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ABSTRACT

Paleontological excavations were conducted at 
Trolinger and Boney Springs in 1967, 1968 and 1971 to add 
to our understanding of the archaeology, geology, and 
biotic history of late Pleistocene spring deposits in the 
western Ozark Highlands. The spring sites are located in . 
bottomlands along the lower Pomme de Terre River valley in. 
southern Benton and northern Hickory Counties, Missouri. 
This region, situated on the prairie-forest border, will 
soon be flooded by the Harry S. Truman Reservoir.

In.Trolinger Spring, Hickory County, 135 fossil 
vertebrate specimens representing seven mammalian taxa 
were recovered by quarrying and screen washing sediments 
from a faunal concentration in gray sand, varigated sand, 
and dark brown sandy, clayey peat and dark brown clay;
118 specimens of Mammut americanum, representing 11 indi
viduals, dominated the fossil assemblage. Pollen as
sociated with the vertebrate remains indicates that this 
fauna inhabited an open pine-parkland. Radiocarbon age 
data indicate that faunal accumulation, associated with 
peat formation, occurred between 29,000 and 34,000 years 
ago during the mid-Wisconsinan interstadial.

xiv



X V

In Boney Spring, Benton County, 1001 fossil verte
brate specimens, including one fish, four amphibian, seven 
reptilian and 22 mammalian taxa were recovered by quarrying 
and screen washing sediments in a lenticular bone bed com
posed of predominately gray clay, chert and wood fragments, 
and vertebrate remains. The entire bone bed was exca
vated; 717 specimens of Mammut americanum, representing 
31 individuals, dominated the assemblage. Pollen associated 
with the vertebrate remains indicates that the near- 
autochthonous component of the fauna inhabited a spruce 
forest mixed with deciduous elements; the strictly au
tochthonous component was awuatic. Radiocarbon age data 
indicate that accumulation occurred between 13,600 and 
16,200 years ago during the late Wisconsinan glaciation. 
Geological evidence indicates that accumulation occurred 
around the outlet of an active, though probably diminished, 
artesian spring. Initial reducing conditions were succeeded 
in later stages by oxidizing conditions. The age structure 
of M. americanum reflects a sample of an indigenous popula
tion and strongly suggests that accumulation of this taxon 
was based in catastrophic mortality which was probably 
stress related. A study of dental variation within two 
non-contemporaneous populations of M. americanum in the 
late Pleistocene indicates that in the Ozark Plateaus M. 
americanum during the waning of the late Wisconsin
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glaciation was generally larger and slightly more variable 
in tooth proportions than during the preceding mid- 
Wisconsinan interstadial.

Taphonomic analysis of the Boney Spring bone bed 
provides an understanding of geological and biological 
features in faunal accumulations in low energy, spring 
environments. Geological characteristics include (1) fine 
grained sediments, (2) high proportion of clasts are
organic remains, and (3) majority of specimen long axes 
oriented parallel to the bedding plane. Biological 
characteristics include (1) mostly dissociated remains of 
autochthonous and near-autochthonous but not allochthonous 
animals, and (2) high proportion of bone elements with de
creasing abundance of specimens with smaller sizes and/or 
densities.

A late Pleistocene mammalian faunal list for the 
Ozark Plateaus drawn from this and previous studies shows 
that spring deposits, characterized by abundant large 
mammals ■ (Maxnmut, Paramylodon) and few small mammals, both 
generally near-autochthonous, contrast with solution cavity 
deposits, characterized by abundant, generally near- 
autochthonous or allochthonous, small mammals (Blarina, 
Sylvilagus) and few, autochthonous, large mammals. Dif
ferences are partially explained by contrasting taphonomic
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histories which must be considered when reconstructing 
paleoenvironments.

Taxa recorded from late Pleistocene deposits in 
the Ozark Plateaus for the first time are: Ambystoma 
opacum, Eumeces cf. fasciatus, Diadophis punctatus,
Storeria sp., Castoroides ohioensis, Peromyscus cf. leu- 
copus^ and Mapaeozapus insignis.



INTRODUCTION

The purpose of this study is to document and in
terpret late Pleistocene vertebrate remains recovered from 
deposits of two springs in the lower Pomme de Terre River 
valley in the western Ozark Highlands of Missouri. This 
area, in southern Benton and northern Hickory counties, is 
to be inundated by reservoir water behind the Harry S. 
Truman Dam, now nearing completion at Warsaw, Missouri. 
Projected water impoundment will submerge several important 
paleontological sites known to occur in terrace deposits 
along the extant lower course of the Pomme de Terre River.

For the past 10 years, an interdisciplinary re
search team has been salvaging geological, palynological, 
paleontological and archaeological records from these en
dangered sites. The present study is a part of that re- . 
search directed toward the understanding of the late 
Pleistocene biotic and cultural records contained in spring 
deposits in the western Ozark Highlands. Initially, this 
study was the objective of Drs. Carl H. Chapman, W. Raymond 
Wood and their students at the University of Missouri, 
Columbia, who excavated the important archaeological site 
at Rodgers Shelter in Benton County. Since 1967, as the



scientific value of the records became increasingly apparent, 
and as the funding base grew, this research group has ex
panded to include at one time or another Drs. Stanley A. 
Ahler, archaeologist (Illinois State Museum, Springfield),
C. Vance Haynes, geologist (University of Arizona, Tucson), 
James E„ King, palynologist (Illinois State Museum) ,.
Everett H. Lindsay, vertebrate paleontologist (University 
of Arizona), R. Bruce McMillan, archaeologist (Illinois 
State Museum) and Peter J. Mehringer, palynologist (Wash
ington State University, Pullman). I joined the Ozarks 
project in the summer of 1971.

The nature of the study area and the interdisci
plinary orientation of the research provide a unique 
opportunity for vertebrate fossil analyses.

Research Objectives
The data derived during the course of this research 

are analyzed within a three-component framework, each part 
being a separate but integrated research objective. 
Succinctly stated, the objectives are (1) to document the 
late Pleistocene faunal record from spring sites in the 
western Ozark Highlands, (2) to investigate the taphonomy 
of Boney Spring, and (3) to relate changes in the fauna 
during the late Pleistocene to environmental changes during 
that time. This plan of treatment of the data proceeds 
from observation and description to conclusions.



The first objective draws freely from the prelimi
nary lists and initial studies by Everett Lindsay reported 
in Mehringer, King and Lindsay (1970) and in King and 
Lindsay (in press); the second has benefited from useful 
discussions by Haynes (in press), and with Dr. G. G.
Simpson (Department of Geosciences, University of Arizona, 
Tucson, oral comm., October, 1972); the third objective 
must be integrated within the dynamic environmental frame
work outlined by Mehringer et al. (1968), Mehringer, King 
and Lindsay (1970) and King (1973).

Physical Setting 
The two spring sites of this study occur along the 

lower Pomme de Terre River valley in northern Hickory and 
southern Benton counties, Missouri (Fig. 1).

Geographically, the study area is in southwestern 
Missouri near the western margin of the Ozark Plateaus 
physiographic province (Fenneman 1938). The Ozark Plateaus 
represent old, deeply dissected surfaces generally expressed 
as hills with deep intervening valleys cut by the numerous 
streams which rise in the higher elevations. In the study 
area, the Pomme de Terre River basin forms the boundary 
b,etween the relatively undissected Salem and Springfield 
Plateaus subprovinces (Bretz 1965). With the exception 
of the small St. Francois Mountains in the southeastern
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portion of the state, these comprise the subprovinces of 
the Ozark Plateaus in Missouri (Fig. 2). The Salem Plateau 
of south-central Missouri and north-central Arkansas repre
sents the old summit of a structural dome produced in post- 
Pennsylvanian time by the Ozark uplift. It is underlain 
by carbonate sediments chiefly of Ordovician age. Local 
relief rarely exceeds 15 m except along the border area 
on the southwest, where the south-flowing tributary streamc 
of the White River have produced the most rugged topography 
of the Ozark Plateaus. The Springfield Plateau of south
western Missouri and northwestern Arkansas lies west of 
the Pomme de Terre River basin. ■ This subprovince, under
lain by Mississipian limestones, is the least dissected 
region in the Ozarks. It is highest in elevation at its 
eastern border, abutting the Salem Plateau. At its western 
border, the west-dipping Springfield Plateau grades into 
the Cherokee Plains of the Central Lowlands province in 
Kansas and Oklahoma.

The Pomme de Terre River is typical of western 
Ozark streams. It follows a meandering northward course 
of over 100 km from its headwaters in western Webster 
County, 24 km northwest of Springfield, Missouri, to its 
confluence with the Osage River 7 km south of Warsaw in 
Benton County. Within the study area, the meandering course 
of the lower Pomme de Terre River is bounded by one steep
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side on the outer, convex side of the meander curve-, while 
the inner, concave side is usually bounded by a wide, 
gradual slope often terraced near the stream. This "slip- 
off slope" (Fenneman 1938:645) provides ready access from 
the valley to the adjacent uplands. Meanders are occa
sionally cut off, leaving abandoned valleys enclosing a 
"lost hill" (Bretz 1965:113) as exemplified by the 
Breshears Bottoms, the site of Trolinger Spring (Fig. 1).
In the study area, the undissected uplands lie 60 to 90 m 
above the meandering valley floor; the valley floor 
averages approximately 206 m above mean sea level. In 
its lower reaches, the Pomme de Terre River is a sluggish 
river of low gradient (approximately 1:4500).

In the study area, exposures of Lower Ordovician 
Jefferson City dolomite form the bluffs along the river. 
Solution-derived chert is abundant in the surficial residuum 
overlying the bedrock surfaces..

The spring sites of this study are developed within 
alluvial terraces bordering the Pomme de Terre River. •
These terraces reflect late Pleistocene high river levels 
(Haynes, in press). Sometime during terrace formation, 
artesian discharge formed numerous springs now represented 
by low, marshy areas in the river bottomlands, Stratigraphy 
of the area is complex and only a bare outline will be



presented here. The pertinent details of spring site 
stratigraphy will be discussed in later sections.

Trolinger Spring sediments truncate flood-plain 
deposits laid down by the Pomme' de Terre River while it 
still occupied the Breshears meander prior to 30,000 years 
ago (Haynes, in press). The stratigraphy within the spring 
reflects a history of diminishing discharge. Boney Spring 
is developed in terrace deposits of a later, but inter
mediate aggradation of the Pomme de Terre River valley.
The absence of correlative deposits in the sequence of 
the Breshears Bottoms indicates that this intermediate 
period occurred after abandonment of the Breshears meander. 
Remnants of the earlier alluviation crop out a short dis
tance east of Boney Spring. The reworking of this earlier 
alluvium has produced a lag deposit of chert gravel which 
forms the aquifer at the base of the alluvial sequence at 
Boney Spring. Overlying stratigraphy records a history 
of fluctuating discharge and intermittent periods of 
alluviation separated by brief intervals of quasi-stability. 
A penultimate period of aggradation in the lower Pomme de 
Terre River valley is represented by the alluvium at 
Rodgers Shelter. Perched Holocene spring marshes overlie 
the late Pleistocene sequences at both Trolinger and Boney 
Springs. Archaic and Woodland artifacts have been re
covered from Holocene deposits at Boney Springs.



The present climate of the study area is char
acterized by high seasonal variability. The winters are 
cold (January mean maximum = 7°C, January mean minimum = 
-5°C). and the summers are hot (July mean maximum = 32°C, 
July mean minimum = 20°C), but prolonged periods of very 
cold or very hot weather are exceptional. The highest 
(48°C) and lowest (-40°C) temperatures ever recorded for 
Missouri were reported from Warsaw, 16 km north of Boney 
Spring. Mean annual precipitation for the Ozarks averages 
102 cm with peaks generally falling in the spring (30 cm), 
summer (30 cm) and fall (25 cm). Occasional major summer 
droughts characterize the region (Borchert 1950). The 
winters are relatively dry. Highest snowfall is in 
December, January and February. The usual rain-snow 
combination rarely stays on the ground more than two weeks 
The last killing frost is usually recorded in early April, 
and the first killing frost usually occurs in late October 

The vegetation cover of the Ozark Plateaus forms 
the western edge of the eastern deciduous forest. It 
also incorporates many species common in the Great Plains 
to the west. Braun (1950) considers the entire region 
oak-hickory forest and divides it into two floristic 
sections— the Interior Highlands, being the main body of 
the oak-hickory forest in the Ozarks, and the Forest- 
Prairie Transition in western Missouri and adjacent parts
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of Oklahoma and Kansas. Kucera (1961) places the study 
area within a revised concept of the Forest-Prairie 
Transition; the study sites thus fall within an ecotonal 
area intermediate between the forest and the plains. In 
the western Ozarks, prairie communities occupy the flat 
undissected uplands, while the more dissected portions 
are forested. The occassional summer droughts in combina
tion with unusually dry winters produce dynamic readjust
ment at this forest-prairie border. This border has 
fluctuated significantly under the influence of past 
climate regimes in the study area (McMillan 1971; King 
1973).

The diversity of fauna in the forest-prairie border 
is indicated by the 54 mammalian species recorded as re
cently native to the study area (Table 1). All. but seven
of these are present today (Schwartz and Schwartz 1959).

In an area transitional between two communities, 
as that between the forest and prairie of the study area, 
there is often a tendency toward increased species diversity 
and density because of the "edge effect" (Odum 1959).
Odum (1959:278) has noted that the ecotonal community 
contains many of the forms of each of the adjacent com
munities and, in addition, forms which characterize and,
indeed, are often restricted to the ecotone. Thus, while 
many of the species occurring in the study area are



Table 1. Modern mammalian fauna native to the study area as given by Schwartz 
and Schwartz (1959) and their preferred habitats as classified by 
McMillan (1971).
x = preferred habitat; - = secondary habitats

Species, Common Name
Forest 

Prairie Border
Oak-
Hickory
Forest

Bottom
lands
Forest

Bottom
lands
Prairie Aquatic

Didelphis virginiana, 
Opossum. - **” x

Blarina brevicauda, 
Short-tailed shrew - X

Cryptotis parva, 
Least shrew X

Scalopus aquaticus, 
■ Eastern mole x -
Myotis lucifugus, 

Little brown bat - - X -
M. grisescens, 

Gray bat - — X -
M. keenii. 

Keen1s bat - - X -

M. sodalis, 
Indiana bat X



Table 1. Modern mammalian fauna native to the study area (continued).

Oak- Bottom- Bottom-
Fore st Hickory lands lands

Species, Common Name Prairie Border Forest Forest Prairie Aquatic

M. subulatus,
Least bat

Lasionycteris noctivagans, 
Silver-haired bat

Pipistrellus subflavus, 
Eastern pipistrelle

Eptesicus fuscus,
Big brown bat

Lasiurius borealis,
Red bat

L. cinereus,
Hoary bat

Nycticeius humeralis, 
Evening bat

Lepus californicus,
Black-tailed jack rabbit

Sylvilagus floridanus,
Eastern cottontail rabbit

x

x

x

x

x

x

X

Marmota monax, 
Woodchuck x



Table 1. Modern mammalian fauna native to the

Forest
Species, Common Name Prairie Border

Citellus tridecemlineatus,
13-lined ground squirrel x

Tamias striatus,
Eastern chipmunk -

Sciurus carolinensis,
Eastern gray squirrel -

S. niger,
Eastern fox squirrel x

Glaucomy volans,
Southern flying squirrel

Geomys bursarius,
Plains pocket gopher x -

Castor canadensis,
Beaver^ ~

Reithrodontomys megalotis,
Western harvest mouse x -

R. fulvescens,
Fulvous harvest mouse x -

Peromyscus maniculatus,
Prairie white-footed mouse x

study area (continued).

Oak- Bottom- Bottom-
Hickory lands lands
Forest Forest Prairie Aquatic

x

x

x

HCO



Table 1. Modern mammalian fauna native to the study area (continued).

Species, Common Name
Oak- Bottom- Bottom-

Forest Hickory lands lands
Prairie Border Forest Forest Prairie . Aquatic

P. leucopus,
Woodland white-footed mouse x

P. nuttalli, 
Golden mouse x

Sigmodon hispidus, 
Common cotton rat x

Neotoma floridana,
Eastern wood rat

Synaptomys cooperi,
Southern bog lemming

Microtus ochrogaster,
Prairie vole x

M. pinetorum,
Pine mouse

Ondatra zibethicus,
Muskrat

Zapus hudsonius,
Meadow jumping mouse

Canis latrans,
Coyote x



Table 1. Modern mammalian fauna native to the study area (continued),

Oak- Bottom- Bottom-
Forest Hickory lands lands

Species, Common Name Prairie Border Forest Forest Prairie Aquatic

C. niger,
Red wolf x - -

Vulpes fulva,
Red fox x -

Urocyon cinereoargenteus,
Gray fox - x

Ursus americgnus,
Black bear^ - x

Procyon lotor,
Raccoon - x

Mustela frenata,
Long-tailed weasel

M. vison.
Mink

Taxidea taxus,
Badger^

Spilogalo putorius,
Spotted skunk x

Mephitis mephitis,

x

X

X

Striped skunk x



Table 1. Modern mammalian fauna native to the study area (continued).

Species, Common Name
Forest 

Prairie Border
Oak-
Hickory
Forest

Bottom
lands
Forest

Bottom
lands
Prairie Aquatic

Canis lupus0 
Gray wolf - X

Felis concolor,0 
Mountain lion - X -

Lynx rufus, 
Bobcat - X -

Odocoileus virginianus. 
White-tailed deer X — - -

Cervus canadensis. 
Elk ̂ X - -

Bison bison, 
Bison^ X

1. Extirpated, reintroduced.
2. Extirpated species.

H
O Y



primarily forest-dwellers, others reflecting diversified 
or disturbed conditions, occur as well, particularly along 
the forest edge where grassland peninsulas penetrate forest 
extensions, or where disturbance has opened the forest 
canopy.

A large variety of fish, amphibian, reptilian and 
avian species have ranges that include the study area. 
Representatives of these vertebrate classes occurred so 
sparingly in the fossil faunas from the study sites that 
no tabulation of recent diversity seemed warranted and, 
therefore, none was attempted. Pflieger (1971) recently 
monographed Missouri fishes; Wiley (1968) lists Missouri’s 
amphibians and Anderson (1965) summarizes the reptiles.
Bird lists have not yet been separately compiled for 
Missouri.

Historical Background
The Pomme de Terre River valley has a long history 

of paleontological investigations (the Pomme de Terre 
River in"earlier literature is frequently called "Big-bone 
River;" see Harlan 1843:71). According to Mehl (1962: 
30-31), in 1806 Benjamin S. Barton, Professor of Natural 
History and Botany at the College of Philadelphia (now 
the University of Pennsylvania), wrote Baron Georges 
Cuvier, Professor of Anatomy at the Jardin des Plantes, 
Paris, and foremost authority on fossil vertebrates,



18

telling of a traveler who had observed numerous mastodon 
bones in the region.

In 1839, Albert C. Koch, proprietor of a St. Louis 
museum, published his account of discovery of the remains 
of a mastodon in Gasconade County, Missouri, and presented 
evidence for its contemporaneity with man (Koch 1839: 
198-200). That same year, mastodon remains were discovered 
by a farmer in Benton County during development of a spring 
in the Pomme de Terre River valley. Koch excavated this 
site, now called the Koch Site, in 1840 (Stadler 1972; 
xxiv) (Fig. 1). From the well-preserved remains of several 
mastodons recovered here, Koch assembled the nMissourium,n 
a fantastic composite 9 m in length and 4.5m in height 
(Koch, 1841). Mehl (1962:29) notes that Koch was a show
man rivaled only by P. T. Barnum in his ability to market 
the incredible. In 1844, after an exhibition tour of 
Europe, Koch sold the "Missourium" to the British Museum 
(Natural History) where it was reassembled and is ex
hibited as Mastodon americanus. Harlan's (1843) descrip
tion of Koch's Pomme de Terre finds includes, in addition 
to mastodon, reference to the remains of ox, deer, elk, 
Megatherium and Orycterotherium (= Paramylodon).

The excitement generated by Koch for his discoveries 
initiated a "bone rush" in Benton County that lasted until
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the commencement of the Civil War. According to Mehl
(1962 :31) f the Jef jhrsonian Republican of November 12, 1842, 
reported:

The recent discovery of bones by Messrs. Case 
and Redman of Warsaw transcends anything of the 
kind yet offered to the public in point of number 
and size. The ̂ place where these bones were found 
is about two milog from town, and is familiarly 
known by the western people as a lick. The num
bers of different heads found amounts to seventy 
or eighty, and the large amount of detached teeth 
shows that a greater number of these monsters 
have found a common grave in this basin.

Again, from the Jefferson Enquirer of January 26, 1843;
We had last week exhibited in the State House 

the bones of^ tho great Mastodon or Behemoth found / 
in the vicinity of Warsaw, Benton County, Missouri.
They were brought to the city some ten days ago by Mr, Case.

In addition to the bones of the Mastodon, Mr,
Case brought with him a large number of other bones 
belonging to various animals.

All were not as successful as Case and Redman. Lay 
(1876:14) reports tho activities of the Bradley brothers 
from Boone County, Missouri, who dug in the vicinity of 
Koch's excavations in the Pomme de Terre River valley for . 
several months and who were financially ruined'when their 
venture failed.

The current Pomme de Terre River valley investiga
tions were initiated in 1963 as a limited archaeological 
salvage program at Rodgers Shelter, Benton County, Missouri 
(Fig. 1). Rodgers Shelter was located in 1962 during a 
University of Missouri archaeological survey of the area
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proposed for Inundation by the Harry S. Truman Reservoir.
The initial phase of the Rodgers Shelter project revealed 
the occurrence of Woodland artifacts in the uppermost 
levels; excavations in the years following revealed deep 
and stratified culture-bearing deposits, with Paleo-Indian 
(Dalton) artifacts being recovered from the lowest levels. 
The long cultural sequence revealed by these limited tests 
suggested that the site warranted extensive investigation 
(Wood and McMillan 1967; McMillan 1971).

Failure to recover pollen from the Rodgers Shelter 
sediments shifted attention to several nearby springs. One 
of these, Boney Spring, was sampled with a corer in 1966 
by P. J, Mehringer, Jr. (Mehringer et al. 1968) who 
recovered bone and tusk fragments in an associated mixed 
sand, gravel, clay and silt matrix from a depth of approxi
mately 4 m. Analysis of the matrix revealed a spruce- 
dominated pollen spectrum and spruce and larch macrofossils. 
With this discovery, interest in the proposed impoundment 
area increased„

Excavation of Boney and Trolinger Springs commenced 
in 1967. In 1968, Boney Spring was extensively sampled 
and Trolinger Spring systematically excavated (Mehringer, 
King and Lindsay 1970). I joined the Ozarks project during 
the 1971 field season when excavation was renewed and was 
systematically completed at Boney Spring; the Koch Site
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was. re-excavated; and Jones and Kirby Springs were sampled 
(King ' 1973; Haynes, in press; King and Lindsay, in press) .

Methodology
Anastasionomy, from the Greek anastasis (uresurrec

tion v) r is a word invented by Dr, G, G, Simpson (oral 
comm,, October 1972) for processes and events involved in 
exposure of fossils by natural or human means and subse
quent natural weathering or human processing. It is a 
caution well taken that anastasionomic processes occurring 
during field collection and laboratory preparation generally 
involve loss of information„ The collection and prepara
tion of the fossils reported.here were guided by this 
precept.

Field Methods
Field procedures varied with each spring„ Spring 

discharge rates, depth of deposits, local topography and 
our evolving research design determined the course of the 
excavations. Our excavations were based on procedures and 
techniques giving us maximum data recovery along with 
stratigraphic control within the sites.

Trolinger Spring. Excavation of Trolinger Spring 
during the summers of 1967 and 1968 was conducted before 
I joined Project Ozark, Dr. E. H. Lindsay was in charge 
of the paleontological recovery. The method involved
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trenching the spring periphery to isolate the deposit and 
expose stratigraphy of the spring margins„ Excavation 
proceeded systematically by levels. About one-half of the 
deposit exposed by trenching was excavated. Trolinger 
Spring ceased to flow in 19 64 and thus water did not present 
problems in excavating the shallow deposits.

Precise provenience of faunal elements, archaeo
logical materials, radiocarbon samples, pollen profiles 
and bulk matrix samples was carefully recorded and drawn 
on planimetric site maps. Careful control was maintained 
by constructing stratigraphic maps as the deposits were 
excavated.

Boney Spring. Excavations were initiated at Boney 
Spring in 1967. In 1968 the spring feeder area was sampled, 
but spring flow into the excavation forced a halt to further 
probing. In 1971 we temporarily stopped spring flow (ap
proximately 600 gallons per hour) by pumping from wells 
drilled into the aquifer at cardinal points around the 
spring. We were then able to expose the entire deposit.

Archaeological testing was conducted in the upper 
sediments surrounding the spring. When archaeological 
recovery was completed, approximately 3 m of barren over
burden was removed with a backhoe to expose the Pleistocene 
deposits in an area approximately 20 m square centered 
about the 1968 excavations. This area was surveyed and



laid off into a grid of 2 m  squares. Vertical control was 
established with a pin surveyed into the south wall of 
the excavation. Several squares were excavated simul
taneously , beginning, at the edge of the 1968 excavations 
and proceeding into the late Pleistocene deposits. Paleon
tological and archaeological materials, radiocarbon samples, 
plant macrofossils and bulk sediment samples were located 
by grid square number (assigned at the southwest corner) 
provenience in square and depth below site datum and 
figured on the planimetric maps of the excavation. Exca
vation walls and test trenches were stratigraphically 
mapped as the excavation proceeded. Major features were 
photographed.

Faunal elements at Boney Spring were recovered 
from a single faunal zone first recorded 4.3 .m below site 
datum. Site datum was a transit station on the surface 
at a point 22 m east and 24 m north of the approximate 
center of the spring feeder; in our grid system, it bears 
the designation "500NW500. The bones were like logs in a 
jam and their removal was a tedious and prolonged task.

As each faunal element was excavated, a preservative 
of arabic gum and water was applied to the exposed surfaces. 
Generally only enough matrix was removed from the specimen 
to establish its identity, limits, orientation, posture 
and relationship to other elements in the deposit.
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Occasionally complete exposure was required to facilitate 
the lifting of the specimen and where this was necessary, 
great care was taken to preserve surface details. Simul
taneous with excavation, each specimen was carefully 
examined and a field number, assigned, Notes on anatomical 
identity, taxonomic identity, posture, enclosing matrix, 
preservation state, metrical limits and measurements of 
orientation were recorded„ For the latter, a Brunton 
compass was used to obtain long-axis direction and dip. 
Provenience was recorded and the bones removed in plaster 
jackets. When microvertebrate remains were encountered, 
additional bulk sediment samples were collected for screen 
washing, In this way, a microvertebrate fauna of known 
provenience was recovered.

Thirteen thousand pounds. (6,000 kilograms) of field- 
packaged faunal materials were transported to the Laboratory 
of Paleontology, University of Arizona, for preparation and 
study. My field record shows that 630 specimens were re
covered from Boney Spring in 1971.

In the present study EHL refers to a field number 
assigned to a specimen or bulk sediment sample by Dr.
Everett H. Lindsay. Specimens collected in 1967 and cata
logued by the University of Missouri, Columbia, are pre
fixed UM. IS designates a specimen recovered from Trolinger
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Spring and BS designates a specimen recovered from Boney 
Spring.

Laboratory Methods
Preparation. Preparation of specimens for morpho

logical study followed general paleontological procedures. 
Time spent in preparation amounted to well over one year.

Data Gathering Procedures. Taxonomic sorting and 
identification was facilitated by a familiarity with the 
studies and lists of previous workers in Missouri, The 
megafauna presented no difficulties. The microfauna was 
sorted and identified by comparisons with specimens in 
the University of Arizona Mammal Collection and with char
acterizations and diagnoses in the literature. The 
herpetofauna was identified by Dr. Thomas R. Van Devender, 
Laboratory of Paleontology, Department of Geosciences, 
University of Arizona. Principal sources for distribu
tional data were Conant (1958), Burt and Grossenheider 
(1964), Hall and Kelson (1959) and Schwartz and Schwartz 
(1959). The classification and nomenclature used for 
Recent mammalian species is based on that of Schwartz and 
Schwartz (1959). Simpson (1945a) was followed in cases 
of generic synonomy.

Anatomical elements were tabulated for each taxon 
and.minimum numbers of individuals determined by duplicate
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counts. The representation (i„ e. f the observed frequency- 
divided by the expected occurrence) of each element was 
determined for the principal taxa.

To facilitate comparison, measurements recorded 
conform to those already in the literature or to those 
which include the largest number of specimens. Many of the 
variants recorded in earlier sources, especially the 
mastodon literature, were poorly described or are now con
sidered to be of only limited usefulness and their measure
ment was not, in general, attempted in the present study. 
Special forms were prepared to facilitate tabulation of 
each element. Measurements are in millimeters unless 
otherwise specified in the text. In this study lower case 
letters (i, c, dp, p and m) designate lower teeth; upper 
case letters (I, C, dP, P and M) designate upper teeth.



PLEISTOCENE FAUNAS

Occurrence of Pleistocene Faunas 
in the Ozarks

Solution cavities are widely developed in the 
Ozark region of Missouri and adjacent states and numerous 
fissures, sinkholes and caves have been reported (Bretz 
1956). These features have long been known to contain 
Pleistocene faunal remains (Mehl 1962). My own compila
tion (Table 2) indicates that Pleistocene faunas have been 
reported from one sinkhole, nine caves and a single fissure 
in the Ozark Plateaus of Missouri. Addition of the im
portant Conard Fissure in northern Arkansas (Brown 1908) 
brings to 12 the Pleistocene faunal sites localized by 
cavity-producing phenomena in the Ozarks region. In con
trast to these sites are those localized by interior 
drainage. Perusal of the literature reveals that fossil 
faunas recovered from poorly drained swamp and spring 
sites are as frequent as those recovered from solution 
cavities and that approximately equal numbers of both have 
been reported from the Ozark Plateaus (Table 2).

Cavity Faunas
Table 3 summarizes the Pleistocene mammalian faunas 

from the Ozark Plateaus province, including those from
27



Table 2. Pleistocene faunal sites in the Ozark Plateaus.

Localizing
Phenomenon Site Location Reference

Sinkholes
Caves

Enon Sink Moniteau Co., Missouri Simpson 1945b
Cherokee Jefferson Co., Missouri Simpson 1949
Crankshaft Jefferson Co., Missouri Parmalee, Oesch 

& Guilday 1969
Brynjulfson 1 Boone Co., Missouri Parmalee & 

Oesch 1972
Brynjulfson 2 Boone Co., Missouri ?!

Bat Pulaski Co., Missouri Hawksley, Reynolds 
& Foley 1973

Powder Mill Creek Shannon Co., Missouri Galbreath 1964
Carroll Camden Co., Missouri Mehl 1962
Cox Pulaski Co., Missouri
Nameless Crawford Co., Missouri ft

Fissures
Herculaneum Jefferson Co., Missouri Olson 1940
Conard Newton Co., Arkansas Brown 1908



Table 2. (Continued)

Localizing,
Phenomenon Site Location Reference

"Swamp"

Spring Sites

Bourbeuse River
Warsaw
Kimmswick
Sedalia
Vienna
Koch
Trolinger

Boney

Kirby
Jones

Gasconade Co., Missouri 
Benton Co., Missouri 
Jefferson Co., Missouri 
Pettis Co., Missouri 
Maries Co., Missouri 
Hickory Co., Missouri 
Hickory Co., Missouri

Benton Co., Missouri

Hickory Co., Missouri 
Hickory Co., Missouri

Koch 1857
Mehl 1962
Adams 1953
Mehl 1962 
::

Koch 1857
Mehringer, King 
& Lindsay 1970
Mehringer et al. 
1968
King 1973



Table 3, Pleistocene mammalian faunas- from the Ozark Plateaus.
Symbols: Sp.N., specimen number; MNI, minimum number of indi
viduals; +, animal extinct; e, entry approximate; taxon present;

Solution Cavities Spring Sites
Cherokee
Cave

Bat
Cave

BrynjulfsOrf Crankshaft Brynjulfson 
Cave No. I- Cave Cave No. 2

Herculaneum Conard Fissure Fissure Enon Trolinger Sink Spring SpringSpecies, Common Name Sp.N. MNI Sp.N. MNI Sp.N. MNI Sp.N. MNI Sp.N. ]MNI Sp.N. MNI Sp.N. MNI Sp.N. MNI Sp.N. MNI Sp.N. MNI
Didelphidae 
Didelphis virginiana 
opossum 17 2 1 1 152 9

Soricidae 
Sorex cinereus,
Masked shrew 
S. cf. cinereus or longirostris, 
Southeastern shrew S. arcticus,
Arctic shrew 
S. palustris.
Northern water shrew 
S. vagrans,
Vagrant shrew 
S. fumeus,
Smokey shrew 
Sorex sp.,
Shrew 

Microsorex hoyi,
Pygmy shrew 

+M. minutus
Cryptotis parva,
Least shrew 
cf. C. parva Blarina brevicauda.
Short-tailed shrew 

Talpidae 
Parascalops breweri, 
Hairy-tailed mole 
Scalopus aquaticus,
Eastern mole 
Condylura cristata,
Starnose mole

54 6 1 1
31 12

353 60
22 10

2 2 11 5 109
44

2 7 2 6393 663 116

63 15
137 13 147
60 19

15 
1 1

2 1 28 4

0£



Table 3. Pleistocene mammalian faunas from the Ozark Plateaus (continued).

Solution Cavities Spring SitesCherokee
Cave

Bat
Cave

Brynjulfson Crankshaft Brynjulfson 
Cave No. 1 Cave Cave No. 2

Herculaneum
Fissure

Conard
Fissure Enon

Sink Trolinger
Spring Boney

SpringSpecies, Common Name Sp.N. MNI Sp.N. MNI Sp.N. MNI Sp.N. MNI Sp.N. MNI Sp.N. MNI Sp.N. MNI Sp.N, MNI Sp.N. MNI Sp.N. MNI
Megalonychidae 
tMegalonyx cf. jeffersoni 
c f + Megalonyx 

Mylodontidae 
+Paramylodon harlani 

Dasypodidae 
tDasypus bellus,
Giant armadillo 

Xenarthra,+Sloth 
Leporidae Lepus americanus,

Snowshoe rabbit 
+L. qiqanteus 
Lepus sp.Sylvilagus floridana/ 
Cottontail rabbit 
S. aquaticus,
Swamp rabbit 

Sciuridae cf. Sciurus carolinensis/ 
Gray squirrel cf. S. niqer 
Fox squirrel 
Sciurus sp.,
Squirrel Tamiasciurus hudsonicus, 
Red squirrel T. cf. hudsonicus 

Marmota monax,
Woodchuck Spermophilus franklini. 
Ground squirrel 
S. tridecemlineatus, 
13-lined ground squirrel

8 1 1245 2 2 1

142 4 37 7
16 3

30 3 618 24 5626 222 1513 66

13 5 34 7
14 2 20 3
36 15 3 91 5

16 s 4
8 1
68 6 62 7 26 3 189 18

6 2
3 ' 1 1 1 3 1

2001

31



Table's. Pleistocene mammalian faunas from the.Ozark Plateaus (Continued).

Solution Cavities Spring Sites
CherokeeCave Bat Brynjulfson Crankshaft Brynjulfson 

Cave Cave No. 1 Cave Cave No. 2
Herculaneum
Fissure

Conard
Fissure Sink

Trolinger Boney 
Spring SpringSpecies, Common Name Sp.N. MNI Sp.N. MNI Sp.N. MNI Sp.N. MNI Sp.N. MNI Sp.N. MNI Sp.N. MNI Sp.N. MNI Sp.N. MNI Sp.N. MNI

Tamias striatus,
Eastern chipmunk 
+T. nasutus 
Glaucomys volans.
Southern flying squirrel 

Geomyidae Geomys bursarius,
Plains pocket gopher 
+G. parvidens 
Thomomys cf. talpoides, 
Northern pocket gopher 

Heteromyidae 
Perognathus cf. hispidus, 
Hispid pocket mouse 

Castoridae 
Castor canadensis,
Beaver+Castoroides ohioensis,Grant Beaver 

Cricetidae 
Oryzomys palustris.
Rice rat 
Reithrodontomys cf. megalotis, 
Western harvest mouse 
+R. simplicidens 
Peromyscus cf. leucopus 
Peromyscus spp. ,
White-footed mice 
Onychomys cf. leucogaster. Grasshopper mouse 
Neotoma floridana,
Eastern woodrat +N. ozarkensis 
Synaptomys cooperi,
Southern bog lemming 
S. cf. cooperi ST. borealis,
Northern bog lemming

1 1 1455 86

19 5 1 1 95 16

15 3 88 13 670 34 161 18

16 5

36 11

1 1 3 1 1606 30

12 3 40 13 521 143 400 116
29 10

44 5 394 42 3654 195 988 100

7 1

4 1

4 1

• 10 4
1 1  3

441 95

uM



Table 3. Pleistocene.mammalian faunas from, the Ozark Plateaus' (Continued).

Solution Cavities Spring SitesCherokee Bat Brynjulfson Crankshaft Brynjulfson Herculaneum Conard Trolinger BoneyCave Cave Cave No. 1 Cave Cave No. 2 Fissure Fissure Sink Spring SpringSpecies, Common Name Sp.N. MNI Sp.N. MNI Sp.N. MNI Sp.N. MNI Sp.N. MNI Sp.N. MNI Sp.N. MNI Sp.N. MNI Sp.N. MNI Sp.N. MNI
+S. cf. australis 
Synaptomys sp.
Clethnonomys gapperi, 
Red-backed vole 
C. cf. gapperi 
Ondatra zibethica,
Muskrat +0. annectens 
Microtus pennsylvanicus, 
Meadow vole 
M. ochrogaster, prairie vole and/or M. pinetorum, ■ 
pine vole 
M. xanthognathus, 
Yellow-cheeked vole 

Microtus sp.Microtinae, voles 
Zapodidae 
Zapus hudsonicus.
Meadow jumping mouse 
Napaeozapus insignis. 
Woodland jumping mouse Erethizontidae 
Erethizon dorsatum,
Porcupine 

Canidae 
Canis latrans,
Coyote . C. lupus,
Gray wolf 

+C. dirus,
Dire wolf 
Canis, sp.Vulpes fulva,
Red fox

11
26

2128 132

6 ' 1

88
54

11
5

4
10

212 107

6+ 457 246

1636 
254 109

3

16

13



Table 3. Pleistocene mammalian faunas from the.Ozark Plateaus (Continued).

Solution Cavities SpringCherokeeCave Bat Brynjulfson Crankshaft Brynjulfson 
Cave Cave No. 1 Cave Cave No. 2

Herculaneum
Fissure

Conard
Fissure Enon Trolinger 

Sink Spring Boney
SpringSpecies, Common Name Sp.N. MNI Sp.N. MNI Sp.N. MNI Sp.N. MNI Sp.N. MNI Sp.N. MNI Sp.N. MNI Sp.N. MNI Sp.N. MNI Sp.N. MNI

V. velox,
Swift fox 
Urocyon cinereoargenteus, 
Gray fox 

Urocyon sp.
Fox 

Ursidae 
tArctodus simus,
Short-faced bear 
Ursus americanus,
Black bear Procyonidae 

Procyon lotor.Raccoon 
Mustelidae 
Mustela erminea,
Shorttail weasel M. cf. erminea 

M. rixosa/
Least weasel 

M. frenata,
Longtail weasel 

M. cf. frenata 
M. vison.
Mink 
+M. gracilis 
Mustela sp.
Martes pennanti,
Fisher Taxidea taxus,
BadgertBrachyprotoma pristine,
+B. spelaea, skunk 
+Brachyprotoma sp.,Skunk

45 1
2 1 1

1
14

14
11

2

3.
20

21
2

110

351

■ 34



TcIJdI© -3 e Pleistocene mammalian faunas from the Ozark-Plateaus (Continued) .

Solution Cavities
Cherokee
Cave

Bat
Cave

Brynjulfson Crankshaft Brynjulfson 
Cave No. 1 Cave Cave No. 2

Herculaneum
Fissure

Conard
Fissure Enon Trolinger Sink Spring Boney

Spring
Species, Common Name Sp.N. MNI Sp.N. MNI Sp.N. MNI Sp.N. MNI Sp.N. MNI Sp.N. MNI Sp.N. MNI Sp.N. MNI Sp.N. MNI Sp.N. MNI
Mephitis mephitis,
Striped skunk 
Spilogale putorius, 
Spotted skunk 
S. cf. putorius 
Lutra canadensis,
River otter 

Felidae 
Felis concolor,
F. cf. concolor +F. longicrus 
Lynx cf. rufus.
Bobcat +L. compressus 
+Smilodon troglodytes, 
Saber-toothed cat 
+S. conardi,Saber-toothed cat 

Mammutidae 
+Mammut americanum, 
American mastodon 

Elephantidae 
+Mammuthus cf. jeffersoni 
+Mammuthus sp.
Equidae 
+Equus complicatus 
+E. cf. complicatus 
■4-Equus sp.
Tapiridae +Tapirus excelsus 
+T. cf. excelsus 
T. cf. bairdi,Baird*s tapir 
Tapirus sp.

31 5 294
52 13 11

23
5

2

7+

13+
15

118 11 717



Table 3, - Pleistocene mammalian faunas from the Ozark Plateaus (Continued).

Solution CavitiesCherokee
Cave Bat Brynjulfson Crankshaft Brynjulfson 

Cave Cave No. 1 Cave Cave No. 2'
Herculaneum
Fissure

Conard
Fissure Enon Trolinger 

Sink Spring SprinqSpecies, Common Name Sp-.N. MNI Sp.N. MNI Sp.N. MNI Sp.N. MNI Sp.N. MNI Sp.N. MNI Sp.N. MNI Sp.N. MNI Sp.N. MNI Sp.N. MNI
Tayassuidae 
tMylohyus nasutus.Long-nosed peccary 
+Mylohyus spp. tPlatygonus compressus,
Flat-headed peccary 

Camelidae 
-tTanupolama parvus 

Cervidae 
of. Cervus canadensis,Wapiti 
Odocoileus hemionus,
Mule deer 
0. virginianus.
White-tailed deer Ococoileus sp. 
cf. Alces or +Cervalces,
Moose 
cf. tSangamona 

Antilocapridae 
Antilocapra americana.
Pronghorn 

Bovidae 
Bison sp.
+Symbos australis (= S. cavifrons, 

Allen, 1913) 
cf. +Symbos sp.

22e 6339 98 475 15

85 5 81 6 153

5 1
5 2

5
5
12

V)



37
solution cavities.. The majority of the fossils reported 
by Simpson (1949) from Cherokee Cave and by Hawksley, 
Reynolds and Foley (1973) from Bat Cave represent the common 
Pleistocene peccary, Platygonus compressus. A minimum of 
22 individuals of this taxon are represented by dentitions 
from Cherokee Cave. The fossil fauna includes Dasypus 
bellus, Marmota monax, Castor canadensis, Erethizon 
dorsatumCanis sp., Ursus americanus and Procyon lotor, 
in addition to Platygonus compressus. Simpson concludes 
that the fossil-containing horizon in the cave was deposited 
by a torrential flood that entered and washed through the 
cave carrying the remains of animals initially accumulated 
distal to the cave. Hawksley, Reynolds and Foley (1973) 
report a minimum of 98 individuals of Platygonus compressus 
from Bat Cave, where it outnumbers the combined occurrence 
of all other taxa. The fauna also includes Marmota monax. 
Castor canadensis, Canis d i m s , Arctodus simus, Ursus 
americanus and Procyon loton. Small mammals are not un
common, but the number of individuals of each species is 
extremely small. The authors conclude that this accumula
tion represents the normal attrition of individuals living 
in the cave.

Platygonus compressus was abundant in the fauna 
reported by Parmalee and Oesch (1972) from Brynjulfson 
Cave No. 1, where the remains of 15 individuals were



recovered. Other large mammals included abundant carni
vores, with Cahis dirus, Vulpes fulva and Ursus americanus 
occurring most commonly. Sylvilagus floridanus, Castor 
canadensis and Neotoma floridana were common. Smaller 
mammals were not uncommon, but as at Bat cave, the number 
of individuals of each species recovered was small. A 
single individual of Tapirus sp. was represented. Parmalee 
and Oesch suggest that predators, natural attrition and 
water action account for the occurrence of faunal remains 
in the cave.

Small mammals dominate the faunas of Crankshaft 
and Brynjulfson No. 2 caves. The most common taxa reported 
by Parmalee, Oesch and Guilday (1969) from'Crankshaft Cave 
were Blarina brevicauda, Sylvilagus floridanus, Tamias 
striatus and Neotoma floridana. Voles occurred in large 
numbers, with Clethrionomys gapperi and Microtus pennsyl- 
vanicus most abundant. The diverse large mammal fauna 
include Megalonyx jeffersoni, Mammut americanum, Vulpes 
fulva, V, yelox, Urocyon cinereoargenteus, Ursus americanus 
Procyon lotor, Lynx cf. rufus, Tapirus cf. excelsus, and 
Equus sp. A single individual peccary, Mylohyus nasutus, 
was' recovered. This accumulation is thought to be the 
result of mechanical trapment, but other processes un
doubtedly operated as well. The most common taxa recovered 
from Brynjulfson Cave No. 2 (Parmalee and Oesch 1972) were
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cricetid rodents, of the genera Peroiayscus and Microtias. 
Cryptotis parva f Sylvilagus floridanus, Marmota monax and 
Neotoma floridana were abundant. Large mammals included 
the beaver, Castor canadensis, the carnivores Canis dirus, 
Urocyon cinereoargenteus, Ursus americanus t Procyon lotor 
and Lynx rufus, and the artiodactyls, Odocoiieus vir- 
ginianus and Antilo'capra americana« A single individual 
of Platygonus compressus was recovered. This fauna repre
sents accumulation under processes similar to those which 
operated at the adjacent Brynjulfson Cave No, 1.

Large mammals dominate the fauna from Herculaneum 
Fissure (Olson 1940). Odocoiieus virginianus was the most 
abundant large mammal obtained from the fissure; only the 
smaller taxa, e.g., Neotoma pennsylvanica (= N. floridana) 
and Lepus americanus, occurred more commonly. Small 
mammals were rare. Large mammals included Megalonyx cf. 
jeffersoni, Canis dirus, C. latrans, Urocyon sp., Procyon 
lotor, Felis concolor, Equus sp., Mylohyus sp. and Bison 
sp.

The fauna from Conard Fissure (Brown 1908) con
tains abundant large and small mammals. Among the latter, 
Blarina brevicauda and Peromyscus sp. occur most abundantly. 
Lepus americanus, Sylvilagus floridanus and Neotoma ozar- 
kensis (? = N . floridana) are common, Large mammals in
clude abundant Mylohyus spp. and Ursus americanus. Other
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carnivores are diverse; Canis sp„, Vulpes sp.f Urocyon 
sp., Felis spp„ and Lynx spp. There is the unusual 
occurrence of numerous remains of two species of the 
machairodont, Smilodontop sis (= Smilodon). Artiodactyls 
include Odocoileus spp. and Symbos australis (= £[. cavi- 
frons) .

The Pleistocene fauna from Enon Sink has been only 
partially described, but is dominated by large forms.
Simpson1s (1945b) report on Tapirus excelsus from Enon 
Sink notes that materials received at the American Museum 
from this locality include, in addition to the tapir, 
remains, of Mammuthus cf. jeffersoni and Equus cf. compli- 
catus. Mehi (1962) reports sloth and mastodon remains 
and the unusual occurrence of numerous turtles from this 
site. Notably absent are carnivores and small mammals.
Enon Sink appears to represent an accumulation of the re
mains of animals trapped after falling through the surface 
aperture (Simpson 1945b).

It is evident that faunas recovered from these 
cavities have been related to four major methods of faunal 
accumulation; (1) predator feeding activities, (2) attri
tion of individuals living in the feature, (3) water action 
and (4) mechanical trapment. Accumulation of faunal remains 
in Enon Sink represents a special interaction of (3) with 
(4). This sinkhole, now largely filled, is approximately
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12 m in depth and 30 m in diameter with a considerably 
smaller surface vent. (Simpson 1945b). The bones occur in 
blue clay mixed with fallen blocks of limestone at the 
bottom of the hole. Above this fauna-containing zone, the 
hole is nearly filled with cave earth. Mehl (1962) sug
gested that Enon Sink was initially a cavern with through- 
flowing drainage. At some stage the outlets became plugged, 
possibly with roof collapse, and the hole partially filled 
with water, sediment and the remains of trapped animals.
The dissociated remains of the latter, unsupported by the 
slurry-like sediment, sank to the bottom. In my ex
perience, blue clay reflects an anaerobic reducing environ
ment ideal for fossil preservation. The abundant turtles 
support the interpretation of deposition in a continually 
wet environment. While Enon Sink is solution-derived, its 
history subsequent to formation closely resembles that 
inferred for sites localized by poor drainage.

"Swamp" Sites
I have made no attempt to itemize the faunas from 

"swamp" sites. These faunas are characterized by mastodons 
either singly or abundantly recovered, frequently associated 
with sloths. In every case known to me small mammal con
stituents have gone unrecovered, unreported or both.



Spring Sites
Bottomland marshes are often spring-fed. Marsh ' 

and spring sites often share an interwoven history in the 
Ozark Plateaus and are distinguished with difficulty. The 
faunal characteristics are closely similar. In the study 
area three spring sites may be briefly mentioned and two 
others more fully discussed.

Koch Spring. The Koch Site, in Hickory County, 
Missouri (Fig. 1), was excavated by Albert C. Koch in 1840 
(in Koch^s day, Hickory County was still the southern 
portion of Benton County). He recovered the remains of 
numerous Mammut americanum, including over 300 teeth, 
associated with, according to Harlan (1843), the remains 
of ox, deer, elk and sloth. Koch dispersed this collection 
here and abroad, with much of the Mammut material sold to 
the British Museum (Natural History). Lydekker (1886:16-27) 
lists 92 specimens, in addition to the skeleton of "Mis- 
sourium" reassembled as Mastodon americanus, as being "from 
Missouri" and purchased "about 1844." This leaves most of 
Koch's collection unaccounted for and its present status 
unknown. Our re-excavation of the Koch Site during the 
summer of 1971 corroborated the already well known occurrence 
of Mammut in the spring deposits, but yielded no remains 
assignable to other taxa. We found that Koch's method
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resulted in nearly complete recovery of what must have been 
an extensive bone-bed.

Kirby Spring. Situated in the Breshears Bottom 
adjacent to Trolinger and Jones Springs, Kirby Spring (Fig. 
1) is, according to local inhabitants of the area, the site 
of Koch's former activities. This spring is currently a 
large marsh within a shallow basin rimmed by disturbed 
sediments. It is one of several, possibly many, Ozark 
springs extensively quarried for mastodon bones during the 
pre-Civil War "bone rush" generated by Koch's successes 
in 1840. This spring was tested in 1971, but no identi
fiable faunal remains were encountered. The backdirt piles 
surrounding the spring contain large bone and"tusk fragments 
attesting to the former occurrence of proboscideans in the 
spring deposits. Nothing is known of what else may have 
been recovered from this spring.

Jones Spring. Jones Spring (Fig. 1) was tested 
in 1971 and proboscidean tusk and turtle carapace fragments 
were recovered. Further sampling during the summer of 1973 
revealed a superposition of two distinct faunal horizons, 
both containing abundant Mammut and Mammuthus remains.
Jones Spring is to be completely excavated during the 
summer of 1975. Further discussion must await analysis of 
this multiple level faunal occurrence.
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Trolinger Spring

General Statement
Trolinger Spring (Fristoe 15’ Quadrangle, 1945r 

Hickory Co., Missouri; NE 1/4 NW 1/4 NE 1/4 sec. 9,
T.38N., R.22W.) is 19.5 km SSE of Warsaw in a small field 
adjacent to a creek tributary to the Pomme de Terre River 
(Fig. 1). At 223 m elevation, the spring is 16 ra above and 
1800 m directly west of the Pomme de Terre River.

The Holocene spring perched above the Pleistocene 
deposits at Trolinger Spring ceased to be active in 1964, 
facilitating the testing and excavation of the deposits 
in 1967 and 1968. The faunal remains were concentrated in 
three strata (gray sand, varigated sand and a dark brown, 
sandy, clayey peat) 2 to 2.5 m below the present day sur
face. The dissociation and dispersal of the faunal remains 
is apparent from the planimetric maps of the excavation 
(Figs. 3 and 4). There were no instances of elements in 
articulation.

Bone from Trolinger Spring was typically stained 
dark, resinous brown, with the appearance of having been 
preserved in a peat bog. In general, mastodon enamel was 
mottled in shades of brown, gray, blue and occasionally 
red on a cream-colored background. Ivory and other enamel 
was stained in shades of brown. The usual state of the
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Trolinger Spring specimens was one of slight or no minerali
zation and heavily mineralized specimens did not occur.

Stratigraphy
Spring site stratigraphy is after Haynes (in press). 

Figures 5 and 6 are stratigraphic cross sections through 
the spring deposits and Figure 7 is a columnar section 
summarizing the spring-laid sequence and the relevant radio
carbon age determinations. The Trolinger Spring fauna Wets 
concentrated in unit b (gray sand of the spring feeder), 
unit £ (varigated sand) and unit d^ (dark brown, sandy, 
clayey peat and dark brown clay). Faunal remains were 
abundant in unit d^ = Specimens from the d^/b contact were 
common« A Mammuthus cheek tooth, rounded and fragmentary,
was recovered from the contact of d_ with a0 distal to the—J —d
main faunal concentration. Synaptomys incisor enamel was 
recovered from lower unit ft, (pale gray clay) .

Trolinger Spring deposits truncate alluvial fill 
(unit ag, light brown, clayey, sandy gravel; Fig. 6) 
forming the highest terrace surface bordering the Pomme 
de Terre River in the study area.. Trolinger Spring exhibits 
features characteristic of buried spring deposits, e.g., 
with a feeder conduit (unit b , gray sand; Fig. 6) that 
increases in average diameter as it approaches the surface. 
It is inferred that the conduit was formed by the stoping 
action of artesian water ascending along weaknesses in the
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host deposit. Above, but penecontemporaneous with the gray 
sand, is a variegated mixture of dark brown plant fragments 
and pale gray.sand (unit c) having a zebra-striped appear- . 
ance created during intermittent variations in discharge 
as the loci of subsidiary feeders shifted about within 
the main feeder 33,000 to 34,000 years ago, based on age- 
determination of included peat. This variegated sand is 
overlain by peat (units d^ and e) reflecting further spring 
discharge reduction. Top of the distal peat (unit d^) is 
29,340 ± 900 years B.P. (before present) (A-1000) based on 
radiogenic carbon. A sharp contact separates units d^ and 
e from the overlying gray clay (unit f0; Figs. 5 and 6) 
which sealed the fauna-bearing deposits after 20,000 years 
ago, based on radiogenic carbon.

Age and Correlation
The spring-laid deposits containing the fauna are - 

dated 20,000 to 35,000 years B.P. (Fig. 7). Faunal accumula
tion may have been restricted within this interval. The 
presence of abrasion and rounding on some specimens suggests 
that a portion, at least, of the faunal remains may have 
been subjected to rolling sand and water during deposition. 
Other specimens lack abrasion and rounding, suggesting 
deposition after a vegetation mat had partly covered the 
conduit. This variable abrasion is compatible with faunal 
accumulation during the formation of unit d^ between 34,000
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and 29,000 years ago. No faunal remains were recovered 
from unit e and those from unit b may initially have been 
deposited in unit d^. In support of the latter statement 
may be mentioned several instances where parts of a single 
individual were recovered from both unit b and unit d^.

The duration of faunal accumulation in Trolinger 
Spring places the fauna within the Rancholabrean Land 
Mammal Age characterized by the appearance of the genus 
Bison in North America. Correlations and comparisons 
are possible with numerous Rancholabrean faunas throughout 
unglaciated North America.

Haynes (in press) tentatively correlates the terrace 
containing Trolinger Spring with the Altonian substage of 
the Wisconsinan Glacial Interval. Unit £ of the spring- 
laid sequence is still more tentatively correlated with the 
stade separating the Plum Point and Port Talbot interstades 
in the glacial chronology of the Lake Ontario/Lake Erie 
region. .

Systematic Discussion of 
Trolinger Spring Fauna

Class MAMMALIA 
Order INSECTIVORA 
Family SORICIDAE 

Blarina brevicauda (Say, 1823)
Short-tailed shrew
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Abundance. A single individual, Two specimens, 

right and left lower first incisors, EHL 150—151.
Habitat. The short-tailed shrew is presently found 

in deciduous or coniferous forests and in open fields in 
eastern United States and southeastern Canada. In the 
eastern Great Plains, it is limited to westward extension 
of the deciduous forests along water courses or to marshy, 
grassy areas near water. It occurs throughout Missouri.

Discussion. The soricid material came from sands 
in the spring conduit (unit b) and this accounts for its 
poor preservation. Morphologically, the Trolinger Spring 
material cannot be distinguished from Recent specimens of 
Blarina brevicauda.

Order RODENTIA 
Family CRICETIDAE 

Peromyscus spp. Gloger, 1841 
White-footed mice

Abundance. Two individuals. Two specimens, right 
upper and lower first molars, EHL 151.

Habitat. Except in the northern parts of Arctic 
America, Peromyscus is to be found in almost every possible 
terrestrial habitat in North America.

Discussion. The Peromyscus material came from sands 
in the spring conduit (unit b) and is poorly preserved. Only 
fenestrated enamel crowns are available for .study. Lindsay
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(in Mehringer, King and Lindsay 1970) has recorded the 
following measurements: Ml Ig. = 1.95 mm, w. = 1.12 mm?
ml Ig. = 1.51 mm, w. = 1.00 mm. He notes that dimensions 
of the lower molar are similar to teeth of P. maniculatus 
and P. leucopus presently inhabiting the Ozark Highlands.
The upper molar is larger than the normal size range of 
these species, suggesting that more than one species of 
Peromyscus is represented in the fauna from Trolinger 
Spring.

Synaptomys sp. Baird, 1858 
Bog lemmings

Abundance. A single individual. A single specimen, 
incisor enamel reported by Lindsay (in Mehringer, King and 
Lindsay 1970).

Habitat. Southern bog lemmings (EL cooperi) 
presently occur in low, damp bogs and meadows with dense 
vegetation in eastern United States north of the 35th 
parallel and southeastern Canada. Northern bog lemmings 
(EL borealis) occur today in wet alpine and subalpine 
meadows with muskeg, heaths and sedges in boreal Canada and 
northeastern United States north of the 45th parallel. The 
southern species occurs throughout Missouri.

Discussion. Incisor enamel with a lateral shallow 
groove on the anterior surface as seen in Synaptomys was 
collected from gray clay (unit f^)« Prismatic enamel plates
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as seen in microtine cheek teeth were collected from clayey 
peat (unit d )̂ and overlying gray clay (unit . These 
could represent Synaptomys or another microtine rodent.

Order PROBOSCIDEA 
Family MAMMUTIDAE 

Mammut americanum (Kerr, 1792)
American mastodon 

Abundance. Eleven individuals, inferred from 
assembled life associations. One-hundred-eighteen speci
mens , including five incomplete upper tusks, seven in
complete mandibular tusks, eight skull fragments, including 
one right maxillary with M3, three fragmentary mandibles, 
one with left m2-3, another with left m 1-3 and right m 2-3 
and the third edentulous, 45 isolated upper and lower cheek 
teeth, 11 incomplete vertebrae, eight incomplete ribs, one 
scapula, three innominates (one complete), five incomplete 
humeri, including one diaphysis and one distal and three 
proximal epiphyses, three incomplete ulnae, one incomplete 
radius, four incomplete femorae, including one diaphysis 
and one proximal and two distal epiphyses, one incomplete 
tibia, seven foot elements, and five indeterminate bone 
fragments,

Habitat. Pollen associated with the fossil remains 
in Trolinger Spring (King 1973), indicates that the 
American mastodon occupied an open pine-parkland where it
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was a browser, Elsewhere in eastern North America f Mammut 
americanum occupied spruce forests or open woodlands of 
spruce and trees associated with spruce forests (Dreimanis 
1968) in addition to pine.

In Wisconsinan deposits in eastern and middle North 
America, excluding Canada north of southern Ontario and New 
Brunswick but including the Yukon Territory, the American 
mastodon is a common fossil (Dreimanis 1968). Elsewhere 
it ranged throughout the continuous western United States 
and central Alaska (Osborn 1936;177).

In Missouri, Mammut americanum is known from records 
in 37 counties (Mehl 1962:53). Although it may be rare 
or absent in some otherwise rich Ozark faunas, it is likely 
to be abundant or even to constitute the bulk of the 
material in others. It is the most common mammal in spring 
deposits in the Ozark Highlands.

Discussion. The bulk of the Trolinger Spring col
lection is assignable to Mammut americanum. The American 
mastodon is well known and has been the subject of an 
enormous literature. In spite of this fact, there exists 
no fully adequate study of variation in this important 
species. The opportunity is taken in this study to present 
some data on dental variation in Mammut americanum as well 
as to summarize other data by which this collection may be
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compared to and contrasted with the larger series of M. 
americanum from Boney Spring.

The majority of North American Pleistocene Mammut, 
and all late Pleistocene members of this genus, belong to 
the single highly variable species, M. americanum. Extreme 
intraspecific variability in M. americanum was recognized 
and stressed early by Leidy (1869:242), but seems to have 
been overlooked, unappreciated or otherwise ignored by 
later taxonomists who stressed minor differences and 
erected abundant species (six listed in Osborn 1936) of 
doubtful validity.

The Trolinger Spring collection contains 12 in
complete tusks, represented with a single exception by 
distal fragments, from mastodons of varying ages. Three 
are curved in the horizontal plane and two others without 
curvature can also confidently be identified as upper tusks; 
six are nearly straight and correspond to published de
scriptions and actual examples of mandibular tusks; one 
tusk is problematical. All were recovered from unit d^. 
Table 4 presents metrical and form variation in Trolinger 
Spring tusks.

Among the upper series is a nearly complete large 
adult tusk (EHL 167) from the left side measuring 2000 mm 
along the lower border. Cross section near the tip re
veals a vertically flattened oval with slight left lateral



Table 4. Metrical and 
Spring.

form variation in Mammut americanum tusks from Trolinger

All measurements are given in mm.

Specimen
Number

Preserved
Length

Transverse
Diameter

Vertical
Diameter

Cross-
Sectional
Form

Associa
tions

UPPER -

EHL167 2000 180 193 Oval
UM23HI-
210a 79 48 51

Sub
round

UM23HI-
210b 81 45 49

Sub
round

UM23HI-
210f 100 28 30 .

Nearly
Round

UM23HI-
210g 73 28 30

Nearly
Round

LOWER
15UM23
HI-210 153 41 53 Oval
15UM23
HI-210 119 40 53 Oval



Table 4. (Continued)

Specimen
Number

Preserved
Length

Transverse
Diameter

Vertical
Diameter

Cross-
Sectional
Form

Associa
tions

LOWER (Continued)

82
7UM23
HI-210
UM23HI-
210c
UM23HI-
210d
UM23HI-
210e

122

52

53
PROBLEMATICAL 
22TS68 163

52

36

33

31

102

56

39

34

32

53/69

Sub
round
Sub
round
Nearly
Round
Nearly
Round

Bifid

T
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skewing; this form is continued to the base of the speci
men. The base is broadly open, exposing a pulp cavity 
extending 360 mm into the tusk base. The vertical plane 
has a slight simple spiral curve increasing near the tip; 
the horizontal plane is moderately concave dorsally. The 
lower border for approximately one-fifth the distance from 
tip to base is wear abraded producing two major facets.
Two doubtless associated distal fragments (UM23HI-210a, b) 
represent the upper tusks of a female or young, but not 
juvenile, mastodon. These tusks are sub-round in cross 
section. Two other associated distal fragments (UM23HI- 
210 f, g) are nearly round in cross section. The horizontal 
planes are moderately concave dorsally. They represent the 
upper tusks of a juvenile mastodon.

Two bilateral tusk fragments (15UM23HI-210) are 
associated with the horizontal rami that retained them in 
life (5UM23HI-210). Both have their distal ends blunted 
by wear; neither exhibits a trace of pulp cavity. The 
lateral flattening of these tusks, apparent from their 
diameters, impart in cross-section the extreme example of 
oval (non-round) form for mastodon tusks from the study 
sites. The vertical ovals are unskewed. Another of the 
mandibular tusks (7UM23HI-210) could be replaced in the 
alveolus of the left horizontal ramus (4TS68) that retained 
it in life. This tusk is a thick, stubby distal end
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blunted in use and sub-round in cross section. It is larger 
in diameter than is usual for mandibular tusks in this 
taxon. The pulp cavity is exposed in the preserved proxi
mal end. A nearly straight and cylindrical tusk fragment 
(UM23HI-210c) compares with literature descriptions of 
mandibular tusks. The specimen is sub-round in cross 
section. Wear at the tip reflects a history of use, spring 
abrasion and rodent gnawing. Two associated meso-distal 
fragments (UM23III-210 d, c) are straight, cylindrical and 
nearly round in cross section. They are identical to an 
actual tusk retained in a mandible (14BS71) from Boney 
Spring. An abnormal, bifid meso-distal fragment (22TS68) 
is problematical and may represent fusion of bilateral 
mandibular tusks. It is, however, moderately curved in 
the horizontal (inferred) plane.

There are 53 cheek teeth available from Trolinger 
Spring. Cheek teeth anterior to dP4 and dp4 are repre
sented by two severely worn, associated specimens. DP4-M3 
and dp4-m3 are better represented.

Osborn’s terminology (1936) has served as the basis 
for all subsequent discussion of mastodon cheek teeth and 
is followed in this study with only slight modification. 
Explanations of the principal terms I am using are given 
below and in Table 5 and on Figures 8 and 9.
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Table 5, Explanation of cheek tooth terms used in this 
study.

Term Explanation

Protoloph(-id)* First transverse ridge
Metaloph(-id) Second transverse ridge
Tritoloph(-id) Third transverse ridge
Tetartoloph(-id) Fourth transverse ridge
Pentaloph(-id) Fifth transverse ridge
Conule (=Cuspule) The small, cusp-like projections on the 

enamel crown; their fusion produces 
cingula on all cheek teeth and tubercles 
on M3 and m3.

Tubercle The prominence formed by conule develop
ment posterior to the fifth transverse 
ridge on M3 and m3.

Choerodont Enamel crown covered with conules.
Plication The development of vertical folds in the 

enamel of the crown (ptychodont refers 
to the extreme of this condition).

Pretrite The principal cusp which is external on 
the lower and internal on the upper 
cheek teeth; its outer surface slopes 
to the base of the tooth.

Posttrite The principal cusp which is internal on 
the lower and external on the upper 
cheek teeth; its outer surface is nearly 
perpendicular to the base of the tooth.

Conelet The basic element of cusp formation 
. which by binary fusion form the prin
cipal cusps of mammutid cheek teeth.

Mesoconelet In each principal cusp, the conelet 
which is adjacent to the median sulcus.
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Table 5, (Continued)

Term Explanation

Ectoconelet The conelet which is exterior in the 
formation of the loph/lophid; in upper 
teeth the ectoconelet and fused meso- 
conelet form the posttrite cusp, in 
lower teeth the ectoconelet and fused 
mesoconelet form the pretrite cusp.

Entoconelet The conelet which is interior in the 
formation of the loph/lophid; in upper 
teeth the entoconelet and fused meso
conelet form the pretrite cusp, in lower 
teeth the entoconelet and fused meso
conelet form the posttrite cusp.

*-id, a suffix to indicate lower teeth.
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median sulcus

metalophid-

enamel
figure

tetartolophid

protolophid

tritolophid

pentalophid

Figure 8. Crown view of left m3 of Mammut ameri- 
canum from Trolinger Spring (10UM23HI-210).
Specimen illustrates stage 4 of wear and principal terms 
used in this study. x 2/3.
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pretrite

cristae

m

posttrite

cement

plication

tubercle

Figure 9. Crown view of left M3 of Mammut ameri- 
canum from Boney Spring (207BS71).
Specimen illustrates additional principal terms used in 
this study. x 2/3.
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DP4^M2 and dp4-m2 are trilophodont with variable 
anterior and posterior cingula and cuspules. M3 and m3 
have four complete lophs„ A fifth loph may be well de
veloped, especially on m3, or may, especially on M3, be 
represented only by a cone or cones not forming a true 
loph. Additional cuspules usually form a tubercle posterior 
to the fifth loph.

Each loph of dP2-M3 and dp2-m3 is formed by two 
principal cusps, the pretrite (external on the lower and 
internal on the upper molars) and the posttrite cusp. Each 
principal cusp in turn is formed by two conelets. In the 
pretrite, these are the ectoconelet (in the lower teeth) 
or entoconelet (in.the upper teeth) and mesoconelet. In 
the posttrite these are the entoconelet (in the lower 
teeth) or ectoconelet (in the upper teeth) and mesoconelet. 
An anteroposterior median sulcus extends the length of the 
crown and separates the principal cusps of each loph. The 
transverse valleys separating each loph are unrestricted.
The pretrites are buttressed by two ridges or cristae of 
variable strength arising from the ectoconelet in the lower 
teeth and from the entoconelet in the upper teeth. One of 
the cristae descends on the anterior pretrite face from 
apex to base, the other descends on the posterior face of 
the cusp. At the bottom of each transverse valley, the 
crista descending from the pretrite in front approaches
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that descending from the pretrite behind f producing a ridge 
running from the front of the tooth to the rear over the 
cusps and variably interrupted only at the bottom of the 
transverse valleys. As the teeth wear in mastication, it 
is the buttressed pretrite cusps that suffer most. With 
wear the pretrite cristae are truncated and form enamel 
figures enclosing usually simple trefoil patterns. Wear of 
the posttrite cusps produces enamel figures which generally 
enclose simple oblongs but plication of the enamel may 
produce small basal buttresses which form poorly developed, 
or occasionally even well developed, trefoils in latest 
wear stages.

Upper and lower molars of Mamftiut americanum can be 
distinguished on the basis of the characters listed in 
Table 6.

Replacement of cheek teeth in mastodons is by 
posteroanterior movement. Anterior teeth are worn, shed, 
and their alveoli obliterated by new teeth erupting from 
behind and moving forward. In mastodons, usually only two, 
occasionally three, cheek teeth function simultaneously in 
each jaw half, the process of eruption and elimination 
continuing until old individuals have only M3 and m3 re
tained in the jaws. Anterior and posterior interdental 
facets are produced on the teeth during this process as 
the anterior surface of an emerging tooth presses against
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Table 6. Characters of upper and lower cheek teeth in 
Mammut americanum.
Modified from Simpson and Paula Couto (1957)„

Series Character

dP4-M3 Average absolutely shorter, but with overlap of 
range. Relatively wider; often absolutely wider, 
but with overlap. Protolophs as wide or nearly 
as wide as metaloph. Three roots: anterolabial, 
anterolingual and posterior.

dp 4-m3 Average abolutely longer, with overlap. Rela
tively narrower; often absolutely narrower, but 
with overlap. Protolophid never as wide as meta- 
lophid. Two roots: anterior and posterior; 
posterior root large and complex with some 
tendency to division, especially on m3.

the posterior surface of the tooth immediately anterior 
to it.

in mastodon dentitions occlusal wear produced 
during mastication (abrasion) can be distinguished from 
wear produced by the direct contact of tooth on tooth 
(attrition)„ Abrasion is a process of blunting and 
polishing which excavates the dentine and leaves high, 
smooth enamel crests„ Attrition is a process of sharpening, 
producing striate cutting edges and evenly-curved surfaces 
which are flush in passing from enamel into dentine.
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Tb.roug'h. matching attrition facets and abrasion remnants, 
it is possible to associate isolated upper and lower teeth 
in mastodons.

Among the teeth available are nine associations in 
which the simultaneous occurrence of two or more cheek. . 
teeth that functioned together in the same individual 
could be determined by analyzing occlusal and interdental 
facets. Interdental facets are interlocking and facilitate 
the association of teeth in anteroposterior series.
Occlusal facets, are necessarily matching surfaces which 
facilitate the association of upper and lower occlusal 
series. Associates could not be found for two isolated 
teeth which represent additional individuals. This brings 
to 11 the number of individuals recovered from Trolinger 
Spring.

The data for the lower tooth replacement, state of 
wear, and age groups in mastodons from Trolinger Spring are 
given in Table 7. The scale used for wear is after Simpson 
and Paula Couto (1957), It is approximate and involves 
subjectivity in some instances, but gives a framework for 
stages of wear within the sample population. The cate
gories used for age-grouping are after Savage (1955). Laws 
(1966) provided a useful model for determining the age of 
individuals of Loxodonta africana, the living form most 
nearly approaching the mastodon in tooth structure, on the



Table 7. Lower tooth replacement, age groups and inferred ages in the 
Trolinger Spring mastodons.

Specimen Context
Lower Tooth Replacement 

dp 2 dp 3 dp 4 ml m2 m3 Age Group
African Analogy 
Age Range 
(yrs) (±)

EHL208/198 d3'b ? ? 2+ 0 Juvenile 3
EHL 178 ' d3 - - ? 2+ ? ? Young adult 10 1
Avery Red ' d3 r - ? ? 1 ? Young adult 18 1
EHL.196/188 d3,d3/b - - ■ ? ? 1 0 Young adult 20 2
13TS68/15UM23H1-210 d3 - - ? 3 2 ? Young adult 20 2
5UM2 3HI-210 d3 - - - 4/A 3 1 Mature■ 28 2
4TS68 d3b ^ - - - - 3 1 Mature 32 , 2
2TS6 8/14TS68 d ,d /b,b - - ‘ - 3 2 Mature 34 2
EHL159/10UM23HI-210 a3,b - - - ■ 4- 4 Old-age 39 2

Symbols (Simpson and Paula Couto 1957); 
Tooth known to have been shed

? Absence or presence unknown
A Alveoli
0 Tooth formed but not erupted
0+ Erupted but unworn
1 Wear on anterior lophids only
2 Light wear on all lophids; protolophid 

may show adjacent enamel figures
2+ Protolophid and metalophid showing 

adjacent enamel figures
3 Extensive wear but pattern still clear; 

all lophids with adjacent enamel fig
ures (for m3's, first three lophids 
with adjacent enamel figures)

4 Severe wear, pattern partly or wholly 
obliterated; enamel figures contiguous

Age groups (Savage 1955):
Juvenile Deciduous premolars in 

place
Beginning wear on ml 
Beginning wearyon m2; 
m 2 at maximum length 
Beginning wear on tetarto- 
lophid of m3; m3 at maximum 
length
No trefoil or spur pattern 
left in enamel of m3

Youth
Young

adult
Mature

Old-age
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basis of lower tooth eruption and wear. While the rela
tionship is probably not one of direct correspondence,
Laws' method enables aging of individual mastodons relative 
to African-equivalent years. The benefit accruing applica
tion of Laws' method to mastodons is that it provides an 
age structure for a sample population, clarifying the 
internal age relationships and facilitating the comparison 
of fossil, sample populations.

Table 8 relates age designations to actual and 
inferred lower tooth replacement and presents frequency of 
individuals in each age group from Trolinger Spring. In 
spite of the subjectivity inherent in the data, they show 
a spread of age distribution at death in mastodons from 
Trolinger Spring. The majority of individuals was adult 
at the time of death, but not aged. Heavy mortality oc
curred while m 2 was in early and middle stages of wear..
With a single exception, none of the individuals lived 
until m3 was in latest wear stages. The data are incomplete, 
but show that ml-3 are all in use, at least briefly, in 
early mature animals about the age of 5UM23HI-210, By the 
time m 2 was in extensive wear, however, only m 2 —3 functioned 
together. None of the specimens show m3, even in severe 
wear stages, to have functioned alone in the jaws. This 
contrasts to the condition observed in mastodons from 
Boney Spring.



Table 8 . The relationship of lower tooth replacement to age 
individual frequency in Trolinger Spring mastodons,
Symbols as in Table 7.

designations and

Age Wear Stages
Frequency Designation dp2. dp3 dpR ml m2 m3

1 Juvenile 1-4 1-4 1-4 Forming Not formed Not formed
0 Youth - - 4 0 - 2 0-Forming Forming- 

Not formed
4 Young adult — - - 3 0 + - 2 o’
3 Mature - - - 4-absent 3—4 1-3
1 Old age — — — 4 4

to
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Table 9 gives number and variety of teeth in the 

collection. Table 10 explains measurements and abbrevia
tions of calculations obtained in cheek teeth mensuration. 
Simpson (1949) distinguished between length obtained from 
isolated teeth and this variate recorded from teeth in 
series in Platygonus compressus. This distinction is valid 
for Mammut americanum, but is not made here, for few teeth 
(7) remained in series. Every effort was made, however, 
to obtain comparable measurements. Table 11 gives metrical . 
data on teeth of M. americanum from Trolinger Spring. Some 
teeth in wear stage 4 are shorter than they were when 
unworn, but the effect is slight and the instances few.
These teeth are included in the table. Wear does not 
usually affect width except where severe wear has removed 
the enamel on the sides of the crown. In these instances, 
width is approximate and is noted by an "e".

Width for dP2 and dp2, dP3 and dp3, and M3 and m3 
is maximum transversely across the second loph. For dP4, 
width is usually greatest across the second loph, but in 
one specimen out of three, the third loph is wider; for dp4 
width is greatest across the third lophid. For Ml greatest 
width occurs across the second loph; for ml usually across 
the second lophid, but in two specimens out of five, the 
third lophid is wider than the second. Position of greatest 
width varies greatly on M2 and m2. For M2 it is across the
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Table 9. Number and variety of teeth of Mammut americanum 

from Trolinger Spring„ (

Right Left Total
Position Frequency Position Frequency . in Row

dP2 0 dP2 1 1

dP3 0 dP3 1 1

dP4 2 dP4 1 3
Ml 1 Ml 2 3
M2 5 M2 4 9
M3 7 M3 3 1 0

Subtotal; 15 Subtotal; 1 2 27
m3 5 m3 3 8

m 2 6 m 2 5 1 1

ml 3 ml 2 5
dp 4 0 dp 4 2 2

dp3 0 dp3 0 0

dp 2 0 dp 2 0 0

Subtotal 14 Subtotal 1 2 26

Total in column; 29 Total in column; 24 N = 53



75
Table 10. Explanation of measurements and statistics ob

tained from cheek teeth of Mammut americanum 
from Trplinger Spring.

Measure;
Statistic Explanation

Ig

w

X

N.
OR
x
s
s
V
r
e

Maximum length between planes tangential to the 
enameled crown and at right angles to the long 
axis of the tooth series as determined by the 
median sulcus (Simpson 1949),
Maximum width between vertical planes tan
gential to the sides of the enameled crown and 
parallel to the long axis of the tooth series 
as determined by the median sulcus and with 
the tooth oriented (in the jaw or as if it 
were) with the tooth series horizontal (Simpson 
1949).
Number of measurements included
Observed range
Mean
Standard error of the mean 
Standard deviation 
Coefficient of variation
Correlation coefficient between Ig and w 
Estimate



Table 11. Metrical data on teeth of Mammut americanum from Trolinger Spring.

}

Variate N OR x s— s V r (Ig/w)
lgdP2 1 32 32 —  —  —
wdP2 1 3.0 e 30e -- —  —
lgdP3 1 42 42 —  —  —
wdP 3 1 43 43 —  —  —
lgdP4 3 70-79 74.7
wdP4 3 59-64 60.7
IgMl 3 78-96 88.3
wMl 3 68-71 69.7
lgM2 8 110-124 114.1
wM2 7 80e-96 87.9
lgM3 7 151-180 164.0
wM3 9 83-106 95.2
lgm3 6 162-187 178.5
wm3 8 80-101 93.1
lgm2 11 106-122 112.9
wm2 . 11 80-92 85.3
Igml . 5 84-101 92.0
wml 5 66-75 69.6
lgdp4 2 64-75 69.5
wdp4 2 47e-52 49.5
lgdp3 0 —  —
wdp3 0 -- — •
lgdp2 0 —  —
wdp2 0 —  —

±2.61 . 4.51 6.04
+ 1.67 2.89 4.76
±5.37 9.29 10.52
±0 . 8 8 1.53 2 .2 0

±0.93 2.64 2.31
±2.16 5.73 6.52
±5.73 15.%9 9.26
±2.74 8 . 2 1 8.62
±3.87 9.48 5.31
±2.58 7.30 7.84
±1.62 5.38 4.77
±1.17 3.88 4.55
±3.43 7.65 8.32
±1.70 3.78 5.43

— — -

i
+0.819
+0.953
+0.836
+0.693

-j
G\
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first loph in one specimen, across the second in two speci
mens, and across the third in four specimens. For m2 width 
is greatest transversely across the second lophid in four 
specimens and across the third lophid in seven specimens.

The statistics given for the variates of highest 
sample frequencies in Table 11 show that M2-3 and m2-3 are 
highly variable in size, but no more so than might occur in 
a variable single proboscidean species (Simpson and Paula 
Couto 1957). Correlation between length and width is 
high for M3 and m3 and M2 and there is correspondingly 
little variation in the proportions of these teeth. It 
is possible, however, that larger sample size would lessen 
this correlation and show more variation in tooth propor
tions, as in m2 in the present sample. Figures 10 and 11 
are scatter diagrams of length and width of M2-3 and m2-3, 
each pair representing right and left teeth of a single 
individual. The differences between the two sides of one 
individual, both in size and proportions, illustrate the 
intra-individual variation present in this sample of M. 
americanum. In most adult individuals, tooth length is more 
variable than tooth width. There is little or no sugges
tion of bimodality. This fact suggests either that there 
is no great difference between adult males and females in 
the grinding teeth or that only a single sex is represented 
by adult M. americanum from Trolinger Spring.
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Figure 10. Scatter diagrams of length and width of 
m2 and M2 of Mammut americanum from Trolinger Spring.
The points connected by dashed lines represent right and 
left teeth of single individuals.
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Figure 11. Scatter diagrams of length and width of 
m3 and M3 of Mammut americanum from Trolinger Spring.
The points connected by dashed lines represent right and 
left teeth of single individuals. A circle enclosing a 
point represents two teeth with coincident proportions.
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Table 12 gives.morphological attributes of cheek 
teeth of Mammut americanum from Trolinger Spring. As 
noted by Leidy (1869:242), two distinct varieties occur as 
morphological extremes among large series of M. americanum 
cheek teeth. A "smooth variety" is distinguished by valleys 
unobstructed, by cristae descending from the anterior and 
posterior principal cusps. The enamel is comparatively 
smooth and the cingula are slightly to moderately developed. 
In the "rugged variety", the transverse valleys are more or 
less obstructed by cristae development. The sloping sides 
of the valleys are more or less strongly plicate with 
vertical corrugations. The enamel is choerodont and the 
cingula are well developed and rugged.

From the subjectively interpreted occurrence of the 
accessory elements listed in Table 12, it is evident that 
teeth of individual Mammut americanum may be highly variable 
in morphological detail. Cristae, always present on the 
pretrites, range from weak on only four specimens (three 
individuals) to strongly developed on 16 specimens (six 
individuals); 14 specimens (five individuals) have moderately 
developed cristae. Cingula strength varies from absent (on 
the posttrite side of 2 0  specimens, all lower teeth) 
through weak and moderate to strong. Choerodonty, always 
at least incipient in the valleys, frequently is moderately 
developed and in three specimens (a single individual),



Table 12. Morphological variation in cheek teeth of Mammut americanum from 
Trolinger Spring.

Strength of..Cingula

Specimen Position

0G >1 G (D 43 CD
0 0 H 43 •H  tn cn■H r—1 CD 54 G G d 54 d4-> rG CD 43 0 0 0 to -h to o *H
rd 4J CD o 43 •H •H d •H 4) 43 *i4 Ph-H tn  rd *r*} •H M 54 0 43 G G 54O G 4J N U 4> CD 44 fd CD X! CD CD rG
0 CD to CD 4D <D 43 CD 43 CD o S 43 g  43 43
03 ^  -H 43 CD to rd to 0 -H CD 44 CD to 44
to. 4J M G 0  -H 0 rG H r—1 ?H r4 0 *H
<3 CO U < A4 CO PM CO P4 u PM W  k H Pm Pm

UM23HI-210 ldP2 ? . ? ? . 0 ? - 0

EHL187 MP3 ? ? 0 0 ? - . + ■
EHL214 ldP4 - 0 + 0 0 - ' +
EHL211 rdP4 0 0 + 0 0 - +
EHL20 8 ldp4 - 0 - A + - 0

EHL201 1M1 0 + + - - — >
EHL202 rMl + + 0 - - +
EHL198 rml 0 + 0 A 0 - 0

11TS68 rdP4 jf ? ? + - ? - -
EHL178 1 ml JL - - • - A 0 - A
15TS68• rm2 - 0 - A + - -
EHL205 1M2 * . + ? 0 ? - — ?
EHL177 rM2 + - 0 ? 0 - +
EHL215 rM3 0 0 - ? ? A
EHL155 lm2 0 0 - A + - -
EHL196 rm2 0 0 - A + - -
EHL188 rm3. 0 - - A ? ? A



Table 12. (Continued)

C 4-1

+> d) •H ftf O 4-> , O 0 M W M -H
Specimen Position . ^ w u
EHL197 1M2 +
3TS68 rM3 +
13TS68 rml +
15UM23HI-210 rm2 +
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choerodonty is strongly developed on the enamel crown.
Enamel plication varies from absent on three specimens 
(two individuals) to strongly developed on eight specimens 
(three individuals). The individuals from Trolinger Spring 
are characterized in general by the "rugged variety" of 
teeth.

The development of the fifth ridge and of conules 
posterior to it is highly variable in M3 and m3 from 
Trolinger Spring. Data for M3 and m3 are given in Table 
12. For m3, the total number of conical elements posterior 
to the fourth lophid varies from three (elements in fifth 
lophid, none posterior to it) to eight (four conelets in 
fifth lophid, four conules posterior to it). A single 
individual has three (in the fifth lophid) with none 
(posterior to it), or three on the left m3 and four plus 
two, or six on the right m3. The fifth ridge is less 
developed on M3 than on m3. It consists of only two. 
conical elements in one specimen, three in four specimens 
and four elements in three specimens. Posterior to the 
fifth loph, four specimens have no conical elements, three 
have a single element and one specimen has two.

The Trolinger Spring collection includes four 
partial mandibular rami. The most complete ramus (5UM23HI-- 
2 1 0 ) is of the left side and includes the condyle, ascending 
ramus, angle and horizontal ramus to the symphyseal region
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which is broken through near the midline; the coronoid 
is missing. The condyle measures 148 mm in transverse 
diameter and is 420 mm above the lower border of the jaw.
The height of the jaw at the front of m3 is 180 mm; the 
thickness of the jaw is 163 mm at this point, Greatest 
thickness occurs through the jaw at the anterior insertion 
of the ascending ramus and measures 173 mm. Mandibular 
tusks are not retained, but the basal 53 mm of an alveolus 
is present in the symphyseal region; it measures 39 mm in 
vertical diameter, The bilateral right ramus portion 
(5UM23HI-210) has a jaw height of 180 mm measured at the 
front of m3; the thickness of the jaw is 171 mm at this 
point. Greatest thickness is 181 mm measured through the 
jaw at the anterior insertion of the ascending ramus. As 
already noted, two mandibular tusks (15UM23HI-210) were 
retained during the life of this individual (5UM23HI-210).
A third specimen (4TS68) represents the left horizontal 
ramus broken through the symphysis exposing a large alveolus 
for a mandibular tusk. The alveolus has a preserved depth 
of 112 mm; vertical diameter is 56 mm. The tusk retained 
in this position in life is represented in the Trolinger 
Spring collection by 7UM23HI-210. The partial mandibular 
ramus measures 197 mm in height at the front of m3; jaw 
thickness is 173 mm at this position. Greatest thickness 
of the jaw is 180 mm at the anterior insertion of the
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ascending ramus, The fourth specimen is an edentulous 
fragment with partial alveolus for three cheek tooth roots.

The presence of mandibular tusk alveoli in two of 
the four partial mandibular rami is interesting. Otherwise, 
the mandibular material does not seem to have any special 
or unusual characteristics.

The collection includes 49 postcranial elements.
The materials are not distinctive and are not of special 
interest. Individual representation (recovery frequency 
divided by expected frequency) of postcranial elements 
is extremely poor, being less than 0.03 for the collection 
as a whole. It ranges in particular instances from 0 for 
fibulae to 0.23 for humeri. Context information is avail
able for 23 specimens. Twenty-one were recovered from 
unit d^ and two specimens are from unit b. In general, 
the pre-burial condition of the bone was unaltered (14 
specimens); 1 1  specimens were slightly weathered and seven 
slightly to moderately weathered prior to burial. The 
majority of the specimens (33) show some evidence of water 
abrasion prior to final burial. Seventeen of the speci
mens are extensively water abraded and their prior 
weathering states are indeterminate. Specimen color varies 
from light brown (three specimens) through darker mottled 
(nine) and constant (30) shades to very dark, resinous 
brown, nearly black (seven). . . .



Family ELEPHANTIDAE 
Mammuthus sp. Burnett, 1830 

Mammoth
Abundance. A single individual. Eroded fragment 

of a cheek tooth, UM23HI-210.
Habitat. Mammuthus exhibits an apparent wide range 

of habitat preferences and is common in middle and late 
Pleistocene deposits in North America. In southwestern 
United States Mammuthus is frequently associated with other 
grazers (Saunders 1970), Our data from Jones Spring, 
Missouri, show that in parts of eastern North America 
Mammuthus was associated with browsers, particularly 
Mammut.

Discussion. The cheek tooth fragment, with four 
enamel lamellae preserved and truncated by wear, was col
lected from the contact of the older alluvium (unit â ) 
with the overlying dark brown clay (unit d^) 1 0  m south 
of the center of the main faunal concentration. The rounded 
condition of the specimen suggests stream transport and its 
stratigraphic position is as a probable clast in the upper 
part of the older alluvium.

Mehl (1962:51) reports Mammuthus from 12 additional 
localities in Missouri. Until meaningfully large samples 
became available, as at Jones Spring, Mammuthus in the 
study.area is specifically indeterminable.



Order PERISSODACTYLA 
Family EQUIDAE 

Equus sp. Linnaeus, 1758 
Horse

Abundance. A single individual represented. Two 
specimens, a right lower third incisor, EHL 200,and frag
ment of a right scapula, EHL 153, from an Equus of moderate 
size.

Habitat. Pleistocene Equus was a grazer occurring 
abundantly in steppe habitats throughout North America.

Discussion. The equid material came from lower 
unit d^, Trolinger Spring represents the first record of 
fossil horse from Hickory County. Elsewhere in Missouri 
Equus is well represented in Pleistocene deposits (Mehl 
1962;60). Determinable horse remains from Missouri have 
been assigned to Equus complicatus by Olson (1940) from 
Herculaneum Fissure, Jefferson County. The fragmentary 
nature of the Trolinger Spring material and the lack of 
diagnostic elements does not permit specific determination. 
The moderate size implied in the materials compares favor
ably with the horses from Herculaneum Fissure, The fol
lowing measurements were obtained from the scapula; Ig, 
of glenoid fossa = 63.4 mm, w. of glenoid fossa = 54.8 mm, 
circumference at base of spine = 17 mm, anteroposterior
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diameter at base of spine ?= 77 = 7 mm, transverse diameter 
at base of spine — 24.4 mm.

Order ARTIODACTYLA 
Family BOVIDAE 

Symbos sp, Osgood, 1905 or Boother'ium sp. Leidy, 1852 
Extinct woodland muskoxen 

Abundance. Two individuals inferred from wear 
stage differences in upper and lower first molars. Nine 
specimens available, including three incisors, five cheek 
teeth (two fragmentary) and a metapodial fragment, EHL 157, 
162, 180, 191-194, 203, 210; the slender diaphysis of a 
right femur may be referable.

Habitat. Pollen associated with the fossil remains 
in Trolinger Spring (King 1973), indicates that the wood
land muskoxen occupied an open pine-parkiand where it was 
probably a browser. Elsewhere in eastern North America, 
they apparently occupied boreal forest or woodland or 
spruce and fir in addition to pine (Semkin, Miller and 
Stevens 1964; Ray, Cooper and Benninghoff 1967),

Discussion. The incisors came from the contact of 
units cLj and b , the metapodial fragment and three of the 
cheek teeth are from unit d^, and a fourth cheek tooth 
was recovered from unit b. The latter in life was as
sociated with cheek teeth recovered in unit d^« One 
specimen is without provenience information.
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Initial identification of ovibovines from Trolinger 

Spring was made by Dr. Clayton Ray, National Museum of 
Natural History, who referred the material to Symbos sp. 
According to Mehl (1962:63), Symbos has been recorded from 
seven counties in Missouri, including localities in Benton, 
Jefferson, and New Madrid counties which Leidy (1869:375) 
considered in his discussion of Ovibos (now Symbos) cavi- 
frons, Trolinger Spring represents the first record of 
ovibovines from Hickory County.

•Symbos and Euceratherium dentitions lack endo- 
styles which are small or absent in Ovibos and well de
veloped in Bison. Symbos teeth differ from teeth of 
Ovibos in size, being much wider in proportion to their 
length. Except for the anterior premolars and last molars, 
there are not great differences in lengths of corres
ponding teeth in Symbos and Ovibos. On Ml of Symbos the 
mesostyle is well developed, but the parastyle and meta
style are not prominent as in Ovibos, Euceratherium and 
to a lesser degree in Bison. In all these characters the 
ovibovine teeth from Trolinger Spring are as in Symbos. 
Ovibovine teeth from Trolinger Spring are larger than those 
of adult Bison bison used in comparison.

Bootherium is regarded by some authors as the 
female of Symbos (e.g., Hibbard and Hinds 1960), but this 
is considered by others to be undemonstrated (e.g., Semkin,
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Miller and Stevens 1964}» There is as yet no basis other 
than the cranium with horn cores by which Symbos and 
Bootherium may be distinguished with certainty (Ray, Willis 
and Palmquist 1968). In the absence of cranial material 
from Trolinger Spring, it is impossible to determine which 
of the woodland muskoxen, Symbos or Bootherium, is repre
sented ,

Maximum occlusal lengths and maximum crown widths 
of the Trolinger Spring teeth are: P3 Ig* = 18.9 mm,
w. = 18.2 mm; Ml Ig. = 26.3 mm, w. = 28.8 mm; ml Ig. =
36 mm, w. = 23.2 mm. The P3 and Ml are severely worn, 
the enamel rising only 16.2 mm labially above the roots 
of each tooth, and most probably were associated in a 
single individual. The ml is moderately worn and unrooted 
and probably represents a second individual.

Boney Spring

General Statement
Boney Spring (Fristoe 15* Quadrangle, 1945, Benton 

Co., Missouri: NW 1/4 SW 1/4 SW 1/4 sec. 29, T.39N.,
R.22W.) is 4.5 km northwest of Trolinger Spring and 16 km 
south of Warsaw in a small swale draining westward to the 
Pomme de Terre River, At 215 m elevation, the spring is 
10 m above and 250 m east of the Pomme de Terre River.
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Age determinations place the Boney Spring fauna 

within the Rancholabrean Land Mammal Age, and indicate 
comparison with other late Rancholabrean faunas from North 
America.

Haynes (in press) has compared the Pomme de Terre 
geochronology with the continental glaciation of North 
America and correlates the intermediate terrace which 
contains the Boney Spring sequence, and the sequence it^ 
self, with the late-Woodfordian substage of Frye et al.
(1968). This represents the period of waning of the Wis- 
consinan maximum in glaciated North America.

Systematic Discussion of 
the Boney Spring Fauna

Class OSTEICHTHYES 
Bony fish

Abundance. Two individuals inferred from size dif
ferences in vertebrae. Eleven specimens, including ten 
vertebrae and one fragmentary tooth, EHL 310.

Habitat. A large variety of bony fish presently 
inhabit the streams, ponds and springs of the Ozark 
Plateaus.

Discussion. Fish remains were found only infre
quently. They have not as yet been identified. Nine per
forate amphicoelous vertebrae belong to a small minnow-size
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fish. One vertebra, and a fragmentary tooth, belong to a 
larger fish.

Class AMPHIBIA 
Order URODELA 

Family AMBYSTOMATIDAE 
Ambystoma opacum 

Marbled salamander 
Abundance. One individual. A single specimen, 

vertebra, EHL 315.
Habitat. This short, stocky, terrestrial sala

mander occurs in a variety of habitats, ranging from moist, 
sandy areas to dry hillsides. Its range is New Hampshire 
to northern Florida and west to east Texas. The northern 
limit of the range is poorly known.

Discussion. The fossil was examined by Drs. Richard 
Worthington, University of Texas at El Paso, and Thomas R. 
Van Devender, University of Arizona. They agree that the 
specimen1s si^e, robustness, centrum ossification, basi- 
pophysis development and ventral notch shape are all as 
in A. opacum.

Four species of Ambystoma occur in the study area 
today. The genus has been reported by Brown (1908) from 
Conard Fissure, Arkansas, by Parmalee, Oesch and Guilday
(1969) from Crankshaft Cave, Missouri, and by Parmalee
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and Oesch (1972) from Brynjulfson Cave No, 2, Missouri,
Boney Spring represents the first late Pleistocene record 
of Ambystoma opacum.

Order ANURA 
Family RANIDAE 
Rana catesbeiana 

Bullfrog
Abundance. One individual. A single specimen, the 

anterior end of a urostyle, EHL 312,
Habitat. The bullfrog is aquatic and prefers 

larger bodies of water than most other frogs. R, cates
beiana ranges from Nova Scotia to central Florida, west 
to Wisconsin and Nebraska and south through the Great Plains 
to northeastern Mexico. It presently occurs throughout 
Missouri in permanent water bodies.

Discussion. This species includes the largest New 
World frogs extant today. The fossil is from an extremely 
large individual. The following measurements may be given; 
transverse diameter across anterior articular facets •=
6,2 mm; vertical diameter of articular facets =2.9 mm.

The fossil was recovered from unit E, gray clay, 
immediately above and adjacent to the main faunal concen
tration, Its appearance is like the other fossils from the 
bone bed; the specimen is a light chocolate brown in color
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and is unweathered f presenting as natural a surface as a 
recently macerated element.

Rana catesbeiana has been reported by Parmalee and 
Oesch (1972) from Brynjulfson Caves, Missouri.

Rana sp.
Frog

Abundance. Two individuals inferred from right 
ilia. Eight specimens, including right ilium, atlas, 
radioulna, EHL 311? anterior end of a urostyle, radioulna,
EHL 315; centrum, ilium, EHL 316; and a right ilium, EHL 317.

Habitat. Ranids (true frogs) are typically aquatic, 
occurring abundantly in a wide variety of aquatic environ- 
ments. There are five species, in addition to R, cates
beiana, presently occurring in Missouri,

Discussion. Remains of frogs, not R. catesbeiana, 
were not uncommon. Specimens, primarily girdle and limb 
elements and vertebrae, were recovered in bulk sediment 
samples from four loci within unit E, gray clay, which 
contained the main faunal concentration. All have the 
appearance of the other fossils; the specimens are light 
chocolate brown in color and are unweathered.

Frogs, other than R. catesbeiana, have been fre
quently reported from Pleistocene sites in the Ozark High
lands (Brown 1908; Hawksley, Reynolds and Foley 1973; 
Parmalee, Oesch and Guilday 1969; Parmalee and Oesch 1972) .
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Family bufonidae

Bufo sp,
Toad

Abundance. Four individuals inferred from uro- 
styles. Ten specimens, including a humerus, EHL 310; an
terior end of urostyle, atlas, centrum, EHL 312; anterior, 
end of urostyle, humerus, EHL 315; two anterior ends of 
urostyles, vertebra, EHL 316; and a humerus, EHL 317,

Habitat, Bufonid habitats are legion« There are 
three species of toads presently occurring in Missouri,

Discussion, All the recovered materials probably 
belong to a single taxon, possibly to B. americanus which 
is presently common in Missouri. Specimens were recovered 
ih bulk sediment samples from five loci within Unit E, 
gray clay, which contained the main fauna! concentration. 
All the specimens are light chocolate brown in color and 
are unweathered.

Toads, like frogs, have been frequently reported 
from Pleistocene sites in the Ozark Plateaus (Brown- 1908; 
Hawksley, Reynolds and Foley 1973; Parmalee, Oesch and 
Guilday 1969; Parmalee and Oesch 1972).

Class REPTXLIA 
Order SQUAMATA 

Suborder LACERTILIA
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Family SCINCIDAE 

Eumeces cf. fasciatus 
Five-lined skink 

Abundance. One individual. A single specimen, a 
right maxillary with three teeth, EHL 315.

Habitat. The five-lined skink presently inhabits 
damp places among rotting stumps, logs and other litter in 
or near wooded areas. Mainly terrestrial, E, fasciatus 
ranges from Massachusetts and southern Ontario (south of 
46°N lat.) to extreme northern Florida and west to Wis
consin and east Texas. The five-lined skink presently 
occurs throughout Missouri. It is a species typical of 
forest-floor litter in the Ozark Highlands (Parmalee and 
Oesch 1972) .

Discussion. The fossil was recovered in a bulk 
sediment sample from Unit E, gray clay. The environment 
postulated for Boney Spring at the time of faunal accumula
tion would provide ideal habitat for this skink. It is 
the only lizard in the Boney Spring fauna.

Elsewhere in the Ozark Plateaus species of Eumeces 
(cf, laticeps and sp.) have been reported in the Pleistocene 
fauna from Brynjulfson Cave No. 2 (Parmalee and Oesch 1972).

Suborder OPHIDIA 
Family COLUBRIDAE
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Carph.oph.is amoenus 

Worm snake
Abundance. One individual. Four specimens, verte

brae, EHL 309, 317 and 318.
Habitat. An ophidian imitation of the earthworm, 

the worm snake inhabits moist earth under stones and rotting 
logs. C_. amoenus ranges from Massachusetts to central 
Alabama west to southern Iowa and southeastern Nebraska 
to Louisiana. The species occurs throughout Missouri.

Discussion. Four vertebrae indistinguishable from 
those of the modern species C. amoenus were recovered from 
three loci within unit E, gray clay. All are light 
chocolate brown in color and are unweathered.

Elsewhere in the Ozark Plateaus, C. amoenus has 
been reported in the Pleistocene fauna from Conard Fissure, 
Arkansas (Dowling 1958),

Diadophis punctatus 
Ringneck snake

Abundance. One individual. A single specimen, 
vertebra, EHL 315.

Habitat. Although not aquatic, ringnecks are most 
often found where there are evidences of moisture, such as 
near springs, swamps and .on damp, wooded hillsides, D, 
punctatus ranges from Nova Scotia to the Florida keys, 
west to California and central Mexico, Except in the
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Mississippi Lowlands in the southeastern portion of the 
state, the prairie subspecies, D, p. arn'yi, presently 
occurs throughout Missouri.

Discussion. The fossil was recovered in a bulk 
sediment sample from unit E, gray clay. The specimen is 
light chocolate brown in color and is unweathered.

This is the first record of a ringneck snake in 
the Pleistocene faunas from the Ozark Plateaus.

Lampropeltis triangulum 
Milk snake

Abundance. One individual. A single specimen, 
vertebra, EHL 313.

Habitat. The widespread L. triangulum utilizes 
many habitats: woodlands, rocky hillsides and river bottom
lands. The milk snake ranges from Maine and southern 
Ontario to the Florida keys, west to central Montana and 
south to northern South America. The red subspecies, L , t» 
syspila, presently occurs throughout Missouri.

Discussion. The specimen was recovered in a bulk 
sediment sample from unit E, gray clay. It is light 
chocolate brown in color and is unweathered, .

L. triangulum is a species.with numerous well- 
marked subspecies,each ecologically differentiated. The 
fossil most probably represents L. t, syspila or L , t. tri
angulum, the Eastern milk snake.
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Lampropeltis Is common in Pleistocene faunas from 
the Ozark Plateaus. . Dowling (1958) reported three species 
(including L. triangulum) from Conard Fissure, Arkansas. 
Parmalee, Oesch and Guilday (1969) reported two species 
(including L. triangulum) from Crankshaft Cave, Missouri.

Storeria sp.
Brown snakes

Abundance. A single individual. Two specimens, 
vertebrae, EHL 318.

Habitat. Brown snake habitat is moisture^dependent 
and includes environs of bogs, swamps, marshes, moist woods 
and damp hillsides. The genus presently ranges widely, 
from southern Canada (south of 50° N lat.) /to the Florida 
Keys, west to northeastern North Dakota and central Texas 
'to Honduras,

Discussion. Both fossils were recovered in one 
bulk sediment sample from unit E, gray clay. The vertebrae 
are light chocolate brown in color and are unweathered.
They represent the first record of the genus Storeria in 
Pleistocene faunas of the Ozark Plateaus.

Thamnophis proximus or sauritus 
Western or Eastern ribbon snake

Abundance. One individual. A single specimen, 
vertebra, EHL 315,
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Habitat, Ribbon snakes are semiaquatlc in and near 
streams, pools, bogs and swamps. Two closely related 
species (and others) occur in the United States today.
T, proximus ranges from southern Wisconsin to southeastern 
Colorado and south to Louisiana, west Texas and eastern 
Mexico; T „ sauritus ranges from Nova Scotia and southern 
Ontario to Michigan and southward east of the Mississippi 
River to Louisiana and the Florida- Keys. T. proximus 
presently occurs throughout Missouri.

Discussion. The fossil of this semiaquatlc snake 
was recovered in a bulk sediment sample from unit E , gray 
clay. The vertebra, a large specimen, is light chocolate 
brown in color and is unweathered.

Elsewhere in the Ozark Plateaus T, sauritus is 
represented in the late Pleistocene fauna from Crankshaft 
Cave, Missouri (Parmalee, Oesch and Guilday 1969). .

Thamnophis sp.
- Garter snake

Abundance. A single individual. Six specimens, 
vertebrae, EHL 311, 315, 316 and 317,

Habitat. Garter snakes are moisture-dependent, 
but occupy a wide variety of habitats. In the western part 
of their range, garter snakes are often found in close 
proximity to water; in the more humid east, they may occur
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almost anywhere, The genus Thamnophis ranges across 
Canada. (south of 60° N lat.), the United States and south
ward to Costa Rica,

Discussion. The specimens were recovered in bulk 
sediment samples from four loci within unit E, gray clay.
The material indicates a large individual (s). The fossils 
are light chocolate brown in color and are unweathered.

Garter snakes are the most abundant snakes re
covered from the fossil horizon in Boney Spring, Together 
with frogs (Rana spp„) and toads (Bufo sp.), their chief 
principal natural foods, they dominate the fossil herpeto- 
fauna from Boney Spring.

Elsewhere in the Ozark Plateaus Thamnophis 
sirtalis, the Eastern garter snake, has been reported in the 
Pleistocene faunas from Conard Fissure, Arkansas (Dowling 
1958) and Crankshaft Cave, Missouri (Parmalee, Oesch and 
Guilday 1969).

Class MAMMALIA 
Order INSECTIVORA 
Family SORXCIDAE 

Blarina brevicauda (Say, 1823)
Short-tailed shrew 

Abundance. Four individuals, inferred from left il. 
Twenty-eight specimens including right dentary fragment with 
il, cl, pi and ml-2, left dentary fragment with m3, BS71;
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left M2, left il and right P4, EHL 309; left M2 and left 
ml, EHL 310; left 13, left P4-M1, left il, left m2 and right 
m3, EHL 311; right M2, left m2, right m3 and left dentary 
fragment with ascending ramus, edentulous, EHL312; right 
P4, left il and right ml, EHL 314; left ml, left m2 and 
right il, EHL 315; left il and left c, EHL 316; left 
dentary fragment with ascending ramus, edentulous, right 
M2, right p4 and right ml, EHL 317. '

Habitat. The short-tailed shrew is presently found 
in deciduous or coniferous forests and in open fields in 
eastern United States and southeastern Canada. In the 
eastern Great Plains, it occurs in deciduous forest ex
tension along water courses and in marshes, near water. It 
occurs throughout Missouri today and is common in Pleisto
cene faunas from the Ozark Plateaus (Table 3).

Discussion. The material came from ten loci within 
unit E , gray clay. The taxon occurred in eight of ten bulk 
sediment samples and represents one of the most abundant 
small mammals recovered from Boney Spring. Bone is light 
chocolate brown in color and is unweathered. Enamel is 
light gray.

Morphologically, the Boney Spring material cannot 
be distinguished from Recent specimens of Blarina brevi- 
cauda. Anteroposterior length of the only measurable lower 
tooth series (BS71), from the posterior m3 alveolus to the
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tip of the incisor, is 1 0 „ 6  mm; anteroposterior length of
ml-m3 (alveolar) is 5 .2" mm. . Three of the fossils have the
ascending ramus preserved. The posterointernal ramal 
fossa on all specimens is deep, broad and nearly rectan
gular in outline. Dorsal to this fossa on all specimens 
occurs a distinct shallow depression; two small foramina 
occur ventral to this fossa on all specimens. The slender
spicular process is distinct on the lingual coronoid
surface of the referred ascending rami. These characters 
all agree with those of Recent B. brevicauda as given by 
Gaughran (1954).

Cryptotis parva (Say, 1823)
Least shrew

Abundance. Two individuals, inferred from right 
dentaries. Two specimens, edentulous right dentary frag
ments, EHL 309 and 312.

Habitat. The least shrew inhabits grassy meadows 
and brushy situations, but seems to prefer open grasslands. 
In the southwestern part of its range, it occurs in the 
moist grasslands along streams and around springs (Hibbard 
1963). C. parva ranges in eastern and central United 
States and extreme southern Ontario from central New.York 
through peninsular Florida, west to west-central South 
Dakota, cis-Pecos Texas and northeastern Mexico, It 
probably occurs throughout Missouri today.
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Discussion, The fossils were recovered in bulk 

sediment samples from separate loci within unit E , gray 
clay. The fossils are light chocolate brown in color and 
have the general appearance of the other microvertebrates 
from the faunal horizon. Both specimens are posterior, 
edentulous portions of horizontal rami; both have the 
anterior border of the posterointernal ramal foramen pre
served. Size and preserved features are indistinguishable 
from Recent specimens of G. parva. Cryptotis parva is not 
common in Pleistocene faunas from the Ozark Plateaus.

Family TALPIDAE 
Scalopus aquaticus (Linnaeus, 1758)

Eastern mole
Abundance. Two individuals, inferred from left m3. 

Thirty specimens, including right humerus, 83BS71; left ml, 
left m3, olecranon portion of ulna, podial and 3 phalanges, 
EHL 310; phalange, EHL 311; two lateral tuberosity portions 
of humeri, proximal portion of right tibia and a phalange, 
EHL 312; two phalanges, EHL 313; left dentary fragment, 
edentulous, EHL 315; right m2 in dentary fragment, medial 
epicondyle of humerus and phalange, EHL 316; right M2, 
left m3, right p4, right m3, distal end of clavical, left 
humerus and olecranon portion of ulna, EHL 317; a humerus, 
distal end of ulna and two radii are without provenience 
information.
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Habitat. The eastern mole Is tossorial in sandy 

or moist, loamy soils rich in cohesive organic matter. S. 
aquaticus ranges from central Massachusetts through penin
sular Florida, west to southeastern Wyoming and cis-Pecos 
Texas. It is the only talpid presently occurring in 
Missouri. .

Discussion. The talpid material came from eight 
loci within unit E , gray clay. The taxon occurred in seven 
of ten bulk sediment samples. The bone is light chocolate 
brown in color and is unweathered. The enamel is black.

Morphologically, the Boney Spring material agrees 
in size and condition with Recent S_. aquaticus. All the 
talpid material is referred to this single taxon. Scalopus 
aquaticus is generally uncommon and never abundant in the 
Pleistocene faunas of the Ozark Plateaus (Table 3).

Order EDENTATA 
Family MYLODONTIDAE 

Paramylodon harlani (Owen, 1840)
Ground sloth

Abundance. Four individuals, inferred from sacral 
portions of pelves. Eighty-seven specimens, including one 
skull fragment, left maxillary, with M2-5; mandible with 
left ml and m4, right m2-4; nine isolated upper and lower 
cheek teeth; 23 dermal ossicles; 30.complete and incomplete 
vertebrae; five incomplete ribs; three scapula (one nearly
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complete); four incomplete pelves; three humeri, complete; 
five femorae (four complete); and three foot elements.

Habitat. Pollen associated with the fossil remains 
in Boney Spring (King 1973), indicates that Paramylodon 
harlani here inhabited a forest of spruce with deciduous 
elements. It was probably a grazer on sedges and grasses 
in the open bottomland areas, including spring pond borders. 
Elsewhere, Stock (1925;27) stated that the mylodontid sloths 
occupied open land in both North and South America and were 
probably grassland forms.

Discussion. The lobate teeth, asymmetrical in 
occlusal outline, and the dermal ossicles distinguish 
Paramylodon from other Pleistocene ground sloths of eastern 
North America, particularly Megalonyx. Megalonychid ground 
sloths lack dermal ossicles and have symmetrical cheek 
teeth which are transversely elongate in occlusal outline, 

Mylodont sloths from Benton County, described by 
Harlan (1843) as Orycterotherium missouriense, were later 
referred to Mylodon harlani by Owen (1843). Brown (1903) 
more recently established the genus Paramylodon for the 
North American mylodonts. P. harlani is common in late 
Pleistocene faunas throughout North America.

P. harlani bone from Boney Spring is generally 
light brown in color (67 specimens, including 23 dermal 
ossicles), Five specimens are dark brown and four are
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mottled in shades of brown, Two specimens are ocherous 
yellow, Forty^eight of the specimens (including 23 dermal 
ossicles) were unweathered, or only slightly weathered, 
prior to final burial in gray clay. Twenty specimens were 
moderately weathered and only two specimens were severely
weathered prior to final burial. Eight specimens are water

)

abraded (i.e., from the spring conduit) and their prior 
weathering states are indeterminate.

Tables 13 and 14 give measurements of Paramylodon 
harlani humeri and femorae, respectively, from Boney Spring, 
and average measurements from Rancho La Brea (Stock 1925). 
Humeri of Paramylodon harlani from Boney Spring are of 
larger average size than those from Rancho La Brea. The 
mean length through middle of shaft and the mean greatest 
width across the tuberosities in three specimens from Boney 
Spring are 8 % and 14% greater, respectively, than the means 
given by Stock (1925;146) for these variates on specimens 
from Rancho La Brea. Femorae of P. harlani from Boney Spring 
are also of larger average size than those from Rancho La 
Brea. The mean total length of four specimens and the 
mean least width of shaft of five specimens from Boney Spring 
are 4% and 7% greater, respectively, than the means given 
by Stock (1925;171) for these variates on specimens from 
Rancho la Brea, The greater robustness of the Boney Spring 
form is also evident in the mandible, where the depth of



Table 13. Measurements of Paramylodon harlani humeri from Boney Spring and 
average measurements from Boney Spring and Rancho La Brea.
Measurements in mm. ,

Measurement 16BS71 417BS71 436BS71 BS-
X

RLB—
X

Length through middle of shaft, from 
proximal articulating surface to 
middle of distal articulating surface. 497 446 444 462.3 429.6

Length from proximal end of greater 
tuberosity to distal end of radial 
surface. 531 478 504.5 456.9

Greatest anteroposterior diameter 
of head. 124 126 109 119.7 123.8

Greatest width across tuberosities. .217 187 185 196.3 172.2
Distance from greater tuberosity to 

distal end of deltoid ridge. 360 - 308 334.0 296.8
Greatest width of shaft measured at 

outer end of deltoid ridge. 128 108e 1 2 0 118.7 1 2 2 . 6

Anteroposterior diameter of shaft 
at distal end of deltoid ridge. 73 76 78 75.7 79,3



Table 13. (Continued)

Measurement 16BS71 417BS71 436BS71 BS- BBB-

Greatest distance between inner 
and outer tuberosities of 
distal end, measured obliquely 
across distal expansion. 264e 264e 261.4

Width of distal trochlea. 155 x 145 1 2 1 140.3 133.2
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Table 14. Measurements of Paramylodon harlani femorae from Boney Spring and 
average measurements from Boney Spring and Rancho La Brea.
Measurements in mm.

Measurement 187BS71 390BS71 443BS71 609BS71 623BS71 BS-
RLBjr
(N=26)

Total length, mea
sured from head to 
inferior surface of 
inner condyle. 572 568 554 577e 567.75 546.4

Length, measured from 
trochanter to in
ferior surface of 
outer condyle. 543 539 538 511e 532.75 525.2

Transverse diameter of 
head, measured at 
base. 1 2 0 141 1 2 2 137 130.0 127.8

Width, measured from 
inner surface of 
head to outer sur
face of great tro
chanter 261 304 268 277.67 282.9

Thickness of shaft 
at middle of inner 
border. 60 74 73 56 78 6 8 . 2 67.5 Ill



Table 14. (Continued)

Measurement 187BS71 390BS71 443BS71 609BS71 623BS71 BSx
RLB^ 
(N=26)

Least width of shaft. 160e 182 179 173 183 175.4 1.64,6
Greatest width across 

distal tuberosities 
(above condyles). 262 249 237e 234e 245.5 234.8

Width across condyles. 206 183 195e 203 - 196.75 188.5
Width of intercon- 

dyloid space. 55 47 - 50 50.67 47.0
Greatest width of 

inner condyle. 8 8 90 8 8 e 93 - 89.75 88.7
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ramus (489BS711 , jrieasured. between the third and fourth 
teeth and normal to the lower border is 100 mm. This is 
well above the range of this measurement in 34 specimens 
listed by Stock (1925:129.): 69 mm-97,1 mm, with a mean
of 85, 9 mm.

Order LAGOMORPHA 
Family LEPORIDAE 

Sylvilagus floridanus Allen, 1890 
Eastern cottontail rabbit 

Abundance, One individual, A single specimen, 
right Ml, EHL 317.

Habitat. Sylvilagus floridanus inhabits heavy 
brush, forest borders and swamp edges. In the western 
Great Plains, it is confined to riparian growth along 
streams and in the western part of its range, it is con^ 
fined to the higher elevations. The species ranges widely 
from southern Ontario south through peninsular Florida to 
Costa Rica and possibly Panama, west to southeastern 
Saskatchewan and Arizona, It occurs throughout Missouri.

Discussion. The fossil was recovered in a bulk 
sediment sample from unit E, gray clay. Dentine is light 
chocolate brown in color; enamel is light gray. The 
specimen is unweathered.

Sylvilagus is distinguished from Lepus mainly by 
its smaller size. There is also an apparent difference in
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the occlusal configuration of P3-M1, with Sylvllagus pos
sessing a less distinct change in slope near the labial 
border than does Lepus, In these characters, the Boney 
Spring specimen agrees with Sylvilagus. The fossil is 
slightly narrower than Ml of S_. florldanus used for com
parison. The smaller size of the fossil distinguishes it 
from the larger aquaticus.

Order RODENTIA 
Family SCIURIDAE 

Sciurus cf. niger Linnaeus, 1758 
Fox squirrel 

Abundance. One individual. A single specimen, 
left p4, EEL 310.

Habitat. The fox squirrel is ubiquitous in open 
hardwood forests in the northern United States and in 
open pine forests in the southern United States, S_. niger 
ranges from central Pennsylvania south through peninsular 
Florida, west to northwestern North Dakota, northeastern 
Colorado and central Texas to northeastern Mexico, It 
occurs throughout Missouri.

Discussion. The left p4 of a large squirrel was 
recovered in a bulk sediment sample from unit E , gray clay. 
Size of the fossil compares with Sciurus niger. The speci
men is a well preserved enamel crown, unworn, light blue- 
gray in color.
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Mangota roonax Linnaeus., 1758 

Woodchuck
Abundance, A single individual, Four specimens f 

left P4, EEL 314; left M3, EEL 315; left M2 and left m3,
EEL 317.

Eabitat. The woodchuck inhabits open woods, 
brushy ravines and streambanks. M. monax ranges from 
eastern Labrador and New Brunswick south to Virginia and 
central Alabama, west to central Yukon Territory and 
central Alaska, northern Idaho, eastern North Dakota and 
eastern Kansas to extreme western Arkansas. Except for 
the Mississippi Lowland in the southeastern portion of the 
state, the woodchuck occurs throughout Missouri.

Discussion. The fossils were recovered in three 
bulk sediment samples from unit E, gray clay. The speci
mens are enamel crowns; all are fragmentary. The fossils 
are dark gray in color and are unworn.

The Boney Spring specimens compared favorably with 
a juvenile Marmota monax rufescens from Ogemaw Co., Michigan, 
The material could represent a single young individual,

Tamias striatus (Linnaeus, 1758)
Eastern chipmunk

Abundance. Two individuals« Seven specimens, 
including left Ml, EEL 309; right Ml, left Ml, left m2
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or 3 (.crown broken posteriorly) f EHL. 310 / left ja3f EHL 
315; and left M3, EHL 317.

Habitat. The Eastern chipmunk inhabits deciduous 
forest borders, and brushy, open areas. T. striatus ranges 
from central Quebec south to Virginia and central Georgia, 
west to central Manitoba, eastern Oklahoma and northeastern 
Louisiana. The Eastern chipmunk occurs throughout Missouri.

Discussion. The chipmunk teeth were recovered in 
four bulk sediment samples from unit E, gray clay. Enamel 
crowns are mottled in shades of chocolate brown and light 
gray

Elsewhere in the Ozark Plateaus, T. striatus was 
abundant in the Pleistocene fauna from Crankshaft Cave, 
Missouri (Parmalee, Oesch and Guilday 1969),

Glaucomys yolans (Linnaeus, 1758)
Southern flying squirrel

Abundance. A single individual. Four specimens, 
right p4, EHL 310; right Ml, EHL 312; left P4, EHL 316; 
and left m2, EHL 317.

Habitat„ Flying squirrels inhabit woodlands and 
forests of deciduous or mixed deciduous-coniferous trees. 
They are generally found hear water. G, yolans, the 
southern flying squirrel, ranges from southern Ontario and 
northern New York south to central Florida, west to eastern
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North. Dakota, central Oklahoma and central Texas, It 
occurs throughout Missouri, where it is common in the oak- 
hickory forest.

Discussion, The Glaucomys material was recovered 
in four bulk sediment samples from unit E, gray clay. The 
specimens, all isolated teeth, are mottled in shades of 
chocolate brown and light gray.

Morphologically, Glaucomys volans is distinguished 
from most other North American sciurids (including G, 
sabrinus, the Northern flying squirrel) mostly on the basis 
of its smaller size; Eutamias is generally smaller. The 
Boney Spring material compares with G. volans.

Family GEOMYIDAE 
Geomys bursarius (Shaw, 1800)

Plains pocket gopher 
,Abundance. A single individual. Four specimens, 

a right Ml and right m2, EHL 315; left ml, EHL 316; left 
m3, EHL 318.

Habitat. The plains pocket gopher inhabits open 
prairie grasslands and meadow!ands where it is fossorial 
in moist, cohesive soils, G. bursarius ranges from extreme 
southern Manitoba, western Wisconsin, central Illinois and 
northwestern Indiana to western Louisiana, west to eastern 
Wyoming, east^central Colorado, central New Mexico and west- 
central Texas to the Gulf Coast. The plains pocket gopher
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is coitnnon in northwestern, northeastern and east-central 
Missouri? it is rare or absent in southwestern and south- 
central Missouri, including the study area.

Discussion, The fossils were recovered in three 
bulk sediment samples from unit E, gray clay. Dentine is 
light chocolate brown in color? enamel is mottled in 
shades of gray.

The upper first molar has enamel plates on both 
anterior and posterior faces as in Geomys and Thomomys, 
but not as in Cratogeomys. The three lower molars have 
enamel plates only on the posterior face as in Geomys, 
but not as in Thomomys, The fossil specimens from Boney 
Spring agree in these characters with Recent Geomys 
bursarius.

The fossils are smaller and more delicate than 
those of adult G, bursarius used in comparison and agree 
in these characters with Brown1s (1908) description of 
G. parvidens from Conard Fissure, Arkansas, However size 
difference in individual gopher jaws and teeth is known to 
be age-dependent and G, parvidens is probably a morpho
logical variant of G. bursarius.

Family CASTORIDAE 
Castoroides ohioensis Foster, 1838 

Giant beaver
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Abundance., Two. Individuals, inferred from size 

differences of incisors. Three specimens, the distal 
fragment of a right upper incisor, 7BS68; a medial fragment 
of a right lower incisor, UM23BE146? and a distal-medial 
fragment of a right lower incisor, BS71. Eight Mammut 
americanum cheek teeth with gnawed roots are provisionally 
referred as trace fossils to C, ohioensis, including left 
M3, 1BS71; left ml, 2BS71; left m2, 3BS71; right M3,
179BS71; right Ml, 217BS71; left Ml, 221BS71? left M2, 
230BS71? and right M2, 250BS71,

Habitat. Pollen associated with the fossil remains 
in Boney Spring (.King 1973) , indicates that Castoroides 
ohioensis inhabited a forest of spruce with deciduous 
elements. Elsewhere in middle and eastern United States, 
Lundelius (1967:298) characterized 0, ohioensis. as an in
habitant of forested areas with a cool, humid climate, .

The giant beaver was closely associated with ex
tensive lakes, ponds and swamps of the Pleistocene and is 
recorded in Pleistocene deposits from New York to Florida 
and west to western Nebraska; there is a single record from 
Oregon, It is most commonly found east of the Mississippi 
River and north of 37° N latitude. This represents the 
first record of Castoroides ohioensis from Missouri.

Discussion, The incisors were recovered from the 
spring conduit at the level of the bone bed; the eight
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trace fossils r̂ejze jrecoyered from unit E, gray clay, within 
and near the top of the bone bed. The dentine is light 
chocolate brown in color; enamel is mottled in shades of 
gray. Two of the specimens (UM23BE146, BS71) are parts of 
a single incomplete right lower incisor.

The enamel on all specimens is conspicuously grooved 
longitudinally and wrinkled transversely. The teeth are 
nearly triangular in cross-section; enamel is disposed on 
the anterior and lateral surfaces.

The upper right incisor (7BS68) is broken at the 
base. The preserved portion is 87.4 mm long; maximum 
depth is 17,3 mm and maximum width is 17.6 mm. The end of 
the tooth forms a nearly straight transverse cutting edge; 
the dentine is eroded mesiodistally to form a socket which 
received the lower series mate. The form of the socket 
indicates that the lower incisor terminated in the gouge
like point commonly developed on lower incisors of C. 
ohioensis. The lower right incisor (UJMBE146/BS71) is con
siderably larger. The combined preserved portions measure 
103,3 mm in length (restored); maximum depth is 23,5 mm 
and maximum width is 19.7 mm. A longitudinal facet is 
developed on the mesial surface of BS71.

Important features of Castoroides ohioensis in
cisors as revealed above are; (1 ) the blunt point forming 
a gouge at the distal terminus of the lower incisor,
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(2 ) the longitudinally grooved and transversely wrinkled 
enamel, and (3) the disposition of enamel on both anterior 
and lateral incisor surfaces„ Traces provisionally at
tributed to these features are exhibited in the gnawed 
roots of eight Mammut americanum cheek teeth.

The gnaw marks appear as a staccato arrangement of 
generally long, deep and wide striated basins in the root 
dentine. Length and width measurements were obtained from 
ten tooth marks on each of the eight gnawed specimens.
Length varied from 11.2 mm to 23.4 mm with a mean of 16.8. 
mm; width ranged from 4.8 mm to 16.8 mm with a mean of 8.9 
mm. Depth measurements were obtained from five tooth 
marks on each of the gnawed mastodon teeth; they varied 
from 1.9 mm to 7.7 mm with a mean of 4.2 mm. The narrower 
tooth marks commonly appear gouged with steep sides and 
usually terminate in sharply arcurate cirques which may 
represent traces imparted by the blunted, pointed lower 
incisors of C. ohioensis. The floor of each tooth mark 
is longitudinally striate with alternating valleys and 
ridges, suggesting natural molds produced by the serra
tions in the cutting edge which characterize the incisors 
of Castoroides ohioensis.

Family CRICETIDAE 
Peromyscus cf. leucopus (Rafinesque, 1818)

Woodland white-footed mouse
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Abundance. Six individuals inferred from left Ml«, 
Twenty-one specimens, left Ml, EHL, 309; right M2, left ml, 
left m3, right il, right ml, and right m3, EHL 310; left 
M2 and left m2, EHL 311; left Ml, left Ml, left Ml and right 
m3, EHL 312; right Ml, EHL 314; left Ml, left Ml, left ml, 
left m2 and right m2, EHL 315; right ml and right m2,
EHL 317o

Habitat. Except in the northern parts of Arctic 
America, Peromyscus is to be found in almost every possible 
terrestrial habitat in North America.

Discussion. The specimens, all isolated teeth, 
were recovered in seven bulk sediment samples from unit E, 
gray clay. Enamel crowns are. light gray in color; roots 
are light chocolate brown. None of the specimens show 
the erosion observed in the Trolinger Spring specimens.

Two species of Peromyscus, P. leucopus and P. 
manipulatus, are locally abundant in the study area today. 
Two others, P. boylii and P. nuttalji, occur in southern 
Missouri, but have not been reported in the study area.
P_. boylii is a larger species, with a larger and complicated 
Ml not represented among the isolated teeth from Boney 
Spring. P_. nuttalli is smaller-sized, but also has a 
large Ml not certainly represented by Boney Spring ma
terials .
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Guilday and Handley (1967) have distinguished P « 

leucopus from P. maniculatus on the basis of anteroconid 
shape in unworn ml’s. The leucopus-like anteroconid is 
well developed and bilaterally symmetrical when viewed 
from above; in the maniculatus-like form, the portion of 
the anteroconid lying on the labial side of the anterior 
median fold appears less well developed, imparting a lop
sided, asymmetrical appearance to the ml.

X have examined 50 jaws of Recent P. maniculatus 
and 90 jaws of Recent P. leucopus in the University of 
Arizona Mammal Collection. In the 25 instances where the 
ml's of P. maniculatus were unworn, all exhibited asym
metrical anteroconids. There were 24 instances of unworn 
ml's of P . leucopus and all exhibited symmetrical antero
conids. It was observed that moderate wear of ml antero
conids of P . maniculatus produce a symmetrical condition 
recalling P_, leucopus.

There are four Peromyscus ml's in the Boney Spring 
collection. Two of these are relatively unworn and the 
condition of the anteroconid ascertainable. Both are 
leucopus-like in this character.

Peromyscus leucopus is probably a member of the 
late Pleistocene Boney Spring fauna. The Woodland white
footed mouse presently ranges throughout central and eastern 
North America generally south of 46°N latitude. It is
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usually a deciduous forest form and does not penetrate far 
into the coniferous forests of the Canadian life-zone.
It occurs throughout Missouri.

Neotoma floridana (Ord, 1818)
Eastern wood rat

Abundance. Two individuals inferred from wear 
differences in lower and upper molars. Three specimens, 
left dentary fragment with il and ml, BS71; left M2, EHL 
312; right m3, EHL 317.

Habitat. The Eastern wood rat usually inhabits 
rocky, wooded or brushy regions, but can be found in swampy 
or open areas. Neotoma floridana ranges from southern New 
York, southwestern North Carolina to central Florida, west 
generally south of the Ohio and Missouri River valleys to 
southwestern South Dakota, eastern Colorado and the Edwards 
Plateau in Texas. It occurs in the southern half of 
Missouri.

Discussion. The fossils came from three loci within 
unit E, gray clay. The bone is dark brown in color. The 
dentine is light chocolate brown? enamel in two specimens 
is gray and in the other, dark cream.

The Boney Spring material represents a large wood 
rat, indistinguishable from Recent specimens of Neotoma 
floridana. The fossils are outside the normal range of N. 
albigula (breadth of second lophid of ml less than 1.94 mm,
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fide Dalquest, Roth and Judd 1969:250). In the fossil 
ml, the labial and lingual re-entrant valleys are equally 
developed, not asin N. cinerea (and N. mexicana) where the 
lingual re-entrant valleys are emphasized.

Ml has been found useful in distinguishing N. 
floridana from N. micropus in isolated molar teeth (Hibbard 
and Taylor 1960), but this tooth is not represented in the 
Neotoma material from Boney Spring. Hibbard (1963:209) 
states that the posterior loop of ml is rounded in N. 
floridana. The Neotoma ml from Boney Spring agrees with 
N . floridana in this character.

Synaptomys cooperi Baird, 1858 
Southern bog lemming 

Abundance. Two individuals inferred from right II. 
Five specimens, left ml, EHL 310; right II, EHL 313; left 
Ml, left M2, and right II, EHL 317.

Habitat. Southern bog lemmings presently inhabit 
low, moist bogs and meadows with heavy grass or damp woods 
with abundant quantities of leaf mold. S. cooperi ranges 
from eastern Quebec to southwestern North Carolina, west 
across Canada, generally south of 50°N latitude, and eastern 
United States to southeastern Manitoba, eastern Dakotas 
and central Nebraska to extreme southwestern Kansas. Ex
cept for the southwestern portion of the state, it occurs
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throughout Missouri. In the study area, Synaptomys cooperi 
is near the southern limit of its present distribution.

Discussion. The !3. cooperi material was recovered 
in three bulk sediment samples from unit E, gray clay.
Enamel is mottled in shades of gray; dentine is light 
chocolate brown in color. Cement is retained in the re
entrant angles of the three molar specimens.

The upper incisors are broad and prominently 
grooved. The molars are rootless. Re-entrant angles are 
emphasized labially on the upper molars and lingually on 
the lower molar. In all these characters, the Boney Spring 
fossils agree with Synaptomys.

Cement in the well developed external re-entrant 
angles of ml identifies the Boney Spring material as S_. 
cooperi and distinguishes it from S_. borealis which pos
sesses ml's with poorly developed external re-entrant 
angles lacking cement. The fossils compare in size and 
occlusal pattern with Recent specimens of Synaptomys cooperi 
from northwestern Missouri. ~

Microtus pennsylvanicus (Ord, 1815)
Meadow vole

Abundance. A single individual. Three specimens, 
left ml, BS71; left m2, EHL 311; right ml, EHL 316.

Habitat. The Meadow vole inhabits low, moist areas 
or high grasslands with dense growths of vegetation. M.
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pennsylvanicus ranges from extreme northern Quebec and 
Laborador south to central South Carolina and northeastern 
Georgia, west across Canada and the northern half of the 
United States to west-central Alaska, northwest Washington 
and northern Utah. It occurs at higher elevations in 
Colorado, northern New Mexico and extreme east-central 
Arizona. Microtus pennsylvanicus may occur in northern 
Missouri; it does not live in Benton County today.

Discussion. The material was recovered in three 
bulk sediment samples from unit E, gray clay. Enamel is 
mottled in shades of light gray; dentine is light chocolate 
brown in color.

Microtus pennsylvanicus is distinguished from M. 
(Pedomys) ochrogaster and M. (Pitymys) pinetorum in Boney 
Spring materials by the presence of five or six closed 
triangles on ml and by a posterior loop and four closed 
triangles on m2.

The fossil ml’s have five closed triangles; the 
sixth triangle on both is nearly closed and opens only . 
narrowly into the anterior loop.

The fossil m2 has five enamel closures, consisting 
of a posterior loop and four closed triangles. This latter 
character agrees with fossil (Hibbard 1956:1263) and Recent 
Microtus pennsylvanicus and contrasts with recent specimens 
of M. (Pedomys) ochrogaster and M. (Pitymys) pinetorum

J'
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where only four enamel closures, a posterior loop and three 
closed triangles are present.

Microtus ochrogaster (Wagner, 1842) and/or 
Microtus pinetorum (Le Conte, 1830)

Prairie vole or Pine vole 
Abundance. Four individuals inferred from left ml. 

Sixteen specimens, right m2, BS71; left M3 and right ml,
EHL 310; right m2 and right m2, EHL 311; left M2 and left 
ml, EHL 312; right ml, EHL 314; right M2, left ml, left 
m2 and right m2, EHL 315; left M3, left ml and left ml,
EHL 316; left M3, EHL 317.

Habitat. Microtus ochrogaster is the typical vole 
of prairie regions in north-central United States and south- 
central Canada to 52°N latitude where it inhabits usually 
dry, open areas. It ranges from southern Ohio and northern 
Kentucky, west to south-central Alberta, western Wyoming, 
central Colorado and south-central Oklahoma. M. pinetorum 
is characteristic of the eastern deciduous forest where it 
inhabits the duff on the forest floor. It ranges from 
northern Vermont and southern Ontario to southern Georgia, 
west to north-central Wisconsin, southeastern Nebraska, 
eastern Kansas, central Oklahoma and east-central Texas.
Both are locally common microtines throughout Missouri.
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Discussion. The material was recovered in seven 

of ten bulk sediment samples from unit E , gray clay.
Enamel is mottled in shades of gray; dentine is chocolate 
brown in color.

Microtus ochrogaster and M. pinetorum are dis
tinguished from M. pennsylvanicus in Boney Spring materials 
by the presence of only five triangles on ml, four enamel 
closures on m2, four enamel closures on M2 (no posterior 
loop), and two closed triangles on M3.

Degree of closure of the five triangles on ml 
varies among the fossil specimens. Four of the specimens 
exhibit complete closure of the first three triangles, 
but have the fourth broadly confluent with the fifth. In 
a single specimen, none of the triangles are completely 
closed. In the other specimen this condition cannot be 
ascertained.

Without complete skulls, it is difficult to separate 
with certainty M. ochrogaster from M. pinetorum (Hibbard 
1955:92). Patton (1963:30) has suggested a means of dis
tinguishing the two species on the basis of constriction 
of the middle loop on m3. I was not able to distinguish 
m3 8 s of Microtus ochrogaster and/or M. pinetorum from 
M. pennsylvanicus, also known to be present in the Boney 
Spring fauna, and this microtine material is specifically 
indeterminable.



Microtus spp. Schrank, 1798 
Voles

Abundance. Thirteen specimens, right Ml, EHL 
309; right m3, EHL 310; left ml (fragmentary), EHL 311; 
left Ml, right Ml, and left m3, EHL 313; right m3, EHL 
314; left Ml, right Ml, right Ml and right m2 (severely 
worn), EHL 315; right Ml, right Ml, EHL 317,

Habitat. Voles occur throughout Canada and the 
United States where there is good grass cover. .

Discussion. Thirteen specimens, all isolated 
teeth, lack diagnostic characters. They are specifically 
indeterminable.

Family ZAPODIDAE 
Napaeozapus insignis (Miller, 1891)

Woodland jumping mouse 
Abundance. One individual. A single specimen, 

left ml, EHL 315.
Habitat. The Woodland jumping mouse inhabits 

forested or brushy areas near water. N. insignis ranges 
from central Laborador and Quebec south to eastern Ohio, 
thence along the Appalachian Mountains to northern Alabama, 
west across Canada and the Great Lakes states to south
eastern Manitoba and northeastern Minnesota, Napaeozapus 
insignis does not presently occur in Missouri.
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Discussion, The fossil was recovered in a bulk 

sediment sample from unit F,, gray clay. It is an unworn 
enamel crown, dark brown in color.

The specimen measures 1.5 mm in occlusal length. 
Guilday, Martin and McCrady (1964:168) list ml occlusal 
length measurements of 20 Recent N. insignis from Pennsyl
vania. Their observed range was 1.5 mm-1.8 mm with a mean 
of 1 . 6  mm,

Zapus hudsonicus (Meadow jumping mouse) ml1s are 
similar to, but smaller than ml1s of Napaeozapus insignis. 
Guilday, Martin and McCrady (1964:167) record ml occlusal 
lengths of 1.3 mm, 1.4 mm, and 1.4 mm on fossil Zapus 
hudsonicus recovered in Sinkhole No. 4, Bedford County, 
Pennsylvania.

Order CARNIVORA 
Family PROCYONIDAE 

Procyon lotor (Linnaeus, 1758)
Raccoon

Abundance. One individual. A single specimen, 
right m2, 109BS71.

Habitat. The raccoon inhabits stream and lake 
borders where there are wooded or rocky cliffs nearby. The 
wide ranging P. lotor occurs from peninsular Quebec south 
to the Florida keys and Panama, west to northwestern 
Saskatchewan, northeastern Alberta, southwestern British
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Columbia, Washington, Oregon, California and Baja California. 
It avoids the west-central desert regions. Procyon lotor 
is presently ubiquitous in Missouri.

Discussion. The fossil was recovered from unit E, 
gray clay, within the bone-bed. Enamel is dark gray, 
nearly black; the roots are light chocolate brown in color.

Measurements of the m2 are: length = 10.3 mm,
anterior width = 5.7 mm, posterior width = 5.6 mm. These 
values, fall well within the ranges for these measurements 
given by Wright and Lundelius (1963:11) for Recent Procyon 
lotor hirtus from Wisconsin. This is the subspecies 
presently extant in Missouri.

Order PROBOSCIDEA 
Family MAMMUTIDAE 

Mammut americanum (Kerr, 1792)
American mastodon 

Abundance. Thirty-one individuals, inferred from 
assembled life associations. Seven-hundred-seventeen 
specimens, including 27 isolated complete and incomplete 
tusks; 19 partial skulls, including 18 partial and complete 
palates and one edentulous cranium; seven skull fragments;
25 partial and complete mandibles; 63 isolated upper and 
lower cheek teeth; 145 complete and incomplete vertebrae; 
five incomplete sacra; 165 complete and incomplete ribs;.
20 incomplete scapulas; 30 complete and incomplete
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innominates; 27 complete and incomplete 'humeri, including 
five proximal and one distal epiphyses; 16 complete and 
incomplete ulnae; eight incomplete radii; 28 complete and 
incomplete femorae, including five proximal and three 
distal epiphyses; 13 complete and incomplete tibias, in
cluding one proximal and one distal epiphysis; four in
complete fibulas; eight patellas; 89 foot elements; and 18 
indeterminate bone fragments„

Habitat. Pollen associated with the fossil ‘remains 
in Boney Spring (King 1 9 7 3 ), indicates that the American 
mastodon here occupied a forest of spruce with deciduous 
elements where it. was a browser. Elsewhere in Missouri,
M. americanum inhabited an open-pine parkland. Elsewhere 
in eastern North America Mammut americanum occupied spruce 
forests or open woodlands of spruce and trees associated, 
with spruce forests (Dfeimanis 1968).

Discussion. As at Trolinger Spring, the bulk of 
the Boney Spring collection is assignable to Mammut ameri
canum.

The Boney Spring collection contains 27 isolated 
complete and incomplete upper tusks; four others are re
tained in partial skulls. Table 15 presents metrical and 
form variation in Boney Spring tusks, excluding extreme 
fragments and tusks still retained in skulls. General



Table 15. Metrical and form variation in Maxnmut americanum tusks from Boney
Spring.
All measurements in mm.

Specimen
Number

Preserved
Length

Transverse
Diameter

Vertical
Diameter

Cross-sectional
Form Associations

96BS68 ' 159 47 57 Oval
114BS68 230 50 56 Oval J-
107BS68 450 132 -
138BS71 2 2 2 0 215 227 Sub-round T
11BS71 1800 2 2 2 213 Nearly-round 1
422BS71 1750 2 1 0 2 2 2 Sub-round T
4BS71 1650 198 238 Oval % 0
523BS71 1600 125 146 Oval
315BS71 1500 113 125 Sub-round
626BS71 1410 155 . 194+ Oval
604BS71 1370 165 169 Nearly-round j

BS71 840 153 142 Sub-round «»■

524BS71 1350 154 168 Sub-round
73BS71 1350 181 163 Oval
610BS71 940 99 95 Nearly-round
424BS71 720 91 1 2 2 Oval
391BS71 430 79 82 Nearly-round

134
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cross-sectional form (proximal) is oval (7 of 16 tusks); 
five tusks are sub-round and four are nearly-round. This 
contrasts with Trolinger Spring where oval tusks were rare; 
in both collections, sub-round and nearly-round tusks occur 
in nearly equal proportions. In general, the horizontal 
plane has a moderate, simple curvature (10 of 13 tusks); 
two specimens have strong, simply curved horizontal planes 
and in one tusk, this plane is moderately to strongly, but 
simply curved. The general condition of the vertical plane 
is with a simple spiral ( 8 of 13 tusks); five of the tusks 
are straight in the vertical plane. Wear is symmetrical 
in six of 16 specimens, producing a general polish. In 
general, however, wear departs from the symmetrical condi
tion and" ten specimens exhibit variably developed, but 
generally shallow wear facets. The lower border of one 
strongly curved tusk (626BS71) is modified by wear for one- 
half the distance from tip to base; at its basal limit, 
wear has produced an abrasion facet transversely through 
the tusk. One other specimen exhibits a single facet 
(antero-ventral). Six of the faceted tusks show two facets, 
generally antero-dorsal and antero-ventral, but one speci
men has both developed antero-dorsally, another has both 
developed medial-ve'ntrally and a third has a medial-dorsal 
facet developed in addition to an antero-dorsal facet.
One tusk exhibits three wear facets, one antero-dorsally



136
and two developed medial-ventrally. A, single tusk shows 
an extreme of four wear facets, one antero-dorsal, another 
antero-lateral and two medial-ventral on the specimen.

There are 186 cheek teeth available for study from 
Boney Spring. Among the teeth available are 29 associations 
in which the occurrence of two or more cheek teeth that 
functioned together in the same individual could be de
termined by analyzing occlusal and interdental facets. 
Associates could not be found for two isolated teeth which 
represent additional individuals. This brings to 31 the 
number of individuals recovered from Boney Spring.

The data for the lower tooth replacement, state of 
wear and age groups in mastodons from Boney Spring are given 
in Table 16. The reader is referred to the Trolinger 
Spring discussion for explanation of rationale, wear 
symbols and age-grouping procedures.

Table 17 relates age designations to actual and 
inferred lower Jzooth replacement and presents frequency 
of individuals in each age group from Boney Spring. Most 
of the individuals were adult at the time of death but not 
aged. Heavy mortality occurred while m2 was in early and 
middle stages of wear. Only two individuals were eliminating 
m2 at the time of death. The data show that three teeth 
functioned together, however briefly, during three separate 
life stages: juvenile individuals (presumably middle and



Table 16. Lower tooth replacement, 
Spring mastodons.
Symbols as in Table 7.

age groups and inferred ages in Boney

Specimen dp 2
Lower 
dp 3

Tooth 
dp 4

Replacement 
ml m 2 m3 Age Group

African Analogy 
Age Range 
(yrs) (±)

54BS68 0 ? ? , — — — 0 —
529a,b,BS71 3 24- 2 0 Juvenile 1 ■ -
52,69BS68 - ? 3 2 0 Youth
77,79,98BS68/

113BS71 - ? 3 ? 0 + ? Youth 8 1

317BS71 T- - 3 2 + 0 + 0 Youth 10-13 1

383BS71/BS71 - - 4 ? ? ? Youth 13 1

148BS71 - - 4/A 2 + 1 0 Youth 13-15 1

66BS68/2,3BS71 - - 4/A 3 1 0 Young adult 13-15 1

13,191BS71 - A 3 1 0 Young adult 15-18 1

166BS71 - - - 3 2 0 + Young adult 18-20 2

Feeder BS71 — - - 3 2 0 + Young adult 24-26 2

70,76BS68/
452a,bBS71 - - - 3 2 1 Young adult 24-26 2

BS71 - - - ? 2 ? Young adult 26-28 2

243,249BS71 - . — - 4/A 2+ 1 Young adult 26—28 2

14BS71 - - A 2 + 1 Young adult 28-30 2

478BS71 - - - - 2 + 1 Young adult 30-32 2

80BS71 - —- - - 3 2 Mature 30-32 2

97BS68/439BS71 . — - - - 3 2 Mature 30-32 2

310BS71 - - - - 3 2 Mature 32 2

121a,bBS68 - - — •, - 3 2 Mature 32 2

58>996368 * - - - 3 2 Mature 32-34 2 137



Table 16. (Continued)

African Analogy
Lower Tooth Replacement Age Range

Specimen dp 2 dp 3 dp4 ml m 2 m3 Age Group (yrs) (±)
73BS68 — — — — ? 2+ Mature 32-34 2

80BS68/535BS71 - — - — 3 2+ Mature 32-34 2

154BS71 - - - - 3 2 + Mature 32-34 2

56BS71 - - - - 3 24- Mature 34 2

56,81BS68 — - - ■ - . 3 24- Mature 34-36 2

44,51,68,85BS68 - - - - 3 24- Mature 36 2

60,74BS68 - — - - 3/A 24- Mature 43 2

82BS68/538BS71 A 3 Mature 45-47 2

138



Table 17. The relationship of lower tooth replacement to age designation and 
individual frequency in Boney Spring mastodons.

Fre Age Desig Wear Stages*
quency nation dp 2 dp 3 dp 4 ml m 2 m3

1 Fetus 0 Forming ?Forming Not formed Not formed Not formed
1 Juvenile 0 +—3 Oh—  2+ GH--2 0 • ' Not formed Not formed
5 Youth - ?-absent 3-4/A 2 -2 -f 0 - 1 Forming-0
9 Young adult — - 4/A-absent 3-absent 1 -2 + 0 - 1

13 Mature v - - - - 3-A 2-3
0 Old age - - — 3-4

*Symbols as in Table 7.

139
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late) had three deciduous premolars functioning together; 
late youth and early young adult individuals had dp4-m2 
serving together; and middle young adult individuals had 
ml-3 functioning together in the jaws. In mature animals, 
with m2 in extensive wear, only m2-3 functioned together. 
Only two individuals had m3’s which served alone in the 
jaws. None of the Boney Spring mastodons survived to 
severely wear m3. This contrasts with the Trolinger 
Spring sample where one individual had severely worn m3, 
yet still retained m 2 (also severely worn) in the jaw.

Table 18 gives frequency and variety of teeth in 
the Boney Spring collection. Cheek teeth anterior to 
dp4 are poorly represented; teeth anterior to dP4 are 
unrepresented. dP4-M3 and dp4-m3 are better represented. 
Table 19 gives metrical data on teeth in the collection.

With the single striking exception of M3 and m3 
the position of greatest width Of Mammut cheek teeth from 
Boney Spring in general corresponds with the pattern 
already established for the Trolinger Spring series.
Width for dp2 and dp3 is maximum across the second lophid. 
For dP4 and dp4 width is greatest across the third loph/^id. 
For Ml, the greatest width is across the second loph in 
seven specimens, and across the third loph in six speci
mens. For ml, greatest width occurs with equal frequency 
across the second and third lophids (six specimens each).



141
Table 18, Numbers and variety of teeth of Mammut americanum

from Boney Spring.

Right Left Total
Position Frequency Position Frequency in Row

dP2 0 dP2 0 0

dP3 0 dP3 0 0

dP4 2 dP4 1 3
Ml 7 Ml 7 14
M2 15 M2 18 33
M3 18 M3 19 37

Subtotal; 42 45 87
m3 . 17 . v m3 16 . 33
m 2 17 m 2 2 1 38
ml 5 ml 7 1 2

dp 4 5 dp 4 6 1 1

dp3 1 dp 3 1 2

dp 2 2 dp 2 1 3
Subtotal: 47 52 99

Total in columns 89 . 97 186
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Table 19„ Metrical data on teeth of Manrnut americanum from

Boney Spring. '

Variate N OR X sx s V r(Ig/w)
lgdP2 0 —

±4.34 7.51

wdP2 0

lgdP3 0

wdP3 0

lgdP4 3
wdP4 3
IgMl 14
wMl 14
lgM2 33
V/M2 33
lgM3 32
wM3 35
lgm3 28
wm3 33
lgm2 38
wm2 38
Igml 1 2

wml 1 2

lgdp4 1 1

wdp4 1 1

lgdp3 2

wdp3 2

lgdp2 3
wdp2 3

'68-83 75.3
59-67 62.7
92-105 98.6
71-83 77.7

110-137 123.3
83-104 93.3

161-219 188.6
89-115 101.7

170-216 191.8
91-111 98.8

101-135 119.3
81-99e 89.2
91-107 98.8
69-81 73.2
69-79 74.4
51-62 56.8
45 —
4 0—41. —
30-33 —
27-31 —

±2.34 4.04
±1.16 4.33
±1,07 3.99
±1.30 7.46
±1.07 6.17
±2.60 14.70
±1.18 6.97
±2.77 14.63
±0.98 5.61
±1.41 8.70
±0.71 4.37
±1.69 5.84
±1 . 0 1 3.51
±0.99 3.29
±1.27 4.21

9.971
6.44 J + 0 " 9 9 4

4 , 3 9  ] +0.861 
5.14 J
6 “ 0 5  { +0.789
6.61 J
7 o 7 9  1 +0.895 
6.85 ;
7 , 6 3  } +0.925 
5.68 J
7 , 2 9  "I +0.707
4.90 )
5 . 9 1  1 +0.466 
4.80 J
4 ” 4 2  } +0.336 
7.41 J



143
Position of greatest width is most variable on M2. For 
M2, greatest width occurs with equal frequency across the 
second and third lophs (15 specimens each), but in two speci
mens, the first loph is wider than either the second or 
third loph. For m2, greatest width is generally across 
the third lophid (31 specimens); in four specimens the 
second lophid is wider than the third. Greatest width for 
M3 and m3 from Trolinger Spring occurred in all instances 
across the second loph/-id. For M3 from Boney Spring, 
greatest width occurs across the second loph in 19 speci
mens and across the first loph in 16 specimens. . For m3 from 
Boney Spring, greatest width is generally recorded across 
the second lophid (23 specimens), but in ten specimens, 
the third lophid is wider than the second.

The statistics presented in Table 19 for cheek 
teeth from Boney Spring may be compared with values pre
sented in Table 11 for dP4 - M3 and dp4 - m3 in the Tro
linger Spring collection. In. every instance dP4 - M3 and 
dp4 - m3 from Boney Spring average larger than corresponding 
teeth from Trolinger Spring. M2-3 and m2-3 from Boney 
Spring average slightly more variable in size than cor
responding teeth from Trolinger Spring, yet are still within 
the range expected in a variable single proboscidean species 
(Simpson and Paula Couto 1957). Correlation between length 
and width is high for M3 and m3 and M2 from both Trolinger
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and Boney Springs. The larger sample available from Boney 
Spring has not affected this correlation. In both collec
tions, m 2 shows more variation in proportions and there is 
less correlation between length and width for this tooth.
In terms of tooth proportions, m3 is the least variable 
tooth (M2-3 and m2-3) in the Boney Spring collection; M3 
is the least variable tooth (M2-3 and m2-3) in the Tro- 
linger Spring series. In the Boney Spring collection as a 
whole, dp4 has the most variable tooth proportions. This 
is to be anticipated in a deciduous tooth and is not sur
prising here,

. Figures 12 and 13 are scatter diagrams of length 
and width of cheek teeth of Mammut americanum from Boney 
Spring. In each figure are entered pairs of measurements 
for M2-3 and m2-3, each pair representing right and left 
teeth of a single individual. The differences between the 
two sides of one individual, both in size and proportions, 
illustrate the intra-individual variation present in M, 
americanum from Boney Spring. For M3 and m3 tooth length 
is generally more variable than tooth width. For M2 and 
m 2 , however, tooth width is as variable, and often more 
variable, than tooth length. Except for m2, this rela
tionship corresponds with that established for M2-3 and m2-3 
from Trolinger Spring. M2-3 and m2-3 from Boney Spring 
exhibit no suggestion of bimodality.
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Figure 12. Scatter diagrams of length and width of 
m2 and M2 of Mammut americanum from Boney Spring.
The points connected by dashed lines represent right and 
left teeth of single individuals. A circle enclosing a 
point represents two teeth with coincident proportions.
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Figure 13. Scatter diagrams of length and width of 
M3 and m3 of Mammut americanum from Boney Spring.
The points connected by dashed lines represent right and 
left teeth of single individuals. A circle enclosing a 
point represents two teeth with coincident proportions.
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Table 20 gives the occurrence of accessory elements 

in cheek teeth of Mammut americanum from Boney Spring. As 
was the case with the Trolinger Spring mastodons, it is 
evident that teeth of individual M. americanum from Boney 
Spring may be highly variable in morphological detail. 
Pretrite cristae range from weak on 81 specimens (19 
individuals) to strongly developed on only nine specimens 
(four individuals); 70 specimens (19 individuals) have 
moderately developed cristae. Cingula strength varies 
from absent (on the posttrite side of 80 specimens, with 
only two exceptions, all lower teeth) through weak and 
moderate to,strong. Unlike Trolinger Spring, choerodonty 
is not always developed on the enamel crowns of M. ameri
canum from Boney Spring. Forty-four specimens, representing 
13 individuals, exhibit no trace of choerodonty. Choero
donty is incipient or weakly developed on 61 specimens 
(19 individuals); moderately developed on 58 specimens 
( 1 0  individuals); and strongly developed on only ten 
specimens (3 individuals). .Enamel plication varies from 
absent (on 59 specimens, 18 individuals) through incipient 
or weak (69 specimens, 20 individuals) and moderate. (39 
specimens, 14 individuals) to strong (14 specimens, 5 in
dividuals). One of the latter (207BS71, left M3, Fig. 9) 
is nearly ptychodont and represents the rugged extreme of
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Table 20o Morphological variation in cheek teeth of Mammut

americanum from Boney Spring..
Symbols; ?, variate obliterated by wear or
otherwise indeterminate; A, absent; -, weak or 
incipient; 0 , moderate; +f strong.

Specimen

tio•H
-P•H
to
0

Strength of 
Cingula

G
O CD >1

CD

•H
OD

CD

•H
W >1

H ■p
G  CD 

■H tn

O
-P  CD 

tr>
•H (ti H CD P G G nd P
-P rG 4J U CD -P 0 O O CO -H CO o  - H
fti -P  CO 0 -P •H •H •H -P -P  -H  Ph

•H tn -H -H •H P P O G G P
U G U P P -P CD P fd . CD rG CD CD rG
O (D U CD -P 4J -P CD o S -P S  -Pw P 4J ' CD CO CO O ■H CD IP CD CO (Pw -P  m G P 0 0 rG i— 1 i—I -H i—1 O  *H< UD 0 < & P4 PM . u . • PV ■H k ■■ H P4 IP

54BS68
529aBS71

529bBS71II

52BS68II
69BS68
211BS71

II

77BS68
98BS68
79BS68
113BS71
317BS71II

U
II
II
II

BS71
383BS71
46BS68
184BS71H
22IBS71 
230BS71

rdp2

rdp2

rdp3
rdp4
ldp2

ldp3
ldp4
rdp4
rml
rm2

ldP4
1M1
rdp4
rm2

ldp4
lm2

ldp4
1 ml
lm2

rdp4
rml
rm2

ldp4
rdp4
1M2
rMl
rM2
1M1
1M2

I

I

0

0

0

0

0

?
0

?
0

?
?
0

0

+
+
+

+
+
0

0

+
0

0

0

0

0

0

?■
+
?
+
?
0

?
0

?
?

'+ ■

+
0

0

0

+
+
+
+
+
+
+
+
+
+
A
A

A
A
A
A
0

0

0

0

0

+
+

A
A
A
A
A
A
A
A
A
A

A
A
A
A
A
A
A
A
A
A

+
+
+
+
+
+
+
+
+
0

0

+
7
0

?
?
0

?
?
0

0

0

0

0

+

A

A
A
A

A
0

0

0

0

0

0

0

+
+
+

+
+
+
0

0

?
A
A
2

A
A
0

0

0

+
+
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Table 20, -Morphological variation in cheek teeth of Mammut

americamiro from Boney Spring (Continued),

Strength of 
Cingula

GO•H•PHCOOSpecimen *n

o•H-P . fd ■HUOCOCOc

Q)
fdra 4J -P CO 

tn*«Ha P 
0) u u4J mcn o

>i 
r—IPo•HPCD-P
■S

(Dnd•HCO
CD-P•HP4JCDPPL,

CD
•HCO
CD-P-HP4->4JCOOPL,

>1 i—iPo-HPCD4JCOoP4

I?a
OPCDO13O

PJO
4J
fdo-H i—I P4

PI CD
O
-P  CD•H tD tn

. P  "dCO -H CO O  *H
4J P3 -P  *H  Ph
PI PI P
CD 13 CD CD 13
6 6  4 J -P
CD LP CD CO iHH -H i—1 0  ‘H
H  IP H  PM IP

349BS71 1M3
182BS71 rdP4
217BS71 rMl
250BS71 rM2
BS71 rM3
148BS71 ldp4it

1 ml» lm2« rmlit rm2

370BS71 m iii 1M2ii rMlii rM2ii , rM3
276BS71 1M3
6 6 BS6 8 ldp4
2BS71 1 ml
3BS71 lm2

521BS71 1M1ii 1M2
3 6 IBS 71 1M3
BS6 8  • rdP4
526BS71 rMlu rM2
189BS71 rM3
13BS71 1 mlii lm2H lm3
191BS71 rm3
207BS71 1M3
377BS71 1M1it

1 M 2 I

+ + 0 - 0 2 A
0 0 + ' 0 0 +
+ 0 + - 0 0 +
+ + 0 0 -h
+ + 0 - 0 ? ?
? ? ? A ? ? ?
0 0 - A + 0 .0

0 0 —* A + 0 —
0 0 - A + 0 0

0 0 - A + 0 -
0 ? 0 - + +
0 0 0 - — ■ + +
0 ? 0 — w ■ + 0

0 0 0 - ■- + +
0 0 ? • — 0 4 2

0 0 0 - 0 + 4 2

? ? —- A ? - -
0 - A ' 0 +
0 0 - A + + -
? - + - 0 0

0 0 0 - 0 -
0 + + ? 0 *— ? ?
? - - ? 0 0

? - + - - ' 0 0

0 0 0 - - 0 -
0 + + ? 0 - ? ?
? - A A 0 0 A- - ~ A + 0 A
0 0 A A 0 - ? ?
0 0 A A 0 0 4 1

+ 0 «k + 0 ++ 3 2

0 - 0 - - 0 —
0 - + 0 0 0 —
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Table 20, Morphological variation in cheek teeth of Mammut

americanum from Boney Spring (Continued)„

§
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Table 20, Morphological variation in cheek teeth of Mammut

aipericanum from Bpney Spring (Continued) .

Strength of 
Cingula
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Table 20, Morphological variation in cheek teeth of Mammut

americantim from Boney Spring (Continued),
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Table 20, Morphological variation in cheek teeth of Mairmrut

americannm from Boney Spring (Continued).
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enamel plication observed in Manmut aroericanum from the 
study sites.

Data for the development of the fifth ridge on M3 
and m3, and of conules posterior to it are included in 
Table 20. For m3., the total number of conical elements 
posterior to the fourth lophid varies from five (4 elements 
in the fifth lophid, one conule posterior to it) to eight 
(4 elements in the fifth lophid, 4 conules posterior to 
it). For M3 the total number of conical elements posterior 
to the fourth loph varies from two (elements in the fifth 
loph, none posterior to it) to eight (4 elements .in the 
fifth loph, 4 conules posterior to it). The fifth ridge 
is more variably developed on M3 than on m3 = Table 21 
compares posterior development of M3 and m3 from Boney 
Spring and Trolinger Spring. While modal classes Correspond 
in general, M3 from Boney Spring shows a tendency towards 
greater and more variable posterior development.

Table 22 compares selected morphological variates 
in cheek teeth of Mammut americanum from Boney Spring and

A . .

Trolinger Spring. In a very general way, M. americanum 
individuals from Boney Spring are characterized by cheek 
teeth having weak or only moderate cristae, weak or absent 
choerodonty and weak or absent enamel plication. They 
correspond, in the main, with Leidy's (1869:242) ^smooth 
variety of teeth. 11 M. americanum individuals from Trolinger
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enamel plication observed in Mammut amerjcanum.from the 
study sites.

Data for the development of the fifth ridge on M3 
and m3, and of conules posterior to it are included in 
Table 20. For m3., the total number of conical elements 
posterior to the fourth lophid varies from five (4 elements 
in the fifth lophid, one conule posterior to it) to eight 
(4 elements in the fifth lophid, 4 conules posterior to 
it). For M3 the total number of conical elements posterior 
to the fourth loph varies from two (elements in the fifth 
loph, none posterior to it) to eight (4 elements in the 
fifth loph, 4 conules posterior to it). The fifth ridge 
is more variably developed on M3 than on m3. Table 21 
compares posterior development of M3 and m3 from Boney 
Spring and Trolinger Spring. While modal classes correspond 
in general, M3 from Boney Spring shows a tendency towards 
greater and more variable posterior development.

Table 22 compares selected morphological variates 
in cheek teeth of Mammut americanum from Boney Spring and 
Trolinger Spring. In a very general way, M. americanum 
individuals from Boney Spring are characterized by cheek 
teeth having weak or only moderate cristae, weak or absent 
choerodonty and weak or absent enamel plication. They 
correspond, in the main, with Leidy*s (1869:242) vsmooth 
variety of teeth.1' M. americanum individuals from Trolinger



Table 21. Posterior development of Mammut americanum M3 and m3 from Boney
Spring and Trolinger Spring.

Tooth
Elements 
Posterior to 
Fourth Ridge

Elements in 
Fifth Ridge

Elements 
Posterior to 
Fifth Ridge

Boney Spring 
Frequency

Trolinger
Spring
Frequency

M3 2 2 . + • 0 2 1

3 2 + 1 1 0

3 3 + 0 3 1

4 3 + 1 0 2

4 . 4 + 0 13 2

5 3 + 2 1 1

5 4 + 1 0 1

6 3 + 3 1 0

6 4 + 2 4 0

7 4 + 3 1 0

8 4 + 4 4 0

m3 3 3 + . 0 0 1

4 0 0

5 4 + 1 1 0

6 4 + 2 8 1

7 4 + 3 5 1

8 4 + 4 13 2 155



Table 22. Comparison of some morphological variates in cheek teeth of Mammut
americanum from Boney Spring and Trolinger Spring.
Data are from Tables 11 and 20.

Variate
Boney Spring 

% Specimens % Individuals
Trolinger Spring 

% Specimens % Individuals

Strength of _ 50.6 61.3 1 1 . 8 27.3
cristae 0 43.8 61.3 41.1 45.5

+ 5.6 12.9 47.1 54.5
Choerodonty A 25.4 41.9 ' 0 0

- 35.3 61.3 57.5 54.5
0 33.5 32.3 35.0 36.4
+ 5.8 9.7 7.5 9.1

Plication A 32.6 58.1 8 . 1 18.2
— • 38.1 64.5 35.1 63.6
0 2 1 . 6 45.2 35.1 45.5
+ 7.7 16.1 21.7 27.3
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Spring, on the other hand, are characterized by cheek 
teeth having moderate or strong cristae, weak or moderate 
choerodonty and weak or moderate enamel plication. These 
teeth correspond to the more "rugged variety" discussed 
by Leidy (1869:242).

There are 19 partial skulls of M. americanum in 
the Boriey Spring collection, including 18 partial and com
plete plates and one edentulous cranium. None of the 
specimens are sufficiently complete to warrant detailed 
description. They show no unusual features. Among the 
materials are nihe partial skulls that are sexually di
morphic on the basis of premaxillary/maxillary development 
and incisive tusks as discussed by Osborn (1936:181-180). 
Four (114BS71, 370BS71, 377BS71 and 396BS71) are female 
and five (45BS71, 251BS71, 512BS71, 610BS71 and 629BS71) 
are male. A well preserved palate retaining the left 
tusk (396BS71) typifies the inferred female. The indi
vidual is a young adult (associated mandible with m 2  

intersecting wear and at maximum erupted length). The 
cheek teeth diverge anteriorly; straight lines drawn to 
bisect the cheek teeth rows converge in the opening of the 
internal nares. The tusk is relatively small and nearly . 
round in section. Transverse diameter at the alveolar 
border in 96 mm, vertical diameter is 98 mm; the tusk has. 
an erupted length of 602 mm and a total length of 787 mm.



The tusk diverges from the alveolus ? a straight line drawn 
from tusk tip bisects the cheek teeth and there is no doubt 
that it would pass through the occipital condyle of the 
right (opposite) side were the latter preserved. The 
lower border of the incisive alveolus is elevated above the 
alveolar border of the cheek teeth. These characters all 
agree in their development and condition with Osbornls 
(1936:183-184) diagnosis of the female Mammut america'num. 
The inferred male exhibits features typified in a well 
preserved ventral aspect retaining the proximal 345. mm of 
the right tusk. The individual is mature (associated 
mandible with m3 beginning wear on the tetartolophid and 
at maximum erupted length). The specimen has a facial 
length (measured along the midline from the anterior pre- 
maxillary border to the back of the cheek.teeth) of 383+ 
mm; cranial length measures 410 mm. Dorsally, the cranial 
vault is squashed. The cheek teeth of the opposite sides 
are nearly parallel; straight lines drawn to bisect the 
cheek teeth rows pass through the occipital condyles of the 
same side and converge well beyond the posterior border of 
the skull. The lower border of the incisive alveolus is 
in the plane (horizontal) of the alveolar border of the 
cheek teeth. There is no consistent difference between 
adult males and females in the cheek teeth.
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Table. 23 gives, data for partial and complete man

dibles of M. americanuro in the Boney Spring collection.
There is great individual variation, part of which jnay be 
accounted for by sexual differences.

The inferred female mandible is represented by 
478BS71, the essentially complete lower jaw associated 
(on the basis of attrition facets) with the skull (396BS71) 
already characterized as typically female. This mandible 
is long and narrow; the rami are thin and shallow at the 
front of m3. The cheek teeth rows are nearly parallel; 
lingual separation at the m2 protolophids is 125 mm and 
at the m3 tritolophids is 126 mm. The condyles are narrow 
and lie in the plane of greatest width. There is no evi
dence that mandibular tusks were ever present. The 
symphysis is long, narrow (anterior width = 6 0  mm), down- 
turned and spout-like. The lingual gutter is U-shaped 
and unconstricted; it has a dorsal width of 6 8  mm and a 
depth of 58 mm. The lower border of the jaw is convex and 
when the cheek teeth are in horizontal anatomical position f 
the symphysis is elevated above the lower border of the 
jaw. When compared with other specimens, this jaw seems 
miniature.

The inferred male mandible is represented by 
14BS71, associated (on the basis of attrition facets) 
with a skull (512BS71) thought to be male on the basis of



Table 23. Measurements of mandibles of Mammut americanum from Boney Spring.
Specimens are tabulated left to right in order of increasing age/

Specimen: 529BS71 317BS71 148BS71 13BS71 166BS71
Individual age: Juvenile Youth Youth

Young
Adult

Young
Adult

Length from front of symphysis to 
hinder border just above the angle — 650 — — 742
Length from front of symphysis to 
rear of condyles, in straight line - 740 - . - 825
Height of coronoid process above 
lower border of jaw — - 275 — 300
Height of condyles above lower 
border of jaw - 384 — — 437
Length of symphysis - 130 134 - 141e
Height of jaw at front of m3 - - 152 . 178
Thickness of jaw at front of m3 - - - 132 169
Greatest thickness of jaw (through 
anterior insertion of ascending 
ramus) 92 172 157 159 169
Transverse diameter of condyle 53+ 125/126 - - 127
Width across the angles - 401 - ' - 334
Width across the condyles - 549 - — -

160



Table 23. Measurements of mandibles (Continued).

Specimen: 452BS71
243/
249BS71 14BS71 478BS71 80BS71

Individual age:
Young
Adult

Young
Adult

Young
Adult

Young
Adult Mature

Length from front of symphysis to 
hinder border just above the angle 644e 698e 725 740
Length from front of symphysis to 
rear of condyles, in straight line - 734e - 810 825
Height of coronoid process above 
lower border of jaw 306 338 — —

Height of condyles above lower 
border of jaw 425 464 — 394 443
Length of symphysis - - 162 145 155
Height of jaw at front of m3 2 0 0 177 193 173 171
Thickness of jaw at front of m3 177 151 149 128 144
Greatest thickness of jaw (through 
anterior insertion of ascending 
ramus) 191 163 165 142 166
Transverse diameter of condyle 142 117 - 8 8 126/130
Width across the angles - 421 - 427 472
Width across the condyles - 470 - 595 578

161



Table 23. Measurements of mandibles (Continued).

Specimen? 439BS71 310BS71 121BS68
535BS71/
80BS68 154BS71

Individual age: Mature Mature Mature Mature Mature
Length from front of symphysis to 
hinder border just above the angle — 743 — 692 . —

Length from front of symphysis to 
rear of condyles, in straight line - 857 - 784 -

Height of coronoid process.above 
lower border of jaw 282 — — 343 - —»
Height of condyles above lower 
border of jaw 371 453 — 392 —

Length of symphysis - 160 - 106 -
Height of jaw at front of m3 172 192 185 169 186
Thickness of jaw at front of m3 - 188 164 140
Greatest thickness of jaw (through 
anterior insertion of ascending 
ramus) 204 189 150
Transverse diameter of condyle 103 127/133 - 1 1 0 -
Width across the angles - 502 - - -
Width across the condyles - 634 - - -

162



Table 23. Measurements of mandibles (Continued).

Specimen: 56BS71
81/
56BS68 74BS68

538BS71/
82BS68

Individual age: Mature Mature Mature Mature
Length from front of symphysis to 
hinder border just above the angle — —
Length from front of symphysis to 
rear of condyles, in straight line - — - -
Height of coronoid process above 
lower border of jaw 322 — — *■»
Height of condyles above lower 
border of jaw — — — —
Length of symphysis - - - 149
Height of jaw at front of m3 168 223 199 231
Thickness of jaw at front of m3 -T 184 1 2 2 158
Greatest thickness of jaw (through 
anterior insertion of ascending 
ramus) 161 2 1 1 161 197
Transverse diameter of condyle - — - -
Width across the angles — - -
Width across the condyles - - — —

163
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criteria already discussed. This mandible is. not as long 
as the female jaw characterized above, The rami, though 
not particularly thick, are deep at the front of m3. The 
cheek teeth rows are not parallel and are quite close 
together; lingual separation at the m 2 protolophids is 
104 mm and at the m3 tritolophids is 113 mm. The symphysis 
is long and wide; its ventral border is horizontal and its 
dorsal border is inclined anteriorly, producing a flume
like lingual gutter. The latter is V-shaped and uncon
stricted with a dorsal width of 84 mm; the depth has been 
modified in restoration. There is a short, straight tusk 
retained in the left side of the symphysis. The tusk has 
an exposed length of 71 mm; the transverse diameter is 32 
mm and the vertical diameter is 38 mm. The tusk has an 
oval cross section.

Direct evidence of a mandibular tusk is present 
in only one other specimen from Boney Spring, A symphyseal 
fragment from the left side (38BS681 contains an uneruptedr 
embedded tusk. The tusk has been naturally exposed through 
weathering of the specimen. It measures 131 mm in length; 
the specimen has a transverse diameter of 39 mm and a 
vertical diameter of 54 mm. The tusk has a lustrous 
appearance. The surface is covered with bulbous tubercles. 
The specimen probably represents the anterior portion of 
82BS68, left ramus.
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There are 558 identifiable postcranial elements 

of Mammut amerlcanum from Boney Spring. The materials are 
not distinctive and do not seem to be of special interest. 
Individual representation of postcranial (and cranial) 
elements will be discussed in the next section.

Table 24 gives measurements of complete limb bones 
of adult M. americanum from Boney Spring. They show the 
range of variation reflected in the mastodons from Boney 
Spring. Figure 14 is a scatter diagram of the length and 
least circumference of humeri and femorae of adult Mammut 
americanum in the collection. It is characteristic for 
mastodon limb bone distributions generally. There is some 
slight suggestion, but no clear demonstration of bimodality 
in the variates examined.

Order PERISSODACTYLA 
Family EQUIDAE 

Equus sp. Linnaeus, 1758 
Horse

Abundance. One individual. A single specimen, 
proximal fragment of a right ascending ramus, 175BS71, 
from an Equus of moderate size.

Habitat. Pleistocene Equus was a grazer occurring 
abundantly in steppe habitats throughout North America.

Discussion. The equid material was recovered from 
the main faunal concentration in unit E, gray clay. The
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Table 24, Measurements of some limb bones of adult Mammut

amerjcanum from Boney Spring,
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44BS71 725 - 195 186 146 370
557BS71 741 - 191 184 150 368
568BS71 787 - 214 ' 241 173 431
438BS71 805 207 208 160 362
67BS71 860 - 224 224 165 388
BS71 921 233 245 184 460
548BS71 924 -r-. 250 253 188 477
401BS71 925 - 241 249 189 491
333BS71 941 - 241 253 189 477
8IBS71 972 276 261 184 499
BS71 1 0 0 1 — 273 265 198 536
Ulna: Total Mid-shaft
580BS71 683 - . — > — 320
571BS71 785 - - — v 383
180BS71 835 — — — 440
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Tibia: Total Mid-shaft
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bone is light chocolate brown in color; the. condyle appears 
fresh and suggests only slight weathering prior to final 
burial in gray clay.

Transverse diameter of the condyle is 56,2 mm; the 
anteroposterior diameter is 28.1 mm. The posterior border 
of the ramus is straight. The specimen is slightly narrower 
but deeper than the Recent large Equus used in comparison ? 
condyle measurements.of the latter Were 65.7 mm and 25.6 
mm. The fossil lacks diagnostic features and is specifi
cally indeterminable.

Family TAPIRIDAE 
Tapirus sp, Brisson, 1762 

Tapir
Abundance. Two individuals, inferred from wear 

differences in molar teeth. Five specimens, right 13 and 
right i3, EHL 316; right m2, BS74; right M3, 100BS71; 
right m3, 97BS71.

Habitat. There are four extant species of Tapirus, 
distributed as follows; T. terrestris and T . roulini in 
South America; T. bairdii in southern Mexico and Central 
America; and T_, indicus in southeastern Asia, Simpson 
(1945b;54) notes that "Recent tapirs occur almost ex
clusively in tropical rainy and humid mesothermal 
climates . , . ."
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Tapirua ia represented in Pleistocene faunas as, 

far north, as 42° N latitude in the eastern United States, 
Pleistocene North American Taprius was probably a browser 
in riparian forests.

Discussion, The fossils were recovered from four 
loci within unit E, gray clay. The right upper and lower 
third molars were recovered approximately 1.5 m north of 
the main fauna concentration and define the northern limit, 
for recovered specimens. They are unworn enamel crowns 
representing unerupted occlusal mates of one individual.
The specimens are light chocolate brown in color, The 
right m 2 and the incisors were recovered from within the 
faunal concentration. The enamel is mottled with shades 
of gray on a cream background. Attrition facets are pro
duced on all three specimens. They were associated and 
represent a second individual,

The Boney Spring fossils represent individuals 
larger than any living tapir. Table 25 gives measurements 
of the Boney Spring molars and values and ranges of values 
listed by Parmalee, Oesch, and Guilday (1969) and by 
Simpson (1945b) for Pleistocene tapirs from North America. 
The m2 from Boney Spring is larger than this tooth in 
Tapirus cf, excelsus from Crankshaft Cave, Missouri, 
listed by Parmalee, Oesch and Guilday (1969:30). The 
Boney Spring specimens fall well outside the normal range



Table 25. Measurements of Tapirus from Boney Spring and Crankshaft Cave 
compared with hypodigm ranges and means of T. veroensis and T. 
copei. . • ' "
Symbols: Ig = length; wa = anterior width (through protoloph/-id);
wp = posterior width (through metaloph/-id).

Variate

Tapirus sp.  ̂
T. cf excelsus 

Boney Crankshaft 
Spring Cave

T. veroensis 
Range

2hypodigm
Mean

T. copei 
Range

2hypodigm
Mean

m 2 N = 6 N = 10(9)
ig 29.2 26.3 22.6-26.6 25.17 27.4-30.8 28.91
wa 23.1 2 1 . 8 18.9-19.7 19.28 (20.5-24.1) (21.56)
wp 21.7 21.3 18.0-19.7 18.92 • 18.3-22.8 20.17

M3 N = 7(6) N = 5
Ig 27.2 22.4-26.0 25.06 26.8-29.2 28.2
wa 31.6 25.5-31.4 28.30 31.0-34.1 32.3
wp 26.1 (20.4-24.8) (23.58) 26.5-29.0 27.8

m3 N = 8 N = 6(5)
ig 29.0 25.7-28.3 27.38 30.1-31.5 30.78
wa 2 2 . 1 19.5-20.5 19.81 21.7-23.8 22.70
wp 19.0 - 17.4-18.6 17.66 (19.2-20.5) (19.84)

1, Parmalee, Oesch and Guilday 1969
2. Simpson 1945b.
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of T, yaroensis from Saminole Field, Florida, given by 
Simpson C1945b:62}„ The m2 from Boney Spring falls well 
within the range of the T, copei hypodigm given by Simpson 
(1945b;68-691 but is slightly above the average in all 
variates. The unerupted M3 also agrees, though not as well, 
with the T. copei sample? it is smaller,than the average 
in all variates and is outside the observed but well within 
the probable range in posterior width. The associated un
erupted m3 is outside the observed but within the probable 
range in two variates (length and posterior width), but 
within the observed range and near the mean for T/ copei 
in anterior width.

Direct comparison of Boney Spring Tapirus materials 
with Simpson's (1945b) diagnoses of T. copei and T. excelsus 
is not possible. The former is distinguished by large 
size and premolar molarization. The type and hypodigm 
of the latter is from Enon Sink, Moniteau Co., Missouri.
It is distinguished by features of the skull and dentition 
not represented in Boney Spring materials. The large 
Tapirus from Boney Spring is specifically indeterminable, 
but it is indistinguishable from T. copei from the material 
available.

Order ARTIODACTYLA 
Family CERVIDAE
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OdQCQlleus sp, Rafi.nes.que, 1832 

Deer
Abundance. A single individual, Eight specimens, 

left antler fragment (with burr), 3BS68; cannon bone frag
ment , 4BS68; right ml, 5BS68? left p2, right antler frag
ment (with burr), and an ungual phalange, BS71? right 
scapula fragment, 216BS71; left ramus fragment with m2-3, 
618BS71.

Habitat, There are two extant species of Odocoileus
distributed as. follows; 0. virginianus, the White-tailed

odeer, in Canada, generally south of 52 N latitude, the 
United States (excluding the south-western deserts),
Mexico, Central, and northern South America; and 0, 
hemionus, the Mule deer, in western Canada, generally 
south of 60° N latitude, western United States and northern 
Mexico.

Deer are browsers in a wide variety of habitats.
0 . virginianus inhabits woodlands, forest-borders and 
thickets along streams and around swamps. 0 , hemionus
inhabits coniferous forest, grassland and desert regions. 
Odocoileus virginianus occurs throughout Missouri,

Discussion, The Odocoileus bone and dentine is 
chocolate brown in color; enamel is mottled with shades 
of dark gray on a light gray background.
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Igeasurearients of ttie teeth, are; p 2 length s' 8 „ 4'3niaf 

posterior width = 3V9 jam? ml length = 15.4 mm, anterior 
width = 9.7 mm, posterior width = 10.8 mm? m3 length s 
20.9 ram, anterior width = 10.1 mm, middle width = 8.9 mm, 
posterior width = 6.4 mm. Measurements of the ramus 
(618BS71) are; greatest thickness = 13.8 mm, depth beneath 
m3 hypoconid (measured labially) = 26.0 mm.

There is extreme size variation among extant sub
species of 0 . virginianus, and size alone does not dis
tinguish this species from 0. hemionus. Lacking complete 
series, it is not possible to assign the Boney Spring 
materials to either species with confidence. Odocoileus 
virginianus is frequently abundant in Pleistocene faunas 
from the Ozark plateaus. Odocoileus hemionus has been 
reported by Brown (1908) in the Pleistocene fauna from 
Conard Fissure, Arkansas.



TAPHONOMY OF BONEY SPRING

Science is the asymptote of truth; it ap
proaches unceasingly, and never touches. Never
theless, it has every kind of greatness. It has 
will, precision, enthusiasm, profound attention, 
penetration, shrewdness, strength, patience in con
catenation, permanent watchfulness of phenomena, the 
ardour of progress, and even fits of bravery . . . . 
But science is series. It proceeds by proofs super
imposed one above the other, whose obscure strati
fication rises slowly to the level of Truth.

William Shakespeare by Victor Hugo, 
pp. 114-115.

General Statement 
I cannot presently agree with Brouwer (1967sv, 

originally published in Dutch in 1959) that general paleon
tology is a science whose study has been greatly neglected. 
The years since Brouwer initially judged the state of the art 
in 1959 have witnessed an ever-increasing flow of interest 
in general paleontological processes: papers by Olson (1957) 
and Johnson (1960), the monograph by Clark, Beerbower and 
Kietzke (1967), the analysis by Voorhies (1969a) and, more 
recently, the general syntheses by Olson (1971) and Raup 
and Stanley (1971) present a myriad of stimulating ideas 
that supply direction for other workers.

These contributions notwithstanding, I agree with 
Olson (1971:13) that the great bulk of work currently in
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progress is descriptive and systematic in nature. This 
has been the important primary endeavor of paleontological 
research, including the foregoing section of this study.
The point I wish to stress here, with Olson (1971:13.), is 
that the years of active paleontological research have pro-* 
yided abundant, adequately described materials that can 
now form the basis for more general studies.

Olson (1971:13) has grouped these general, derived 
studies into three categories including (1 ) those that are 
concerned with particular sites or localities, (2 ) those 
that are concerned with simultaneous events that took place 
over widespread continental or intercontinental areas, and 
(3) those that are concerned with events occurring over 
appreciable amounts of geological time. The present sec
tion of this study falls within the first category and 
joins a growing list of references addressed to intrasite 
analysis.

Definitions
Much has been written concerning definitions and 

distinctions in general studies of fossil assemblages. 
Wasmund (.1926, fide Boucot 1953:25-26) has distinguished 
between biocoenoses (biocoenosis, or "life assemblage11 of 
Boucot 1953; Johnson 1960) and thanatocoenoses (thanato- 
coenosis, or "death assemblage" of Boucot 1953; Johnson 
1960) in a discussion of the formational modes of fossil
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assemblagesb This distinction is now generally accepted 
as being fundamental in those general studies in which it 
is applicable and is well established in the literature 
(Efremov 1940; Boucot 1953; Shotwell 1955; Brouwer 
1967; etc.)»

As used in this section, biocoenosis is taken to 
describe a primary association of living organisms in a 
community and thanatocoenosis the secondary association of 
remains of dead organisms. This usage is that of G. G. 
Simpson (pers. comm., Oct. 1972) and is compatible with 
Wasmund's original distinction. Subsequent authors have 
not followed exactly Wasmund's definitions and in some 
cases reinterpretation has resulted in a confusing pro
liferation of terms for minor distinctions. It is my

i
belief that biocoenosis and thanatocoenosis adequately 
convey the fundamental distinction that was Wasmund * s 
intent and that is apparent to all paleontologists who 
seek their collections in the field. To be sure, the 
terms acquire a flavor peculiar to individual cases, but 
the basic distinction survives.

The study of fossil populations involves drawing 
inferences about a former biocoenosis from a thanatocoenosis 
(G. G. Simpson, pers. comm. Oct., 1972). To interpret the 
degree of coincidence of the two, it is first necessary to 
consider what conditions have influenced the formation of



177-f
the given fossil assemblage. Taphonomy is the study of 
these conditions and includes consideration of all processes 
between the death of the individual and its exposure as a 
fossil. As originally defined by Efremov (1940:93), 
taphonomy is simply the analysis of the processes of em
bedding ("the science of the laws of embedding"). Taphonomy 
combines the study of two distinct durations in the post
mortem history of the individual including (1 ) the events 
between death and final burial which are the subject of 
biostratinomy (taphonomy, strictly speaking, as defined 
by Efremov) and (2) those events between final burial and 
exposure, which are the subject of biodiagenesis (Lawrence 
1968;1316). Recently Simpson (pers. comm., Oct.,1972) 
has proposed the very apt term "anastasionomy" (from the 
Greek anastasis, "resurrection"), for processes and events 
involved in exposure of fossils by natural or human means 
and subsequent material weathering or human processing.
No field paleontologist will deny the role of anastasionomy 
as reflected in the collection and laboratory preparation 
of a fossil assemblage. Nevertheless, anastasionomic con
siderations are rare in the taphonomic literature (see 
Clark, Beerbower and Kietzke 1967, for a notable excep- 
,tion).

Both taphonomic and anastasionomic processes 
generally involve loss of information about individuals and
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populations in biocoenoses. Nevertheless, as shown by 
Voorhies (1969a), it is possible to analyze the formational 
mode of a fossil assemblage and to arrive at some under
standing of the nature and degree of the "post-mortem 
information loss" (Raup and Stanley 1971:245). It is the 
strong belief of some paleontologists that the study of 
processes and events reflected in fossil assemblages, 
perceived through taphonomic/anastasionomic inquiry may 
some day throw light across the thresholds from the fossil 
assemblage to the fossil community.

Orientations in Taphonomic 
Research

Though "taphonomy" dates from Efremov (1940), the 
data conceptualized by the term were receiving attention 
much earlier. Leidy (1853), Williston (1877, fide Lanham 
1973:175), Sinclair and Granger (1914:309-310), Camp 
(1930:8), Brown (1935:4) and Scott (1937:51-52), among a 
myriad of others, were inferring a life drama from the 
fossil context prior to Efremov. Their reconstructions 
were largely speculative and were aided by contemporary 
analogues of mass deaths provided at least as early as 1839 
by Charles Darwin (1952:156-157).

Efremovas description of a "new branch of paleon
tology" posited renewed awareness for the systematic 
collection of all fossil remains, for their analysis as
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particles within a sedimentary body as well as for their 
interpretation in the light of contemporary conditions.
This broader view of the fossil context, the realization of 
additional data from it, and the potential of these data for 
the study of fossil biocoenoses characterize the direction 
taken by taphonomy within paleontology.

A recent surge of interest in taphonomic analysis 
has been engendered by debate of Shotwelll’s (1955) approach 
to the paleoecology of mammals and his paper has served 
its purpose, which was to encourage other workers along 
similar lines (Shotwell 1955:336). Shotwell's method and 
results, were reviewed and criticized by Voorhies (1969a) 
who undertook experiments to define the hydrodynamic be
havior of skeletal elements. Voorhies1 (1969a) experiments
focused attention on another major distinction required 
for the analysis of fossil assemblages, that between auto
chthonous (indigenous, that part of the assemblage which is 
fossilized in situ in the sediment) and allochthonous 
(foreign, that part of the assemblage which did not inhabit 
the environment of deposition and arrived there after 
active or passive transport) components of fossil assem
blages. 5his distinction has a prior history (see, for 
example, Brouwer 1967:37-38) and in fact was the basis 
of Shotwellls (1955) method, but the implications of the
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distinction for vertebrate paleontology were quantified 
in Voorhies1 experiments.

If recent taphonomic analyses are grouped on the 
basis of sedimentary environment, biases are apparent; some 
environments are well represented, others unrepresented

5 iby recent research. Fossil assemblages accumulated in
j  i

fluviatile environments have been discussed by‘ Voorhies 
(1969a, b), Dodson (1971), Behrensmeyer (1973), Wolff (1973), 
and Woodward and Marcus (1973); flood-plain accumulations 
are discussed by Clark, Beerbower and Kietzke (1967),
Voorhies (1969a), and Behrensmeyer (1973); deltaic accumu
lations are discussed by Behrensmeyer (1973) and Wolff 
(1973). Lacustrine and upland environments have been dis
cussed by Shotwell (1955, 1958). Mellett (1974) has dis
cussed the scatological origin of microvertebrate fossil 
assemblages and has proposed the term "coprocoenosis" for 
accumulations that first passed into or through the di
gestive tracts of carnivores. In spite of this great 
breadth of interest, spring environments are unrepresented 
in the taphonomic literature. Apparent in this listing 
is that the bulk of research has been biased towards trans
ported, mechanical accumulations; untransported accumula
tions have been little discussed for the terrestrial sphere 
though they are well represented in the research on marine 
environments (see Fagerstrom 1964; Lawrence 1968), It
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is the purpose of the present study to rectify this situa
tion somewhat, being concerned with springs as sedimentary 
environments.

It is my intent below to analyze the formational 
mode of the Boney Spring fossil assemblage. Evidence of 
events in the formation of this fossil concentfatioh is 
derived from the physical (geological) and biological 
(faunal and floral) frameworks. Using data from a variety 
of geological (e.g.stratigraphy, orientation analysis, 
chemical analysis and the interpretation of the sedimentary 
environment) and biological (e.g., faunal and floral com
position, morphological composition, relative abundance 
of different skeletal elements, dissociation and preserva
tion of skeletal associations and age-freguency distribu
tion of the major faunal component) sources, it is possible 
to determine how the fossil concentration originated.

I conclude, with Simpson (1944;xviii) that "It 
is . . . pusillanimous to avoid making our best efforts 
today because they may appear inadequate tomorrow . „ . ,
The data will never be complete, and their useful, sys
tematic acquisition is dependent upon the interpretation 
of the 'incomplete data already in hand."

Bohey Spring ,
Boney Spring is an artesian system ultimately 

dependent upon rainfall for its discharge/recharge regime.
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Other factors often lead to fluctuations in flow and some 
artesian springs fluctuate for no apparent reason (see 
various examples of this phenomenon in Vineyard and Feder 
1974). Accordingly, climatic factors alone do not explain 
past fluctuation (Bass and McMillan 1973;315), Never
theless , the flow regime at Boney Spring has fluctuated 
in the past, and present spring condition is of only 
limited usefulness for an understanding of past condition«, 
Past modes as well as events must be determined from 
geological and biological evidence.

Geological Evidence
Aspects Of regional geology have been provided in 

the Introduction. Here I wish to discuss, figure and 
temporally define the alluvial aggradation at Boney Spring 
and to provide additional geological data on the entombing 
sediments,

Stratigraphic Context. Details of site stratigraphy 
are after Haynes (in press). Figure 15 is a schematic cross- 
section establishing the stratigraphic relationship of Boney 
Spring to alluvial terraces and additional buried, fauna- 
containing, spring deposits in the lower Pomme de Terre 
River valley. Figure 16 is a schematic cross section of
Boney Spring. Like Trolinger Spring, Boney Spring deposits

■ - ■ ' '

are a sequence of primarily alluvial clays and peat„ The
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Figure 15. Diagrammatic cross section showing stratigraphic relation
ship of Boney Spring to alluvial terraces and additional buried, fauna-containing, 
spring deposits in the lower Pomme de Terre River valley.
From C. V. Haynes, in press. No horizontal scale.
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Figure 16. A schematized cross section of Boney
Spring.
The circled numbers correspond to the radiocarbon age de
terminations from Figure 17. The stratigraphic column 
(Figure 17) does not include the granular tufa and its 
associated radiocarbon date. After C. V. Haynes, in press.
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faunal material was concentrated in two strata. A bone 
bed, 4.3m below the surface where first encountered was 
enclosed in gray clay (unit E , Fig. 16) with some wood 
fragments, mostly of spruce and larch, and clumps of moss, 
possibly representing moss mat remnants; unlike Trolinger 
Spring, there is no evidence for a continuous, penecon
temporaneous peat deposit associated with the bones in 
Boney Spring. The granular tufa filling the spring conduit 
(Fig. 16), primarily calcareous overgrowths on moss, con
tained seeds, wood, ostracod tests, insect fragments and 
dispersed vertebrate remains.

Figure 17 illustrates the stratigraphic column 
from Boney Spring and summarizes relevant radiogenic age 
data. Radiogenic age-determinations presented in Figure 17 
are keyed to the schematic diagram of the spring deposits 
(Fig. 16). The dates from the bone bed fall into two con
sistent groups. Four age-determinations on wood recovered 
from the lower margin of the bone bed were overlain by 
the main faunal concentration.■ The dates are 16,450 i 200 
YBP (1-4236), 16,580 + 220 YBP (1-3922), 16,490 + 290 YBP 
(Tx-1477) and 16,540 + 170 YBP (Tx-1478). Two age- 
determinations on organic debris in mastodon tusks from the 
upper portion of the bone bed are also similar: tusk A,
13,700 ± 600 YBP (M-2211) and tusk D, 13,550 ± 400 YBP 
(A-1079). The difference between the wood and organic

• ■ ■ s
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debris dates may be accounted for by their relative posi
tion within the bone bed or by less reliability inherent 
in the latter dated materials.

A radiogenic carbon age-determination of 7,290 ±
1900 YBP (Ix-1466, Fig. 16) was from a small sample of 
charcoal from lower unit F indicating that the clay im
mediately overlying the bone bed may be between 9000-and 
5000 years old. .

The occurrence of vertebrate remains in unit 
beneath the bone bed has been noted by C, V, Haynes (pers. 
comm.r April 1975)* The mainly Holocene clays between the 
uppermost peat and the.bone bed are unfossiliferous.

The sediment body containing the Boney Spring 
faunal accumulation (unit E, Fig. 16) is lenticular in 
section and nearly circular in plan with a diameter of 
approximately 10 m„ Haynes (in press) has mapped the 
entombing unit and the. fossil concentration as being 
coincident. The uppermost bone recovered from the faunal 
concentration occurred 4.00 m beneath present day surface; 
the lowermost bone in the concentration was recovered from 
a depth of 4.78 m beneath the surface. Accordingly, the 
concentration had a maximum thickness of 0.78 m.

Fabric Analysis. Fabric, as used here, refers to 
the spatial arrangement and orientation of fabric elements.
A fabric element of a sedimentary rock may be a single
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crystal,' a detrital fragmentr a fossil or any other com
ponent having dimensional inequalities and behaving in
dependently with respect to an applied force (Potter and 
Pettijohn 1963:23).

All clastic particles in unit E are either chert f 
wood or moss fragments and bones. The matrix is uniformly 
clay, usually steel gray in color, but locally variegated 
in shades of green and blue.

The generally disarticulated,faunal elements in the 
bone bed occurred like logs in a jam, to borrow Colbert's 
(1968:173)"expression. Bones (and the other clastic par
ticles) commonly rested directly on each other and the clay 
matrix often occurred as restricted seams, in thin inter- 
sticial spaces (Fig, 18). The clastic ratio (volume of 
clastics/volurae of non-clastics) in unit E has not been 
calculated, but was extremely high. The sedimentary par
ticles are abruptly bimodal: clay size/coarse clastic
and the sedimentary framework is grossly closed, but intact 
(Pettijohn, 1957:254).

Figures 19 and 20 (in pocket) are plan maps of 
the Boney Spring excavation. The maps show, in order of 
increasing depth, the nine arbitrary levels (Fig. 19,
Maps 1-3; Fig, 20, Maps 4-9) required to fully illustrate 
the relationship of each major fabric element in the 0,78m 
thick fossil concentration. Apparent from the maps is
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Figure 18. View of the occurrence of the Boney 
Spring bone bed during excavation.
View toward the northwest.
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the jumble'-like occurrence of the mainly disarticulated 
bones, the nearly circular plan of the concentration 
(diminishing in diameter with each successive level), the 
distribution of the major clastic particles (chert and wood 
fragments and bones) and the limits of the 1968 escavations 
(the vacant inner area).

Figure 21 shows histograms of frequency distribu
tions of major fabric elements (fossil bones and wood) 
with depth in unit E. The histograms show the frequency of 
elements within each of three color zones in unit E; 
blue clay, gray clay and green clay. The occurrence and 
frequency of elements recovered from sulfide-stained areas 
within the gray clay zone are plotted. Elements enclosed 
in blue clay matrix did not occur in the lowermost portion 
of unit E and have a modal class at 4.30 m - 4.40 m; 
conversely, elements enclosed in gray clay matrix did not 
occur in the uppermost portion of unit E and have a modal 
class at 4.40 m - 4.50 m. Sulfide-stained areas (pyrite, 
see below) were restricted to the.lower portions of unit 
E, Elements in green clay matrix were generally rare, 
but were not restricted and occurred throughout unit E,

Figure 22 is a polar coordinate plot of specimen 
long axes, showing direction, dip and dip direction of 517 
elongate elements (wood fragments and bones) in the Boney 
Spring fossil concentration. Points near the periphery
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Indicate more nearly horizontal specimens whereas points 
toward the center represent specimens more nearly vertical. 
Inspection of the figure shows that (1) the elements lack 
preferred long-axis directions, and (2 ) the majority of 
long-axis dips are within 12° of being horizontal. Such 
fabric patterns, in which the majority of the points form 
an equatorial belt, have been called "bedding plane girdles" 
by Pettijohn (1957:77). Thus, while the elongate fabric 
elements in the fossil concentration are not preferentially 
oriented along any compass direction, they are preferen
tially oriented in the horizontal plane.

Results from Diffraction and Chemical' Analyses. 
Preliminary fluorine analyses were conducted by Mr, Joe 
Ruth under the direction of Dr. Austin Long in the Labora
tory of Isotope Geochemistry, University of Arizona. Mr. ■ 
Ruth and I first collected 30 samples of bone and dentine 
intended to provide data on intrasite relationships of the 
Boney Spring faunal concentration. Seven samples of bone 
and dentine from Trolinger Spring were collected for 
intersite comparison with Boney Spring and to test the 
feasibility of the method in this instance. To date only 
this aspect of the study has been realized.

Table 26 gives the fluorine contents of bone (in 
%F) from Trolinger Spring and Boney Spring, Three determina
tions were conducted on each sample listed in the table.
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Table 26, Fluorine content (%F) of bones from Trolinger

Spring and Boney Spring,
Data from J. Ruth, pers, comm., May 1974„ 
Specimens analyzed are Mammut americanum 
materials.

Sample. Group
Sample x s- s X . sx s

Trolinger Spring
EEL 214 2.52 ± . 0 2 .027
EEL 214 2.44 ±.06 .099
EEL 206 H 0

0

± . 0 0 . 0 0 0

Boney Spring
67BS68 1.74 + . 0 1 . 0 2 0

184BS71 1.18 ± . 0 1 . 0 1 2 1.43 ±.17 .29
184BS71 1.36 ± . 0 0 . 0 0 0
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The sample values entered in the table (under Sample) 
represent mean values for each sample, they provided the 
raw data for the grouped values entered in the table (under 
Group). The bone samples from Trolinger Spring have defi
nitely higher fluorine contents than the Boney Spring 
samples and, presumably, a correspondingly greater age.
The standard deviations (computed from the pooled data for 
each group) for the fluorine content of Trolinger Spring 
bones are greater than for the Boney Spring specimens, 
suggesting a greater age dispersion of the former relative 
to the latter. Both conclusions from these data support 
inferences already apparent from the radiogenic age data 
presented above and in the previous chapter and add little 
information regarding either inter- or intrasite age 
relationships.

During excavation of the fossil concentration, a 
scale-like material adhering to tusk 73BS71 was collected. 
Subsequently, during laboratory preparation of the fossils, 
similar material was collected from the distal end of a 
Mammut tibia, 620BS71. Samples of both material were 
submitted to Dr. John M. Guilbert, Laboratory of Economic 
Geology, University of Arizona, who, with Mr. Gary Edson, 
conducted composition analyses. Both samples were analyzed 
by X-ray diffraction methods, the sample from the bone in 
a Cu/Ni field and the sample from the tusk in a Fe/Mn
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field; both revealed the diffraction spacing characteristic 
of pyrite, FeS2 M. Guilbert, pers. camm,, Feb,f 1975),

Figure 21 (above) and Table 27 give the occurrence 
of p.yrite as clasts and staining in the gray clay zone of 
unit E. In the southern portion of the fossil accumulation, 
pyrite occurs as clasts adhering to bones at or near the 
base of unit E. In the northeastern portion of the fossil 
accumulation, pyrite occurs as staining of the gray clay 
matrix through a depth of 0.12 m (4,39 m - 4,51 m). Its 
occurrence in this section is restricted to the outer 
periphery of the fossil accumulation,

Pyrite oxidizes to iron sulfates which break down 
further to limonite (Berry and Mason 1959:332), The 
recovery of dense, ocherous-yellow bones from the top of 
the bone bed near its northern periphery (Table 28) suggests 
that varying and complex conditions of reduction and oxida
tion prevailed at Boney Spring during the second period of 
stability. •

Biological Evidence
- It is my intent here to present data from the bio

logical framework that bear upon our understanding of the. 
conditions surrounding accumulation of the Boney Spring 
fossil assemblage. Biological criteria have been con
sidered to be less ambiguous and more useful than physical 
characters in analyses of the modes of formation of fossil
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Table 27, Ttie occurrence of pyrite 

in the gray, clay zone of
as clasts and 
unit E.

staining

Element Map No. . Section Depth (m)

Clasts
73BS71 Tusk 3-5 SW 4.66

620BS71 Tibia 6 SE 4.66
Staining
491BS71 Innominate 2-5 NE 4.39
492BS71 Thoracic vertebra 4 NE 4.44
493BS71 Thoracic vertebra 5 NE 4.44
527BS71 Vertebral centrum 3-5 NE 4.39
548BS71 Humerus 5-8 NE 4.51
55dBS71 Lumbar vertebra 7-8 NE 4.45

x = 4.49



Table 28. The occurrence of heavily mineralized bones of Mammut americanum
in Boney Spring.

Element Map No. Section Matrix (clay) Depth . (m)

160BS71 (right innominate) 1 NW Blue . 4.24
t85BS71 (right innominate) 1 . NW Green 4.27
125BS71 (left femur) 1 NE Blue 4.37
256BS71 (right scapula) . 1 NW ? 4.25
269BS71 (right scapula) 1 NW ? 4.29
147BS71 (thoracic) 1 NE Blue 4.30
454BS71 (thoracic) 4-6 NW Gray 4.53

x = 4.32

198
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assemblages (.Johnson 1960:1082; Fagerstrom 1964:1208),
The relevance of this conclusion for the present study 
will be evaluated below.

Composition of the Fauna. Table 29 summarizes 
the Boney Spring fauna. The ichthyofauna, herpetofauna 
and mammalian fauna have been discussed in the previous 
chapter. James E. King has made available data, presented 
in the table, on the composition of the invertebrate fauna 
recovered from bulk sediment samples of the granular tufa 
filling the Boney Spring feeder at the level of the fauna! 
concentration. The ostracods were identified by Larry N, 
Stout, Missouri Geological Survey, Rolla, and the insects 
were identified by John Matthews, Department of Geology, 
University of Alberta, Edmonton. Surprisingly, molluscs 
are absent.

The ostracod fauna has a modern aspect and is 
comparable to present day faunas of some Ozark springs 
(L. N, Stout, pers. comm, to J. E, King, Feb., 1974),
Stout noted that Cypridopsis is represented by a possibly 
undescribed species. He stated (pers, comm, to J. E.
King, Apr,, 1974) that cf, Potamocypris illinoisensls 
has not been reported elsewhere as a fossil. The insects 
are notable for the possible occurrence of Olophrum, a 
staphylinid beetle with, a present boreal distribution.



Table 29. The Boney Spring fauna.
Symbols: +, extinct form? *, form extirpated in Missouri.

Class Family, Genus or Species
No. of
Identified
Remains

Minimum 
No. of 
Individuals

Ostracoda Potamocypris smaragdina 2 0 0

cf. P. illihoisensis 4
Cypridqpsis sp. 50
Candona crogmaniana 35
C. sigmoides 1

C. cf. fluviatillis 1 0

Limnocythere reticulata 2

Pterygota Carabidae (cf. Pterostichus) 2

Ground beetles
Dytiscidae —
Predaceous diving beetles

Hydrophilidae (cf. Helophorous) -

Water scavenger beetles
Staphylinidae (cf. Olophrum) 1

, Rove beetles
Scarabaeidae -
Scarab beetles

Curculionidae 2

Snout beetles
Chrysomelidae \ -
Leaf beetles

Osteichthyes• 1 1 2 200



Table 29. The Boney Spring fauna (Continued).

Class Family, Genus or Species
Amphibia Ambystomidae: Mole salamanders

Ambystoma opacum 
Marbled salamander 

Ranidae: True frogs
Rana catesbeiana 

Bullfrog 
Rana sp.
Frog

Bufonidae: Toads 
Bufo sp.

Toad
Reptilia Scincidae: Skinks

Eumeces of. fasciatus 
Five-lined skink 

Colubridae: Colubrids
Carphophis ambenus 
Worm snake 

Diadophis punctatus 
Ringneck, snake 

Lampropeltis triangulum 
Milk snake 

Storeria sp.
Brown snakes 

Thamnophis proximus or T. saurltus 
Western or Eastern ribbonsnake 

Thamnophis sp„
Garter snakes

No. of Minimum
Identified No. of 
Remains Individuals

1 1

1  1

8 2

10 4

1  1

1

1

1

1

1

1

4
1

1

2
1

6 201



Table 29. The Boney Spring fauna (Continued).

Class Family, Genus or Species
Mammalia Soricidae: Shrews

Blarina brevicauda 
Short-tailed shrew 

Cryptotis parva 
Least shrew 

Talpidae: Moles
Scalopus aquaticus 
Eastern mole 

tMylodontidae: Mylodont ground sloths
tParamylodon harlani 

Ground sloth 
Leporidae: Rabbits and Hares

Sylvilagus floridanus 
Eastern cottontail 

Sciurldae: Squirrels
Sciurus cf. niger 
Fox squirrel 

Marmota monax 
Woodchuck 

Tamias striatus 
Eastern chipmunk 

Glaucomys volans
Southern flying squirrel 

Geomyidae: Pocket gophers
Geomys bursarius
Plains pocket gopher

No. of Minimum
Identified No. of 
Remains Individuals

28
2

30

87

1

1

4
7
4

4
2

4

1

1

1

2

1

202



Table 29. The Boney Spring fauna (Continued).

No. of Minimum
Identified No. of

Class Family, Genus or Species* Remains Individuals
Castoridae: Beavers
•fCastoroides ohioensis 3 2

Giant beaver 
Cricetidae: Mice, Rats, Lemmings and Voles
Peromyscus cf. leucopus 2 1 6

White-footed mouse
Neotoma floridana 3 2

Eastern woodrat
Synaptomys cooperi 5 2

Southern bog lemming
Microtus pennsylvanicus 3 1

Meadow vole
M. ochrogaster and/or M. pinetorum 16 4

Prairie vole and/or Pine vole
Microtus sp. 13 -

Voles
Zapodidae: Jumping mice
*Napaeozapus insignis 1 1

Woodland jumping mouse 
Procyonidae: Raccoons and Coatis
■Procyon lotor 1  1

Raccoon 
+Mammutidae: Mastodons

+Mammut americanum ' 717 31
American mastodon 

Eguidae: Horses and Asses
+Equus sp. 1 1

Horse

203



Table 29. The Boney Spring fauna (Continued).

Class Family, Genus or Species
No. of
Identified
Remains

Minimum 
No. of 
Individuals

Tapiridae: Tapirs 
+Tapirus sp. 5 2

.Tapir 
Cervidae: Deer 
Odocoileus sp. 8 1

Deer

204
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The herpetofauna of 9 genera and 11 species is 

modern in aspect. It includes the first fossil record in 
the Ozark Plateaus of Diadophis punctatus and Storerfa sp.

The mammalian fauna includes 21 genera and 22 
species. Two families (Mylodontidae and Maramutidae)r two 
genera (Paramylodon and Mammut) and five species (Para- 
mylodon harlani, Castoroides ohioensis, Mammut anaericanum, 
Equus "sp. and Tapirus sp.) are extinct, Napaeozapus 
insignis is extant but does not currently occur in Missouri? 
Microtus pennsylvanicus is thought to occur in Missouri 
today but does not inhabit the study area. In the study 
area Synaptomys cooperi is near the southern limits of its 
distribution.

The presence of strictly aquatic animals (ostracods, 
certain beetles, fish, bullfrog) together with strictly 
terrestrial mammals (ground sloths, deer) leaves little 
doubt that the Boney Spring thanatocoenosis incorporates 
elements of at least two distinct communities and that it 
is. a mixed death assemblage. The physical evidence already 
presented indicates that the aquatic element, potentially 
at least, inhabited the site of deposition and, in the ab
sence of evidence to the contrary, e.g., aqueous modes of 
transportation from areas outside the site of deposition, 
may be considered to be autochthonous in the sediments.
The same evidence indicates that the terrestrial element
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(.excluding perhaps some amphibians and certain snakes) 
did not inhabit, senso stricto, the site of deposition and 
is, by strict definition (see above), allochthonous in 
the sediments. The terrestrial element in the Boney Spring 
thanatocoenosis, in the absence of evidence to the-con
trary, frequented the site of deposition during normal 
daily activities; transporation to the site of deposition 
was active, i.e., under the locomotive force of the in
dividual (excluding the possibility of a coprocoenosis 
represented by certain small animals), rather than passive, 
and in this sense, it may be thought of as near-., 
autochthonous.

Many authors have called attention to the absence 
of ecological balance evident in many fossil assemblages 
(Shotwell 1955; Van Valen 1964; Voorhies 1969b). The 
extreme imbalance of the fossil mammals in the extensive 
collections from Rancho La Brea characterized by an in
verted 11 Eltonian Pyramid," is well known (Shotwell 1955: 
328-329). On the other hand, ecological coherency in 
certain fossil assemblages, for example, the collections 
from McKay Reservoir, Oregon, and Hemphill, Texas, dis
cussed by Shotwell (1958), has been interpreted to reflect 
community integration. The distinction between integrated 
and non-integrated (imbalanced) thanatocoenoses is an 
important one for taphdnomic analyses.
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The aquatic element consists, of ostracods, certain 

beetles (Pytiscidae, Hydroph.ilidae) , fish, frogs, par
ticularly Rana catesbiana, and Castoroides ohioensis. These 
elements, considered together with Chara sp. (Stout noted 
the presence of oogonia of Chara), Typha latifoiia, and 
Sparganium sp, (King 1973s557), are well integrated at 
the three trophic levels: producers (Chara sp., Typha
latifoiia, Sparganium sp,), consumers, (ostracods., the 
beetles, fish, frogs, and Castoroides ohioensis) and de
composers (inferred from the evidence of free sulfur). 
Primary (ostracods, Castoroides ohioensis) and secondary 
(beetles, fish, frogs) consumers are represented. This 
integration suggests that these elements, with unknown 
others unpreserved or unrecovered from the sediments, 
functioned together in an aquatic community in.Boney 
Spring. The presence of rooted plants suggests that this 
community occupied the littoral zone (Odum 1959:295).

The terrestrial element consists of certain beetles 
(Carabidae, Staphylinidae, Scarabaeidae, Curculionidae, 
Chrysomelidae), Eumeces, most of the snakes and the mam- - 
malian fauna, excluding Castoroides ohioensis. These 
elements, considered together with the woodland vegetation 
determined by King (1973) are integrated at the two trophic 
levels: producers and consumers; evidence for decomposers
is lacking (some of the beetles may be effective decomposers



although, technically primary consumers,1, Primary (Cur- 
culionidae, Chrysomelidae, the bulk, of the mammalian fauna) 
and secondary. (Carabidae, Staphylinidae, Scarabaeidae,
Ambystoma, Eumeces, the snakes, some of the mammalian 
fauna) consumers are represented, but the primary element 
is not balanced by the secondary element for the larger 
mammalian forms (Mamrout, Paramylodon/absence of larger 
carnivores), Subjective though this analysis is, it is 
apparent that the overall composition of the terrestrial 
element is not as well integrated as the aquatic. This 
is not surprising, given the interpretation of the local 
sedimentary environment, and may be due to several com
munities being represented by the terrestrial forms. In 
this regard, it is probably significant that the smaller 
terrestrial forms (beetles, amphibians, reptiles and 
mammals, including Procyon lotor), with generally restricted 
individual ranges, are better integrated than the larger, 
more widely ranging forms.

Decomposition of the Fauna. It is unusual for 
taphonomic analysis to benefit from data bearing on the 
decomposition of soft tissues. Nevertheless, data relevant 
to decomposition are available from Boney Spring, with 
important implications for the analysis of mode of forma
tion of the Boney Spring fossil assemblage.
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Tvtenty-T'thjree. dermal ossicles, characteristic of 

mylodontid ground sloths (Stock 1925; 120.-121) and assigned 
here to Paramylodon harlani, were recovered scattered in 
the eastern and southern portions of the bone bed in Boney 
Spring, These ossicles range from 4.5 x 5.3 mm to 8 , 8  x 
13.5 mm in cross section. Colors vary from light chocolate 
to very dark brown. All are sub-round, irregular in form, 
with, roughened surfaces; none were more than slightly 
weathered and most were unweathered prior to final burial.
In general, the form and size of the ossicles are. much 
as in the bones in a Jdylodon skin fragment from Ultima 
Esperanza Cave, Patagonia, provided by Paul S. Martin, 
Department of Geosciences, University of Arizona, for my 
examination. The ossicles occur as contiguous nodules 
comprising a continuous dermal pavement within the deep 
dermis layer of the skin. This fragment was from the large 
skin earlier described by Arthur Smith Woodward, who thought 
it to represent mainly the region of the neck and shoulder 
(Stock 1925:121).

That in situ decomposition of soft parts occurred 
in. Boney Spring is further suggested by evidence of carrion 
feeders. Among the arthropod fauna recovered from Boney 
Spring at the level df the bone bed were fossils of two 
beetle families, Staphylonidae and Scarabaeidae, with 
carrion-feeding habits (Borror and White 1970),
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Dissociation of Faunal Elements in the Boney Spring 

Bone Bed. There were three instances of Mammut americanum 
elements in articulation: skull and mandible (56BS71,
Fig. 19, Map 1), two thoracic vertebrae (46BS71, 47BS71;
Fig. 19, Map 1) and two metapodials (99a,bBS71; Fig. 19,
Map 1), the first in the southern and the latter two in the 
western portion of the faunal concentration; otherwise 
dissociation of the skeletal elements in the bone bed is 
complete (Fig. 19, Maps 1-3 and Fig. 20, Maps 4-9). Iso
lated, but associated tusks are listed in Table 15, above. 
Mammut americanum maxillary and mandibular elements, 
associated on the basis of occlusal facets, are listed 
above in Table 20. Data- on the dissociation of these 
elements, as well as other large skeletal elements de
termined to have been associated in life in single indi
viduals of Mammut americanum and Paramylodon haflani 
are given in Table 30. Listed for each specimen is (1) 
map, (2) map location, (3) skyward orientation, (4) depth 
below present day surface and (5) matrix color; for each 
associated pair, there is additional data on distance of 
separation in the bone bed.

Horizontal dissociation of these larger skeletal 
elements is highly variable, ranging in individual instances 
from 0.00 m to 5.70 m. Tusk pair 422BS71/4BS71 exhibits 
the greatest amount of disturbance based on distance of



Table 30. Skeletal dissociation in Boney Spring.

Associated
Elements Map Section

Skyward
Orientation

Separation 
Least Greatest

(m)
Mean

Depth
(m)

Matrix
(clay)

Mammut americanum
Tusks
138BS71 1 NW Horizontal 4.09 Blue
. 11BS71 1 SW Horizontal 3.00 5 . 0 0 4.00 4.28 Blue
"422BS71 1-4 NW Horizontal 4.36 Gray
. 4BS71 1 SE Horizontal 3.44 5.70 4.57 4.24 Blue
Skulls and mandibles

" 59BS71 1-3 SW Right side up 4.44 Blue
.452BS71 6 - 8 NW Right side up 2.60 3.00 2.80 4.55 Gray
'512BS71 3-5 NW Right side up 4.50 Gray
. 14BS71 1 SW Right side up 3.70 5.20 4.45 4.35 Gray
'2 5 IBS 71 1 NE Right side up 4.34 Green
243BS71/ 1 / 1 NE/NE labial/labial 1.90/ 3.30/ 2.60/ 4.33/ Blue/
. 249BS71 0.06 1.40 0.73 4.31 Blue
'377BS71 1 - 2 NE Upside down 4.22 Gray
.166BS71 1 NE Left side 0.26 0.90 0.58 4.36 Blue
"396BS71 1—4 NW Upside down 4.34 Gray
.478BS71 1 - 6 NW Left side 0 . 0 0 1.30 0.65 4.45 Gray
'629BS71 3-9 NE Right side up 4.40 Gray
.535BS71 1-9 NE Lingual 0.26 2.04 1.15 4.66 Green
"114BS71 1 - 6 SE Left side 4.38 Blue
. 80BS71 1-5 SE Upside down 0.04 1.40 0.72 4.37 Blue
"144BS71 1-3 NW Right side up 4.29 Blue
.310BS71 1-3 NW Upside down 0 . 1 0 2.04 1.07 4.24 Blue 211



Table 30. Skeletal dissociation in Boney Spring (Continued).

Associated
Elements Map Section

Skyward . 
Orientation

Separation 
Least Greatest

(m)
Mean

Depth
(m)

Matrix.
(clay)

Mandible halves
529aBS71 6-7 NE Lingual 4.45 Gray
,529bBS71 2-4 ME Lingual 0 . 2 0 1 . 0 0 0.60 4.40 Gray
243BS71 1 NE Labial 4.33 Blue
249BS71 1 NE .Labial 1.80 2.70 2.25 4.31 Blue

Femorae
595BS71 3-7 SE Posterior 4.51 Gray
596BS71 3-5 SE Posterior 0 1.50 0.75 4.54 Gray

Tibiae
15BS71 1 SE . ? 4.31 Blue

190 BS71 1 NE ? 3.40 • 4.20 3.80 4.31 Blue
Paramylodon harlani
Skull and mandible
395BS71 2 NW Right side up 4.47 Green
489BS71 5-8 SE Left side 3.40 4.90 4.15 4.60 Gray

Humeri
417BS71 2—3 NE Posterior 4.37 Gray
436BS71 2-4 NE Posterior 0 . 0 0 0.80 0.40 4.41 Gray
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separation of associated elements (mean separation = 4.57 
m). Three other associated pairs have mean separations 
distances of 4.00 m or more: tusk pair 138BS71/11BS71 =
4.00 m, Maxnmut skull and mandible 512BS71/14BS71 = 4.45 m, 
and Paramylodon skull and mandible 395BS71/489BS71 =
4,15 m. For all the associated pairs, mean separation 
averages 2.07 m.

Vertical dissociation, based on depth of separa
tion of associated pairs, can be calculated from the data 
in Table 30. It is characterized by less variability than 
is the horizontal dissociation, ranging from 0 . 0 0  m to 
0.26 m in individual instances. Maximum depth separation 
for associated pairs is exhibited by a Mammut skull and 
mandible 629BS71/535BS71 = 0.26 m. Tusk pair 138BS71/
4BS71 shows a depth separation of 0.19 m. Overall, depth 
separation averages only 0.09 m.

The ratio of average mean horizontal separation 
(2.07 m) to greatest diameter of the faunal concentration 
(8,80 m) is 0.24. The ratio of average vertical separation 
(0.09 m) to greatest depth of the faunal concentration 
(0.78 m) is 0.12. These values may be taken to char
acterize dissociation of large skeletal elements in the 
Boney Spring thanatocoenosis.

Relative Abundance of Elements in the Boney Spring 
Fossil Assemblage. Representation refers to the number of
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elements preserved divided by the number expected if all 
had been preserved, based on the minimum number of indi
viduals for each taxon. This value, the representative 
or completeness ratio, multiplied by 1 0 0  gives percent 
preservation. Representation, completeness ratio and per
cent preservation are measures of relative abundance of 
elements in the fossil assemblage. Table 31 gives relative 
abundance of tusks of Mammut americanum, based on a minimum 
number of 29 individuals which excludes the fetal speci
men and the juvenile individual for which tusks would not 
be expected in the sample. Table 32 gives completeness 
ratios and other data for the dentitions of each of the 
31 individuals of Mammut americanum in the collection.
The number of isolated specimens in each association is 
indicated. The table'gives percent preservation for lower 
and upper teeth for each individual and also gives an 
indication of dissociation of individual teeth. Relative 
abundance of cheek teeth in each eruptive stage is given 
in Table 33. Table 34 gives relative abundance of skeletal 
elements of Mammut americanum in the collection. Figure 23 
shows percent preservation of selected appendicular elements, 
plotted graphically. Table 35 gives relative abundance of 
selected skeletal elements of Paramylodon harlani from Boney 
Spring, based on the minimum number of four individuals.
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Table 31. Relative abundance of tusks of Maimmt ameri- 

canum from Boney Spring.
Data from Table 15 and field notebooks.

Preserved
Specimens

Expected
Specimens

Representative
Ratio % Preservation

32 29 x 2 = 58 0.551 55



Table 32. Relative abundance of associated cheek teeth in 31 individuals of
Mammut americanum from Boney Spring.

Lower

T) i
CD rd u> CD CD
U 4J w c
Q) U CD O
01 CD U  -r4
CD Q a *P
U X . rd
P4 H oV> >

1 6 17
8 8 1 0 0

Upper

1 10) • W 0)> 0) <u •P
u -P tfl (U0) u (D O 1—i 0to CD U ■H ' B< CO •H0 &. Ai -P e to •PX n3 0 (U fdAt H o\o > u c

54BS68 (rdp2)
5 2 9 a,bBS 71 (rdp 2-ml;

ldp2 -ml)
52BS68 (rdp4-ml),

69BS68 (rm2) •
77BS68 (rdp4), 98BS68 

(rm2), 79BS68 (ldp4),
50

113BS71 (lm2) 4 6 67
317BS71 (r & Idp4-m3) 8 8 1 0 0

383BS71 (rdp4), BS71
(Mp4) 2 8 25

0 8 0

148BS71 (rml-m3;
Idp4-m3) 7 7 1 0 0

6 6 BS6 8  (ldp4), 2BS71
(1ml), 3BS71 (lm2) 3 7 43

211BS71 (ldP4-Ml)

184BS71 (rMl-M2),
46BS68 (1M2)

182BS71 (rdP4), 217BS71 
(rMl), 250BS71 (rM2), 
BS71 (rM3), 221BS71 
(1M1), 230BS71 (1M2), 
349BS71 (1M3)

370BS71 (rMl-M3), 
276BS71 (1M1-M3)

0 6 0 0.083
0 8 0 0.500
0 6 0 0.250

2 6 33 0.500
0 .8 0 0.500
0 8 0 0.125
3 8 38 0.188

8 8  0.933

100 0.692

K)H



Table 32. Relative abundance of associated cheek teeth (Continued).

Lower

rtf 1
0) "d U> CD CD
u 4J cn
CD O CD O
cn CD M -H
Q) PU P4 -P
U X fti
P4 H o\o > Upper

«d ICD • •d> CD CDu 4-J cn 3CD o CD 0cn CD P -HCD a. &, p
u X dP4 o\o >

19 IBS 71 (m3), 13BS71 
(lml-m3)

166BS71 (rml-m3; 
lml-m3)

BS71 (rml), BS71 
(rm2), BS71 (rm3)

452BS71 (rm2^m3; lm3), 
70BS68 (1ml),
76BS68 (lm2)

BS71 (lm2)

0

6

5
1

6
6

6
6

67

0

100

50

83
17

BS6 8  (rdP4), 526BS71 
(rMl-M2), 189BS71 
(rM3), 521BS71 
(1M1-M2), 361BS71 
(1M3)

207BS71 (1M3)
377BS71 (rMl-M2, 
1M1-M3), 179BS71 
(rM3)

45BS68 (1M1),
59BS68 (1M2)

59BS71 (rM2-M3;
1M2-M3)

BS71 (rMl), 53BS68 
(rM2), 48BS68 
(rM3), 91BS68 (1M1), 
47BS68 (1M2), 71BS68 
(1M3)

7
1

6

2

7
6

6 .

6
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17

100
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i
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0.846
0.083

1.000

0.417

0.750

0.583 217



Table 32. Relative abundance of associated cheek teeth (Continued)»

Lower Pr
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249BS71 (rm2-m3), 
243BS71 (1ml-m2) 5 5 1 0 0

14BS71 (rm2-m3; 
Im2-m3) 4 4 1 0 0

478BS71 (rm2-m3; 
Im2-m3) 4 4 1 0 0

80BS71 (rm2-m3; 
lm2 —m3) 4 4 1 0 0

97BS68 (m3) ,
439BS71 (Im2-m3) 3 4. 75

310BS71 (rm2-m3; 
Im2-m3) 4 4 1 0 0

12IBS6 8  (rm2-m3; 
Im2-m3) 4 4 1 0 0

99BS68 (lm2), 58BS68 
(lm3) 2 4 50

73BS68 (lm3) 1 4 25
SOBS6 8  (rm2-m3), 

535BS71 (Im2-m3). 4 4 1 0 0

154BS71 (rm2-m3) 2 4 50
5 6BS71 (rm3; Im2-m3) 3 4 75
56BS68 (rm2-m3),

8 IBS6 8  (Im2-m3) 4 4 1 0 0

Upper Pr
es

er
ve

d

Ex
pe

ct
ed

% 
Pr

es
er


va

ti
on

25IBS71 (rMl-M3?
1M1-M3) 6 6 1 0 0

512BS71 (rM2-M3;
1M2-M3) 4 4 1 0 0

396BS71 (rM2-M3;
1M2-M3) 4 4 1 0 0

114BS71 (rM2-M3;
. 1M2-M3) 4 4 1 0 0

1BS71 (1M3) 1 4 25
144BS71 (rM2-M3;
1M2-M3) 4 4 1 0 0

75BS68 (rM3), BS71
(1M2) , 6.1BS68 (1M3) ’ 3 4 75

610BS71 (rM2-M3?
1M2-M3) 4 4 1 0 0

BS71 (rM2), 45BS71
(rM3? 1M2-M3) 4 4 1 0 0

629BS71 (rM2-M3;
1M2-M3) 4 4 1 0 0

. 0 4 • 0

56BS71 (rM3;
1M2-M3) 3 4 75

0 4 0

iCD-P(DH OpjCD'H
g  W 4J O CD Cdu q

1.000
1.000
1 . 0 0 0

1 . 0 0 0

0.500

1 . 0 0 0

0.875
0.750
0.625
1 . 0 0 0

0.250
0.750
0.500
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Table 32. Relative abundance of associated cheek teeth (Continued).

Lower Pr
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Upper Pr
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85BS68 (rm2), 6 8 BS6 8

(rm3), 44BS68 (lm2), 8 8 BS6 8  (rM3),
51BS68 (lm3) 4 4 1 0 0 67BS68 (1M3) 2 4 50 0.750

74BS68 (r * 1 m3),
60BS68 (lm2) 3 3 1 0 0 0 3 0 0.500

82BS68 (rm3), 538BS71 65BS68 (rM3),
(lm3) 2 2 1 0 0 294BS71 (1M2),

72BS68 (1M3) 3 3 1 0 0 1 . 0 0 0

x = 71% x = 58% x = 0.644
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Table 33. Relative abundance of cheek teeth by position

in Mammut americanum from Boney Spring.

Element Preserved Expected
Represen
tation 

' Ratio.
%
Preserva
tion

Upper teeth
rdP2 0 2 0 . 0 0 0 0

rdP3 0 2 0 . 0 0 0 0

rdP4 1 8 0.125 13
rMl 7 15 0.467 47
rM2 15 28 0.536 54
rM3 18 27 0.667 67

x = 30%
ldP2 0 2 0 . 0 0 0 0

ldP3 0 2 0 . 0 0 0 0

ldP.4 1 8 0.125 13
1M1 8 15 0.533 53
1M2 19 29 0.655 6 6

1M3 2 0 27 0.740 74
x = 0.321 x — 34%

Lower teeth
rdp2 2 2 1 . 0 0 0 1 0 0

rdp3 1 2 0.500 50
rdp4 5 7 0.714 71
rml 6 15 0.400 40
rm2 17 27 0.630 63
rm3 2 0 27 0.740 74

x = 6 6 %
ldp2 1 2 0.500 50
ldp3 1 2 0.500 50
ldp4 6 9 0.667 67
1 ml 8 15 0.533 53
lra2 2 1 28 0.750 75
lm3 19 27 0.704 70

x = 0.6^7 x — 61 %



Table 34. Relative abundance of skeletal elements of Mammut americanum from
Boney Spring.

Element Preserved Expected
Represen
tative
Ratio

%
Preserva
tion

Appendicular
Scapulae 2 0 62 0.323 32
Humeri 2 1 62 0.339 34
Ulnae 1 2 62 0.194 19
Radii 7 62 0.113 1 1

Scaphoids 0 62 0 . 0 0 0 0

Lunars 5 62 0.081 8

Cuneiforms 7 62 0.113 1 1

Pisiforms 1 62 0.016 2

Trapeziums 2 62 0,032 3
Trapezoids 4 62 0.065 6

Magnums 6 62 0.097 1 0

Unciforms 4 62 0.065 6

Innominates 27 . 62 0.435 44
Femorae 2 2 62 0.355 35
Tibiae 1 0 62 0.161 16
Fibulae 4 62 0.065 6

Astragali 7 62 0.113 1 1

Calcanea 8 62 0.129 13
Naviculars 5 62 0,081 8

Ex. cuneiforms 1 62 0.016 2

In. cuneiforms 1 62 0.016 2

Cuboids 4 62 0.065 6
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Table 34. (Continued)

Element Preserved Expected
Represen
tative
Ratio

%
Preserva
tion

Patellae 8 62 0.129 13
Metapodials (grouped) 25 620 0.040 . 4
Phalanges (grouped) 9 8 6 8 0 . 0 1 0 1

Axial -

Atlases 9 31 0.290 29
Axes 1 2 31 0.387 39
Cervicals (III-VTI) 15e 155 0.097 1 0

Thoracics 89e 620 0.144 14
Lumbars 1 0 93 0.108 1 1

Sacra 4 31 0.129 13
Caudals 1 899 0 . 0 0 1 < 1

Ribs 165e 1240 0.133 13
x = 13%

e. estimate; the maximum number obtained by counting each identi-. 
fiable fragment as a whole.
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Table 35. Relative abundance of selected elements of

Paramylodon harlani from Boney Spring.
Elements recovered but excluded are isolated 
teeth, dermal ossicles, vertebrae, ribs, and a 
single phalange; other elements unrecovered.

Element Preserved Expected
Represen
tative
Ratio

%
Preserva
tion

Pelves 4 4 1 . 0 0 0 1 0 0

Femorae 5 8 0.625 63
Astragali 1 8 0.125 13
Calcanea 1 8 0.125 13
Scapula 3 8 0.375 38
Humeri 3 8 .' 0.375 38
Skulls 1 4 0.250 25
Mandibles 1 4 0.250 25
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Teeth (Tables 31r 32 and 33), unsurprisingly, are 

the best represented of all elements of Mammut americanuitu 
Completeness ratios of individual dentitions range from
1.000 to 0.083, with a mean of 0.644, indicating an 
average preservation of 64%. Completeness seems to cor
relate with size and number of the teeth in the individual. 
Young individuals with small but relatively numerous teeth 
are represented generally by incomplete dentitions; adult 
individuals have large but relatively fewer teeth, and are 
represented generally by more nearly complete dentitions.
The mean completeness ratio of dentitions in individuals 
with deciduous teeth in wear (N = 10). is 0.462; the mean 
completeness ratio of dentitions in individuals with only 
true molars in wear (N = 21) is 0.730. It is apparent 
that lower dentitions are generally more complete than 
upper dentitions. Tusks are somewhat more poorly repre
sented, with a representative ratio of 0.551. Individual 
cheek teeth show great variation in occurrence. Upper 
deciduous teeth are poorly represented, probably reflecting 
the generally less durable skull bones. Lower deciduous 
teeth are better represented, corresponding to better 
recovery of lower teeth generally, probably correlated with 
the durable nature inherent in mandibular bone. Mean 
representative ratio for lower teeth is nearly twice the 
value for upper teeth (0.637 and 0.321, respectively).
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There is some bilateral difference in occurrence of the 
individual teeth with lefts outnumbering rights in both 
upper and lower teeth (48 vs 41 in upper teeth; 56 vs 51 
in lower teeth).

The mean recovery for postcranial elements of 
Mammut americanum is 13% and ranges from 44% for innominates 
to less than 5% for many podial (and other) elements; 
scaphoids and sternums are the only unrepresented elements 
in the collection. Elements poorly represented are either 
small (podials, phalanges, caudal vertebrae) or long and 
slender (fibulae, radii). Elements well represented are 
large (innominates, femorae, humeri) and/or dense (.atlases, 
axes). Both Mammut americanum (Table 34, Fig. 23) and 
Paramylodon harlani (Table 35) show generally decreasing 
percent preservation of elements when the latter are grouped 
on the basis of decreasing size. Postcranial representa
tion of P. harlani is generally poor, averaging less than 
0.075 for the collection as a whole (based on an element 
count of 180 per individual, excluding dermal ossicles).
It ranges in individual instances from 1.000 for the pelves 
to 0 . 0 0 0  for the fibulae, etc.

Collecting Biases. Various authors (Behrensmeyer 
1973; Shotwell 1955 and others) have emphasized the im
portance of sampling, either recovery of all specimens or 
of a known random proportion, for taphonomic analyses.
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The importance of this is both intuitive and well estab
lished. Fossil recovery from the bone bed in Boriey Spring 
was systematic and complete; every complete bone and 
fragment was noted and recorded in the field notebooks 
and on excavation maps. The recovery of individual 
quarried specimens with such heterogeneous sizes and shapes 
as Scalopus humeri or Paramylodon ossicles and Mammut 
innominates indicates our thoroughness. Regular visits 
to our backdirt piles since 1971 have resulted in the 
recovery of only a single specimen, a Tapirus sp. right m2, 
BS74. Collecting biases are minimized for the bone bed.

Age-frequency Distribution in Mammut airiericanum 
from Boney Spring. Kurten (1953) has emphasized the analy
sis of individual age data in taphonomic studies. Voorhies 
(1969a, b) has called particular attention to the age 
structure of the dominant fossil taxon in a thanatocoenosis 
as a method for revealing the nature of mortality, including 
attritional or catastrophic.

Cheek teeth of Mammut americanum from Boney Spring 
have been assembled into 31 life associations (Table 20) 
on the basis of interdental and attrition facets as dis
cussed in a preceding section. Replacement and wear of

1 -

lower teeth (Simpson and Paula Couto 1957) have estab
lished an age-class grouping of five categories, four of 
which are realized in Boney Spring material, following



Savage (1955:511. Eruptive sequence and wear stages of 
lower teeth, have been further refined and individual ages 
assigned to 29 individuals of M. americanum from Boney 
Spring (Table 16) by application of Laws * (1966) method
for determining the ages of living individuals of Loxodonta 
africana; the ages of two individuals represented only by 
upper teeth have been extrapolated from peer material with 
associated lower teeth. This brief discussion is not meant 
to provide a basis for full understanding of the various 
methods cited, and the reader is referred to the systematic 
discussion of. M. americanum from Trolinger Spring for an 
explanation of rationale and age-grouping procedures. My 
confidence in Laws' (1966) method when applied to M. 
americanum is strengthened by Osborn's (1936:181-183) 
independent determination of an age at death of approxi
mately 30 years for the Warren mastodon (Amer. Mus. 1951). 
This is based on a count of 2 8 annual (inferred; in Elephas 
indicus, tusk growth is thought to be by annual increments; 
see Osborn 1936:183, Fig. 127) increments of tusk accre
tion, with an allowance of two years for the deciduous 
series. Specimen 310BS71, a mandible, from Boney Spring 
compares closely in tooth eruption and wear stage with the 
Warren specimen. Using Laws' (1966) method, I have as
signed an age at death of 32 + 2 years to this specimen 
from Boney Spring (Table 16).
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Figure 24 is a histogram showing the inferred age 

structure of the 31 individuals of Maxnmut americanum from 
Boney Spring. For convenience, the individual age data 
(Table 16, and inferred for upper teeth from Table 20) 
have been grouped in two-year age classes, using Laws'
(1966) eruption and wear criteria for establishing the ages 
of living Loxodonta africana. The median age class is 
26-28 years and modal age class is 32-34 years; the mode 
is above the median. The oldest individual (82BS68/
538BS71, Table 16) is inferred to have been 46 years old 
at the time of death; m3’s are in stage 3 of wear (Simpson 
and Paula Couto 1957; 137) and the m2trs have been excluded 
from the functional dentition. It is a mature, but not 
old-age individual according to Savage's (1955:51) criteria. 
Laws' (1966). study of L. africana jaws of known age at 
death indicated a potential natural longevity of 60 ± 4 
years for this taxon in western Uganda, although very few 
individuals realized this extreme of life span. His data 
(1966:11, 13) show that m3’s are utilized until very little 
of the tooth remains rooted, by which time the few remaining 
enamel lophids are confluent. This is the extreme condition 
of natural tooth attrition; it defines potential natural 
longevity (Kurten 1953:92-93) for this taxon in western 
Uganda. Mammut americanum m3's from Boney Spring which I 
examined do not approach this extreme condition of natural



10
9
8
7
6
5
4

3
2

0  2 4  6 8 10 12 14 16 18 2 0  22 24 26 28 30 32 34 36 38 40  42 4 4  46 48 50 52 54  56  58 60

I N F E R R E D  A G E S  ( Y EAR S)

Figure 24. Histogram of inferred age structure of Mammut americanum from 
Boney Spring.
Data are from Tables 16 and 20.
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attrition; even in latest wear stage (stage 3 of wear, 
represented by 82BS68/538BS71), m3 remains fully rooted 
with abundant enamel and nonconfluent posterior lophids.
This establishes beyond any doubt that the oldest indi
vidual of M. americanum from Boney Spring had not realized 
its potential natural longevity, as defined by nonfunc
tional dental series. None of the individuals are in this 
sense senile.

Interpretations from Geological 
and Biological Evidence ~

It is my intent in this, section to examine the evi
dence presented above from an interpretive viewpoint and 
to determine how the Boney Spring thanatocoenosis originated. 
I will endeavor to present probable and reasonable condi
tions and events based upon the evidence outlined above.
They are not offered as certainties.

Interpretation of the Boney Spring 
Local Sedimentary Environment

The following events in the history of net aggrada
tion at Boney Spring may be postulated from the strati- 
graphic evidence: (1 ) reworking of the basal gravel of
the older terrace fill (correlated with unit â of the 
Breshears Bottom, including Trolinger Spring) prior to
28,000 years ago to produce a lag deposit forming the 
aquifer (chert gravel, unit A) at the base of the Boney 
Spring alluvial sequence; (2) a period of aggradation from
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about 28,000. to 26,000 years ago during which, gray clay 
(unit B) and olive organic clay (unit formed; (3) a
period of stability between about 26,000 and 23,000 years 
ago during which the lower peat (unit C^) formed; (4) slow 
aggradation from about 23,000 to 20,000 years ago, repre
sented by olive organic clay (unit C^) and light gray clay 
(unit D); a period of quasi-stability without peat forma
tion from about 16,500 to 13,000 years ago, represented 
by fossiliferous gray clay (unit E); (6 ) aggradation from
about 9000 to 4200 years ago, represented by green clay 
(unit F) , gray clay (unit G) , brown clay (unit H) , and 
dark-brownish gray clay (unit 1 ); (7) a recent period of
stability from 4200 years ago to the present during which 
time the Holocehe peat (unit J) accumulated in the spring 
marsh perched on the present-day surface at Boney Spring.

Thus there is geological evidence to suggest that 
Boney Spring discharged onto exposed surfaces during each 
period of stability (26,000 - 23,000 YBP, 16,500 - 13,000 
YBP, 4200 YBP-present); during each period of aggradation, 
it is probable that the outlet of Boney Spring was on the 
bed of the Pomme de Terre River (C. V. Haynes, pers. comm., 
Dec., 1974). The remainder of this section will be re
stricted to an interpretation of the sedimentary condi
tions prevailing immediately before, during, and just after 
the second period of stability at Boney Spring. This
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interval was probably. 3,500 years in duration. It was 
within this period that plant and animal remains accumu
lated and were buried by organic clay (unit E).

Spring activity was reinitiated at the surface 
after deposition of unit D , light-gray fluvial clay, after
20,000 YBP (Co V. Haynes, pers. comm., Dec., 1974). and 
continued throughout the second period of stability when 
unstressed spruce (King 1972:83) grew at Boney Spring and 
the potential for faunal accumulation existed. Haynes 
(in press) has concluded from the stratigraphic evidence 
that at the time of faunal accumulation, Boney Spring was 
either an open pool surrounded by a mat of moss or was 
covered by a moss mat much of which decayed away. It is 
his view that the granular tufa filling the conduit re
sulted from algal overgrowths on moss that sank into the 
conduit as older parts of the mat broke up upon decay.
Ag e-determinat ion of the moss filling the Spring conduit 
near the level of the bone bed (Fig. 16) is 16,190 ± 400 
YBP (Tx-1629) and does establish feeder activity and moss 
decay at that time. The 7290 ± 1900 YBP date (Tx—1466) 
from just above the bone bed (Figs. 16, 17), supported by 
evidence from the sedimentary fabric, as well as from the 
weathering and disturbance of the bones, indicates that the 
top of the bone bed lay exposed at surface level during 
certain stages in its history.
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For the most part, the sedimentary" fabric of nnit 

E appears appositional or primary (Pettijohn 19.57:73} and 
was imparted at the time of deposition; subsequent com
paction of the unit E clay with diagenesis has, however, 
imparted a deformational component (Fig. 25). Pettijohn 
(1957:73) emphasized that the appositional component records 
the response of the linear fabric elements to a force 
field, with the elements tending to come to rest in some 
stable position relative to the force. The nature of the 
stable position in this instance is apparent from the plan 
maps of the excavation (Figs. 19 and 20); the nature of 
the force field is not apparent, but can be interpreted 
from geological and biological evidence.

Chert fragments mixed in with the wood fragments 
and bones are of the same color and of the same low degree 
of roundness as those contained in the colluvial talus at 
the base of the adjacent dolomite bluffs and in most in
stances were probably derived from this source. Their low 
degree of roundness and position in the sequence argue 
against a source in the chert gravel aquifer at the base 
of the sequence. Some are apparently artifacts, attributed 
to the Eastern Archaic Tradition by Wood and McMillan (in 
press). The distribution of the artifacts, within and 
peripheral to the main faunal concentration in unit E 
(Fig. 19, Map 1), may be accounted for in two ways, including
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Figure 25. Mammut americanuin mandible showing de 
formational effects of diagenesis.
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CD- intrusion into, the clay through spring feeder activity 
Cfor those artifacts occurring within the faunal concen
tration adjacent to the feeder) and (2 ) intrusion into 
the clay through cultural activity subsequent to the depo
sition of the late Pleistocene faunal remains (for the 
artifacts occurring near the top of the bone bed and 
distant from the feeder).

Wood fragments and bones comprise the bulk of the 
major fabric elements in unit E. As already noted, the 
sedimentary particles are abruptly bimodal (clay size/chert 
and wood fragments and bones). Pettijohn (1957:254) 
points out that such extreme size disparity denotes an 
unusual history and states that when the principal mode is 
in the clastic range, as in unit E, post-depositional 
infiltration of fines into the openwork clastic component 
is indicated. The absence of preferred orientation of 
long-axis directions strengthens the suggestion of unusual 
history and argues against usual modes of transportation.
It indicates near-autochthonous accumulation of the fossil 
assemblage. The preferred orientation of long-axis■dips, 
describing the "bedding plane girdle" of Pettijohn (1957: 
77), indicates that accumulation occurred on an individual 
bedding plane and suggests the probability of a restricted 
period of accumulation (see Boucot 1953:33).
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Presence pf pyrite (FeS^l i.n unit E f especially as 

staining of the matrix and as clasts on tusks and bones in 
the bottom portions of the fossil concentration, indicates 
an anaerobic environment in the lower portion of the gray 
clay. This undoubtedly has played an important role in the 
preservation of the plant and animal remains. Guilbert, .
who was responsible for its determination, expressed sur
prise at its identification, expecting instead stibnite 
(SbgSg) or marcasite (FeS2 ), both common in low-temperature 
deposits (J. M. Guilbert, pers. comm., Feb., 1975). Pyrite 
may not be strictly dimorphous with marcasite, as stated 
by Berry and Mason (1959:335), and there are important 
genetic differences implied in their separate occurrences 
(J. M. Guilbert, pers. comm., Feb., 1975). Marcasite is 
found most often in near-surface deposits where it has been 
formed at low temperatures from acid solutions, whereas 
pyrite, the more stable form of iron sulfide, is deposited 
under conditions of higher temperature and alkalinity or 
low acidity (Berry and Mason 1959:335). Spring waters 
in the. Pomme de Terre River basin are presently neutral or 
slightly alkaline (Vineyard and Feder 1974:184-185).
Nigger Spring, located 3.5 km NNW of Boney Spring in Benton 
County, is further characterized by relatively high sulfate 
and sodium and low iron contents. pH of Nigger Spring 
water is 7.8 and specific conductance is high, 562 micromhos
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at 25°C; there are 20 mg of sulfate, 4,1 mg of sodium and 
0 . 0 1  mg of iron per liter of spring water (Vineyard and 
Feder, 1974:184-1851. Rate of flow, measured in June,
1966, was 0.27 cubic feet per second (1974:1841, sur
passing Boney Spring flow (0.022 cubic feet per second) 
by a factor of 1 2 .

Present analyses of Boney Spring water are not 
available. Deraniyagala (1955:52) has noted that loss of 
cement from elephant teeth is frequently due to leaching 
by humic and other acids. The adherence of cement on most 
of the Boney Spring mastodon teeth (see Fig. 9) suggests 
alkaline or neutral water in the sedimentary environment.

, If Boney Spring waters were rich in sulfates, then it is 
possible that local ponding and stagnation of spring dis
charge on the surface has facilitated reduction of the 
sulfates to sulfides and has led to the reducing conditions 
of the second period of stability. Ruttner (1963:92) has 
noted that, contrary to general belief (Brouwer 1967:17), 
the amount of sulfur contained in protein molecules is too 
small, under ordinary conditions (emphasis mine, JJS), to 
bring about any considerable enrichment of the water by 
sulfides (e.g., H^S) when protein alone is decomposed. He 
emphasizes the importance of sulfur bacteria in releasing 
sulfides through reduction of the sulfates in the oxygen- 
deficient depths of many lacustrine environments.
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Contemporaneity of the Boney 
Spring Thanatocoenosis

Figure 24 and Table 16 reveal the fact that most 
of the mastodons preserved in Boney Spring died in early to 
middle adulthood, normally a time of vigor; very old (old- 
age fide Savage 1955:51) or senile individuals are absent 
and very young individuals (juveniles fide Savage 1955:51) 
are rare. This aspect of the Boney Spring thanatocoenosis 
can be compared with a mastodont collection from jCguas do 
Anaxa”', Minas Geraes Province, Brazil, reported by Simpson 
and Paula Couto (1957). There, Hapiomastodon waringi 
occurred as a mass accumulation of 30-40 individuals 

< typified by animals in early to middle adulthood. They 
state (1957:149) that " . . . so closely associated a 
sample from a single species is practically certain to have 
come from one deme." This suggestion of contemporaneity 
of the Xguas do Araxa/ mastodonts and close similarity of 
their occurrence to that from Boney Spring invites testing 
of the hypothesis of contemporaneity. One possible means 
of this is by comparison of the age structure of Mammut 
americanum from Boney Spring with age structure in a popu
lation of living African elephants, Loxodonta africana.

Figure 26 shows a comparison of age structures. 
Represented is the histogram of age structure in Boney 
Spring mastodons; to facilitate comparison at the same 
scale, the actual frequency of Boney Spring individuals
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in each age class is jtmltiplied by a factor of 5Q, The 
solid curve represents the age structure of female L. 
africana from the South Bank, Murchison Falls National 
Park, Uganda, sampled in November 1965, and reported by 
Laws and Parker (1968:352). Age structure of females in 
the South Bank population in 1965 was bimodal. The adult 
modal age class was 14-16 years; the adult modal class was 
well below the median» Excluding differences in sex ratio, 
there are four major departures between the curve repre
senting the age structure of the biocoenosis and the histo
gram representing the age structure of the Boney Spring 
thanatocoenosis, including (1 ) higher recruitment reflected 
in the former; (2 ) bimodality (immature and adult) in the 
former, uriimodality (adult) in the latter; (3) lower adult 
modal age class in the former, with the mode well below 
the median; and (4) representation, in the former, of 
individuals in all age classes. Regarding the first 
departure, and treating the others in order, if taken at 
face value, the immature individuals (N = 8 , based on an 
inferred age at puberty of 14 years) in the thanotocoenosis 
cannot represent recruitment into a thriving population. 
However, the generally poor representation of the teeth of 
juvenile mastodons in the thanotocoenosis has already been 
discussed and eight individuals must be taken to represent 
a minimum. They indicate a minimal recruitment of 26%,



certainly lovz: when compared to jnamraalian populations gen
erally. The second departure is related to the first, in 
that poor representation of juveniles in a thanatocoenosis 
will be reflected as a unimodal age structure with rela
tively abundant adults. Regarding the third departure, 
the data from the thanatocoenosis, taken at face value, 
indicate a sample with a high modal age class (32-34 years), 
with the mode well above the median. There, are no known 
factors of selective action in the preservation of the 
thanatocoenosis which would explain the nonpreservation 
of old individuals and which would, accordingly, operate 
to close the modal and median age classes. As already 
noted, the thanatocoenosis is biased against juveniles.
This acts, however, to increase (to a certain extent) the 
separation of the modal and median age. classes and does 
not act to bring them together, let alone to reverse their 
relationship (in most stable mammalian populations, the 
modal age class occurs below the median age class). Finally 
the fourth departure is an artifact of greater numbers of 
individuals represented in the curve for the biocoenosis. 
Gregarious animals which do not breed seasonally and which 
have long gestation periods, such as living Loxodonta 
africana, are characterized in small aggregations by dis
continuous age classes. From the consideration of each of
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the four departures ft fs apparent that only the third can 
not be reconciled by apparent biases in the data from the 
thanatocoenosis.

The dashed line in Figure 26 represents the calcu
lated age structure for 1975, holding the mean age at 
maturity (14 years), the mean calving interval (4 years), 
and the mortality rate at 1965 values; the dotted line 
represents the age structure calculated for 1985, These 
curves predict lowered recruitment and increasingly older 
adult modal age classes. The predicted adult modal age 
class for 1975 is 26-28 years, with the adult mode slightly 
below the median. The same predicted for 1985 is 36-38 
years, with the adult- mode and median nearly coincident. 
Lowered recruitment is responsible for the migration of 
the modal age class through a population with time. As 
fewer animals are brought into the population, the pro
portion of older animals increases. Laws and Parker (1968: 
320) suggest that this lowered recruitment is a self- 
regulatory mechanism, brought about by reduced fertility 
(a retardation in the age of puberty and an increase in 
the interval between pregnancies) coupled with increased 
calf mortality (due to heat stress and lowered nutritional 
status), both correlated with increased population den
sities, In the absence of evidence to the contrary, and 
with evidence in support, I conclude that the age structure
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of M, aiperlcanuia in the Boney Spring thanatocoenogis; could 
haye been drawn from a single population.

Unity of sample as reflected in My americanum from 
Boney Spring has been considered to indicate contem
poraneity of individuals (Kurten 1953;69—73? Simpson and 
Paula Couto 1957;148—149) and certainly suggests the 
possibility that the two may be coincident. By itself, 
however, and without further refinement, unity of sample 
can not establish contemporaneity of individuals and the 
latter must be examined considering evidence obtained from 
other sources.

One additional source of this evidence is from the 
nature of the mortality itself. Voorhies (1969b:465) 
stated that in a large sample the age structure of the 
most abundant species provides a basis for determining if 
a sample resulted from catastrophic or attritional mor
tality, He likened the former to a "snapshot" of the living 
population and the latter to a "time-exposure"; he made no 
provision for a mixed mortality. It is well established 
for Ovis dalli, the Alaskan dall sheep (Deevey 1947:288- 
289) and intuitive for many other mammalian species, in
cluding Loxodonta africana (see curves, Fig. 26), that in 
nature young adult animals have the lowest mortality rates, 
and juveniles and old animals, the highest. This is attri
tional mortality. It is equally well established from
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historical accounts. (Darwin 1952; 156-157) f and is becoming 
increasingly clear from many fossil assemblages (Voorhies. 
1969a), that in nature simultaneous mass death has resulted 
in mortality reflecting death of individuals at all ages, 
proportional to their numbers in the population unit 
sampled. This is catastrophic mortality.

The age structure of the M. americanum sample from 
Boney Spring does not reflect strict attritional mortality. 
The proportion of animals in early and middle adulthood 
(young adults and mature individuals retaining m 2 ) is large 
(21 of 31 individuals or 6 8 % of the total in the thanato- 
coenosis, Tables 16 and 20). Eleven animals (35%) had m2 
in light or moderate wear stages at the time of their death; 
eleven individuals (35%) had m2 with extensive wear at 
death. Only two animals (6 %) had lost or were losing m2 
at the time of death. The oldest individual, and the only 
one with m31s functioning alone, retained a functional 
dentition at death. Five animals (16%) were youthful at 
the time of their death. Only one juvenile individual 
is represented in the thanatocoenosis.

Points raised in the paragraph above are incom
patible with attritional mortality but are in good agree
ment with catastrophic mortality"in the present instance.
It is not possible however to distinguish with certainty 
the role of catastrophic mortality operating alone from
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catastrophic and attritional processes operating together 
to produce a nixed mortality. The high modal age-class 
for M, aroericanum in the thanatocoenosis, for example, may 
reflect either (Ij attritional mortality of older animals, 
coupled with catastrophic mortality affecting a broader 
populational cross section or (2 ) catastrophic mortality 
of basic population units in which the combined modal 
age class was high.

E. H. Lindsay (pers. comm., Oct. 1972) in discussing 
the usefulness of mortality frequency histograms for 
evaluating fossil populations has cautioned that while 
catastrophic mortality is the usual cause of a bell-shaped 
mortality frequency, deviation from or reversal of this 
trend is possible, resulting from some special attribute 
of the sample, Ursus spelaeus from Odessa, Russia, for 
example, exhibits a bell-shaped mortality frequency even 
though the sample resulted from attrition during hiberna
tion over a relatively long time (Kurten 1958) . I can 
find no evidence which suggests that the generally bell- 
shaped mortality frequency of M. americanum from Boney 
Spring is due to normal, or even special, attritional 
processes. Following the Rule of Occam, I find the age 
structure of Mammut americanum from Boney Spring indis
tinguishable from that imparted by the catastrophic mor
tality of contemporaneous, basic population units. Such
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a conclusion unifies tlxe broadest spectiuna oi eyi'dence 
from both, frameworks,

Concerning the possible contemporaneity of the total 
Boney Spring thanatocoenosis, I have examined in another ■ 
section the unity of the assemblage from point of view of 
community integration and have presented evidence sug
gesting the mixture of (1 ) an integrated aquatic community 
(autochthonous), with the exception of Castoroides Ohioensis, 
chiefly small animals and aquatic plants, (2 ) an integrated 
adjacent community (autochthonous), chiefly small animals 
and emergent vegetation, and (3) a non-integrated assemblage, 
chiefly large mammals and terrestrial vegetation, lacking 
secondary consumers and which I have termed near- . 
autochthonous. In the latter is the sample of Mammut 
americanum which the age structure suggests was drawn 
catastrophically from contemporaneous, basic units of a 
single population. Age structure for the remainder of the 
fossil taxa, each represented by generally few individuals, 
are not helpful in establishing contemporaneity either 
within or between taxa. King (1972:98-99) has noted the 
discordant composition of the Boney Spring small mammal 
fauna when compared with other Pleistocene faunas from the 
Ozark Plateaus. The Boney Spring small mammal fauna lacks 
boreal-restricted animals which commonly occur in Pleisto
cene cave, sinkhole and fissure faunas from the Ozark region



and i.a. composedf vgltlx a single exception (BTapaeoz'apus 
insignis1 of animals extant in Missouri today. King 
(i972:99l has. suggested a mixing of noncontemporaneous 
(Holocene and Pleistocene) faunal remains to explain this 
discordance. When the entire small mammal fauna from 
Boney Spring is considered, however, with but one exception 
(Neotoma floridana), all have present ranges extending 
into southern Ontario or into the Canadian Prairie Provinces, 
and there seems, prima facie, no reason to exclude them from 
a primary association with M. americanum and other extinct 
animals on the basis of latitudinal affinities. Similarly, 
the herpetofauna is. comprised of species which, with a 
single exception (.Carphophis amoenus) , currently have ranges 
extending to the Canadian border. Nevertheless, the re
covery of Archaic artifacts (dating from ca, 8500 years ago 
in Missouri, fide McMillan 1971:186} from within the bone 
bed as already discussed establishes mixing of Holocene 
artifacts and late Pleistocene fossil remains. Lithic 
artifacts and small mammal bones have vastly different 
potentials for intrusion, however, and evidence for the 
intrusion of the former does not establish intrusion of 
the latter. There seems at present to be no certain means 
of resolving the problem of mixing in this instance. Evi
dence from preservation of the fauna, however, indicates 
a biodiagenetic unity. Evidence from fabric analysis, other
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than the chert artifacts gust dis.cussed, as well as our 
careful recoyery and recording of provenience data, suggest 
a depositional "unity. Finally, evidence from the faunal 
and floral composition reviewed in the beginning of this 
paragraph suggest a general ecological unity of small 
animals, including mammals, in two adjacent communities, 
seemingly discordant with casual intrusion„ This is suf- ■ 
ficient evidence, I believe, to indicate broad content 
poraneity (i.e., late Pleistocene) of the total Boney 
Spring thanatocoenosis.

Direct evidence establishing the actual period and 
sequence of accumulation in Boney Spring is unavailable.
The lowermost radiogenic carbon age-determinations as*- 
sociated with the second period of stability are from 
spruce logs recovered beneath the faunal concentration 
adjacent to the feeder. They establish the accumulation of 
spruce logs ca. 16,500 years ago; they do not establish 
faunal accumulation at this time but suggest that this 
occurred subsequently. The age-determination of the 
moss filling the feeder below the bone bed suggests that 
by 16,190 years ago the moss mat was in decay. Absence 
of moss in the bone bed suggests that the moss mat (in
ferred) was completely decayed prior to accumulation of the 
faunal remains. There is thus evidence whicli indicates 
that this event was initiated after 16,200 years ago. The
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radiogenic carbon age-determinations from organic debris 
filling the pulp cavities of two tusks recovered from the 
top of the bone bed establish, though not as precisely, 
the dissociation of tusks from skulls by ca. 13,600 years 
ago. By this time the remains of M. americanum had been 
accumulated, decomposed and dissociated. The radiogenic 
data thus bracket the event(s) of accumulation between 
ca. 13,600 and 16,200 years ago but do not establish the 
time of the event(s).

I have discussed my reasons for believing that the 
M, americanum remains were accumulated rapidly, either 
simultaneously or as the separate catastrophic accumula
tion of several individual population units. The interwoven 
association of dissociated elements of Paramylodon harlani 
with those of M. americanum suggests their actual contem
poraneity and indicates that they shared a similar mor
tality. The trace fossils necessarily post-date the ac
cumulation of the M. americanum remains and indicate that 
Castoroides ohioensis (inferred) may not have been actually 
contemporaneous with Mammut americanum and Paramylodon 
harlani in the Boney Spring thanatocoenosis. The recovery 
of C. ohioensis incisor fragments from the feeder does, 
however, reflect broad contemporaneity. There is little 
additional evidence bearing on the period and sequence of 
accumulation of the Boney Spring thanatocoenosis.
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Formational Mode of the Boney 
Spring Thanatocoenosis

Cause of Death. Taphonomy begins at death and the 
first event to be considered in formational analysis is 
cause of death. The completeness as well as spatial degree 
of dissociation argue against miring, consequent entrapping 
and subsequent starvation, often considered the cause of 
death of individuals recovered from sites characterized 
by poor drainage. Drowning of individuals can be dis
counted because the local sedimentary environment inter
preted for Boney Spring during the second period of stability 
does not suggest extensive lacustrine conditions. There.is 
no evidence of fire.

Drought, poor nutritional status, disease and 
starvation are all related and cannot be ruled out as 
factors which, operating together, have influenced the 
mortality of individuals in the Boney Spring thanato- 
coenosis. Evidence of drought would be manifested in geo
logical responses, including (1 ) reduced discharge at 
spring outlets and (2 ) reduced and restricted flow in 
rivers fed by springs. Further evidence of drought would 
be in biological responses, including (1 ) congregation of 
animals around available water sources and, if long enduring,
(2) floral and faunal readjustment. Evidence for reduced 
discharge at Boney Spring during the second period of 
stability is suggested by (1 ) the complexities of reduction/
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oxidation evident throughout the bone bed, (2 ) the absence 
of peat formation, and (3) the inferred decay of the moss- 
mat by 16,190 ± 400 YBP (Tx-1629) and its accumulation in 
the spring outlet. Evidence of animal congregation around 
water sources is inferred from the occurrence of animals 
from a mixed variety of habitats closely associated in the 
Boney Spring thanatocoenosis. Evidence of floral readjust
ment is presented by King (1972, 1973) who has shown that 
the spruce forest was in decline, or at least unstable, in 
this portion of the Ozark Plateaus by 13,500 years ago.
The high percentage of deciduous elements mixed with the 
spruce at Boney Spring is inferred from the pollen spectra 
obtained from organic debris filling pulp cavities of two 
tusks near the top of the bone bed and suggests climatic 
amelioration with consequent potential for poor nutritional 
status among non-opportunist animals. In living Loxodonta 
africana, poor nutritional status increases calf mortality 
as well as decreases the frequency of pregnancies within a 
population (Laws and Parker 1968:354-355) and is thus 
reflected in the age structure of the population. Theo
retically, the age structure of a population suffering the 
effects of poor nutrition over a period of time would show 
a high modal age-class, with the adult mode either nearly 
coincident with or above the median (Laws and Parker 1968:
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352, Fig. 9). This is what is exhibited in the age struc
ture of Mo amerjcanum from Boney Spring.

Kurten (1953:69-73) suggests that most mass occur
rences of fossils probably are a sequel to mass death and 
that these mass occurrences are usually of animals whose 
modern counterparts are gregarious. He further states 
(1953:72) that ". . . the factors causing mass deaths and
mass deposition were identical or strongly correlated; 
and the almost inevitable conclusion is that the [environ
ments J which are responsible for deposition, were somehow 
connected with the deaths too." There is suggestive evi
dence from Africa indicating the importance of this state- . 
ment for the Boney Spring thanatocoenosis. The dry season 
in Africa is often characterized by plant foods with poor 
nutritional value and at these times L. africana is de
pendent to a great degree upon other sources for sodium, 
a necessary nutrient often in precarious metabolic balance 
in the individual (Weir 1972). During these periods, 
elephants congregate with other animals in large numbers 
at evaporating pools or dry licks where the water or soil 
containing sufficient amounts of dissolved or precipitated 
sodium is ingested (Jarman 1972; Weir 1973). If this re
quirement and method for obtaining it were characteristic 
of proboscideans in general, then the congregation of 
mastodons at Boney Spring during the second period of
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stability may have been in response to maintenance of 
nutritional needs during a period of drought; their mass 
mortality may have occurred when this maintenance failed.
I have already noted that Nigger Spring, located 3.5 km 
NNW of Boney Spring has a locally high content of dissolved 
sodium; Boney Spring water may have been similarly char
acterized.

There is sufficient evidence, I believe, to suggest 
that cause of death in the present instance is related to 
poor nutritional status consequent upon drought conditions. 
The actual causal agent of mortality, disease or starva
tion, is not ascertainable.

In situ Decomposition. In situ decomposition of 
soft parts in Boney Spring is interpreted from the occur
rence of (1 ) dermal ossicles assigned to Paramylodon harlani 
and (2 ) remains of coleopterous families with carrion- 
feeding habits.

At Rancho La Brea, similar small (cross sections 
range from 4.5 x 6.5 mm to 12 x 16 mm) dermal ossicles have 
been found, presumably in correct anatomical position, 
forming a pavement over the outer surface of a scapula 
and removed from it by an inch (2.54 cm) of asphalt (Stock 
1925:121). The presence of the ossicles in the eastern 
and western portions of the Boney Spring bone bed is 
interpreted to reflect in situ decomposition of the skin
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and underlying soft tissues with skeletal dissociation 
occurring just prior to final burial in gray clay.

The in situ decomposition of soft parts in Boney 
Spring is further reflected in the occurrence of the 
remains of two beetle families, Staphylinidae and Scara- 
baeidae, with carrion-feeding habits. Payne (1965:601) 
noted in his summer carrion study of the baby pig, Sus 
scrofa, that two coleopterous families, including Sta
phylinidae, and three dipterous families represented 26% 
of a total carrion fauna of 522 species collected from de
composing remains left exposed in a mixed mesophytic 
community at Clemson, South Carolina. He noted (1965: 
595-596) the first appearance of both staphylinid and 
scarabaeid beetles during the bloated stage of decomposition 
(day 2 to day 4); members of the former family increased 
during the subsequent stage of active decay (day 4 to day .
6 ). Members of both families continued to feed on the 
remains into the dry stage of decomposition (day 8 through 
day 18), characterized by the presence of dried skin, 
cartilage and bone. Significantly, Payne (1965:598) found 
no typically carrion-feeding insects at the remains during 
the final stage, characterized by bones and teeth, sug
gesting that their activity is confined to earlier stages 
of decomposition when soft parts are still available.
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Selective Actions in the Preservation of the Fauna*

The depositional environment interpreted above from the 
geological evidence presented in a previous section is in
compatible with fluvial competencies required to remove 
such large elements as mastodon bones. The preservation 
of dermal ossicles and skeletal elements of heterogeneous 
sizes and shapes Suggests in situ, near-autochthonous 
burial in a depositional environment with little outflow. 
Variations in the occurrence of cranial and post-cranial 
elements in the collection suggest strong selective actions 
by factors other than deposition.

Breaks and fractures occur on the majority of the 
specimens. Examination of each specimen in each element 
population (innominates, femorae, scapulae, etc.) estab
lished the existence of a predictable patterning of the 
major breaks and fractures. This patterning in each 
element population occurs universally, independent of the 
condition of the bone, and is here inferred to be the 
result of lithostatic pressure. It imparts a diagenetic 
"noise" which upon removal clarifies the pre-final burial 
condition of the bone, particularly weathering features.

Twenty-three, or slightly more than 3%, of the bones 
of Mammut americanum show no evidence of subaerial exposure; 
their surfaces appear as fresh as those of recently 
macerated materials. The prior weathering state of many



elements recovered from the feeder could not be ascertained 
due to further modification by rolling and this value is an 
approximation only. It indicates nevertheless that the 
great majority of specimens were subjected to varying 
degrees of subaerial exposure prior to final burial in 
unit E. Particular weathering indices varied with each 
element population in the collection; all were the sub
jective interpretation of the conditions of at least three 
small anatomical crests or rugosities. For example, 
weathering indices for the mandibles included the condi
tion of (1 ) the coronoid process, (2 ) the condyles, and
(3 ) the aveolar border; weathering indices for the scapulae 
included the condition of (1 ) the border of the glenoid 
fossa, (2) the spinous process, and (3) the dorsal-medial 
rugosity for insertion of the serratus ventralis muscula
ture; etc. In all instances where the effects of exposure 
were apparent, the exposed surfaces (skyward orientation) 
of the bone exhibited greater modification than unexposed 
surfaces.

The bones occurring at the periphery and at the top 
of the bone bed were generally poorly preserved, indicating 
in some instances severe weathering prior to final burial. 
Extreme effects of exposure are evident in bones near the 
periphery of the concentration and the outer limit of the 
bone bed was defined by bones and tusks in generally poor



condition (Fig. 19,.Map 1,•clockwise from bottom: 56BS71,
154BS71, 155BS71, 387BS71, 151BS71, 164BS71, 79BS71, etc.). 
In addition to this weathered border, extreme exposure and 
deep weathering are evident in specimens from within the 
NE section of the bone bed in an area centering about 
the NE 1/4 of grid square 478NW522 (Fig. 19, Map 1). This 
"weathering zone" contained 31 poorly preserved elements 
of both M. americanum and Paramylodon harlani ranging in 
size from rib fragments to innominates recovered from 
depths ranging from 4.27 m to 4.55m below the surface, 
with a mean recovery depth of 4.39 m. Weathering of many 
of these specimens had advanced them to the notebook 
category of "scrap". The next stage in the alteration of 
these specimens would have been complete comminution and 
removal from the system. This NE section is the general 
area of the concentration that contained both pyrite and 
limonite (inferred)-associated elements and seems to be 
the single area most affected by reduction-oxidation phe
nomena. It is recorded in my notebook that the northern 
portion of the bone bed occurred topographically higher 
than the southern portion; this is not apparent on the 
transverse sections through the concentration, which are 
oriented east-west (e.g., Fig. 16).

In their studies of tissue structure in recent 
osteological material, Tappen (1969) and Peske (Peske and
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Tappen 1970) have shown that split-line orientations in
duced in demineralized bones and weathering cracks in 
exposed bones are both genetically related to the orienta
tion of the majority of the collagen fibers of the bone. 
Weathering cracks are induced during shrinkage of the bone 
with exposure while prompt burial tends to hinder their 
development (Peske and Tappen 1970:464-465). Weathering 
fissures are usually oriented along the axis of the long 
bone shaft and cracks of this type are familiar to anyone 
who has observed bones weathering out-of-doors. Char
acteristic weathering cracks are present in Boney Spring 
materials but are less developed on mastodon bones than 
on elements of smaller mammalian taxa (e.g., Paramylodon 
harlani mandible, 489BS71; Odocoileus sp. ramus, 618BS71). 
They are generally absent on mastodon long bones, possibly 
correlated with the generally thick and dense compacta in 
these elements. Nevertheless, typical weathering cracks 
are not the only surface attribute which I ascribe to sub
aerial exposure. Weathered tusks, for example, are 
characterized by a pattern of fissures running longitudi
nally and transversely, forming a network of domino-like 
rectangular clasts. In certain instances, these dominoes 
have spalled, or otherwise rotated (Fig. 27) in a manner • 
suggestive of freeze-thaw phenomena. Experimental data is 
badly needed, but it seems probable that freezing and



Figure 27. Tusks of Mammut americanum in situ in 
Boney Spring showing weathering features probably due to 
freeze-thaw phenomena.
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thawing of water in compacta and ivory fissures have been 
effective in modifying the exposed surfaces of many ele
ments in the Boney Spring fossil assemblage.

Evidence for the preburial mechanical fragmentation 
of specimens in the Bopey Spring fossil assemblage is in
herent in certain instances of "green-bone" breakage.
Tappen (1969) has noted that traumatic fractures contrast 
with fissures imparted by normal weathering. Turner and 
Morris (1970) have similarly noted that breaks in bone that 
occur long after death are usually distinguishable from 
those that occur when bone is alive or recently nonvital. 
They characterize compression fractures in fresh bone as 
concentric, curving fractures creating a depression.
Irving and Harington (1973:340) have stated that fresh 
bone tends to sustain diagonal, curving fractures, the 
shapes of which are determined primarily by the force and 
direction of the fracturing blow. They have compared the 
fracturing characteristics of fresh bone with flint and 
non-fresh bone with rotten wood.

Table 36 gives the occurrence of bones exhibiting 
features which I interpret to have been sustained while 
the bone was still fresh. All of the inferred fresh-bone 
fractures agree with Irving and Harington*s (1973) de
scription. They are generally sharp and curvilinear.
Where compression seems to have been the fracturing force.



Table 36. The occurrence of elements exhibiting "green-bone" fractures
(inferred) in the Boney Spring collection.

Element Map Section Weathering State
Matrix
(clay)

Depth
(m)

Mammut americanum
173BS71 (left innominate) 1 NE Slight Blue 4.28
49IBS71 (left innominate) 2-5 NE Moderate Pyrite- 4.39

stained
578ES71 (right innominate) 5-6 NE Unweathered Gray 4.48
331BS71 (right femur) 1 NW Moderate Green 4.50
257BS71 (left tibia) 1 NW Moderate/Severe Blue 4.20
357BS71 (left scapula) 2-3 NE Moderate Green 4.28
474BS71 (atlas) 1 NW Unweathered Green 4.12
21BS71 (rib) 1 SW Slight/Moderate Blue 4.29

Paramylodon harlani
390BS71 (left femur) 1-5 NE Gray 4.38

X = 4.32
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they are concentric about a depression; where the fracturing 
force had a shearing component, they are often straight.
With a single, exception, the specimens were recovered in 
the north section of the bone bed„ Recovery depths ranged 
through 0.38 m; mean depth of recovery was 4.32 m below 
the surface, in the upper portion of the fossil concentra
tion (this is also the mean depth of recovery of heavily 
mineralized bones, see Table 28).

Several possibilities exist to account for these 
breaks, including (1 ) rapid burial with consequent preserva
tion and subsequent sediment loading on fresh bone, and 
(2 ) trampling by other animals, particularly mastodons.
The evidence from weathering supported by the radiogenic 
age-data presented in a previous section indicate that the 
top of the bone bed lay exposed at least intermittently 
and leaves little doubt that the potential, at least, for 
disturbance by large animals existed. On the other hand, 
the absence of. weathering features on certain of th<3 speci
mens listed in Table 36 leaves little doubt that there were 
instances of rapid burial and consequent opportunity for 
sediment loading. Experimental data, particularly on the 
response of green bone to sediment loading, is badly needed. 
As yet there seems to be no well established basis for 
distinguishing the effects of the two possibilities in 
individual instances. An exception to this statement is
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apparent in 357BS71t left scapula, where fresh-bone frac
turing with a shearing component has resulted in the 
removal of the base of the spinous process, leaving a re
cessed scar which has been subsequently weathered. This 
argues for the second possibility in this one instance.

Carnivores are very rare in Boney Spring, repre
sented by a single m 2  of Procyon lotor; bone chewed by 
carnivores has not been recognized in the collection. 
Evidence of scavenging has been recognized in the eight 
tooth-marked cheek teeth of Mammut americanum provisionally 
referred as trace fossils to Castoroides ohioensis, the 
giant beaver. The gnawed specimens provide direct evidence 
of additional pre-final burial disturbance of the Boney 
Spring thanatocoenosis.

Attributes of these trace fossils have been de
scribed in the systematic discussion of the Boney Spring 
fauna. Figure 28 shows the nature of the gnawed surfaces 
iri one of the specimens (221BS71, left Ml). Table 37 gives 
the occurrence of these tooth-marked cheek teeth in the 
Boney Spring thanatocoenosis. The eight specimens repre
sent cheek teeth of four individuals of M. americanum 
(2BS71, 3BS71; 217BS71, 250BS71, 221BS71, 230BS71; 1BS71; 
179BS71). The tooth-marked specimens defined the approxi
mate top of the bone bed where they occurred. They were 
recovered through a depth of 1 1  cm? recovery depths ranged
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Figure 28. Tooth marked surfaces in the dentine of 
221BS71, left Ml of Mammut americanum from Boney Spring.
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Table 37 . Tooth-marked cheek 

in Boney Spring.
teeth of Mammut americanum

Specimen Map Section
Matrix
(clay)

Depth
(m)

IBS 71 Cleft M3) 1 SE Blue 4.28
2BS71 (left ml) 1 SE Blue 4.27
3BS71 (left m 2 ) 1 SE Blue 4.17

179BS71 (right M3) 1 NE Blue 4.24
217BS71 (right Ml) 1 NE Green 4.22
221BS71 (left Ml 1 NE Green 4.26
230BS71 (left M2) 1 NE Green . .4.24
250BS71 (right M2) 1 NE Green 4.22

x = 4.24



from 4.17 rfl to 4,28 m below the surface with a mean depth 
of 4.24 m. Three associated (Table 32), but ungnawed 
specimens occurred within the depth range of the tooth- 
marked cheek teeth; one is a mandible (148BS71), the second 
a skull (377BS71) and the third an isolated cheek tooth 
(276BS71). Five other associated (Table 32), but unmarked 
specimens (182BS71, cheek tooth resting on roots; 349BS71, 
cheek tooth resting on occlusal surface; 370BS71, a partial 
skull; 166BS71, a mandible; 439BS71, a ramus) occurred 3 cm 
to 14 cm deeper within the deposit (4.31 m to 4.42 m), 
presumably unavailable to or ignored by the scavenger during 
what may have been a single sojourn over the top of the 
eastern portion of the bone bed.

There is by now abundant evidence, revealed in 
radiogenic age data, weathering features and fresh-bone 
breakage, further supported by scavenger disturbance, to 
indicate that the top of the fossil accumulation in the 
eastern, northern and western portions was intermittently 
exposed at the'surface prior to final burial.

The agents of disturbance and factors of selection 
so far discussed are in sum insufficient to fully explain 
the variable but generally low representations of skeletal 
elements in the Boney Spring thanatocoenosis. There are 
on record interesting observations of African elephant 
behavior which I believe to have important implications



for an understanding of the taphonomy of Boney Spring„
Buss (.1961:145) reported the attempts of elephants, on two 
separate occasions, to raise the bodies of group members 
killed during management programs in Murchison Falls 
National Park, Uganda. Winter (1964:163-164) observed the 
same phenomenon while cropping elephants in Kenya. He 
reports how a large female advanced to a recently killed 
group member, knelt beside it, placed her tusks beneath 
its midsection and tried to raise it to its feet. Her 
effort was so intense that her right tusk broke off near 
the alveolus, ". . . describing an arc through the air
and landing about thirty feet away.” A similarly in
teresting behavior is extended to long dead elephant 
remains. Douglas-Hamilton (1971:48) reports the curiosity 
exhibited by a family unit towards the three-week old 
remains of an unrelated individual. He observed that when 
the family reached the skeleton, ”. . .  their trunks moved 
all over it; they kicked some of the bones and played with 
them, examining each piece thoroughly before passing on 
their way.” He observed similar incidents on two other 
occasions, Matthiesson (1972:150), in reference to the 
same phenomenon, states that ”. . . sooner or later the 
elephant will do something very strange such as . . . draw 
the tusks from the rotted carcass of another and carry 
them off into the bush." Finally, Graham and Laws (1971:58)
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note in their interesting and important discussion of 
elephant biostratinomy in Murchison Falls National Park, 
Uganda, that living elephants are a major influence in 
the scattering of skeletalized elephant bones and tusks.

It is mere speculation,.of course, and possibly 
unsound, to attribute to mammutids this aspect of ele- 
phantid behavior. Nevertheless, the percent preservation 
of elements in the near-autochthonous Boney Spring thanato- 
coenosis, in the absence of evidence for large carnivores 
or hydrodynamic sorting, but in the presence of evidence 
for fresh-bone breakage prior to final burial, suggests 
interference by some competent and selective agent. In 
view Of the evidence and of the observations from Africa, 
it is possible that other mastodons may have been, in 
part at least, this agent.

Final Burial and Biodiagenetic Events. Radiogenic 
age data suggest that final burial of all elements in the 
Boney Spring thanatocoenosis was completed by ca. 9000 
years ago. As mentioned above, however, all elements did 
not remain exposed for long periods of time; instances of 
rapid burial have been noted. My observations at Ojo del 
Galeana, northern Chihuahua, Mexico, fully discussed in 
Appendix A, have revealed the important role played by the 
trampling of other animals in the burial of skeletal 
elements in soft organic substrate. It is reasonable to
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assume that the agents of disturbance interpreted above 
also influenced the initial burial of some bones in the 
thanatocoenosis„ In this regard, however, I note that 
overall depth separation of associated elements averages 
only 0-09 m, suggesting that the substrate was quite firm 
during the interval of dissociation. For the bulk of the 
bones, therefore, it is most reasonable to assume that 
burial progressed by increments, perhaps in the main 
governed by the deposition of clays from occasional flooding 
or submergence by the Pomme de Terre River, Bones initially 
buried by either of these processes may have been subse
quently exhumed during periods of emergence and exposure, 
characterized by the drying and shrinkage of the substrate- 
Observations at Ojo del Galeana revealed that elements 
initially buried in organic clays during periods of in
creased discharge are often exhumed during periods of 
reduced discharge when the marshy substrate dries and . 
shrinks or as subsidiary feeder loci shift within the spring 
head.

Aggradation subsequent to final burial resulted in 
the deposition of 3.5 m of clay (units F , G, H, and I) 
prior to 4200 years ago. By this latter date, the final 
period of stability commenced at Boney Spring, Archaic 
people dug storage pits adjacent to the spring and a period 
of peat formation was initiated (unit J) which continued



to the present. Compactron of this clay sequence had 
imparted a deformational component to the fabric of unit E 
as discussed in a previous section.



SUMMARY AND CONCLUSIONS

1. Table 38 summarizes the characteristic expres
sion of geological and biological features developed in the 
Boney Spring thanatocoenosis. As an initial approximation, 
it predicts the expression of autochthonous and near- 
autochthonous , terrestrial thanatocoenoses deposited in 
low energy, spring environments.

2. Geological criteria, particularly stratigraphic 
context and fabric analysis, reflect the depositional en
vironment of spring deposits. Fine grained sediments with 
a high proportion of organic remains characterize spring 
deposits. The high clastic ratio together with the above, 
indicate an intermittent, or low energy environment of 
accumulation.

3. Biological criteria, particularly dissociation, 
relative abundance, and age structure of dominate species 
indicate the probable mode of formation of thanatocoenoses 
in spring deposits. Fossil bones were mostly dissociated 
with the majority of long axes oriented parallel to the 
bedding plane. The analysis of interdental and attrition 
facets on Mammut americanum cheek teeth form the basis for 
assigning dissociated teeth to life assemblages. Mean
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Table 38. Characteristic expressions of features developed in the Boney Spring 
. thanatocoenosis.

Feature Expression
Geological
Stratigraphic context sequence of alluvial clay and organic peat
Fabric primarily appositional; secondarily deforma- 

tional
sedimentary framework closed but intact; consistent with quiet 

waters
clastic ratio high
orientation majority of fossils oriented with long axes 

parallel to the bedding plane
Biological
Faunal composition abundant large mammals; small animals 

less abundant
Faunal accumulation autochthonous and near-autochthonous assem

blages of species
Morphological composition heterogeneous shapes and sizes preserved; 

consist mainly of most durable parts
Decomposition in situ
Dissociation high; low proportion of articulated remains
Fragmentation low; moderate proportion of remains are 

fragments
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Table 38o (Continued)=

Feature Expression
Relative abundance frequency of dissociated elements decreasing 

in order of size or density
Selective actions consistent with varying periods of exposure 

and animal activity
Age structure of dominant species conforming to an ideal distribution for an 

indigenous population
Mortality consistent with age structure (catastrophic 

or mixed)
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completeness, ratio of dentitions in. 31 individuals of M. 
americanum from Boney Spring was 0.64, A horizontal dis
sociation ratio of 0.24 and 'a vertical dissociation ratio 
of 0.12 for associated elements of Mammut and Paramylodon 
in the Boney Spring bone bed, together with the above, 
suggest decomposition in situ or near-autochthonous accumu
lation of fossil remains. A high proportion of bone 
elements with decreasing abundance of specimens with 
smaller sizes or lesser densities also supports this 
interpretation. Age structure of the Boney Spring mastodons 
suggests they were an indigenous population, with the fossil 
sample a good representation of the complete population,

4, Fossil assemblages in the lower Pomme de Terre 
River valley occurred in lenses. At Trolinger Spring the 
fossils were concentrated in three strata; gray sand, 
varigated sand, and dark brown, sandy clayey peat and dark 
brown clay. The fossils at Trolinger Spring were en
countered 2 m beneath the present day surface in a con
centration at least 7 m in diameter and approximately 1 m 
in greatest thickness. At Boney Spring where more informa
tion is available the fossils were encountered 4 m beneath 
the present day surface in a bone bed composed of pre
dominately gray clay, wood and chert fragments and vertebrate 
remains approximately 9 m  in diameter and less than 1  m in 
greatest thickness at its center which occurred in a 1 1  m
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alluyial sequence. The sedimentary fabric was primarily 
appositional but sediment loading had imparted a deforma- 
tional component. The sedimentary particles were abruptly, 
bimodal and the sedimentary framework was closed but intact, 
i.e., with an excess of coarse-clastic particles over matrix. 
The majority of the fossils were oriented with long axes 
parallel to the plane of bedding.

5. In the lower Pomme de Terre River valley 
depositional environments of thanatocoenoses from spring 
deposits differ widely. The depositional environment 
postulated for Trolinger Spring includes a history of 
diminishing discharge, with peat formation before, during, 
and after faunal accumulation which occurred between 29,000 
and 34,000 years ago. Trolinger Spring waters were probably 
neutral or slightly alkaline. Spring discharge was upon 
a stable surface on the flood plain of the Pomme de Terre 
River. The depositional environment postulated for Boney 
Spring includes a history of fluctuating discharge and 
intermittent periods of alluviation separated by intervals 
of quasi- or full stability. The availability of informa- 
tion from fabric analysis facilitates a confident and full 
understanding of the Boney Spring depositional environment 
during the period of stability from approximately 13,500 
to 16,500 years ago; it was within a short interval during 
this period that the Boney Spring thanatocoenosis developed.
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Boney Spring waters were neutral or slightly alkaline; 
they may have had a locally high, available concentration 
of dissolved sodium. Spring discharge was upon a quasi
stable surface on the flood plain of the Pomme de Terre 
River. The water, which initially may have been ponded, 
later was unconfined on an evaporative surface. A shallow 
depression, possibly largely zoogenous, may have held 
stagnating water. A chemically reducing environment was 
succeeded in later stages of development by oxidizing 
conditions; this succession may have been reversed and 
repeated several times. Near the end of the second period 
of stability burial of organic remains proceeded incre
mentally, in the main controlled by renewed flooding of the 
spring by the Pomme de Terre River, during,which the gray 
clay matrix developed around the openwork organic remains. 
Disturbance by mastodons may have embedded some specimens; 
in other instances rapid burial may have been due to the 
settling of dissociated remains in moist and plastic but 
shallow sediments.

6 . Fossil assemblages from spring deposits in the 
lower Pomme de Terre River valley occur as approximately 
1  m horizons' within alluvial sequences; they are chrono
logically segmented and do not represent records of long 
continuous accumulation. At Trolinger Spring faunal
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accumulation occurred between 29,000 and 34,000 years ago 
and may have been restricted within this interval correla
tive with the mid-Wisconsinan interstadial. At Boney 
Spring the thanatocoenosis developed after 16,200 years 
ago but before 13,600 years ago; accumulation was probably 
restricted to a short period within this interv'al correla
tive with the waning of the late Wisconsinan glaciation. 
Chronologically segmented fossil assemblages from spring 
deposits in the Ozarks region may be expected to overlap 
temporally and to provide a potentially continuous record 
of biotic response to climatic change in the late Pleisto
cene.

7. Fossil assemblages from Trolinger Spring and 
Boney Spring do not provide random samples of either of the 
whole contemporaneous faunas. In both instances the fossil 
assemblages were dominated by one or two large mammal 
species. At Trolinger Spring Mammut americanum accounted 
for 89% of the number of identified remains (total N =
135) and for 61% of the number of inferred individuals 
recovered (total N = 18). At Boney Spring Mammut ameri
canum and Paramylodon harlani accounted for-80% of the num
ber of identified vertebrate remains (total N = 1 0 0 1 ) and 
for 39% of the number of inferred individuals recovered 
(total N = 90) from this more diverse thanatocoenosis.
Small animals occurred less abundantly. Large carnivores
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were absent froiri both, assemblages; a single right m 2 of 
Procyon lotor was recovered from Boney Spring.

8 . in the Ozark Plateaus, fossil assemblages 
recovered from spring deposits contrast markedly with 
those recovered from solution cavities. The former are 
generally characterized by abundant large mammals (Mammut, 
Paramylodon) having modern counterparts which are commonly 
gregarious in habits, and by less abundant small animals; . 
the latter are generally characterized by abundant small 
animals and/or by large mammals (Canis, Ursus, Fells) 
commonly with solitary habits (the peccaries, Mylohyus 
and Platygonus, are notable exceptions). Furthermore, in 
fossil assemblages from spring deposits in the Ozark region 
the large mammals are commonly near-autochthonous and the 
small animals autochthonous in the sediments whereas in 
thanatocoenoses from cavity features the reverse is commonly 
true, i.e., the large mammals are commonly autochthonous 
and the small animals near-autochthonous or allochthonous 
in the sediments. It is apparent that contrast and dis
cordance in vertebrate fossil assemblages from spring de
posits and those from cavity features in the Ozark Plateaus 
are partially explained by contrasting taphonomic histories. 
These factors must be taken into consideration when recon
structing paleoenvironments.
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9, Ecological environments reflected in Ozark 

spring deposits can be expected to differ widely. At 
Trolinger Spring faunal accumulation was associated with 
peat development around the outlet of a bottomland artesian 
spring. Pollen associated with the vertebrate remains re
flects an adjacent open pine-parkland. Near-autochthonous 
vertebrate remains are of animals elsewhere associated with 
coniferous forest or woodland (Mammut, Symbos and/or 
Bootherium) and steppe (Equus); autochthonous small mammals 
(Blarina, Peromyscus and Synaptomys) are animals presently 
occurring in situations which provide cover in coniferous 
or deciduous.forests f forest borders or steppes. At Boney 
Spring faunal accumulation around the outlet of a bottomland 
artesian spring was not associated with peat development; 
a moss mat may have preceded faunal accumulation. Pollen 
associated with the vertebrate remains reflects an adjacent 
forest of spruce mixed with deciduous elements, Near- 
autochthonous vertebrate remains are of animals elsewhere 
associated with coniferous forests or woodland (Mammut) 
and grasslands (Paramylodon); autochthonous small animals 
are either aquatic or are forms which frequent ponds and 
adjacent cover. The small mammal fauna from Boney Spring 
consists of species with present sympatric distributions 
in northern and eastern North America, Only Neotoma 
floridana does not presently range into southeastern Canada
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or into the Canadian Prairie Provinces, Microtns pennsyl- 
vanicus and Napaeozapus insignis are animals with present 
boreal, but not boreal^restricted, distributions. N, 
insignis is the only form in the fauna known not to occur 
in Missouri today; Boney Spring is the first fossil record 
of N. insignis from the Ozark Plateaus. The small mammal 
fauna from Boney Spring would be expected to occur in cool, 
humid situations in the Pleistocene,

10, At Boney Spring the dominant species ' (Manumit 
americanum) is characterized by an age structure that is a 
’'snapshotw of a sample of the living population, Such an 
age structure strongly suggests that accumulation of this, 
taxon occurred catastrophically, either as a single event 
or as several separate mortalities of basic population 
units over a relatively short interval of time. The mode 
of occurrence of.four individuals of Paramylodon harlani 
may reflect a similar mortality for this species in this 
instance. It further suggests that P . harlani was or
ganized into small herds, possibly representing family 
units.

11, Eight cheek teeth of Mammut americanum with 
tooth marks on the basal dentine were recovered from the 
top of the Boney Spring thanatocoenosis. They are pro
visionally referred as trace fossils to Castoroides 
ohioensis, This may represent the first recovery of
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Castoroides^-gnawed .materials; tHey further suggest a 
probably unusual and special scavenger role for the giant 
beaver in this instance.

12. Cheek teeth of Mammut americanum from Trolinger 
Spring are of the vrugged variety*, with rugose enamel.
They contrast with the lrsmooth variety" of cheek teeth of
M. americanum from Boney Spring, Mammut americanum from 
Trolinger Spring occupied an open pine-parkland ? at Boney 
Spring this taxon occupied a forest of spruce mixed with 
deciduous elements . Cljeek teeth of Mammut' americanum from 
Trolinger Spring, though more rugged than teeth in this 
taxon from Boney Spring, show the effects of accelerated 
wear, apparently due to more rapid attrition of these 
organs in the mastication of pine or pine-associated 
plants. This suggests that Mammut americanum fared less 
favorably in an open pine-parkland; optimum conditions for 
Mammut americanum in the late Pleistocene probably coin
cided with those of spruce forest.

13. Cheek teeth of Mammut americanum from Tro
linger Spring are smaller, on the average, than corres
ponding cheek teeth of this taxon from Boney Spring. This 
suggests that M. americanum from deposits correlated with 
the late Wisconsinan glaciation may have been larger, on 
the average, than M, americanum from deposits correlated 
with the mid—Wisconsinan interstadial.
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14, Cheek, teeth jyiaimnut amerilcamxm from Boney 

Spring vary greatly in morphological and proportional 
details„ They form the basis for an "understanding of 
typical dental variation in a contemporaneous, late 
Pleistocene, sample of M. americanum.

15. Taphonomic histories of spring site thanato-
coenoses can be expected to differ. The careful analysis
of Boney Spring provides a single data point; to generalize
too widely from this one analysis is to overstep its use
fulness , which has been to focus detailed attention toward 
an understanding of the probable events and conditions in 
the formation of a single fossil thanatocoenosis in one 
common depositional environment. Though norms can not yet. 
be clearly established, continued spring site analyses 
will form a base from which more adequately founded gen
eralization may follow.



APPENDIX A

OBSERVATIONS OF BONE TRANSFER 
IN A MODERN SPRING ENVIRONMENT

General Statement 
The bulk of taphonomic research has been directed 

towards an understanding of transported, mechanical accu
mulations of allochthonous fossil assemblages; untransported 
accumulations of autochthonous and near-autochthonous 
terrestrial fossil assemblages have been little discussed. 
The use of models as methods for the analysis of the mode 
of formation of fossil assemblages has been developed 
particularly by Shotwell (1955, 1958) for transported, 
terrestrial fossil assemblages and by Johnson (1960) for 
both transported and untransported shallow-water marine 
fossil assemblages. The use of models as methods for 
formational analysis of untransported terrestrial accumula
tions has received little attention.

Ojo del Galeana

Introduction
Ojo del Galeana (Fig. 29) is a warm spring (water 

temperature = 26°C) located approximately 6 km south of 
Galeana, Chihuahua, Mexico. The spring area occurs at
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Figure 29. View of 0jo del Galeana, Chihuahua, 
Mexico taken on 2 February 1973.
View toward east.

i



the base of the north-facing slope of a limestone outlier? 
spring water discharges from fissures in the limestone, 
either directly into spring-head areas or into these 
outlets through limestone residuum as in the spring-head 
site chosen for study. The vegetation in and adjacent to 
the spring area is dominated by sedges. Small, moist 
hummocks of vegetation rise above the level of the water 
in the spring heads. Soil is generally black peaty clay, 
occasionally mixed with sand, A spring-run flowing gen
erally NW drains the spring area.. This stream is bordered 
by a narrow marsh, less than 150 m in width, for approxi
mately 3 km along its course„ Marsh vegetation is dominated 
by sedges and rushes which are commonly immersed in water. 
The marsh and spring areas are bordered by mesquite grass
land, This grassland supports livestock, including EqUus 
(horses, mules, and asses) and Bos, and provides habitat 
for species of Thomomys, Perognathus, Dipodomys, Reith- 
rodontomys, Peromyscus and Neotoma (Bradley and Cockrum 
1963:2), The marsh area provides habitat for species of 
Reithrodontomys, Peromyscus, Sigmodon, and Microtus (1963). 
The spring area contains snakes (Thamnophis spp,) and 
abundant pond turtles (Kinosternon hirtipes)? Eumeces 
multivirgatus has been collected from the limestone 
residuum adjacent to the spring area (T, R, Van Devender, 
pers. comm,, Mar,, 1974). Remains of ?Kinosternon, Equus
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and Bos were observed in the spring and on adjacent sur
faces . These formed the basis for the study.

Objectives
I visited this spring, with others, on four occa

sions (2-3 February 1973; 16-17 June 1973; 8-9 November 
1973; 8 March 1974) to record observations on the distribu
tion of domestic animal bones in and adjacent to the spring, 
with the intent of studying the transfer of animal remains 
from the biosphere to the lithosphere in this environment„ 
Because the total character of Ojo del Galeana is the sum 
of different spring contexts, it is possible to isolate 
certain of these and to examine them individually. This 
has been done for what I label (1) spring-head sites,
(2) spring-run bank sites, and (3) spring-eddy sites. 
Doubtless there are additional contributing contexts, but 
those selected were immediately apparent and are basic in 
their contribution to the geological and biological 
frameworks of Ojo del Galeana.

Discussion
On the first visit, the four study sites (spring-head 

site, spring-run bank site A, spring-run bank site B, and 
the spring-eddy site; Fig, 30) were selected and aspects of 
their initial condition recorded. Eighteen bones were 
initially observed in and adjacent to the spring-head site;
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Figure 30. Schematized diagram of Ojo del Galeana, 
Chihuahua, Mexico, showing the location of the study sites 
and their relationship to overall discharge pattern.



three others appeared in the system during the period of 
observation (Table 39)„ All showed varying, but generally 
small amounts of weathering. Bones L and M were on the 
surface adjacent to the spring-head. They were broken 
and exhibited extreme effects of exposure. Spring-head 
substrate is silt and fine sand. Discharge was low; a 
small run exiting on the east side is ca. 25 cm wide and 
ca. 5 cm deep. Six bones were observed in organic sedi
ments at spring-run bank site A; an additional bone appeared 
in the system during the period of observation (Table 40). 
Five bones were observed in similar sediments at spring- 
run bank site B (Table 41). These sites occur adjacent 
to the major spring-run at Ojo del Galeana. Water in this 
run is clear and deep; on 16 June 1973, water depth was 
10-18 cm and current velocity was 24 m/min. The spring- 
run bank sites appear, on the basis of cow and horse dung 
and many tracks, to be watering stations. The bed of the 
spring-run is coarse gravel. Eight bones were observed in 
the spring-eddy site; two additional bones appeared in the 
system during the period of observation (Table 42), Here, 
as elsewhere, the. near-bank and bank sediments were ex
tremely soft and richly organic. Substrate of the spring- 
eddy is coarse clastic sand and gravel providing a firm 
bottom,



Table 39. Attitude of specimens in Spring-head site, Ojo del Galeana, 
Chihuahua, Mexico.
Only major readjustments are listed.

Bone 2-3 February 1973 16-17 June 1973
A, Equus humerus

B, Equus metapodial
C, Equus ulna/radius
D, Equus humerus
E, Equus tibia

distal epiphysis
F, Equus humerus .
G, Equus femur

proximal epiphysis
H, Equus radius
Ia,?Equus innominate 
lb,?Equus innominate 
J, Equus femur

K, Equus femur
proximal epiphysis 

L, long bone fragment 
M, long bone fragment

horizontal, emergent; long 
axis perpendicular to cur
rent direction . ■ ■
long axis dipping 40 W 
horizontal emergent
mostly buried
emergent
horizontal, emergent 
mostly buried
horizontal, emergent
horizontal, emergent; 
partly buried 
horizontal, emergent; 
partly buried
horizontal, emergent; long, 
axis perpendicular to cur^ 
rent direction 
mostly buried
weathered, broken 
weathered, broken

horizontal, emergent; long 
axis parallel; exhumed
No apparent change 
long axis dipping 20 NNW; 
distal third buried 
horizontal, emergent; 
exhumed
No apparent change
No apparent change 
emergent; exhumed
long axis dipping 2 0 °W; 
distal end buried 
exhumed
exhumed
exhumed

Burial progressing
Missing from system 
Missing from system 290



Table 39. (Continued)

Bone 2-3 February 1973 16-17 June 1973
N, Bos Tooth
0 , skull fragments 
Pa,turtle plastron 

fragment 
Pb,turtle plastron 

fragment 
Q, Equus scapula
R, Equus tibia

proximal epiphysis 
S, long bone fragment

submergent, exposed
submergent, exposed 
horizontal, submergent, 
exposed
horizontal, submergent,
exposed
Not present
Not present
Not present

Missing from system; 
presumably buried 
No apparent change 
No apparent change
Missing from system; 
presumably buried 
exhumed; standing on 
corocoid; half buried 
exhumed
exhumed; standing ver
tically, mostly buried

Bone 8-9 November 1973 .......  8 March 1974
A, Equus humerus

B, Equus metapodial 
C i Equus ulna/radius

D, Equus humerus

E , Equus tibia
distal epiphysis

180 rotation; long axis 
parallel current direction; 
horizontal, emergent 
No apparent change
horizontal, one half 
buried; long axis rotated 
90° clockwise
180° rotation; horizontal, 
one-third buried
Missing from system; pre
sumably buried

dipping vertically; partly 
buried
Missing from system; pre
sumably buried 
dipping 30°W; long axis 
rotated 90°W; one half 
buried
dipping 30 SE; long axis 
rotated 45°SE; one-half 
buried
No apparent change 291



Table 39. (Continued)

Bone 8-9 November 1973 8 March 1974
F, Equus humerus
G, Equus, femur

proximal epiphysis
H, Equus radius 
Ia,?Equus innominate 
lb,PEquus innominate
J, Equus femur
K, Equus femur

proximal epiphysis 
L, long bone fragment 
M, long bone, fragment 
N, Bos tooth
0 , skull fragments 
Pa,turtle plastron 

fragment 
Pb,turtle plastron 
Q fragment 
Q, Equus scapula.
R, Equus tibia

proximal epiphysis 
S, long bone fragment

dipping 45 W? one-half 
buried
one-half buried
burial progressing 
mostly buried 
mostly buried
,No apparent change
Missing from system? 
presumably buried 
No apparent change 
No apparent change 
No apparent change
burial progressing 
Missing from system; 
presumably buried 
No apparent change
broken
Missing from system;. 
presumably buried 
Missing from system? 
presumably buried

horizontal, one-half, 
buried
Missing from system; pre
sumably buried 
No apparent change 
No apparent change 
dipping vertically; nearly 
buried '
long axis rotated 45 ; one- 
half buried 
No apparent change
No apparent change 
No apparent change 
exhumed; submergent, one- 
half buried 
mostly buried 
No apparent change
No apparent change
Missing from system; pre^ 
sumably buried 
No apparent change
No apparent change
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Table 40. Attitude of specimens in Spring-run bank site A, Ojo del Galeana, 
Chihuahua, Mexico.
Only major readjustments are listed.

Bone 2-3 February 1973 16-17 June 1973
A, Equus scapula horizontal on medial sur horizontal on lateral sur

face; completely exposed face; long axis rotated 90°; 
exposed

B, Equus ulna horizontal; completely displaced ca. 1 m E;
. exposed exposed

c, Equus radius long axis dipping 20 N; No apparent change
one-half buried

D, Equus metapodial long axis with primary dip long axis dipping 5°W;
of 15°E toward run; one- one-half buried
half buried

E, Equus humerus vertical on proximal end; No apparent change
nearly buried

F, Equus radius totally exposed nearly buried
proximal epiphysis

G t Equus tibia No present totally exposed
proximal epiphysis

Bone 8-9 November 1973 8 March 1974

A, Equus scapula Missing from system No apparent change
B, Equus ulna one-third buried one-half buried
c, Equus radius Missing from system No apparent change
D, Equus metapodial No apparent change two-thirds buried
E, Equus humerus No apparent change No apparent change
F, Equus radius Missing from system .No apparent change

proximal epiphysis
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Table 40. (Continued)

Bone 8-9 November 1973 8 March 1974
G. Equus tibia No apparent change . displaced 80 cm SW

proximal epiphysis
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Table 41. Attitude of specimens in Spring-run bank 
Chihuahua, Mexico.
Only major readjustments are listed.

site B, Ojo del Galeana,

Bone 2-3 February 1973 16-17 June 1973
A, Equus tibia long axis dipping 

one-half buried
2 0°E; twc'-thirds buried

B, Equus tibia long axis dipping 
one-half buried

35°S; No apparent change
c, Equus metapodial long axis dipping 

one-half buried
7 0°S; No apparent change'

D, Equus femur long axis dipping 
one-half buried

50°N; No apparent change
E, Equus femur vertical; mostly buried No apparent change

Bone 2-3 February 1973 16-17 June 1973
A, Equus tibia three-quarters buried nearly buried
B, Equus tibia No apparent change No apparent change
c. Equus metapodial No apparent change No apparent change
D, Equus femur No apparent change No apparent change
E, Equus femur nearly buried No apparent change
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Table 42. Attitude of bones in Spring-eddy site, Ojo del Galeana, Chihuahua, 
. Mexico.
Only major readjustments are listed.

Bone 2-3 February 1973 16-17 June 1973
A. Equus left ramii. horizontal, emergent horizontal, submergent
B, ?Equus rib horizontal, submergent; 

exposed on coarse clastic 
bed

No apparent change

c, ?Equus rib horizontal, submergent; 
exposed on coarse clastic 
bed

broken; one portion ver
tical, emergent, other 
horizontal, submergent

D, Equus lumbar horizontal, emergent; ex
posed on coarse clastic 
bed

displaced ca. 1 m S with 
current

E, ?Equus rib horizontal, submergent; 
exposed on coarse clastic 
bed

partially emergent

F, ?Equus rib horizontal, submergent; 
exposed on coarse clastic 
bed

No apparent change

G, ?Equtfs"rib vertical, submergent; 
mostly buried in coarse 
clastic bed

horizontal; displaced 
25 cm E

Hf Equus right ramii vertical on ascending 
ramus; mostly buried in 
bank sediments

burial progresses

I, Equus thoracic Not present resting on side with spine 
horizontal and buried in ... 
bank

J, ?Equus rib Not present horizontal, submergent; ex
posed on coarse clastic bed
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Table 42. (Continued).

Bone 8-9 November 1973 8 March 1974
A, Equus left ramii dp2 , dp3 dissociated; dp2 overturned

missing from system; sym
physis rotated 60°

B, ?Equus rib rotated 90°N, parallel to one-half emergent, one-half
current direction submergent; partially 

buried
c. ?Equus rib first portion missing displaced 1 m SW with

from system; second por
tion without apparent 
change

current

D, Equus lumbar Missing from system exhumed; horizontal, sub
mergent; mostly buried

E, ?Equus rib __ broken, vertical in 90° rotation with current;
coarse clastic bed; 
one-half emergent

horizontal

F, ?Equus rib displaced 50 cm NW 
counter to current

partially buried
G i ?Equus rib turned over and rotated No apparent change

90°W
H, Equus right ramii horizontal; turned over; 

teeth still associated; 
exhumed

overturned; overturned 
again

I, Equus thoracic Missing from system No apparent change
J, ?Equus rib rotated 60° with current No apparent change
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Tables 39-42 summarize the attitudes of each of the 

bones in each of the study sites on the four occasions 
that observations were recorded. Initially, the spring-head 
site was characterized by emergent and submergent bones on 
or in a sandy silt bed. With but one exception, the bones 
were horizontal. Spring-run bank sites A and B were char
acterized by bones in various stages of burial and with 
varying orientations. Sediments were moist, soft and richly 
organic. It was apparent that animal drinking activity 
influences bone orientations and burial at spring-run bank 
sites. The spring-eddy site combined features of spring
head and spring-run bank sites. Near-bank and bank sedi
ments were moist, soft and richly organic. The substrate 
in the middle of the eddy was coarse clastic. Bones on 
this substrate were submerged, generally exposed and, with 
two exceptions, horizontal. It was apparent that this 
coarse substrate is burial-impeding under the processes 
operating in the spring-eddy.

The dominant action (cumulative) inferred on 16 
June 1973 which had the greatest net effect since 2 
February was exhumation of many specimens concomitant upon 
reduced spring discharge and general summer drying of the 
organic sediments. In the spring-head site, the water 
level had fallen, shorelines were emergent and the organic 
hummocks in the head area were drying. Water depth was



generally less than 3 cm; current velocity was 15 m/min. 
Reduced discharge was confined in several shallow, narrow 
channels which bifurcated and anastomized as discharge 
proceeded to the small run leading from the head ar6 a. The 
reduced flow transported only the fine sediment and left 
sand, gravel and bones as a lag concentrate. As these 
channels meandered across the floor of the spring-head 
area, they eroded fine sediment from one loci and deposited 
it at another. Thus, while net exhumation (erosion) 
represented the sum of these small-scale point-bar pro
cesses, burial (deposition) occurred in several instances. 
These processes coupled with general drying of the organic, 
mat have exhumed many of the bones, buried several others 
and had exposed bones not observed on 2 February. Bones 
L and M, lying on the bank adjacent to the spring head, 
had been destroyed, presumably as a result of animal 
activity. At both spring-run bank sites general summer 
drying of the organic sediments combined with animal 
activity at water stations accounted for the readjustments 
in the distributions of bones since 2 February. Rotations 
and displacements of specimens seem to confirm animal 
activity as an important factor in taphonomic processes 
influencing the Ojo del Galeana thanatocoenosis. In the 
spring-eddy site, the effect of the drying organic sedi
ments was also apparent. Water depth was less than 6.5 cm,
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current velocity was 20 m/min. Two newly exposed bones 
were presumably previously buried. Two displacements 
suggest either current transport or animal disturbance.
One broken rib is attributed to the latter agency.

The third visit, on 8-9 November 1973, occurred at 
a time of increased discharge relative to the conditions 
just discussed for 16 June. This increase in discharge 
was manifested in greater depths and increased velocities 
in spring-runs and in the development of marsh mat and wet 
hummocks in spring-heads, eddies and along ̂ spring-run 
banks. The dominant, cumulative action affecting bones 
in the spring-head site since 16 June had been rotational 
adjustments to varying current directions and competencies 
as well as progressive burial under the influence of in
creased discharge and greater sediment availability. A 
quaking mat had formed on the northeast and east sides 
of the spring-head area; within the head area, large 
hummocks were reestablished. In at least one case, hummock 
growth had encroached upon and buried a specimen. Though 
discharge had increased, flow toward the small run fol
lowed its former small channels. Meandering of these 
channels across the floor of the spring-head continued, 
and had resulted in net burial in many instances. Re
adjustments of bones in the spring-run bank site A further 
documented the effects of animal activity at this well
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trafficked watering station. Two bones had been removed and 
one readjusted by animal milling. At spring-run bank site 
B, the dominate cumulative factor had been the increased 
wetting of the sediments over their previous dry state. 
Swelling of the organic sediments with moisture and growth 
had resulted in net burial of two specimens. The changes 
observed in the distribution of bones in the spring-eddy 
site are particularly interesting. Among the ten bones 
under observation here were eight instances of readjust
ment. These readjustments had been influenced by two major 
processes, including CD changing current regimes r either 
with consequent specimen translation or rotation with the 
current about an anchored point and (2 ) animal disturbance 
for those readjustments which have been counter to the 
current direction. These processes have combined to pro
duce the net readjustment of af least one specimen (Bone 
G). An extreme example of the first process is documented 
by the lagging, free teeth of Bone A.

The final visit on 8 March, 1974, occurred at a 
time of decreased spring discharge in the study sites 
relative to their previous conditions. This decrease was 
manifest in shallower depths and decreased velocities in 
spring runs, in the drying of previously emergent marsh 
mat and wet hummocks in spring-eddies, in the drying of the 
bank sediments along the spring runs and in the emergence



302
of marsh mat and wet hummocks in spring heads concomit
tant with fewer active discharge loci in these regions. In 
the spring-head site the dominant cumulative actions 
effecting the bones since 8 November had been readjustment 
of orientations under the influence of animal activity and 
their progressive burial under the influence of emerging 
organic hummocks and encroaching marsh mat, animal activity 
and greater sediment availability. In the latter case 
trapment of aeolian sediment must be considered as a sedi
ment source. Throughout the occasion of the final visit 
a strong, gusting and hot wind, carrying an annoying 
suspended load of silt, prevailed from the WSW. Where 
trapped by the encroaching marsh mat in the spring-head 
site, aeolian sediment would seemingly contribute to the 
burial of bones within the marsh mat. Changes observed
in the distribution of bones in the spring-run bank site A
reflected both animal activity and progressive burial, the 
latter possibly aided by the former; changes, in the dis
tribution of bones in the spring-run bank site B were due 
primarily to the cumulative drying of the organic sediments, 
particularly the summits of hummocks. Animal disturbance 
continued as a major process in the readjustment of bones 
in the spring-eddy site, and may have been the major pro
cess. Of all readjustments, only one (Bone C) is com
patible with current directions; the five remaining
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readjustments reflect animal disturbance. Animal dis
turbance was interpreted as the principal factor in the 
two instances of partial burial (actually embedding) in 
the coarse, clastic eddy bed (Bones B and F), and is also 
indicated in at least one instance of exhumation (Bone E).

In summary, current direction and competency are 
important factors influencing the Ojo del Galeana thanato- 
coenosis, particularly in the spring-head site. They are 
not the major factors effecting bones in the spring-eddy 
site, however, and are not significant, over the period 
of observation, in the spring-run bank sites. Particularly 
in the spring-eddy and spring-run bank sites but also in 
the spring-head site after the addition of the juvenile 
Bos (see below) animal activity exerted a major influence 
in bone distributions. The agency of animal activity 
operates in three ways, including (1 ) by being an agent for 
burial (embedding), (2 ) by being an agent of exhumation
and (3) by altering orientations while bones are still 
exposed and subject to weathering. Finally, emerging 
organic hummocks, encroaching marsh mats and swelling bank 
sediments, under the influence of increased discharge 
provide trapment areas for allochthonous aeolian sediment 
and are themselves agents for authigenic organic sediment 
deposition. It is important for an understanding of the 
depositional environment at 0jo del Galeana to note that
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marsh mat development also occurred during times of re
duced spring-head discharage concomitant with exposure of 
the bottom.

The skeletal elements which formed the basis for 
the above discussion were already widely dispersed at the 
commencement of the period of observation. Shortly before 
the time of the third visit on 8-9 November, 1973, the 
carcass of a juvenile Bos was added to the spring-head 
site. The animal was recently dead, bloated and in the 
early stages of putrefaction. The skin was intact. Cause 
of death could not be ascertained but it seemed unlikely 
that entrapment was involved as all the limbs were free.
This completely unexpected.event allowed additional observa
tions to be directed toward in situ decomposition and dis
sociation in a spring environment. Upon the occasion of 
the final visit, on 8 March, 1974, this carcass was 4 months

r ■ • ' .'
old. The soft tissue was mostly decomposed; only dried 
skin, cartilaginous connective tissue and bones remained.
The skeleton was largely dissociated (Fig. 31). The skull 
was observed resting on the palate on fine substrate in the 
spring-head site, emergent above the alveolar border.
There was no soft tissue adhering. The left and right 
dentaries, each containing dp2-4 with ml erupting, were 
observed ca, 80 cm WNW of the skull. They were adjacent 
but separated at the symphysis. No soft tissue was adhering.
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Figure 31. Plan view of juvenile Bos bone dispersal in and adjacent to 
the Spring-head site, Ojo del Galeana, Chihuahua, Mexico.
8 March 1974. Schematic. 305



The bulk of the skeleton, but with limbs absent, was con
centrated , in , but somewhat scattered about, the 1 . m x 
1  la area where the animal was first observed the previous 
November. The bones did not reflect Voorhies* (1969a:69) 
dispersal groups and implied that current competency in 
the spring-head site since 9 November had been insufficient 
to transport even the most dynamic of the elements (ribs 
and vertebrae) any but short distances. One humerUs, 
missing the proximal end, was located on the adjacent bank 
surface ca« 1 m south of the bone concentration. There 
was no adhering soft tissue. The other humerus could not 
be relocated. The podiais and metapodials of one limb, 
articulated and still bound with connective tissue, were 
observed ca, 4 m  HSW of the skull on the adjacent bank 
surface. The pelvis and attached sacrum was located ca.
4 m further in the same WSW direction. Tooth marks were 
abundant on the posterodorsal surface of the right ischium 
and along the anterior edge of the right ilium. The right 
femur, with no soft tissue adhering, was located ca. 2 m 
WSW of the pelvis, continuing the straight path of dispersal 
out of the spring-head and away from the bone concentration 
area. The left femur was found ca, 4 m north of the skull. 
There was no adhering soft tissue.

The dissociation and dispersal of the remains of 
this individual clearly reflect carnivore (PCanis) activity.
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Remains are dispersed in a straight WSW line out of the 
spring-head area and, together with tooth marks on the ; 
pelvis, suggest carnivore removal of remains from the.low, 
wet spring-head to adjacent drier and higher areas for 
eating and guarding. Remains so dispersed are removed from 
the deposftional environment and, unless secondarily re
deposited, would not seemingly find their way into the 
lithosphere. This event would lower the relative abundance 
of certain elements in the thanatocoenosis and would impart 
no direct evidence of carnivore activity.

Conclusions
Ojo del Galeana is a composite of mixed thanato- 

coenoses, containing autochthonous (?Kinosternon) and near- 
authochthonous (Equus and Bos) animal remains in the 
spring-head site but only the latter in the spring-run 
bank sites and in the spring-eddy site. Traces attributed 
to PCanis occur adjacent to the spring-head site.

Using the developing Ojo del Galeana thanatocoenosis 
as a modern analogy for several spring depositiona1  environ
ments, Table 43 presents accumulational models which pre
dict the expression of various features in (1 ) spring-head 
sites, (2) spring-run bank sites and (.3) spring-eddy sites. 
Each of the three spring contexts is separable on the basis 
of features of their geological and biological frameworks.



Table 43, Characteristic expressions of features in Ojo 
del Galeana, Chihuahua, Mexico,

Feature Spring-head site . .
Geological
Stratigraphic context sequence of authigenic clayey

peat and aeolian silt
Fabric appositional
sedimentary framework closed; consistent with quiet

waters
clastic ratio low
orientation majority of specimens oriented

' with long axes parallel to
bedding plane

Biological
Faunal composition autochthonous and near-

autochthonous assemblages of 
species

Morphological composition heterogenous shapes and sizes
preserved; consist mainly of 
most durable parts 
in situ
high; low proportion of ar
ticulated remains 
low; moderate proportion of 
remains are fragments 
various states of modification 
represented; consistent with 
varying periods of exposure 
frequency of dissociated ele
ments decreasing in order of 
size or density
consistent with varying periods 
of exposure and animal activity 
not conforming to an ideal dis
tribution for an indigenous 
population 

Mortality attritional

Decomposition
Dissociation
Fragmentation
Surface condition of 

specimens
Relative abundance

Selective actions
Age structure of 

dominant species
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Table 43, (.Continued!

Feature Spring-run Bank Sites
Geological
Stratigraphic context as in spring-head site
Fabric as in Spring-head site
sedimentary framework as in spring-head site
clastic ratio as in spring-head site
orientation variable

Biological
Faunal composition near-autochthonous assemblage
Morphological composition as in spring-head site
De compo s i t ion allochthonous
Dissociation no articulated remains
Fragmentation low proportion of remains are

fragments
Surface condition of as in spring-head site

specimens
Relative abundance as in spring-head site
Selective actions as in spring-head site
Age structure of

dominant species as in spring-head site
Mortality no general expectations are

warranted
Feature Spring-eddy Site ... ...
Geological
Stratigraphic context lagging elastics (coarse sand,

gravel)
Fabric as in spring-head site
sedimentary framework open; intact
clastic ratio high
orientation as in spring-head site

Biological
Faunal composition as in spring-run bank sites
Morphological composition Voorhies (1969a) Group I and

Group III
Decomposition as in spring-run bank sites
Dissociation as in spring-run bank sites
Fragmentation as in spring-head site
Surface condition of as in spring-head site

specimens
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Table 43. (Continued}

Feature Spring-eddy Site
Relative abundance 
Selective actions

Age structure of 
dominant species 

Mortality

Voorhies (1969a) Group I and 
Group III
as in spring^head site; poten
tial current sorting is indi
cated
as in spring-head site 
as in spring-head site



It is apparent that features of the spring-head site at 
Ojo del Galeana, though of a differing degree, are of a 
generally similar kind as those reflected in the Boney 
Spring thanatocoenosis.
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