potassium can be dated by the
potassium-argon method; both glass and minerals have been dated
using the fission track ftechnique. A regional geochronology has
been bullt on dates derived from these volcanlc tuffs, and used to
calibrate the evolutlonary faunal sequence based on fossil mammals
(Evernden et al., 1964). Very few of the tuffs represent an
undisturbed volcanic ash=-fall. 1|f carefully examinaed, the tuffs
exhibit fine layering indicating deposition in shallow quiet water,
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Most are reworked ash accumulations that have been transported to
topographically low areas, such as shallow ponds, where water and
wind have concentrated the loose ash after volcanic events.

2.1. The Cenozolc clastic wedge of the central Great Plalns

Durlng the mid-Cenozoic (about 5 million to 37 million years
ago, the Oligocene and Miocene Epochs of geologic time), a great
wedge of terrestrial sediments developed on the eastern flank of the
Rocky Mountain front ranges (Fig. 2.1). Late Cenozoic uplift and
erosion have removed much of the mid-Cenozoic sequence in the Great
Plalns, but In many places over one thousand feet of terrestrial
sediments of the wedge remain. The Agate bone bed I[les within
sediments of this wedge.

~The wedge Is defined to Include Cenozolc terrestrial sediments
of the central Great Plains that occupy parts of western Nebraska,
southeast Wyoming, northeast Colorado, and southwest South Dakota.
its northern boundary Is the Pine Ridge escarpment (Fig. 2.1), which
also marks the northern terminus of the High Plains. Its southern
boundary Is the southern escarpment of the Cheyenne tableland
developed primarily in northeastern Colorado. - The central part of
the wedge is deeply dissected by the North Platte River, cutting
compietely through the wedge to expose pre-Cenozoic rocks at several
locatlons; lesser Inclisions are made by the Nliobrara River to the
north, and Lodgepole Creek to the south.

Today two principal remnants of the wedge survive as
topographically elevated tablelands of the central Great Plains, one
to the east of the Laramie Range, the other east of the Hartville
Upitlft: (1) the Cheyenne Table, or t'Gangplank', Is situated between
the North and South Platte rivers at the juncture of Wyoming,
Colorado, and Nebraska; Cenozolc sediments onlap the granite core of
the Laramie Range; (2) the Hartvilie Table lles between the
White~-Cheyenne rivers on the north, and the North Platte River on
the south, and onlaps the granites and Paleozoic carbonates of the
Hartviile Upitlft.,

Reglconal dissection of the wedge is relatively recent.
Signiflcant erosion began in the Pilo-Pleistocene (0 to 5 milllon
Yyears ago), and it Is possible that major dissection began only with
the onset of continental glaclation and consequent lowering of
reglonal base level. Aggradation of the wedge continued through the
Late Mlocene (until about 5 milllon years ago), based on
preservation of Late Miocene fluvial rocks at high elevations on the
wedge remnants. On the Cheyenne Table, the Ogallala Formation
underiles a regional geomorphic surface sloping gradually eastward
from the mountains that was not deeply dissected unti! post-Late
Mlocene time. To the north, Late Mlocene {(Hemphillian) fluvial
sands and gravel assigned by Skinner and others (1977) to the Snake
Creek Formatlion on the high topographlic dlivide between the Niobrara
and North Platte rivers Indicate a simliar history of late Cenozolc
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dissectlion for at least the southern Hartvllle Table.

The wedge has been divided Into a number of geographically
widespread rock units, or strata, which were primarily deposited by
rivers, streams, lakes and ponds, and eollan (wind-driven)
processes, Including settling from the air of fine grains of silit
and sand.

2.2. Stratigraphlc sequence of the wedge

The major stratigraphlic units of the wedge are found in both
the northern and southern remnants (Darton, 1899), and have also
been recognized beyond the Immedliate geographic area of the wedge
elsewhere In the western Great Plains and In adjacent Rocky Mountain
Intermontane basins. Originally named on the basis of outcrops In
and adjacent to the wedge, the widespread distribution of these
units In the central Rocky Mountain reglon and the western plalns
reflects thelr Importance as indicators of regionai geologic
history.

These rocks are primarily sands, siits, and gravels, with
occasional beds of limestone and volcanic ash. Mineral and textural
compositlion of rocks making up each of the major units tell much of
their history, first described by N. H. Darton (1899, 1905),
geologist with the U.S. Geologlcal Survey. Darton recognized three
stratigraphic units, the White River, Arikaree, and Ogaliala
formations, in ascending order.

As noted by Darton, and confirmed by many subsequent studles
(e.g., Denson, 1969; Denson and Chishoim, 1971), the White River and
Arikaree ars rich In volcanlic glass fragments which form a
significant fractlion of the rock. The Ogallala, on the other hand,
although not devoid of ashy horizons, Is predominantiy sand, gravel,
and siit derived from nearby Rocky Mountaln uplifts, transported
eastward down the surface of the wedge by streams and rivers.

Darton's distinctlion emphasizes an Important change In
Ifthology and style of sedimentation of the wedge sediments through
time. The White River-Arikaree units Include a major eollan
component lacking in the Ogallala deposits. Much of the White
River-Arlkaree sequence comprises air-fall (pyroclastic) silt and
fine sand -~ although locally reworked by streams on the aggrading
surface of the wedge, the bulk of the sedlment comes from distant
voicanic sources. Stream-produced bedforms are commonly overprinted
on fine-grained pyroclastic sediments derived from air-fall events.
In contrast, the Ogallata rocks are largely transported as tractlon
and suspension load in streams crossing the wedge from west to east.
The textural varlety of Ogallala sediments Is usually greater than
White River-Arikaree deposits, as might be expected of stream
sediments fransported by currents of varying energy, when compared
with eollan deposits. Lateral continulty of Ogallala subunits Is

t
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Fig. 2.1. During the mid- to tate Cenozoic (37 million years ago to
present), a thick wedge of continental sediments deveioped east of the Rocky
Mountain upltifts. Today the principal remnants of the wedge persist as the
Hartville and Cheyenne tablelands east of the Laramle Range. Thls clastlc
wedge was dlssected durlng the late Cenoczolc, as the modern rivers and thelr
tributaries developed thelir present drainage pattern, but in the Late Miocene
must have sxisted as a neariy smooth uninterrupted land surface sioping
gradually eastward from the mountain froat. The Agats quarries are located
In Arikaree rocks of Early Mlocene age that veneer the surface of the wastern
Hartville table. These rocks, named the Upper Harrison beds by O.A. Peterson
in 1907, were deposited largeiy as fine alr-fall particles from volicanic
actlivity In the Grsat Basin (Utah-Nevada) durlng the Early Mlocene. The
sadimaents gradually bullt a flat semiarid grassed plain, traversed by sandy
ephemeral streams of low gradient that locally worked the fine volcanic sand
and siit Into stream channel fllis. Shallow ephemaral ponds and }akes
provided the only other source of water on these piains to herds of grazing
mammals. The mountains Yo the west were nearly burlied by the aggrading
Cenozolc sediments, and so did not contribute signiflicant amounts of sediment
fo the developlng wedge, The stream courses were freguented by chalicothere
and enteicdont, and certain carnlvores, possibly only during the wet season,
when the open Interchannel plains were probably home to orscdonts, small
rhinoceros, cameis, and horses. The Agate bone bed occurs in the base of the
sediment flil of a major ephemeral stream valley that appears to cross the
wadge betwean Spoon Butte and the Agate guarriaes.
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near!y nonexistent, whereas such continuity within the air-fall
White River and Arikaree often Is observed.

Today we know that the tripartite sequence of units used by
Darton Is more complex than he Initially realized. Naturally, the
reconnalssance nature of Darton's geology focused on broad
characterization. One expects such early efforts to yleld to more
detalled study with time. Clear~cut boundaries between Darton's
units have not been ldentified: +the distinction between White River
and Arikaree rocks In the central Great Plains Is difficult If one
seeks everywhere a sharp lithlic break between the two units. A
bellef that such a break must exist has resulted in a great deal of
effort with little conclusive result, due to complex facles
relationships and the gradational nature of sedimentation between
the units In many places. Earlier, Lugn (1939) created a new major
unit, the Hemlingford Group, In the Nebraska panhandle for rocks
intermediate in age (using land mammalis) between Arlkaree and
Ogallala units -~ however, the 1lthic distinction between Hemingford
rocks on the one hand, and Arlkaree or Ogallala rocks on the other,
was never established. Despite such problems, the general character
of the White River, Arlkaree, and Ogaliala as Iidentified by Darton
can be recognized in the fleld today. WIith careful definition and
mapping, they can continue to serve the geologist as useful rock
units In our attempt to understand the evolution of the Great Plains
clastic wedge.

2.3. Reglonal geologic setting of the Agate Fossi| Beds

The Agate bone bed on Carnegie and Universlity hills occurs in
an Arikaree~type sandstone: Its mineralogy Includes feldspar,
quartz, and volcanic giass shards in about equal proportions. The
bone bed Is found in the base of a 30 foot sequence of
stream-deposited fine sands, which overlie and Incise a dark gray
Arikaree sandstone below. Above these stream deposlits Is more
Arikaree sandstone imprinted with soil features. Thus there Is no
doubt that the Agate bone bed lies within the Arikaree sequence In
central Sloux County.

Arilkaree sandstone forms the surface of much of the Hartvillie
Tabie, to the west underlylng the flat short-grass plains east of
the Hartviile Uplift, and to the east of Agate present but often
covered by younger rocks. Although a pattern of _
southwest-to-northeast trending faults disrupts the Arikaree {(Hunt,
1978, 1981), the measured offsets are usually of low magnitude (less
than 100 feet vertical separation), so that the stratigraphic
relationships of Arikaree subunits are ciear. This makes possible
the recognitlion of Individual Arikaree formations over a wide
geographlic area. By usling the geometry and internail structure of
these rock unlts, we can reconstruct environments of deposition, and
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then build from these reconstructions the reglonal environmental
setting that prevalled In the Early Miocene when the Agate mammals
occupfied the reglon.

Particular environments are commonly represented: (1) sands and
silts worked by stream processes; (2) limestones formed In shallow
ponds and lakes; (3) sands and slits driven and deposited by wind;
(4) anclent solls, overprinted on the three above environments.

There [s much evidence that the sand and siit grains that form
the butk of all Arikaree sediment come from two primary sources:
(a) the Rocky Mountain upllifts to the west (epiclastic grains); (b)
volcanlic terraln to the west and southwest (pyroclastic gralns).
The apiclastic sediments are made up of gralins eroded by water and
wind from the mountains to the west, and are transported by streams
eastward onto the surface of the gradually aggrading tableland.
Coarse eplictastic debrlis does not externd far from the uplifts,
comprising only a very smali fraction of the ftotal volume of
Arikaree sediments. The pyroclastic sediments are composed of small
grains carrlied by wind from volcanic centers located In the southern
and central Rocky Mountains, and from more distant sources of
silicic volcanlcs farther west In the Great Basin (lzett, 1968).
Because volcanic glass shards make up such a ifarge percentage of
Arikaree sedliment (about one-third), we see that the volcanic
contribution to the rock Is significant. The shards are ejected
into the atmosphere by the explosive force of volcanic eruptions,
and are carried by strong high altlitude winds eastward over the
plains. The grains settlie out over the terrain as a relatively
uniform blanket of volcanic¢c debris, somewhat thicker and
coarser-grained to the west near the volcanic source, thinner and
finer-grained to the east. Many of the quartz and feldspar gralins
~associated with the shards in Arikaree sediments are also volcanic
in origin, because they have small pleces of volcanic glass fused to
thelr sides. 1In addition, the potassium-feldspar minerais are
sanidines, common In volcanic terralins, whereas microcline, a
feldspar found In nearby uplifts, is rare. Probably more than 533
of typical Arikaree sediment Is volcanic in origin.

Climate during Arikaree time is of particular interest in
reconstruction of the Agate environment. A semliarid climate for the
western High Plalins segment of the clastic wedge is indicated in
recent studies of Cenozolc sandstone diagenesis and groundwater
chemistry (Stanley and Benson, 1979; Stanley and Faure, 1979).
Particularly in the case of Arikaree rocks, the absence of
pronounced dlagenetic alteratlion of minerals and volcanic glass, the
survival of unstablie minerals, the predominance of friable sandstone
with original pore space preserved, yet with little interstitial
cement, and the fresh unworn outliine of many gralns attest to lack
of significant climatic modification of these sedliments since they
were deposited. On the basis of this evidence, certain c¢llimates can
be ruled out, such as persistently warm, humid subtropical to
tropical regimes, where kaolinization of feldspars and destruction
of volcanlic glass would be expected. Alteration of Arikaree
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sediment is largely !Iimited to soll processes overprinted on
fluvial, eollan, and lacustrine environments of deposition. This
lack of diagenetic interaction between sediment and interstitial
groundwater probably resulted from the combined influence of (1)
equilibrium conditions between minerais and groundwater (see Stanley
and Benson, 1979); (2) a nearly neutral pH of pore waters; (3) a
semiarid environment with only infrequent seasonal rainfall. These
conditions limit pronounced sediment dlagenesis to land surfaces
where seasonal precipltation, plant cover of short grasses, and
sediment characteristics combine to produce arid-tand soils, in time
evoiving to duricrust. We also know that the climate through
Arikaree time probably lacked prolonged cold winters, for
crocodillian fossils occur in both the lower and upper Arikaree
formations (a crocodilian tooth was reported from the Agate bone bed
Itself In 1919). This is reason to suggest mild winters similar fo
those occurring today In the southeastern United States. And the
occurrence of wind-produced dune bedforms at many widespread
Arikaree localities east of the uplifts Indicates the availability
of sufficient volumes of Arikaree sediment not stabliilized by
vegetation and, consequently, at least seasonal aridity. Thus a
picture develops of a seasonally arid reglon with mild winters,
probably subjJect to a climate typical of continental interlors,
traversed by wester!y winds, and removed from the moderating
influence of oceans or other large bodies of water.

When we focus our attention on that part of the Arikaree that
includes the Agate bone bed, we find a specific set of depositional
environments represented over a wide geographic area of about 900
square miles east of the Hartville uplift In southeast Wyoming and
northwest Nebraska. These environments are identified in rocks
assigned to the Upper Harrison beds of 0. A. Peterson (1907, 1909).
The Upper Harrison beds are exposed at the surface of the tableland
from its present western margin adjacent to the granite core of the
Hartviite Uplift south of Lusk, Wyoming, to the Agate area 40 miles
to the east (Fig. 2.1). Upper Harrison outcrops have been
identified as far north on the tableland as the crest of Pine Ridge
northwest of Harrison, Nebraska, and as far south as the North
Platte river valley, south of Guernsey, Wyoming. Thls area is
simijar in dimensions to the Serengeti plains of East Africa, west
of the rift valley uplifts in Tanzanla, and possibly was similar to
them in physiography and climate patterns (see Schaller, 1972,
pp.12-20; 1973, pp.3~43; Sinclair, 1979, pp.1-45).

Study of Upper Harrison rocks, In terms of thelr internal
structures, geometry and composition, Indicates three main
depositional environments: (1) streams, primarily ephemeral; (2)
shallow wide ephemeral ponds and lakes; (3) vast level Interchannel
pltains. These environments have been Identifled by mapping the
.Upper Harrison sediments from the Niobrara Canyon in Sioux County
(Peterson's type area) southeast to Agate along the valley of the
Niobrara River (Fig. 2.2), a distance of about 20 miles (Hunt, 1978,
1981,

H
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Sediments of the Interchannel plains and the ephemeral streams
are similar: fline sand and silt made up of fresh, relatively unworn
grains of feldspar, quartz, and glass. These plains undoubtedly
were blanketed by alr-fall pyroclastic debris that settlied out of
the atmosphere followling distant major volcanic eruptions. The
uniformity of grain size of Upper Harrison sediment over a wide area
is evidence of this. Local ephemeral streams, running In wide
shal low channels similar to modern ephemeral drainages of the Great
Plains, reworked this alr~fali sediment Into fluvial bedforms.

There Is very littie evidence at this time of sediment Influx from
the nearby Rocky Mountalins (Laramle Range, Hartville Uplift, Black
Hills); a fine granitic gravel found to date in only one Upper
Harrison paleovalley remalns the only evidence of debris from the
cores of nearby uplifts. Eroslive power of streams is not manifested
In the form of major down-cutting by these drainages. The deepest
valleys measured In the fleld are 100 to 150 feet in depth. Perhaps
more significant as a measure of the availability of surface water
in the region is the general absence of Upper Harrison channel-fill
deposits over much of the tableland.

Interspersed through the vertlical extent of Interchannel Upper
Harrison deposits are ancient soil horizons, Indicating the presence
of level extenslive geomorphic surfaces that can only be Interpreted
as widespread interchannel plains. These paleosols are flat, with a
gentle paleoslope to the southeast, normal to the structural axls of
the uplifts to the northwest; they are densely packed with rellct
plant roots which appear to belong to grasses, based on the very
small dliameter of the root vestiges (a hollow core surrounded by a
sillca rind of weakly crystallized montmorilionite probably produced
by dissolved glass shards). Some of the paleosols can be traced for
many miles (Hunt, 1981, Fig. 2, p.270), indicating broad flat
inferchannel expanses east of the mountains, much as the arid.
short-grass plalins occur marginal to the African rift uplifts in
Tanzania today.

The soll horlzons are sillceous durlicrusts (the 'siliceous
grits! of 4. B. Hatcher, 1902). Once fully formed, an impermeable
crust would have prevented access to fthe water table by the surface
flora. Plants wouid have had to rely on meteoric precipitation, and
arlid-land grasses would be likely colonizers of such an environment.
That the surface of the duricrust was not far beneath the land
surface during the time It formed is proven by the.presence of many

subaerially weathered fossll| mammals, primarily oreodonts
(Merychyus), preserved in partial articulation within the upper part
of these duricrusts. Their bones are cemented by opaline siliica

Into the crust in the same manner as the parent sand grains.
Petrographic thin sections of the duricrust, when viewed under the
microscope, frequently show empty cavities having the shape of
volcanic shards, thus shard dissolutlion probabiy contributed to the
cementation of the crust. Once the crust formed an impermeable
horizon, the overlying soll was probably quite thin, at best a few
inches, and could have sustajned only plants capable of survival In
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thin immature solls without access to ground water, and able to
utlllze seasonal ralnfall, such as arid-land grasses.

Further confirmation of the existence of level open semiarlid
terrain Is the presence of thin widespread |imestone beds
(micrites), containing gastropods and smooth-shelled ostracods,
Interpreted as the calcium carbonate muds of shallow ephemeral
fresh~water ponds and lakes. Such pond IlImestones are common in the
Niobrara Canyon, Eagle Crag, and Agate areas in Sioux County, where
they sometimes rest on siliceous duricrust, showing that their
existence In such cases is due to the Impermeability of the hardpan.
No organisms requiring permanent water are found in these
fine-gralned |imestones -- only invertebrates and aligae that can
survive rlgorous environmental conditions, particularly desiccation
(Hunt, 1978). O0Often the limestone will have been overprinted by a
soll followlng the drying of the pond; burrows, root vestiges, and
mudcracks are common In such beds.

Thus, the evidence derived from the Upper Harrison sediments
suggests a semiarlid climate, without a prolonged cold winter, and
probably with a dry season interspersed with periods of Iintense
rainfall., Rainfall of the wet season(s) is responsible for sediment
transport, deposition, and reworking of the bedload of ephemeral
streams, and for the replenishment of ephemeral ponds. With each
return of a dry season, the dried stream beds and pond deposits are
subject to worklng by wind, subaerial weathering and bioturbation;
and with return of sufficient moisture, the development of
vegetation ylelding solls. Again, a parallel to the Serengetli
ecosystem Is plausible. Just as the Crater Highlands of Tanzania
shadow the Serenget! plains, the semiarid Hartville plains are a
probable response to the rain shadow of the Rocky Mountain upilifts
during the mid-Tertiary period. Ephemeraiity of streams and ponds,
broad level Interchannel areas armored by duricrust, colonized by
plants with nearly uniform smali root dlameters, suggesting grasses,
and, as we have recent!y discovered, the predominance of particular
mammais In stream deposits (challcothere, entelodont, large
beardog), and of other species in Interchanneil areas (oreodonts,
camelids), all come together to suggest such an environmental
scenarlo, :

2.4. Local geologlic sefting of the Agate Fossl| Beds

The Agate bone bed occurs In one of the ephemeral stream
deposits of the Upper Harrison beds. To understand how the bone bed
formed, and why It Is so exceptional In the region, we must take a
closer look at the sediments In the two main Agate hiils, and at the
nature of the bone bed itself.

The sediments in the two main hills are nearly ldentical In
vertical stratigraphlic sequence. This proves that no major physical
barrier separated the two present day bone beds on Unliversity and
Carnegle hills, and Indlicates that the sediments were laid down In
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one ephemeral stream system. The cliff section in the Southwest
Excavation at Carnegle Hill Is the best exposed rock sequence, and
its windward orientation accentuates bedding as well as numerous
sedimentary structures. |t can be subdivided Into four sedimentary
subunits from the base of the hill upward: (1) dark gray Arikaree
sandstone of the Harrlson Formation, restricted to the base of the
two main hills, and forming all of North Ridge where it contains
Carnegle Quarry A and the Agate Ash; (2) stream-deposited Ilight
gray to buff-white Arikaree sandstone of the Upper Harrison beds,
about 30 feet thick, lielng on an Irregular eroded Harrlison surface,
and containing the bone bed at its base; (3) about 20 feet of
apparently massive light gray to light orange interchannel sandstone
of the Upper Harrison with evidence of soll development; (4) a 1-2
foot thick fine-gralined |imestone (micrite), briliiant white In
tone, cappling Carnegle H1I1, and locally termed the Agate Limestone
(Hunt, 1978).

Here, stacked one on top of the other, we see Upper Harrison
depositional environments that at one time In the Miocene must have
exlsted side-by-side in lateral relationship: ephemeral stream,
overlain by interchannel deposits, capped by an ephemeral lake. The
bone bed, then, was part and parcel of the Upper Harrlson
environments most commonily encountered in the region, and is not
found in a rare or atypical depositional setting. We cannot blame
the mass grave on an atypical depositional environment.

Since the depositional setting does not seem to be unusual, we
can turn to the mammais. Are such concentrations of mammal bones
commoniy found in ephemeral stream deposits in the region? The
answer Is no; such accumulations on the scale and magnitude of Agate
are exceptional. Harper Quarry, located in the Upper Harrison beds
about 20 miles northwest of Agate (Nicbrara Canyon, Fig. 2.1),
contains a concentration of mammal bones in what has been judged tfo
be a cut-off stream channe! segment, or peripheral floodplain pool
(see Hunt, 1978). Bones are disarticulated, thelr surfaces often
abraded by stream activity, and broken by predators and scavengers.
They seem to have been aligned by stream currents. Isolated teeth
and bone fragments are common, making up about 40% of the initlal
sample from the quarry; these are the logical end-products of
skeletal destruction by environmental agencies, demonstrating that
many bones were not quickl!y buried but remained exposed on the land
surface for a time. Teeth from the quarry, whether still in jaws or
isolated in the sediment, are most often from old ¢or very young
individuals, and inciude few aduits In their prime. All evidence at
Harper Quarry polnts to an attritional bone accumulation preserved
within or near an ephemeral stream environment.

A second example of the Upper Harrison mammal fauna within an
ephemeral stream channel system Is found at Spoon Butte (Fig. 2.1)
astride the Nebraska-Wyoming state boundary. These rocks and their
mammalian fossils have recently been studied by Robert Skolnick and
James Vanderhill, graduate students at the University of Nebraska.
At Spoon Butte, the Upper Harrison beds fill a large paleovalley
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about one-half miie wide which has been dlissected by late Cenozolc
eroslion to reveal the valiley's profile and Its contalned sediments
In much detail. A wide varlety of microenvironments are
represented: ephemeral streams, ponds, volcanlc ash beds, floodplaln
deposits, dlatomaceous earths, and channel floor lag gravels. |In
this broad spectrum of sedimentary environments, greater than that
found at Agate or Harper Quarry, we have not yet found a
concentrated mass of bones of few specles of the Agate type. Bones
on the contrary are generally disarticulated, scattered, broken and
gnawed by scavengers, with surfaces often cracked and checked
through weathering on the land surface. Just as at Harper Quarry,
considerable wear on teeth, or the lack of I+, shows that most
mammals are very young or old; prime adults are not common. Agaln,
this Is an attritional bone assemblage, the flotsam of daily iife In
a wide shallow ephemeral valley meandering eastward across the plaln
from the nearby western hills of the Hartville Uplift.

The Spoon Butte and Harper Quarry bone samples exemplify the
typical bone residue of Upper Harrrison ephemeral streams. The
great number of bones packed in at Agate, and their lack of
diversity (Agate mammals are nearly all rhlnoceros, chalicothere,
and entelodont) contrast sharply with the more spatlally dispersed
and taxonomically diverse bone samples found In Upper Harrlson
ephemeral streams elsewhere in the reglon. Agate Is distinctive not
only in the great number of bones found there, but also in its lack
of mammallan specles dliversity.

We can Increase our Insight into the probiem by fooking more
closely at the Agate bone bed Itself.

2.5. Qri.g_m MW‘-—M

The origin of the bone bed In the maln hilis at Agate has never
been carefully investigated. The most obvious features of the bone
bed are by now well known, and this Information, largely acquired
during the early excavatlons, led to a number of hypotheses {(Table
1) on the origin of the bone deposit. Most were initlially proposed
prior to the end of intensive excavation at Carnegie HIIl In 1923,
and so were based on the firsthand fleld observations of the
paleontologists who had exposed the bone bed. Thus these hypotheses
must be taken seriously, for these men saw aspects of the bone layer
that no recent Investigator can fully appreciate.

On the other hand, these eariy Investigators were not Inclined
by tralning to observe and collect certain kinds of data on
sediments and fosslls that today are known to be extremely useful in
reconstructing the origin of such a deposit. Nevertheless, some
information of this type can be gleaned from thelr field notes and
maps, and combined with our recent work, so that a preliminary
reconstruction can be made. It Is this flrst attempt that appears
here In this report. A more thorough study based on fleld data is
in progress which, when completed, should ailow the various
hypotheses on the origin of the bone bed to be properly evaluated.
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Table 1. Hypotheses on the origin of the Agate bone bed, 1906 - 1980

a. Peterson 1906 Lacustrine Origin

b. Peterson 1909 Drowning at River Ford

c. Holland 1914 Attritional Deaths at Fioodplain Pool
d. Matthew 1923 Floodplain Pool with Qulicksand

e. AFBA* 1964 Great Flood or Quicksand

f. Schultz 1966 Great Flood or Quicksand

g. Macdonald 1980 Drought

*Agate Fossi| Beds Assoclation

There is no concensus in the scientific or popular literature
on the origin of the Agate bone bed. Earliy scenarlos that attempted
to explain the bone bed failed to distingulish observation from
Interpretation, and did not discriminate among questions of time,
process, and sequence. To decide the bone bed's origin, It Is
useful to know: (1) the amount of time Involved In formation of the
bone bed; (2) the process(es) responsible for the bone bed and its
enclosing sediments; (3) the sequence of events prlor to, during,
and following the formation of the bone deposit.

The resolution of time, process, and sequence is at the heart
of all palececological analysis (Fig. 2.3), They are truly separate-
issues, slnce a process can act continuously or episodically In
time, and at dlifferent rates. 1In addition, two or more processes
can produce a dlfferent end result by occurring in a different
sequence over time. '

The tools available to the paleontologist to solve these
probiems are the study of pattern In sediments and fossils, and the
measurement of geologic time using radiometric methods.
Immediately, we can say that events of very brief duration In human
terms, on the order of minutes, hours, and days, cannot be resolved
using modern methods of radiometric dating. Such small time
increments are beyond the current resolving power of geochronology.
If analyslis of sediments at sites such as Agate indicates that the
deposit could have been formed by events of very short duratlon, we
will not be able to resoive such a small amount of time with present
methods. We can only polint out that such a possibility exists.

The study of pattern In the analysis of sediments and fossilis
Is an exercise in analogy. We reason from pattern to process by
making the assumption that patterns observed in the rock record are
the result of processes that have been occurring throughout the
tatter part of Earth history. Modern sediment patterns are studied
to determine the modern processes that created these patterns. When

.we find the same patterns In the ancient rock record, we infer a

simiiar process, and thereby arrive at an understanding of how the
ancient situation developed. This method can even result In some

¥
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Fig. 2.3. The history of a mammalian death assemblage
s patterned by three variables: +t+ime, post-mortem
processes, and the sequence in which such processes act
on the death assemblage. Here one of many possible
scenarlios is diagrammed to show the relfationship of
these variables to the resulting bone accumuiation
preserved through a burial event. A migratory
rhinoceros herd loses a portlion of its members to a
death event (e.g., lack of food, disease, sudden death
by drowning). The carcasses are subjected to the
taphonomic processes of decay, transport, scavenging
and weathering. Over time, the mass of carcasses Is
reduced to some degree by these processes, soft tlssues
are lost in greater proportion retative to hard
tissues, and the death assemblage is actually spatially
displaced. |f the processes occur in another sequence,
I1f they operate over a different amount of time, or If
other processes are Involved, the nature of the bone
accumulation derived from the death assemblage will
differ. Evidence acquired through observation of
fossil and sediment patterns is used to reconstruct the
history of death assemblages. Such reconstructive
efforts attempt to separate the effects of time,
process, and sequence in a bone deposit.
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greatly different from Harper Quarry. Moreover, University Quarry
apparently is not the only such deposit In the main hills: the North
Excavation on Carneglie HIIll appears to have many of the same
characteristics, although the records and fossils that survive today
are not as satisfactory as those for University Quarry.

On the other hand, the densely bone-packed 'Diceratherium bed'
and Amerlcan Museum challcothere site located In the Southwest
Excavatlion at Carnegie HIil tell a different story. Many bones are

relatively fresh and unabraded; all ages are represented In the
deposit, including prime aduits. Diversity Is low as it Is In all
quarries on the two main hlils {(rhinoceros and chalicothere make up

99% of all material), but here the low diversity [s emphasized due
to the greater number of bones/sq.ft. reiative to the other
quarrlies. W.D. Matthew (1923) calculated bone densities averaging
about 100 elements/sq.ft. for the bone-packed American Museum
exhiblt slab removed from the Southwest Excavation In 1916, and
estimated an average bone density for the Southwest Excavation In
its entirety of 40 bones/sq.ft. Evidence of predator-scavenger
activity, while known, is poorly documented. The evidence for
associated and articulated skeletons here is the highest of all The
quarries (in the two main hills) -- offen field correspondence
suggests that associatlons of bones would be found in the laboratory
when the field blocks were prepared. Matthew (1923) wrote: "[The
bones] are seldom articulated, but most of the bones of a single
skeleton |ie near together, atthough some parts may be found at a
little distance."” Most important, however, are the firm statements
by Matthew and H. F. Osborn of the American Museum that many of the
‘individuals of the chalicothere sample from the north end of the
quarry represent associated individuals. This Moropus sample,
limited to a small area of the Southwest Excavation, could represent
a local population swiftly killed by catastrophe, and not an
attritional bone accumulation.

There is, then, a demonstrable lack of homogeneity to the
pattern of bones In the quarries of the ftwo main hills. I+ is
possible that the bone bed does not represent a single death event,
but results from muitiple events. Following the death event(s),
various processes act In a partlicular sequence over some unknown
amount of time. The number and sequence of pre-burial processes
place their identifying stamp upon the bones, but this stamp Is not
always so clear that discrimination of one process from another Is
easily achieved. Figure 2.3 dliagrammatically portrays the
relatlionship between time, process, and sequence in the case of a
single death event that befalls a mammal populatlon during an annual
migration. The diagram conveys the potentially complex history of
such a death assemblage, via the processes that influence [t prior
to burial. In reconstructing the history of death assemblages In
the fossil record, it Is necessary to observe sediments and fossils,
and, despite their incompleteness, Infer process, sequence, and
time. From this evidence, a [imited number of scenarios llke Figure
2.3 can be constructed. From these scenarios, one can be chosen as
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most probable. Or several can be Indicated as best expressing the
present degree of uncertalnty on the origin of the bone deposit. At
Agate, some of the quarrles contain a mixture of atftritional
skeletal debris of apparent long exposure to the Miocene
environment, and other sites show less processed dense Jack-strawed
bone piles recording what may be a catastrophic event(s) that wiped
out populations of challcothere and rhinoceros, A detalled study of
the bone bed Is now In progress to obtain the information needed to
adequately construct scenarios in agreement with the known evidence
from fosslils and sediments. Let us turn to the sediment pattern and
try to gain inslight from a different quarter.

2.5.2. Sediment pattern in the Agate bone bed

The depositional environments represented on the monument by
Upper Harrlison rocks are ephemeral stream channel and floodplain,
widespread ephemeral lakes, and fiat Interchannel plalins. Because
the Agate quarries on Carnegle and Unlversity hifls are restricted
to the channel sediments, we know that the bones reached their final
resting place in a stream environment. The channel sediments In the
two main hlifls at the level of the bone bed and for a few feet above
It show horizontal stratificatlon, accompanlied by convoluted bedding
and low angle cross stratiflication, which are common In some modern
ephemeral streams.

Although margins of these local channeis are found In the two

main hilis (and are mentloned in the early field correspondence),
ephemeral stream deposlts have a much wider distribution in the
monument area. They fill a wlide shallow paleovalley whose southern

margin has been identifled about 1.75 mile to the south (Vicars and
Breyer, 1981). The nature of thls valley margin also suggests that
it belonged to an ephemeral stream: a vertical shallow stream bank
of partially lithified dark gray Harrison sandstone stands adjacent
to piles of smail to large angular bliocks that have fallen from the
bank into the stream as the bank was undercut. The angular blocks,
Jumbled together as unsorted debrls, Indlcate local bank collapse.
Such poorly litthifled blocks could not survive In a perennlal
stream, but only in seasonally arid ephemeral drainages. In fact,
such bank collapse blocks can be seen today In draws within the
monument boundaries only a short distance away.

it is well known that ephemeral streams undergo sediment
transport primarlily at times of intense seasonal rainfall, with
stream flow occurring as flash floods often of considerablie volume.
These flood deposits are characterized by a varlety of bedforms. In
modern flood sediments of Bl Jou Creek, Colorado, McKee and his
co-workers (1967) found a high percentage of horizontally stratified
sediments, some unlits with convoluted bedding, and a more limlted
volume of cross-bedded deposits, these last occurring at times of
waning flow or at the periphery of the deposit. Vicars and Breyer
(1981) identified horizontaily laminated sands wlth convoluted
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bedding in the 5 foot~thlick sandstone that Includes the Agate bone
bed, and indlcated an ephemeral stream origin for this rock unit at
Carnegie Hill and elsewhere on the monument. On the other hand,
Williams (1971), In a study of flood deposlts produced by modern
sand~bed ephemeral streams of central Australfa, found that over 60%
of these deposlts exhiblted trough cross-stratification produced by
migrating large and small scale ripples. Again, Vicars and Breyer
(1981) observed that most channel sediments of the Upper Harrison
paleovaliey at Agate show shallow wide trough cross-stratification,
produced In a sandy bralded stream. However, modern ephemeral
stream sediments are not we!ll studied. There remains much to be
learned about the range of bedforms found in modern ephemeral
streams, and what dictates the Internal structure of the sediments.
Although an ephemeral sandy bralded stream valley now seems to us a
good contender among varlous hypotheses, we remaln open to new
evidence as detalled study of the quarry sediments contlinues.

If ephemeral stream processes could be reponsible for the
sedIment pattern in the quarries, let us next ask how much time Is
invoived. First, there are no radiometrically-datable ash beds In
the sediments of the main hllls other than the Agate Ash (see
Section 3.1.1), so the accumuliation time of these rocks cannot be
directly measured by radiometric dating. About 5 feet above the
base of the bone bed, a local fossll soil (paleosol) is developed on
both University and Carnegfe hills. This same paleosol ls found to
the south at Beardog HIl!l where the large carnivore burrows found
there are intrusive through it. It shows that a perlod of time long
enough to produce a moderately-develioped soil horlizon Interrupted
the depositional process wlthin the ephemeral stream channel, which
at Carnegle Hill includes 30 feet of stream deposits. Thus,
although the upper 25 feet of stream deposits at Carneglie and
University hi{ls are very llkely ephemeral stream sediments, these
higher beds have nothing to do with the development of the bone bed
itself, since they are separated from it by the paleosoci. Now [f we
examine the upper 25 feet closely, we find evidence of bloturbation
(primarily plant roots and small invertebrate burrows) at many
levels (e.g., Vicars and Breyer, 1981, Flg. 11). Each bioturbated
level indicates a halt In sediment accumulation and the passage of
sufficlent time for vegetation to develop on this surface. These
bioturbated stream deposits and the soi! horlzon five feet above the
bone bed confirm that consliderable time could be involved In the
deposition of the entire 30 feet of channe! sediments in the two

maln hllls.

The 5 foot thick bed contalining the bone {ayer at Its base
requires more detailed study than we have glven it at present.
Untl! this Is completed, we can only summarize some of the features
of the bed that pattern It: (1) Its mineralogy and texture are no
different than the channel sediments above [t -- a fine to very
fine-gralned sandstone made up of about equal parts of volcanic
glass, feldspar, and quartz; Vicars and Breyer (1981) demonstrated
that Upper Harrison stream sediments in the Agate area are low In
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silt and clay (11%-17%), whereas interchanne! deposits have as much
as 39%; (2) although primary bedding has been obscured over much of
the bed by bloturbation, there Is evidence throughout of horizontal
stratitication and convoluted bedding -~ 1f this Is true, this would
seem to rule out W. D. Matthew's view (1923) that the bone bed Is a
quicksand deposit, for In a quicksand, the regularly bedded
horlzontal layers would be largely destroyed (additional evidence
that argues against the quicksand hypothesis is the existence of a
tdouble bone layer' on the north side of Carnegie Hill (see Sectlions
3.3.6, 3.3.8); (3) convoluted bedding Is most common In the 5 foot
thick bed relative to the overlying stream deposits at Carnegle HIII
and Unlversity Hill -- Collinscn and Thompson (1982) state that
"Convolutlion Involves plastic deformation of partially llquefied
sediment soon after deposition.... The main use of convolute
lamination Is as evidence of rapid deposition.”; (4) the bone bed
Itself Is In some places 1 to 2 feet thick, and steeply Inclined
bones often vertically span at least one foot (or more) of the bed
in highly unstable orientations; ~- these orlentations show that
many bones must have been supported by sediment at the time they
came to rest in the bone bed, and so at least 1-2 feet of the 5 foot
thick bed was deposited rapidly at one tIme.

Turning to the floor of the bone bed, there is abundant field
data and even photographic evidence that the surface was very
Irregutar In places. This was reported by Pepperberg in University
Quarry (and can be seen today by the casual visitor), by Barner and
Thomson in the North Excavation, and by Thomson In the 1920
extenslion of the Southwest Excavatlon. Photographs as well as
Pepperberg's data show that these Irregularities are often steep
sided grooves inclsed Into the sandstone which can be fllled with
bones. As far as we can tel!l, they range from a few inches to up to
about 1.5 foot deep, and several feet In width. We know that the
Harrison sandstone forming the floor of the bone bed was about as
well 1ithified at the time the bone bed came Into exlstence as
today, for we often find lithifled pleces of the sandstone In basal
tag congiomerates In the Tmmedlate area. Thus it took stream energy
to cut these grooves; they were probably not Inclsed by a single

flood event.

If we draw on observations of the bone bed made by Peterson, It
seems that the channel floor Iirregularitles were probably present
long before the formatlon of the bone bed was completed. Peterson
and others noticed that the base of the bone bed often contalined
bone fragments worn to the shape of a pebble, and that such material
was generally restricted to that level In the deposit. Harper
Quarry also contalned such worn bone pebbles. They represent a bone

gravel that forms as a channel floor lag of long duration, and
indicates a period In which the channels were probably starved of

sediment. Only bone was of sufficlent denslity and particle slze,
after breakdown and weathering, to form gravel-slized clasts that

remalned as bedload.
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Having looked at small scale Irregularities of the bone bed
floor, let us conslider the channel floor geometry on a somewhat
larger scale. In July 1983, we surveyed the base of the bone bed In
the various quarrles, and graphed the resultling data to determine
its degree of topographic rellef. A profile, roughly normal to the
channel axls, places the Southwest Excavation with I1ts less damaged
and seemingly assoclated bones on one side of a low topographlic rise
of a few feet; and on the other side of this rise, we find the more
damaged and worn bone accumulations of the North Excavation and

University Quarry.

About 8 feet of topographlic relief occur along the transect
beginning at Unlversity Quarry on the northeast, and extending to
the southwest into the Southwest Excavatlon on Carnegie HIIl. The
bone bed at University Quarry marks the lowest point of the proflitie,.
The bone layer seems to rise toward Carnegie HI!!| where [t s about
5 to 6 feet higher in the North Excavation on the north side of
Carnegle Hill, This is a rise of 1.7 feet/100 ft+. between the
ad Jacent bone beds on the two hills., Continuing to the southwest,
the highest polint of the proflle Is reached at Carnegle Quarry 2
{Northwest Excavation of Carneglie Hill) where the bone bed floor Is
8 feet higher than the floor at University Quarry. Thls Is a rise
of about 1.8 feet/100 f+., nearly Identical to our first
calculation. However, over the last leg of the profile between the
Northwest and Southwest Excavatlions on Carnegie HIll, the bone bed
descends about 4 feet in 120 feet. It is posslibie then that the
Southwest Excavatlion with [ts assoclated challcothere skeletons and
numerous rhinoceroses Is separated by a low topographic rise from
the apparent attritional assemblages of the north side of Carnegle
Hill and University HIll. Such evidence must be looked at
carefully, since the rocks in the Agate hills have been structurally
deformed following Early Miocene time. However, the tilt or dip of
the Agate hills Is to the northwest by only a few degrees at most;
our transect was taken from northeast to southwest along strike of
the Miocene beds, and so should not be affected by the local
structural deformation to any slignificant degree.

Finaily, both Charles Barner and Bill Thomson of the American
Museum reported a double bone layer in the North Excavation on
Carnegle Hill. This is so frequently mentioned by Thomson In
1917-19 that he must have been confident of its existence. Although
two levels of bones within the flve foot thick sedimentation unit
below the local paleosol does not have 10 indicate that the two
layers are separated by appreciablie time, It is a possibility that
must be considered. This was the only quarry where such a 'double
layer' was described.

Although there Is much more to learn about the sediments In the
Agate hills, for the moment we can summarize the evidence at hand,
and formulate a preliminary Interpretation. Analysls of the
geometry of the Agate paleovalley, its infiil of sedimentation
units, and their primary sedlmentary structures and bedforms
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suggests that the bone bed Iles within a sandy braided ephemeral

stream environment. Stream flow was probably episodic, and

concentrated at times of seasonal rainfall. However, the amount of

time necessary to deposit the 30 feet of stream-lald sediments In

the two malin hills Is uncertain, but the presence of many rooted and
burrowed horizons in these sediments Indlcates that appreclable time
could be Involved. Significantly, the 5 foot thick sedimentation

unit contalning the bone bed is bounded by an erosional

disconformity below and a paleosol above. Shallow, narrow,

steep-sided channels or grooves cut into well-lithifled bedrock, and

a lag deposit of rounded bone pebbles and debris, characterize the
disconformlity, indicating that significant time is represented at

this horizon; consliderable time must also be invoived In the

development of the paleosol. Nonetheless, the Intervening 5 feet of
sediment between the paleoso! and the dlsconformity could have been
raplidiy deposited, on the basis of primary sedimentary structures |
seen within the bed, such as convoluted bedding and horizontal
stratification, a conclusion also supported by numerous unstable
bone orientations within this bed In certain parts of the bone
deposit. Flve feet of sediment can be deposited in a single
present-day flood event in ephemeral streams In semiarid reglons
(McKee and others, 1967), although we do not know that to be true at
Agete. To best understand the bone bed, subsequent studlies will
focus on thlis 5 foot thick sedimentation unit above the
dlisconformity and below the local paleosol.

2.5.3. Agate sceparlo; 1984

Scenarios are Interpretive reconstructions. Let us use the
evidence and observations in the preceding discussion of sediment i
and fossi| patterns to create a probable scenario for the Agate bone !
deposlt. We can combine analysis of our three variables (time,
process, sequence) to produce a range of possible scenarlios, and
then, against this background, briefly evaluate the principal early
hypotheses on the origin of the Agate bone bed.

Time remalns an enligma; we cannot be certaln how long the bone
bed took to form. However, we can recognize time as elther
represented In the quarries by a contlinuous record of sediments or
by an interrupted or eplsodic record. When the lowest five feet of
the channel sediments In the quarries are examined, there s no
evidence of a prolonged break In deposition until the paleosol level
Is reached flve feet above the base of the bone bed. The lack of
homogeneity of the bone pattern in the various quarrles, yet the
occurrence of the bones In a bed of sediment with very similar
features on both hills, Indicate that multiple sedimentary processes
.are not requlired to produce the 5 foot stratum that includes the
bone layer at Its base. The sediment burying the bone bed could
have been continuously deposited at one time, and the evident
similarlty In this five foot bed among the varlous quarrles In Its
primary features suggests that it was the result of a single event.
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The presence of convoluted bedding, and the unstable Inclinations of
many bones, indicates that the sediment was probably rapidly
deposited. We are actuallily iInferring something about time from
sediment pattern; the homogenelty of the bone bed In terms of Its
internal structure and thickness beneath the paleosol show that a
single process could be responsible. The simplest Interpretation is
that a process acting through a single event produced the observed

sediment pattern.

If the sediment pattern Is homogeneous, causing us to Invoke no
more than a single sedimentation event, then sequence Is no longer
an Issue since we are dealing with only one depositlional eplsode.
But the heterogeneity of the bone bed (tself tells us that multiple
processes actling over time may have been responsibie for the
distinctive fossil| patterns that we observe In the different
quarries. In essence, the burial of the bone bed may represent a
single event, but the history of the death assemblage prior to
burlal could be varied, resulting In processed versus unprocessed

portions of the bed.

The subsequent discussion {(Sectlion 3) of the varlous Agats
quarries on Carnegle and Unlversity hilis reveals that the northern
{University Quarry, North Excavation) and southern (Scuth
Excavatlon) sites are characterized by scattered and fragmented bone
concentrations. Densely-packed, more complete bones are found In
the Southwest Excavation, which is located between the northern and
southern quarries. |If the bones were transported to this place by a
singie event, such as a flood, and immediately buried by stream
sediments, these patterns of density and completeness of Individual
efements would have to have been established and maintained by
stream processes prlor to burlal. Fragmented and abraded bones
would have been segregated from fresh, generally Intact bones.

Since density and slze of many broken fragments would be the same as
Intact bones, this seems unlikely, and we are forced to reconsider
the view that the bones were deposited In the bone bed through a
single depositlional event.

However, we can consider an alternatlive view: let us still
assume that the sediments were deposited at one time as a single
burlal event, but let the variables be (1) the amount of time and
(2) degres of bone processing that have occurred prior to the burial
event, In the first case, let us Imagine that bone aggregations In
the various quarries have arrlved at these sltes at different times,
and not In a single event, such as a flood. Those assemblages which
have been present at the site for the greatest amount of tims will
be most susceptible to environmental processing (e.g., scavenging,
weathering, trampling). Recently arrived bone aggregates, on the

other hand, will be least |lkely to undergo such progresslive
destruction by processing, and could remain largely Intact except
for disarticulation of bones. In the second case, the degree of

bone processing might differ throughout a large mass of carcasses
due to selective nonrandom scavengling concentrated primarily at the
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more easlly accessible margins of a bone aggregation relative to the
center. Clearly, this spatial varlabllity in bone processing will
be superimposed on the varlabllity due to time alone, and the
identlflcatlion of that part of total bone attrition caused by one or

the other of these varlables will be very difficuit to discern.
Therefore, when the resultant fossli!i bone bed is exposed to view by
the paleontologist, the bone deposit wlll reflect the aggregate sum

of time spent at the site as well as selective processing, prior to
the synchronous burial event.

It becomes apparent that we may not be able to work out the
exact sequence of events that produced a given bone assemblage,
other than to say that certain processes must have been Invoived.

In the case of the Agate bone bed, the evidence Is in accord with a
single burial event, but we cannot discriminate between processed
and unprocessed areas of the bone bed In terms of the relative
contribution of selective processing versus the amount of time the
bone assemblage was vulnerable to processing. At Agate, the
acceptable hypothesis must take into consideration the similarity of
the sediments enclosing the bone bed, but at the same time allow the
diverse foss!| patterns found in the quarries. At present, several
such hypotheses are In agreement with the known evidence.

In attempting to arrive at an hypothesis on the origin of the
bone bed, the evidence itself primarlly acts to restrict our
reasoning on a number of points: (1) the sediments enclosing the
bones probably were deposited after some or ali of the bone bed was
present at the site; (2) the processed nature of the bone
assemblage in University Quarry, and probably also those from the
North and South Excavations on Carnegie Hill, couid have been the
product of cliimatic weathering, scavenging, and stream transport
over a long period of time -- it will] be difficult to reach an
accurate estimate of the time Involved in these more fragmented
parts of the bone bed; (3) the dense Intact bones of the Southwest
Excavation are less processed than other parts of the bone bed, and
according to early students of the deposit, still maintain
significant parts of individuzl skeletons in near life association
-~ the attritional process(es) that operated on other parts of the
bone bed are not as evident.

A number of scenarlios can fit this evidence: (1) the bone bed
was developed at the site over a brief time interval, perhaps a
single season, but the margins of the bone mass were vulnerable to
predators, scavengers, and other destructive agencies whereas
lnaccessible parts of the bone mass remained largely lntact; (2)
the older parts of the bone bed are represented by the more
processed bone assembiages, whereas the less damaged bone deposlts
are more recently arrived at the slite -- the degree of fragmentation
and scattering of bones Is dlrectly proportional to the time spent
at the site; (3) some combination of (1) and (2) has occurred to
produce a highly complex bone bed.
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To choose between these Is presently premature. Additlonal
evidence |s needed to determine the relative contribution of time
versus selectlve processing in creating the bone bed as we see It
today. Field Investigation wlll add concrete observations that can
help resolve these Issues. What we can see at the present time Is
that the sediments enclosing the bone bed are homogeneous but the
bone bed Itself Is not. The most useful observations will Include a
close study of the various parts of the bone bed In different
quarrles, a rigorous examination of the 5 foot thlick mass of
sediment that occupies the base of the stream channe! and extends
upward to the paleosol (and Includes the bone bed at its base), and
Investigation of the possibllity that parts of the bone bed are
separated in time. Of particular Interest will be the spatial
relatlonship of attritional bone concentrations such as the North
Excavation to the better preserved bone bed of the Southwest
Excavation on Carnegie Hiil.

We can set the stage for the search for new evidence by
evaluating the earller hypotheses on the origin of the bone bed.
What do they have In common? How do they differ? |Is the evidence
clearly set down, and Is Interpretation carefully distingulshed from
observation?

A. Peterson's Lacustrine Hypothesis

In 1906, shortly after his discovery of the bone bed, Peterson
argued that the sediments enclosing the bones formed In a lake,
based on his Identification of "laminated structure"” everywhere In
t+he bed, which he identified "sometimes at one or two mlles distant
from the quarry." At the time, Peterson was not aware that he had
confused the bone bed with the Agate Ash (see Section 3.1.1), The
ash Is laminated in outcrop, and Is widespread over the monument
{see Map K}, but the bone bed is found only In the Agate hills.
Because of this error in correlation, the lake hypothesis is no
longer valid.

B. Peferson's River Ford Hypothesis

in 1909, after the conciuslon of the major excavations by the
Carnegle Museum in the main Agate hills, Peterson argued that the
bone bed was deposited in a stream. Hls best evidence was
threefold: the bones were "often closely packed In Irregular
channels and pockets™, "the surfaces of the bones are sometimes
highly polished and worn, and there are numerous fragments of bones
which are worn down to the shape of a pebble.” He siaborated
further, "In the quarry located on University Hill there are
distinct evidences of narrow and rather shallow channelis, which were
separated by sandbars of greater or lesser dimensions. The bone
layer of this quarry is thus, Irregularly separated, although
confined to one general level throughout portions of the base of the
hill." This is the sum of the evidence presented. Peterson
followed these observations with hls scenario: "It seems reasonable
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to suppose that in the immediate viclinity of the Agate Spring Fossl|
Quarries the anclent fauna of the region found a favorite crossing
of this stream. The remains of the unfortunate animals which
attempted to ford the river under unfavorable circumstances furnish
the records which the collector Is fortunate In securing ...."

Implicit in Peterson's scenario Is death by drowning. But
whether this Involved mass drowning In a flash flood or seasonally
swollen river, or simple attritlional mortality by selective drowning
of the old and weak at the ford, is not expllicitly stated. At the
time he wrote this, the large chalicothere sample of the Southwest
Excavation had not yet been discovered. His viewpoint is based on
the excavation of the predominantly rhinoceros-packed bone bed of
Carneglie Quarry 1, where the bones are largely Intact,
dlsarticulated, and generally of one species. He evidently
visuallizes the carcasses carried from the ford to their resting
place In the stream bed by currents, followed by their
disarticulation, and sediment burial, but does not describe In
detail how this took place. The Issues are left unresoived.

C. Holland's Aftfritional Floodplain Pool Hypothesls

As In most scenarlos of the time, Holland presents a few polints
of evidence, then from them launches a rather elaborate scenario on
the origin of the deposit. HIis observations Include: (1) bones are
primaritly disarticulated; (2) rare articuiated vertebrae with
attached ribs, and articulated !|Imbs occur; (3) many bones In the
quarry are unabraded, but some are worn, particularly those in the
lower part of the bone bed. Holland also noted that unabraded bones
of a single Individual chalicothere (CM 1604) were found above a
level of abraded bones in Quarry 1.

Holland's scenarlio (Holland and. Peterson, 1914) is the most
specific in Its attribution of the bone bed to gradual attritional
accumulation of anlimals through predation and scavenging, and in Its
description of the reglional setting:

"The reglon, at the time when the bones were deposited,
was probably a great plain, traversed by a broad and shallow
river, like the Platte, or the Missouri, subjJect at times to
overflows. It was a region of flat alluvial lands, which may
In the summers have been In part dried, leaving here and there
pools of water to which the animals of the region resorted, as
In South Africa at the present time herds of ungulates resort
to such places. Any one who Is famlllar with the writings of
C. J. Anderson and Gordon Cumming .can plcture fto himself the
conditions. At these pools the beasts, which roamed over the
wide plain, came to drink, and here they died, as the result
of age, or as they fell under the teeth and claws of carnivora
s+« After a perlod of summer drought or after the cold of
winter, which must llkewise then, as It does now, have led to
the death of multitudes of creatures, the rivers rose as the

4
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result of rains, or melting snows, and the waters swept the
drled carcasses of the dead and sometimes those of anlimals,
which, unable to escape from the floods, were drowned, into
places where they were destined to lle ...."

If Holland's hypothesis Is correct, the bone bed should reflect
the attrlitional processes that created It. Individual bones would
show the marks of predatlon and scavenging, and the death assemblage
would Include many of the old, the very young, and the weak.
However, Holland Invokes two processes in the production of his bone
bed: (1) attritional mortallity at waterholes; (2} catastrophic death
by drowning in floods. Despite his emphasis on death at the pools,
his mention of drowning In flood waters allows him to explain Intact
carcasses such as the chalicothere (CM 1604). He reinforces this
multiple causality by quletly acknowledgling Peterson'’s rliver ford
hypothesis -~ "!t+ may also have been, as suggested by Mr. Peterson,
that at this particular point there was a ford, or crossing of the
river, much resorted to by migrating herds of animalis, and here
many, especially younger animals, were mlired In quicksands, and
drowned.™ :

His viewpolnt probably was much Influenced by Peterson's fleld
evidence and dlscusslons, and Peterson's eariler publiished remarks
on the origin of the bone bed. This can be documented In reference
to the mention of qulicksand, for correspondence Indicates that
Peterson first noted the Idea In 1908, yet did not make published
mention of I{t. However, It Is falr to say that the core of
Holland's hypothesls Involved death by attrition at pools as a
primary contributor of carcasses to the bone bed, with secondary
Input from stream ford deaths, and so differs from Peterson's 1909
concept. But surprisingiy, when discussing stream ford deaths,
Holland argues for the deaths of young mammals in qulicksands, and
not by drowning In swift water.

Holland's scenarlio includes for the first time to my knowledge
the concept of herd migration as the Implicit reason behind the
fording of streams, and the mass drownings that might accompany such
events. Because of the occurrence of the bones within an ephemeral
stream system, catastrophic death by drowning [s an event that could
contribute to the Agate bone bed. Such events are well documented
for wildebeest in the Serenget! ecosystem of East Afrlca during
thelr annual migrations in search of adequate forage (Schaller,
1972, 1973; Maddock, 1979; Sinclalr, 1979, Chap. 4), and are not as
unusual! as one at first might think. Even the attritional bone
residues in some quarries in the two maln hills could derive from
thls same process, but are simply farther along the path to total
skeletal destruction than the largely intact bones of the Southwest
Excavation. One could argue that such a scenario Is more probable
than Holland's, because his dual origlin (waterhole, river ford)
should yleld a greater diversity of specles in the attritional bone
assemblages derlved from the waterholes than In the catastrophic
bone assemblage derived by drowning at a ford. Instead, we find the

t
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. same three mammal speclies in all quarries. Yet, confirmed

attritional bone deposits in Upper Harrison ephemeral streams
elsewhere In the region do exhibit greater species diversity than
the Agate bone bed.

D. Matthew's Floodplaln Pool with Qulicksand Hypothesls

In 1923, after the conclusion of work by the American Museum In
the Agate quarries, Matthew penned a semlipopuiar account of the
Agate excavations. Because of H. F. Osborn's falilure to publish hls
Agete challcothere study, Matthew's narrative emerges as the
principal account of the Agate work by an American Museum
pateontologist. His observations deal with the Southwest
Excavatlon: (1) the bones are densely packed In a layer 6" to 20"
thick; (2) articulated bones are seldom found, but "most of the
bones of a single skeleton Ile near together, although some parts
may be found at a little distance;" (3) most bones belong to oniy
three specles of mammals; (4) the small rhinoceros Is most abundant
and "has been found everywhere In the bone layer;™ (5) a sample of
17 Indlividuals of the challcothere Maoropus was locallzed at the
north end of the quarry; (6) bones of other mammals that occur In
the quarries are rare, and when found, are aiways waterworn; (7)
based on an estimate of 40 bones/sq.ft., 4100 sq.ft. in the
Southwest Excavatlon ylelded 164,000 rhinoceros bones which, at
about 200 bones/individual, indicates 820 Menoceras.

Matthew's scenario begins with a regtona( overview, as did
Holland, then becomes qulite specific In his explanatlion of the bone
bed. Quicksand Is central to Matthew's hypothesis:

"The formatlion [containing the bone bed] Is a rather soft
sandstone of light gray color, made by the accumulated
floodplain sediments of a river that flowed eastward across
the plains, for then as now the region was one of open country
and grassy savannas. It Is belleved that the accumulation of
bones was formed in an eddy In the oid river channel at a time
when the valley was not so deeply cut out as It Is now and
when the river fiowed at the higher level. A pool would be
formed at this eddy, wlth guicksands at its bottom, and many
of the animais that came to drink at the poo!l In dry seasons
would be trapped and burled by the quicksand. The covering of
sand would serve to protect the bones from decay and prevent
them from being rolied or waterworn by the current, or from
belng crushed and broken up by the trampling of animals that
came there to drink. But sand of this kind Is always moving
and shifting (whence Its name of qulick) and with It the buried
bones would be shifted around, disarticulated, and displaced,
so that when flnafly buried deeper by later sediments of the
river valley, they would be preserved as they are found here,
compiete and aimost undamaged, yet all separate and
dissociated."
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Matthew'!s quicksand theory (1923) seems Implausible primariiy
due to the absence of any mammals other than chalicothere,
entelodont, and rhinoceros In the quarries. Matthew was aware that
this was a problem with the quicksand theory, and he candidly
admitted It as a 'curlous limitation.' A further objectlon Is the
presence of rellct bedding (Vicars and Breyer, 1981, Fig. 2) In the
5 foot thick bone bed below the paileosol In the two main hills, and
the exlstence of a 'double bone layer' in the North Excavation (see
Sections 3.3.6 - 3,3.8) on Carnegle Hill. We can be certain that
the attritional debris In University Quarry Is not a qulcksand
deposit, and this probably applies to the North Excavation on
Carnegie HII! with Its two bone layers separated by about three
vertical feet. But the slituation is not as clear at the Southwest
Excavation, and this is the quarry Matthew used to formulate his
hypothesis. Could It be a quicksand marginal to attritional stream
channel accumulations?

Certaln aspects of the bone bed In the Southwest Excavation are
suggestive of a highly fluidlzed sand (quicksand): (1)} convoluted
bedding and grain size (very fine sand); (2} polished bone surfaces;
(3) disarticulation of bones yet proximity of parts of Individual
skeletons; (4) proximity of many Individuals of the challcothere
sample at the north end of the quarry; (5) absence of any pronounced
indication of scavengling or breakage of bones. It Is easy to see
why Matthew might arrlive at quicksand as the critical factor In
formation of the deposit. Lookling carefully at the evidence,
however, one reallizes that the bones, not sediments, are the primary
influence In hls thinking; In fact, as noted earller, the retict
bedding in the bone bed argues against a quicksand. Perhaps we
should ask which of the preceding observations on fossll bones couid
only have been produced by or are only in accord with a quicksand
deposlit, or, 1If these observations can be accounted for by some
other present-day process?

Let us first reduce Matthew's observations to a few essential
summary points: (1) bones of Individuals are somehow kept together
until final burial; (2) bones acquire a surface pollsh during thelir
time In unconsolilidated sediment; (3) It must be possible to keep
together a part of a popuiation of over 15 challicotheres of all
sizes; (4) post-mortem weathering and scavenging must have been
minimal.

The disarticulated condition of the bones, yet their near
assocliatlion In Indlvidual skeletons in the bone bed (Matthew, 1923),
could be explalined from observations of modern mass deaths of
wlldebeest [n East Africa. Schaller tells us that when ungulates of
the size of the small Agate rhinoceros dle In the dry season In the
northern extension of the Serengeti, he could walk up to skeletons
encased In thelr sun-baked leather-tough hides and, kicking these
carcasses, make the bones Inside rattlie. Flooding following the dry
season will plck up these bone groups within each hide, and maintain
the association of each Indlividual's skeleton, as I+ carrles them
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. downstream to a burial site within the stream channel. In a recent
film (Year of the Wildebeest) made by Alan Root on the Serengeti
wildebeest, the cameras actually recorded this very event, and the
sequence ended with footage of a pile of hide-bound wilidebeest
carcasses which would be swiftly entombed en masse should a mass of
sediment suddenly lnundate them at thls time In the stream channel.

So It Is possible to bring together and transport long-dead
carcasses by stream processes and stlil] maintain skeletal
assoclatlons. This is best accomplished in semiarid to arid
environments where drying out of the carcasses will occur. Such
carcasses also may remain largely free of scavenging. Schaller
(1973, pp. 214=-215) writes:

"Many willdebeest died around Kogatende In the 1967 dry
season. We found 46 carcasses there with the skeletons still
articulated and encased by dry skin, Indlcating that no large
predators had fed on them."”

"Every year many wildebeest drown when herds cross
rivers. Llons scavenge only a few of these. For example, 62
wlildebeest drowned In one pool near Seronera In June, 1967,
seven more dlied there In June, 1968, and 83 in April 1669, yet
nong were eaten by lions."

Thus 11+ Is posslible that the bones of the Southwest Excavation

. represent masses of carcasses of small rhlnoceros and challicothere
that died of drowning and/or malnutritlion and disease, as do
ungulates today In East Africa. Stream processes then produced the
final aggregation, but may be the actual cause of death of only scme
indlviduals.

Serengeti wlldebeest provide many useful Insights Into the
origin of the Agate bone bed. They are small antelope of about the
same body size as the small rhino Menoceras. Wildebeest congregate
In herds; large numbers of rhinoceros found In quarries near
Bridgeport, Nebraska, Guernsey, Wyoming, and Agate suggest herding
behavior In Menoceras as well. Wildebeest feed on grasses, and so
must follow the growth of grasses as thelr seasonal abundance varies
In different parts of the ecosystem. During the wet season, when
grass |Is growing, they occupy the open plalns west of the rift
valley uplifts., As the dry season commences, they migrate westward
down the Serenget! wedge (the clastlc sediments underliyling the
Serenget! plains also have a significant volcaniciastic component,
derived from rift volcanoes, and so are similar to ash=-rich
sediments of the Great Plalins 'wedge') into wooded grassland, and
then slowly north toward the Kenyan border where food Is avallabie.
With the first rains, they return to the south, and during this
Journey of over 750,000 migrating animals, they cross flooded
streams and rivers as a matter of course. Schalier and other
authors document the death by drowning of hundreds of wiidebeest at
these crossings; such events would kill adults In thelr prime as
well as calves and older anlmals. Interestingly, Schaller observed
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that the proportion of males is high [n these drownlngs, because
males act as Ieaders and are disproportionately common at the front
of the herd. After examining al|l the major collections of Mepngceras
skulls and Jaws from the Southwest Excavation In varlous museums In
the United States, ! was struck by the large numbers of males
present. An accurate count Is difflcult to make, due to the
frequent absence of the sex-speciflc incisors In lower Jaws, and the
loss of the rostrum in skulls (whlch supports the horn bosses found
only In males), but [t remains an Intriguing possiblility that many
males occur at Agate due to preferen?tal sampling of a
maie~dominated vanguard.

E. Peterson's Commentary of 1923

In 1923, Peterson publlished a brief paper on the Carnegle
Museum exhlbition slab of rhinoceros bones taken from the Southwest
Excavation on Carneglie HIIIl In 1508. Although he did not speculate
at length on the origin of the bone bed, hls remarks Indicate hls
continued support for a stream setting for the deposit. However,
thls publication marks Peterson's most detalled recounting of the
evidence observed by him at the bone bed, and, coming after most
work at the quarries had ceased, It Is the most complete statement
In existence by one of the principal fleld men Involved at the site:

1. the bones form In places a solid pavement

2. skeletons are usually more or less disarticulated

3. some partlaliy articulated skeletons were observed -~ one of
these was found between layers of disarticulated bones

4. abraded bones are concentrated near the base of the bed

5. most material s unabraded

6. the thinner parts of the bone bed have primarily fragmented
and more scattered bones, in a well sorted sand matrix =--
the bones are probably well mineraiized and are blue in
color

7. the thicker parts of the bone bed have dense intact masses
of bones, some partially articulated, In a matrix of sand
and carbonate ~-- the bones are not as well mineralized

and are lighter In tone

Peterson conciuded hls remarks without elaborating on the
origln of the deposit: "The shallow portions of the bone layer of
these quarries have the appearance of the sediments of swifter
flowing channels, while the heavier beds would represent deeper or
more sluggish movement of the stream.™ |+ is unfortunate that
Peterson and Albert Thomson, the two men who were probably most
famillar with the quarries through prolonged excavation, did not
write In more depth on thelir view of the origin of the bone bed.

Much of the firsthand observation of value In the quarries we owe to

these two men.
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F. Commentary by Agate Foss(| Beds Association

In 1964, a short publicatlion was produced by the Associatlon to
promote the designation of the bone bed at Agate as a national
monument. In an unattributed section of the pamphiet on the
geologic history of the region, an anonymous author presents his
scenario:

"Weathering and erosion of the uplifted Rockles during
the late Olligocene and early Miocene resuited In a rapid
increase of sedlmentary deposlits upon the Great Plains.
Because of Increased gradient, the streams flowed swifter than
before, and carrlied more and coarser sediments. Great floods
took place, at which time many animals no doubt were trapped
In rapidly rising waters and their carcasses swept downstream
to be deposited at a bend of a river or other places where the
waters were slackened. Then river sediments covered the
remains. This process was repeated, In some cases several
times at the same place, until layer upon layer of animal
remalns were sealed beneath the earth's surface.... Others
belleve differently, one theory being that the animals became
trapped In quicksand when coming to the river to drink and
sank Into an anclent quagmire. |In any event, the conditions
that brought about the large concentrations of animal remains
within a relatively short period of time must have been
unusual Iindeed.™ ’

Much in this statement Is now known to be lnaccurate: (1) the
bulk of late Oligocene and early Mlocene sediments are not derlived
from the adjacent uplifts but from distant volcanic terrains; (2)

~there |s no evidence of Increased stream gradients, and the local

stream sediments do not include markedly coarser sediments -~ the
Agate bone bed Itseif 1s made up primarlly of very flne grained
sand; (3) the conditlons that produced the bone concentration at

Agate may have not been unusual at all; for example, flood events
may have regularly drowned herd ungulates as documented today on the

Serenget! plalns -~ In fact, the Joint occurrence at the site of
both a major sedimentation event and the bone accumulation at a
particuiar point In time Is more likely the unusual event, and thus
responsibie for the existence of the bone bed.

G. Schultz's Great Flood Hypothesls

In 1966, In a popular article on the Agate National Monument,
C. B. Schultz speculated on the origin of the bone bed:

"The sands, sitlts, and clays were washed Into the area
from the eroding ancestral Rocky Mountalins to the west. Many
of the sediments represent floodplain deposits, some of which

must have been quite distant from the streams. It probably
was a pralirle land and perhaps treeiess, except for the wooded
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areas along the streams and In the lower areas of the shallow
valleys. There must have been great herds of animals to be
seen In all dlrections. The rhinoceros ... was undoubtedly
the most common since the remains of thls animal were
encountered most frequently during excavation In the
quarries.... [Next follows mention of Matthew's well~known
estimate of 16,000 rhinos in the quarries on Carneglie Hill.]
it Is difflcult to Imagine how so many animals died In one
place. Perhaps there was a great flood and tens of thousands
of animals were drowned. Thelr carcasses were then carried
downstream and deposited at bends of rivers and also scattered
along the floodplains. The remalns must have been quickly
covered because of the completeness of so many of the
preserved fosslls, There Is also some evidence suggesting
that the animals perished In qulicksand rather than a flood."

This scenarlo Is extremely similar to the preceding account in
the Agate Fossi| Beds Assocliation pamphlet, and both were possibly
written by Schultz. Again, a critique of thls scenario would
emphasize the need to distinguish primary evidence from
interpretation. It would stress the derivation of sediments not
from the Rocky Mountains but from distant volcanlc sources,
emphaslze the fact that true floodplain sediments are not common and
are restricted to the rare ephemeral stream valleys of the region,
and dispute the belief that because a species Is most abundant in a
fossi! deposit, it was also most abundant in its life environment.
In truth, these small rhinoceroses are quite rare in other ephemeral
stream sediments in the region, and the great number of Individuals
found at Agate 1s atyplical. Flinalily, the belief that tens of
thousands of animals drowned is Improbable, based on the proportion
of modern ungulates which have died by drowning reiative to the
total population count In modern environments such as the Serengetl!
ecosystem. -

Deaths by drowning In the most abundant Serengeti antelope, the
wildebeest, whose modern population attains one-halif to one miiiion
Individuals In the Serenget! ecosystem, reaches only several hundred
Individuals at one death event (Schaller, 1972, p.215,235; 1973,
p.31,36; Slinclair, 1979, p.96). The maximum number reported In
these accounts f{s more than 3000 animals that drowned during lake
crossings In 1973 (Sinclalr, 1979), but In thls Instance these were
entlrely catves. To drown 20,000 or more ungulates of all ages in
one flood would be nearily Impossible in any modern environmenta!
setting.

Despite these numbers, the total effect on the popuiation of
such mortality esvents Is negligible, as Sinclalr (1979) states:
"Despite the high losses on some of these occaslons, drowning forms
a small proportion of the total annual mortallty and, hence, has an
insignificant effect on the populatlion.” Sinclair's work suggests a
strong relationship between the amount of food available per
Iindividual and mortallty In the dry season. Such death through
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malnutrition and starvation seems a more reasonable source of large
accumuiations of ungulate carcasses In plalins environments of the

Serenget! type.

H. Macdonald's Drought Hypotheslis

In 1980, Macdonald proposed that a prolonged drought created
the mass of carcasses at Agate. His points of evidence are as
follows: (1) "The vast numbers of rhino skeletons preserved at
Carnegie Hill and University Hill provide paleontological evidence
that the drought must have tasted for several years;" (2) the
rhinceroses died In the drought "by the hundreds, and thousands.
Mixed wlth the carcasses ... were other victims, occasional
challcotheres, glant plgs, oreodons, cats and dogs, and a variety of
equally thirsty smaller animais;" (3) the bones occur as "a
gigantic mass of Jackstraws, ... plled in a tangled mat 30
centimeters (12 inches) thick, covering an unknown number of
hectares ... they were moved far enough to get fhoroughtx Jumbied,
but not far enough to be badly broken or much eroded by the action

of water.?

Macdonald's scenarlo Is speculative, and emphaslizes these
points: (1) fluctuations in food suppiy result in fluctuating
population numbers, thus at times of limited resources, animals will
dle In large numbers from lack of food; (2) the fossil evidence
indicates a prolonged drought occurred at Agate; (3) the river in
the vicinity of Agate ceased to flow, leaving only a few pools
standing In the floodplain, which were used by the small rhinoceros
and other mammals; the standing pools and others dug by the expiring
animals proved Inadequate to sustain these populations and many
dled; (4) later rains fiiied the dry river bed, and swept the rhino
carcasses "and lesser numbers of the bones of other animals"®
downstream for "a few hundred meters at the most", where they came
to rest in "some sort of backwater or river lake ~- possibly a great
meander, or an oxbow lake;™ (4) "The mass of bones was soon burled
by the sands and silts dropped by the reborn river, and by
wind-carrled debris swept off the parched land."

There Is no unequivocal evidence for drought provided by the
skeletons in the Agate bone bed., The number of animals alone Is not
sufficient to prove this, since we know from recent ecologlcal
studies of the Serenget! ungulates that mass drownings, lack of
sufficlent food proportional to the standing population, and
malnutrition/disease also could produce such mass deaths. It Is
possible to have normal rainfali and grass growth, for example, and
If the present population exceeds their. food resources, to have mass
death through lack of food. To invoke drought here is to go beyond
the avaliable evidence.

it Is not true that mixed with the bones of rhinoceros,

chailicothere, and entelodont are the remalins of "oreodons, cats and
dogs" in these quarries. The survey of the sites undertaken here
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will show that oreodonts and canids are represented by only a few
very rare waterworn bones, and are surely attritional specimens of
much different origin than the main mass of rhinoc bones, as Matthew
(1923) pointed out. Cats have never been found in the Agate bone
bed or in any of the depositional environments of the Upper Harrlison
In the reglon. The quarries also have not produced "a varliety of
equalily thirsty smaller animals;"™ In fact, the fauna Is
distinguished by its lack of species diversity.

Macdonald [s not aware that some bones In the quarries show
much abrasion, yet other parts of the bone bed show very little.
His claim that the bones dld not move more than a few hundred
meters, while possible, Is not favored by present evidence over a
number of other speculative statements that could be made about the
distance these skelfetons were fransported. It is possible that the
attritlional bone accumulation in University Quarry Inciudes bone
transported over distances much greater than a few hundred meters,
but It Is difficult to distinguish bone that has been abraded during
travel over a long distance from bone that has been abraded without
transport, for example as bedload material confined to a pothole or
depression In the channel bed. At Agate, with its deep grooves and
channels, reported by the early excavators of the bone bed, this
latter possibitity Is far from Improbabie. | have observed a number
of bones in various museums which are strongly abraded on one side
but not on the other, suggesting to me a long term stable
orientation of the bone in a groove or hole. Perlodic osclliation
of the bone In such a confined depression abrades only the side In
contact with the sandy bed, yet actual ftransport dlistance is
nonexistent.

The same problem that faced Matthew in arguing for death In
qulicksand plagues Macdonaid in his argument for drought as the
primary cause of death., There is presently no known evidence from
the bone bed that points directly to drought or to quicksand I[n
opposition to other forms of mass death. Moreover, the presence of
only three species of mammals in the bone bed Is difficult to
expltain in both the quicksand and drought hypotheses, because these
are nonselective agencies that shouid kill any animal that comes
within their sphere of influence.

Qur studles of the kinds of foss{i mammals found In other
Upper Harrison stream deposits in the region help to explialn the low
species diversity In the Agate bone bed. |In these ephemeral stream
deposits, we find that particular mammals are nearly always found:
chalicothere, entelodont, a large bear-iike amphicyonid carnlvore;
less frequently, 3-toed horses. |f we look at their skeletal
anatomy, we see Indications that these mammals probably required
brushy cover of the kind that might be found along the stream
courses. - They wouild not have fared well In open country. For
exampie, the teeth of chalicotheres suggest a browsing diet, and the
skeletal structure of their feet Indicates Iittle rapid locomotor
facility; the large bear-like carnivore woul!ld have possessed a
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rambling gait tlke a modern black bear (Hunt, 1972, Ysengrinia), and
was not a swlft open country runner; the feet of entelodonts are not
as advanced as those of ruminant artiodactyls, lacking keeled ridges
on the bones of the feet for efficlent fore-aft motlion; entelodont
teeth indicate not a dlet of open-country grasses but succulent
plants, roots and tubers, browse, and perhaps carrion, which these
mammals might easily encounter along stream margins.

Against this background, the small rhinoceros seems
incongruous, for it has developed moderately high crowned teeth that
could be effective in grazing, has a skeleton that suggests an
efficlent long-limbed runner, and apparent!y existed In herds. It
is not the type of animal to be found in the brushy vegetation along
ephemeral waterways, but seems a creature of the open plains. Yet
its Incongruity Is the very element that suggests a plausible
scenarlo.

I¥ the Arlkaree tableland In early Miocene time was subject *to
seasonal climate, and Menoceras herds migrated north and south over
the plains east of the mountalin uplifts to follow the seasonally
avaiiable vegetation, It is only when they crossed swollen streams
In the wet season that their 'fossiliization potential' would be
particularly good. At other times of the year, they would form part
of the open plains attritional accumulation, and Indeed, such
Menoceras fossils In the form of single Indlividuals are encounteread
In the interchannel faclies of the Upper Harrison. If these
rhinoceros herds, however, suffered mass drownings on occasion when
crossing flooded streams, we would expect fo find them entombed with
the requiar inhabitants of these ephemeral stream valleys, such as
chalicotheres and entelodonts. At Agate, chalicothere and
entelodont, the common inhabitants of the stream valleys east of the
uplifts, are buried together with a great mass of plains rhinoceros.
An unknown death event {(ed to the accumuiation of many rhinoceros
carcasses; this death event sampied these mammals In great numbers,
a situation that seems probable oniy when the herds were In
proximity to the ephemeral drainages of the region. Whether the
rhinos were near the stream because of migration or simply because
of their need for water we do not know. But their burial together
with only species that are common In other ephemeral stream deposits
of the Upper Harrison beds In the region suggests a death event
directly related to the stream setting. Thus, stream floods seem a
reasonable choice at present as the primary cause of death of large
numbers of mammals of a single species, and also are probably
responsible (as a series of periodic seasonally-restricted flood
events) for the eventual concentration of bones at the site. As
field work at the Agate quarrlies contlnues, new evidence will
undoubtedly modify and eventually clarify this prellminary scenario,
and contribute to a better understanding of the origin of the bone
bed In the main Agate hills.
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3, THE EFARLY EXCAVATIONS AT AGATE

3.1. Confilct and Competition: 1904 - 1908

The first five field seasons of 1904 through 1908 were the time
of greatest Interest and activity at Agate. Field parties from
ma jor museums and universities vigorously competed for an
opportunity to excavate at key sites in the main hills. A detalled
correspondence among the Cook family, Peterson and Holland at the
Carnegie Museum, Barbour at the Universlity of Nebraska, and Osborn
and Matthew at the American Museum, records the historic development
of access to the various sites. This correspondence, supplemented
by fiefid diaries, notes, and maps, Is brought together here to
decipher the sequence of events surrounding the competition for
Agate's fossl| reserves.

Personal and instltutional ambitions thinly disguised under the
rubric of sclentiflc priorlty and propriety gulide the actors in this
paieontological drama. Almost Inadvertently, the Cook family
prolongs the play by bringing more actors on the stage: Peterson is
hardly on the ground in early 1905, when Harold Cook Invites Barbour
to avall himself of part of this fossll bonanza. Later, in 1906,
James Cook encourages H. F. Osborn to excavate at Agate, & step that
precipitated direct conflict between the Amerlican and Carnegle
paleontologists. One of James Cook's letters records hls deslre to
see the great quarries worked out In his lifetime. From Cook's
perspective, the bringing of several Instlitutlions into the Agate
fossil bed was an honest attempt to achieve what to him must have
seemed a sensible goal, the sharlng of these paleontological riches
among a variety of museums. But the ambitions of the competing
sclentists thwarted so simple a plan, and resulted In a complex
interplay of events that dispersed the fosslls and critical field
data to the collectlons and records of dlverse institutlions, much of
it not to be carefully compared and analyzed until the present day.

The principal excavatlions are summarlzed In Appendix A. For
each site, the following Information Is provided:

{1} vyear of excavation :

{2) expedition leader and Institutional affitiatlion
(3) location and geographic extent of excavation
(4) listing of fossils from the site

(5} present location of fossils from the site -

(6) methods employed in excavation of fosslls

The Information in Appendix A Is further amplified below (pp.
51-153), where a fuller account of the historical development of
these excavations is provided In order to adequately document the
sclentific history of the national monument,.
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In 1904, 0. A. Peterson and hls asslstants, T. F. Olcott and A.
A. Dodd, were the only party to work the maln Agate hillls.
Peterson's initlial discovery of the bones has been discussed In
Section 1.1 and will not be reviewed here.

Quarry A

The only site to be worked in.1904 was Quarry A (Fig. 3.1) of
the Carnegle Museum, today a 25' x 37! southwest-facing shallow
depression littered with bone fragments that are scattered over ftThe
approximately 900 square feet of surface. Quarry A is situated at
the north end of a low ridge extending northwest from Unliversity
Hilt: +the ridge Is separated from Unlversity Hill by a grassed
saddle about 400 feet In northwest to southeast extent. | have
named the low ridge containing the old slte of Quarry A the North
Ridge, so that each of the four topographic highs In which quarries
were excavated at the main Agate hills will have an Identlfylng

name: Carnegle Hill, Unlversity Hill, Beardog Hill, North Ridge (see
Map A).

No early photographs of Quarry A show a close view of the site
or actlive excavations by field workers. However, several distant
views of the quarry were published by Peterson (1809, Flg. 24; 1910,
Fig. 1). When compared with the later misoriented map by W. J.
Holland (this report, Map C; Holland and Peterson, 1914, Fig. 1,
site A), and the more accurate map of Harold Cook (see Map B, this
report), both of which show the location of Quarry A, there can be
no doubt that the site was situated at the north end of North Ridge.
My fleld study of North Ridge indicates the presence of only a
single area where any bone fragments occur on the surface of the
ground; this area with its dense concentration of fragmentary bone
has been Inferred to be the location of Quarry A (Fig. 3.2). It Is
thls area that I|s mapped as Quarry A on Map A.

At lJeast one other paleontologist iater excavated at Quarry A,
other than Peterson and his men. F. B, Loomis of Amherst Colliege
worked the slte, but no record survives today in the form of fleld
notes or plalnly marked fosslls In the Amherst collectlion. The only
museum with fossils that are certainly from Quarry A Is the Carnegle
Museum In Pittsburgh, and only Peterson In his publications comments
on his work at the slte.

Six kinds of mammals are known from Quarry A, based on fossils
in the Carnegle collectlons. Over 95% of the bones belong to
rhinocerotlids, but an equid, a camelid, an entelodont, and an
oreodont are each represented In the fauna by a single bone. No
carnlvores are known. The rhinoceroses are represented by two
species: (1) the small running rhinoceros, Mepnoceras, which Is the
common rhino In the malin Agate hills; (2) the larger heavy-bodied
rhlnoceros, , which Is very rare in the
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main hills. Here in Quarry A, the situatlion Is reversed, for
Menoceras Is quite rare, while true Diceratherfum makes up most of
the bones from the quarry, Including a superb skull (CM 1271) that
served as Peterson's type specimen.

Although | could find no chalicothere bones from Quarry A
during my survey of the Carnegle Museum collection, a fleld labe!l In
Peterson's hand notes "various foot bones" of the challcothere
Moropus (CM 1914) found at Quarry A on August 8, 1904. The word
"cancelled" has been written across this field fabel, but no reason
for this Is given. Thus the status of chalicothere In the quarry Is
uncertaln.

The minimum number of Individuals of Diceratherium niobrarense
that are present In Quarry A, based on the bones that can be
certainly attributed to the quarry, Is three adults and one
juvenite. This Is based on 3 left metatarsals of adults, and on
rare remains of a jJuvenile (Including a right lower jaw and 2
femora). No more than one individual of Menoceras is Indicated by a
partial rostrum, lower jaw, and 2 femora of an oid male. About 33
additional bones, an adult uppsr and lower jaw, and 2 juveniie lower
Jjaws could also have been found in Quarry A, but there Is no data
marked on these bones to confirm this. A number of these bones show
a [lght orange patina seen on many Quarry A fosslls, but | have not
fncluded them in the count to determine a minimum number of
individuals. All of these uncertalnly allocated bones belong to
true Diceratherium. [f these bones were added to the bones
deflnitely known to come from Quarry A, they increase the number of
adult Diceratheriuym to four, and the number of Juvenlles to two, so
the total number of individuais contributing to the Quarry A
rhlnoceros sample need not be large.

Thus, based on the Carnegie Museum Quarry A sample, the
skeletons of 11 mammals could account for the known remains: 7
rhinoceros (4 adult Diceratherium, 2 Juvenlle Dlceratherium, 1 adult
Menoceras), 1 equid, 1 camelid, 1 oreodont, and 1 entelodont.
Mammals represented by a single bone in the quarry probably never
were present as partial or complete skeletons. These are Isolated
bones left after the scattering of the skeleton by taphonomic
processes. Because of the many bones of true Diceratherfum, it
would be useful to know the environment of deposlition of Quarry A,
but such a study has not yet been completed.

The Agate Ash

Immediately south of Quarry A on North Ridge are two outcrops
of white calcareous ash (see Map A) that, If traced 100 feet north
to the quarry, would directly overlie 1t. These ash outcrops belong
to a single ash bed that occurs both north and south of the Niobrara
River within monument boundaries, and has been called informally the
Agate Ash by Skinner gt _al. (1977, p. 291). The Agate Ash was dated
by the potassium-argon method using the mineral blotite, ylelding a
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Fig. 3.2. Quarry A of the Carneglie Museum, at the
north end of North Ridge, photographed In . 1975, looking
north to the natlonal monument headquarters (upper
left) across the valley of the Nlobrara River. Bone
fragments cover the ground surface at the north end of
the depresslion, marking the presumed location of the
first of 0.A. Peterson's Agate quarries. Peterson was

brought to this site by Harold Cook In early August
1904,



Fig. 3.3. The Agate Ash, a laminated white water-lald
vitric tuff, occurs within the Harrison Formatlion
throughout the eastern part of the natlional monument.

A particulariy thick outcrop of the ash (indicated by
arrow) ls exposed on the north side of the Nlobrara
River valley on the road Jeadling to monument
headquarters from Nebraska highway 29. A sample taken
from this outcrop has been dated by the potassium-argon
method at 21.3 milllon years by Unlversity of
Callifornia-Berkeley geologlsts In 1964.



Fig. 3.4, The Agate Ash (arrow marks south outcrop) as
exposed on North Ridge (see Map A) wlth the Nlobrara
River and monument headquarters in the distance to the
north.
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within the Harrison Formation. (The maln Agate quarrlies In
University and Carnegle hills occur In the base of the Upper
Harrison beds.) There Is no evidence that they occur 30!
stratigraphically above the Agate Ash; in fact, mapping of the area
(Map K) demonstrated that no outcrop of the Agate Ash occurs In
proxImity to elther Stenomylus Quarry or Syndyoceras Quarry. At
present, | belleve on the basls of the stratigraphic position of
these two quarries within the Harrison Formation that Stenomylus
Quarry probably occurs below the ash, and Syndyoceras Quarry occurs
44 to 64 feet below the Harrison-Upper Harrison contact, thus almost
surely below the ash,

3'1.2. Jmmmi—m

Only two partlies worked In the main Agate hills during the
flelid season of 1905. The Carnegle Museum arrived first, working
from April through early October (Oct. 4 Is the latest dated fielid
label), opening Carnegle Museum Quarries 1 and 3. The University of
Nebraska arrived In mid-July and left Agate on August 31st, opening
only one excavation, the Unlverslity Quarry on University HIII.

Peterson and Barbour, although In charge of the Carnegle and
Nebraska crews, were absent from the sites much of the fleld season.

Carnegie Quarry 1
The Carnegle party arrived at Agate In Aprll, and Included

Peterscon and T.F. Olcott. Peterson (1809, p. 73) described thelr
new effort:

"Early In the spring of 1905 the wrliter accompanlied by
Mr. T. F. Olcott resumed work In quarry No. 1 .... Mr. Cook
impelled by curlosity had already started In the previous fall
to excavate In quarry No. 1 ..., but affter earnest entreaty by
letter to await the coming of more expert help desisted from
his work. Many plles of fragments were found on the edge of
the opening which had been dug out by Mr. Cook. These
fragments were carefully gathered and packed before the
commencement of systematic excavatlions. The work belng falrly
started, Mr. Olcott was left in charge of the quarry, while |
returned to Pittsburgh In order to attend to other dutlies In
the museum. Thus was started one of the most Important fossi|
quarries ever found In North America.

"When | again returned to the fleld later In the season,

Mr. Oicott was still engaged In the same hill, while Professor
E. H. Barbour ... had been [nvited by Mr. Cook to open a
quarry In the adjolning hi1ll .... Much material had been

uncovered In quarry No. 1 among which the most Iimportant were

bones of Moropus, many individuals of [Menoceras] and an

unusually well preserved, and pretty nearly articulated
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skeieton of a glgantic Entelodont [RDinohyus] .... One hind
limb and most of the parts of the skeleton anterior to the
pelvis were recovered. The pelvis, the lumbar vertebrae, and
perhaps also one hind II!mb were unfortunately dug out by Mr.
Cook and those assisting him and only portlons of four
vertebrae and the pubic symphysis of the pelvis were recovered
from the fragments left on the edge of the quarry."

Olcott worked from Apr!i untl] July In Quarry 1 on Carnegle Hill.
Peterson In the company of A. J. Hermann apparently arrlived at Agate
in the latter part of July: +the earilest field label Ilisting
Peterson as collector In mid-summer Is dated July 28. In 1906, in
his paper on the work at Quarry 1, Peterson described his fleld crew
of 1905:

"From the Iine of Mr. Cook's exploration the excavations
and work were carried on by Mr. T. F. Olcott from April untll
July, when the writer accompanied by Dr. J. A. Hermann agaln
Joined the party, and continued work with it during the
remalnder of the season of 1905. Toward the latter part of
the season Mr. W.H. Utterback also Joined us ...."

Peterson (1906, p. 488f, Plate 21) pubiished a good description
of the extent and location of Quarry 1, and also a plan map of the
blocks of fossll material taken from the site, Including detalled
placement of Important specimens such as the large entelodont (CM
1594):

"During the season of 1905 the party uncovered an area of
45 x 20 feet in the quarry. Thls area was pliotted out In
squares five feet in dimenslon, and a dlagram [see Map D] was
made representing this arrangement. The bones are found
mostly disarticuiated, much mixed, and thickly distributed
through this layer of sandstone. |+ was soon discovered that
the most Intelllgent way in which to secure this tangled mass
of material was to take out blocks of sandstone which contain
the fossils. On the diagram the more Important specimens are
always Indicated, as are the areas In the quarry where the
bones are less abundant, and the numbers correspond to every
package."

By comparison of Peterson's 1905 map of Quarry 1 with his fleld
notes and box !ist (a listing of fossils contained within each large
box shlpped by rall to the museum at the end of the fleld season’,
the following summary of the kinds of mammals and their distribution
In the quarry was compiled.

Four kinds of mammals were reported: (1) chalicothere, {2)
rhinoceros, (3) entelodont, (4) carnlvore.

in Map D, the Carnegie Quarry 1 of 1905 Is dlvided Into three
areas: Cook's excavation of 1904, Olcott's excavatlion, and the

i
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flnal excavatlon by the entire Carneglie party (Peterson, Hermann,
Qlcott, and probably Utterback). Thls entlre area produced numerous
Menoceras bones, a nearly artlculated Dinchvus skeleton (CM 1594)
now mounted at the Carnegle Museum, and part of the skeleton of a
large Moropus(CM 1604). The entelodont and chalicothere skeletons
are found with many of the bones little removed from thelr [ife
relationships. Initially, prior to Cook's unfortunate uprooting of
the hind quarters, the entelodont was probably a nearly complete
skeleton, and was found In a single location at the edge of the
quarry. On the other hand, the chalicothere was found primarliy In
two areas at the site; the skull, Jaws and fore quarters were
separated from the hind end.

Peterson observed that disarticulated bones of the rhlnoceros
Menoceras made up the bulk of the deposit In the 1905 quarry. There
were at least 16-17 individual Menoceras present, based on a count
of confirmed skuils in Peterson's 1905 field notebook. However,
Peterson (1906) later reported 50 to 60 skulls from the season's
work In the quarry. A few rare fragments of carnivores from Quarry
1 are Iisted In Peterson's 1905 notes but are not speciflcally
identified. Fossils were removed from about 475 square feet of
working surface In 1905.

The fosslils excavated by the Carnegie party In 1905 represent
the most southern sampie from the main hllls for which we have
information on bone orlientation and distribution. The American
Museum Quarry of 1923 Is farther south (see Map A, South
Excavation), but no data on bone distribution at that site has
survived. The 1905 Carnegle Quarry 1 has certain features In common
with other sites in the main hilis: {1) predominance of rhino, with
most skeletons disarticulated; (2) rhino, chalicothere, and
entelodont the common species, wlth other mammals represented oniy
by rare and fragmentary bones; (3) tendency for some chalicothere
and entelodont to be partlaliy articulated or to have the bones
closely assoclated in the deposit; (4) some bones In the lower part
of the bone bed heavily worn and abraded, while other bones are
untouched by abrasion. Regrettably, although he mapped the pattern
of his fossil blocks In the quarry, Peterson dld not photograph or
map the bones themselves within the blocks durlng laboratory
preparation of the material. Onily Block 90, a large stab wlith many
rhinoceros bones, was later illustrated in his quarry map of 1909 [n
any detail, and this accompanled rather detailed mapping of the
entelodont (CM 1594) and challcothere (CM 1604). But aithough
rhinoceros bone must have made up most of the remalining blocks from
the quarry, no record of the kind and orientation of these bones
apparently was ever made.

The only photographs of the 1905 Carnegle excavation appear in
Peterson's flirst published study of the quarry (see Peterson, 1906,
Figs. 1, 2, 3).




Fig. 3.5. West face of University Hill sketched by
Leon Pepperberg during the 1905 excavation of

University Quarry. Pepperberg Indicated the area in
the quarry worked by each member of the fleld party.
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Fig. 3.6. (A) Height of face of Unliversity Quarry at
end of 1905 excavation (north end of quarry at left);
(B) Area of floor of Unliversity Quarry at end of 1905
excavatlion (scale In both A and B in feet); (C)
Thickness of bone layer In University Quarry as plotted
at end of 1905 excavation (scale In Inches). Quarry
area worked by each man Indicated by his Initlal: M,
Miller; L, Lee; P, Pepperberg; S, Steckelberg. Plot of
bone layer thickness was presumably taken perpendicular
to quarry face, but this i{s not certalinly stated In
Pepperberg's fleld notes.
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In May 1905, Harold Cook notified E. H. Barbour of the
Universlity of Nebraska of the great fossl| discovery at Agate,
encouraging him to develop his own site. By the end of June,
Barbour had not been able to find time to visit Agate. But between
June 29 and July 9, he made a brief visit to the Cook ranch to
estimate the value of excavatlions. Undoubtedly impressed by what he
had seen, Barbour on hls return to Lincoin Immediately wrote Harold
Cook that he was coming to open a site for the university, and on
July 13th, Barbour and four men left Lincoln for Agate. The 1905
party Included Leon J. Pepperberg, Montrose L. Lee, John H. Miller,
and Willtam D.J. Steckelberg. They reached Agate on July 17th, and
began the first excavation Into the west face of University HIll (as
Barbour named 1t) on July 20th. Fosslis found in 1905 by the
University of Nebraska party were aiil gliven the suffix 20-7-05 In
reference to this starting date.

Pepperberg served as leader In Barbour's absence, keepling a
fairly detalled fleld diary that remains the best record of the 1905
expedition (the diary Is preserved In the Unlversity of Nebraska
State Museum archives). Pepperberg was careful to Illustrate the
quarry floor plan, the depth of the bone layer, the areas where the
different crew members were assigned, and a general sketch of the
west side of the hil{ (see Figs. 3.5-3.61.

On July 20th, the day that digging began, Pepperberg wrote:
"Stripped 50 feet In bone layer .... This quarry Is No., 20-7-~05
cees Q. 20-7-05 Is dlvided equally to L, P, S, M, [last Initial of
each of the crew] and specimens so marked." Barbour left for
Lincoln the next day (July 21) and did not return untii July 27th.
Qlcott and Peterson visited the Nebraska party during the first week
of thelir work at University Hifl. On July 30th, Barbour left Agate
and returned to Lincoln, and apparentliy did not return the remainder
of the fleid season. The Pepperberg party left Agate on August
31st, ending the fleld season for Nebraska.

In summarizing the 1905 work, Pepperberg wrote in his diary:
"The work was continued as per directions until the close of the
season, a great number of bones being taken out in a short space of
time. OQur quarry was not rich In skulls, that 1s, as far as we have
developed It. The few skulls taken out were In bad conditlon. Toe
bones, scapulas, vertebrae, ribs, etc. were plentiful as were also
solitary teeth."

Quarry dimensions as left in 1905 at the end of the season were
mapped by Pepperberg in his diagrams (see Figs. 3.6A, 3.6B). The
quarry was 108 feet long with an average width of 15 feet. The
working face of the quarry when excavation had halted was from 6
Inches to 5 feet high. The bone layer thickness was from 2 Inches
to 22 inches In depth with an average of 8 Inches, remarkably close
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to the values reported by Peterson for the Southwest Excavation on
Carnegle HIII,

Bone density In parts of the quarry seems to have been low. On
August 8th, Miller and Steckelberg who were located at the south end
of the quarry ran out of bones. Thls area today Is the place where
a channel margin ascends to the south, and Indeed bones might be
expected to thin out or become more sparsely distributed at the
margins of the channel. In agreement with this Is Figure 3.6C,
showing the thickness of the bone layer. Note that Pepperberg and
Lee had the thickest parts of the bone layer wholiy within their
working areas, which were at the center and north end of the quarry,
In the locatlon today known to be the central part of the channel
bed.

Mammals found by the crew Included rhinoceros, challicothere,
and entelodont. Examination of these fossils at the University of
Nebraska State Museum conflirms that they represent Mepnoceras,
Moropus, and Dinohyus. The total amocunt of material found In 1905
Is difficult to determine: no summary of the bones was made by
either Barbour or Pepperberg. The bones, however, represent the
same mammals as found by Peterson at Carneglie HIIl, but were more
fragmented and scattered.

Carnegle Quarry 3

Quarry 3 Is perhaps the most unusual of the Agate Quarries
located in the malin hills. The quarry (Fig. 3.7) Is unlique I[n
producing only the bones of carnivorous mammals, primarlily the large
amphicyonid beardog Daphoengdon superbus. Nearly complete skeletons
of Daphoencdon weres found by Peterson In Quarry 3, but oniy very
rare bone fragments of herblvores have ever been found at the site.
This abundance of fosslli carnivore remains stands in marked contrast
to the principal quarries at Carnegie and Unliversity hiils where
carnivores are very scarce, and the bone deposit Is made up of bones
of herblvorous rhlnoceros, challcothere, and entelodont.

The problem was solved in September 1981 when Hunt and Kaufman
of the University of Nebraska State Museum reopened Quarry 3. They
found that Peterson and his party had unknowingly begun the
excavation of a carnivore den complex made up of many large burrows.
The burrows contained the bones of carnivores that had dled and then
been entombed by later sediment influx into the burrow mouths (Hunt,
Xue, and Kaufman, 1983). Exploration of Quarry 3 by the Unlversity
of Nebraska party continued during the fleld season of 1982, and
resulted In the dlscovery of carnlvore skeletons within some of the
burrows, leaving no doubt as to the nature of the slte.

Once we reallzed that Quarry 3 had penetrated an Early Miocene
carnivore den complex, every effort was made to exactly locate
Peterson's site and establiish Its extent. \Unfortunately, Peterson

t



Fig. 3.7. Beardog Hill, Agate Natlonal Monument,
looking southeast from the top of Carnegle HII| at the
location of 0.A. Petersonts Quarry 3 of the Carnegle
Museum (arrow). The photograph was taken In 1971 ten
years before the quarry was relocated by a University
of Nebraska fleld party in September 1981. At this
place, an Early Miocene den complex produced the
remalns of two species of amphlcyonid carnivores, a
mustelid, and a small canid, at one time all apparent
residents of these burrows. The Quarry 3 dens are the
oldest known mammal burrows that contalned the skeletal
remains of large carnivores.

H
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. left no photographs or unpublished notes despite a search of

archives at the Carnegle Museum in Pittsburgh. However, through
published records and careful fleld work, It has been possible to
relocate Quarry 3, and learn something of Its early history.

Quarry 3 was apparently discovered in 1904 at the same tIme as
the Inltial discovery of the bones at Carnegle and University hiilis.
Peterson (1910) described the discovery In a major sclentiflc paper
on the carnivores he had found at the site:

"While prospecting in the layer of fossil bones, which is
exposed around 'Carneglie Hill' and 'Universlity HIIi' in the
Miocene formatlon on the upper Niobrara River In Sioux County,
Nebraska, with a view to opening additional quarries,
[Petersonts footnote: No quarries except quarry A had at that
time (1904) been opened In these hiils.] the writer, assisted
by Messrs. T. F. Olcott and A. A. Dodd, was exitremely
fortunate In finding In what Is now called Quarry No. 3 ...
various remains of carnivora ...."

The only photographic record of the location of Quarry 3
provided by Peterson was a published flgure (Peterson, 1910, Fig. 1)
marked wlth the number 3 on the west side of Beardog Hill. In 1981
we began test excavatlions on the west side of the hill Iin an attempt
to relocate the site. Two test trenches were placed In the
southwest corner of the hill, each extending about 10 feet directiy
north into the side of the hill at the level of the stratigraphic
contact between the Harrison Formatlion and Upper Harrison beds. No
bone or evidence of eariler dlgging was found. Moving about 20 feet
northwest of these trenches, we began to remove the surface soil
above the bedrock at the place where a partial humerus of
Daphoenodon had been found In 1971 during an earlier reconnaissance
of the Quarry 3 area (Hunt, 1972, Fig. 3). After passing the soll
through screens at the site, we found a number of fragmentary
amphicyonid bones. One of these bones, the proximal end of a tibla
(UNSM 10-81), was later fltted perfectly to a small bone fragment
that had been collected by Petersonts party in 1905 at Quarry 3.
Once the location of Quarry 3 had been estabilished, we contlnued to
remove the surface soil to the level of the bedrock, but did not
disturb the bedrock surface. The burrows were reveaied Intruding
Into the bedrock as the soll was gradually removed during the
1881~1982 excavatlions.

Despite Petersonts statement that Quarry 3 was discovered In
1904, there Is no record of any fossils from the site bearing that
date. The greater part, If not all, of his collection was secured
Iin the fleld season of 1905. We flnd evidence of this in Peterson's
Itsting of the contents of boxes sent to the Carnegie Museum In
1905:

"Bx. 17. Llarge block containing carnivore skeletons of at
least two Individuals and may be enough to effect a full

¥



60

relief restoration of the anlmal. A package of fragments
which go with this specimen Is In box 22. The speclmen was
not found In the Agate Spring quarry, but on the same strike
(level) and only 100 yds. to the southeast of the quarry."

This entry dlrectly corresponds to Peterson's publlished remarks
(1910, p. 206) on the discovery of the female type specimen of
Daphoenodon superhus, and the smaller Juvenlile male that was found

wlth her In Quarry 3:

"In the quarry designated as No. 3 ..., there were found from

flve to nine Individuals of Raphoenodon superbus, of which No.

1589 Is practically a complete skeleton. The latter was found
Imbedded together with another Individual of the same specles
not fully adult [CM 1589al]. The soft sandstone In which the
two were found was taken out In a large block and transported
to the Museum. On examination IT was found that the adult
individual was partly articulated ...."

So here Is proof that the female holotype Individual of
was collected as a partly articulated skeleton In 1905 together In

the same sandstone block as the male Juvenlle CM 1589a.

Two other species of carnlvores were found in Quarry 3 by

Peterson In addition to the sample of Daphoenodon. An upper aad
lower Jaw of a small canid were named by Peterson "Nothocyon"
annectens, today referred to the small raccoon-iike dog Bhlagcyon.
A lower jaw and partlial! skeleton of a small mustelld carnivore were

called by Peterson Parolligobunis simplicidens. Proof that the

mustelld and canid were definitely found in Quarry 3 is derived from
field tabels and Peterson's published remarks.

Appendix C presents a summary of known information on the
amphicyonids, canid, and mustelid collected by Peterson and his
party in Quarry 3. With regard to BPhlaocyon annectens, Peterson
{1810, p. 206) wrote: ‘

"Besides the type of Nothocvon annectens Peterson and another

small carnivore [CM 2389, skeleton of Paroligobunis
simplicldens] described later In this paper there was little
else found in Quarry No. 3 except remains of Daphoenodon

superbus.”

As further conflirmation that the type specimen of Phlaocyon
annectens came from Quarry 3, Peferson_(lQO?, p. 53) wrote:

"The specimen was found associated with the type of Amphicvon
... near the Agate Spring Fossil Quarry, In Sioux
County, Nebraska."

We do not know whether the canld came from the same sandstone block
as the type of Daphoencdon, or whether it came only from Quarry 3,

H
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but use of the term 'assoclated' Is usually Indlcatlve of a very
close spatial relationshlp.

In contrast to the small canld, fleld labels and Peterson's
(1910, p. 269) published comments leave no doubt that the mustelld
was found In Quarry 3. In fact, a phrase
written on a fleld label suggests that the mustelld also might have

been closely associated with the type of Daphoenodon superbus:

"Note = Frégmenfs found In talus below where type of Amphicyon
superbus was found."

In addition to the canid and mustelld, a few ungulate bone
fragments apparently were found by Peterson In Quarry 3, Indicated
by a single field label in his handwriting:

"Department No. 158%e... Ungulates ... Quarry No. 3 ...
Coltector 0.A. Peterson ... Various foot bones and sternebrae
found in the talus below where the type of Amphicyon was
found."

It 1s not clear who among the Carnegle men excavated the
carnivores at Quarry 3 in 1905; we assume that Peterson, Olcott,
Hermann, and posslibly Utterback performed the work In both quarries
1 and 3. Most of the field labels are in Peterson's own hand, and
Box 17, which contalined the female type of Daphoenodon as well as
the juvenlile male, was the first box completed after Peterson's
return to the field in mid-summer. Peterson returned to Agate the
fast week In July, at least by July 27th, for Pepperberg of the
Nebraska party noted a visit by Peterson and his wife to the
University of Nebraska Quarry on that day. Thus it seems that
Peterson began the excavation of Quarry 3 upon his return to the
fleld in late July 1905, and probably personally supervised this
work through the remainder of the fleld season. That no photographs
or quarry diagrams of the excavation have been found Is especlialily
unfortunate In light of the recent discovery of the dens at the
site.

By July 1982, we had cleared an area of about 600 square feet
at Quarry 3, exposing a bedrock surface that could about equal the
quarry extent developed by Peterson's party in 1905. This area
extends 6 meters northeast-southwest by 9 meters
northwest-southeast, or about 20 by 30 feet. The burrows
distributed over the bedrock surface within this area all could have
been at |east partly excavated by the Carnegle group: siope erosion
prior to development of the 4-6 Inch-thick sol! on the bedrock also
could explaln the exposure of these burrows. So we must be cautlous
In attributing the bedrock surface entlrely to eariler excavators,
particularly since we have not observed any concentration of pick
gouges or grooves. Peterson's men would have used plcks, shovels,
and hand tools to carry out thelr work, much as we do today, and
these toois often leave marks In soft sandstone that can survive for
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many years.

Certain puzzllng questions about Quarry 3 remaln unanswered:
why did Peterson's crew somehow leave at least two amphicyonlid
skeletons and numerous other carnivore bones In place In burrows at
Quarry 3, and why did none of the Carnegle party leave any written
record that they were aware of the burrow system? This seems
unusual when one considers the detalled mapping of blocks In Quarry
1 by Peterson. Perhaps the urgency of carrying on the work at
Carneglie Hill In Quarry 1 diverted their attention from the beardogs
and dens of Quarry 3. From 1905 until 1981, no record of any other
excavators at Quarry 3 has been found.

3.1.3. 1906 Excavatlions

Two princlpal fleld parties worked the Agate quarrlies in 1906.
The Carnegle Museum was represented by W. H. Utterback, who not only
worked In Carnegle Quarry 1, but also opened a second slte, Carnegle
Quarry 2, on the northwest corner of Carnegie HIill (Northwest
Excavation, see Map A). On University Hiil, a University of
Nebraska party carried on work In thelr quarry, under the largely
absentee directlion of E. H. Barbour.

Carnegle Quarry 1

The Carnegle Museum began work In the spring of 1906, long
before the Unliversity of Nebraska group began their work In
mid-July. Utterback had much experlence collecting dlinosaurs for
the museum, and much preferred that type of work. Why he was
assigned to Agate, and why Peterson remained In the museum during
this fleld season Is not entirely clear, but the arrangement
eventually led to conflict between the museum and Utterback, and
finally to hls resignation In 1908. Utterback's work at Carnegle
Hill Is discussed In the monograph on the Agate challicotheres
(Holiand and Peterson, 1914), not In entirely complimentary terms:

"{n the spring of the year 1906 Mr. W.H. Utterback ...
was sent to the locality with speclal Instructions to continue
the work of uncovering the fossfil-bearing stratum at the point
where the investligations made by Mr. Peterson and himself In
the preceding year had led to the recovery of the jaws and
cervicals of the large specimen of Maorgopus. The search was
rewarded by the recovery of the greater part of the skeleton.
These remains were found at the spot designated In the map as
'Quarry No. 1! on the western face [acfually the southwest
face - Holland's sketch map was misoriented] of what Professor
Barbour ... has designated as 'Carnegle Hifl.' Before,
however, attacking the task of recovering the remains of this
specimen [CM 1604], Mr. Utterback made extensive excavatlions
on the northern face [qcfually the northwest corner] of the



Fig. 3.8. Carnegie Museum camp of W.H. Utterback,
during Carnegle HIll excavations of 1906, located on
the north side of the Niobrara River north of the main
Agate hllls near the present monument headquarters.



Fig. 3.9. Carnegle Quarry 1 In the Southwest
Excavatlon (Carnegle Hill) during W.H. Utterback's 1906
excavatlon. View toward southeast and Beardog Hill;
Utterback Is second from left. Awning marks work area
toward south end of the Southwest Excavation (see Map
D).
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hill at the point deslignated ... 'Quarry No. 2.' Here he
found a great many bones belonging to the genus Moropus In a
disartlculated condition mingled with the remains of other
genera....

"in the spring of ... 1908 Mr, 0. A. Peterson returned to
[Quarry 1], belng earnestly requested to make every effort to
secure a complete skull of Maoropus. WIith the assistance of
... able workmen he stripped the western side of the butte on
which the work of the Carnegle Museum had already been carried
on during the three preceding years, beginning near the polint
in Quarry No. 1 where Mr. Utterback had ceased operations.
Although finding an abundance of the fossil remains of other
mammais, Mr. Peterson only recovered a few scattered fragments
of Moropus. He was on the point of despalring of success In
hls quest, when, as a last resort, he gave Instructions to the
workmen to enter the slde of the hill at the place where Mr.
Utterback had recovered the most of the remains of the large
specimen taken up In the fall of 1905 and in the summer of
1906. Mr. Utterback had reported that he had gone Into the
side of the hilll at this spot far enough to satisfy himself
that the bone-bearing stratum, to use his expression, had
'played out,' and to all appearances hlis report was
correct.... The men diggling under the dlirectlon of Mr.
Peterson had only gone about two feet Into the side of the
rock when to the great delight of all partles a nearly
complete cranium (No. 2103 ...) of a huge Moropus was
discovered. The specimen ... was the most perfect cranium of
a chalicothere animal which had thus far been found .... That
It Is the cranium of the large specimen the remainder of the
skefeton of which had been recovered in the fall of 1905 and
the summer of 1906 does not admit a particle of doubt. The
mandible found by Mr. Peterson In the fall of 1905 exactly
flts the cranlum discovered In September, 1908. Had Mr.
Utterback not reached hls concluslion as to the barrenness of
the rock so hastily he would have had the pleasure and honor
of securing the skul! of the animal for the recovery of much
of the remalins of which In 1906 we are Indebted to him."™

The labored prose of this account of the Moropus skull
discovery surely belongs to Holland, who inadvertently makes evident
the tenslons that existed among the Carnegle staff following
Hatcher's death. Hatcher appears to have served as a buffer between
the paleontologlical staff and Holland's tendency to control all
aspects of staff endeavor. WIth Hatcher gone, Holland was unwllling
to appoint a successor, and unabie to aliow the fleld men a degree
of Independence In thelr decision-makling. Gradually frustrations
bullt up, and vigor and efficlency In the fleld work diminished.

From Quarry 1 In 1906, Utterback recovered 21 boxes of fossils,
most bones belonging to the rhinoceros Menoceras, as well as the
-Important skeleton of the large challcothere Moropus (CM 1604)
mentioned In the above narrative. By comparison of Utterback's box

¢
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list of 1906 with Peterson's pian map of Quarry 1 publlished in 1909,
It 1s possible to determine the excavation area worked In 1906, as
well as Its relationshlp to the areas developed in 1905 and 1908
(Map D). Block numbers are recorded on both the plan map and'in the
box list, and when plotted on Peterson's map, describe the work
area.

The 1906 excavation encompassed about 200 square feet of quarry
floor. A west extension of about 100 square feet was developed to
the north of Olcott'!s excavation of 1905, and this area produced
chliefly bones of Menoceras. It is separated by a few feet from the
east extenslon, also of about 100 square feet, that contained the
greater part of the challcothere skeleton (CM 1604).

Utterback feft no field notes, nor were photographs of the 1906
fleld work located In the Carnegle archlives. However, E. H. Barbour
fortunately photographed both Quarry 1 and Quarry 2 In 1906, as well
as the Carnegle Museum fleld camp (Fig. 3.8) north of the Niobrara
River (sltuated at the place where monument headquarters is
presently located). A single photograph (UNSM No. 3-19-8-06E.H.B.)
Indlicates that Utterback's Quarry | work was carried out as plotted
In Map D. Barbour's photograph (Fig. 3.9) shows the awnlng above
the work area placed toward the southeast end of the quarry in the
general area indicated on the Peterson (1909, Pl. 54) map.

Fosslls found by Utterback in Quarry 1 Include numerous bones
of the rhinoceros Menoceras, the skeleton of the large chalicothere
Moropuys (CM 1604), a few other rare challcothere bones, all
referrable to Moropus, and posslibly the maxliia of a single
Individual! of Parahippus (CM 1598). The horse Is doubtfulfliy from
the quarry as one fieid label for the specimen reads "Agate Spr.
Quar. No. 2", and yet the same labe! bears the Accesslion No. 3082
which Is the number for Quarry 1.

Utterback's collectlon from Quarry 1 Is malintalined at the
Carnegie Museum, Pittsburgh; some correspondence between museum
personnel and Utterback [s also present in the Carnegle archlves,
but nothing deallng specifically with the work of 1906 Is available.

It ijs possible that carnivores are represented by amphicyonl!d
metapodials (CM 1599) In Utterback's 1906 Quarry t. The fieid label
for this number reads: "Amphicyon ... Sept. 1906, Department No.
1599, Agate Spr. Quarry Sioux Co., Neb., Collector, W. H. Utterback,
metapodlials."” Although the designation 'Agate Spring Quarry! could
also mean the specimen came from Quarry 2, the Parah[ppus max!lila
mentlioned eariier, numbered CM 1598, carrles an accession number
Indicating Quarry 1, suggesting that the two numbers 1598 and 1599
might have been collected together at about the same time.
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Carnegle Quarrvy 2

Quarry 2 is located on the northwest corner of Carnegie HlIl;
the old Carnegle quarry Is nearly ldentical In Its dimenslions to the
present Northwest Excavatlion (see Map A). Today the quarry floor Is
about 75 feet long and ranges from 10 to 25 feet In width. Although
no written record of the Quarry 2 excavatlion survives, Holland and
Peterson (1914) imply that work at Carnegie Hill began at Quarry 1,
Quarry 2 then was opened, and the season conciuded with & return to
Quarry 1. This Is also suggested by the box numbers which begin in
Quarry 1, then shift to Quarry 2, then return again to Quarry 1. We
know that Utterback had begun work In Quarry 2 by June 10th, based
on a comment by Haroid Cook in a letter to Pepperberg of that date:

"The bones which Mr. Utterback Is taking out are simply great.
He has opened a new quarry on the side of the hill next to the
Unlversity quarry.®

When you stand at Quarry 2, you can see University Quarry on
University Hill to the northeast, and Quarry A on North Ridge to the
northwest. When standing at Quarry 1, Unlverslity Quarry cannot be
"seen. This strongliy suggests that Quarry 2 is the Northwest
Excavation on Carnegle Hitl, but proof Is provided by the following
photographic evidence.

Only two photographs survive of Quarry 2 taken at the time of
Utterback's excavation In 1906. Both were taken by Barbour on
August 27, 1906 (UNSM Nos. 5-27-8-06 and 6-27-8-06). Comparison of
these two photos (Figs. 3.10A,B) with the present quarry shows that
the site Is nearly Identical In dimensions to the origlinal quarry,
and has been hardly disturbed at all durlng the intervenling years.
Flgure 3.10A looks aimost directly south, and shows the wldest part
of the cut at the south end of the quarry. Figure 3.10B looks
northeast toward University Quarry and shows the narrowing of the
quarry cut toward the north end of the slite. Section numbers appear
In these photos palnted on the walls of the quarry, which suggests
that a map may have been made to record the positions of bones as
they were removed. These sectlon numbers Increase from south to
north, Indicating that digging probably began at the south end of
the quarry and progressed to the north and east. The quarry floor
is clean In these photographs, and the walis of the quarry are
nearly In the same positions as one finds them today: +thus the
excavatlion was probably finished at the time the plctures were
taken, so It seems Ilkely that work In Quarry 2 concluded by the end
of August 1906.

Fossi! mammals found In Quarry 2 in 1906 are primarlly bones of
the chalicothere Moropus. Fleid labels In the archives of the
Carnegle Museum for the year 1906 almost all pertaln to Quarry 2.
.U'sing these labels, the Iist of animals found In the quarry was

i
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compiled as Appendix D. Although this listing 1s probabiy not
complete, It glves an idea of the relatlive proportion of the
different kinds of animais found. |In addition to challcotheres,
Quarry 2 has produced bones of Mengceras, an amphicyonld carnlvore
(CM 1824, an astragalus), a small moschld or hypertraguiid 'deer!
(CM 1826, astragalus), a non-stenomyllne camel (CM 1825,
astragaius), an entelodont (CM 1827, iInclsor), and a long-shanked
eagle (CM 1828, tarsometatarsus).

Bones In the quarry are scattered and dlisarticulated (Holland
and Peterson, 1914, p. 192):

"[In Quarry 2, Utterback] found a great many bones belongling
to ... Moropus In a disarticulated conditlon mingled with the
remains of other genera. Although these bones were scattered,
they have proved of great value ...."

An attempt to estimate the minimum number of Indlividuals of Mgropus
present In Quarry 2 can be based on the number of scapulae and lower
Jaws. The presence of seven left scapulae ranging In slze from
smal! through medium to large Indicate definite slze variation, and
at least seven Indlviduals. However, the lower jaws indicate an
even larger number of indlviduals In the quarry, and, based on tThe
eruption stage of the teeth, also tell us the age structure of the
sample. On the basls of these jaws, a minimum number of thirteen
chalicotheres Is present, including at least 8 individuals In which
the last lower molar (M3) either Is unerupted, or if erupting, Is
still unworn, Nine chalicotheres of this sample could be termed
young or middle-aged, two can be called old, and only one aged
individual is present. One specimen [s Indeterminate. These data

it!l be discussed In a subsequent study on the taphonomy of the bone
deposits In the various quarrlies.

Fosslls from Utterback's work In Quarry 2 are housed at the
Carnegie Museum, Pittsburgh; unfortunately, no quarry maps or
diagrams seem to have survived that record the original placement of
these fossiis at the site.

The full extent of Quarry 2 Is revealed in two photographs
taken in 1907 and in 1911 by Albert (Bill) Thomson of the American
Museum during work by their party at Carnegie Hill. Quarry 2 is
essentially untouched since Barbour's photographs of 1906,
Corresponding In its extent to today's cut. Thomson's photographs
appear in this report as Figure 3.10C (1907, AMNH No. 1090/18333),
and Figure 3.11 (1911, AMNH No. 1408/18519).

0 A (North Ridge)

The only evidence that Quarry A might have been worked In 13906
I's found In a dlscussion of the fossll collecting history at Agate
by Margaret C. Cook, published In 1964 In a brochure advocating the



Fig. 3.10. (A) Carnegie Quarry 2 during excavation by
W.,H. Utterback in 1906, showlng Utterback .(second from
right) at the south end of the quarry; (B) Carnegle
Quarry 2 during excavatlon by W.H, Utterback In 1906,
showing north end of quarry, with University Hill In
background; (C) Albert Thomson's photograph of
Carneglie Quarry 2 as It appeared In 1907, about one
year after Utterback'!s excavatlion. Note section
numbers on the quarry wall presumably used by the
Carnegle party to map their fossli dlscoverles.



Fig. 3.11. Carnegie Quarry 2 (Northwest Excavation) in
1911 about five years after the end of Utterback's
excavation at the site; no extension of the site has
taken place. This photograph of the west side of
Carnegle Hill was made by Albert Thomson. Arrows
Indicate the northern and southern iimits of Quarry 2;
these boundarles are unchanged today.
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"In 1906, Professor F. B. Loomls of Amherst College, an early,

able and active paleontologist, Joined the collectors with a
good-slzed party of advanced students. They collected In a

small hill which turned out to be a comparatlvely minor
deposlt, which Loomls called Amherst Point."

Loomis himself left no field notes of his work at Agate. Despite a

careful search in the paleontological collections at Amherst, and

In

the college library where photographs and memorabilia of Loomis are

kept, | could not locate any detalied Information on his several

years at Agate. That he did excavate In Quarry A, which seems the

most likely site fitting the description of 'Amherst Point'!, is

proven by a note written by Peterson In the Carnegie Museum box Iist

of 1908:

"Bx. 5. Blk. 8 contalns varlous Dicerathere bones. Many

packages from sect. 18 ... and a lower jaw found, in quarry A,

In @ biock of rock on the dump left by Dr. Loomis."

However, the year that Loomis worked Quarry A Is uncertain,

Since Peterson's Box 5 would have been collected early In the 1908

season, It is unilkely Loomis dug there In 1908. Very likely,

Loomls worked Quarry A in either 1906 or 1907. Fortunately, one of
Loomis's men, C. K. Blanchard, who was a member of his 1908 party at

Agate, was located In 1979 by Dr. Margery Coombs of the University

of Massachusetts. Dr. Coombs was able to obtain coplies of Mr.
Blanchard's field diaries and photographs of the 1908 expedition,
and to questlon him about the work and locatlons of quarries.

Blanchard's diary of the Agate work largely conflrms the fleld dlary

cf R. §. Lull of Yale {(see sectlion 3.1.5 on 1908 Yaie work at

Agate). Blanchard establiished that no excavation on the North Ridge

by the Amherst men took place in 1908, but he did not know detalls

of 1907 work, or If a 1906 excavation had occurred. Interestingly,

Bianchard had never heard of 'Amherst Polnt!,

That Amherst Point realiy Is the same place as Peterson's
Quarry A Is suggested by J. R. Macdonald In 1980, writing on the
excavatlions at Agate:

"In 1906 F. B. Loomls of Amherst College, Massachusetts, began

+o collect at Amherst Point, northwest of the two main hiliis

n

* 4 o0

The only fosslli-producing site northwest of the two malin hilis Is

Quarry A. This comment by Macdonald coupled with Peterson's note of

1908 estabilishes Loomis as an excavator In Quarry A. Noone,

however, seems to have realized that Quarry A and Amherst Point are

the same site, and fossils from Amherst Polnt that Loomis may have

.c'o!lecfed are unmarked In the Amherst paleontologlical collectlon.

The only fossils that today can be certalnly attributed to Quarry A
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are those collected by Peterson In the Carneglie Museum. This Is
unfortunate since we now know that Quarry A is stratligraphically
lower than the main Agate quarries. The maln Agate quarries In the
base of Carnegle and University hills are found In the Upper
Harrlson beds. Quarry A occurs, along with Stenomylus Quarry to the
east, In the Harrlson Formation. Hopefully, In the future It will!
be possible to Identify specimens that Loomis collected, so that the
sparse fauna of Quarry A can be supplemented.

E.S, Rlggs and the Fleld Museunm

The Field Museum under the dlrection of Eimer RIggs made an
attempt to work in the Agate hills in 1906 but were not successful.
Thelr presence In the area may have spurred Barbour In Lincoln to
get Into the fleld and begin work at University Quarry in 1906. On
June 30, 1906, Harold Cook wrote to Barbour as follows:

"The party from the Fleld Columbian Museum is at Harrlson now,
and expects to be out here In the next few days. The party Is
In charge of Mr. RIggs, ... and Mr. Olcott who was with the
Carnegle last year is with them. Of course, Mr. Qlcott knows
where to look around here, so ! don't thlink you can come out
too soon. The Kansas Universlty expects to be here In a short

time, also, so the country will be pretty well scoured, |
expect.”
One can wel! Imagine Barbour's reaction: In two weeks, the Nebraska

party was at Agate ready to begin work In their quarry.

Riggs and his men did not excavate In the Agate hills, however;
the reason why appears In a letter to John Adams from James Cook on
September 1, 1906. Beyond expiaining Riggs's fate, the letter
provides Insight Into Cook's perspective on ambitlous and
contentlous bone-diggers:

"Friend Adams:
Your letter of August 22nd recelved. | know of your
relative Prof. H. F. Osborn very well. And | would be glad to

have him come to my home at any time and look at the fossll
beds about here. As to hls working here, | can only say that
these 'Bone hunters! [lke the old time cow men claim to have
‘range rights' and the first one to work In a .quarry claims
the earth about that spot for a certalin number of miles or
leagues, | don't know which. Dr. Holland of the Carnegle
Museum at Plttsburgh has had a party at work here for three
seasons, and ] caught =-~- for Inviting Prof. Barbour of the
state university of Nebr to come and get a few bones. Prof
R1ggs of the Fileld Museum of Chicago was here for a couple of
weeks and was very deslrous of doing a [[tt{e work, but Or.
Hoiland ob jected, so he left. There Is a lot of matertial
here, and the Carnegie Museum has secured a vast amount of
good stuff."



So In 1906 Riggs sought good stuff eisewhere, and Indeed did quit
well. RIggs and Oicott collected In the upper Arikaree rocks to
north and west of Agate, and discovered the holotypes of the
carnlvores Promartes and Zodiolestes, both found within the hellc
rodent burrows called fdevii's corkscrews'. Since the discovery
these two Indlviduals In 1906, the former a mustelld, the latter
procyonid, no other carnlvores have ever been found within the
corkscrew burrows of the reglion, desplite examination of hundreds
these rodent burrow flils and discovery of many specimens of the
rodent Palaeocastor within them. The fleld assoclation of this
rodent, belleved responsible for dliggling the burrows, and one of
carnivores is recorded by Rlggs (1942, p. 71):

"The holotype [of Promartes] ... was collected by Mr. T. F.
-Olcott, who was a member of a Museum expedition to Nebraska
and Wyoming in 1906. An Interesting feature of the occurre
was that It was found in associatlon with the Jaws of a
specles of Palaeocastor and embedded In the body of a
horizontal branch of a DRalmonellx In situ. The two specime
were recorded by the collector as 'carnivore and rodent.!
When the collection was belng prepared In the laboratory, t
rodent was recognlized and the section of the corkscrew with
its contents was labeled 'fragmentary rodent! and returned
storage. Many years afterward the carnivore was recognlzed
and prepared."

Riggs was able to simllarly document the occurrence of the procyo
in a corkscrew burrow (Riggs, 1942, p. 100):

"[Zodlolestes dalmonelixensis] was named for the peculiar
splral form Dalmonelix, in which the holotype of thls speci
was found embedded., The skeleton was found colled about In
ltfelike position at the middle of the spliral. Cleariy thl
spiral form was, at the tIime the animal entered, an opening
the sand In which the animal found harborage ...."

Many years earller, Riggs (1909) had Impllcated a burrow orl
for the corkscrews, supporting Peterson's observatlions of the sum
of 1904, and noted evidence that had been collected on hls
expedition of 1806:

"1 have] found remains of flve dlfferent specles of animal
assocltated with the Daemonelix spirals, viz., skulls and
skeletons of Steneoflber [=Palaeocastor], skeletons of two
genera of carnlvora, a jJaw of Merychyus, and parts of the
skeleton of QOxydactylus. The last was partiy without and
partly within the spirals and the parts within had apparent
been absorbed or eaten away. The other fosslls lay complet
within the splirals. Photographs of one of the carnivore
skeletons [Zodlolestes] [fndicate that] the anlmal appeared
be colled up In a natural position, as though resting upon
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bed of sand wlthiln +hé cavlity. |t was concluded that at some
stage of their formatlon these splrals had been open holes

Curiously, the discoverer of the corkscrews, Barbour of Nebraska,
never adopted the rodent burrow hypothesis. But, stimulated by
Harold Cook, he brought together his field party, and came to Agate
in July 1906 to work Unlverslity Quarry for hls second season at the
site.

Unlverslty Quarry

In 1906, Barbour and his party returned to Unlverslty Quarry
(FIg. 3.12) to continue the work of the 1905 season. He dld not
begin early in the season as Utterback did, but came to Agate only
In mid=-July. Barbour seemed to requlire the continual persuasion and
urgings of Harold Cook.

Barbour had entertalned Haroid Cook in Llncoln In the fall of
18905, and supplled him wlth tools, mounted specimens, and general
encouragement. Cook, then Just 19 years old, returned Barbour's
gestures by coltecting for him, and by advising him of others!
interest In the fossils at Agate. Barbour replied to Harold Cook's
urgings to take to the fileld with characteristic vigor, and what
might be called a muted sense of panlc in a letter of June 17th:

, "Whatever you do, stand by the state university If you
can? Please do not pass anything out to other beggars I f you
can possibly save the good things for us. Just think, Holland
has the magnlificent sum of four hundred thousand doliars a
year for such work. it is sald there will soon be two
thousand a day for the work In his hand. Just think of us
competing agalnst such odds!

"Heip us in every way you can. When will It be agreeable
to you to have us come again to resume work In that quarry
which promises so well? | am hurrying matters along so as to
get off soon now. | am to have a feillow [E. F. Schramnm,
later to become chalrman of the Geology Department, Universlity
of Nebraska] from the University of Oklahoma appolinted a
Fellow In my department. He Is a very promising man and |
hope to have him take charge of the work when | am not at
Agate myseif.... | would llke to vislt the old bone bed soon.
Expect to have considerably more time to spend there than |
had last year...."

"| asked the Regents to appolnt you an assistant and will|
report to you In the morning what action was taken In the
matter. It Is a recognitlion that will do you no harm. | am
told they acted favorably but they have not notifled me as yet
so | do not know Just what was done. Would It sult you to
have us come the [atter part of this month or the first part
of next month?... Have | made it plain that we are ready to

t



Fig. 3.12. Unlversity Quarry at University Hill durling
the 1906 excavation by the Unlversity of Nebraska under
the directlion of E.H. Barbour. '
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glve you a stipend?... Pepperberg will go to Sarpy County +to
work on materfial for an advanced degree. | do not yet know
how my party will be made up. Think two or three men will be
enough for advantageous work though It Is not at all unllkely
If | stay long at this quarry that we may have one or two more
In order to work extra fast. Do you know of any plug team we
can buy? | belleve that one horse and a light wagon would do
for the men In camp. | may need another team to drive to the
I1ttle badiands and beyond. | must not fall Into the hands of
that shark at Crawford this year."

Cook repiled on June 30th, warning of the Field Museum party
already present In Sioux County, and of Kansas University who were
anticipated in a short time. He then informed Barbour of the
Impending arrlival of an American Museum party:

"The Amerlcan Museum Is also making plans to work here, and |
would not be surprised If the Carnegle Museum had something to
do with It. There Is a relationship between some of the
people In them, you know. | would not be surprised If the
American came out very soon, as my Grandmother Jjust saw Mr,
Peterson and he sald so. | will hold myself as a
representative of the Unl. [sic] t11l you come, so as to hoid
specimens for you."

The tdea of a relatlonshlip between the Amerlcan and Carnegle museums
probably stems from an awareness of Peterson's earller employment by
Osborn., In fact, 2s we will see shortly, the appearance of the
American Museum at Agate had no connection with Carnegle personnel,
but occurred via Osborn's relative, John Adams, who served as
Italson between James Cook and Osborn. James Cook encouraged
Osborn's entrance at Agate, and this took place In spite of the
Carnegle staff's attempt to malntaln the hllls as thelr exclusive
preserve., However, Barbour fosters Harold Cook's Interpretation in
his reply of July 2nd to Cook:

"You are right about It, we ought to be on the ground as
soon as possible.... |t Is too bad that those who have such
large sums should skin the state of Its best things. You wil}l
remember our talks last summer. | am perfectiy sure that they
will trade the quarry of the Carnegle crowd to the American
Museum. | am sorry that it cannot come back to you, In which
event the state would eventually secure the splendid material
which Is golng to the eastern colleges. If there Is any
peddiing to be done, your father or yourseif ought to be the
one consldered. It was yours first and 1t ought to be yours

~to pass along and not thelrs. | haven'!t a shadow of a doubt
that they have agreed to a successor without reference to you
or your wishes, but this may not be so. Having been there and
having had possession so long, they will naturally come to
conslder It thelirs by right.

"However they are falr men and If they knew that It was

i
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your wlish that It should not be traded to others they would
respect your wishes.... Can we bribe you Into letting us have
some or all your time thils summer. We are ready to pay for

it. | hope we may be able to accomplish a good deal this
season. Next year we must begin to mount some of the
skeletons for the new museum. Well, | hope they will not

squat on any of the clalms which you have staked out for us.
We are gettlng picks sharpened stc., tents ready, and will
make a flying start soon." :

The flylng start was made on July 13th when the Morrlil
Geologlcal Expedition left Lincoln for Agate. The party In additlon
to Barbour Included E. F. Schramm (in charge), P. R. Butier, and
Edwin J. Davlis (Fig. 3.13). Fosslls found In 1906 by the party were
given the sufflx 20-7-06. A llst of the bones found by each
collector was kept in Barbour's fleld book of 1906-1908 (University
of Nebraska State Museum archives), and this |Ist Is reproduced In
this report as Appendix E. Inlitlalily in the fleld book, an arabic
number was appended as a preflx 1f the specimen was collected by
Schramm, a roman numeral If collected by Butler, and a letter if
collected by Davis. Later, arablc numbers were assigned as a prefix
to all specimens, thus: Schramm, #1-51; Davis, #52-92; Butler,
#93-121.

For the flrst time at Universlity Quarry, a detalled map (Map I)
of the bones Iin the quarry was made. Simiiariy, In 1908 a companlion’
map was produced. Together, these two maps show the extent of the
excavation and the distribution of bones during the Nebraska
quarrying of 1906 and 1908, and from thls map (Map I), bone
orlentation and distribution data Is taken. The 1906~1908 maps also
show the placement of the intact slabs and blocks that were taken
from the quarry: these show bone distribution In situ. Only two
quarries In the Agate quarry complex were so mapped: Unlverslty
Quarry on University Hill, and the Southwest Excavation (includlng
the eariler Carnegl!e Quarry !, and the later challcothere quarry of
the American Museum) on Carneglie Hill.

Two kinds of mammals were common at Unlversity Quarry In 1906.
Of the 122 bones recorded In the 1906 field diary, 76 belong to
rhinoceros {(Menoceras), 36 to challcothere (Moropus), 2 to
entelodont (Dinohvus), and 8 are unidentifled. These bones
represent a minimum number of 4 challicotheres, 5 rhinos, and one
entelodont. Probably only certaln bones were recorded In the field
dlary, primarily the larger or more Important elements, since items
such as podials and isolated teeth which might be expected to be
common are very few.

Bones are scattered and disarticulated. Map | shows very few
close associations of skeletal parts. However, the quarry map does
indicate a grouping of rhinoceros bones toward the north end of the

‘west bone bed, succeeded to the south by a groupling of chalicothere

bones. These groupings appear to be NW to SE trending bands of bone

1



Fig. 3.13. Camp of the Universlity of Nebraska party In
1906, James Cook ranch, Niobrara River vailey, Sloux
County, Nebraska.



Fig. 3.14, (A) Universlity Quarry, University HIill, In
1906, looking toward the southeast end of the quarry
(slab | at center of quarry); (B) University Quarry In
1906, looking toward the northwest end of the quarry,
E.F. Schramm In foreground, working out slab |1,
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(Appendix G), with rhino bones forming a northern band, and
challcothere elements making up a more southerly band.

Dimenslons of the 1906 excavation can be determined by
restoration of the quarry floor plan, using Barbour's quarry maps.
Map | has been compiled from four separate maps found In Barbour's
1906-08 fleld book. These four maps are accurately assembled uslng
a fifth map from Barbour's fleld book. The flfth map Includes key
features that permit the accurate reglstration of the four detalled
maps at a scale of 1/4 Inch = 1 foot. By carefully measuring
distances between key points on the fifth map, It has been possible
to accurately assemble the four detalled maps to achleve a
reconstruction of the quarry for the years 1906 and 1908.

The detalled maps In Barbour's 1906 fleld book show the quarry
was dlvided Into sections each 5 feet In length that were marked on
the quarry walls. |In 1906 the bone-producing zone of the quarry
extends from the west edge of sectlon 2 to the west edge of section
12. Thus the actlively worked quarry length must have been about 50
feet. Width of the quarry varlied from a few feet to about 16 feet
(Flgs. 3.14A,B).

Two slabs were removed from University Quarry In 1906 (see Map
i). Slab | was small, 3 feet 4 Inches by 2 feet 9 Inches, contalned
isotated bones, and was sent to Yale University by Barbour. A
sketch of the slab (Barbour's field book, 1906, UNSM archlives) shows
the rear half of a rhino skull, a rhino lower Jaw, and three [Imb
bones: +these were drawn to orlent the bilock at a later time, and
probabiy all bones on the siab were not shown. | could not locate
this sfab at Yale In October 1983, and belleve that It has been
taken apart.

Stab 11, measuring about 6 feet by 3 feet, was larger, and
survives as one of two slabs from Unlversity Quarry stll] In the
possesslion of the Nebraska State Museum. Bone orlentatlion and
density of these two surviving slabs 1s much like that seen In Slab
11l collected later In 1908 (and destroyed In a museum fire In March
1912). A photograph of Slab t11 (Flg. 3.15) publiished by Barbour
(1909} illustrates the orientation and distributlon of bones In the
quarry. Thlis bone siab demonstrates a moderately dense
concentration of Isoiated bones spread over the surface of the slab,
of about equal denslity In all areas. Denslity Is not as great as the
large exhiblt slabs at the Carnegle Museum and American Museum
removed from Quarry 1 by Peterson and Thomson. Here In Slab Il we
can see sediment as matrix between bones, wlth occaslonal
bone-on-bone contacts. The density of hones Is about 17 bones/sq.
ft. (10 square feet sampled, with a range of 15 to 25 bones/sq. ft.)
on the average. Many of these bones are small, or are small
fragments of larger bones. The most common elements on the slab are
ltmb bones, podials, Isolated teeth, rlibs, vertebrae, and numerous
bone fragments. One can [dentlfy remains of rhlnoceros,
challicothere, and entelodont, conflrming Information reported by
Barbour. The denslity, distribution, and slze of bones and bone
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fragments on the slab suggests, from its position In the quarry (see
Map 1), that much of the quarry floor probably included numerous
fragmented and smaller bones such as podials and Isolated teeth.
These filied In the areas between the larger and more desired
skulls, Jaws, and Iimb bones that were drawn by the Nebraska party
on thelr quarry map (see Map |).

Fosslls removed from Unlversity Quarry In 1906 are preserved In
the collectlons of the University of Nebraska State Museum In
Lincoln. .

In 1906, we have the first good sample of photographs of work
In one of the Agate quarrles: Barbour took 23 photographs, of which
20 survive. Of these 20, 12 show work In University Quarry, one
shows Carnegie Quarry 1, two lllustrate Carnegle Quarry 2, and 5
show camp scenes. By examination of the photographs of Unlverslity
Quarry under a microscope, the stakes driven Into the walls to mark
the sectlons of the quarry can be seen and read. This allows
Barbour's maps from his 1906 fleld book to be placed accurately
relative to the modern quarry. On Map A, the westwardly protruding
outcrop toward the north end of the quarry, named hereln 'Barbour's
Polnt', marks the north end of University Quarry and the position of
Barbour's flrst section stake. Thls stake can be seen on UNSM No.
B-27-8-06. ('Barbour's Point!' Is shown In UNSM paleontology
photograph Nos. 8-27-8~06 and 5-19-8-06). :

North Excavatlion

The sclentific literature on the Agate quarriss glves no
Indicatlion that any work was done on the north face of Carnegle HI I
prior to 1907. Previously, there has been no reason to think
otherwise. However, durlng study of the Barbour photographs of 1906
In the University of Nebraska State Museum archlves, photograph No.
14-27-8-06 (Flg. 3.16), Intended to deplict P.R. Butler working In
Unlversity Quarry, also shows on the distant north siocpe of Carnegle
Hill a small but distinct test excavatlan In the area where the
American Museum quarry of 1907 was to be located. Slince this
photograph was taken near the end of the 1906 fleld season, and
because the test plit Is small, It confirms that no significant
diggling was done on the north slope of Carnegle HII| prlior to 1907.
The test plt was probably placed by Utterback or Loomls In 1906, who
then went on to other work. )

Utterback is the |lkely excavator, based on (1) Holland and
Peterson's (1914, p. 192) statement that Utterback was the first to
open an excavatlon on the north slope (which they erroneousiy
belleved to be the east slope; compare Maps A and C In thls report);
(2) Carnegle Museum No., 1443 ~ thls number, captlioned ?Moropuys In
the Carnegle card catalogue, Includes bones collected by Peterson In



Fig. 3.15. Representative sfiab of bones of Early
Miocene rhinoceros, entelodont, and chalicothere found
in University Quarry, University HIIIl In 1908 (Slab 11!
of E.H. Barbour). Bones are scattered and In some
cases fragmented, wlth a density of about 15 to 25
bones/sq.ft. Small Isolated compact bones are common,
indicating compliete disarticulation of strongly

| 1lgament-bound parts of the skeleton such as the
backbone, foot, wrist and ankie. Such slabs are
typlcal of the attritional bone debris found in this
quarry during 1906 and 1908 excavations (see Map [) by
the Unlverslity of Nebraska.
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. 1905. The description reads, "Surface fragments of vertebrae, etc.
from the N.E. exposure of the largest hill [Carnegie HIII] In which
the quarry ls located and which was Intended to be opened in the
season of 1906 for further Investlgation." [t seems llkely that
Utterback did open the northeast pocket In 1906.

included under CM 1443 are numerous bones of Moropus, rare
Dinohyus teeth and phalanges, and an uncommon find - the proximal
metapodlal of a true Diceratherium.

3.1.4, 1907 Excavations

Neither the Carnegle Museum nor the University of Nebraska sent
parties to Agate In 1907. The Unlversity Quarry and Carnegle
quarries lay dormant until| the majJor work of 1908. However, the
first significant excavation Into the north siope of Carnegle HIII
was undertaken In the fleld season of 1907 by the American Museum of
Natural History, New York, under the able direction of Albert 'BI}I?
Thomson, the Amerlican Museum's great fleld collector of the early
20th century. The year 1907 marks the entrance of the American
Museum Into the Agate quarries. A serles of letters among H.F.
Osborn, his relative John Adams, Bill Thomson, and James Cook,
describe the sequence of events leading to the beginning of American
Museum work at Agate, and lllustrate Cook's willlngness to have

. Osborn's men develop a quarry slte.

North Excavatlon

The Initlal work at this site is closely tled to the flrst
appearance of the American Museum fleld party, led by Thomson, In
the Agate quarrlies. Fleld work had not gone well for Thomson and
his brother-in-law and fellow pateontologlst Paul Miiier In June and
July 1907. On departing Raplid City, South Dakota, on the first day,
Thomson was thrown from the wagon, landing on and both dislocating
and breaking bones In his right hand. A month later Thomson wrote
Osborn that "I can scarcely use an awl or plick yet and even bothers
me to write."™ |In addition, by mid=-Juiy, Thomson and Miller were
having 11ttle luck finding fossllis, desplite steady prospecting of
the 'Lower Rosebud! beds from the area north of Porcupline postoffice
to Medicine Root Creek In southwest South Dakota. Miller's queasy
stomach and the lack of bones left him depressed.

The opportunity for the American Museum to work at Agate came
through a chance meeting of James Cook and H.F. Osborn's retfative,
John Adams, who was at that time a rancher near Potter, Nebraska.
According to Harold Cook, the two men met In Omaha at a 1!vestock
association meeting, where Adams mentioned Osborn's interest In the
Agate fossiis (Cook, 1968, p. 188). This account does not
correspond to the tone of letters that passed back and forth between
Adams and Cook: these suggest that the ietters were the means of
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the Initlal approach to Cook by Osborn via Adams. Adams flirst
approached Cook for Osborn on August 22, 1906, while summer fleid
work was stilll golng on In the Agate hilils. Cook repiled to Adams
on September 1st as follows: -

Adams

"Your letter of August 22nd received - | know of your
relative Prof. H. F. Osborn very well. And ! would be glad
to have him come to my home at any time and lock at the fossili
beds about here =" (remalinder of thls letter appears In
section 3.1.3 under E.S. Riggs and the Field Museum).

Immediately wrote Osborn on September 7, 1906:

"Herewlth please find enclosed a letter from Mr. Cook In
reference to the Agate Quarries. |t would seem that Cook Is
agreeable to a change but that the parties now working there
have or seem to have some claims. The accuracy of thelr
assumed rights you will know more about than | do."

By eariy summer of 1907, Osborn had sent Adams a letter to be
forwarded to James Cook, and Cook repiled to Adams on June 6, 1907:

Adams

"My dear Adams,

Have read the istter you encliosed written by Prof.
Osborn. And | would be pleased to have you write the
Professor that It will glve me great pleasure toc have him come
out here and look over our 'old bones!. Dr. Holland of the
Carnegie Museum has no one here this spring, and our state
unlverslity has no funds for the work here In the quarry. All
partles that have worked here collecting fossils have done so
by my Invitation so none of them have prlior rights In my
estimation. | dlscovered the quarry and | take great interest
In having this great deposit of bones worked out while [ am
tiving. My friend, Mr. Peterson, colliector for the Carnegle
Museum, that has been workling here Is having trouble with Dr.
Holland and Is about to quit him | am ftold. If Prof. Osborn
will write me, or better still, come and see me, | wiil do all
in my power to asslist him to secure some of the material here.

t+hen extricated himself from these dealings, and asked Osborn

to carry on the negotiations In a letter of July 29th:

"My dear Fairfieid, .

Replying to yours of July 22 in reference to Mr. Cook's
quarry, will say that from the tenor of his letter which |
forwarded to you | gathered that he would be pleased to have
you work the quarry and was prepared to make any satisfactory
arrangements wlith you to that effect, so | should think It
would be more desirable and far more satisfactory to Mr. Cook
himself if you took this matter up personally with him. |f
undertaken by me [t would necessitate greater delay, and | am
totally uninformed as to what further negotlations would be
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. deslired. In fact { rather thlink Mr. Cook anticlpated your
communicating with him after his letter to me."

Osborn sensed opportunity, and probably spurred on by the failure of
the 1907 American Museum expedition to the South Dakota Rosebud
beds, he wrote Thomson on July 29th:

"Dear Thomson:

| have ... secured an invitation from Mr. James H. Cook
of the Agate Stock Farm for us to work In the Agate Spring
Quarry, Harrison, Nebraska. | enclose you hils letter. | have
corresponded with Dr. Holland and Mr. Peterson In the matter
and tofd them that | thought of working In the quarry this
season. Peterson glves hls approval, but Dr. Holland, as
might be expected, speaks of leasing the quarry. They have
all the bones they can possibly work up In three or four years
and there [s no reason why we, having recelved thlis
Invitation, should not accept it. | am writing to Mr. Cook
today. | would {lke to have you write to Mr. Cook telling him
you have heard from me and that you hope to be out iater In
the season - a very courteous letter. Also report to me how
long 1+ will take you to move In there In case It proves wise
to make a change of base."

The next day (July 30, 1907), Osborn wrote personaliy to Cook for
the first time: :

"My dear Sir:

| have Jjust received a letter from my uncle and good
friend Mr. John Adams of Potter, encliosing your very kind
letter of June 6th inviting me to come out to look over your
'old bone' quarry. | greatly appreciate the Invitation and |
hope It wilil be possible for me to come out personally. |
have Just written to my representatlive in the field, Mr.
Aftert Thomson, a first rate fellow, who Is accompanied by two
or three others, enclosing your letter, and have directed him
to write to you.

| Informed Dr. Holland of your Invitation and Mr.
Peterson. Dr. Hoiland speaks of negotiating for a lease of
the quarry from you. | trust that this will not materlallze,
at least before we have a chance to secure some of your 'old
bones!' for our museum. The Carnegle Museum and the Nebraska
Museum have both taken out larger quantitles than they can
work up In several years, so that | feel that | am not
infringling on anyone's sclentific rights In accepting your
invlitation." ’

By the 10th of August, Thomson still had little to show for a
summer's work, and, discouraged, he wrote to W.D. Matthew at the
American Museum:

. "My dear Dr. Matthew:
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Well Dr. | am sorry to say that we have not met with any
success as yet. We found some very promising lookling
exposures but barren.... Now | am at a loss. | don't know
Just which way to pull from here. But Agate Spring Quarry Is
in my mind, and there Is only one reason why | don't iike to
go there. | am afrafid Dr. H. would make some unpleasant
remark. Though it woulid be some pleasure to find a few good
bones once mors.

There Is one satisfactlion, that is the next party that
comes out here to search the Rosebud beds for fossils Iin the
country we have covered this summer wlil not meet with any
success.

Mr. Gregory and Anderson arrived here fast evening....
So now we have a good strong party and all we need [s fossils.

| am sorry we have not found anything yet. But when the
bones are not here we can not get them."

On August 9th, Cook contlnues to encourage Osborn:

"Dear Dr. Osborn,

Should your Mr. Thomson show up here | will try to do
anything t can for him. | have not, and do not expect to
lease to Dr, Holland any fossfii quarries | may happen to have
on my place. There seems to be quite an amount of '0Oid Bones!
about here. | think my son has found during the past two
months severa!l undescribed Beasties. | would be much pleased
to entertain you at my ranch home should you care to come and
Investigate the bone slituation here."

On August 13th, Osborn orders the move to Agate, in an attempt to
remedy the poor results of the fleld season In South Dakota:

"Dear Thomson:

| enclose the second letter from Mr. Cook and copy of my
reply, which shows that we shail receive the warmest
hospitallity from him, and he does not recognize any
proprietary iInterests of Dr. Holland; however, thls last
matter nead not be mentloned to him or anyone eise.

| have felt all along extremely doubtful about your trip
toward the east, but | had relied on Dr. Matthew's judgment
which Is usually so good. We may at least feel that we have
done our duty In exploring those barren valleys, but we have
made a very bad start in the way of collections for the
season. However, | hope that we shall make a very strong
finish through Mr. Cook's cooperation.

The season Is so late now that | think It wise for you to
move directiy to the Agate Stock Farm, making any notes on the
way which you think are of [mportance for future work, but not
delaying. Then look the ground over thoroughly with reference
to clearing on a targe scale, such as that suggested by Dr.
Loomis, copy of whose letter was sent to you. My own opinion
Is that we have a sure thing in this quarry just [as] we had

t



78

Well Dr. | am sorry to say that we have not met with any
success as yet. We found some very promising looking
exposures but barren.... Now | am at a loss. | don't know
Just which way to pull from here. But Agate Spring Quarry Is
in my mind, and there Is only one reason why | don't ilke to
go there. | am afrafd Dr. H. would make some unpleasant
remark. Though It would be some pleasure to find a few good
bones once more.

There Is one satisfaction, that Is the next party that
comes out here to search the Rosebud beds for fosslls In the
country we have covered this summer wlil not meet with any
Success. .

Mr. Gregory and Anderson arrived here last evening....
So now wa have a good strong party and all we need Is fosslils.

| am sorry we have not found anythlng yet. But when the
bones are not here we can not get them."

On August 9th, Cook contlnues to encourage Osborn:

"Dear Or. Qsborn,

Shoutld your Mr. Thomson show up here | will try to do
anything | can for him. | have not, and do not expect to
lease to Dr. Holland any fossl!l quarries | may happen to have
on my place. There seems to be qulte an amount of '0ld Bones'
about here. | think my son has found during the past two
months several undescrlbed Beastles. | would be much pleased
to entertain you at my ranch home should you care to come and
{nvestigate the bone situation here."

On August 13th, Osborn orders the move to Agate, in an attempt to
remedy the poor results of the fleld season In South Dakota:

"Dear Thomson:

| enclose the second letter from Mr. Cook and copy of my
reply, which shows that we shall recelive the warmest
hosplitality from him, and he does not recognize any
proprletary Interests of Dr. Holliand; however, this last
matter need not be mentioned to him or anyone else.

I have felt all along extremely doubtful about your trip
toward the east, but | had relied on Dr. Matthew's judgment
which Is usually so good. We may at least fee! that we have
done our duty in exploring those barren valleys, but we have
made a very bad start in the way of collections for the
season. However, | hope that we shall make a very strong
finish through Mr. Cook's cooperatlion.

The season Is so late now that | think It wise for you to
move directly to the Agate Stock Farm, makling any notes on the
way which you think are of Importance for future work, but not
delaying. Then look the ground over thoroughly with reference
to clearing on a large scale, such as that suggested by Or.
Loomis, copy of whose letter was sent to you. My own opinion
Is that we have a sure thing in this quarry Just [as] we had
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in the Bone Cabin [Osborn refers to the Bone Cabin Quarry, a
successful dinosaur site In Wyomlng], and we have a good
friend In the owner, and we had better attack it In a
thoroughly systemat!ic manner."

Thomson quickly replied to Osborn from Porcupine, South Dakota, on
Aug. 17th:

"My dear Professor Osborn,

We are on our way to Agate Spring Quarry and hope to
arrive there some time before Sept. 1st.... | am dellghted
that we have an opportunity to work that quarry, It would be &
pity to let that chance slip.... | hope we may be able to
make a grand haul at Agate Spring."”

More open with Matthew than with Osborn, Thomson writes Matthew on
the same day:

"Mr dear Dr. Matthew:

So now we are on our way to Agate Spring Quarry. With
the party we have | think that is the best plan as we can
surely find something there, beslides | hope we may be able to
open up that quarry for some good work for next spring. Our
museum needs some of that material badly and whlle we have
such a grand opportunity to get it, It seems a pity to not
take advantage of It. Dr. H. seems to have queered himself
with Mr. Cook."

On August 23rd, Osborn cautions Thomson further:

"| was very glad ... to learn that you are on the Journey
to the Agate Spring Quarry. You will have to handle the
matter diplomatically. ODOr. Holland informed me that Mr. Cook
Iintended to reserve for him that portion of the Quarry where
the Carnegie Museum had worked. You wlll have to talk this
matter over with Mr. Cook confldentially. Do not mention It
to the men, as | especlalily desire that there should be no
gossip about this matter. In short, do whatever Mr. Cook
advises you to do."

Thomson reached Agate on August 25th, but refrained from any
work at the Agate quarries until James Cook returned to the ranch.
On Sunday, September 1st, Cook took Thomson to the malin hllls and
assligned him a work area. A sketch of the quarrlies In the maln
hills, drawn In 1907 by Thomson himself, leaves no doubt that the
flrsf American Museum quarry was on the rnorth side of Carnegle HI ||

Fig. 3.17):

"My dear Dr. Matthew:

We arrived here last Sunday [August 25] afternoon. We
did not stop much along the road as we were anxlious to get
here where the bones grow In bunches.

'
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Mr. Cook was away last week and asked us not to disturd
anything at the quarry untiil his return. So yesterday he went
with us down to the quarry and showed us where we can begin
our work. Mr. Cook is a very fine man and takes great
interest in our work. His son Mr. Harold Cook is a very
enthusliastic bone digger and says he will show us some
prospects as soon as he has a |lttle spare time. Now | think
It no more than right to pay him pretty well for hls prospects
to give him encouragement to keep an eye open for the A.M.N.H.
in the future.

i think it would be a wise plan for both yourseif and
Prof. Osborn to come out here as soon as possible. That
quarry Is a great sight and Is probably the only one In
America. There are bones enough here to supply a great many
museums and | do not see why we can not make some arrangement
to get that great bone bed divided In some way. Say for the
A.M_N.H. to work one half while Carnegle works the other. Mr.
Cook Is very anxlous to see some museum take hold and work out
the whole thing, and | think he favors our museum. Dr. H.
seems to have queered himself by getting on his 'war horse'.
Had | known he would make a muss | wouild have moved on in the
Rosebud taking chances on a fallure. But as we are here we
shall finlsh the season, and things may caim down so we can
get a chance at the quarry, but our time Is so short that we
can not do much more than clear space for next year.”

And to Osborn on the same day, Thomson provided simlilar Information,
but speciflcally mentioned the location of the first American Museum
excavation at the close of his letter:

"My dear Prof. Osborn:

We arrived here last Sunday afternocon and had a short
talk wlith Mr. Cook. As he was going away on Monday morning to
be absent for a few days he asksd us not to disturb anything
at the quarry untll his return. So yesterday he took us down
to the quarry which Is | dare say the greatest deposit of
fossil bones In Amerlica, bones enough to supply many museums.

Mr. Cook Is a very fine man and very anxlous to have the
quarry worked systematically.... Am very sorry to hear that
Dr. Holland Is up in arms about us coming here. But as cold
weather Is coming on It Is to be hoped that he may cool down
sufficlently to come to some reasonable agreement. As there
are more bones there than the Carnegle Museum could possibly
find room for or work out In the next twenty years.

Mr. Cook has given us permission to work on the north
slope of the hitl and | hope we have luck enough to open up a
good quarry.”

Thomson's sketch (Fig. 3.17) of the 1907 American Museum quarry
-Indicates the relatlonshlip of the site to the other quarries opened
earller In the main hills. However, the sketch only places the
quarry on the north side of Carneglie HIlIl, without establishing an
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Fig. 3.17. Albert Thomson's sketch of the Jocation of
the varlous Agate quarries at the time of arrival of
the American Museum party in 1907. Unlversity Hill
(left) and Carnegle HItI (right) are seen lookling
southeast. Thomson identifled Barbour's Quarry
{University Quarry), Carnegle Quarry 1 and 2, and a
place on the northeast corner of Carnegle Hill "where
Mr. Cook says we may work."™ Thls spot became the
American Museum Quarry of 1907. Thomson's practical
approach to the bone layer Is evident In his captlion
appended to this dlagram in his notes: "The dotted line
shows where cut can be made around the hill. About 25
ar 30 feet down to the bone layer. Excavati can be
done with team and scraper. Powder [blasfing% can also
be used to an advantage. The whole hill can be removed
for | think less than $10,000." The plan was never
carried out, proving too ambitious an undertaking for
the Amerlcan Museum workers.
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Fig. 3.16. Universlity Quarry In 16906 durling work by
the Unlverslty of Nebraska fleld crew. The men use
typical hand tools, such as hammer and chisel, awls,
brushes, picks, brooms, and shovels to expose and
remove the fosslls, methods that have changed l|ittle
today. The photograph, probably taken on August 27th,
looks to the south, revealing a small test excavation
(see arrow) on the northeast corner of Carnegie HII|
that preceded the American Museum Quarry of 1907 In the
same locatlon. This test pit was probably dug by
either W.H. Utterback of the Carnegie Museum or F.B.
Loomis of Amherst College during the 1906 field season.
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exact jocation. Fortunately, Thomson was an excellent photographer.
His pictures document much of the work at Agate from 1907 through

1923, Figures 3.18 to 3.21, taken by Thomson, illustrate the exact
location of the American Museum Quarry of 1907. The quarry entfered
the northeast corner of Carnegle Hill (see Map A) at the same place

as the small test excavation seen [n Barbour's photograph of 1906
(Fig. 3.16). The history of the excavation at the northeast corner
of the hill is described in Holland and Peterson (1914), and
mentlons that both Utterback and Loomis could have been responsibile
for the preliminary test hole that preceded the larger American
Museum quarry:

"During the spring and early summer of 1907 Mr. W. H.
Utterback ... continued the work of excavation which he had
carried on In the previous year, and also made an opening on
the eastern face [sic - Holland's east face Is actuaily the
north face] of Carnegle Hill. Toward the close of the season
he left the quarries In order to complete the excavation of
one of the Ceratopslia ... in Converse County, Wyoming, and was
called home by the death of his father, after which time his
connectlion with the Carnegie Museum terminated.

"After Mr. Utterback had left the spot a party from the
American Museum of Natural History entered the excavatlon made
on the eastern side [actually north side] of Carnegie Hili, in
which Professor F. B. Loomis of Amherst College had also done
some excavating ...."

On Hofland's topographic map of the main Agate hilis (Map C, this
report; Holland and Peterson, 1914, Fig. 1), thls quarry Is shown by
the number 3, and the captlon reads, "openings made by F. B. Loomlis
and subsequently worked by a party from the A.M.N.H."

Thomson's photographs of 1907 prove that the major excavation
at the northeast corner of Carnegle Hill was the work of the
Amerlcan Museum. Figures 3.18-3.21 show a distant view of the
quarry, and three close views with A. E. Anderson at work. Flinally,
in Thomson's photograph of the main hills (Fig. 3.18), one has a
view that nearly duplicates his own field sketch (Fig. 3.17). The
north slope of Carnegie HIll is entiretly untouched except for the
American Museum site at the northeas+ corner.

The sequence of excavators at the site remains unclear.
Holland's narrative, quoted above, suggests that the Initial opening
was made by Utterback in 1907, who then was followed by Loomlis, with
the American Museum party working the site last. We are handicapped
in demonstrating this by the failure of Loomls to leave any diaries
or records of his 1906~07 work in the main hilis at Agate, and by
seeming contradictions In Holland's narrative.

First, a test excavatlion had already occurred at the northeast
corner of Carnegie Hill by August 1906, proven by Barbourf's
photograph (Fig. 3.16). Second, Cook writlng to John Adams mentioned
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that Holland had no one In the Agate quarries In the spring of 1907.
Third, the Carnegie Museum Annual Report of 1908 states that
Utterback went directly to Wyoming to work on the ceratopslian
dinosaur In early spring of 1907, then returned to the east because
of his father's death. No mentlon Is made of any work at Agate.
Finally, | have not been able to locate fosslls or field labels at
the Carnegle Museum for any work at Agate In 1907.

Thus, Holland's statement placing Utterback at Agate In spring
1907 Is probably an error. We can be certaln that the flrst test
excavation was made on the north slope of Carneglie HIII at the
northeast corner In the summer of 1906. It was most |fkely dug by
elther Loomis or Utterback. | think 1t most probable that this 1906
pit (Fig. 3.16) was the work of Utterback, then next worked by
Loomis in elther 1906 or 1907, and finally turned Into a large
excavation by the American Museum in 1907. Unfortunately, the
Amherst College Museum has no fossils or records of Loomis's work
definitely attributable to this site.

The only fosslils that can be certainiy assigned to the
northeast excavation of 1906-07 are a few bones in the Amerlican
Museum, and the group of fosslils mentlioned eariier under Carnegle
Museum No. 1443 (Moropus, Dinohvus, true Diceratherium). Much more
must have been found, but these bones probably have been
Incorporated In the larger Agate collectlons of various museums
without Identification of thelr site of origin on Carnegie Hill.

From Thomson's photographs (Figs. 3.19-3.21), the 1907 Amerlican
Museum site Is not very large (see also Map A). The quarry was
probably about 50 feet long and about 15 feet wide. |t does not
seem to have produced a large number of fossils, nor any fossils of
unusual significance. Al! fossii remains known to date belong to
the typical mammals of the Agate quarries in the main hills:
challcothere, entelodont, rhinoceros. A photograph by Thomson (Fig.
3.22) of the 1907 quarry floor Is the only evidence of bone
distribution at the site. It shows a small pocket of bones, with
many Individual elements jumbled together, but there Is no evidence
of a bone pavement like those known from the Southwest Excavatlon on
the opposite side of Carnegle Hill. The pocket seems to be found In
a topographic low in the channel, possibly In one of the Inclised
grooves or local channel scours reported in these quarries.



Fig. 3.16. Unlverslity Quarry In 1906 during work by
the Unlversity of Nebraska field crew. The men use
typlical hand tools, such as hammer and chisel, awls,
brushes, picks, brooms, and shovels to expose and
remove the foss!ils, methods that have changed tittie
today. The photograph, probably taken on August 27th,
looks to the south, revealing a small test excavatlion
(see arrow) on the northeast corner of Carnegie HI !
that preceded the American Museum Quarry of 1907 In the
same location. Thils test pit was probably dug by
elther W.H. Utterback of the Carneglie Museum or F.B.
Loomis of Amherst College during the 1906 field season.



Fig. 3.18. The American Museum Quarry of 1907 (at
arrow), shown on the north slope of Carnegie Hill (view
looking southeast), was the first site In .the Agate
hills dug by the American Museum, New York. Work was
under the direction of Albert Thomson; only a small
quarry was opened slnce work was begun late In the

fleld season of 1907. University Hill (on left) wlith
University Quarry, and Carnegie HIIll (on rilght) with
Carnegle Quarry 2, are the two main Agate hills In

which quarrying was carried on from 1905 through 1923

-by varlous Institutions.
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Fig. 3.19. The American Museum Quarry of 1907, looklng
south, at the northeast corner of Carnegle HIill. This
quarry was placed at the same locatlon as the test plt
dug In 1906 In Figure 3.16.



Fig. 3.20. American Museum Quarry of 1907, looking
southeast (photograph taken in 1907 by Albert Thomson).



Fig. 3.21. Amerlcan Museum Quarry of 1907, looking
southwest (photograph taken In 1907 by Albert Thomson),
A.E. Anderson at work. ‘



Fig. 3.22. Small pocket of dlsarticulated mammal bones
found In the American Museum Quarry of 1907 at the
northeast corner of Carnegle Hill. This Is the only
known photograph of the quarry bone bed In 1907, |If
this photograph by Thomson Is representatlve, the bone
bed here apparently Is not as thlick and densely packed
as In parts of the Southwest Excavation on the opposite
side of the hill. Bones appear to be absent from the
quarry floor around the pocket, and the pocket I[tself
seems to be a topographicalily.!ow area withln the
quarry. The hand awl, hammer, chisels, and brushes are
the common hand tools used In excavation of the bones.
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3.1.5. 1908 Excavations

Early sclentiflic Interest In Agate climaxed with the fleld
season of 1908. Not only did the Carnegle Museum and Unlverslty of
Nebraska return, but Amherst College and Yale University also became
involved. In the fileld during the actua! work of collecting,
relations between the parties were generally cordlal, but behind the
scene, the pace of Intrigue was brisk. H. F. Osborn held the
Amerlcan Museum out of the quarries In the main hills, yet remained
a strong competitor through careful cultivation of the Cook family.
Tenslons between Osborn and Holland of Carnegle built during thils
time, accentuated by the discovery in 1908 that the Cooks In fact
did not own the land on which the maln hllls were situated. Holland
consldered an attempt to lease or lay claim to the hills, but gave
up In the end, allowling Harold Cook to file on the {and. So
discouraging was the dlsagreement among these parties that the
Carneglie Museum wlthdrew from the maln hills after the season of
1908, giving up thelr quarrles (Carnegle Quarrles 1 and 2) on
Carnegle Hill.

The withdrawal of the Carnegle Museum from the malin hilils
opened the way for Osborn and Thomson to Impiement thelr plan to
open the maln quarry now abandoned by the Carneglie Museum. Under
Thomson's teadership, the American Museum began a prolonged program
of quarrying on Carnegle HIIl that ylelded the great chalicothere
sample from the Southwest Excavation. But a bonus was also to
accrue to the American Museum fleld men by chance alone; In 1908,
during the time the American Museum dld not work in the maln hlllis,
W. D. Matthew and Harold Cook explored the country about 20 mlles
south of Agate on the high divide between the Niobrara and North
Platte rivers. There they dliscovered the famed Sheep Creek and
Snake Creek beds, rich In fossil mammals of the {ater Miocene. The
Agate quarries and the Sheep Creek-Snake Creek beds formed the focus
of American Museum work from 1908 to the late 1920s. A strong
relationship between the Cook famlly and the museum developed, and
persisted for many years. In 1910, Harold Cook married Eleanor
Barbour, the daughter of E. H. Barbour of Nebraska, and from that
tIme, the Cook family carried on their Interest In fosslils through
Interactlion with the University of Nebraska State Museum and the
Amer!can Museum personnel.

Strong prlor iInterest In the 1908 field season was already
evident In the fall of 1907 when both Osborn and Holland made
personal visits to Agate to discuss work with the Cook family. The
flavor of this period emerges from letters of James Cook to Osborn.
In September 1907 Osborn made hls first visit to Agate. It was
undoubtedly cordial, although the detalis of thelr working agreement
on the quarrles are not set down In these letters. Holland came to
Agate sfter Osborn, and In a8 letter of November 4, 1907, James Cook
relates the event to Osborn:

"A short time after you left here Dr. Holland of

¢
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Pittsburgh, Pa. arrived at Agate. He remained with us for a
few days and | went over the bone hill situation pretty
thoroughly with him. [ told him It would give me great
pleasure [ f you and he could get together and make
arrangements for securing the material In the 'Bone HIII' upon
which you have both had parties at work. You wlll no doubt
hear from him If you have not already done so, In regard to
the matter."

On the same day, Cook also wrote Thomson with more detall on
Holland's visit:

"Since you left we have had the honor of entertalning at
Agate Dr W. J. Holland .... He was here for several days and
was greatly Interested In the quarry hls collectors had opened
at the bone hilis. | went over the whole situation with him,
and told him It wou!d glve me great pleasure If he and Dr.
Osborn couid get together and work In harmony In securing the
materlal that | happened to discover at the bone hilil. Of
course he was not prepared for such a suggestlion, and ! could
see that he was somewhat shocked when he dlscovered that work
had been done upon the opposite side of the hill {the American
Museum Quarry of 1907 on the northeast corner of Carnegle
Hill]. However he sald that he thought that he and Dr. Osborn
would be able to make arrangements so there would be no
conflict. | am most anxlous that this can be done, for |
found out while Dr. Holland was here that at heart he Is a
totaily different man than what | supposed him to be. He cams
'right down to earth! In his visit to us, and we all as a
fam!iiy en joyed his stay ...."

Osborn, in his reply to Cook, naturally agreed that he would
prefer some frlendly resolution of the problem as well. Clearly,
this was an Inopportune time for the matter of ownership of the
Agate quarrles to arise, but during Osborn's and Holland's vislits,
Cook must have brought up this Issue, indlcated In a later letter to
Osborn of December 9th:

"The books you so kindly sent to my son Harold and myself
arrlved while | was away on a frip to Omaha and LlIncoln, hence
the delay In my not writing you sooner and thanking you for
your most generous gift .... While in Lincoln | met Dr.
Barbour and his friend Mr. Morrill, the gentleman that has
furnished the funds for Dr. Barbour and hls asslistants that
has enabled them to do a little bone hunting for the Nebraska
University during the past few years. These gentliemen both
stated that they expected to continue work on the quarry they
have opened at the bone hills. | told them that | would be
dellghted to see them, as well as yourself and Dr. Holland,
push the work of securing the material contalned In those
hills., | also told them what | told you and Dr. Holland as to
the chance of those hilils being outside of the lands that |
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actuaily own and that | thought inasmuch as the lands about
here are rapldly belng flled upon that something should be
done at once in the way of an accurate survey. And If found
to be on public domaln, measures taken to secure title to the
bone hllls, placling script upon them |f necessary. Mr.
Morrll) at once suggested that he bring an engineer from
Lincoin and make the survey and secure the land, but I told
him that | wanted the three Instltutlons now Interested In the
hills to secure the tltie to them if a titie Is needed. |
shall wrlte to Dr. Holland today telllng him what [ have just
written you, and | hope that you and Dr. Holland and Dr.
Barbour can get together In the work of securling those hlll
for yourselves. In case you shouid secure title to the hll
and saw flt to allow me to use the grass upon them and
sometimes take a peep at the work In the quarries, | would be
content,"

s
s,

Aware of the probable difficulty of working with Holland In such an
arrangement, but confldent that he could Interact with Barbour,
Osborn wrote Cook on December 14th suggesting that Nebraska be
allowed to purchase the quarry fand:

"] am greatly Interested In what you say regardling the
ownership of land on the quarry. | think It Is most
appropriate and desirable, If It proves by survey that the
quarry Is not withln your llnes, that the Unlversity of
Nebraska people arrange to take up the land. They belong to
the State, they are resident, and both Mr. Morrlill and
Professor Barbour would, | am sure, take a |lberal view of the
prosecution of sclentiflc work there., A triple ownership does
not seem to me practicable or necessary. | wlll write to
Professor Barbour Immedliately."

However, by early spring of 1908, It was clear such a plan was
unacceptable to Holland at the Carneglie Museum. HIs Irrlitation at
having to share the Agate hills with other competing Institutions by
now was evident, to him a situation brought on by Harold Cook's
sollcltation of Barbour, and James Cook's enthusiastlic welcome of
Osborn's approach through John Adams. 1in point of fact, nelther
Peterson nor Holland steadlly cultivated the Cooks as did Barbour
and Osborn, and as a consequence, the rapport between them foundered
through neglect. At the same time, the relationship between Holland
and Peterson grew worse, strained since J., B, Hatcher's death In
1904. James Cook described Holland's attitude to Osborn on March
31, 1908; by now, Holland had openly expressed his dissatlisfaction
with the situatlon at Agate, and Cook had moved to take the matter
Into hls own hands:

"My dear Dr. Osborn:

I have run against a snag and | write to let you know
that Dr. Holland has written me that iIf other Instltutions are
to be allowed to work at the bone hills he will qult the fleid

¢
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at a great loss. He was anxious to buy or lease the quarry so
that he might exclude al! others from working there, but [ do
not wish to elther lease or sell to him. | tried very hard
last year to have al!l of the three Institutions that have
worked on the two bone hllis to work together In harmony In
the interest of sclence In this locallity as the amount of
material and the labor required to secure It Is so great. It
now seems as though my efforts along the Iines of harmony have
been a fallure, and | do not know what Is the rlight thing to
do. As | told you when you visited the quarry, | was not sure
of my Iines taking In bone hliils. And | trled to get those
Interested In working there to help me make an accurate
survey, and If the hills were found to be outslde my holdings,
to take steps at once to secure them by script. No actlion
belng taken and all! of the vacant lands about here being
rapldly filed upon by homesteaders [the Kinkaid Act of 1904
had made homesteadlng of western Nebraska a popular option], |
had a survey made and now | am sure that no one will secure
those bone hills that | would not want there. Dr. Holland
salls for Germany on the 7th of April. Would you care to
Interview him before he leaves relative to your working

together here? | recelved a letter from Mr. Thomson recently
relative to having some strilppling done on the place you worked
fast season but | could not answer hls questions until | know

to a certalinty that I+ Is now my misfortune to be compelled to
choose between those It has been my privilege to meet and have
a kindty feellng for among the men of science that are now
carrying on the work. My great Interest In having the quarry
that | had the good fortune to discover thoroughly explored
during my lifetime has | fear gotten me into ftrouble."”

Osborn repltlied to Cook on April 8, 1903:

"Your letter of March 31st was very tlimely since It
reached me just before Dr. Holland's departure for Germany. |
spent an evening wlth him talking over the matter. | find
that the Interest which | have shown In the quarry has served
to revive hils interest so that he now deslres to work this
season at least, on a large scale, and | belleve has already
sent out Mr. Utterback to beglin the work. | will commit to
Dr. Matthew who Is golng out a full statement of the
conversation which | had with Dr. Holland as | do not like to

put It In writing. | came to the conclusion that it would be
wiser since he Is actively renewing work for us not to attempt
to work this year on the same hlll. As you know there are all

kinds of people In this world, some who are easy to deal wlth
and some who are not.... The plan | now propose If agreeable
to you Is this: to have Dr., Matthew and Mr, Thomson go out and
form a party with Harold, to do general prospecting In the
region.m

‘The result of Osborn's plan turned out well for the museum: Matthew

L4
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. and Cook dlscovered the Sheep Creek-Snake Creek beds that summer,
and opened In them a productive group of locallties that today
contlinue to produce numerous later Mlocene fosslils. |In addition,
t+he Amerlcan Museum group opened a new quarry which Harold Cook had
discovered In the fall of 1907. This site, now called the American
Museum-Cook Quarry (Hunt, 1972), :-lles outside the natlonal monument
boundaries and produced In 1908 a mammal| fauna (challcothere,
rhinoceros, horse, amphlcyonid carnivore) apparently equivalent to
the Agate fauna of the malin hllls. By working itn the reglon and by
sustalining relations with the Cook family, Osborn and Matthew
succeeded in maintaining a presence In Sioux County, wisely waiting
for Hoiland to relax his grip on the site at Carnegle HlII.

Despite Holland's intentions, the fleld season did not begin
well| for the Carnegle Museum. Holland sent Utterback to Harrlson,
Nebraska, to make preparations for the work at Agate In the spring
of 1908. After reaching Harrlson, Utterback decided to qult the
museum, and, durlng the latter half of April 1908, described hls
reasons In a colorful series of letters to Douglas Stewart, the
museum's assistant director: y

"My dear Mr. Stewart,
Having disposed of our entire outflit the past season It
. was necessary to replace them this year. Had everything In
readliness to leave for the quarry today, when [ recelved the
enclosed letter from Mr. Cook [no copy of Cook's letter

survives] .... As he has gone to Lincoln and will not return
for some time, | do not feel at Iiberty to camp upon hls place
until | have seen him. |f Mr. Peterson contempliates coming to

Neb perhaps It might be well to delay starting untll this
matter Is settled. Should Cook place such restrictions upon
us that we cannot work the quarry, then Peterson could take
the outflit we have. Horses are very expensive and to get up
another outfit wlill cost considerable."

"My dear Utterback:

From the correspondence between Mr. Cook and Dr. Holland
It seems there was a perfect understanding about the
contlnuance of work In thils quarry without any Interference
from outside parties. | think that Mr. Cook's note to you was
simply a desire to talk things over with you before you
started work, and do not think he realized he was delayling the
work by requesting this. If | were you | would treat 1t In
this manner, and would start work upon the quarry as soon as
possibie.

Peterson does not expect to start out west until some
time later than thls, probably not untli!| July. 1 think you
had better go ahead with your work and simply take It for
granted that Mr. Cook is golng to stick to his first

. understanding with us. Should any obJectlion be made by Mr.
Cook, telegraph me, and we will! make further arrangements. In

i
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the meantime, push on the work as ff nothing had happened."

Utterback sent a brief note on April 17th, resigning from the
museum, and on April 20th explained his action to Stewart:

"{ have declded to glve up the foss!l business for all
time .... In reply to yours of 16th Inst will say that | had
fully declded not to commence work upon Agate quarry when |
last wrote you. Perhaps In the future when Dr. Holland gets a
collector to work as hard and falthful In the Interests of the
Museum as | have endeavored to do, he wiil not allow any one
person to use him for hlis own personal glorlfication.

After heiping Mr. Peterson out upon this quarry In 1903
when the season was almost closed, wlth nothing to show for
his summer's work, they planned to have me go back with
Peterson In 1906 and do ail the hard labor while he acted the
role of gentieman. |t was only when | threatened to throw up
my position that they agreed to allow me to work the quarry
alone and unmolested. Material that | worked so hard to
collect and work out In the laboratory has been put away while
other materlial more recently worked out has been mounted and
put upon exhiblitlion.

No, Mr. Stewart, Peterson has preached, written, and
boasted of Agate quarry to Dr. Holland unti] he persuaded him

. to send old Biil out to do the hard dirty work, and he to
follow a couple of months later., Dr. Holland has not kept hls
word or promises wlth me since the death of Mr. Hatcher, and |
have lost all respect for him. He promised me most faithfully
to allow me to continue work upon dinosaurs, both In the fleld
and i{aboratory, and we know how well he has kept hls word.
Again the life of a collector Is hell, without belng subject
to restrictions from such bombastic windbags as J. H. Cook.
When | have to get down and 'toady' to each and every whim of
such damn fools as he, 1t Is time to step down and out., Mr.
Stewart, ! sincerely regret that this should occur under your
administration, as | should be more than pleased to give Dr.
Holland just a few parting words...."

And so Utterback departed from the Agate scene. From today's point
of view, the lack of any fleld notes, or maps of his effort of 1906,
remalns an unfortunate consequence of his assignment to a task In
which he had no strong Interest. Peterson was immedliately detalled
to go to Agate to supervise the 1908 fleld work. This was to be the
major season of field excavation; one has to respect Peterson's
abliitles when, In retrospect, we see what he accomp!ished.
Peterson entered the fleld without opportunity for thorough
preparatlion in May 1908, and from the start, had to surmount
unexpected problems. However, as thls report later Indicates, thlis
fleld season eventually proved to be the most successful for the
‘ Carnegle Museum at Agate. The largest collection of fossilis of any
prlor fleld season was secured by Peterson In 1908. In the latter
part of May, Peterson wrote Stewart at the museum of hls

€



89

l difflcultlies:

"Since writing you [on May 12th] | have discovered that
Utterback bought a balky team which Is absolutely useless for
our purposes and must be gotten rid of In some manner .... |
find that horses are very expensive In this part of the
country on account of the great Influx of new settlers,
$300.00 Is a common price for a falriy good team.

| thought | had all the arrangements completed with Mr.
Cook as we both went over the ground together which was my
first move after | arrived here. Now | find that after buyling
the posts for the horse pasture, and part of the lumber for a
shanty which | expected to bulid In order to be more
conveniently situated to our work, | had to abandon both slnce
Mr. Cook apparentiy changed his mind In the designation of the
ground for the pasture, which | regard as inadequate as there
will not, In my Judgement, be feed enough for our stock during
the summer and consequently a useless expense. | also now
find that he wants me to bulld the shanty on our 40 of the
section of land recently taken by hls friend which would
necessltate the carrying of water a long distance from the
river or digging a well. | got disgusted as | am not In the
ITne of making Improvements on other peopies' claims. | have
made satisfactory arrangements with a party (Mr. Harris) and

‘ am now camped comfortably [at the T4 Ranch] ... about a mile
and a gquarter from the quarry. | told Mr. Cook that this move
on my part Is only temporary as Dr. Hoiland and himself can
take up the matter of greater expenditures In connectlion with
this quarry when he returns from Europe. This seems to
satisfy him and | will be In shape to start operations In the
quarry on next Monday. ‘

| begin to get quite out of patience and wish Dr. Holland
was here to carry out his great plans which he and Cook
apparentiy discussed.... Will do the best | can for the
Interests of the museum."

Carnegle Quarry 1

By June 1st, Peterson's men had reopened Quarry 1 (Figs. 3.23,
3.24)., By the end of the 1908 fleld season, the quarry reached 120
feet in length, 15-25 feet In width (Figs. 3.25-3.27). The quarry
was extended In both directlions (see Map D), as described by
Peterson to Stewart:

"We have started cuts on both sides of the old quarry No.
!, where the best material was obtalned, and are plugging away
the best we can with the present force. | am In hopes we may
be able to get down to the bone-stratum In a week or ten days.
If we find bones as abundant as in the old cut we wiil be
. quite busy for a time taking out bones, but If the bones are
scattered and we are oblliged to cut further into the hilil In
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the old cut, we have a proposition which requires more men and
greater expense, or a long Job with small result with the
present force.... | understand that the Am. Museum outflt are
st1l1 camping at Cooks and apparently dolng nothling, which Is
quite amusing and quite curious to me."

Peterson's letter to Stewart from the fleld on June 7, 1908, is hls
last of which we have a record for the fleld season. He contlnues
to discuss hls problems with Holland:

"I am naturally very sorry that Dr. Holland (if you have
the funds to do It with) does not see the Importance of
getting through with thls work here this year. 1, somehow,
think that we wlll not work here another season unless greater
concesslons are glven to partlies who own the land. Personally
! do not care now, | f Hotland sees fit+ for me to have one man
or more, the result will of course be accordingly. By having
two or three men, as has been decided, It Is naturally less
for me to manage, and really It Is more expensive In the end,
for the museum. |+ was the Interest of the iInstitution | had
in mind when | proposed to get enough help here thls year to
make a thorough overhaullng of these bone hills.

|f you care you may tell Dr. Holland that | have opened a
section on each side of the old quarry No. 1 and will be In
shape to report on what success we have in finding materlal
here In the near future."

Peterson was aware that this might be the last season for the museum
in thelir quarry at Carneglie Hill., His prophetic remark seems to
show his sense of the problems that beset Holland In his deallngs
with Cook. Indesd, the quarrying of 1908 was the last major
excavation by the Carnegle Museum In the maln hllls. Perhaps only
another field paleontologist can comprehend Peterson's trials
throughout this period from hls discovery of the quarries In 1904 to
his departure from Quarry 1t in 1908, Continualiy pressed by Holland
since Hatcher's death, capable yet not permitted to run the
operation as he saw flt, hls frustrations must at times have seemed
unbearable. Yet as a measure of the man, In the years to come, he
produced the most comprehensive and numerous accounts of the Agate
mammals which today are the majJor reference sources on the quarrles
and fauna (Peterson, 1906, 1907, 1909, 1910, 1920).

The 1908 work In Quarry 1 was mapped by Peterson, and pubiished
In his monograph on the entelodont Dlnohyus In 1909. Thls map
(Peterson, 1909, Pl. 54) has been modifled for thls report, based on
information In fleld labels and box llsts, and is the base for Map D
whilch shows the sequence of excavations by Carnegle Museum parties
In Quarry 1 from 1904 to 1908. Using these same Carnegle Museum
box llsts and fleld labels, 1+ 1s also posslblie to assembie a
~dlagram (Map E) showing the principal types of mammals found in
varlous areas of Quarry 1 from 1904 - 1908. Map E has been complled
by first examlining the box [1st of fossiis for a glven year. The
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Fig. 3.23. O0.A. Peterson (far left) and his men In
1908 at Carnegle Quarry 1 on Carnegie HIIl (photograph
by E.H, Barbour). Note section numbers on the quarry

wail.



Filg. 3.24. Peterson and his men at work in 1908 In the
north half of Carnegle Quarry 1 (Peterson Is at far

left seated by box).




Filg. 3.25. Comparlson of the restricted extent (B) of
Carnegle Quarry 1 as photographed In 1907 by Albert
Thomson with the enlarged Carnegle Museum excavation of
1908 (A) under Peterson's directlon. The quarry was
extended to both northwest and scoutheast In 1908, the
final season of excavatlion by the Carnegle men at
Carnegie Hill,



Fig. 3.26. Carnegle Quarry 1 (Southwest Excavatlon) in
1907 prior to Its extenslon the followlng year by the
Carnegie field party. This photograph by Albert
Thomson shows the south end of the quarry that produced
a large chalicothere (CM1604) on which Holland and
Peterson (1914) based thelr challcothere monograph.

The large wood box (also in Figs. 3.25B, 3.27) to the
left marks the north end of the quarry, still a small
excavation in 1907.



Fig. 3.27. Carnegle Quarry 1 (Southwest Excavation) In
1907 prior to Its extension the following year by the
Carnegie field party. Sectlion numbers on the quarry
wall allow this photograph to be compared wlth
Petersonts quarry maps (see section numbers on Maps D,E
in this report). Wood box at left marks the north end
of the quarry.
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. {1st customarlily glves the fleld block numbers shipped In each box,

and also often iists the contents of each block (e.g., Peterson's
handwritten notes of 1908 read "Bx. 8 -- Blk. 7 contains Dicerathere
[=Menoceras] bones almost exclusively.”") Because Peterson mapped
the location of Carnegle blocks collected from 1904 to 1908 on hls
map of 1909, It Is possible to accurately locate the contents of
many blocks In the quarry. By thls method, the mammal content of 81
of 106 blocks could be reasonably determined. From this pattern
(Map E), It has been possible to reconstruct the distribution of
mammal bones In the quarry.

Three principal kinds of mammals are present in Quarry 1:
Menoceras, Dinohyus, Moropus. The central part of the quarry (Map
E, Sections 7-16) Is almost entirely dominated by blocks contalning
t+he rhinoceros Menoceras. Occaslional bones of other mammals occur;
for example, a rostrum and partial lower Jaw of a Juvenlle Dinohyus
(CM 2137, 2137A) are found among rhinoceros bones In Section 12, and
other scattered entelodont bones are noted by Peterson, but the bulk
of the matertal Is clearly the small rhinoceros. From Sectlions 14
and 15 comes the large exhlblt slab (Block 70}, weighing nearly two
tons, removed intact to the Carnegl!e Museum In 1908, which contalns
almost nothing but Menoceras bones (Peterson, 1923).

Whereas the central part of Quarry 1 contained mostly
rhinoceros, the areas to the northwest and southeast of center
produced rhinoceros mixed with bones of challcothere and entelodont.
In Map E, the northwest end of the quarry included isoiated bones of
enteiodont and challcothere scattered among the more abundant
rhinoceros elements (Sections 17-21).

Toward the southeast end of the quarry in Sectlions 1-6, the
bones of Menoceras are abundant. In fact, here Peterson reported
the discovery of his best rhinoceros skeleta! material. But In
addition, nearly complete skeletons of a large challicothere (CM
1604) and an entelodont (CM 1594) were found. The discovery of both
skeletons Is discussed in Holland and Peterson's (1914) monograph on
the challcotheres of Agate: CM 1604 was almost entlirely excavated by
Utterback In 1906 but the skull did not turn up untlii 1908 when
Peterson'ts party located 1t, completing the skeleton; the large
entelodont was the animal unfortunately damaged by Cook's zeal In
1904 while exploring the newly discovered site prior to Peterson's
return to Agate.

Most striking about these two skeletons Is that (1) they are
both partlally articulated and almost complete; (2) only one animal
of each kind seems to have been present In this part of the quarry
(however, rare scattered challicothere and entelodont bones occur);
(3) some bones of each anlimal seem to have been transported from
west to east before final burlai. The pelvls and hind IImbs of the
chalicothere were found in Sections 5~6 where the bones appear to
tralt off to the east (Map E): both hind legs are directed toward
the east, and 1-2 feet directly east of the distal end of these |Imb
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. bones are scattered foot bones. Ten feet east of these foot bones
Is the remainder of the skeleton Including the skull, Jaws,
forelimb, ribs, and vertebrae. Wlith regard to the entelodont, some
bones appear to have been transported a short dlstance eastward from

the maln part of the skeleton.

Throughout Quarry 1, scattered, Isolated, and often fragmented
bones of other kinds of mammals (equid, camelids, oreodont, large
dicerathere rhlnoceros, carnlivore, bird, turtle) were found
(Appendix F), and are Indlicated on Map E when thelr locatlion Is
known. The actual number of these bones Is probably greater than
Indicated In this survey. Such bones might often have been
overlooked, especially since they are usually small, broken, and
often worn, and many of the field men unexperlenced.

!t was posslible to indlcate skulls of Menoceras found In
Sections 1 to 10 on Map E, because Peterson often noted the number
of skulls In a block, and also mapped a number of skulls In hls
quarry dlagram. Map E does not show all rhino skuils found by
Peterson and his men In the quarry, but does provide an Idea of
thelr distribution In the southeast half of the quarry where the
best data are avallable. Here the rhinoceros skulls are widely
scattered throughout the area, and are not concentrated in one or a
few places. In the southeast half of the quarry (Sections 1-9, 1A,

. 2A), where the most complete count was made, the locatlion of 51
Menoceras skulls can be confirmed. Fifteen additional Menoceras
skulls can be located In the quarry's northwestern half (Sectlions
10-21), where the tota!l count will probably never be known since a
number of skulls went unrecorded In this part of the quarry. One
then might estimate that about 75 to 100 Mepoceras skulls were
present In Carnegle Quarry 1t In the excavated area worked from 1904
through 1908. In 1920, Peterson would place the count at about 200.

Carnegle Museum fleld records also document the occurrence
In Quarry 1 of occaslonal partlally articulated skeletons of
Menoceras. These include a serlies of vertebrae, a partial |imb,
lower jaws wlth a string of vertebrae, a partial foot. Partial
articulatlions are probably more common In the quarry than reailized,
since the collectors comment that such artlculations often are first
noticed when a block of fossilis Is brought to the laboratory and
prepared.

The fosslls removed from Quarry 1 in 1908 are malntalned by the
Carnegie Museum, Pittsburgh. Many fossils from the excavatlion were
used as exchange specimens by the museum, going to other academic
Iinstitutions in North America and Europe. In addlition, Peterson's
preparation notes show that some biocks were prepared by local
schoolchildren and many bones destroyed or lost. At this tIme, much
of the materlal was regarded as dupllcate stock-In-trade, and not as

. a population sample of an extinct rhinoceros.

Photographs of Carnegie Quarry 1 as it existed during the 1908
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field season are few. Peterson left none In the Carnegle Museum
archives; a few negatlves may show the 1908 work, but lack definite
identification, and cannot be certalinliy attributed to this year.
Fortunately, E. H. Barbour photographed both the excavatlon and
Peterson's party (Figs. 3.23, 3.24, 3.25A). The condition of the
Carnegle quarry at the start of the 1908 fleld season can be seen In
photographs taken by Blil Thomson In 1907; these show the dormant
Carnegle site during the 1907 season prlor to the resumption of work
in 1908. Thomson's pictures Indicate that the quarry In 1907
Inciuded only Sections 1 to 9 and was not a large cut (Flg. 3.258B,
Maps D, E). Sectlon numbers marked on the quarry walls are legibie
Iin the photographs. So we can be certalin that the northwestern half
of the quarry (Sections 10-21) was first developed In 1908, as were
the extreme southeastern sections designated 1A, 2A (up to 4A).

In summarizing the field work of 1908, Peterson wrote In hls
annual report that "In the beginning of the month of May, | was
detalled to take charge of the field expedition which had been sent
- to the Agate Spring Fossil Quarries .... The work In these quarrles
was carrlied on very nearly the entlre season. The material secured
ls for the most part [Menoceras] cooki, although much Important
material of Dinohvus holland! and Moropus elatus was also secured In
quarry No., 1. Sixty boxes of material were collected from this
quarry."

Before returning to Pittsburgh, Peterson excavated briefly In
Stenomylus Quarry, dlscovered In 1907 by Loomlis of Amherst College,
about 1 3/4 mile east and stightly south of the maln Agate hills.
Durlng the 1908 fleld season, Lull of Yale, Loomls of Amherst, and
Thomson of the American Museum also worked the slite. A dispute
arose over Peterson's cholce of a work area which, Thomson belleved,
Infringed on the Amerlican Museum quarry. Peterson felt that no
breach of proper fleld procedure had taken place. He summarized hls
1908 work In the“quarry, "The last part of the season a new and
Interesting quarry was opened In the general neighborhood of the
Agate Spring Quarrles which ylelded very fine material. Eight
skeletons, more or less articulated, of a small specles of camel
were found. Many individuals which were disartliculated were also
secured from this quarry and all the materlal was packed In ten
boxes."™ Peterson would return In 1909 for a final perliod of work at
Stenomylus Quarry, but the major excavations of the Carnegle Museum
had come to a close, as Peterson himself had eariifer predicted. The
star of the American Museum was now In Its ascendanceé. Osborn's
tactful planning had fully supplanted Holland's more aggresslive
attempt to secure Agate for the Carnegle. Museum.

Unlversity Quarry
Encouraged by the supporf of the Cook famlily, Barbour worked
"hls quarry in Unlversity HIIIl In 1908, his last major effort In the

maln Agate hlliis (Fig. 3.28). Through flnanclal backling of the
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Lincoln banker, Charles Morriil, the party left Lincoln for
Marsland, Nebraska, on June 30, 1908. Barbour's men Included J. A.
Bumstead, Leigh Krake, Edwin Davis, and --- Van Orsdel! (Flg. 3.29).
The party began work at the quarry In early July, dynamiting the
thick rock overburden above the bone layer (Fig. 3.30). Results of
the blasting appear In photographs dated July 14, so major
excavatlion does not seem to have begun until mid-July (Fig.
3.31A,B). Work in the quarry continued until! the end of August: the
closing of the quarry was photographed on August 28-29 (Figs. 3.32,
3.33), and other photographs show the crew at the slite as late as
September 6. By the second week of September, the party had
returned to Lincoln, taking with them four tons of materlal from the
quarry. E. H. Barbour, usually Immaculately attired in the formal
dress of the day, appears In several rare photographs In fleld
clothes (Flg. 3.34), laboring In the quarry, and fleld records
Indlcate that many specimens were personally worked out by him.

Dimensions of the (908 excavatlion are shown In Map |. In 1908,
the University of Nebraska party extended their Initlal excavation
of 1906 Into the hilll by about 15 feet, with a north to south
working length of 50 to 60 feet. The 1908 excavation was offset to
the south relative to the 1906 quarry, so that the total north-south
length of the two excavatlons on Map | measures 75 to 80 feet. The
Initial 1905 excavation by Pepperberg's crew was about 108 feet
tong, thus the quarry length In 1906-1908 appears to have narrowed
In the north=-south directlion. However, In 1905 Pepperberg apparently
measured the length of the quarry parallel to the side of the hill
in a northwest-southeast directlon. Today the present quarry Is
almost exactly 108 feet long (Map A) when measured parallel to the
face of the hill, suggesting that Indeed Pepperberg did take his
quarry length along a NW-SE transect (his quarry map does not give
an orlented directlion). |f one measures fength of the
bone~producing area on Map H for the 1906-1908 excavatlions along a
NW-SE transect approximately parallei to the side of the hlll, the
quarry length would measure about 80 feet (Figs. 3.35, 3.36).

Bone distribution In the quarry Is aiso shown on Map I,
compiled from Barbour's quarry dlagrams. Because he mapped many
Indlvidual bones as well as blocks, It Is possible to obtaln a
reasonably accurate overview of bone distribution. Here for the
first time In any of the Agate quarrles we can learn somethling of
the channel topography and Its relationship to bone dlstribution and
orlentation. Bones from both 1906 and 1908 are best consldered
together. They occur In two linear groups, a princlipal NW-SE
allgned band of bones extending from Sectlon 4 to 12, where It Is
Joined by a smaller N-S allgned band found in Sectlons 6 to 11. The
two bands appear to come together In Section 12 where they Joln to
form a common stream of bone, passing to the southeast between two
topographic highs within the channel. My fleld observatlions of the
quarry Indlcate that a NW to SE-trending channel [s Incised Into ths
Harrison fm. at thls polnt on University Hiil. Bones that | have
examined In the University of Nebraska collectlions from thls dsposit
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are usually rounded and worn, evidence of fiuvial abraslion.

The bones taken from the quarry In 1905 were not uniformly
distributed over the excavated surface, but rather were concentrated
toward the north end of the site. Pepperberg recorded In his fleld
diary on August 8+h that "Steck and Jack run out of bones -- find a
few more by stripping through hard stone.”™ In Figure 3.6,
Steckelberg and Jack Miller worked the south end of the quarry where
we now see from the pattern of bone dlstribution (Map |) that the
margin of the channel should be found. Bones In 1905 should have
been concentrated in Sections 1-8 at the north end of the site where
the NW-SE trending bone stream emerges from the side of University
Hill. This was the area worked by Lee and Pepperberg, and Indeed
these men found the densest bone concentratlions and the deepest bone
pockets (Figs. 3.5, 3.6). So the 1905 excavatlion results are In
accord with the bone pattern mapped In 1906 ~ 1908.

University Quarry tapped an anclent stream channel accumulation
of bones buried In flne grained sandstone. The bones show abundant
evidence of fluvlal abrasion, and gnawling and breakage by
predators/scavengers. Bones demonstrate preferred allgnments within
the channel (Appendix G). These orientations were the result of
stream currents of sufficient energy to align some of the larger
bones known from the site (e.g., [Iimb elements of chalicotheres).
Here In this quarry the fossils cannot be excluslively the product of
a catastrophic event, Instantaneously preserved In a mass grave of
sandstone. The University Quarry bone bed Is unequlvocally the
result of events of longer duration, involving skeletal
disarticulation, scavenging, weathering, and transport, which sort
and process bones over a perlod of time (Fig. 3.37).

Just as In the other quarrlies in the main hiiils, the small
rhinoceros (Menoceras), challcothere (Moropus), and entelodont
(Dinohyus) are the most common mammals found at University Quarry.
Map | indicates that the western portion of the quarry excavated In
1906 produced primarily rhinoceros and chalicothere. These bones
make up the NW-SE trendling bone stream mentioned earller. A few
isolated entefodont bones were found In this part of the quarry, but
they are rare. However, the eastern portion of the quarry excavated
In 1908 Included, iIn additlion to rhinoceros and challcothere, many
bones of enteiodont. Some of these entelodont bones are scattered
within the N-S trending bone stream of Sectlons 6-11, but most bones
are concentrated in the channel between the two topographic highs at
the southeast corner of the quarry (Sectlons 12-15). Much of this
mass of entelodont bone belongs to a single large Individual (UNSM
1150, UNSM fleid #25~20-7-08), today the best preserved skeleton of
Dinohyus known (Flg. 3.38). No articulated or semi-articulated
mammals were found In the quarry except for the large entelodont.
Parts of skeletons occur In which a few bones are In Ilfe
refationship, Indlicating ligament and other connectlve tissue held
them together, but these are not common.
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Other mammals are as scarce at Unlverslty Quarry as In the
quarries on Carnegle HIll. Rare and often worn bone fragments of
equlds, camel, and carnivores have been found. Carnivore remalins
are chiefly Isolated bones of beardogs (Amphicyonlidae); two of the
flrst bones found at Universlity HIil In 1904 by Peterson when he
first explored the hills belonged to the beardogs Daphoenodon and
Ysengrinia (Hunt, 1972). Two bones of the hind foot of the
primitive digltigrade ursid Cephalogale have alsc been discovered
among fosslls collected at Unlverslity Quarry. These few carnlvore
fragments occur In Unlversity Quarry In about the proportion one
would expect If the ratlo of carnivore to herblivore bones were to
approximate the carnlivore/herblvore ratlo In modern mammal faunas.
These are the fragmentary remalns of carnivores that, through normal
attritlonal processes, have worked thelr way Into the Universlty
HIT! channel.

SIix bone slabs were removed from the site In 1906-1908. Slabs
| and |l were discussed e@ariler as part of the 1906 work. Slabs 111
through VI were collected In 1908. The largest of these was Slab
t1t, about 4 by 6.5 feet, which was destroyed in a museum flre on
March 6, 1912. Bone density In Siab (Il ranges from 15 to 25
bones/square foot (see p. 73), averaglng about 17 bones/square foot.
Figure 3.15 Is the only photograph of a siab from Unliversity Quarry
that has survived; thls photograph conflirms Barbour'!s clalm that
Slab 11l Included the three common Agate mammals. Siab |V measured
about 5.25 by 2 feet and contained mostly rhinoceros. Slab ¥
survives only as a sketch In Barbour'!s 1906-1908 fleld book where 1t
comprlses a mass of Intermixed vertebrae, rlbs, and a scapula -~ on
the basls of slze and morphology, these appear to be primarlly
Dincohyus bones belonging to the large skeleton In Sections 12-15.
Siab Y1 also has not survived Intact: [+ Included many challcothere
bones, possibly some rhlinoceros and entelodont; Barbour Indicates
that this slab was taken from an area wlth much Moropus materlal.
! One of the classlic tales of Agate turns on the southernmost
fosslls dlagrammed In the quarry In Sectlons 15-16. A large block
labeled 'Siab Y' was removed by Hugh Gibb of Yale and taken to New
Haven, where upon being prepared, It was found to contalin the femur
'and t1bla of a large entelodont. The remalnder of thls skeleton
(UNSM 1150) had gone to the Nebraska State Museum. The Yale team
‘and the Nebraska men had sach Inadvertently removed part of the same
'entelodont while worklng near each other [n Universlity Quarry. In
|November 1914, the Ilmb and a few other bones were returned to
iLincoln, and the skeleton restored.

The collection from Unlversity Quarry Is particulariy Important
In reconstructing the orligin of the Agate bone bed because Barbour
mapped the posltion of many Individual bones, numbered them, and
Indlcated thelr orientatlion in the deposlt. To this mapping, he
added the topographic high polnts within the quarry which help to
interpret the pattern of bone dlstribution. We know that such
topography existed In other quarries (North Excavatlion, Flgs. 3.22,

‘



Fig. 3.28. Bone diggers' camp north of the Agate hills
and Nlobrara Rlver In 1908, located near the present
monument headquarters (view looking north). Fileld
parties from Yale, Amherst, the Amer!ican Museum, and
the Universlty of Nebraska were photographed here by
Albert Thomson. The University of Nebraska's tents are
to the right of Utterback's 1906 wood shack, the Yale
tents are Immedlately In front of the shack, and
Amherst's camp Is to the left. The 3 tents of the
American Museum party are In the left foreground. HIl!
In center background !s easily recognized today as a
landmark.
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Fig. 3.29. University of Nebraska fleld crew of 1908
from left to right, front: Davls and Krake; rear:

Bumstead and Van Orsdel. Sectlon numbers 8-10 appear
on Unlverslity Quarry wall behind the men.
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Fig. 3.30. Blasting in University Quarry In 1908 to
remove rock overburden above the bone bed. In all
quarrlies, blasting was preceded by drilling to place
dynamlte charges which would displace rock but not
damage the bone bed. To accomplish this, Agate field
crews became highly skllled in drllling technique.



(A) Drilling the rock overburden In

ty Quarry prior to blasting In 1908, looking
north. A 2-horse team and scraper similar to the one
shown here were used In all quarrles to remove rock
after blasting. When the scraper approached the bone
bed, the men turned to hand tools to avolid damage to
the bones; (B) Rock rubble resulting from blasting In
Universlity Quarry In July 1908.
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Fig. 3.32. (A) Closing of University Quarry in late
August 1908, with North Ridge In middle distance fo
northwest. Two rectangular bone slabs iie on the
quarry floor (center), ready for crating; (B)
University Quarry in early September 1908 at end of
field season, looking northwest. Bone siabs and crated
fosslls were transported by team and wagon to the

ratlroad depot at Andrews, Nebraska, for shipment to
Lincoln.



Fig. 3.33, West side of University Hiil In September
1908, showing the extent of University Quarry at the
close of excavation by the University of Nebraska party
under Barbour's direction. Today the quarry Is nearly
Identical In !ts dimenslons to the 1908 cut. Bones are
found a2t the base of an Incised stream channel which
can be seen In cross-section on the west face of the
hill. The horse and wagon mark about the deepest point
in the channel, the base rising to the south (right).



Filg. 3.34.
crossing the

camp and the
1908,

Hugh Gibb (left) and E.H. Barbour (right)
log bridge over the Nlobrara River between
quarries In the maln hills, on August 24,



Fig. 3.35. University Quarry from the south durlng the
fleld work of 1908.
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Flg. 3.36. Unlversity Quarry under excavatlion by the

Unlverslty of Nebraska party In August 1908. Scaffold
was draped wlth canvas to protect the men from the sun.



Fig. 3.37. Working floor of Unlversity Quarry's south
end In August 1908, showing the level of the bone bed,
and the area that produced the nearly complete
entelodont skeleton (see Map !). Pelvis in foreground,
other bones leadlng to skull (25-V} iIn background,
looking north. The south end of the quarry was worked
cooperatively by both Nebraska and Yale parties.



Fig. 3.38. Edwin Davis of the Unlversity of Nebraska
working on the large block (25-V) contalning the skull
of the entelodont Dlnohyus at the south end of
University Quarry In August 1908. On exhiblt today. at
the University of Nebraska State Museum, this specimen
(UNSM 1150) Is the most complete and best preserved
entelodont to come from the Agate guarries,
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3.64; Southwest Excavation, Amerlcan Museum challcothere quarry,
Fig. 3.67) on Carnegle Hill, and so probably Is a common feature of
the environment of depositlon. In hls discussion of the origin of
the Agate bone bed followlng the 1908 fleld season, Peterson (1909,
p. 75-76) set down hlis observatlions made at Unlversity Quarry after
the departure of the Nebraska workers. Barbour had mapped the
location of topographic highs of reddish sandstone entirely lacking
In fossils In plan view In his fleld notes, but never pubilshed this
information. Peterson (1909, Fig. 28) did publish his observatlons
of the same topographic highs mapped by Barbour, and presented this
as a cross-sectlon running parailel to the long axls of Unlversity
Quarry (Fig. 3.39).

Peterson's cross-section (Fig. 3.39) establishes the valldity
of Barbour's map (Map 1), and together the map and figure provide a
very good reconstruction of the nature of the quarry floor. The
followlng points can be confirmed: (1) the two topographic highs
shown In Sections 11~-12 and 14-15 of the quarry; (2) the presence
of a major channel margin at the south end of the quarry where the
bone layer ends (thls prominent channel margin can be observed at
University Hill today, where It continues to rise to the south until
the southern edge of the hill makes further observatlion Impossibie);
(3) the concentration of bones densely packed in narrow channels and
locallzed pockets; (4) a maximum topographic rellef of about 2-3
feet between the base of the bone-fllled channels and the top of
ad Jacent intra-channel highs.

initlally, Peterson (1906) belleved that the Agate bone bed
formed In a ltacustrine depositional environment, but In 1909 he
argued for a stream setting for the bone bed, and his reasons fit
well with the accumulated data of this study:

"The origin of the deposit In which the fossil bones of
these quarries are found Is most llkely a stream deposit. In
support of thls view may be cited the fact that the parting
plane underneath the layer carrying the bones Iis a few shades
darker In color than the layer Itself, and the bones are often
closely packed In Irregular channels and pockets, which vary
In thickness from two or three to elghteen or twenty Inches (8
to 50 cm.). The surfaces of the bones are sometimes highly
pollshed and worn, and there are numerous fragments of bones
which are worn down to the shape of a pebble. These
conditions could have been brought about In no other way than
by the action of water In motion. There was here most |lkely
a8 stream of conslderable magnitude, Instead of a lake, as was
suggested by the writer [in 1906]. The fossil-bearing bed has
all the appearance of a stream the bottom of which was covered
by quick~-sands. In the quarry located on Universlity HIIIl ...
there are distinct evidences of narrow and rather shallow
channels, which were separated by sandbars of greater or
lesser dimenslions. The bone layer of thls quarry Is thus
Irregutarly separated, although confined to one general level

t



98

throughout portions of the base of the hill."

The observations made by Barbour and Peterson at University
Hlll clearty define the nature of the surface on which the bones
were deposited. A primary stream channel possessed a floor cut by
smaller Irregular llnear subchannels which often fliled with bone
debris., The bone~filled grooves are Independently conflrmed by
Pepperberg's mapping In the quarry (Fig. 3.6C) In 1905. At Carnegle
Hill, photographs of the North Excavation and the Southwest
Excavation durling work by the American Museum In 1907 and 1920,
respectively, also suggest such llnear grooves fllled with mammal
bone. But It seems surprising that Peterson or Thomson did not map
or better describe such features In the quarrlies on Carnegle Hill.

Fossils from Unlversity Quarry are malntained In the
collections of the University Of Nebraska State Museum, Lincolin.
Archives of the museum contaln the fleld notebooks of E. H. Barbour
(1906-1908) and L. J. Pepperberg (1905) which record the details of
the excavations. ,

Yale Unlversity Excavation

in 1908, R. S. Lull, Professor of Geology at Yale, and his head
preparator, Hugh Glbb, Journeyed to Agate to take part in the work
at the Agate hills (Fig. 3.40). They left New Haven on June 12+h to
join F. B. Loomis and his party at Amherst, leaving Amherst the
same day by traln on the trip west. On June 14th, they reached
Lincoln and were met by Barbour who escorted the party through the
State Museum, with Its Agate collection. Lull In his Journal
remarks on the small protocerat!d antelope Syndvoceras and Barbour's
skull of Moropus from University Quarry. About 11 PM Loomis and
Lufl teft Lincoln by train for western Nebraska, reaching the town
of Crawford the next morning. Lull recorded his Initlal meeting
with the Coocks on June 15th In Crawford:

"Awoke In the western part of Nebraska on the high
plalins, very few trees and fine cattle. Should have reached
Crawford about 8:30 AM but at Alllance one of the express cars
ran two wheels of the forward truck off the track cracking a
wheel! and necessitating the removal of the car which delfayed
us all the more. Arrilved In Crawford. Went to the Gate City
Hotel, a pretty poor place but the best In town. After dlnner
we ... met Mr. Cook and Harold of the Agate Spring ranch.
Loomlis and | had a tong talk with  Mr. Cook after supper. He
showed us the difficulties In the way of our coming to Agate
Spring Barbour quarry but we hope it may be smoothed over."

The next day Lull traveled to Lusk, Wyoming, with the Amherst
men and Harold Cook, Lull developlng an Immediate Ilking for the 20
year o!d rancher. On June 17th, operating as a JoInt Yale-Amherst
party (Figs. 3.41, 3.42), Loomis and Lull purchased an outflt from a
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Fig. 3.39. O.A. Peterson's north-south cross-section
of University Quarry In 1908, showing the Irregular
topography of the quarry floor; bones fill the low
areas. Note the channel margin rising to the south,
observable today on the west side of University Hil].
Compare thls cross-section with plan view of Map |,
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ranch near town, and on thelr return to Lusk to shoe the horses,
Luil wrote: "They brought In a murdered man who had Just been found
about two miles out =-- had been shot In the head. A lurid town.™
Leaving town the same day, the party traveled south from ranch to
ranch, flinally making thelr permanent camp at Muddy Creek In the
Hartvifle Uplilft. For about one month (June 19-July 13), the
Yale~Amherst party collected fossils from the Arlkaree rocks of the
Hartville Uplift and the tableland to the east In Goshen and
Niobrara countles in Wyoming. On July 13th, Lull records the
Journey to Agate In his fleld Journal:

"We rose at five, broke camp and pulled out at 7:15 AM on
the long trail to Agate.... we progressed along the valley of
the Rawhide creek until we arrived at the Crawford [not the
Nebraska town] ranch at noon, a distance of some 15 miles.
From there we drove due east across the rolling prairle
covered with the finest cattle 010 brand, some 8000 of which
belong to Crawford. We were to make Bush's ranch but the way
was very long and about six we arrived at a dismantled
windmill where we camped. We had no drinking water but there
was a muddy pond for the stock. | flred two shots at a great
gray wolf but only to see him run.™

On July 14th, Lul!l reaches Agate, and gains access to the bone
hills: -

"We broke camp early ... and very soon came to Bush's
over the dlvide. From here we drove for a way on the high
plain but soon came to a draw down which we drove to the
Niobrara River .... We camped here for dinner, then drove on
to Cook's ranch.... Mrs. Barbour and daughter were there but
not the Messrs Cook .... Dr. Barbour saw us for a moment as
he was called east and offered us a share of his quarry beyond
wvhere hls boys have stripped.”

Lull recorded his Agate field work In a dally Journal, and
these entries show that the Yale party worked both on University
Hill and at the Stenomylus Quarry of Amherst College. The complete
text of the Journal discussing the work at Agate can be found in the
Peabody Museum archives, Yale Unlversity, New Haven. Lull's field
Journal remalns the only wrltten account of the Yale excavatlion at
Agate In 1908, and Is an entertaining, unpretentious, even humorous
account, unusual In its candor for a fleld diary of that tIime.

On July 15%th, the party dug some prospect holes at University
Quarry but located no bones. The next day, Lull and Gibb discovered
that Barbour's bone layer continued into thelir portion of the
quarry. Blasting on July-17+h removed much rock overburden from the
site. On July 18th, "by dint of strenuous efforts we cieaned up a
goodly portlon of our area finding protruding bone In two places on
. the bone layer floor. Sent off one very efficlent 3 stick blast so

that we removed a huge heap of rock." Excavation on July 20th was
not productive, only fragmented bone appearing. By July 22nd, the

T
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working floor of the Yale quarry was cleared of the dynamited rock
using horse and scraper: "After lunch we started to work and the
first shovel stroke laid bare an upper Jaw of rhinoceros right under
where our stone plle [the dynamited rubble] had been. | then
proceeded with care and lald bare the finest kind of a bone bed
fairly teeming with bone."

This concentration of bone was located at the south end of
University Quarry, almost certalinly restricted to Sections 15, 16,
and 17. Possibly the work would have extended north as far as
Sections 13-14 on the west side of the quarry, and as far south as
Sectlons 18 to 20 (Peterson [1909, Fig. 28] indlcates that
Unlversity Quarry Included 20 sections, each flive feet long, whereas
Barbour'!s field notes show only 16 sectlions, Including no record of
the four southern Sections 17-20. According to Peterson, Sections
17-20 would have been largely barren of bone, so Barbour probably
dld not think It necessary to plot them.). The bone layer In
Sectlions 16-17 depicted in Peterson's cross=-section of University
Quarry (Fig. 3.39) Is almost surely the area worked by Lull and
Gibb,

The relationship of the Lull-Gibb excavation to Barbour's
detailed quarry map (Map |) was not recorded by either Barbour or
Lull. The best evldence as to the placement of the Yale excavation
is from three sources: (1) Barbour's quarry map (Map [); (2) Lull's
Agate Journal of 1908; (3) Peterson's (1909) cross-section of
University Quarry. Barbour's map shows that Yale worked at the
south end of Universlity Quarry because several slabs and other bones
from the south end are llsted in Barbour's notes as having been
excavated by Gibb, and the division of the large entelodont occurred
at the south end of the quarry in the same area. Luli's Journal
notes that the Yale men were to work In the area "beyond where his
boys have stripped™; In all photographs of University Quarry, the
north terminus Is the same -- a west-protruding mass of rock capped
by hard calclum carbonate-cemented ledges. The only work area
avallable to Lull was at the south end of the quarry. Furthermore,
the eventual playling out of the bones, mentloned by Lull, Indicates
that Lull reached the channe! margin where the bone bed ended.
Finally, Peterson's cross-section plalinly shows one well-deflned
tens of the bone layer in Sectlions 16-17 that Is not shown on
Barbour's map of hls excavation; this lens Is to the south of the
area worked by Nebraska at the extreme southern end of the quarry.
It Is the most probable site of Yale's effort.

Bones of the small rhinoceros Menoceras and the challicothere
Moropus are reported by Lull to have come from the excavation. Lull
worked dally to expose and remove bones from July 23rd through 29th,
noticing that many of the Menoceras bones belonged to Juvenile
Individuals. Part of the quarry floor was taken out as large
blocks, the largest of which appears to be slab #77. Slab #77
according to Lull contalned Juvenile rhinoceros bones. A sketch of
these blocks In position In the quarry was Included In Lull's

b



Fig. 3.40. R,S. Lull (left) and Hugh Gibb (right)
outside thelr tents in the Nlobrara vailey at Agate In
1908. The Yale men worked the south end of University
Quarry on University Hill, by the Invitation of E.H.
Barbour and the Cook family. ’



Fig. 3.41, The Amherst Coliege party of 1908: from
left to right, Leonard, F.B. Loomis, Blanchard,
Wiltsle, and Parmalee., The Amherst and Yale men worked
together In southeast Wyoming prior to reaching Agste.
At Agate, In 1908, Loomis and his men excavated
Stenomylus Quarry, while Lull and Gibb worked In both
Unlversity Quarry and, for a short time, in Stenomylus
Quarry at the Invitation of Loomis.



with the Amherst fleld party In front of thelr wagon.
F.B. Loomls, Amherst {eader and paleontologist, Is at
extreme right. Team and wagon were essential to the
transport of fosslls and supplies during the early
vears of excavation at Agate.



Fig. 3.43.
August 28,

R.S. Lul! and Hugh Gibb depart Agate on

1908, ending the active work by Yale

]
University In the main hillis.
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account book but unfortunateliy the map is not oriented to north, nor
Is It shown In relationship to any feature In the quarry. One large
Agate block remalns today in storage at the Yale Peabody Museum; it
Includes almost exclusively bones of juvenile rhinoceros. This
block contained on Its surface about 42 long bones of Menoceras
(inciuding Innominates). Of these, 2 were adult with fused
epiphyses, 32 were Juvenile wlithout eplphyses, 8 could not be |
determined. When | studled this slab at Yale In 1983, no fleld or
catalogue number could be assigned to it, however It seems probable
that 1t Is #77 on the basis of Lull's field description.

On July 30th, Luli's luck came to an end: "A rather
disappointing day In the quarry as the pocket seems to be running
out, our splendlid display of yesterday ceasing utterliy. We clinched,
tled up smal! pleces, and | drew a map of the quarry In order to
help locate our blocks at home."™ During the next few days no new
bone concentration came to light, thus on August 2nd, Lull went with
-B11l Thomson and F. B. Loomis to look for a good prospect at the
Stenomylus Quarry. On August 5th, Lull and Gibb worked their newly
asslgned area at Stenomylus Quarry. However, the evening of the
same day, Barbour approached Lulf, who recorded the discussion In
hls journals "In the evening we had a talk with Barbour who wants
us to take another slice of his quarry toward where they are
working, keeping all bone except such as may belong to the Dinohyus
skeleton - a buslness proposition. | have decided to let Gibb
return there tomorrow while | keep on wlth the camel prospect.”

This note expiains the appearance of Gibb's name as a collector In
Barbourt's 1908 field |ist of speclmens., Gibb apparentiy collected
in Sections 14-15 near the east wall of the quarry In the area where

the large Dinphyus was scattered..

Lull continued in the camel quarry until! August 18th, and Gibb
finished his work at Universlty Quarry at about the same time.
Remaining time was spent bullding and packing boxes to shlp their
fossils, and to collect some of the hellcal rodent burrow filils
called devil's corkscrews. On August 28th, Lull! and Gibb left Agate
(Fig. 3.43), campling that evening at Andrews. The next day they
traveled to Lusk to retrleve belongings from eariier In the summer,
and that afternoon began the Journey to New Haven.

Foss!l mammals collected by Lull and GIbb are preserved In the
Yale Peabody Museum. Most bones have been prepared and removed from
the fleld blocks. The fargest remaining block Is the slab belleved
to be #77. |t measures about 4 by 8 feet, and contains two
assoclated pairs of Juvenile Menoceras lower Jaws, two Isolated
Juvenile Menoceras lower Jaws, a pair of adult Moropus lower Jaws
and a damaged palate. Scattered around these Jaws on the surface of
the block are ribs, vertebrae, podials, metapodlals, limb bones,
phalanges, and sesamolids. If the slab Is representative, then +the
bone assembiage Is not far removed from the original skeletons, but
Is fully disarticuiated, and locally distributed. At least four
Juvenile Menoceras can be conflrmed on the basis of lower Jaws,
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corresponding to Lull's Journal wherein many juvenile rhlinoceros
were excavated. A count of all Menoceras !Imb bones and metapodlals
(including Innominates) on the slab shows that most are devold of
epiphyses. There are no obvious assoclations of skeletal parts
other than the above palrs of lower jaws. Many adult bones belong
to chalicothere.

Packing of bones on the slab Is not dense, but scattered In a
fashion similar to Barbour's slabs from University Quarry. Steep
Iinclinatlions of bones are uncommon, most bones [lelng without any
apparent Inclination. Fragmented parts of skeletons occur: a
glenoid reglon of a skull, a partial basicranium, part of an
Innominate, broken long bones. Abrasion of some bone surfaces seems
slight (level 1), but a number of elements show level 2 abrasion
(atlas, astragaius).

Much of the remaining Agate materlal stored in the Yale
collection Is Menoceras, and some bones remain In block or in parts
of the original block. This material Is not densely packed In the
blocks of matrix that have survived, but Is scattered (e.g., blocks
78, 98A, 177, 178, 189, 191). A small block marked #3033, Box 17,
contains scattered elements Indicating In many cases level 2
abrasion, and two bones attaln level 3. Block 177 also has much
broken and abraded bone including a juvenlle Menoceras maxilla and a
chalicothere proximal phalanx which show level 2 abrasion. Among
the Yale fossils, many highly abraded bone fragments of small size
occur. In summary, relatlive to the American Museum chalicothere
quarry sample, the material excavated by Lulil and Gibb from
University Quarry Is very scattered and much abraded, with l[evel 2
abrasion not at all uncommon. (n this respect, the Yale fossils are
most like Barbour's fossils, Indicating that scattered and worn
skeletal parts are the rule In University Quarry.

The only mammal other than the small rhinoceros, challicothere,
and entelodont In the Yale Agate sample that | observed in 1983 was
in block 108, Block 108 has only scattered bones In matrix, and
includes a small proximal phalanx of a carnivore, the size of a
small canid, lsolated on the block'!s surface.

With the departure at the end of the field season of Yale,
Amherst, the Carnegie and Amerlican museums, and the Unliversity of
Nebraska, an initfal phase in the exploration and development of the
Agate quarries ended. The volume of fossili materlal secured by
these Institutlions was sufflclent to satisfy thelr Immediate goals
(Fig. 3.44). Yale, Amherst, and Carnegie did no further
concentrated excavation In the Agate quarries. Osborn of the
American Museum quietly cultivated the Cook family, offering Harold
an opportunity to study paleontology In New York in the fall of
1908. Osborn knew that the Amerlican Museum lacked a rich sample of
the Agate mammals whfch alrsady had been obtained by Nebraska and



Fig. 3.44. Numerous heavy slabs from the bone bed and
boxes packed with bones were hauled from the quarries
by horse and wagon during the major excavations of
1905-1908 at the main Agate hills, then transported to
the rallroad at Andrews or Marsland, and shipped east.
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Carnegle personnel. His patience in planning for the right moment
to begin the work was to pay substantlal dividends.

The year 1908 marked the end of the hegemony of the Carnegle
Museum in the main hills. Holland In his annual report of 1909
concluded the Carnegle role with these remarks:

"[Carnegle Quarry 1], located upon government land, but
which fast spring was entered upon by Mr. James H. Cook, has
ylelded us [lately] very |1ttle beyond what we already
possessed in abundance. The fossils contained Iin It seem to
represent principaliy species of which we now possess an
abundant material, and It has seemed therefore wise ... to
order the discontinuance of work at thls particular polnt.
While no doubt others who come after us may obtalin much
excellent materlial from thls remarkably rich deposit, we have
reached the conclusion that I+ Is more to the profit of the
Museum to abandon work there than to contlinue It. The animal
which Is most frequently encountered In thls quarry Is a
specles of small rhlnoceros of which we already possess
portions of some two hundred and fiftty skeletons, and It does
not appear desirable to add to their number.”

Kith the Carnegle group removed from actlive excavatlon In the
quarrles, there was to be littie future competition for the fossl|
resources. Two fleld seasons were to pass before major excavations
would be developed In the maln hills agaln.

3.2, 1909-1910: Interlude

Little paleontologlical work occurred at Agate In 19038, and none
took place In 1910. Peterson returned In the summer of 1909 to
continue his work at Stenomylus Quarry begun In 1908. To the 8
Stenomylus skeletons colliected In 1908, he added complifete or partial
skeletons of an addltlional 19 {ndividuals. lironically, Peterson's
work In the camel quarry prompted the Iire of Osborn In much the same
way that Holland had been dlisturbed by the American Museum work on
Carnegle Hill. {In October 1908, Osborn wrote James Cook:

"You must have been surprised to hear from Mr. Thomson
that Mr. Peterson started to do stripping of the Stenomylus
quarry of the Amerlican Museum without asking our leave. This
was polnted out to us by Harold, and after the stand taken by
the Carnegle Museum | am surprised that they should have come
Into our territory this way. ! have written Peterson a very
mild letter in the matter."

.On October 6, 1908, Osborn's letter reached Peterson:

"Thomson has referred to me your desire to work In our
Stenomylus quarry. | regret that | cannot extend permission
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for this work. | should Ilke to do It for you personally, as

you know, but we shail certalnly contlinue excavations in this

| quarry next season and clean it up thoroughly ourselves. We
shall then be in a poslition to make an exchange with the

| Carnegle Museum and other museums.”

"Regarding my being represented as desiring to work in
your Stenomylus quarry, | regard as either a misunderstanding
or a misrepresentation. The polnt Is this: On leaving the
quarry your men have not glven any evidence (which Is of
utmost Iimportance when more than one party Is working the same
fleld) of ever expecting to work the place again. Durling my
absence of three or four days, | ordered my men to open the
west face of the hlll flive or six feet further back, In order
to ascertain whether or not there Is more material In that
portion of the hill. The boys went farther north, or, In on
what Mr. Thomson claims, not having anything to guide them by;
In fact | was myself Ignorant of the boundary of your claim
until Thomson spoke to me the evening they passed our camp. |
expressed my sorrow to Thomson that the boys had gone too far
north and also told him that slince so much work had been done

. by my men | would Ifike to go down to the bone layer and take
out any specimens which might be found fn the cut | had
started, if It was not objectionabie. But not to contlinue to
work in your quarry after | found out that you Intended to
work there again.

"As a matter of fact, It Is through my courtesy that your
party was able to open that portion of the hill. Prof. Loomis
told me to excavate anywhere | pleased after he and Prof. Lull
got through. Loomls said | was the first party to ask him for
permission. |, nevertheless, took the precaution to also ask
Prof. Lull If ] could continue the excavation when he got
through, to which he agreed.

"| have now opened the west face of the hill southward
from a certain large rock, which Thomson later claimed as your
line, and find that | am not able to finish taking out
materfal this fall. | have consequently caused the property
to be fenced with barbwire and have also erected proper
signboards to indicate our Intention of working here another
season."

l Peterson repllied In hls own defense on October 13th:
|

Osborn apparently asked for W. D. Matthew's opinlion of
Peterson's reply, for a memo Initialed by Matthew vigorously defends
the American Museum position in the matter:

"This Impresses me as a pretty poor defence. It seems a
‘ ' pity under the clrcumstances that Peterson hasn't the grace to
apologlize and close the Incident. He practically admits all
that Thomson has complained of ~- and his sole defence s (1)
That Loomis spoke to him (or he to Loomis) before he spoke to
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us about the quarry. Thls Is quite true, but Loomis did not
give or intend to give him any excluslve rights, and as soon
as others asked him he lald out certaln sections for each
museum to work In =- all thls beflore he stopped his own work.
Peterson started work after Loomls finished, found his own
section rather unprofltable, and occupied Lulit's section by
permission. Finding that unprofitable, he occupied Thomson's
section without permission and while our party was stiill In
the country, the season not ended and our boxes stili In the
quarry. It Is perfect nonsense to talk about our being In the
hill by his courtesy. He had no prior rights to us
whatsoever. (2) That we did not post the quarry. [t has
never been done In any fossll quarry, as far as | know. The
Agate Spring quarry was never posted. Would Peterson have
thought that we had a right at any time when he had finlished
cleanling up a cut, to go into hils quarry If he left it for a
few days without asking him whether he Intended to continue
work? (3) That he dId not know the boundary stone,
'subsequently claimed as |imit by Thomson'. If he did not, he
assuredly ought to have done so. The stone was pnot
subsequently clalimed but lald out by Loomls, and well known to
all concerned. The real rights of course beiong to the
discoverer, old Cook, but Harold acquiesced In Loomlis's

division as a fair and decent arrangement. |[|f Peterson
acknowledged and regretted his mistake, | should wish to see
the matter kept to ourselves and forgotten. [t will not help

his reputation to have the facts known ouTs{de."

To a photograph of the Stenomylus Quarry, which showed the Amherst,
Yale, and Amerlican Museum cuts, Matthew appended the following note:

"Peterson's cut In our quarry was directiy back of the
large block In the centre of the photograph .... It was pot
over at the edge next to Lull's opening, and hls claim that
the men ‘'encroached! on our quarry unknown to him Is qulite

Impossible. They ppened a new cut in the middie of our

quarry.

Matthew's righteous Indignation, Osborn's patrician certitude in
firmly excluding Peterson from the quarry, Holland's general fallure
to support his man -- one wonders at Peterson's apparent patience
and fortlitude In the face of the seemingly endless Irritations
vislted upon him by events at Agate over the flve years he worked In
the quarries. To have made such a discovery when none had
recognized !+s vaiue, to have (abored In the flield to develop the
site, mapping carefully biocks and bones, to have written during
evenings and -weekends to produce the flrst descriptions of the
fossllis, and then to have such confllcts materlailize would have
tried the best of men. Fleid paleontology was no plcnic.

The Inclident, however, prompted a final resolutlion of Thev
American Museum - Carnegle Museum conflict over the quarrles, taking
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the form of a lengthy letter from Holland to Osborn on November 9,
1908:

"Mr. Peterson has handed me your letter addressed tfo him
under date of November the 5th .... | desire to say that the
matter concerning which you wrote [rights to work In
Stenomylus Quarry] [s thoroughly understood both by Mr.
Peterson and myself. | have been upon the ground and know
every Inch of It. Your photographs are perfectly correct and
your understanding as explalned by these photographs Is
equally correct [Osborn had sent Peterson a photo of the
quarry with the American museum clalm Indicated on 1t]. Mr.
Peterson has enclosed with a wire fence that part of the hilll
upon which Messrs. Loomis and Luil have worked. This after a
full and distinct understanding with them In reference to the
whoie matter. The fence stops at what Mr. Thomson deslignated
as the 'big rock' and leaves your opening unencliosed....

"In reference to the quarry on what Barbour has
designated as 'Carnegie Hili', In whlch we have been worklng
since 1904, | deslire to say to you that our work In the past
summer has resulted, as ! hoped It would, and as i thlnk you

‘ already know, In the recovery of the mlissing portions of the

great skeleton of Moropus upon which | am preparing a lengthy

‘ and - elaborate memoir. We also succeeded In recovering a
quantity of other material which was needed In order to
supplement our work. | was entlrely reluctant, as you wil!
recall, last spring to Invite you or anyone else to enter the
openings which we had made at Mr. Carnegie's expense In order
to explolt the place, belleving that to do so would be a
highly unscientiflc procedure under the circumstances, which
would possibly lead to the dispersion of bones beiongling to
the same individual. The correctness of my views Is conflrmed
not only by what has happened in the course of our researches
this year, but in what happened in Professor Barbour's quarry,
he having Invited Dr. Luli to sit down beside him and go to
work In the same opening. Barbour recovered the skull and
fore quarters of a fine speclmen of Dinohyus, and Lul!
captured the hind quarters. .The skull and fore 1Imbs are In
Lincoln, Nebraska, and the hind quarters at New Haven. | do
not think that you can approve of accldents iike this.

"Now, however, having accompilshed our purpose, and
having for four years worked In this quarry, | am prepared to
say to you officlally, as Mr. Carnegie's representative, that
we are wllliing to turn over the quarry to you to proceed with
It as you may deem best, with two reservations. Flirst, every
foot of the workings In this locallty has been carefully
mapped, and | shall publish a map showing the progress from
year to year of the excavations In that hiil, together wl+th

.. the approximate location of the specimens found there. |
request you, If you undertake this work, to continue (In the
Interests of sclence) to map the same, so that additlons may
be made and as In future years the hill Is uncovered we shall
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have a sort of topographical survey of the bone layer which
will glve, better than anything else possibly can, an idea of
the position of the remains which have been burled In thls
quarry. The second condition which | feel Ilke suggesting Is
this, that If at some future time 1t seems deslrable for us to
contlinue our work In such a way as not to Interfere with work
that you may have In hand, we may be allowed to amlcably
proceed.

"This quarry, as you know, was discovered by Mr. Peterson
of our Museum. The bones which Mr. Cook discovered and to
which Mr. Peterson was conducted were the bones contalined In
what we know as Quarry A In our Museum Catalogue, located some
three hundred yards away from the hills, and was opened up by
Mr. Peterson on the occaslion of his first visit to the spot
and quickly exhausted. Thls quarry iles at a somewhat lower
level than the bone stratum In the buttes which Mr. Peterson
discovered. |t was only after Mr. Peterson had called Mr.
Cook's attention to the exIstence of the bones In the buttes
that he recalled that some years before he had observed
fragments of bone In the talus and had thought at the time
that they were the bones, as he expressed It, of 'Indlans and
horses.!' These simple facts are worth remembering.

"] hope you will realize that In everything | say and
have done | have been animated only, first, by a desire to
serve the best Interests of the Institution which | represent,
the affalrs of which 1| control; secondly, to promote sclience;
and thirdly, to promote a hearty feeling of good wiii between
the great Institution over which you preside and that which it
ils my honpor to dlrect,"®

So much for good wlill between great Institutions.

W. D. Matthew penned the only surviving reaction to this letter
In the form of a memo:

"The American Museum never requested nor desired to 'enter the
openings which we had made at Mr. Carnegle's expense', nor could the
contlnuation of work upon its own quarry on the Carnegle Hill lead
to any such results as Dr. Holland here professes to fear.... |
have no doubt that Dr. Holland Is aware that Mr. Coock has no
Intention of letting him work any more in that quarry. He does
wisely therefore in ylelding gracefully what he cannot posslibiy
hold."
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3.3. Albert Thomson and the American Museum: 1911 - 1923

During the period from 1911 through 1923, the American Museum
vigorously pressed the excavatlon of Carnegle HIll. Under the fleld
leadership of Biti Thomson, the fleld partles not only deepened and
extended the Southwest Excavation (Map A, Map F), but also extended
and further developed thelr orlglnal quarry on the north side of
Carnegie Hill, first opened In 1907. The outstanding discovery of
this perlod was the great sample of challicotheres from the north end
of the Southwest Excavatlon, which lncluded complete or nearly
complete skeletons of at least 17 individuals of Moropus. Thls
group of Moropus remalns today the most complete sample of a
challcothere population known In the world.

3.3.1. 1911 Excavation

Thomson and his men were at work In the Southwest Excavatlion by
mid-June 1911 (Flgs. 3.45, 3.46). The party Included Charles
Barner, Lewls Roberts, and Arthur Albertson. Work began at the
south end of the quarry (Flg. 3.47), then progressed to the north.
On June 16th, Thomson described the quarry dimenslions to W. D.
Matthew:

"Well, we sure have a guarry opened that willl probably
keep me busy until the snow flles. The cut Is about 17 f+t.
deep at the back, and a space of about 150 f+. long by 16 ft.
wide of the bone-bearing level cleared for actlion. | have
three good husky men, good workers, and am now tralnlng them
in to dig bones, which |s rather slow as | have to watch every
move and keep Iimpressing on them that they must go slowly and
carefully. Am working them on one end of the quarry where the
bones are not so thick."

Correspondence between Thomson and Matthew was frequent, and Is
supplemented by informative letters from W. K. Gregory, later to
become a distingulshed anatomist at the American Museum, but In
August 1911 an assistant to Thomson In the quarry. These letfters
supply some of the best Information on the nature of the bone bed In
the Southwest Excavatlion, adding substantially to the earlier
observations of 0. A. Peterson.

June 29, 1911
"My dear Dr. Matthew:

"Since writing you ! have been carefully watching the new
army of bone diggers | have at work. It Is very slow as yet
as the bones, especlally vertebrae and ribs, are very
deilcate, and the matrix very hard.

"Now It strlkes me to get the best results the bones
should be carefully cleaned up right In the quarry. We have

at present five very good skulls of [Menoceras] and more or
less skeleton material. But they were so mixed up that I+ Is

'



Fig. 3.45. American Museum party at work In 1911 in
the Southwest Excavation on Carnegle HIIll. The site
had remained untouched since the flield season of 1508.
Holland of the Carnegle Museum relinquished the quarry
to Osborn of the American Museum in November 1908,
Work in 1911 was concentrated at the south end of the
quarry cut.



Fig. 3.46. The American Museum excavation of 1911 at
Carnegle Hill, looking north at the Southwest
Excavation (note absence of any other quarries on the
south side of the hiit). Reslistant ledge at top of
hil] I's the Agate Limestone (See Map A).



Fig. 3.47., American Museum quarry of 1911 at the
Southwest Excavation at Carnegle Hill, looking
northwest. Although the quarry floor was cleared to
the north end, most of the work of the 191! season was
carrled out at the south end where the shelter has been
erected {(see Map F). Here numerous rhinoceros bones
were dlscovered (see Map G). The flat unexcavated
floor at the north end of the quarry was to become the
'Diceratherium bed' that produced many exhibit siabs of
rhinoceros bones from 1912 to 1923.



Filg. 3.48. Bone distribution and orientation in 1911
in the American Museum quarry, Southwest Excavation,
Carnegle Hill. Many steeply inclined bones occur In
unstable orlentations In the dense bone mass.
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really impossibie to tell which Is which. We also have a falr
Moropus hind limb. To clean up the bones here means a year's
work In Just what we have stripped. Labor Is cheaper here
than in N. Y. Am paying these men $35.00 per month and board.
| have to exerclse patlence | tell you and | think | have two
that are golng to be falr bone diggers. ‘

"What do you think of making a winter camp here. And
Just clean up the bones ready for mounting. Because we surely
would save on the freight. | dont't think much of taking out
bones, where they are mixed up, In huge slabs."

As the summer progressed, Thomson reported In greater detall:

July 17, 1911
"My dear Dr. Matthew:

"Since writing you last | have exposed an area of bones
of about 10 x 20 ft. There is surely a great mass of bones,
nearly all [Menoceras] material. Only a very few Moropus iimb
and foot bones, and no Dlpohyus material so far. In the space
we have Just exposed are 17 [Menoceras] skulls. Some have
horns and others just a slight bump. | take it they are male
and female. Jaws, vertebrae, ribs and 1imb bones In one great
Jumble, a regular bone yard. We have not succeeded In finding
anything articulated, or that we can be positive of belonging
together. The ribs and vertebrae are particularly difficult
to save, as the matrix as far as we have gone Is extremely
hard, but | think it will become somewhat softer toward the
west end. The taking up of these bones is a very difficult
proposition, as | told you in my letter before, it's 'got me

going south', | can see that [f they are taken out in slabs
(that is, the sectlion we have stripped, 17 x 125 ft. or more),
i+ will require no end of storage space at the museum. And

there is no telling when [t would all be worked out. Working
here during the winter, as | suggested before, would mean
buliding comfortablie quarters to work In, and | would also
have to get my family out here. But in the end we would have
only such materlial as we could use for exhibition and
study.... You see | have four men at work and | have to cut
expenses all | can, because | am afrald It Is a long winded
Job to get a Moropus and Dinohvus skeleton or even a mountable
skeleton of [Menoceras] unless It would be a composite which
would mean taking no end of material."

Matthew's response was Immedliate:

July 20, 1911
"My dear Albert,
I think you wiil want to carry out the policy agreed upon
before you left, of cleaning up your materlal sufflciently to
ship I+ with lIt+tle or no matrix. At present | don't see how

we could make both ends meet for a winter camp .... This may
well mean that you wiil not finlsh your cut thlis season. But
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the cut will be all right to work next year | should suppose -
frost will not do any serlous damage In one winter."

On July 23rd, Harold Cook further Informed Matthew of progress
in the quarry, and made a number of observatlons on the bone bed:

"So far there Is not a great deal of Moropus exposed In
the quarry, but this may be partly due to the fact that so far
only a few feet square have been worked out In the bone bed,
and the rest of the sectlion exposed, |s only exposed a few
Inches at the top of the layer. | have noticed that the large
bones are ltargely well down In the layer. So far, one good
femur, two tiblae, one practically complete tarsus, several
foot bones and a pelvis (which may be Dinohyus) Is about the

extent of what Moropus material Is taken out.... There are
now over twenty falrly good skulls of [Menoceras] exposed,
most of them are excellently preserved, except for the
premax!|llae, which are nearly always absent, separated by the
suture from the maxillae, not broken off. There Is enough
good skeletal material In sight now for a few composite
mounts, but there is distressingly |1ttle assoclation that Is
at all gcertain. The bones are as thick as would well be
possible to imagine, and the layer, where It Is now belng
worked, |s about eighteen Inches thlick. It Is also very hard
at this polint, which makes siow work, but at least 75 out of
the 100 feet stripped Is soft sand rock, and will be much
easier to work. Some of the bones In the hard white rock
where work is now belng done are qulite fraglle, as though they
had weathered before petrifaction set In, while others are
very hard. | suggested to Thomson that he clean up where he
now Is working, and then go to the other end of the quarry, If
he wished to make a showing as to quantity of materfial In a
short time, but he says he prefers to take up thlings cliean as
he goes.®

These Initlal reports by Cook and Thomson Indicate that the
American Museum's eastward extenslion of the old Carnegie Quarry 1
was as rich In small rhinoceroses as the area origlinally exposed by
Peterson and hls assoclates. The large number of skulls suggests
that the Individual rhinoceroses are scattered throughout the new
excavation In a pattern simllar to Peterson's earller mapping (see
Map E). The skeletons lack articulation, the separated bones mixed
together In a densely packed and thick layer about 1.5 feet thick,
as In Peterson's earller descriptions (Fig. 3.48). The bone bed Is
differentially cemented by spar caliclte (CaC03} to produce very hard
zones and soft uncemented areas, making excavatlon very difflcult In
the cemented zones of the quarry.

Thomson In 1911 began the mapping of the American Museum
extension of Carnegle Quarry 1. Each season thereafter, he added
the newly excavated quarry floor to his earlier map (Map F). The
mappling was contlinued from 1911 until 1920 when the American Museum

t



ended thelr effort In the Southwest Excavation on Carnegie Hill. On
the basls of Thomson's work, Osborn prepared a map showlng the
American Museum excavatlons of 1911-1920. To this, he added the
mapping of Carnegie Quarry 1 which Peterson had generously provided.
Thus was assembled the most complete map of the work carried out in
the Southwest Excavatlion, the largest of the Agate quarries, from
1904 through 1920. Osborn did not publlish this map, for he Intended
It to appear with his study of the large chalicothere sample, which
was never completed. The map, modified to clarlfy the distributlion
of foss!l] mammals In the Southwest Excavatlon, Is reproduced here
for the first time as Map G. Photographs from the Amerlican Museum
work of 1911-1920 confirm Its accuracy.

W. K. Gregory, a young assistant to Thomson In 1911, described
the quarry and 1ts fossil mammals In a letter to Osborn on August
6th:

"This Is my first Sunday In Agate this season and It
offers an opportunity to tell you how we are getting on.
Thomson has divided the 100 foot opening in the hill Into 11
nine foot sections. Sectlon 1, already cleaned up, ylelded
[Menoceras] and some Moropus. In sectlon 2 some 25
[Menoceras] skulls now Iie uncovered after several weeks work
-- mingled In great confusion with lower jaws, vertebrae,
ribs, limb bones. Practically no assoclatlions occur in this
section. Moropus lImb parts [are] scattered at Intervals. No
trace of Dinohyus.

"Data for estimating our chances for good Moropus remalns
are as follows: (1) Moropus has been found In our section to
the right [southeast end of quarryl], In the Carnegie Quarry to
the left [Carnegle Qu. 2], and In our old quarry on the other
slde of the hill. It Is rare In sectlion 2. Ten nine foot
sections remaln to be cleared and Harold [Cook] has found
parts of Moropus near the surface In some of these. (2)
[Moropus] has also been found In abundance in the Nebraska
University quarry but 1s said to be rare everywhere else. As
the country has been searched for years by Harold as well as
by Matthew and Thomson, Loomis, Riggs, and others, we all
think 1t Inadvisable to do any more prospecting untl) after
sections 3 to 11 have been explored.

"The great problem Is to get sections 3 to 11 cleared
this season. The remalins are packed In so thickly that
progress has hitherto been very slow, especifally with green
men. Harold has been unwilling to see even Inferlior material
sacrifliced and as he Is the owner of the quarry Thomson has
had to respect his wishes as far as possible. But we think
that some of the materiai should be sacrlficed. It Is
hopeless to try for a composite skeleton of [Menoceras] In the
sectlons already opened, for the remalins are packed In in the
greatest confusion, without assoclatlion, and represent both
sexes and several reputed speclies. But Harold has now
consented to our taking out the skulls and better materlal and
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sacriflcing the rest, so that progress from now on will be
faster.m

On August 9th, Thomson wrote Matthew, reporting Information
simitar to that communicated by Gregory, but adding observations on
the topography of the quarry floor:

"Moropus and Dinohyus are a scarce article yet but hope

to be able to get some before the season Is over. Am In hopes
of running on to some In a few days as the bone layer has
taken a slight downward dlip to what promises to be a large
pocket. We are making better progress now as we are through
that awfully hard layer and not trying to save anything but
skulls and Jaws and assoclated materlal."

Thomson and Gregory make plain that the Amerlican Museum sample from
Agate is blased toward skulls, Jaws, and assoclated material. In
any attempt at reconstructlon of the rhinoceros population burled In
the quarry, only the skulls and Jaws could be used to derlive such an
estImate. Also, the exlstence of varled topography of the quarry
floor suggests channels and pockets Ilke those already shown to
exist In Unlversity Quarry.

On August 25th, W. K. Gregory agaln descrlbed progress In the
quarry to Matthew:

"The 100 ft+. cut in the hill has uncovered an area that
Ils packed wlth many hundreds of bones, set In very thickly and
at every angle. Of the eleven 9 ft. sectlons (each about 18
ft. from edge to wall), three have been entlirely cleaned up
and the fourth is now under way. The rhinoceros 1s stlll so
abundant that wherever you begln to work four or flve skulls
will soon appear within arm's length, generally tangled badly
wlth other bones, but with no assoclatlions of any Importance.
Limb bones and odd pleces of Dinghyus and Moropus occur at
Intervals and thlis morning a flne lower Jaw of Dlnohyus
appeared. Thomson knows well that the big fellows are the
only thlings that willl pay for the expedltion, but although It
Is very probable that they are to be found in this quarry, It
may be dIfficult to bag them this season. |f after many
[Menoceras] skulis were taken out, the order should be given
to slash the rhinoceros and 'sall after' the big fellows, they
would doubtless appear much faster., But without express
orders, Thomson would naturally be very loth to sacrifice flne
materlal, however abundant. Even If such sacrlfice were
deemed advisable from the Museum's viewpoint, Thomson would
stit!l have to reckon with the owner of the gquarry, who has
very declded views agalnst slashling good bones. Harold's
understanding Is that after the Museum has selected what It
wants for exhlibition etc., he Is to have the dupllicate
material, and he hopes to acqulire a large serles of
[Menoceras] skulls which he can exchange for materlal to bulld
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up his own museum with. Thomson and | deem it advisable to do
everything we can to please the Cooks, who have been most
generous to the Museum.

"Progress toward securing the prizes has therefore been
slow. It has not seemed advisable to prospect for them any
further, for, apart from the country having been pretty
thoroughly worked over, with very little Moropus or Dinohyus
found except in these two hills, the Indlications all point
toward thelr belng stiti there. Also Thomson's men requlire
constant supervision, because It would tax even skllled
preparators to extricate the bones from the tangle in which
they are found. As it 1s, we have to sacrifice ribs and odd
vertebrae etc., or we should never get anywhere.

"I don't think that so far we have even secured materials
for a satlsfactory composite skeleton of [Menoceras], for the
skulls show very pronounced differences (perhaps speclfic) and
there are certalnly not enough vertebrae taken out to select a
serles from. However after Harold has determined the specles
1t ought to be worth something to have such a large series for
the study of Indlvidual and other variation (more than flfty
skulls have been taken up or are belng taken upl."”

Gregory's letter conflrms or clarifies a number of important
polnts: (1) the quarry sectlons are nine feet In length; (2) by
the end of August 1911, only four of the 11 sections cleared by
Thomson have been worked; (3) the bones exhliblt pronounced
Inclinations from the horlzontal, and are not flat~{ying as at
University Quarry on University Hill; (4) skulls are not
concentrated In one spot, but are scattered throughout the
excavatlion and are abundant, thus this area of the quarry Is simllar
In its pattern of skull distribution to the pattern In the adjacent
Carnegle Quarry 1 (see Map E); (5) the bones are disarticulated;
(6) entelodont and challcothere are present but rare In this sectlon
of the quarry; (7) ribs, vertebrae, and other bones were being
destroyed to acqulire skulls, jaws, and the more preferred materlial.

Matthew repllied on August 29th to Harold Cook, making clear the
Museum's goal at Agate:

"{ am llving In hopes that the quarry will turn up some
good Moropus material before long -~ but we will have to take
our fuck as it comes, and | am counting on your permission to
continue the work another year If we fail to find [t thlis
season. Dlnohvus Is of course a gamble. The certalnty of a
really fine serles of [Menoceras] equal to the great serles of
skulls which are used In differentiating modern specles, Is of
the greatest scientific value, although it willl not help our
exhibltion serles like these other beasts would.

""As to the questlon of Indlvidual vartation, It Is
undoubtedly very wide In certaln races, and Is sald to be
especlally wide in large specles. Skulls and skeletons are
much more varlable than teeth. | do not see any inherent
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Improbability In a number of allled specles comlng together to
a single watering place, where thelr bones would be preserved,
although It would not be |lkely that they would herd together.
| should be Incllined to take the evidence as It stands when
you have all your materlal together, without prejudice elther
for or against the making of new species. Where you are
deailng with fragmentary materfal or an Insufficlent number of
specimens, | think It Is better to lean to the conservative
side, strongly in proportion to the Inadequacy of the data.
But here, | think your data are really adequate for once In a
iI1fetime, and undue conservation Is as out of place as the
opposite tendency."

So It was challcotheres that the American Museum most wanted
from the quarry. Thelr wish would eventually be fulfllled beyond
all expectations, but in the Interim, the sample of rhinoceros
became the focus of the work, and at the same time, the best measure
of variation In an extinct rhinoceros population. VYarlatlion would
be estimated from the skulls and jaws, other material often
sacrificed. Matthew concurred In this, writing Thomson to this
effect [n late August:

"I am glad to hear you are getting so fine a serles of
(Mencceras] skulls, and thlnk you are quite right not to
attempt to get the skeleton materlals from a packed mass of
mliscellaneous bones. There Is every probabliiity that you
will, before flinishing, obtaln some assoclated or partly
assoclated [Menoceras] at a polnt where the bones are not
packed so close."

!n early September, the men had good fortune In the quarry,
finally discovering a skull and Jaws of Dlnohyus (Fig. 3.49). This
entelodont was marked on Osborn's map of the quarry (Map G), and was
glven the American Museum No. 15866. As Map G shows, this
entelodont was found only about 18 feet north and siightly east of
the Carnegle Museum Dipnohyus skeleton (CM 1594), Harold Cook wrote
Matthew on September 2nd wlth the news: "Thomson has a splendid
skulil, Jaws, atlas, axls, humerus, scapula, radlo-uina, etc. of
Dinohyus! | think his chances for an assoclated skeleton are’
excellent! It Is not quite as large as the Carnegle or Nebraska
speclimens, but | take it to be a female. It Is beautifully
preserved, so far as exposed.™

Little mentlion Is made by Cook, Gregory, or Thomson of any
other mammals In the quarry other than rhinoceros, entelodont, and
chalicothere. Thomson's fleld book of 1911 |ists 28 skuils, 26
lower jaws and mlscellaneous postcranial bones of Menoceras, the
skull and Jaws of Dinohyus, and some Moropus limb material.

However, In the same letter In whlch he announced the discovery of
Dinohyus, Cook alludes to the discovery of other mammals: "There are
some other Immense carnlvores In the quarry which scrap has been

found of, but none ... much larger than Borophagus or Dinocyon.™ If

t



ATGE A PRI

1%
L4 C’

-

%

o8 et

1

A

P
2 N S—g

‘ oy . Yo i 4™ . i 2 - . e
Fig. 3.49. The skul! and lower Jaws of Dinohyvus (AMNH
15866) found by the Amerlican Museum party In 1911 In
the Southwest Excavetlion (see Map G for location of
this entelodont in the quarry).
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true, thls statement would mean the discovery of carnlvores of wolf
to bear slze, documented by rare isoiated bones and teeth, but
because Cook Inltially identlifled some entelodont teeth as large
carnlvores, we cannot be certaln of these finds.

By September 5th, Thomson told Matthew that still no assoclated
rhinoceros had been found. Thomson believed that the work should
continue into a second field season in order to find more entelodont
and challicothere, and Matthew was In agreement. The fossils were
left at Agate In Cook's care at the end of the 1911 fleld season.
Preparation of many rhinoceros skulls was compieted during the
winter by Harold Cook and an asslstant.

The sample secured by the American Museum In 1911 Included the
skulls of over 50 Menoceras, lower jaws, and much postcranial
materlal. The entelodont skull and jaws, and isolated and
Infrequent challcothere and entelodont bones, comprised the mammals
other than rhinoceros discovered In 1911, The bones were densely
packed In a layer as much as 1.5 feet thick, with no assocliation and
with many steeply Inciined elements. The south end of the quarry,
where most of the work was done, thus proves to be dominated by
rhinoceros skeletons in both the Carnegie and Amerlican Museum areas.
By the end of work In 1923, It would be evident that a mass of
rhinoceros skeletons occupied the entlire southern two-thirds of the
Southwest Excavation.

Thomson left a fleld book at the American Museum In the
archlves of the Department of Vertebrate Paleontology entitled,
Expeditions in charge of Atbert Thomson. His work in the Rosebud
beds of South Dakota (1906-07), at Agate (1908-1920), and in the
Snake Creek beds In Sloux County (1918-1926) are represented In the
book by fleld lists and Important supplementary notes. However,
fleld dlarles kept annually by Thomson during the Agate years are
preserved In the library of the Fleld Museum, Chlicago. From these
records, It Is possible to conflrm or establlish several Iimportant
points. The sections Into which the quarry was divided durlng the
American Museum extenslion of the Southwest Excavation were nine feet
long, based on dimensions glven In an orliglinal sketch by Thomson In
the American Museum field book. Osborn later Indicated a length of
8 feet for these sectlions In hls unpubliished map of the Southwest
Excavation, and Gregory In a letter from Agate at one time sald they
were 10 feet In length. Also, by comparison of Gregory's letter,
which describes the areas of the quarry where work was completed,
with Thomson's map of the quarry sectlons, we can establiish that
most work In 1911 took place at the south end of the new American
Museum cut of 1911, chiefly In sections 1-5. The north end of the
cut was scraped to the bone layer, but not excavated, and this area
(sectlons 6-10) can be seen as a slightly raised platform of rock In
Figure 3.47. Thus In 1911 the workling surface of the quarry was
about 90 feet In length, 18 feet In width (see Map F). The quarry
retained this general confliguration Iin 1912, except for the
challcothere pocket cut Into the north end of the quarry that
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produced the first specimens of the great Moropus sample.

Fosslls from the 1911 quarry were sent to the American Museum
where many are stil! part of the Agate collectlon; others were
donated, exchanged, or sold to other museums and academlc
Institutions throughout the world.

3.3.2. 1912 Excavation

in 1912 and all later seasons at Agate, Thomson kept a fleld
diary In which he recorded his observatlions in the quarry and the
dally progress of the work. These valuable documents only came to
ITght In 1982 when they were glven to the Fleld Museum In Chicago by
Thomson's niece, Ella Miller Gregg (Mrs. Robert E. Gregg) of '
Boutder, Colorado. Mrs. Gregg was the daughter of the
paleontologist Paul MIller, who had married Blil Thomson's slster.
These diaries have supplled a wealth of detalied data on the
excavatlon of the Amerlican Museum challcothere quarry, the
excavation of the north slide of Carnegie HIll, and the opening of
the Amerlcan Museum Quarry of 1923 (South Excavation, Map A).

Bill Thomson resumed work In the Southwest Excavatlion at
Carnegle Hill In July 1912, departing New York on July 2nd, and
arrlving at Agate by stage on July 6th. Work In the quarry took
place between July 8th and October 8th, and was carried on by
Thomson and Charles Barner, later assisted by a Mr. Newhouse.
Dimensions of the quarry were essentlaily the same as in 1911.
Thomson apparently worked the stripped but unexcavated bone layer at
the north end of the quarry that had been exposed in 1911 (sections

6-11), securling some rhinoceros (Fig. 3.50). But the most exciting
discovery prompted the development of a tunnel (Fig. 3.51) iInto the
quarry wall in sectlon 11 where the first chalicotheres of the great

Amer{can Museum sample were found.

The 1911 back wall of the quarry was not disturbed in 1912,
Work began at the north end of the quarry. Here on July 13th,
numerous rhlinoceros were uncovered. On July 15th, a skull and two
Ifmb bones, the first signs of Moropus, were dlscoversed. ODuring the
remalnder of July and Into the first week of August, challcothere
continued to turn up at the north end of the quarry. On Aug. 1st,
Thomson wrote Matthew about the flnds:

"We opened the quarry at the west end where the bones are
just as numerous, but seem to be In a Il1ttle better state of
preservation and In much softer matrix. OQur best flind so far
is some very good Moropus material belongling to one
individual, which consists of the skull and one side of the
lower jaw, 6 cervicals, 9 dorsals, 15 ribs, both scapulae,
both humerl, both radiil, one ulna, one metapodial, several
carpals, and one ciaw. The chances are there is more In the
bank. | am golng to have a few shots put In and try for some



Fig. 3.50. American Museum excavatlion of 1912 in the
Southwest Excavatlon, Carnegie Hill. The men worked
the north end of the quarry cleared In 1811. The area
beneath and south of the tent on the right Is the
'Diceratherium bed!' which produced primarily Menoceras
bones (the right edge of the tent Is nearly coincident
with the north boundary of Section 6, Map F,G). The
tent on the left shelters the extreme north end of the
quarry where the first bones of the large Moropus
sample were dlscovered In 1912: the excavation
penetrated Into the quarry's east wall to produce a
tunnel! In which more challcothere bones were found
(Figs. 3.51-3.52). The 1912 excavation terminates at
the short north wall of the quarry seen behind the tent
(left) just beyond the north boundary of Section 11
(Map F); this wall is identlical to the north wall In
1911, showing that the quarry was not extended to the
north In 1912, ‘
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Fig. 3.51. Tunnel dug Into the quarry wall In Sectlon
11, Southwest Excavation, Carnegle HIIl (see Fig.
3.50)., This 1912 excavation produced the first bones
of the great American Museum challicothere sample
concentrated at the north end of the quarry. Bone bed
within the tunnel Is shown In Fig. 3.52,



Fig. 3.52. Bones of large challicotheres In the
American Museum tunnel of 1912 at the north end of the
Southwest Excavation, Carnegie Hill. This iIs the only
known photograph of the bone bed during the 1912 work,
taken by Albert Thomson. Note the disarticulated
nature of most elements and the Intermixed bones of
rhinoceros.
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more that may belong to this Individual. | sincerely hope |
may draw a 'Royal Flush' as | need |t badiy.

"There are only three of us at work yet, but at the same
time we are making better progress than we dld last year. |
am running just as economically as possible. | have repaired
the old spring wagon and the old harness so | think they will
last this season, though It surely looks llke a homesteader's
outfit on Its last legs. An auto would certainly be a great
thing. Auto people run from here to Denver In ten hours. It
would take us that many days."

The first challicothere (AMNH 14377) was found close to the
quarry wall, but as work continued Thomson found It necessary to
btast at the north end of the quarry In order to follow the
challcothere remalns into the wall. The men cleared much rock by
blasting during the third week of August, and as excavation
proceeded, more challcothere appeared. Durling this Interval,
Newhouse qult the crew, leaving Barner and Thomson to continue the

- work. On August 21st, the second Moropus skull (AMNH 14376) was
found, accompanied by a humerus, two ulnae, and a rib. For the
remalnder of August, challicothere bones contlinued to appear: on
August 28th, Thomson wrote, "Great find of Moropus ribs for 2Znd
specimen. ‘Worked |lke flends all day." Then on September 4th,
Thomson uncovered a truly huge and well-preserved Moropus skull
(AMNH 14375), together with a forelimb. Justifiably elated, Thomson
wrote Matthew that evening:

"I am having pretty fair luck this year. Since writing
you, we have gotten another skeleton of Moropus even better
than the first. Good skull and Jaws and, as near as | am able
to make out, a complete vertebral column including cervicals
and nearly all the ribs, both forelimbs, and some foot
materfal. The pelvis | take it to be Is just In sight and |
hope the hind limbs will turn up. Today we were fortunate
enough to get a humerus, ulna and radius, and part of the foot
of a very large Individual, and this evenling just before we
quit work the back of a very {large skull [AMNH 14375] came
Into sight, but darkness prevented us from learning how good a
one It is. [Menoceras] | have paid very lIttie attention to
so far. :

"Granger spent Saturday and Sunday with me and we went
over thlings pretty carefully.... Granger thought | was dolng
well, golng at the quarry In the way | am doing. | am
tunneling in a little Instead of making a blg cut. What lead
me to tunnellng was following In after the first Moropus. You

see | have only one man now [Barner]. | had one other but he
left when he saw a big pile of dirt to move after one of our
biasts.®

At the same time, Thomson also Informed Osborn, giving him more
~.detall on the composition of each chailcothere skeleton:
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"Skeleton No. 1 [AMNH 14377] 1Is skul! and Jaws, both fore
I'mbs and a few foot bones, all the cervicals, eleven dorsals,
two lumbars, and nineteen ribs. Skeleton No. 2 [AMNH 14376]
has skul! and jaws, vertebral serles complete as far as | am
able to tell, and | think all the ribs, both fore I[imbs, and
more or less of the feet, pelvis Just In sight In the bank, so
t+there Is some chance for hind !limbs. Skeleton No. 3 [AMNH
14375] [has] skull and fore IImb with some foot bones. | hope
It turns out to be more complete than the flrst two.
[Menoceras] | have not pald much attentlion to as Moropus fis
more [mportant. Strange to say, Dinohyus material has hardly

put In an appearance thus far. However, we wlll be busy from
now untll October taking care of what Moropus materilal Is In
sight."

Here were assoclated skeletons, not of rhinoceros (which would
have been a good find In itself), but of the Tong-awalted
chalicotheres! Nothing could have pleased Osborn more. On
September 9th, Osborn cabled Thomson, "Letter fourth Jjust recelved.
Dellghted. Full brass band playlng In the laboratory." Of course,
Thomson recognlzed that the value of the challicotheres lay In thelr
exhibitlon potential. But more signiflcant, and Iittie appreclated
at the time, was the fact that these were surely the flrst remalns
of nearly complete mammals found together In the quarry slince
Peterson's discovery of the partlally articulated chalicothere and
entelodont from 1904-1908., These chalicotheres could not have been
transported in a stream over a great distance or for a prolonged
perlod of time. These animals had something to say about the origin
of the Agate bone bed, and their message would be sultably ampllified
by the subsequent dlscovery of many additional indlviduals near them
in the quarry from 1912-1920.

Success continued to plague Thomson. On September 9th, a
fourth Moropus skull [AMNH 14378] was found, and on September 25th,
a fifth skull [AMNH 14379] as well. Throughout the month, Maropus
bones manlfested themselves at a regular rate. By the time the
fifth skul! was dliscovered, the men had experienced thelr first
snowfall of the season, yet the work contlnued for two more weeks.
Finally, on October 8th, the quarry was closed; the wagons werse
loaded three days later with the fossils. On October 12th, the
wagons left Agate for Harrlson, about 30 miles north, which they
reached In 6~-7 hours with 2500 pounds of freight. Thomson returned
to New York on October 20th, and was heartlly congratulated by
Osborn and Matthew. The fosslls reached the museum on November 6th;
by December 9th, the five skulls were prepared and restored, ready
for study. ,

It was a season for chalicotheres, Thomson himself documenting
that Iittie In the way of rhinoceros material was collected. Once
the Moropus was found, these skeletons became the focus of Thomson
and Barner's work for the 1912 season. No statement about other
mammais In the quarry appears In Thomson's field dliary or letters.

T
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Only a slingle photograph depicts the bone layer as [t occurred In
1912 (Fig. 3.52): 1t Illustrates challicothere bones exposed In the
bone bed within the tunnei In section 11, The bones are not
evidently articulated, but may be In a few Instances. A rhino skull
fles near some of the large Moropus |imb bones. A large |Imb bone
appears to lle on top of other smaller bones. Most bones occur at
about the same leve!, are scattered, and show no evident alignment
In the deposit. What the remalinder of the quarry floor looked Ilke,

we have no way of knowing.

Needless to say, the American Museum men were anxious to return
In 1913, Matthew dusted off the dormant idea of a museum branch
laboratory at Agate, presumably fto encourage the interest of the
Cook family In the excavations:

Sept. 9, 1912
"My dear Albert:
| am enclosing a memorandum addressed to Harold Cook,
speclfying in detail what | understand our agreement to be,
and what | think we ought to have for a fully adequate

exhibition and study series from the Agate Quarry. Will you
go over it carefully before giving I+ to him and discuss 1%
afterwards with him and Mr. Cook. | would !ike also to have

them understand that | have not at ail abandoned the ideas
that we talked over In 1908, of our having a sort of branch
laboratory at Agate and using it as a centre for our field
work In the later Tertiary, If we can get the funds to carry
1+ on; and that | am counting on thelr cooperation In such a
plan. The [dea you remember was to build a shack and drive a
well If they would dispose to us of a small bit of land for
the purpose, and Install you or some other member of the staff
there permanently, with an assistant. We could not carry out
the plan this year but It should be serlousiy considered for
next year."®

3.3.3. 1913 Excavatlon

Thomson returned to Agate In 1913, his alm the continued
excavatlion and recovery of more Individuals of the challicothere
Moropus for the American Museum. Leaving New York on June 3rd,
Thomson reached Andrews, Nebraska, on June 7th, and rode the mall
auto to Agate the same day. On June 8th, he inspected the quarry
with Mr. Cook, and on the next day, work began by dynamitling rock
overburden In the Moropus pocket at the north end of the quarry.

A road suitablie for the museum's newly acqulired automoblile was
bullt, leading to the quarries, and clearing of the quarry with team
and scraper was started. By June 16th, Thomson had repalred the
shack near the bone hills used as a camp headquarters, called by the
men 'East Agate'. The field crew In 1913 included BIll Thomson,
Charles Barner, and {(from July 29) A. E. Anderson, with Messrs.
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Montgomery and Roberts occaslonally operating the teams and
scrapers. During the next week, the men cleared and scraped the
quarry floor. On June 26th, Thomson and Barner cleaned up the
quarry In the morning, and began dlgging for bones for the first
tIime that afterncon.

Thomson descrlbed the Initial stages of work to Matthew on July
8th:

"] should have written you some time ago but was anxlous
to get under way with the quarry work .... The first two
weeks | was here we were very busy scraping away the loose
dirt from the big blast. | had two teams on the Job. The
blast certalnly did some execution, clearing away a strip
about 10 by 50 ft. and averaged about 30 feet depth. From the
tip of the new cut down to the bone layer Is about 40 ft.

With the new stripping and what we did not work last year, we
have a very large space cleared, and if luck Is with us we
shouid get some Dinohyus materlal. [Rhincceros] material for
a composite skeleton can be had at any time. Dinohyus Is the
most important, and that Is what | am searching for. Moropus
we have, besides | have some of the missing parts for our
large skeleton and a falr stagger toward another with a falr
skull, also part of a skull of Dinohyus [AMNH 14442, an adult
rostrum].

"During the winter Mr. Barner cleaned up about 24
[Menoceras] skulls and other skeletal parts, making a total of
about 46 skulls for two winterst! work at a cost of about $400
or less than $10 each., The new excavation stands us about
$225.

"| have only Mr. Barner helping me yet, another man has
promised to come In a few days, but whether he'ii be of any
use or not remalns to be seen. The young man Harold had
proved to be useless as most of them do, so | have declded not
to waste any time looking for one, but go ahead with Mr,
Barner....

"The Auto Is certalnly a time saver to a bone outfi+. I+t
will go where a horse can, and can do It In less time, and
carry a good load. [And to Osborn a few days later, Thomson
wrote: "The Auto is a great thing -- bone digging Is certainly
modernized In this camp -- all we need Is an orchestra."] We
still have our team, they came in mighty handy scraping and
saved us some money. Don't know when we can sell them now, as
horses are a drug on the market here Just at present.”

Dimenslions of the 1913 quarry were simllar to those of
1911-1912 (Fig. 3. 53). However, the north end of the cut was
enlarged In the search for more challcothere remalins (Map F)}. The
1913 excavatlion extended the quarry about 22 feet to the northwest,
and up to 10 feet into the quarry wall toward the northeast. This
extenslion took place as the men followed the chalicothere bones
along the quarry floor. There Is no doubt that Thomson simply began
work where he had ceased the previous fall, contlinuing to explore




Fig. 3.53. The Southwest Excavation In 1913 during

quarrying by the American Museum. Location of
chalicothere quarry occurs at the north end of
(left) where the man and the top of awning can
First regular use of an automobile (far right)
quarry work occurred In 1913,

the

the cut
be seen.
in tThe



Fig. 3.54. The Southwest Excavatlion In 1913, looking
north. Work was concentrated In the chalicothere
quarry at the north end of the cut (where the awnling
and several people can be seen). The southern part of
the cut Is dormant. .



Fig. 3.55. The north end of the Southwest Excavation
during work by the American Museum In 1913. The
chalicothere pocket Is present under the awning and
contlnued Into the quarry wall. The quarry flat In the
foreground 1s the 'Diceratherium bed', rich In the
bones of the small rhinoceros Menoceras, and has not
yet been extensively worked.



Flg. 3.56. Bone bed In the chalicothere pocket of the
American Museum, north end of the Southwest Excavatlion,
1913. Bones of numerous small rhinoceros are mixed
with the larger bones of the chalicothere Moropus.
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the exposed bone layer at the north end of the cut for more Moropus
(Fig. 3.54). By the end of work In the fal] of 1913, the length of
the quarry was about 14 sections, each 9 feet in length, giving a
total extent of 126 feet. The length of three sections (Nos. 12-14)
had been added to the north end In addition to the original 11
sectlions of the 1911-1912 cut. The width of the quarry was
increased In sectlons 7 through 12; in sections 10-12 where the
challcothere pocket was excavated, the quarry wall was pushed back
12 to 18 feet. Also, to the south of the chalicothere pocket, In
sections 7 to 10, the cut was deepened, removing the 1911-1912
quarry wall (see Map F), and the bone bed exposed as a flat surface
(Fig. 3.55).

The cleared surface south of the challicothere pocket Is the
north end of the 'Diceratherium bed' noted on Map F. The
'‘Diceratherium bed' i{s Osborn's name for the southern part of the
quarry bone bed packed with skeletons of the small rhlnoceros
Menoceras, previously called 'Diceratherium'(Tanner, 1969). The
*Diceratherium bed' of the American Museum was spatially continuous
with the rhinoceros-rich area of the Carnegie Museum Quarry 1, thus
the entire southern part of the Southwest Excavation was a jumbled
terrain of rhinoceros skeletons. |In the southern part of the
quarry, only two significant entelodont specimens (AMNH 15866, CM
1594) and one chalicothere (CM 1604) skeleton were found by the
American Museum and Carnegle partles. Almost ali other bones
belonged to Menoceras. [Although the formal name of the small Agate
rhinoceros Is now changed to Menoceras, | retain the term
tDiceratherium' for the bone bed, because of historical precedenf.]

It Is from the southern part of the quarry, the 'Diceratherium
bed', that many North Amerlcan Institutions obtalned blocks of the
Agate bone layer. These blocks are dominated by bones of the small
rhinoceros. As noted by Osborn on his map (Map F,G), many blocks
were removed from the quarry between 1912 and 1923. In some cases,
by means of photographs, maps, and correspondence, we can determine
the exact location of a block In the 'Diceratherium bed': for
example, the American Museum Agate block collected in 1919, today
displayed in the Hall of Mammals, was removed from section 8 near
the old 1911-1912 quarry wall. The Carnegle Museum Agate block
(Biock 70, Map E) was also collected from the same general area In
Carnegle sections 14-15 In 1908. These blocks provide a firsthand
knowledge of the bone layer In this part of the quarry.

By the end of the 1913 season, the pattern of bone distribution
(Map G) in the Southwest Excavatlon was evident: +the southern 9
sections of the quarry are dominated by @ mass of Menoceras bones,
mixed with occaslional Isolated bones of entelodont and chalicothere;
the north end of the quarry (sectlions 10-12 In 1913, eventually
10~-14 by 1920) contalned many Moropus skeletons, mixed with some
rhinoceros. Even at the south end of the quarry (sections 2-5),
where two partial skeletons of Dinohyus (CM 1594, AMNH 15866) and
the single Individual of Moropus (CM 1604) had been found, thelr
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remains were surrounded by numerous rhinoceros bones.,

Thomson's photographs of the bone bed Iin 1913 show only the
challcothere pocket at the north end of the quarry where thelr work
was focused (Fig. 3.56). The challcothere bones are lsolated and
Jumbled together in unstable Inclinations with many rhilnoceros
bones, so It Is clear that the challicotheres were mixed with
Menoceras In the deposlt. All elements of the skeleton can be
recognized: vertebrae, ribs, IlImb bones, skulls, jJjaws, podials,
girdle elements. These bones had sufficlent time after death to
disarticulate and disassociate, then become mixed with bones of
another mammal In the sediment. No comment was provided by Thomson
on the topography of the quarry floor, or on the barren area of the
1913 excavation exposed by Barner In sectlons 13-14 at the nout tnwesT
end of the cut (Map F,G). There Is no obvious rellef seen [n '
photographs of the site, nor any Indication of the topography of the
base of the bone bed,

Mammals found by the Amerlcan Museum In 1913 were almost
entlirely chalicothere and rhinoceros. The only entelodont of record
Is marked on Osborn's map {(Map G, AMNH 14442, a large adult rostrum)
In section 12, found near the No. 6 skeleton of Moropus. Apparently
no other entelodont remains accompanied the rostrum. One additional
Isolated entelodont foot bone was found In 1913, mentioned by
Thomson in a letter to Matthew, so Dinohvus was very rare.

Moropus bones were first discovered by Thomson and Barner on
June 27th and continued to turn up In the quarry on almost a daliy
schedule untii October 2nd. Thomson on several occaslions recorded
the mixed nature of the deposit. On August 29th: "Worked at large
Individual of Moropus ~- found another indlvidual mixed In with it
and much rhino material.™ On September 4th: "Blocking out Maropus
but very difficult -- too much rhino material.™ And on September
10th: "Pegging away at the blg Moropus blocks. But rhino
Interference causes siow progress." The density of the
chalicothere-rhino bone mixture In places was evident: on September
9th, Thomson wrote, "Very difficult to get through for blocking.

Too many Moropus bones."

On August 29+h; Thomson detailed his quarry strategy to
Matthew:

"Well we are just swamped with Moropus materiai. | doubt
If we will be able to get I+ all out this year. It Is almost
Impossible to save any [rhinoceros] material while taking out
Moropus. |f we were to take out big siabs, we would destroy
more or less Moropus material. As | think Moropus ls vastly
more Important than rhinos, | am not taking too much pains
Cwith] rhino material, because there Is oceans of I+ that has
no Moropus mixed with It and there Is where | hope to get
materlal for mounting. No Dinohyus has turned up yet, but we
may be swamped with a pocket full of them some day, at least

¢
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I+ is to be hoped."

Near the end of the field season, Thomson summarized the
important discoveries at the quarry:

"We are trying our best to get out a!l Moropus material
in sight ... | have two large blocks plastered containing
parts of two or three Individuais, [and] two more blocks ready
to plaster, one containing more or less of a large Individual
with good skull and jaws. The other [block] contains the
greater part of two young specimens--about 2/3 grown. And
another [block] which seems to be a little different from the
others, [including] a falirly good skull, both femora, both
tibiae and flbulae, one or both scapulae, humeri, ulnae and
radii, one side of pelvis, several vertebrae, many ribs and
foot bones - this is oniy what we have taken out of this
specimen so far - hope to find the greater part of it as the
bones are beautiful. There are also two other Moropus

specimens running In which | am fearing | may have to leave
for next season. As for DInohyus, | have only a palate and
one foot bone. The rhinoceros material is a perfect nuisance

where you are working on Moropus. A great deal of time Is
lost trying to save any of it, therefore | am not paylng as
much attention to It as | should, because Moropus skeletai
material Is surely more valuable.... And with what material |
have this year, | am satisfled that we have the best and ’
greatest variety of Moropus material In the world."

The last large block was plastered for removal from the quarry
on October 6th, and the next week was occuplied with assembling,
packling, and wiring boxes for shipment of the fosslls to New York.
On October 15th, the quarry was closed, and the next day saw the men
leave by automobile for Harrlson, Nebraska. Thomson arrived In New
York on October 25th, and spent much of the fall working up
challcothere from the quarry.

Iin his field notebook in the American Museum archives, Thomson
recorded a fleid number for each of his chalicotheres during the
1812 through 1920 seasons. The complete listing Is presented
verbatim In Appendix H. In 1913, the chalicotheres were assligned
Nos, 6 to 12. In this instance, Thomson was unsure of the exact
number of Indlviduals present in the field, and of the bone
associations as welli. No. 6 Included two individualis, possibly
three; No. 7 included the skull and most of the skeleton of a singte
Indlividual; No. 8 Included the skull, Jaws, and skeleton of a large
animal (some bones mixed with No. 8 were numbered 8A and were sald
to beiong to No. 11); No. 9 belonged to an individual not fully
excavated and so much remalned In quarry; No. 10 comprised two young
animals; No. 11 was a set of Jaws, the remainder of the skeleton
left for the next season; No. 12 Included foot bones and some ribs,
with the remainder left for the next season. 1If we take Thomson's
count at face value, he would have discovered the remains of 9-10
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challicotheres. 1|f added to the Nos. t to 5 found In 1912, this
would give 14-15 Individuals, but Nos. 4-5 were Isofated skulls
which could belong to skeletons found In 1913, so the best estimate
of total Indlviduals found by the end of the 1913 season was 12 to
13 animals.

The 1913 season seems to mark the Inception of the Idea to sell
some of the Moropus skeletons from the quarry. Unfortunately, this
would result In the dispersal of this unlique population to many
institutions, making a comparative study difflcuit. Matthew
mentlions the possibiliity to Thomson on August 4th:

"Professor Osborn expects to pay you a visit and wili
have an Important matter to dlscuss with you and Harold
[Cook]. Dr. Drevermann of the Senckenburg Museum [Germany] Is
very anxlous to obtain a skeleton of Moropus, and of course
under the terms of our agreement wlith Harold we have not the
right to sell or exchange even If other skeletons should turn
up., Harold ! know wants to have a skeleton or characteristic
parts for his own museum, but [f there should aiso be enough
to supply Drevermann, we might come to some agreement wlth
Harold about the matter. | should not feel that It was
altogether proper for Harold to seli speclimens collected at
our expense and put the money In his pocket uncondltlonaliy.
Nor do | suppose that he would wish to do so. But If a
skeieton were sold to the Senckenberg Museum and the money
appiled to putting up a fieid laboratory at Agate and
contlnulng preparation work there, ... it would seem rlight to
me. The matter Is worth thinkling over rather carefully, and
Professor Osborn and Mr. Cook wiil no doubt agree upon some
falr solution. We have pretty nearly all we need of Moropus
for exhibition and while we could use a good dea! more for
study we don't want to be hogglish about I1+." :

3.3.4. 1914 Excavation

The goal of the 1914 fleid work on Carnegle Hill was to collect
the remalining challcothere skeletons that had been left at the
quarry at the end of the 1913 season. WIith this In mind, Bil}
Thomson left the east by traln on June 27th after spending much of
the spring of 1914 and the previous winter preparing the Moropus
speclimens coilected in 1913, Thomson reached Agate on July 1st, a
brolting hot day that was to set the tone for the remainder of the
fleld season. During the next few days, he examined the situation
at the quarry and set up hlis camp. HIis assistant, Charies Barner,
visited him but was working for W. J. Sinciair, a Princeton
University paleontologlst who was then in the Agate area.

Sinclalr had arrived at Agate on June 12th, In his words M"after
a wild ride across the pifains In a cow~punching auto."” He was
controverslal, not known for pollsh or tact. He had hired both

<
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Barner and A. C. Whitford to work the Snake Creek beds In early
summer, later developing a2 small section of the Southwest Excavation
in order to obtain a few sma!l rhinoceras slabs for Princeton. This
smal!l excavation In the Dlceratherium bed was designated as
Princeton Locality 1002A.

Thomson began work in the chalicothere quarry on July 6th,
assisted by Wiiliam Stein, and by the next day had uncovered new
Moropus materlial. On July 8th, the first chalicothere skull of the
1914 season was discovered, as well as many other Moropus bones.

Two days later, just prior to the entry of the party into the ‘quarry
for the day's work, 3 tons of the ciiff above the site caved in,
emphasizing the need to remove the overburden above the tunnels In
which the bones occurred. Eariier, in 1913, Osborn had cautioned
Thomson about the helght of cliff that was developing above the
workmen as excavation progressed. When the debrls was cleared, more
challcothere appeared, seemingly Inexhaustible, and the temperature
reached 110 degrees as the bones were excavated. On July 13th, the
vertebrate paleontolioglist E. C. Case from the Unliversity of Michlgan
visited the quarry; in 1922, Michigan would acquire a block of Agate

- bones from the bone bed In the Southwest Excavation, but at the time

Case and an assistant were on other business. On July 14th, Thomson
wrote Matthew of what had been accomplished:

"Things here are running along smoothly, but it is very
hot and dry out here this year. We are finding some more
Moropus material. We have a skull, but like the rest, [1t]
has the front ali{ broken away, two sets of hind Iimbs and
pelvis, some foot bones and quite & number of vertebrae and
ribs. However, thils Is only one of last year's prospects that

we are worklIng on yet. So | think we will have all we can do
to get out what we had planned. Billy [Stelin] works patiently
but does not understand much about these bones yet. [ wish |

had Barner and may take h!m on when Sincialr gets through. At
present Sinclalr Is workling down towards Marsland [Nebraskal,
but am expecting him back here any day as Harold [Cook] has
glven him permisslon to take out a rhinoceros slab, and then
he expects to work a little in the came} [Stenomylus]
quarry.... Do you think there is any posslible chance of our
working the quarry another year In case we do not get a
Dinohyus thls season? | have not heard a word about the Agate
Museum. The Cooks are In the best of spirits and Mr. Cook
visits us very often - he seems to enjoy fooking at the
Moropus bones.®

Dimensions of the Southwest Excavatlon were only slightly
Increased in 1914, As Map F iIndicates, work was restricted to the
challicothere quarry at the north end of the cut. Tunnels were
extended into the bank, followling the Moropus skeletons. Two
tunnels were dug into the hill, one toward the north, and the other
toward the south (Fig. 3.57). The north tunnel (Fig. 3.58) was the
targer, and Included the skeletons of challcotheres Nos. 9, 9A, and
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11 In sections 12-13. The south tunnel (Fig. 3.57, right side)
produced chailcothere No. 12 In section 10. Photographs show that
by 1914 nearly 40 feet of rock overburden towered over the
excavatlion. By the end of the 1914 season, the quarry was about 125
feet long, and averaged about 20 feet In width. It was widest at
the chalicothere site on the north end where It attained 40 feet.
The quarry maintalned these dlimensions untii the 1920 excavation
when the north end of the cut was even further expanded.

In late July, Sinclair's party arrived at Agate and established
a camp., On July 27th, he began to excavate siabs of rhinoceros
bones from the Southwest Excavatlion with Harold Cook's
encouragement. The exact locatlon of Sinclalr's work Is established
by 2 photographs In his 1914 Princeton flield journal. He excavated
in the 'Diceratherium bed' (Map F,G), which had been prevliously
scraped down to the bone layer by Thomson, but In 1914 remained
fargely unexplored. Sinclair contlinued work untl! August 11th,
leaving by train on August 17th. One slab contalning primarliiy
Menoceras survives today, housed In the Princeton Department of
Geology, where there is also a mounted Menoceras skeleton and
several trays of prepared bones.

While Sinclalr dug rhinoceros, Thomson continued to uncover
more and more Moropus, by now an embarassment of rlches. On August
4th, he described the specimens to Matthew, also Intimating that
some conflict existed with Sinclalir's party in the quarry:

"Things at the quarry are progressing rapidly. Moropus
materlal galore, but the beasts are makling us tunnel now.
Instead of two specimens of last year's prospects, [t is the
greater part of four individuals. We have one skull but need
three more which we hope to find in a day or so. Two of these
specimens seem to be the smaller type [at that time belleved
to be a smaller specles by Holland and Peterson, but now
regarded as females]. The tunnel work Is hard but we hope to
get through with [+ In a week or ten days. | have another of
last year's prospects that { have not looked into yet. | am
not paying any attention to rhino matertal, If | did, I'd be
here unti!{ my end. No sign of Dinohyus as yet.

"Sinclalr has taken out two or three small slabs of rhino
goods, and now he is going after Daemonellix, just a specimen
or two, then he's golng to try for a Stenomylus skeleton.

"! hope | can get through by Sept. 1st so | can get away
from here. It Is hard on my nervous system to be diplomatic.
I am planning on getting the car away on a prospecting trip.

"Is Professor Osborn coming out here this year, have you
heard? | wish he would or could get out here while Sinclalr
is here....

"Everybody out here is watching the European war mess,
that Is a terrible thing....

"By Sept. 1st we will surely have ail the Moropus we
want. So | should think we could make some arrangement to get
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Fig. 3.57. Amerlcan Museum chalicothere quarry
at the north end of the Southwest Excavatlion on
Carnegie Hilli. Two tunnels were developed that
“followed Moropus bones into the hill. Note the i
primarily horizontally stratiflied fluvial sediments In
the lower part of the hill.



Fig. 3.58. The bone bed In the Amerlcan Museum

challcothere quarry of 1914 at Carnegle HIIIl (for
distant view, see Flg. 3.57). Many large Moropus bones
are visible, and also a male rhinoceros skuill In

unstable orientation (rear center). The bones are
generally disarticulated, and the larger bones are not
steeply inclined from the horizontal.
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Dinchyus, wlthout going back under the hill. We have a space
cleared 20 x 100 f+. which may turn up Dinohyus but we would
have to prospect It all and that means having that area of
exposed rhinoceroses.”

On August 7th, Thomson wrote Osborn:

"I am working just as rapldiy as | know how, as | want to
get all the Moropus material | can while the getting Is good.
We have four skeletons, more [or] less complete, two
[skeletons] out [of the rock], but only one skul! and Jaws so
far, though there [s a good chance for a2 couple more skulls.
The specimens we are working on now are runnling into the bank
and we are tunneilng after them. Two of these are quite small
Individuals, but adult. One is as large as the one we took
out fast season if not larger.

"One of the Moropus prospects left from last season |
have not had time to look Into yet, but will as soon as we get
the others out. 1| have seen no sign of Dinohyus as yet, and
If | put In another season searching for the beast without
results, 1'{]l be a fit subject for some 'Bug House'. The heat
this season Is something terrible, from 95 to 110 degrees
under the awning nearly every day, and my camp this year Is
far from as comfortable as last year."

On August 12th, after Sinclair's departure, Charles Barner and
A. C. Whitford, who had been emplioyed by Sinclair, went to work for
Thomson, giving the American Museum a four man crew.

On August 14th, Matthew wrote Thomson, reveaiing that the
politlics of quarry work at Agate with Sinclair might have been
strained:

"l am glad to hear things are going on well at the
quarry. We certalinly will have a good supply of Moropus when
you get through. [t wiil be a good thing If you can get In
your little reconnaissance trip, and doubtless wlll be a
rellef to you to get away from the quarry. [f practicable It
would be better to leave the auto over the winter at the Cooks

if they are willing to house It. If you leave It elsewhere,
you run some risk of offending them by dolng so, and that Is
what Professor Osborn Is especlially anxlous to avoid. | spoke

to him about it and he thought It would be better to keep 1t
at Agate over winter even [f you do risk Its belng put out of
commlsslion. | know this comes hard on anyone who is as
careful of his equipment as you are, but | am pretty sure that
the Professor would rather see the auto destroyed than the
Cooks seriously offended at the Musesum.

"As to Dinohyus, | am not dlsappointed because | expected
nothing along that line. But we'll get It some of these days.

I will be Interested when the reports come In as to the
victories of the Yale expeditionary force over the allled
Miocene troops. | expect they'il make a kiflling ail right. |

H
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fook forward to a good heart~to~heart talk with Sinclalir when
he gets back. Perhaps it will clear up some things about the
situation that | don't understand. Of one thing | am sure,
that you have done and are doing everything that's possible to
maintaln friendly relations, and | can trust to your judgment
to do what [s best.” '

The remainder of August the party worked the quarry, continulng
to remove many Moropus bones from the pocket. On September 1st, the
fossils were packed In 14 wood boxes for shipment to New York, Steln
and Whitford then departing. The next day, Roberts and Montgomery
hauled the fosslils by wagon to Harrison, compieting the trip In 7
hours. Thomson accompanied them, and left Harrison by train that
afternoon. He reached New York on September 10th, and worked In the
laboratory on the Moropus skeleton No. 10 (from 1913). On September
23rd, the 1914 coilection reached the museum, and Thomson began work
on challcothere skull No. 12, spending the rest of the year on the

challcothere collection.

Mammals found in the Southwest Excavation during the 1914
season included Moropus and Menoceras. There Is no record of other
mammals discovered by Thomsonts party. Thelr search for a complete
skeleton of Dinohyus remained unfulfliiied, and Osborn's desire to
find one of these entelodonts would prompt thelr return to the
quarry. Whether occasional Isolated bones of other mammais were
found during the work in the challcothere pocket {s unknown; [f such
bones were found, they went unrecognized. It is probable that with
relatively untralned men such as Stein and Whitford, such bones were
overliooked, 1f they were present.

Two photographs of the bone bed In the 1914 cut were taken by
Thomson (American Museum Nos. 19515,19510), and show challcothere
bones mixed with rhinoceros material In the north tunne! (Flg.
3.583. The larger heavier bones appear to lie flat on the bedding
surface, whereas smaller llghter elements seem to show more
Inclilination from the horizontal. Consplicuous in Figure 3.58 is the
skuil of a mate rhinoceros In unstable Inciination, its horn bosses
at the highest point, and the skul! with dorsal surface up, Inclined
downward into the sediment. This skull could never come to rest in
water on a flat sediment surface In this position. |t was elther
worked Into this Inclined state by current scouring around the
skull, or was originally deposited within a mass of sediment In this
position. The fact that many light and easily removed bones such as
ribs and vertebrae are present along with the skull in the deposit
suggests that the latter alternative [s most probable, since If
currents worked the deposit and Inclined the skull, many of the ribs
and vertebrae would have been removed.

By the end of 1914, the Amerlican Museum had discovered most of
the challicothere sample that It was eventually to remove from the
quarry. Most of the key specimens had been excavated and
transported to New York. Once at the museum, it became apparent
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that large adults, small adults, and Juvenlies were represented.
The possiblilty that this was indeed a small population of Moropus
now had to be considered, and the Holland-Peterson belief that two
specles were present at Agate seemed less certain.

3.3.5. 1916 Excavation

The automobile brought new mobitity to field prospecting In the
west, and Matthew and Thomson were anxlous to take advantage of this
situation. The American Museum party prospected widely within
Nebraska in 1916, exploring the Nlobrara valley, the Loup, Dismal
and Calamus drainages, and the North Platte river west of the town
of North Platte. Later Cenozoic rocks produced almost no worthwhile
fosslls, despite Matthew's focus on the 'Pliocene! beds. The early
summer ended as a dlsappointing fallure to find important later
Cenozolic faunas In the reglon.

Thomson had left New York on May 25th, and began prospecting
about 40 miles northeast of Alllance, Nebraska, along the Nlobrara
valley. A. C. Whitford and George Stoil assisted Thomson, who next
traveled with him to the Broadwater-Llsco reglon along the North
Piatte River south of Alllance, where only fragments of rhinoceros,
proboscidean, and came! were found early In June. Returning to
Alliance on June 6th, Thomson and hls men continued to search the
breaks of the Hay Springs - Rushvilie area for fosslis, finding
little of value. On June 15th, the party was Jolned by ¥W. D.
Matthew. After collecting a crushed mammoth skull, Matthew and
Thomson on June 19th took a train from Alllance to the Seneca-Halsey
area on the middle Loup River to prospect the region, but without
success, returning to Alllance on June 24th. The next day Matthew
and Thomson traveled south to the Platte River near Bridgeport and
worked the exposures at Court House Rock. They continued east to
Oshkosh, examining exposures south of the town, and then went
farther east to Blrdwood Creek north of Hershey and to loess beds
near the town of North Platte, which was the easternmost polnt
reached along the river. By July 3rd, the party reached Sidney In
the southwestern panhandie of the state, and continued on to
Alfiance, where camp was broken for a move to Yaientline on the
Niobrara River to the east. Thomson arrived in VYalentine on July
4th, working in the area until July 14th, but worthwhile fossili
discoveries were Infrequent.

. On July 15th, Matthew and Thomson traveled to Agate, and
Inspected the quarry on Carnegle Hill on July 16th., The next day,
the men prepared Harold Cook's homestead shack (East Agate) for camp
residence, and began work at the quarry on July 18th.

The early work of the season was described by Matthew in a
letter to Osborn on July 14th:

"We have looked Into the exposures in [northcentral

14
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Nebraska] wl!th very disappointing results. The fossillferous

beds are mostty grassed over, and they have been pretty
thoroughly culled over by Professor Barbour's parties In
previous years when they were betfter exposed.... There
remains now only the Rosebud country [South Dakota] to look
into, and unless that yleids something, we will have to glve

up the Pilocene and Upper Miocene in this state -~ except ifs

western border [In southern Sloux County]. «
"This result of our work Is owing to a factor that | ha

d

not counted on, the succession of wet seasons that has grassed

over all the sandhills and sandy exposures of the upper

Terttary and Plelstocens. |t Is a surprising change from the

conditlons of 1901-3 and 1905~8 as | recalil them. | do not
think we can do much with these horizons unless we find the
formations In New Mexico, Texas and elsewhere better exposed
"Whitford and Stoll will go up into the Rosebud country
and work westward, while Thomson and | are goling direct to
Agate to take up work In the big quarry, and get ocut the
matertal for our [rhinoceros] skeletons, and watch out for
« The others wlll join us there as soon as they are

through at Rosebud and will prospect with the automoblile from

Agate as a base-camp, especlally to the west and south, as f
as Rawhide Buttes and the Platte. There Is a good dea! of
Lower Mliocene to be looked into, and we need more Parahippus
and Oxvdactvlius especlially. )

"Barbourt's party Is working near here, but the material
they have secured thus far Is worthless scrap, although
naturally | have not told them so. Troxell we found at
Springvlew [Nebraska] working In a quarry that has
posslibilities, although he has not yet obtained anything of
especlal value. Slnclalr has been working the FPawnee Creek
beds, with very poor luck. 1[It does not seem to be a lucky
year for Mlocene-Pllocene collecting.”

Matthew then descrlbed the plan of excavation at Agate to
Osborn on July 17th:

ar

"We will go at the Diceratherium sectlon already cleared

off, with a view of geftting assoclated material of
[Crhinoceros], and with the hope of coming across Dinohyus."

So the 1916 Agate excavation resulted from the fallure of the
Amerlican Museum party to locate productive 'Plliocene!' deposits In
Nebraska. The party fell back upon the Agate quarries for lack of
more important sites to work., Matthew worked with Thomson In the
quarry from July 18 to the end of the month, when he left for
Lincoln. The men graduall!y uncovered the 'Diceratherium bed!'
located In sectlons 3-10. As work progressed, a large area was
excavated whereln the bones were displayed In relief, resulting In
the best surviving photographs of the Menoceras bone bed at the
Southwest Excavation, taken by Thomson (American Museum Nos.
t01780,101781, Figs. 3.59, 3.60). Bones are numerous but do not



Fig. 3.59. In 1916, the American Museum party exposed
a large part of the 'Diceratherlum bed! in the
Southwest Excavation on Carnegle Hiil (Map G). This
‘vliew of the bone bed from the north end of the quarry,
looking south, shows numerous Incl!ined bones, and Is
one of the few surviving photographs that documents the
actual bone density In this part of the quarry (see
also Fig. 3.60).



Fig. 3.60. The 1916 excavation of the 'Diceratherium
bed' by the Amerlican Museum, Jooking southeast (see
also Fig. 3.59). Note the large male Menoceras skull
with prominent horn bosses in the left foreground.
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seem to be as densely packed as some exhibit slabs that were taken
from this part of the quarry. Many unstable inciinations are
apparent, and at least two skulls are steeply tilted, with the *Tip
of the nasals uppermost, the rear of the skull low. Bones are
disarticulated; ribs, limb bones, skulls, jaws, vertebrae, and many
smaller bones can be seen In the photographs.

In addition to rhinoceros, the party dlscovered additional
challcothere In 1916. Moropus No. 13 was found In section 10 at the
west end of the 'Diceratherium bed', and included a skull, some |imb
and foot bones, pelvis and a few vertebrae. A second skeleton,
Moropus No. 14 (AMNH 14423), was found In sections 7~-8 Immediately
east of the 'Diceratherium bed', and included skull, Jaws, pelvlis,
limb and foot bones, ribs, and a few vertebrae. The discovery of
thls skeleton occasloned the only extension of the quarry In 1916:
Thomson blasted out a 5 foot deep alcove in the quarry waill to
acquire the specimen (see Map F, sections 7-8).

The first challicothere bones appeared on July 24th, and on
August 10th a skul| and lower Jaws of a jJuvenile Dinohyus (AMNH
22730) was discovered In section 10 at the west end of the
'‘Diceratherlium bed!' (see Map G). This animal retained Its milk
premolars and an unworn adult first molar; it remalins today the best
Juvenile entelodont skull and Jaws found in the Agate quarries.

With this discovery, the remains of 2 Juvenilie entelodonts (AMNH
22730, CM 2137,2137A) and 3 aduits (CM 1584, AMNH 15866, 14442) had
been found In the Southwest Excavation, but a reiatively complete
skull and skelieton contlinued to elude the American Museum workers.

By mid-August, Matthew had returned to New York, and reported
to Osborn on his visits to museums on the return +rip. Thomson was
becoming increasingly dissatisfied with the work of Whitford and
Stolt who had been quarrying In the Snake Creek beds about 20 miles
south of Agate, and recommended to Matthew that they be discharged.
Thomson Intended to assume charge of the Snake Creek excavations In
1917, with the aim of Improving the number and quality of fossil|
mammals from those quarries. As to the work In the Southwest
Excavation, Thomson wrote on August 18th:

"Now about the quarry work, we have uncovered a great
deal more rhinoceros material back toward the bank where | dug
the prospect hole. It seems to be dipping downward In the
bank and that is a fair sign that there [s something targe
Inside. At least we have found It so before. Barner Is a
falthful worker and Is worth more than the rest of my crew put
together.m

On August 21st, Thomson began to find Moropus running into the bank,
and new chalicothere bones began to appear dally until August 26th
when Thomson dynamited the bank to follow the Moropus bones. Debris
from the blast was cleared, extending the cut 5 feet, and from
August 28th untll September 1st, Thomson records more challicothere



132

in the quarry. On September 6th, Whitford was fired by Matthew, who
had wrltten him to that effect, easling Thomson's problems In the
field., Whitford and Stoll departed Agate on September 9th, their
role In the work ended.

Early In September, Thomson mentioned in his diary that Harold
Cook made a diagram of the quarry (Southwest Excavatlon). This
diagram has not been found, and would be an important and
interesting additlon to the presently known maps of the Carnegie and
Amerlcan museums.

Work in the quarry continued Into September, Thomson at one
point writing, "No progress at all. Rhinos too thick."™ On September
t7th, H. F. Osborn, accompanied by E. H. Barbour, arrived for an
Iinspectlon of the quarries and an overview of the reglonal geology,
now made possible by the advent of the automobile. Osborn made
drawings and took notes on the quarry, and on the following day,
toured the Snake Creek workings with Thomson, Barbour, and Harold
Cook. During the next week, while Thomson and Barner excavated
rhinoceroses In the quarry, Osborn, Barbour, and Cook explored the
geology of the surrounding region, ranging from Scotts Bluff to
Rawhlide Creek. On September 25th, Osborn and Barbour left for the
east, and Thomson finished the quarry work of 1916. The final days
at the quarry In late September and eariy October produced only
rhinoceros when the men badly wanted entelodont, and Thomson's diary
Is replete with many entries that read, "Nothing but rhino."

Thomson wrote Matthew on September 26th, summarizing the work:

"We have exposed all cleared space at the quarry and
noth!ng but rhino has turned up. Prof. Osborn decided we
should try and secure rhino material at the far end of the
quarry where the bones are |Ight colored, also try to get out
a good block for exhibition. The bones are Just as thick as
ever and Just as difficult to get out. So | am afraid we

cannot do much this seasonN.... | think | shall leave the
stripping to be done on the north slide of the hill to Barner
after | leave.™

This situation must have caused Thomson to place Barner at work
on the north slope of Carnegie Hill at or near the old American
Museum cut of 1907. On October 5th, Barner prospected the north
side of the hiil for the first time and found Mgoropus materlal; he
continued this for 5 days, leading Thomson to bellieve that the north
slope of the hill might have future potentlal. For much of the
remainder of October, Thomson and Barner prepared their fossliis for
shipment to New York, and aided Harold Cook with various projects.
The quarry was closed on October 21st, and on October 26th, Thomson
left Agate for Harrison, departing by ftralin that evening.

in a final letter to Osborn on October 17+h, Thomson revealed
more details of the north slope excavatlion, and mentioned W.QD.
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. Matthew's hypothesis on the orligin of the deposit:

"We did some prospecting on the northern slope of the
bone hl1l and find Moropus and rhinoceros material running in,
only not in such quantity as in the quarry. | think It would
be wise to prospect it more thoroughly next season, as
possibly 1t may be the edge of this great water or bog hole,
and we may stand a better chance of getting a more or less
complete rhinoceros skeleton.”

3.3.6. 1917 Excavation

W. D. Matthew intended that Thomson and Barner work the Agate
bone bed at Carnegle HIIl In the summer of 1917. Exciting resulits
emerged in the laboratory as a result of the preparation of the
Moropuys sample from the Southwest Excavation, and Matthew did not
want to relinquish the quarries until the museum had achleved thelr
aims. In March 1917, he wrote Harold Cook:

"] know you will be pleased to hear of progress here, ...
we have at last got the Moropus skeletons iaid out and are
sorting out the individuals. This is a consliderable plece of
work, as we find them more widely scattered than | had

. expected. But we have six or seven practically comptete, and
are rapidly bullding up others. There are clearly two slzes
present In about equal numbers, and to our surprise we find
that the large form has a broad pelvis, the small form a
narrow one. This would seem to mean that the large form is
the female, the small one the male....

"Our expedition plans for the summer | think you know.

We expect to have Barner and Thomson and young [Charles] Camp,
who Is Gregory's ablest student and has had some fileld
experlence, and 1'1]l be with the party for about six weeks or
so. We will work at the new cut In the Agate quarry, and open
up the Snake Creek pockets systematically."

By June, the war had disrupted the planned fileld work, and
Thomson remalined In New York for the 1917 season. However, It was
decided to send Charlies Barner to Carnegle Hll]l to continue work on
the north slope, begun the previous season. Because Thomson did not
work at Agate, no fleld diary records each day's activity at the
site, but letters between Harold Cook, Matthew, and Osborn provide a
summary of work. On July 21st, Cook wrote Osborn:

"Barner 1s hard at work, but to date has done principally
stripping. Some splendlid Moropus material 1s showling up where
he Is opening [the hill, as well as] some other things,
[although] he has hardly exposed the bone bed well as yet.

Dr. Flggins' party from Colorado Is at work, and they are
.- getting some fine rhino matertal out. They are finding some
good Moropus foot parts near where your Moropus came from, and

]
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| suggested to him that he turn this all over to you to see If
any fits could be found with your skeletons."

Barner contlnued hls excavatlion through the remainder of the
summer, and into the fall of 1917, Matthew remalned In New York,
not entering the field work. On September 9th, Cook informed him
further of the status of Barner's work and the excavatlion at
Carnegle Hiil by the Denver Museum:

"[Dr. Flgglns and hls party] are closing work at the
quarry now, and probabiy have actually ieft there by now.
While they got no large Moropus material, they did get a lot
of foot [bones].... As you are putting Moropus up, and many
of these parts probably belong to animals you have there [in
New York], it would be better to [send them to you by
express]. They took out several large blocks, so It Is apt to
be some time before you get all of this material from them, as
they will have to work these blocks up first."

"Now while we are talking about Moropus, what do you want
to do about the Moropus that Barner s finding In the new cut?
| have told him to take out what he had to whille prospecting;
but { recall that Prof. Osborn said that he had all the
Moropus you wanted, and so | told Barner to go slow on taking
this up where not necessary, and to pack for storage what he
did take up from the new cut .... Now that he has finished
stripping on that side, he does not seem to be making much
headway there, and does not seem to know what to do. You see,
almost anywhere you start there, you find bone. Of course we
do not want to destroy Moropus, or anything of special
Interest or value, and If the museum does not want It
collected, | hardly know what to tell him to do, untif | hear
from you. There seems to be two bone i{ayers there Iin one
place, about three feet part, [although] | have not had time
to see how extensive |t ls, and Barner seems to have |ittle
ldea of It. Barner (s willing enough, but he has a very small
allowance of Inlitlative, and cannot accomplish alone nearly
what he would when with somecone |lke Thomson.®

It Is evident that Barner was capable of [ittle more than clearing
the north slope of Carnegle HIIlIl for later work by more skilied men
itke Thomson. Without Its experienced men in the flield, the museum
would accomptish little of vatue at Agate. No photographs of the
1917 work were taken, since Thomson was not present, so we cannot
know much of Barner's work, nor Cook's fascinating comment about two
fayers of bone on the north side of Carnegie HIIl. On September
20th, Osborn wrote Cook, makling clear the museum's remalning goal In
the quarries:

"l am Interested to know whether Barner has come on any
remalns of Dinohvus in the new clearing. Thls Is the animal
we most need In the entire Tertliary Mammal Hall at the present

time.
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"The Moropus skeletons have turned out splendidiy because
they belong to separate Individuals which have been pretty
well sorted out. | hope we can secure some sales or exchanges
and can make the beginnings of the Agate Quarry museum
bullding; but these are bad times for paleontology as well as
all other branches of sclence. All our filnest young men are
golng Into the war service."

On October 12th, Harold Cook in a letter to Osborn describes
most fully the locatlon of Barner's 1917 cut, and his results:

"Barner has closed and covered the quarry for the winter,
and he found some very large Moropus there, and certain other
small things. | did not have the time to see much of his
work, and, as he covered things as fast as he got Into the
real bone layer, and took very |It+tle up, | do rot know
whether he found any real evidence of Dinochyus or not. Of
course he would not know many of the bones |f he savw them, to
tell for sure what they were. But he did not recognize any
good Dinohyus leads. The bone Is abundant there, and as he
has stripped the whole north face of the hill, It wili not
take much work now by someone llke Thomson to determine Just
what the leads are."

Osborn was now anxlous to sell or exchange the chalicothere
skeletons from the Amerlcan Museum Moropus quarry, but the war
prevented any demand for these fosslls, By July 1917, Osborn wrote
James Cook his estimate of the number of chalicotheres In the
sample: "You wil!l be dellghted to hear that we have at last rounded
up the Moropus skeletons and that they prove to be far more complete
and remarkable than we had dared hope for. There are no iless than
17 skeletons ...." Although Matthew and Osborn declded to divide
and distribute thls superb population sample of these mammals,
Osborn did have the foresight to photograph the individual skeletons
as they were assembled by his staff from the biocks in the quarry.
These photographs and measurement data gathered by Osborn In hls
unpublished manuscript on the Agate chalicothere sample give some
Idea of the matertal, but which specimens have a strong probabliiity
of assoclation of bones, and which are less certain is not
clarified. Thomson's fleld map of these challicotheres thus is the
best gulde to these assoclations {(Map H), and I+ Is used In the
taphonomic analysis of the Southwest Excavation.

Between the fleld seasons of 1917 and 1918, research on the
American Museum challicothere sample culminated in a draft manuscript
by Osborn, part of It sent In February 1918 to Harold Cook for
approval. Osborn observed in August 1918 that al! the Moropus
skeletons were worked out at that time, but "no one has any money at
all; everyone Is giving his last doilar to the war;... | see no
future prospects whatever of sales abroad. The foreign Institutions
will all be desperately poor for years to come...."
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Correspondence indicates that some Moropus must have been
rather easlly assembled into skeletons made up of bones of one
Indlvidual, and that in the case of others, the bones were not
clearly assoclated, so that composite skeletons were the result,
Thus some Morgpus, such as the Unlversity of Nebraska mount, are in
fact composite skeletons, and not entirely derived from a single
Individual, as proven by a letter of May 3, 1918, from Matthew to
Cook: "We have been delayed longer than | had expected In completing
the Moropus skeleton for Professor Barbour, as It has been very
tedious to sort out the best flts among the odds and ends, now that

we have completed the Individual fits."

3.3.7. 1918: Second !nterlude

Thomson's purpose In 1918 was to work the Snake Creek beds In
southern Sioux County. The American Museum did not excavate In the
Agate quarrles In 1918, but Thomson headquartered at 'East Agate',
and took time to observe the work done by Charles Barner on the
north slope of Carnegle Hill In 1917. Arriving at Agate on June
29th, and !n need of rest, he spent the next weeks repairing the
museum's Ford automobile, and looking over the Snake Creek deposits.
He made a few brief visits to Carnegle HI1| during July. On July
1st, he assessed the work of the 1917 season for the first time In
hlis fleld dlary: "Went down to the quarry to look things over.
Barner lteft things In bad shape."™ Later, on July 24th, he wrote
Matthew In more detall:

"Things at the quarry are In falr shape - that Is, the
new cut where Barner worked last season. The wind and heavy
rains have uncovered some of the material. There seems to be
two bone layers there, and the bones are not as thick as they
are In the oid quarry. The bones are apparently Iin a betfter
state of preservation.”

By August 1st, Thomson felt ready to begin regular work in the
Snake Creek beds, and described hls routine to Osborn on August 9th:

"As | am Just In from my *summer resort! on Snake Creek,
I thought | wouid drop you a short note on my progress etc. |
am alone so far, camping near my work, and comlng back to
Agate once and twice a week. | certalnly would have been out
of luck had ! not repalred the old Ford. As yet | have not
met wlth much success, but a great deal of sand shifting. The
bones are not as plientiful as fthey should be and as you know
very fragmentary."

Thomson cleaned and repaired Cook's shack at 'East Agate' In
anticipatlion of the arrival of his wife, who joined him at Agate on
August 10th. By mld-month, Thomson's attention to Carnegle HIII
sites had been IImited to prospecting the north slope of the hlil on
August 14th. During the remainder of the month, Thomson, assisted
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by his wife, continued work In the Snake Creek deposits.
Nevertheless, In a f{etter to Osborn on September 4th, he glives more
detall on Barner's cut at Carnegle HIIll, and agaln mentions the
enigmatic double bone |ayer: «

"Things at the old Bone Hill are about as they were two
years ago when you saw It. The Denver Museum people last
season took out quite a large block on the eastern end of what
we had uncovered [probably the southeast end of the American
Museum 'Diceratherium bed']. The new cut made by Mr. Barner
on the northern slope of the hill last year Is quite
extenslive, about 200 ft. long by 15 or 20 ft. wide. There
seems to be two bone layers Iin thls quarry as far as [ can
see. The bones are not qulite as thick as they are In the old
quarry [Southwest Excavation]. [Menoceras] Is very much In
evidence. Quite a number of Moropus bones showlng. But
Dinohyus iIs still Iin the bank out of sight. | am planning on
doing a |Ittle searching for him when the weather no longer
permits me working on Snake Creek. We worked a week In the
Sinclalr Draw quarrles where the boys worked in 1916. We had
planned on dolng a great deal of work there, but for the
gentlieman [Ashbrook] who owns that whole section. He very
kindly Informed us he did not care to have us work there any
more. | nelther pleaded nor argued with the man, but moved
back to the western exposures, and Iintend finishing the season
there unless the owner of that property asks us to move out,
In which case | wii{l come here [Agate] and prospect elther In
the new cut on the Bone Hill or In the Stenomylus quarry."™

A few days earlier, Thomson mentlioned to Matthew the
possibltity of looking over the south side of Stenomylus HII} "In
search of carnivore materlal which | know occurs there.” [t Is
possible thls Is In reference to the articulated skeleton of a large
amphicyonid carnivore found on the south slde of Stenomylus HIII by
F. B. Loomis, which he had called Daphoenodon. This beardog, which
eventually proved to be an unnamed temnocyonine amphicyonid, was
photographed during Its removal! from Stenomylus Hill. When these
photos are allgned with present day landmarks In the area, we flnd
that this carnlvore was found high on the south slide of the hlll.
Perhaps Thomson was aware of thls, and Intended to try to find more
carnivore material In the same place. This Is of some Importance,
because the temnocyonine beardog found at Stenomylus Hilt by Loomis
Is the same specles as the temnocyonine found by our party In 1981
at Beardog Hill (Carnegle Quarry 3), Together, they are the only
Individuals of thls specles known at the present time.

On September 8th, Thomson did prospect Stenomylus Hill, but
reported no unusual! dlscoverles. He and his wife contlinued to work
In the Snake Creek beds untii mid-September, returning to Agate on
. September 24th. After packling fossiis and preparing his camp
equipment for storage, the Thomsons left Agate on September 27th,
spendIing a month with Thomson's parents near Rapid City, South
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Dakota, and returning to New York on October 25th.

On hls last foray Into the Snake Creek beds In September,
Thomson could not start the museum's Ford for the return to Agate.
This passage from his description of the Inclident reveals Thomson as
the quintessential field man that he surely was:

"Last Saturday night It began sleseting and ralning and
continued through the night and ail day Sunday which made
camplng very unpleasant., | worked the greater part of Sunday
forenoon getting the Ford started. Lucklily, | had gathered a
large quantity of 'cow-chips' and had them In a dry place. So
| drew the water out of the Ford radiator, put I+ Into our
water can, and heated the water to boliing point, gave it to
the Ford and began turning the crank -- a spark at last and we
were off, all Ilke drowned rats but happy to think we were on
the way to the shack. That night a killing frost visited the
whole country, so we spent yesterday drylng ourselves and
making preparations for another puil at Snake Creek today."

3.3.8. 1919 Excavatlion

Thomson returned to active work In the Southwest Excavation at
Carnegie HIIl In 1919. The principal achievement of the fleld
season was the removal of a huge exhibit block of rhinoceros bones
from the 'Diceratherium bed!'! for dispiay at the Amerlican Museum
(Fig. 3.61). Thls block, which welghed over two tons, was excavated
from the bone bed In the quarry floor, boxed, and transported by
wagon and team to the rallroad. The block measured 8.5 feet long by
4.5 feet wide (Flg. 3.62). It was one of Thomson's best efforts,
and can be seen ftoday In the Hall of Mammals at the American Museum
in New York.

Accompanled by George Oisen, Thomson reached Agate on June
19th. During the next few days, they prepared thelr camp at 'East
Agate' near the main hillls, and prospected In the Southwest
Excavation for thelr desired exhiblition slab. On June 25th, they
began work In the quarry on the bone bed. By July 10th, the block
had been separated by a peripheral trench from the remainder of the
rhinoceros~rich bone l!layer (Fig. 3.62). The surface of the block
with Its dense bone mass was coated with shellac dissolved In
alcohol to harden It.

After completing the Initfal work on the rhino slab, Thomson
and Olsen began work on the north slide of Carnegle Hill In Barner's
cut of 1917 (Fig. 3.63). On July 14th, they cleared and stripped
the old cut. The north slope was worked from mid-July unt!ii July
Z23rd, when the men returned to plaster the large siab on the other
slde of Carnegle HII1., The job took three days. In mid-July,
Thomson wrote Matthew of thelr progress:
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fg. 3.61. Removal of the 1919 American Museum
xhibition slab of Menoceras bones from the
‘Diceratherium bed! in the Southwest Excavation,
Carneglie Hill, looking south.



Fig. 3.62. Albert (BIil) Thomson of the American
Museum at work on the 1919 rhinoceros slab at Carnegie
Hi1l (see Fig. 3.61). The slab when crated for
shlpment weighed 4500 pounds, and was transported to
New York on a railroad flat car.



Fig. 3.63. The American Museum cut of 1919 on the
north slde of Carnegle Hill (see Map A, North
Excavation). This large cut was superimposed on
Charles Barnert's eariler cut of 1917. Thomson and
Barner both reported a double bone layer In the cut,
and suggested that the bones were not as thick and
densely packed as on the opposite side of the hilil.
The Initlal American Museum quarry of 1907 Is at the
extreme {eft end of the cut.
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. "We are making good progress In the quarry consldering
the beastiy hot weather. It aimost got the best of us. The
thermometer up at Agate has been reglstering from 92 to 102
degrees In the shade among the trees, so just imagine what It
must be at the quarry, even under the awning.

"Wwe have blocked out a very handsome slab, 8 1/2 feet
long, 4 1/2 feet wide and 15 inches deep. | think when It Is
ready for shipment, 1t will weligh about 4500 pounds. It will
make a handsome thing for exhibitlion. To my mind far superior

to any slab ever taken out of the quarry. 1'l] be on my
nerves! edge untll | see It safely on exhibit In the American
Museum. | wish Professor Osborn could see 1t as It Is blocked

out In the quarry. FIlfteen skulls in sight. i+ will take
some time to get It securely bound and crated.

"We have prospected some In the quarry on the north side
of the hlll, and | think there Is our only hope for Dinohyus.
It seems to me that what Moropus bones | have seen there are
somewhat targer than In our old quarry [in the Southwest
Excavation]. This may be purely Imagination, but 1f so, there
is where Dinohyus should be. : ‘

"The other day we picked up a crocodiie tooth while
blocking out our siab. | also have a lower molar of some
creature, which resembles both Moropus and Dinohyus, which |
-picked up In the north slde quarry. Harold does not seem to

. know what 1t Is."®

Thomson's report of a crocodiliian tooth is as significant as
his later mention of the double bone layer found In the North
Excavatlion at Carnegle Hill. Crocodlillians serve as Important
environmental Indicators, since they are restricted to climatic
settings wlthout prolonged and severe coid. We know of crocodllian
fosslils In the lower part of the Arlkaree rocks In western Nebraska,
and In the formations close above the quarry level, suggesting that
the climate In the Early Mliocene, while probably seasonal, did not
Include severe winters. But a crocodlilan tooth from the quarry
suggests that a body of water was not too distant from the site, and
that the climate could accomodate these reptiifes. Thls tooth has
not survived In the American Museum collection to my knowledge, so
unti| another [s forthcoming, the record of Crocodiiia at the bone
bed should be consldered provislional.

On July 26th, Olsen and Thomson continued thelr excavation of
the north side of the hili. On August 5th, Thomson reported the
discovery of Moropus jaws, ribs, ulna, radlius, scapula and foot
bones, thus possibly an associated forellmb. As work progressed,
often the comments In Thomson's diary Indicate ilttle result for a
day's labor. Bones could not have been as dense as many parts of
the bone bed In the Southwest Excavatlion. On August 26th, after
many days on the north slope, the men returned to work on the large
siab. On September 4-5, the huge slab was cut from [+s pedestal,

. and prepared over the next week to be turned. Thomson developed a
rigging to turn the slab over, which was compieted successfully on

T
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September 11th. The underside of the block was filled with cement,
and the frame braced and bolted. By September 20th, the slab had
been returned to 1ts original positlon and a cover prepared. Since
ceasing work on the north slope, the preparatlion of the slab had
taken three weeks'! hard and concentrated effort.

The remalinder of the season at Agate saw the prosecution of
various miscellaneous tasks by Olsen and Thomson, none Involving a
focused excavation In the main hills. On October 13th, at the end
of the fleld season, the men closed the quarry on the north slope of
Carnegie Hill. Fortunateiy, Thomson recorded hls most Iimportant
observations on the 1919 excavatlon at this site, placing these
notes In hls American Museum fleld book:

"Nearly two months work was done this season on the north
side of the Quarry HIIl In search of Dinohyus. Only very few
scattered foot bones secured. Moropus and [Menoceras] appear
but mostly waterworn material and not In such abundance as on
the southern side of the hiil. The bottom of the north side
quarry Is very lIrregular. On the eastern end of thls quarry,
there are two distinct bone layers which come together [n the
west end of the quarry, not far from the old Utterback cut
[Carnegle Qu. 2].

"We made a cut about 180 feet long, and back 8 and 10
feet .... Further excavation must be done wlith team and

scraper.™

This passage by Thomson Is the clearest description of the
'double bone tayer' on the north slope, and Indlcates where one
would dlg to expose this for study. Thlis Is one of the most
Interesting and sclentifically useful revelations to come from
search of the older records. A double bone layer has significant
Implications for the orlglin of the bone bed on the north siope: when
coupled with the Irregular base to the bone bed (Fig. 3.64) reported
by Thomson, and the waterworn conditlion of much of the materlal,
there can be I1ttle doubt that the north side of the hil|l has been
Influenced by flowling water, and must be much Ilke the deposit at
University HIll. Both sites apparently differ from the dense bone

~bed of the Southwest Excavation. The Impticatlions of these findings

are explored In sectlion 2.5, a discussion of the origin of the Agate
bone bed. ‘

The quarry slab was taken by vehlicle to Harrison, where In
mid-October It was loaded on a rallroad flat car for transport to
New York. The jJob was finished none too soon, as the following day
Thomson was snowed In at Harrison. Olsen and Thomson returned the
next¥ day to Agate, closed thelr camp, and departed the quarry hilis
on October 27th, reaching New York In mid-November.

The fleld work of 1919 was significant, not because of the bone
slab removed to New York, but because of Thomson's observatlons on

. the North Excavation at Carnegle Hill. We find out not only about



Fig. 3,64, Thomson's field photograph of the Irregular
bottom of the bone bed on the north side of Carnegle
Hill (North Excavation, Map A) as exposed In 1919,



Fig. 3.65. Southwest Excavation on Carnegle Hi11l,
showing the length of the quarry In 1920, following the
development of a north extension by Thomson and Olsen
of the Amerlican Museum In thelr search for a complete
entelodont skeleton. It Is at this time that the
Southwest Excavation reached I+ts present dimensions.
See Flgures 3.66 to 3.68.



Fig. 3.66. Teams and scrapers at work In 1920 In the
north end of the Southwest Excavatlion, durlng the
development of a northern extenslion to the quarry by
the Amer!can Museum party. The extenslon, once
excavated, produced more chalicothere bones mixed with
some rhinoceros materlal.



Property of
Agate Fossil Beds National Monument

Fig. 3.67. Looking south along the new 1920 cut (Map
F) that produced bones of chalicothere and rhinoceros
at the north end of the Southwest Excavation, Carnegle
Hill., A channel margin was Intersected on the right
side of the photograph, according to Thomson's notes.
Fossli] bone occurs over a consliderable vertical
distance In the new cut. Slab In dlistance has been
excavated by Pautl Miiler of the University of Chicago
from the 'Diceratherium bed! In 1820.



Fig. 3.68. Moropus bones mixed with remalins of
rhinoceros on the floor of the 1920 cut, north end of
Southwest Excavation, Carnegie HIIl. A very large male
chalicothere was discovered In the cut by Thomson and
his men.
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the dual bone layer, but also that the quarry contalned challicothere
{including a possibliy assocliated foreleg), the smal!l rhino

M , and scattered entelodont bones, thus the common mammals
of the other Agate sites are present here as well. The fossils from
the 1919 work have been Incorporated in the American Museum Agate
collection, but the sample has not been segregated from other Agate
specimens,

3.3.9. 1220 Excavation

Frustrated by thelr failure to find a skeleton of the
entelodont Dinohyus, the American Museum party returned to Agate In
1920 for thelr last major effort in the Southwest Excavation at
Carneglie Hill. Btll Thomson, his wife, and George Olsen, assisted
by several local men, undertook a long season's work extending from
June through November. As hils principal aim, Thomson extended the
Southwest Excavation to the north, making a new cut of considerable
size (Fig. 3.65), In the hope of coming across a complete
entelodont, but the actual fruits of the new extension turned out to
be more chaflicothere. The party did not carry out any work on the
north slope of Carnegie Hill this year.

Thomson reached Agate on June 16th, headquartered at 'East
Agate'!, and began preliminary work In the quarry on June 22nd. The
remainder of June and all of July were devoted to drilling,
blasting, and clearing the rock overburden from the new cut. Local
men were employed with teams and scrapers (Fig. 3.66) to cut the
outcrop down to the bone bed once the overlying rock was dynamited.
From the time expended, one can see that this was a major
undertaking, accompllshed entirely through Thomson's experlence and
skill. Matthew brought Thomson'!s ablllities to Osborn's attention,
for Thomson dearly wished to improve hls fleld equipment, adding a
new fleld vehicle if possible. But recognition In terms of concrete
rewards was slow in coming. And this, despite a field effort
carrlied on six days each week, In all weather, with patience, skill,
and often consummate tact and diplomacy. To W. D. Matthew In early
July, Thomson described the state of the art:

"Just a short note to let you know how we are progressing
with our work at the quarry. Very slowly just at present
owlng to difficulty In getting blasting powder and dynamite,
but hope to get a good supply In a few days. We were
fortunate enough to have an old keg of powder on hand so we
have been using It carefully, and breaking ourselves In on the
*man killer'(the big pick).

"The corner we are cutting away Is twenty odd feet from
top down to bone layer and very concretfonary. |t may take us
some time, but if we do not find a Dinohyus, we are sure to
find Moropus material belonging with some of our skeletons. |
am afraid we will have all we can do in the quarry without
attempting to do any other work this season.....Our old Ford
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is stii) able to travel a !ittle but can't be depended upon

. for a long trip. The day | went over to Andrews to meet Mrs.
Thomson ! thought i1'd never get there, and coming back, a rear
whee! came off. But a wlre nall and part of an old spark plug
-- along with some real english -- patched the thing up and we
came on to camp ...."

Use of team and scraper ended on August 2nd, for the bone bed
was coming Into view after over one month's l|abor. On August 3rd,
Thomson wrote In his field diary: ™At the quarry all day prospecting
but not quite onto the bones. Moropus In edge of quarry where we
left off In 1916.7

Prospecting of the bone bed continued from early August untll
August 17th (Fig. 3.67). By the end of the first week, challcothere
bones were appearing at a steady rate, and on August 23rd a very
fine Moropus skull was discovered. By the end of August, Thomson
recorded both Menoceras (including a number of skulls) and Moropus
from the new quarry extenslon (Fig. 3.68).

Some bones were closely assoclated In the quarry. In
mld-September, a particularly rich Moropus bone concentratlion was
discovered, and at the beginning of the second week In October, a
very large Moropus began to appear In the bone bed -- assoclation is
indlcated because of Thomson's remark that "another set of foot
bones appeared.™ [underilne - RMH] In additton, a photograph by

. Thomson shows close assoclation of femora and tlbia of the large
challcothere (Flg. 3.68).,

The best summary of the 1920 work was wrltten by Thomson In hls
American Museum fleld book:

"Began excavating at the northwest end of the old quarry
where work was Jleft off In 1814, A cut about 100 f+. by 20
ft. was begun and worked down about 15 ft., then the cut was
cut In half down to bone layer which was about 15 ft+. more.
At the bone layer we came In contact with the original channel
bed bank whlch cut off about half of our expected uncovering.
Though Just in beyond thls bank & very good pocket occurred.
Rhlnoceros materlal princlipally, though a2 great deal of
Moropus as well, which undoubtedly belongs to skeletons
already collected In 1914, No signs of Dinohyus material all
season, but If any more occur In the hill, there Is reason to
belleve It should be found In this pocket, If we keep worklng
In, though from now on we must do tunneling."

Thus the 1920 collection Included both rhlnoceros and
challicothere, although Thomson reported that some rhlnoceros bones
were destroyed while takling out chalicothere material. At least 3
rhinoceros skulls were found In the new cut, probably many more.
Thirteen large boxes of fossiis from this work were shipped to the

. American Museum. Whether other mammals were found In the new cut,
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represented by rare isolated bones, Is not known.

The only other record of work In the Agate quarrles In 1920
Includes Thomson's diary entry of October 15th, late In the season,
readlng: "Prof. Barbour came down and worked on hls Rhino. slab
coverlng It up."™ Whether such a slab ever was removed from the
quarries Is doubtful, since we have no record of this slab In the
University of Nebraska collection. Correspondence also notes that
Paul Miller removed a rhinoceros slab from the Southwest Excavatlon
In 1920 for the Universlty of Chicago, with the approval of the Cook
family and the American Museum. This slab was taken from tThe
Diceratherium bed (Fig. 3. 67).

On October 27th, Thomson and Olsen covered the bone lavyer In
the new cut, and closed the quarry. Thomson and wife left Agate on
November 4th, essentially ending the decade-long American Museum
effort at Carnegle HIIl In the Southwest Excavatlon. The last of
the great Moropus sample had been taken from the quarry, perhaps
leaving behind many of these unusual mammals for |ater generations,
burled under tons of rock at the center of Carnegie Hijl.

1t 1s remarkable that so {ittie Information on the topography
of the quarry floor was recorded In Thomson's fleld dlarles and
notebook durlng these years of work on Carnegie Hill's Southwest
Excavation. The thickness of the bone bed, and the density and
distributlion of bones In different areas of the quarry are poorly
known, desplte several photographs of the bone bed. Of particular
interest Is Thomson's note of the exlistence of a preserved channel
margin at the north end of the quarry. Informatlion as to the
alignment and steepness of this margin would be of much value in the
Interpretation of the deposit.

3.3.10. 1921 - 1922: Focus on Snake Creek

No excavations In the Agate quarries were carried out In
1921-22 by the American Museum. Reallzing the potentlal of the
Snake Creek dlstrict some 20 miles to the south of Agate, Matthew
and Thomson devoted thelir fleld efforts to these beds.

In 1921, Thomson worked the Snake Creek quarries from late June
through early October. About this time, two of the Moropus
skeletons from the Amerlcan Museum challcothere quarry were sold to
Harvard Unlverslty, thus the divislon of the sample had begun.

In 1922, Thomson reached Agate on June 7th, worked chiefly In
the Snake Creek deposits, and departed the fleld In mid~November,
even for him a long season. However, In 1922 Thomson prospected the
Agate hilis from time to time, once In the company of James Cook,
and later In an attempt to find carnivore fossilis. Finally, at the
- end of the fleld season In October, he became interested In bones
emerging from the bone bed at the south margin of Carnegle Hill: he
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wrote In his fleld dlary on October 10th, "Found new lead to the
Agate Spg Qu. about 40 yds. to the east. Many Moropus bones near
surface." He explalned more fully In hls flinal fieid report of
1922:

"We also opened a new prospect about fifty yards to the
east of the old Agate Spring Quarry, whlich looks very
promising. We found the same material as In the maln quarry
but the bones are not as thickly deposited, the matrix belng
harder. At present thls would be much easier to work than the
old quarry [f.e., the Southwest Excavation], because there is
not so much surface to remove. The bones, being {light In
color, are beautiful and would make fine exhibitlon material.
| am reasonably sure that a composite [Menoceras] skeleton can
be secured. There Is also a chance for Dinohvus and
additlonal Moropus material. | think this new prospect would
be well worth a season's work."

This site became the South Excavation or American Museum Quarry of
1923,

Additional evidence of other field partlies at Agate In 1922
appears In a letter from Matthew to H. F. Osborn on July 16th,
noting that Handel Martin of Kansas Unliversity had arrived at Agate,
with the alm of obtaining a small block from the Agate bone bed.
Because he had previously belonged to the American Museum staff, and
because Martin had "worked hard under great difficulties fto keep
palasontology allve at Kansas University,"™ Matthew alded him with
assistance and advice. Although there Is no record of Its site of
origin, this block probably was taken from the American Museum's
'‘Diceratherium bed' In the Southwest Excavation.

Also, In 1922, Buettner and Hussey of the University of
Michlgan excavated In the Diceratherium bed of the Southwest
Excavation, taking a small slab of Menoceras bones, presently on
exhlblt in the Museum of Paleontology at Ann Arbor. In thls case, a
photograph taken during removal of the slab Indicates Its exact
position In the quarry.

3.3.11. 1923 Excavatlion

This fleid season marked the flinal majJor excavation by the
American Museum at the Agate hills. In 1923, Thomson opened the
South Excavation on Carneglie Hill (Fig. 3.69), but because of only
average results after a few weeks' effort, abandoned the site. On
June 15th, Thomson began the season's work In the Snake Creek
district south of Agate In Sloux County. Thomson's party Included
his wife, Carl Sorenson and his wlfe, and for varlous amounts of
time, Glenn Jepsen, Ray Lemlisy, Paul Miller, and occasional
assistants. The Snake Creek - Sheep Creek quarries were worked
steadlly with moderate results from mld-June unti! August 4th. On



Fig. 3.69. The American Museum Quarry of 1923 (South
Excavation, Map A) was the last major quarry (arrow)
placed by this Institution In the Agate hills, and
‘marks the end of Albert Thomson's fleld effort at
Agate.
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the last day of July, Matthew advised Thomson that the time had come
to move on:

"You seem to have done pretty well In the Snake
Creek-Sheep Creek gquarries.... | think you are wise to take
up scouting work now, especlally If you can get Paui [Miiler]
with you. We can always go back to the Upper Snake Creek for
another try, and probably wili from time to time, but we very
much need other jocallties and associated material. The Snake
Creek-Sheep Creek fauna Is a pretty Iimpressive one when you
get It all together -- about 110 species In all =-=- but | think
two months! prospecting In the Scotts Biuff - Goshen Hole
country would show up a lot of promising localltles that would
pay to work Intenslvely.... |I|f, however, you find it
necessary on account of Mrs. Thomson's health to stay on at
Snake Creek or Agate, or keep a base camp there and return
frequently to It, there Is a good deal of prospecting for
extensions of the Snake Cresk deposits that would be
practlicable with your car.®

By August 7th, Thomson had moved to the Amerlican Museum camp at
'East Agate!', and explored a new site about 120 yards north of the
"old Amherst Hill Quarry®. F. B. Loomls had earller located
Stenomylus Quarry at Amherst Hill iIn 1907. About six Stenomylus
skeletons were removed from the new quarry In 1923 by Thomson and
Milter, but only minor excavation was undertaken.

Then, on August 15th, Thomson and MIlier opened the South
Excavation on Carneglie Hill (Figs. 3.70, 3.71). Thomson described
the new slte to Matthew In a letter from the fleld on August 18th:

"We have opened the old Agate Spring Quarry again where |
made a new openling last fall. Paul [MIiller] agreed with me
that there Is a good chance for Dinochyus In this new cut, and
while there Is so little stripping It would seem a plty to let
It go and then have someone else find a Dinohyus with so
tittle work right under our nose. From what we have already
seen in this new prospect, there must be some good material,
as there are so many Moropus bones, and signs of Dinohyus. We
got a complete metapodlal of a horse and a small carnivore
(mustel1d?) Jaw there yesterday. Last week was the flrst week
In some time that we dld not have to dodge heavy showers.
Owing to Mrs. Thomson's condlition, I've not quite dared to go
on my prospectling trip, though | am stli] hoplng to find It
possible to do so. Paul Is still with us and | am certalnly
glad to have him. Collecting with a bunch of raw material is
not what It Is cracked up to be, though the boys and Carl are
very good workers and fline fellows, the most agreeable set of
boys ever In a bone camp. But a real Bone Digger cannot be
turned out In one season's work."

Thomson gave a more complete report In his fleld notes of 1923 in
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. the American Museum:

"[Oon] August 15th we opened the Agate Spring Quarry to
the southeast of the old cut [the Southwest Excavation] but
where the stripping was not as heavy as the old cut. We had
hopes of securing a Dinohyus skeleton but after two weeks of
very hard labor, we gave up. However, we did find more sligns
of Dinohyus In this cut than at any time before.

"On September 1st, Carl Sorenson and | were left alone.
The boys we had employed began work on a Diceratherium slab
for thelr colleges. Sorenson and | then set to prospecting

the Upper Harrison beds....
"Two Moropus femora were all we saved from the new cut."

Addltlonal detall Is provided In Thomson's later letters on the
Agate site. Thomson writes on Sept. 8th:

"We put In some time at the quarry but did not find
Dinohyus, though we found a few foot bones and teeth of him --
that Is more slgn of him than we have seen In some time. The
bones at that end of the quarry are not very thick, but nlce
and white. The matrix Is hard but chlps very readily. We
could get only two days scraping done which did not let us In
very far."

And on Sept. 23rd:

. "Qur luck out here has been anything but good. | can
almost carry our summer's collectlion In my suitcase."

The season's collection welghed 1500 pounds, and fllled eleven
large boxes, but how much of thls was taken from the South
Excavation of 1923 we do not know. The above-cited correspondence
would leave the Impression that only two challicothere femora and a
few miscellaneous other bones were saved. On October 1st, Thomson
and Sorenson . left Agate, ending the prolonged perlod of work at
Carnegle HiIll by the Amerlican Museum crews under Thomson's

~directlion.

Mammals found In the South Excavation Include challcothere,
entelodont, horse, and carnlvore. Some Menoceras bones were also
collected but are not speciflically mentioned by Thomson. The fact
that Thomson reported the bone bed to be less dense than the
Southwest Excavatlon Is an Important observation: 1t suggests that
the dense and thlick bone concentration found In the Southwest
Excavation may be conflned to a Iimited area of the hill, bracketed
between the thinner, iess dense bone beds of the North and South
Excavatlons. It Is a hint that the Carnegle HI!l bone bed possibly
ha? ? decipherable geometry which couid tell us something of Its
origin.



Fig. 3.70., Looking south over the American Museum
Quarry of 1923 from the top of Carnegie Hill. Beardog
Hill appears to the left; Carnegle Quarry 3 can be seen
on the west (right) slide of the hill. )



Fig. 3.71. American Museum party at work in 1923 In
the South Excavation, looking northwest, with Carnegle
Hill in the right background. The large dump plle Is
stil!l evident today at the slte. Fossils reported by
Albert Thomson from this site were more scattered and
not as thickly deposited as in the nearby Southwest
Excavatlion, and the quarry was soon abandoned.
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anndanc& Qf EQESIIS In ibﬁ 6gaig Hiiis. Haiibax's Esiimaig Qf 1925

The year 1923 marks a watershed In the Agate story. Concluslon
of the American Museum excavatlions signaled the end of the period of
Intense Interest In the Agate hills; later work would be occasional
and often on a much smaller scale. Very often, such efforts
Iinvoived the collectlion of small rhinoceros slabs by museums and
universities In need of Interesting exhiblt materlal. 1in the same
year, W. D. Matthew pubiished a brief summary of the Agate work, In
Natural History magazine, titled "Fossi| Bones In the Rock™. Here
he presented In popular terms hls theory on the formation of the
Agate bone bed:

"The bones are In a layer from six to twenty Inches
thick, packed closely together. They are seldom articulated,
but most of the bones of a single skeleton lle near together,
although some parts may be found at a [lttle distance.... The
formatlion Is a rather soft sandstone of light gray color, made
by the accumulated floodplain sediments of a river that flowed
eastward across the plains, for then as now the region was one
of open country and grassy savannas. It is believed that the
accumulation of bones was formed In an eddy In the old river
channel at a time when the valley was not so deeply cut out as
I+ Is now and when the river fiowed at the higher level. A
poo! would be formed at thlis eddy, with quicksands at Its
bottom, and many of the animals that came to drink at the pool
In dry seasons would be trapped and buried by the qulicksand.
The covering of sand wouid serve to protect the bones from
decay and prevent them from belng rollied or waterworn by the
current, or from being crushed and broken up by the trampling
of animals that came there to drink. But sand of thls kind Is
always moving and shlfting (whence Its name of qulick) and with
It the burled bones would be shlfted around, disarticulated,
and displaced, so that when finally buriled deeper by later
sedIments of the river valley, they woul!d be preserved as they
are found here, complete and almost undamaged, yet all
separate and dissoclated.”

Thls Is the clearest and most straight-forward statement of
Matthew's qulicksand theory. To i+, Matthew appended an estimate of
the number of mammals that he belleved could be censused In the
Agate deposlt at Carnegle Hill: 1in number of Individuals, he
calculated 100 Dinohvus, 500 Moropus, and incredibly, 16,400
Menoceras. He arrived at this estimate -in a most interesting way.
First, he calculated the number of bones in an adult Menoceras
skeleton (about 200). He next estimated the denslity of bones per
square foot in the American Museum exhiIblt block of 1919: (1) the
exhlbl+t block contalned, according to Matthew, 22 skulls; (2) he
assumed that a ful! skeletal complement of bones accompanled each
skuil In the block, thus 22 skulls muiltipllied by about 200 bones =
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about 4400 bones In a block having 44 square feet, thus 100
bones/sq. ft. However, this value was belleved by Matthew to be too
high, so he adopted an arbitrary value of 40 bones/sq. ft. for the
4100 square fest assigned by him to the Southwest Excavatlion
(including both the Carnegle and American Museum quarries). His
final estimate of 820 Manoceras skeletons was arrived at by
multiplying 4100 square feet by 40 bones/sq. ft. to yleld a value of
164,000 bones. .

Thlis estimate Is probably close enough to the truth to be taken
serfiousty. Although there are parts of the bone bed In the
Southwest Excavatlon that are of very low bone density, or even
barren, there are surely several hundred rhlinoceros represented In
the excavation, based on a count of only skulls. Our preliminary
study Indlicates that the Southwest Excavation produced the hlighest
bone densitles In the maln hills, thus these estimates are at the
upper !Imlt+ that shoulid be expected In the deposit.

Matthew, however, errs In his extrapolatlion of the estimate
derived from the Southwest Excavatlon to all of Carnegle HIll. To
arrive at the total number of small rhinoceros In the Carnegle Hill
bone bed, Matthew embraced Thomson's estimate that only 5% of the
bone bed in the hll! had been excavated. Accordingly, he multiplied
his Initlal 820 rhilnos by 20 and arrived at his final population
estimate of 16,400, which he regarded as stliil probably too low.

Thlis number of rhlnoceroses wouid Indeed be a staggering value,
for It would approach the annual standing population of some East
African antelope In the Serenget! ecosystem {(Schaller, 1973}.
Poputation estimates in the Serenget! ecological unit in 1969 for
kongonl, topl!, zebra, and wildebeest were 18,000, 25,000, 150,000,
and 500,000, |If Matthew!s estimate Is accurate, then 1t would be
evident that such an accumulation of Individuals could not have dled
at one time, but would have to represent a gradual bulldup over
time. Reports of mass deaths In East African plains settings during
the annual migration of the most abundant antelope (wlldebeest) are
on the order of at most several hundred Individuais, and usually In
the tens for a single event. For plains ungulates with smaller
population slizes, the number would be much less. So It Is important
to evaluate the correctness of Matthew's estimate.

First, we know from the foregoing fleld records that the bone
density In the Southwest Excavation s probably greater than In all
quarries on Carnegie and Unlversity Hill. There Is not much doubt
that bone density in the Northwest Excavation was lower, and It Is
certalnly true In the North Excavation and at Unlverslity Quarry.
The actual bone density must be measured by fleld quadrats In
reopened sltes on the hills, but In the Interim, we can estimate
that bone denslitlies In the quarrlies were simliar to Unlversity
Quarry where blocks collected for exhibit only attain a maximum
value of 25 bones/sq.ft., and average 15 to 17 bones/sq.f*t.
However, to use these values of from 15 to 25 bones/sq.ft. over the
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entire quarry fioor would be erroneous because some areas of the
floor of Unlversity Quarry are barren. Let us analyze the floor of
University Quarry to estimate the average bone density of such an
excavatlon.

Bone density at University Quarry can be estlimated by
reconstructing the pattern of bone distribution on the quarry floor
from fleld maps of the site made by E. H. Barbour during the 1906
and 1908 excavatlons. We can derive several useful ltems of
Information from a study of this map that help In any estimatlon of
overall bone density In the maln hills: (1) the bones are not
evenly distributed In the quarry, elther In areal distribution or
thickness; (2) the quarry floor Is characterized by bone bed and by
barren areas -- Matthew did not allow the existence of barren
ground In his estimate; (3) the pattern of bone distributlion In
the other quarries on Carnegle Hill was probably most |ike
Untversity Quarry, rather than llke the very dense bone bed In the
Southwest Excavatlion.

Table 2 shows the relative amounts of the floor of University
Quarry that were occupied by bone bed or were barren. In thls
quarry, two shallow channels containing bones come together to form
a single channel that appears to pass between two low topographlic
highs on the quarry floor. Barren areas are represented by the
topographlc highs, the quarry floor Ileling between the two
bone-filled channels, and smallier [solated patches of fioor. The
estimate of barren area remalns conservative, slnce large arsas of
blank space on Barbour's map were not Included !f they occurred
within one of the princlipal bone-filled channels. Accordingly, the
amount of bone bed area for University Quarry could not easlly be
Increased, whereas the amount of barren floor couid be so Increased
to some degree. Slince we wish to arrive at a realistic estimate of
how much barren floor might be present In University Quarry and
simllar sltes In the main hillis, It Is better to underestimate the
amount of barren ground so that the value we calculate can be
consldered as a minimum value.

Table 2. Estimation of surface area occupled by bone bed and by
barren ground In Unlversity Quarry, Unlversity HIIll, during 1906 -
1908 excavations.

East bone bed ‘ 110 sq. ft.
West bone bed 464 sq. ft.
Confluence of the two bone beds 239 sq. ft.
TOTAL BONE BED AREA ' 813 sq. ft.
Barren quarry filoor 288 sq. ft.
Barren topographlc highs 79 sq. ft.
TOTAL BARREN AREA 367 sq. ft.

Total area of University Quarry 1180 sq. ft.

€
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These data tell us that at least 30% of the quarry floor was

‘barren ground, wlthout bones or with concentrations so low as to be

Insignificant in Barbour's field maps. The bone bed !tself probably
averaged about 15 to 25 bones/sq.ft., based on the earlier
calculations of bone density In siabs that have survived to the
present. Usling the lower value, 813 square feet of bone bed would
yleld 12,195 bones; the higher value results In 20,325 bones. |If
these bones all belonged to Mepnoceras (which they do not), Matthew's
method would suggest 60 to 100 rhinoceroses made up the deposit.
This seems a reasonable upper timit to the number of Menoceras at
University Quarry. The attritlional nature of the University Quarry
bone bed would suggest that these rhinoceroses did not necessarlily

dle at the same time.

Now Barbour's map clearly Indicates that much of the quarry
bone bed was not as dense as the blocks which were taken for
exhibit, so these estimates are surely on the high side: on the
other hand, Barbour'!s map probably underestimates the depth of the
bone bed In places, and falls to record many of the smaller bones In
the deposit. As such, the estimate may be about correct.

Let us apply this method of estimation to Carnegie Hill In an
attempt to revise Matthew!s rhinoceros count. The nucleus of
Matthew's estimate Is hls assumption that In the Southwest
Excavation 4100 square feet of quarry floor yielded a denslity of 40.
bones/sq.ft. which, at 200 bones per rhino translates to 820
Indlviduals. Table 3 Indicates the area In square feet occupled by
the quarries on Carnegle HIll relative to the total surveyed area of
the hill Itself:

Table 3., Calculatlion of excavated versus undlsturbed areas of

Carnegie HiIl based on 1983 Unlversity of Nebraska fletld survey.
Total area of Carnegie HIillI 102,500 sq.ft.
Area of North Excavation 7,500 sq.ft.
Area of West Excavation 938 sq.ft.
Area of Northwest Excavation 1,875 sq.ft.
Area of Southwest Excavatlon 10,937 sq.ft.
Undisturbed area 81,250 sq.ft.

Let us revise Matthew's estimate using the followling
assumptlons which better approximate the nature of the bone bed as
presently reconstructed: (1) about 30% of the Carnegie HII|| bone
bed Is probably barren; (2) maxIimum bone denslty Is about 40
bones/sq.ft. but the total area attaining this density is unknown;
this area Inciudes the 4100 sq.ft. of the Southwest Excavation
worked by Carnegle and American museums and extends eastward into
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the hill an unknown distance (suggested by bone alignments) ~-- at a
maximum, the area that might be equlvalent In bone density to the
excavated part of the SW Excavatlion would be four times the present
area of the quarry or about 44,000 sq.ft (this Is estimated by
simply measuring the total area of a2 west to east trending strip
passing through the hlll whose north~south extent iIs deflined by the
north~south boundarles of the Southwest Excavation); (3) the
remalnder of the hil! probably would be characferlzed by densitles
of about 15-25 bones/sq.ft. Thus,

(a) 102,500 sq.ft. x 30% = 30,750 sq.ft. are probably barren of
fossi| bone.

{(b) 44,000 sq.ft, at a bone density of 40 bones/sq.ft. yleld a
value of 1, 760 000 bones, dlvided by 200 bones per Indlvidual,
results In an estimated 8800 Indlviduals.

(¢} Let us presume, however, that the actual area wlth a bone
denslty of 40 bones/sq.ft. Is only about twice that of the present
Southwest Excavation, thus 8,000 sq.ft. at bone density of 40
bones/sq.ft. = 320,000 bones, dlvided by 200 bones per Indlividual,
ylelds 1600 Indlviduals. Although much smaller than Matthew's
estimate, thls still Is a very large number of Menoceras.

(d} if 8,000 sq. ft. Is employed as an arbitrary areal
estimate of the high density bone bed, then the remaining area of
the hlll wlth bone bed of low density Is 63,750 sq.ft (30,750 sq.ft.
are barren). Using a density of 15 bones/sq.ft., we have 956,250
bones and about 4780 Indlividuals. Thus, If the Carnegle Hill bone
bed Incliuded only rhinocerocs, we might estimate that 6380 ‘
Individuals (1600 + 4780) could be present In the deposit. This Is
about one~-third of Matthew's original estimate.

If even half thls number of Menoceras are present In Carnegle
Hill, we could still remain skeptlical that they are the result of a
single catastrophic event. Three thousand to six thousand rhlnos
are an order of magnitude greater In number than the present day
death assemblages of the most abundant ungulate specles In East
Africa (wlldebeest) that result from catastrophic events such as
death by drowning and dlsease. While It Is possible that many
rhinos couid die from severe drought or epidemic disease, It
requires additlonal evidence to advance the Idea as a plausiblie
hypothesis. Determination of the age structure of the death
assemblage In Carnegle HIlIl Is one approach that couild clarify this
problem. Such age data are being gathered at the present time.

Matthew also estimated that 500 Moropus and 100 Dinohyvus also
should be present In the hill. 1In the case of entelodont, the
actual record of skulls and Jaws in both hills shows these are very
rare. Only two relatlively complete skeletons of Dinohvus were ever
found In the two hills, and also partial remalns of a few other
aduits and juveniles. The known body count from Carnegle Hill Is 3

*
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adults and 2 Jjuveniles. |f we extrapolate thls to the entire hill
as Matthew did, but condltlon our calculations by our better-founded
assumptlions, then we estimate the hlll could hold about 19
entelodonts. Thils Is about 20% of Matthews's estimate. 1In the case
of challcothere, we cannot easlly arrive at an estimate because It
Is probable that the distributlion of Moropus Is nonrandom,
Influenced by a catastrophic death event; thus the very high denslity
of about 17 Individuals In 650 sq.ft. In the Southwest Excavation
could be restricted to that small area, and very few other ‘
Individuals might be present elsewhere In the hili. When we take
Into account the fact that the Northwest and North Excavatlons
produced many scattered chalicothere bones, we might arrive at the
best estimate by combining a bone count from these quarrles, and
addlng to it the 17 to 20 individuals from the Southwest Excavation.

No record of the number and orientatlon of bones from the North
and Northwest Excavatlons was made In the fleld, but a census taken
In 1981 at the Carnegie Museum showed a minimum number of 14-15
Indlviduals In the Northwest Excavation (based on a count of lower
Jaws). This totals about 31-35 challcotheres In the two quarries,
but since most of the Southwest Excavation had few to no
challcothere bones, an extrapolation of thls value for the entire

hill Is meaningless. Because of the large size of the bones of
challcothere and entelodont, bone densities of 15~25 bones/sq.ft.
are unlikely (two large challcothere |Imb bones could flil two

square feet by themselves). At least we can be certaln that about
35 challcotheres are present In quarries at the west end of Carnegle

Hill.

In summary, Matthew's estimates can today be modifled. We can
estimate that no more than about 6400 Menoceras are present In
Carnegle HIIl (probably many less), at most 19 entelodonts, and at
least 35 challicotheres.

Our understanding of the bone bed at Carnegle Hiil primarily
differs from Matthew's 1923 concept In that (1) Matthew assumed that
bones were randomly distributed throughout the hill, but we now know
- this Is not Illkely to be true; (2) Matthew's estimate of average
bone density throughout the Carnegle HIll bone bed Is surely too
highs (3) the bone bed Incliudes barren areas not considered by
Matthew, probably amounting to at least 30% of the surface area
under conslderation; (4) estimates for the two larger mammals,

Moropus elatus and Dinohyus hollandl are too high, possibly by about

one order of magnitude; (5) his estimate of the number of
Individuals of the smail rhinoceros Menoceras arlkarense Is probably
three times too hlgh, and | suspect, perhaps by one order of
magnltude (1600 rhinos to me Is a probable maxImum number). The
Implications of these data are dliscussed In sectlon 2.5 of thls
report on the origln of the Agate bone bed.
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Epllogue

In 1924, the American Museum did not send a field party to
western Nebraska, and In 1925, work centered on the Snake Creek
district In southern Sloux County. The summer of 1925 was notable
for 1ts focus on Olcott Hill and the discovery of a tooth of
'Hesperopithecus! by the German professor Othenio Abel, who vislted
the site early that summer. Thomson spent the remalnder of the
season In the Snake Creek area, working Ofcott Hill to find hominld
bones, and collecting numerous water-worn mammal bone fragments
which he mistakenly belleved to be the tools of the supposed
primate, later shown to be a peccary. The Agate years were ended,
and yet much remained to be learned about the main Agate hills,
thelr geological relationships, and the nature and orligin of the
bone bed. The perlod of Inlitlal scientiflic Interest was past, and
It was to be many years before serious sclentlific inquiry Into
Agate's fossils would be made again.
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APPENDIX A
SUMMARY OF EXCAVATIONS, 1904 - 1925

This summary Is organlzed by quarry, and so differs from
sectlion 3.0 which Is organlized by year of excavation. The
excavations that have produced the present quarries on Carnegle,
University, North Ridge, and Beardog Hills are summarized here
under quarry names used on Map A. In the case of Carnegle HIII,
these names identlfy each quarry by Its geographic location, and
so avold the institutional blas inherent In the many names given
to the same quarry during the early years of excavation.

Here are brought together in one place the varlous synonyms
used for a particular gquarry In the main hills. For each
excavatlion, | list the year of excavation, the leader(s),
Institutional affliliatlion of the fleld party, extent of the
excavation, and the kinds of fossi| mammals unearthed. These
fossliis are today housed In the leader's afflllate instlitute
unless otherwlise noted. Methods employed In each excavation have
been omltted, because all fleld workers used simiiar methods
during this perlod, chiefly dynamite, horses and scrapers, picks
and shovels for the heavy work of rock overburden removal, and the
use of hand tools together with the plaster bandage technlque for
the delicate task of exposing and removing fosslis from the quarry
floor,

Abbreviations: Me = Menoceros, Mo = Moropus, D! = Dinohvus, Dc
= Pplceratherium, €& = horse, C = camel, O = oreodont, D =
deer-i{lke artlodactyl, B = bird, T = turtie, Cr = crocodillan,
CA = mammallian carnivore.

CARRNEGIE HILL (North Excavation)

Year Leader Affiliation Quarry ‘ Extent Fossilis
1905 Peterson Carnegle surface prospect unknown Mo,DI1,Dc
1906 Utterback Carnegie test pit ca. 10'x 15" unknown
18067 Loomls Amherst test pit unknown unknown
1907 Thomson American American Museun ca. 15tx 50! IMe, Mo

Quarry of 1907,
Quarry E of H.J.
Cook

[The 4 above sites are all at the same place on the northeast corner of
the hill.] -

1916 Thomson American test plits . unknown Me, Mo

1917 Barner Amerlican stripping of 15-20'x 200! Me, Mo
north side

1819 Thomson Amerlcan north slope, 10'x 1801 Me,Mo,Dli

North Side Quarry

[From 1916-19, the Amerlican Museum developed the small quarry of 1907 at
the northeast corner of Carneglie HIIl into a major cut that spanned the
entire north slope. This cut iIs stlll Intact today and 1s named here the
North Excavation.]
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CARNEGIE HILL (Northwest Excavatlion)

Year Leader Affitiation Quarry Extent Fosslis

1906 Utterback Carnegle Carnegie Qu. 2, 10-25tx - 75! Me, Mo, DI,
Utterback's West C;?E;DvB!
Quarry, Quarry D CA

of H.J. Cook, v
Utterback Quarry

[The Northwest Excavation has not been worked on a iarge scale since
Utterback opened the site In 1906; the extent of today's quarry Is nearly
idenflcal to the cut at the end of work in 1906.]

CARNEGIE HILL (West Excavation)

There Is no present record of the fleld party that produced this small cut

of about 1000 sq. feet that today exlists as a prominent reentrant on the
west face of the hill,

CARNEGIE HILL (Southwest Excavation)

Year Leader Affillatlon Quarry Extent Fossliis

1905 Peterson Carnegie Carnegie Qu. 1, 20'x 45! Me,Mo,Di,
Quarry B of H.J. CA
Cook

1806 Utterback Carnegle Carneglfe Qu. 1, 25'x 45" Me, Mo, 7E,
Utterback's South ICA
Quarry

1908 Peterson Carnegile Carnegle Qu. 1, 25'x 120! Me, Mo, DI,
Quarry F of H.J. De¢,E,C,0,
Cook CA,B,T,7?D

[From 1905-08, Carnegle Quarry 1 was Peterson's main quarry at Carnegie
Hill, producling the greater part of the Carnegle Museum Agate collection.
I+ had grown from a test pit to 120 foot-long cut In three seasons!'! work.
The quarry was relinqulished to the American Museum in November 1908.]

1911 Thomson American American Museum 18'x 90' within Me,Mo,Di,
Quarry, Agate 36'x 125" 2CA
Spring Quarry

1912 Thomson Amerlcan Moropus Quarry, 18'x 15' * Me, Mo

nort+h end of
Amerlcan Museum

Quarry
1913 Thomson American Moropus Quarry 35'x 70 ¥ Me,Mo,D1
1914 Thomson Amerlcan Moropus Quarry 20'x 15" and Me, Mo
5ix 6' %
' *[Only north end of quarry enlarged]
1914 Sinclalr Princeton Dlceratherlum bed small area Me

Locailty 1002A



. Year

1916
1917
1919

1920
1920

1922
1922

Leader

Thomson
Figglins
Thomson

Thomson
Miller

Martlin
Buettner-
Hussey

Affiiiatlion

American
Denver
Amerlcan

American
Unlversity
of Chlcago
Kansas
Michlgan

Quarry

Diceratherlum bed
Diceratherium bed
Diceratherlum bed

Moropus Quarry
Diceratherium bed

ID1ceratherium bed
Diceratherlum bed

Extent
ca. 20'x 651
unknown
large slab,
4.5'x 8.5
20'x 50~-100"

s|ab

slab

slab
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Fossiis

Me,Mo, D1
Me, Mo
Me,Cr

Me, Mo
Me

Me
Me

[Thomson's work for the American Museum simply extended Carnegle Quarry 1
Into the hill, and farther to the north, whlle the south boundary of the

quarry was unalitered.

The Moropus Quarry of the American Museum was

located at the north end of the quarry, and the Diceratherijum bed at the

midpolint and south send.

The great mass of Menoceras making up the

Diceratherlum bed supplied many bone slabs to fleld partlies from 1912 to

1923.]

CARNEGIE HILL (South Excavatlon)

Year

1922

1923

Leader

Thomson

Thomson

Affiitation

Amerlcan

Amerlican

Quarry

prospect 50 yards
east of Agate
Spring Quarry
Amerlcan Museum
Quarry of 1923

Extent
small area
50tx 70!

Fosslilis

Me, Mo

Me,Mo,DI,
E,CA

[There Is no record of any excavatlon at thls quarry other than the

Amer ican Museum work in 1923.]]

UNIVERSITY HILL (Unlversity Quarry)

Year Leader Affiliation Quarry Extent Fossilis
1904 Peterson Carnegle surface prospect west side of CA
- hill

1905 Barbour Nebraska University Qu. 15tx 108! Me, Mo, D1
1906 Barbour Nebraska Unlverslty Qu. 16'x 50! Me,Mo,D1
1908 Barbour Nebraska Unlversity Qu. 15'x 50-60" Me,Mo,DI

E'CQCA’B
1908 Lull Yale University Qu. smal] area at Me,Mo0,D1i,

south end of CA
quarry

[The only excavatlon placed In University Hill Is University Quarry on the

., hill's west side. University Quarry has remalned untouched slince 1908.]
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NORTH RIDGE (Quarry A)

Year Leader Affiliation Quarry Extent Fossiis
1904 Peterson Carnegle Quarry A of O.A. ca.25'x 37! Dc,Me,Di,
Peterson, Quarry E,C,0,
A of H.J. Cook : Mo
1906? Loomis Amherst Amherst Point unknown unknown

[Since the early excavations by Peterson and Loomis, there Is no record of
any renewed work at Quarry A on North Ridge.]

BEARDOG HILL (Carneglie Quarry 3)

Year Leader Affillatlon Quarry Extent Fossiis
1904 Peterson Carnegle surface prospect west side of CA
hill

1905 Peterson Carnegle Carnegle Qu. 3 ?6'x 9! CA,herbl-

‘ vore bone

fragments

1981 Hunt Nebraska Carnegle Qu. 3 ~ 12'x 12! CA,C
1982 Hunt Nebraska Carnegle Qu. 3 20'x 30! CA,C

[The discovery of carnivores In burrow fills at this site In 1981-82
suggests that noone excavated at Quarry 3 since 1t was abandoned In 1905
by Peterson. LIittle of Beardog Hill has been explored, except for a small
area ﬁbouf 20 feet south of Quarry 3 where we placed two test trenches In
1981.
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APPENDIX B

Chemical Anaiyses of Two Samples of Glass Shards from the Agate Ash
Within Agate Fossil Beds National Monument, Sioux County, Nebraska*

*Data courtesy of G.A. lzett, 1968, The Miocene Troublesonme
Formation in Middie Park, Northwestern Colorado. Part I1.
Petrography and Chemistry of Ash Beds. U.S. Geologlcal Survey
Open-File Report, p.23, tables 2,3. Chemical analyses by U.S.
Geological Survey staff: ‘

Sample 74

Location: About 5-10 yds. north of the Agate-Marsland road north
of the Niobrara River In SW 1/4, SE 1/4, SW 1/4, sec. 4, T.28N,
R.55W, Sloux County, Nebr. <(Agate 7.5!' topographic quadrangle,
1879). Locality of Evernden et ai., 1964, KA 481, 21.3 m.y.

Sample 75

Location: About 0.6 mile east of ranch house [ranger's residence]
in Center, N 1/2, SE 1/4, NW 1/4, sec. 10, T.28N, R.55W, Sloux
County, Nebr. (Whistle Creek NW 7.5' topographic quadrangle, 1983
prov. ed.). On a small knol! north of two quarry hills LUniversity
and Carnegle hills]), and about 30 feet beiow the level of the Agate
quarries. This Is the Agate Ash on North Rldge.

The samples were collected by G.A, lzett, N.M. Denson, and R.E.
Wilcox.

Sample 74 Sample 75
$i02 74.2 74.6
A1203 12.3 12.1
Fe203 .66 .60
MgO .37 .55
Ca0l .70 .69
K20 6.77 6.30
Naz20 1.33 . 1.32
Sr0 .010 .009
Rb20 .020 .019
MnO .04 .04
Ti0o2 .09 .09
Zn {(ppm) 44 37
C! (ppm) 1200 - 1200
F (ppm) 500 800
U (ppm) 8 7
Refractive Index: 1.496 - 1.498
Color: white (N9)

Shard shape: fibrous to equant frothy shards



APPENDIX C

163

Fossi| Mammais from Carnegle Quarry 3, Beardog Hill, Agate Fossil Beds
Natlonal Monument, collected by 0.A. Peterson and party (1904-1505)

Carnegle
Museum §

1589

1589%a

1589b

1588¢c

15894

1589e

Taxon

Daphoenodon
superbus

Daphoenodon
superbus

Daphoenodon
superbus

Daphoenodon
superbus

Dapheoenodon
superbus

"Ungulates™

Material

Partial
skeleton

Partial
skeleton

“Many bones

and bone
fragments

teft hind
foot

"Limb and

foot bones"

"Various
foot bones

and sterne-

brae®

Date

Summer 1905

Summer 1805

Summer 1905

Aug. 11, 1905

Summer 1905

Summer 1905

Remarks

This Is the female
genoholotype of
Daphoenodon shipped
in Box 17 In 1905.

This Is the
Juvenliie male found
In assoclatlion wilth
#1589.

"Yarlious bones and
fragments found on
the surface.”

"teft hind foot*
found close to
where specimens In
box 17 was

found .‘.C"

"left hind foot
found In sltu. Part
of thls specimen
Is In the museum
and Is | beltleve
numbersd,n¥*

"Note: These bones
were found In the
talus below where
the type of
Amphicyon superbus
was found. And
part of the
specimen came from
the same block as
the latter."

"Yarious foot bones
and sternebrae
found in the talus
below where the
type of Amphicyon
was found."
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APPENDIX C (continued)

!

1589f wemeccwee- "Various Summer 1905  ~cwwernmccrce——-
bones and
fragments™
9645 Carnivore Bone Oct. 4, 1905 "These fragments
fragments belong with large
block In box 17 of
1905 ,..the frag-
ments are from the
surface.”
2389 Parollgobunis Left lower jaw, Season "Note= Fragments
simplicidens femur, flbula, 1905 found In talus
and foot bones below where type of
Amphlcyon superbus
was found."”
1602 Phlaocyon Upper and Aug. 19, 1905 "The specimen was
annectens lower Jaws found assocliated
~ wlth the type of
Amphlcyon superbus
.++» near the Agate
Spring Fossll|
Quarry, In Sloux
County, Nebraska."
(Peterson, 1907, p.
53)
¥ The only evidence that some carnivore material was coliected at
the quarry In 1904 Is this entry whlch appears in Peterson's
handwritten box Illst for 1905: "Bx. 22 ~-- One hind foot and
fragments found by washling dirt, and belong with carnivore
specimen collected In 1904." Presumably the carnivore specimen
collected In 1904 was found at the time of the discovery of
Quarry 3 by the Carnegle party.
*% |+ s certain that the palr of articulated skeletons collected

In a single block of sandstone from Quarry 3 in 1905 (CM 1589
and CM 1589a) were shipped in Box 17. Thus references to dis~-
covery of materlal close to or In association with the beardogs
In Box 17, one of which Is the type of Daphoenodon superbus
(originally belleved to be "Amphicyon" by Peterson), Indicates
that such fosslls come from Quarry 3 and possibly were closely
assoclated with the Box 17 beardogs.

Box 17 and later boxes were aimost surely collected after
July 27, 1905, since Peterson returned to the flield about that
time (based on notes In Pepperberg's field diary recording a
visit by Peterson and his wife); the first 16 Carnegle boxes
were collected by T.F. Oicott alone, Box 17 belng the first box
packed following Peterson's return to the fileld In late July.

Quoted remarks listed above are taken from Petersont's fleld
labels at the Carnegle Museum, unless otherwise noted.
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Fossil mammails from Carnegle Quarry 2 (Northwest Excavation),

collected by W.H. Utterback In 1906

CHALICOTHERE MOROPUS

Material Carnegle No.

Upper teeth

ForelImb, composite forefoot

HindlImb, composlite hindfoot

Lower Jaws (R-L)

Vertebrae ,

Innominates (R-L)

Skutll, disarticulated

Upper Jjaw (L), {y)
Hindfeet, Z composite (L) A

Lower Jaws (R-L), (y)
Vertebrae

Vertebrae (y)
Vertebrae

Yertebra

Yertebra

Vertebra

Vertebra

Vertebra

Yertebrae

Yertebrae

Yertebrae

Vertebrae

"Vertebrae

Yertebrae

Vertebra, atlas

Yertebra, atlas

Yertebra, atlas

Yertebra, atlas

Vertebra

Scaphoid, metapodial, phalanx, vertebra
Upper Jaws (R-L) .
Basicranium, partial

Baslicranium, partial

Basicrantum, partial

Basicranium, partial

Occlpital condyle

Upper Jaw (R), (y)
Lower jaw (L), skull fragments, (y)
lsolated teeth

Upper jaws (R-L)

Upper Jaw fragments

Upper Jjaw (R), (y)
Lower Jaws (R-L)

Isolated teeth =

Upper Jaw fragment (L), Isolated teeth

1596
1605
1700
1701
1702/15758
1703
1705
1707
1709

-1710

1711
1712
1713
1714
1715
1716
1717
1718
1719
1720
1721
1722
1723
1724
1725
1726
1727
1728
1729
1730
1731
1732
1733
1734
1735
1736
1737
1738
1739
1740
1741
1742
17453
1744
1745
1746

Dental

Stage

-~
- -
- -

- o - -

- -
- =
- -
- -
——— -
———
- -
-
-
- -
- -
-
w—————
- -
-
-
- — -
- —
-y
- - -
- -
- -
-
- -
- -
-
- -
- -
- -
- —-
- ——
- —-——

- -

4A

165

Wear

4A or 4B



APPENDIX D (contlinued)

Upper Jaw (R), partial
Lower Jaw (R)

Isolated teeth

Lower Jaws (R-L)

Lower Jaws (R-L)

Lower jaws (R-L)

Lower Jaws (R-L)

Lower Jaws (R-L)

Lower Jaws (R-L),

Lower Jaw (L),

Lower jaw (L)

Lower jaws (R-L)

Lower Jaws (R-L)

Ribs

Ribs

Ribs

Ribs, sternebra

Scaputla (L), small
Scaputa (L), small
Scapula (R},

Scapula (L), small
Scapula (L),

Scapula (R),

Scapula (R), largse
Scapulae (R-L), farge
Scapula (L), medium
Scapula (L), medium
Scapula (L), medlium
Scapulae (R=L)

Scapula (L), very large
Humerus (L),

Radio~ulna (R)

Uina (R), proxlmal radlus
Radio~uina (L)

Uina (R), proximal ulna (L)
Radlo~ulnae (R-L)
Radius (R-L),

Radius (R),

Radius (R},

Radio-ulna (R)

Femur (L), tibla (R-L)
Femur (R)

Femur (R-L), tibia (R=~L)
Tibta (R), medlum

Tibia {R~L), small
Tibla (L), large
innominate (R-L), large
Innominate (R), fragment
Innominate (R)

Hind !imb (R-L)

{itum (R), fragment
J1Tum (L), fragment
innominate, fragment, large

(y)

(y)
(y)

(y)

(y)

(y)
{y)

{y)
(y)
(y)

1747

1748
17489
1750
1751
1752
1753
1754
1755
*%1756
1757
1758
1759
1760
1761
1762
1763
1764
1765
1766
1767
1768
1769
1770
1771
1772
1773
1774
1775
1776
1777
1778
1779
1780
1781
1782
1783
1784
1785
1786
1787
1788
1789
1790
1791
1792
1793
1794
1795
1796
1797
1798
1799

——— -

-

4A
4B

4AC

—— -

- —

4C

- —— -
-
- -
- - -
P
P e
- -
-———
- - o
- - -
————
- ———
- -
- - -
- —— -
- -
- -
- -
- -~
- -
- -
- -
——— -
-
- -
-~ - -
P
- -
-~ -
- -
P
- -
- -
-
- -
-
- -
-
- -

- -
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APPENDIX D (continued)

Forefoot, composite
Forefoot, composlite
Forefoot (R), composite
Forefoot, composite
Forefoot, composite
Forefoot, composite
Forefoot, composite
Forefoot, composite
Forefoot (L), partial
Metacarpals ti11, 1V
Metacarpals, assoclated
Metacarpals

Hindfeot (R~L), composites
Hindfoot (L), composite
Hindfoot, composite
Hindfeet, 2, possibly assocliated
Metapodials (R)
Metatarsals (L)
Metatarsals (L}

Skuiil fragments
Yertebrae, caudal

RHINOCEROS MENOCERAS
Materlal

Lower jaw (L),
tower jaw (L),
Back of skull, teeth, foot bones
Lower Jaw (R),

AMPHICYONID CARNIVORE
Astragalus

CAMELID
Astragalus

MOSCHID OR HYPERTRAGULID
Astragalus

ENTELODONT DINOHYUS
Inclisor

EQUID PARAHIPPUS
Upper jaw (R), P4-M1 .

ACCIPITR!ID GERANODAETUS
Tarsometatarsus

Symbolis: R ight, L = left,

a* kU
"N

¥

Y

1800
1801
1802
1803
1804
1805
1806
1807
1808
1809
1810
1811
1812
1813
1814
1815
1816
1817
1818
1819
1823

Carnegle No.

{y) 1820
(y) 1821

1822
(y} 2462

1824

1825

1826

1827

¥1598

1828

= young individual,

not certainly from Carnegie Quarry 2
sent to Lehligh University In 1955
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APPENDIX E

FOSSIL MAMMALS FROM UNIVERSITY QUARRY, UNIVERSITY HILL,

Map

Fossll Mammal Bones collected in 1906

OO~ U N —

[ 3 Barbour!s
. Fleld

-
CVDNOU B WA —

Skeletal Element

radlius
uina
radius
lower jJaw
lower Jaw
lower Jaw
scapula
vertebra
rib

rib

rib
humerus
femur
Innominate
?21Imb bone
humerus
femur
humerus
femur
femur
t+ibia
lower jaw
skull
vertebra
tibla

atlas vertebra
partial lower jaw

femur
Innominate
Iinnominate

t+ibia, fibula

rib
vertebra
vertebra
vertebra,

vertebra

foot bones(alligned)
ulna, radius
partial Innominate

humerus
| imb bone
humerus
li'mb bone

scapula,
ulha, ribs, -7 jaw

Taxon

Moropus

Moropus

Moropus

Menoceras
Menoceras
Menoceras
Menoceras
Menoceras
Menoceras
Menoceras
Menoceras
Menoceras
Menoceras
Menoceras
Menoceras
Menoceras
Menoceras
Menoceras
Menoceras
Menoceras
Moropus

Menoceras

Menoceras -

Menoceras
Menoceras
Menoceras
Menoceras
Menoceras
Menoceras
Menoceras
Menoceras
Menoceras
Menoceras
Moropus,

Menoceras
Menoceras
Menoceras
Menoceras
Menoceras
Menoceras
Menoceras

Menoceras

168

1906 - 1908

Bearing of
Long Axis

N61W
N68HW
N45W
N33E
N41W
N12E
N43E
"~ N87E
N46W
N31W
N33W
N31¥W
N63E
N68W
N47W
N25W
N34W
N58W
N4 8W
N28E
N78E

N32W
N46E
NZ4E

N87E
N9OE

N82W
N48W
NG2W
N4 1W
N30E
N18¥W
N14¥W
N42W



44
45
46
47
48
49
50
51
52
53

55
56
57
58
59
60
61

63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
g1
92
93
94
95
96
87

44
45
46
47
48
49
50
51
52a
53b
54c¢
55d
56e

57 f-g

58h
591
60}
61k
621
63m
64n
650
66p
67q
68r
69s
70t
71u
72v
13w
74x
75y
76z
77at
78b?
79c¢!?
80d!

- 81e!?

82f!
83g"!
84h'?
8511
g6 jr
B7k?
881"
89m?
g0n?
Sio!
92p!
931

9411
95111
961Y
g7v

98vVi

ritb
vertebrae
Tlimb bone
partial ulna
partial ulna
partlal uina
partial radius
partlal ulna
rib

rib

{imb bone
fnnominate
humerus
radius, ulna
vertebra
lower jaw

1imb bone

?lower Jaw
phalanx
|i{mb bone
lower jaw
scapula
skull
femur
jower Jaw
humerus
skull
metapodial
metapodial
bone fragments

partial scapula
partial humerus

calcaneum
femur
vertebra
calcaneum
vertebra
tibia

tooth
vertebra
sacrum
vertebra
lower jaw
lower jaw
lower Jaw
vertebra
limb bone
radius, ulna
+ibia

lowar jaw
lower jaw
axls vertebra
rib

vertebra
atlias vertebra

Menoceras

Moropus
Moropus
Menoceras
Menoceras
Moropus
Moropus
Moropus
Moropus
Menoceras
?Moropus
Moropus
Menoceras
Moropus
Moropus
Menoceras
Menoceras
Menoceras
Menoceras
Menoceras

Moropus
Moropus
Moropus
Moropus
Moropus
Moropus
Moropus
Moropus
Menoceras
Dinohyus
Moropus
Moropus
Menoceras
Menoceras
Menoceras
Moropus
Menoceras
Menoceras
Menoceras
Moropus
Moropus
Menoceras
Moropus

N44W
N16W
NZ2W
N35E
N33W
N51W
NSQE
N35E
N35E
N50E
NZ23E
NZ21E
N6W

N3E

N42E

NB5E
NoW

N27W
N24W
NI3W
N15W

- NI5W

N63W
N8E
N4E
N5W
N29W
N9OE
NT1W
N15E
NI15W

N23W
N16W
N83E
NIW -
N82E
N15E
NA1W
N13W
N27W

169



99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122

Fossli |

123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150

Mamma !l

99vi|
100V11])
1011X
102X
103X1
104X1 1
105X111
106X1YV
107XV
108XV
109XV |
110XVIT1
111X1X
112XX
113XX1
114XX11
115XX1 11
116XX1V
117XXV
118XXVI
T19XXV I
120XXVI11I
121XX1X
X1Va

humerus

femur

rib

atlas vertebra
vertebra

lower Jaw
metacarpal
partial lower Jaw
vertebra

lower Jaw
lower ™ Jaw

radius, ulna
?bone fragment
lower Jaw

Iimb bone
imetapodial
humerus
partial
vertebra
lower Jaw
tooth
vertebra
partial ulna
lower jaw

Innomlinate

Bones collected In 1908

1K
2B
3K
4K
5K
6K
7K
8K
9K
10K
11V
12V
13K
14B
15K
16K
17K
18V
198
208
21B
22D
23B
248
25V
26B
27B
28B

canine tooth
tibla

tibla

tibia

ulna

rib

canine tooth
tibla

atlas vertebra
canine tooth
tibla

fibuta
vertebra (slab)
skull (slab)
Inclisor
Inclsor
vertebra
pelvis

skull

femur

femur

calcaneum,astragalus

tibla
humerus
skull, jaws
vertebra
vertebra
pelvis

?Menoceras
Menoceras
Moropus
Menoceras
Menoceras
Moropus
Moropus

Menoceras
Moropus
Moropus
Menoceras
Menoceras
Menoceras
Menoceras
Menoceras
Menoceras
Dinohyus
Menoceras

. TMenoceras

Dinohyus

Dinohyus
Dinohyus

Menoceras
Dinohyus
Dinohyus
Moropus
Menoceras

Dinohyus

N54W
N87E
N7E

N34E
N11E
N58W
N3 8E
N24W
N33W
NE62W
N63W
N32W
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N29E -

N25W
N74W
N74E

N5W

- o o -
-—-—— -
-—- -
- - -
- -
- -
- -
- -
- -
e
- -
- —
- -
-
- o a o
- o -
- o -
- o -
- -
- - -
- o= -
- -
- o=
-—— -
- om -
- o = -
- o -



151
152

. 153

154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191

192

193
184
- 195
196
197
198
199
200
201
202
203
204
205

280D
30D
31D
32D
33D
34D
35D
36D
378
38K
39K
40K
41K
42K
43K
44K
458
468
478
488
498
508
518
528
53D
54K
55K
56K
57K
588
598
608
618
628
63EH
64EH
65D
66D
67EH
68EH
69EH
70EH
71EH
728
738
748
758
768
778
788
79EH
80D
81EH
82EH
83EH

tibla S
femur

atlas vertebra
axls vertebra
femur

femur

tibla

femur

tibla

femur

ulna

vertebra
vertebra
vertebra
vaertebra

femur

humerus
vertebra {(slab E)
canine tooth
femur

atlas vertebra
tooth

scaputla
metapodlial
pelvis
cervical vertebra
ribs,scapula (slab)
?tibia

?tibia

axls vertebra
tibia

atlas vertebra
tibla

flbula
vertebra

tibla

radlus

humerus
scapula

rib

scapula
calcaneum
vertebra
scapula

Jaw

scapula

femur

rib (slab)
vertebra
vertebra
vertebra
vertebra (slab)
humerus
scapula

jaw

-
- -
-~ ——-—
- ——

Moropus

Moropus
Moropus
Moropus
Moropus
Moropus
Moropus
Moropus
Moropus
Dinohyus
Dinohyus

Menoceras

Dinohyus
Dinohyus
Dinohyus

——— -

Moropus
Moropus

- -
-—— -

Dinohyus

Dinohyus

Menoceras
Menoceras

Dinohyus

DIinohyus

-

—-—— -

- - -

-

-

-——— -

- -

- -

- -

- -

——— - -

—— -

—— -

————— -

———— -
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206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
258
260

84EH
85EH
86K
87K
888
89K
90D
81D
920
93D
94B
95B
968
97EH
98EH
99EH
100EH
101EH
102K
103K
104D
105K
1068
107K
108
109K
110K
111D
112D
1138

114B

115B
116EH
117EH
118K
119K
120B
121B
1228
123K
124EH
125EH
126EH
127K
1286Gibb
129Gibb
130G1ibb
131EH
132EH
133
1348B
135B
136K
137EH
138D

phalanx

Jaw, axls (slab)
sacrum

rib, 2 metacarpals
tibla

patella

phalanx

vertebra

canine tooth

2 rlbs
astragalus

lunar

slab

slab

vertebra (siab)

slab with bird bones

slab

?2tibia

+ibla, flbula
two Jaws (slab)
rib

siab

axis vertebra
siab

humerus

skull
astragalus

rib

Jaw

fibula

Jaw

axls vertebra
slab (to Yale)
humerus

rib

fibula

scapula
scapula
humerus
scapula-

rib

femur

ulna

pelvis

femur (Yale slab)
tibla (Yale slab)
tibla

rib

phalanx
humerus
humerus

rib

vertebra

Moropus'

Dinohyus

Moropus

Dinohyus
Dinohyus
Dinohyus
Dinohyus
Dinohyus

Megnoceras

Moropus
Moropus

Menoceras
Menoceras
Dinohyus
Dinohyus,
TMoropus

- - -

Moropus
Dinohyus
?Dinohyus
Moropus
Dinohyus
Dinohyus
Dinohyus
Dinohyus
Dinohyus
Moropus
Menoceras

Dinohyus

- -

- -

- - -

- -

etc.

- -
- -
-
- -
-—_————
-
- -
- -—-—
- -
- -
-
- -
-
- -
- -
- -
- —— -
- -
- -
—— - -
-
-
- -
- -
- v
- -
- —-—-
- -
-
-
-
- —- -
-
- -
- -
- - -
-——-—— -
- -
- -
-
- v oo -
—-o——- -
- -
- -

- - -
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261
262
263
264
265
266
267

268
269
270
271
272
273
274
- 275
276
217
278
279
280
281

282

283
284
285
286
287

288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310

139EH
140EH
141B
142Gibb
143EH
144EH
145EH

146EH
147EH
148EH
149D
150D
151EH
152EH
153EH
154EH
1558
156
156.5
157
158

159

160
161
162
163EH
164EH

165B
166K
167K
1680
169D
170D
171D
172D
1738
174B
175EH
176
177
178EH
1768
180K
181B
182K
183K
1848
1858
1868
1878

radlius
rib
slab
phailanx
phalanx
slab
slab

slab(2 metatarsals)

calcaneum

astragalus

humerus

2nd upper Inclsor

rib

rib

rip

rib

ulna

ulna

humerus

pelvis

partial skull
(see #110)

patella (contacts
tibia #131EH)

rib

upper Inclisor

vertebrae (slab)
siab

2~-3 cearvlical

vertebrae

patella

jaw

Jaw

metacarpal
phalanx

scaphold

canlne tooth

canlne tooth

jaw

Jaw

humerus

phalanx

phalanx

slab

tibla

vertebra

radius

rib (stab 6)

vertebra (slab 6)

vertebra {(siab 6)

vertebra {(slab 6)

vertebra (slab 6)

vertebra {slab 6)

Menoceras

Dinohyus

Dinohyus
Dinohyus

Menoceras
Menoceras,
bird bones,
Carnivora

Dinohyus
Dinchyus

- Dinohyus

Dinohyus
Dinohyus
Dinohyus
Dinohyus
Dinohyus
Dinohyus
DInohyus
Dinohyus
Moropus

Menoceras

Moropus
Dlnohyus

Dinohyus
Dinohyus
Dinohyus

Dinohyus

Moropus
Moropus

Menoceras

Dinohyus
Dinohyus
DInohyus
Dinohyus
Dinohyus

Menoceras

Moropus

Dinohyus
Dinohyus
Dinohyus

Menoceras

Moropus
Moropus
Moropus

- ———
- -
-
- - — -

- -

—_—— -

-—_—— -

-—— -

———— -

-———— -

- -
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an

312
313
314
315
316
317
318
319

174

188 blfock A - ———-

189 block B -———- ———

190 block C -—— ———

191 block D -——— ~——

2192 SLAB | (to Yaie) ——— ——--

193 SLAB 11 -——— ————

194 SLAB 1V -———— ~———

--- SLAB V Dinohyus -————

- ~ SLAB VI -—— . mee——-
Note: SLAB 11l which burned In March 1912 apparently was not

glven a fleld number by Barbour.
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Fossil mammals from Carneglie Quarry 1 exclusive of the common taxa

Menoceras, Moropus, and Dinochyus,

EQUIDS
Taxon
Parahippus
Parahippus
Parahippus?
Parahlppus

Parahippus
equld

OREODONTS
Merychyus?

oreodont
Merychyus

Merychyus?

CAMELIDS
camelid
camelid (cf.
Stenomylus)
camelld (cf.
Stenomylius)
Stenomylus

HYPERTRAGULID

Nanotragulus?

Carnegle
Mus. #

2202
2203
2204
2115

9632
1894

1902

2189
2194

2195

1833
2189,2192,
2196,2197,
2195A

2190

2191

2225

Material

maxilla with dpt-4

Isolated molar

premolar

upper and lower
cheek teeth

upper cheek tooth

proximal phalanx of
lateral digit

metapodial fragments

phalanx

feft M1 In lower jaw
fragment

Isolated tooth

large astragalus

teeth and podlals

?podials
teeth in partial jaw
lower left

cheek tooth

1904 -~ 1984

Location in quarry
(See Map E)

Sectlion 11
Section 14

Sectlions 3-7
{(Oicott 1905)

Sections 3-7
{(Olcott 1905)

Section 17
Sectlion 10
Sections 16-17

Locatlion uncertain:
specimen label reads
Quarry 1, but fleld
label reads 1| mile
E of Agate Quarrles.



CARNIVORA
amphlcyonid
Cynelos
amphicyonid
amphicyonid

amphicyonlid
carnlvore

BIRDS

eagle (see
Wetmore 1926)
bird

TURTLE

small turtle

2200
2201
2199

9631
18985

2207

11365

2206

APPENDIX F (continued)

left lower M1

lower Jaw fragment
with tooth

lower teeth
tooth & foot bone,
in association

talon

humerus

Section 17

-

Sections 3-7
{(Olcott 1905)

Quarry 1

?Quarry 1

Section 10 or

12

176
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APPENDIX G

Alignment of mammal bones In the West Bone Bed of University Quarry,
University Hill, Agate Fossil| Beds National Monument (1906)

NORTH Frequency NORTH Frequency
0 - 10 >2>>>> 0 - 10 >>>>

11 - 20 323525355 > > 11 - 20 >35>

21 - 30 DI52O235>>> 21 - 30 2225>>

31 - 40 SE555>>> _ 31 - 40 33>>>>

41 - 50 DX3332>>>>> 41 - 50 >35>

51 - 60 >>> 51 - 60

61 - 70 3>5>5>> 61 - 70 >

71 - 80 > 71 - 80 >>

81 - 90 > 81 - 90 DO5555>>>
WEST EAST

The frequency diagrams Indicate the long axis alignments of bones
from the 1906 excavation of the west bone bed at University Quarry.
Each symbol (>) represents the alignment of one bone. These
alignments can range over 180 degrees of arc. Highest frequencies
occur from North 11 to 50 degrees West, suggesting the possibiiity of
a northwest-southsast allignment mode; the channel axls that can be
seen on the west side of Universlity Hill also appears to have a
northwest-southeast alignment. The bearing of the long axis of each
bone (N=93) was measured with a protractor on Barbour's original
field map of the bones in the quarry, and the bearing was expressed
In either the NW or NE quadrant.
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APPENDIX H

Thomson's Fleld List of Challcotheres from the American Museum Moropus
Quarry, Southwest Excavation, 1912-1920

1912

No. 1. (AMNH 14377} Skull, Jaws, scapulae, humerl, ulna, radll,
cervicals and a few dorsals, ribs, misc. foot bones.

No. 2. (AMNH 14376) Skull and jaws, nearly complete series of
vertebrae, cervicals, ribs, scapulae, humerl, ulnae, radil, and some
foot bones. »

No. 3. (AMNH 14375) Very large and nearly complete skull, ulna and
radlus, foot bones, atlas, femur.

No. 4. (AMNH 14378) Skull.

No. 5. (AMNH 14379) Skull.

1913

No. 6. (AMNH 14419) Two and posslbly a third Individual,
dlsarticulated and badly mixed; parts of three skulls under this
number. Bad condltion. Two blocks and many small packages.

No. 7. (AMNH 14417) Skull and greater part of skeleton In very good
state of preservation.

No. 8. (AMNH 14418) Skull, Jaws, and greater part of skeleton. Very
large Indlvidual and well preserved. One very large block. Many
small blocks and packages.

No. 8A, (AMNH «wwm- ) Limb bones etc. found near or mixed with No. 8.
Many of these bones probably belong with specimen No. 11 which was
collected In 1914,

No. 9. (AMNH ~=--~ ) Jaws and Ilimb materlal, apparently very
interesting materlal, but not all taken out this season. Good
prospect.

No. 10. (AMNH -===~ } Skeletal material (young Indlviduals),
apparently two Indlviduals. One large block and many small pasted and
wrapped pleces.

No. 11. (AMNH ===~ ) Jaws taken out. More materlal running In, but
left for next season. Good prospect.

No. 12. (AMNH «=v=- ) Foot bones and ribs taken out. Both ulnae and
radli left for next season. Good prospect.
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APPENDIX H (continued)

1914

This season was spent in collecting specimens which we had
located In 1913. The numbers were given to them In 1913.

No. 9 and 9A. (AMNH ==-w- )" Skull, jaws, and greater part of
skeleton. This number represents at least two Indlividuals, one large
and one smalli.

No. 11. (AMNH --~-- ) Two individuals, one large and one small.
Greater part of the two skeletons represented, and also a third. No
skulls known but may be In block.

No. 12, (AMNH «w==- ) Skull, Jaws, and more or less of skeleton.
1916
No. 13, (AMNH ~==-- } Skull, some limb and foot bones, pelvis, and a

few vertebrae.

No. 14. (AMNH —==-- ) Skull and jaws, pelvis, limb and foot bones,
ribs and vert. few. (Small type of Moropus).

1920

For convenlience of record | have numbered this season's Mgropus
materlal No. 15 to 16 to be kept in one lot until| prepared and
assembled with Moropus skeletons already prepared at the Museum....
The last large Moropus skeleton No. 16 consisted of nearly all the
ribs, hind !imbs, lumbars. [Part?] of pelvis, and possibly skull and
jaws belong to this Individual! and also a very large scapuia, ulna,
radius and humerus all numbered 15. A few bones under No. 18 were
found near what we called the bank and rather higher than the rest.

This appendix Is quoted directly from Albert Thomson'!s fleld notebook
Iin the archives of the Department of Vertebrate Paleontology, American
Museum of Natural Hlstory, New York.



MAPS OF THE AGATE QUARRIES



MAP B

NORTH
BONE
POCKET
QUARRY A
UNIVERSITY
HILL
QUARRY C |
WEST ///’é": EAST
BONE
HORIZON
/////’" - QUARRY E |
~ Vo CARNEGIE
QUARRY D \

HILL

QUARRY B

SOUTH

Unpublished map of the Agate quarries prepared by
Harold Cook circa 1911. Cook assigned letter
designations to the early excavations. The small size
and |Imited lateral extent of quarrles B, E, and F
Indicate that the sketch was made before these sltes’
were converted into much larger quarries by the
American Museum from 1911 to 1920 (see Appendix A).



MAP C

This published map (Holland and Peterson, 1914) of the Agate
Quarrles produced by W.J. Holland shows an approximately correct
relationshlip between the various eariy quarries, but Is Incorrectiy
aligned with true north (see Map A). The quarries as Ildentifled today
are: A, Carnegle Quarry A; 1, Southwest Excavation (including
Carnegie Quarry 1); 2, Northwest Excavation (Carnegle Quarry 2); 3,
test excavation of 1906 that developed Into the American Museum Quarry
of 1907; 4, University Quarry.

Rough outline topographical map of the Agate Spring Fossil Quarries drawn by W. J. Holland.
A, quarry opened by Mr. O. A. Peterson in 1904. B, “Camegic Hill.” 1 and 2, quarries opened by Caruegie
Museum. 3, openings madeby F. B. Loomis and subsequemtly worked by a party fromthe A M. X H. C,
“University Hill.” 4, quarry opened by Prof. E. H. Barbour.



The sequence of excavatlons carrlied ouft by the Carnegle Museum
from 1904 through 1908 establiished the Southwest Excavatlon on
Carnegle HIIlI. O.A. Peterson and W.H. Utterback supervised work In
This quarry. The site was relinquished In 1908 to the American
Museum, and the excavation was further enlarged from 1911 to 1920 (see
Map F).
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Seclions

AMERICAN MUSEUM
AGATE SLAEB 1919

{9t
(Worked 1(912-1923) } 191l

S

e

(lse
Ym Excavation 1911

BY THE CARNEGIE MUSEUM 1804 - 1908
COOK EXCAVATION

o

Sequence of Excavations in the Southwest Excavation (1904 - 1920)
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Fossil Mammal Distribution in the Southwest Excavation (1904 - 1920)
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Carnegie Quarry 3 MAP J

. University of Nebraska Map (1981 - 1983)

G F E D° C ] A
I i
- "DEN Il R AT ; I
i ) age
?/ pé_ ‘/ beardog

+ ~ - .

mature
beardog

juvenile
beardog

Plan map of early Mlocene carnivore dens, Beardog Hill, Agate
National Monument. Excavation grld Is In square meters. Stlipple
pattern Indicates intact burrow fl1il of gray ash-rich laminated
fine sand. Burrow fll{ also surrounds skeletons but has not been
shown for clarity. Dashed llnes mark estlmated den boundaries
based on current excavations. O0.A. Peterson dliscovered an adult
female beardog and a juveniie male belonging to the specles
Paphoenodon superbus, probably tn Den |. The Unlversity of
Nebraska party from 1981 to 1983 found an aged Individual of
Daphoenodon superbus In Den 111, and a mature young adult beardog
belonging to a rare unnamed species In Den I). In addlition,

. remains of a large mustelld and small canlds have been found in
the quarry, presumably former den occupants. Almost nothing but
carnivore bones have been found In Carneglie Quarry 3, and all
bones encountered by the University of Nebraska party occurred
within the burrows. Recently, In October 1983, a new den was
found northwest of burrow D. The Quarry 3 burrow complex Is the
oldest record of denning behavior by large mammallan carnivores

Vo P 2N
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Sections

XX

}\: :

Scale
5 0 5
IR WE—
Feet

A Single Individual of
Moropus (CM 1604)
R

// Primarily Menoceras
4

Probably Menoceras @ M Skull
enoceras u

Exhibit Block Number 70,
Mostly Menoceras

E Raore Animals Known From
isolated Bones & Testh:

E=Equid, - A=Amphicyonid,

........... Menoceras With Intermixed C=Camelid, 0=0Orecdont,

----- Dinchyus 8 Moropus T=Turtle, K= Caraivere

S f DISTRIBUTION OF FOSSIL MAMMALS
h A ingle Individual o .
SUE IR IN CARNEGIE QUARRY |,
CARNEGIE HILL
(SOUTHWEST EXCAVATION)
1904 - 1908
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""" Geologic contact (dashed where inferred)

~— ~  Intermittent stream
““““““““ Unimproved road

*E4 Boundary marker (National Park Service)
-—-—3—--  Fault (dashed where inferred)
Agate Ash (KA 481), 21.3 m.y. B.P.

Fossil quarry
Windmill

Building or other structure

x
A
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aP Dam

: Section corner (established by survey)

River access parking area

R
¢ Hole-in-the-Rock (Warren 1857 expedition)

6 5 4 3
T2sNn | 8 9 10
R55W

Pleistocene-

Recent

Early Miocene

Oligocene?

- . gEe>
(M 13
deho

16

ALLUVIUM AND TERRACE Silt, sand and gravel

MAN |
Unconformity

RUNN INGWATER FORMATION Nonmarine light buff to orange sand, massive; often
| with local zones of carbonate cementation, and occasional

™ , lenses of crystalline gravel, sand and silt of fluvial origin
| Disconformity
UPPER HARRISON BEDS Nonmarine light gray to light brown fine sand and silt of

py-oclastic origin, massive in its upper part within the
monument area, and in its lower part often reworked by
fluvial and aeolian processes into horizontally laminated
and cross-stratified deposits, with buff to white lenses
rich in mammalian fossils filling the base of local channels.
Includes local dense freshwater limestones (Agate Limestone),
voicanic ash and lithic pebble conglomerate. In the study
arza the unit contains at or near its top a prominent silica-
cemented land surface (Agate paleosurface) extensively
burrowed and rich in root casts

Disconformity

HARRISON FORMAT I ON Nonmarine gray to dark gray fine sand of pyroclastic origin,
massive, but locally reworked by fluvial and aeolian processes

into horizontally laminated and cross-stratified deposits, and
including throughout the monument the Agate Ash (KA 481)

Disconformity

Th

UNNAMED LITHIC UNIT Nonmarine light orange to light brown sand and silt of
7 pyroclastic origin, massive, with frequent small vertically
/ % oriented carbonate concretions scattered throughout the

unit



GEOLOGIC MAP OF THE AGATE FOSSIL BEDS NATIONAL MONUMENT
BY
Robert M. Hunt, Jr. (1977)
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