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APPENDIX B: Descriptions of Paleontological Localities

The purpose of Appendix B is to describe and record the setting and history of
investigation at each of the paleontological localities included in this thesis, as formal site
reports or publications do not exist for some of the fossil material. Information for each
paleontological locality includes: location, geomorphologic context, and history of
research. Descriptions of the fossil material are provided appendices C-E.

Hillsboro Locality (UO Locality 2666/ UWBM Locality C0139)

The Hillsboro Locality is located in Washington County (Figure 5.2), two miles
west of Hillsboro, Oregon. The Locality is situated in Section 50, of Township 1 South,
Range 3 West, of the Forest Grove Quadrangle, in the Tualatin Valley, a sub-basin in the
northwest portion of the Willamette Valley. It is located an elevation of ~59 m (180 ft)
on a floodplain between Dairy Creek and Council Creek, 1¥2 miles north of the Tualatin
River.

A report on the recovery of the fossil material was prepared in the late 1970s by
Dr. Laurence R. Kittleman of the UO MNCH. This report was submitted to the UO
MNCH under accession Numbers 315 and 324. Unfortunately, this report is missing
from the Museum’s archives and no copy is known to exist. The following information is
gleaned from copies of Kittleman’s personal records (correspondence with collaborators,
radiocarbon report sheets, and miscellaneous documents) that he provided during a
personal interview in October of 2009.

The Hillsboro Locality faunal remains were discovered in the mid-1970s when
farmhands were constructing an agricultural drainage system. The landowner notified the
University of Oregon of the discoveries and he eventually donated his collection of
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faunal materials to the UO MNCH. On different occasions, researchers from both the
University of Oregon and the University of Washington visited the Hillsboro Locality.
They collected osteological specimens from spoils spread beside the discovery site and
recorded the stratigraphy of the drainage ditch (Kittleman 1976a, 1976b; Barnosky 1978).
Fossil materials are currently curated at both the UO MNCH and the UWBM.

The faunal materials were recovered from the bottom of a peat bog deposit.
Kittleman alternately reported this bog deposit to have been situated approximately 10 ft
or 4 m beneath the surface (Kittleman 1975, 1976b, 1976c) and spread over a linear
distance of at least 150 m. Researchers from the University of Washington’s Quaternary
Research Center (QRC) also visited the Hillsboro Locality and described the stratigraphy
of the Hillsboro Locality (Barnosky 1978). Their stratigraphic sequence is presented in
Table B-1. They placed the fossil material at depths between 1.8-3.7 m (6-12 ft), in
Stratum 2, which corresponds with Kittleman’s documents.

Kittleman’s limited records suggest the peat bog contacts the Winkle Surface; but
unfortunately, separate documents cite the peat bog as either overlaying or underlying the
Winkle Surface (Kittleman 1976c¢, 1976d). Balster and Parsons (1968) described the
Winkle Surface as exhibiting the morphology of abandoned flood plains of aggrading
streams. In some areas of the Willamette Valley, Balster and Parsons indicated that the
final stage of the formative process of the Winkle Surface is represented as former
lakebeds that became inundated with peat or muck deposits. While O’Connor et al.’s
(2001) study did not extend into the Tualatin Basin where the Hillsboro Locality is
located, they suggest the Winkle Surface in other parts of the Willamette Valley post-
dates the Missoula Floods. The Winkle surface is latest Pleistocene (post-Missoula
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Flood) in origin. The age of the fossil material recovered from the Hillsboro Locality
relative to O’Connor et al.’s estimated age of the Winkle Surface indicates that the peat

deposits were formed over the Winkle Surface, not below it.

Table B-1. Stratigraphic Description of Hillsboro Locality (adapted from Barnosky 1978)

Stratum  Approximate Description Comments
Depths (in feet)
1 00-15 soil or colluvium with organic base
2 15-11 organic silt w/fine detritus peat, dark Fossil material recovered
organic clays, and silts, fossil beetle from this stratum
elytra
3 11 - unknown gray clayey silt

Skeletal elements of a mammoth (Mammuthus sp.), a Harlan’s ground sloth (P.
harlani), and the extinct bison, B. antiquus, were recovered from this location. Kittleman
submitted two conventional radiocarbon samples to the radiocarbon laboratory at
Washington State University, the first radiocarbon estimate was rendered from collagen
extracted from 3 cervical vertebra of the mammaoth and second from peat recovered from
within the cranium of the bison (Table B-2). This study procured an additional three
AMS measurements on bone collagen from each of the three individual animals (Table
B-2). Associated bone chemistry and stable isotopic values of each sample were included

in Table 5.4.
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McMinnville Mammoth Locality (UO 3067)

The McMinnville Mammoth Site is located in the city of McMinnville, Yamhill
County, Oregon (Figure 5.2). The Locality is located on city land adjacent to the South
Yambhill River, in Section 81 of Township 4 South, Range 4 West, of the McMinnville
Quadrangle, at an elevation of approximately 12 m (40 ft).

Over the last 20 years, a local avocational group has worked to identify, recover,
preserve, and document the late Pleistocene paleontology in the vicinity of the city of
McMinnville. The group periodically consults with professional scientists. Known as
the “Yambhill River Pleistocene Project,” it is directed by a retired police officer, Mr.
Mike Full. Full serves as the custodian of the paleontological materials and
representative of the city of McMinnville in this matter. He has lived in the McMinnville
area his entire life and has worked to document its history since his first discovery of a
fossil as a small boy. Information documenting the history of the study of the mammoth
and other fossil localities in the McMinnville area is available on Full’s website at

www.yamhillriverpleistocene.com.

In 1991, Full discovered the bones of a large animal protruding from the bank of
the South Yamhill River (Lysek 1999). He alerted Dr. William Orr, then a professor in
the Department of Geological Sciences at the University of Oregon. Dr. Orr and Full
subsequently brought the find to the attention of Dr. Robson Bonnichsen, then the
director of the Center for the Study of the First Americans at Oregon State University.

Since 1991, a series of excavations has been carried out at the McMinnville
Locality. Excavations were conducted every summer from 1991-1998, and continued in
2007 and 2009. The report from the 2007 field season (Stenger and Fitzsimons 2007)

147


http://www.yamhillriverpleistocene.com/

indicates that eleven 1m x 1m units were employed. Some combination of 1m x1m and
1m x 2m were employed for a total of 11 units in the 2009 field season (Stenger 2010a).
Volumes excavated and maximum depths of units are not offered. A partial skeleton of a
Columbian mammoth (M. columbi) and a distal fragment of a left tibia of bison were
recovered from this site.

Three documents recount aspects of the paleontological investigations over the
past 19 years. Bonnichsen et al. (2002) presented a conference paper that outlined the
taphonomy, stratigraphy, and radiocarbon dating of the McMinnville Mammoth. Stenger
and Fitzsimons (2007) and Stenger (2010a) prepared brief preliminary summaries of
subsequent field investigations.

The McMinnville Mammoth was discovered in an eroding vertical wall in the
right (eastern) bank of the South Yamhill River. Bonnichsen et al.’s (2002) stratigraphic
description and interpretation are presented in Table B-3. According to this report, the
fossil materials were recovered from a late Pleistocene terrace deposit in the upper
portion of Stratum IV. Stratum IV is remarked to have been a stratigraphic layer
approximately 6 m in depth that contained a high organic content that included woody
debris, bark, and limb and tree trunks (Bonnichsen et al. 2002:7). They interpreted
Stratum IV to represent a flood plain deposit. According to Bonnichsen et al. (2002), this
stratum is situated beneath Missoula Flood deposits, which in turn would show an origin

prior to ~20,000 cal BP.
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Table B-3. McMinnville Mammoth Site Stratigraphy (adapted from Bonnichsen et al. 2002)

Stratum  Description Interpretation Comment
I Approximately 2 m thick, composed  Seasonal overbank flooding, Holocene
of overbank deposits and top soil. in age.

I Complex of 30 alternating strata of Rhythmic, banded alluvial deposits,
three laminated soil types: (1) light possibly associated with the last
gray silty loam, (2) red to dark red Missoula Flood event.
loam, and (3) yellow brown loam.

Il Variably stratified, massive, weakly ~ Sands and gravels indicating a period
cemented sand and gravel unit. of greater moisture and higher stream
flow than present, age unknown.

——————— Unconformity. (no details provided)
v Blue black sandy, silty loam, with Anaerobic blue to black sandy loam Fossil
some clay present. indicating a low energy depositional materials
environment. recovered
from this
stratum

Bonnichsen et al. (2002) analyzed of the fossil material, determined species, and
recorded the condition of the mammoth bones. Bonnichsen and colleagues obtained an
AMS radiocarbon assay that returned an infinity date of >46,400 BP (CAMS-77878)
(Table B-4). Subsequent excavations (Stenger and Fitzsimons 2007; Stenger 2010a) over
the last decade have resulted in the recovery of additional mammoth remains. This study
acquired an additional AMS measurement on bone collagen (UCIAMS80993) that
returned an infinity date of >51,700 BP (Table B-4). Bone chemistry and stable isotopic

values were presented in Table 5.4.

Table B-4. Radiocarbon Dates for the McMinnville Mammoth (UO MNCH # pending)

Lab # Measured  Error 2 SD Calibrated  Reference

Age (MC (YC Age Range (cal

BP) age) BP)
CAMS-77878 >46,400 n/a n/a Bonnichsen et al. 2002
UCIAMSB80993 >51,700 n/a n/a This thesis
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McMinnville Bison Locality (UO # pending)

The McMinnville Bison Site is located in the city of McMinnville, Yambhill
County, Oregon (Figure 5.2). The Locality is located on city land adjacent to the South
Yambhill River, in Section 81 of Township 4 South, Range 4 West, of the McMinnville
Quadrangle. This paleontological locality is located 33 m upstream (south) of the
previously discussed McMinnville Mammoth Locality (UO 3067) at an elevation of
approximately 12 m (40 ft).

The history of research at the McMinnville Bison Locality is linked to the
recovery of the McMinnville Mammoth. During an iteration of excavation at the
McMinnville Mammoth in 2007, the bones of another animal were discovered protruding
out of the bank of the South Yamhill. Stenger and Fitzsimons (2007:4-5) excavated six 1
m X 1 m excavation units in vicinity of the original fossil remains seen obtruding from the
river bank and succeeded in recovering several elements of a bison. Excavations at this
locality yielded four osteological specimens, two of which were preliminarily identified
as B. antiquus (a right femur and a cervical vertebra) and two that were only minimally
identifiable as a possible vertebra and a possible rib (Yamhill River Pleistocene Project
2010). As with the aforementioned McMinnville Mammoth, additional information
documenting the history of the recovery of this bison and other fossil localities in the

McMinnville area are available on Full’s website at www.yamhillriverpleistocene.com.

The McMinnville Bison was found in an eroding vertical wall in the right
(eastern) bank of the South Yambhill River. This is the same stretch of riverbank that
Bonnichsen et al. (2002) described as a late Pleistocene terrace deposit. Stenger and
Fitzsimons (2007) presented a brief description of the strata they recognized (Table B-3).
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The fossil materials were recovered from Stratum 6B, described as a fine grained silty-
sand with light clay. This stratum is situated beneath Missoula Flood deposits, indicating
an origin in excess of ~20,000 cal BP. In this study, a single AMS measurement was
assayed on bone collagen (UCIAMS80992). It returned an infinity date of >51,700 BP.

Bone chemistry and stable isotopic values were presented in Table 5.4.

Table B-3. Stratigraphy of the McMinnville Bison Locality (adapted from Stenger and Fitzsimons
2007:14)

Stratum  Description Comments
1 Topsoil — silty clayey loam to silty loam

2a Silty clay — FeO & fine grained; unsorted gravel

2b Very fine grained, high Fe content

3 Clayey loam - med. brown to gray with thin mica

4a Silty sand- med. brown, partly sorted 0.5-2.5 cm

4b Gravel — very dense FeO, 0.5 - 3.0 cm

5a Silty Sand — very fine grained, <0.3-2.0 cm

5b Gravel — FeO rich, <0.3 - 2.0cm

5¢c Silty sand- med. brown wi/clay pockets, <0.5-3 cm

6a Silty clayey sand — within cobble layer

6b Silty sand — very fine grained w/ light clay Bison recovered from this stratum
6c Sand — dark gray, with mica & quartz grains

McMinnville Sloth Locality (UO Locality # pending)

The McMinnville Sloth Locality is located in the city of McMinnville, Yamhill
County, Oregon (Figure 5.2). The paleontological locality is situated on city land in the
bank of the South Yambhill River, in Section 68 of Township 4 South, Range 4 West, of
the McMinnville Quadrangle at an elevation of approximately 18 m (60 ft).

Two boys discovered a fossil while they were playing in the South Yamhill River
several years ago. The boys’ brought the find to the attention of their father. Their father
in turn notified the previously discussed Mr. Mike Full, director of the Yamhill River
Pleistocene Project.

Only minimal information regarding the geologic context of this specimen is

known. The fossil was found >15 m below the modern surface protruding out of the left
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(western) bank of the South Yambhill River. The site was revisited by myself in
September of 2010 in an attempt to learn more about the stratigraphic context and to
ascertain if additional elements were present in the eroding bank of the river.
Unfortunately, there were unusually high levels of rainfall in the Willamette Valley
during the summer of 2010, and the locality was not accessible. Given the minimal
geologic information currently available for this specimen, it was possibly not an ideal
specimen to include in this study. However, the age range of this specimen encompasses
the date for the first Missoula Flood (~20,000 cal BP). The age of the Missoula Floods
are not well constrained as it is rare to find radiometrically dateable material in
association with Flood deposits. As such, if additional material can be recovered from
the McMinnville Sloth Locality, this paleontological locality has the potential to make a
significant contribution to the natural history of the Willamette Valley.

The right humerus of a Harlan’s ground sloth (P. harlani) was recovered from this
locality. In this study, a single AMS measurement on bone collagen was procured for
this specimen (UCIAMS80994). It returned a radiocarbon age of 16,620+£60, with a
calibrated range of 20,064-19,479 cal BP (Table 5.5). Bone chemistry and stable isotopic
values were presented in Table 5.4.

Pratum-Rutschman/Qualey Locality (UO locality # pending)

The PRQ Locality is located in the community of Pratum, Marion County,
Oregon (Figure 5.2), near Howell Prairie between the towns of Salem and Silverton, in
Section 6 of Township 7 South, Range 1 West, in the Stayton NE Quadrangle. Itis
located an elevation of ~64 +3 m (~209 ft) in the Pudding River watershed (Barton and
Cearley 2008).
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The PRQ Mammoth was discovered in 1967 by Roy Rutschman and Norm
Qualey during a backhoe excavation for a farm pond on Rutschman’s property. The men
uncovered several elements of a Columbian Mammoth (M. columbi), which have
remained in the custody of the discoverers’ families since that time. An article
documenting this mammoth was recently published (Barton and Cearley 2008), the first
article documenting Willamette Valley megafauna to appear in a peer-reviewed journal in
over half a century (Hansen and Packard 1949). In conjunction with this thesis, a portion
of the fossils have been donated by the Rutschman family to the UO MNCH.

The paleontological site sits on a low terrace of the Pudding River. This terrace is
in turn situated at the base of a riser to another terrace. Geologically, the area is primarily
identified as the main body of fine-grained Missoula Flood deposits (O’Connor et al.
2001). In addition, along the banks of streams, O’Connor et al. cite the presence of
Holocene and upper Pleistocene deposited alluvium consisting of unconsolidated clay,
silt, and minor gravel. The paleontological materials were contained within a bog that
developed on a depression in Missoula Flood deposits (Cearley 2008).

Cearley (2008) reconstructed the stratigraphic context of the fossil find. An
original account of the discovery of the megafauna remains stated that the fossils were
unearthed at a depth of between 1.8-2.4 m (6-8 ft) below the surface from a peat bog
deposit (The Silverton Appeal 1967). Based on field visits to the locality and
observations at a nearby cutbank of the Pudding River, Cearley (2008) noted two
stratigraphic units: a light brown sandy loam extending from the surface to a depth of

approximately 2 m and a dark brown silt or clay that extended below the water level.
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Cearley placed the megafauna remains at the interface of the two layers, 2 m (6.5 ft)
beneath the surface.

Barton and Cearley (2008) assigned the remains to M. columbi based on
morphometric analysis of the molars. Based on epiphyseal fusion, the PRQ Mammoth
appears to be a mature adult. Their metric analysis of the molars indicated the animal to
be 24.54+3 African Elephant Years in age at death, placing it in the “early prime adult”
social group. They submitted a sample of dentine from the last dental plate of one of the
molars to the Waikato Lab for radiometric and stable isotopic analyses. This sample
returned an AMS date in uncalibrated radiocarbon years of 12,023+77 BP (Wk-21807),
with a calibrated age range of 14,081-13,706 (Table 5.5, Figure 5.4). Bone chemistry and
stable isotopic values were presented in Table 5.4. An attempt to re-date the PRQ
Mammoth during this study did not yield sufficient collagen.

Tualatin Locality (UO 2840)

UO Locality 2840 lies within the limits of the City of Tualatin, Washington
County, Oregon (Figure 5.2). This paleontological locality is situated in Section 24 of
Township 2 South, Range 1 West, in the Beaverton Quadrangle. The paleontological
locality is located approximately 450 m south of the Tualatin River and 100 m north of
Nyberg Creek. Currently, the Tualatin Locality lies under the south end of a paved
parking lot of a Fred Meyer shopping center. It is situated on the floodplain of the
Tualatin River, a tributary to the Willamette River. The site lies at an elevation of ~36 m
(120 ft).

History of the discovery and excavation is known from records kept by Yvonne
Addington, a longtime board member of the Tualatin Historical Society (THS) and
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retired Tualatin city manager. Ms. Addington has labored for many years to preserve all
relevant information regarding the Tualatin Mastodon and its recovery, such as photo-
documentation of its excavation, the original account of its recovery (George and Sund
1962), and interviews with original discoverers. The following is drawn from her work
(Addington 2006) on file at the Tualatin Heritage Center.

In the late 1940s, Tualatin Town Constable Charlie Roberts discovered three
molars of a mastodon less than 1 foot below surface while digging an irrigation ditch on a
friend’s property. For years thereafter, Constable Roberts displayed the molars in his
home, utilized one molar as a doorstop, and often related the story of his findings to the
local populace. In 1962, two undergraduates at Portland State University (PSU), John
George and Ron Sund, decided to retrieve the remainder of the mastodon skeleton as part
of their final project in a “Geology of Oregon” class at PSU, based on location
information provided by Constable Roberts.

In April of 1962, they recovered what would become known as the “Tualatin
Mastodon” and presented a report on their project as their final term paper at PSU
(George and Sund 1962). George and Sund recovered the axial elements (minus cranium
and mandibular elements) and the left appendicular elements of the Tualatin Mastodon.
They noted the presence of cranial fragments and were not able to locate any of the right
appendicular elements. George and Sund stated that the possibility existed that additional
elements could be present in the area. Time and weather constraints prevented them from
conducting a more extensive program of subsurface exploration in the area.

Since its recovery, the Tualatin Mastodon was displayed/stored in a variety of
locations. Initially, most of the Mastodon was put on display at PSU while George
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maintained possession of a tusk and two molars as his personal property (Addington
2006). In 1973, PSU transferred possession of the skeleton to the City of Tualatin in care
of Yvonne Addington who kept it in storage at the City Public Works until 1982. From
1982-1991, the Tualatin Mastodon was stored at the Washington Park Zoo in Portland.

In 1991, the zoo transferred ownership to the THS.

Upon attaining ownership of the Mastodon, the THS sought to preserve, study,
and display it. The THS raised money to hire a paleontologist, Robert Linder of the
Department of Geological Sciences at the University of Oregon, to prepare the Mastodon
for display in Tualatin City Hall. Linder preserved, articulated, and briefly described the
specimen (Linder 1992).

The Tualatin Mastodon was displayed in City Hall until it was transferred to the
City’s newly completed library in 2009. The articulated skeleton is the centerpiece
display of the recently renovated Tualatin Public Library, located at 18880 SW
Martinazzi Avenue, Tualatin, Oregon, 97062. The Tualatin Mastodon represents a
tremendous source of civic pride for the local community.

Minimal documentation exists that describes the stratigraphic profile of the site.
George and Sund’s excavation located portions of the Mastodon at depths between ~1-
1.5 m (3.5-5 ft) below the surface. George and Sund (1962) did not describe stratigraphy
in detail but made brief notes and photographed their progress during the course of the
excavation (Addington 2006). Prior to commercial development over the past several
decades, the area in which the Tualatin Mastodon was recovered was described by local
residents as “mucky swamps” (Addington 2006). Linder notes that the Mastodon
skeleton was “apparently mired in the muck of a swampy peat bog” (Linder 1992:1). The
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Figure D-21. Anterior view of right humerus of McMinnville
Paramylodon harlani (UO MNCH # pending).

Figure D-22. Posterior view of right humerus of McMinnville
Paramylodon harlani (UO MNCH # pending).

Figure D-23. View of acetablulum of pelvis of
Tualatin Mammut americanum (UO MNCH #
F-30282).
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Figure D-24. Dorsal view of mandible of McMinnville Mammuthus columbi
(UO MNCH # pending).

Figure D-25. Dorsal view of occlusal surface of molar of McMinnville
Mammuthus columbi (UO MNCH # pending). This skeletal element

was not sampled for specialized analyses, but taxonomic assignment was
based upon character of molars.

Figure D-26. Ventral view of rib of Hillsboro Mammuthus sp.
(UO MNCH # F-29247).
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APPENDIX E: Metric Documentation of Fossil Material

Table E-1. Measurements of Hillsboro Locality (UO 2666) bison cranium (Bison antiquus
- UO MNCH # F-29240)

Measure Reference Measurement
(millimeters)

1 Spread of horn cores, tip to tip McDonald 1981:43-47 911

3 Horn core length, upper curve, tip to McDonald 1981:43-47 265
burr

5 Straight line distance, tip to burr, dorsal ~ McDonald 1981:43-47 249
horn core

6 Dorso-ventral diameter, horn core base ~ McDonald 1981:43-47 124

7 Minimum circumference, horn core McDonald 1981:43-47 366
base

8 Width of occipital at auditory openings ~ McDonald 1981:43-47 302

9 Width of occipital condyles McDonald 1981:43-47 154

10 Depth, nuchal line to dorsal margin of McDonald 1981:43-47 126
foramen magnum

12 Antero-posterior diameter, horn core McDonald 1981:43-47 118
base

14 Least width of frontals, between horn McDonald 1981:43-47 348
cores and orbits

15  Greatest width of frontals at orbits McDonald 1981:43-47 386

221 Angle of divergence of horn cores, McDonald 1981:43-47 84°

forward from sagittal

Table E-2. Measurements of Woodburn High School Locality (UO 2596) bison cranium
(Bison antiquus - UO MNCH # F-42801)

Measure Reference Measurement
(millimeters)

1 Spread of horn cores, tip to tip McDonald 1981:43-47 910

3 Horn core length, upper curve, tip to McDonald 1981:43-47 279
burr

5 Straight line distance, tip to burr, dorsal ~ McDonald 1981:43-47 241
horn core

6 Dorso-ventral diameter, horn core base ~ McDonald 1981:43-47 99

7 Minimum circumference, horn core McDonald 1981:43-47 307
base

8 Width of occipital at auditory openings ~ McDonald 1981:43-47 349

9 Width of occipital condyles McDonald 1981:43-47 151

10  Depth, nuchal line to dorsal margin of McDonald 1981:43-47 98
foramen magnum

12 Antero-posterior diameter, horn core McDonald 1981:43-47 91
base

14 Least width of frontals, between horn McDonald 1981:43-47 333
cores and orbits

15  Greatest width of frontals at orbits McDonald 1981:43-47 414

221 Angle of divergence of horn cores, McDonald 1981:43-47 82°

forward from sagittal
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Table E-3. Measurements of Woodburn-Legion Park (UO 3038, 3064, & 3867) bison
2" phalanx (Bison sp. - UO MNCH # F-38522)

Measure Reference Measurement
(millimeters)
Gl  Greatest length von den Driesch 1976:98-99 54.06
Bp (Greatest) breadth of the proximal ~ von den Driesch 1976:98-99 44.42
end
SD  Smallest breadth of the diaphysis von den Driesch 1976:98-99 34.08
Bd (Greatest) breadth of the distal end von den Driesch 1976:98-99 39.65

Table E-4. Measurements of Woodburn-Legion Park (UO 3038, 3064, & 3867) bison
mandible (Bison sp. - UO MNCH # F-40523)

Measure Reference Measurement
(millimeters)
Maximum height n/a -134.43*
Maximum width n/a 84.59
Maximum thickness n/a 12.88

* A negative measure indicates that the measurement is a minimum as the skeletal element is incomplete.

Table E-5. Measurements of Woodburn-Legion Park (UO 3038, 3064, & 3867) bison
scapula (Bison sp. - UO MNCH # F-40527)

Measure Reference Measurement
(millimeters)
HS Height along the spine von den Driesch 1976:74-75 -109.89*
Ld (Greatest) dorsal length von den Driesch 1976:74-75 -90.09*

* A negative measure indicates that the measurement is a minimum as the skeletal element is incomplete.

Table E-6. Measurements of McMinnville Bison Locality (UO pending) bison femur
(Bison sp. - UO MNCH # F-pending)

Measure Reference Measurement
(millimeters)
1 Approximate rotational length of the ~ McDonald 1981: 44-51 -342*
bone
2 Antero-posterior diameter of McDonald 1981: 44-51 52.68

diaphysis at right angles to the
transverse minimum
3 Transverse minimum of diaphysis McDonald 1981: 44-51 52.04

* A negative measure indicates that the measurement is a minimum as the skeletal element is incomplete.
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Table E-7. Measurements of Woodburn-Legion Park (UO 3038, 3064, & 3867) horse
terminal phalanx (Equus sp. - UO MNCH # F-37000)

Measure Reference Measurement
(millimeters)

1  Length from the posterior edge of  Eisenmann et al. 1988:68-69 58.38
the articular surface to the tip of
the phalanx

2 Anterior length Eisenmann et al. 1988:68-69 -49.16*

3 Maximal breadth Eisenmann et al. 1988:68-69 73.44

4 Articular breadth Eisenmann et al. 1988:68-69 50.46

5  Articular depth Eisenmann et al. 1988:68-69 28.85

6  Maximal height Eisenmann et al. 1988:68-69 42.63

7 Angle between the sole and the Eisenmann et al. 1988:68-69 47.5°
dorsal line

8 “Circumference” of the sole Eisenmann et al. 1988:68-69 18.70

- Maximal depth Eisenmann et al. 1988:68-69 65.78

* A negative measure indicates that the measurement is a minimum as the skeletal element is incomplete.

Table E-8. Measurements of Woodburn-Legion Park (UO 3038, 3064, & 3867) horse
astragalus (Equus sp. - UO MNCH # F-38518)

Measure Reference Measurement
(millimeters)

1 Maximal length Eisenmann et al. 1988:56-57 71.35

2 Maximal diameter of the medial Eisenmann et al. 1988:56-57 62.23
condyle

3 Breadth of the trochlea Eisenmann et al. 1988:56-57 37.60

4 Maximal breadth Eisenmann et al. 1988:56-57 81.77

5 Distal articular surface Eisenmann et al. 1988:56-57 66.52

6  Distal articular depth Eisenmann et al. 1988:56-57 43.75

7 Maximal medial depth Eisenmann et al. 1988:56-57 -50.66*

- Maximal length from the medial Eisenmann et al. 1988:56-57 59.91

condyle to the most distal point on
the lateral part of the distal
articular surface

* A negative measure indicates that the measurement is a minimum as the skeletal element is incomplete.
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Table E-9. Measurements of Hillsboro Locality (UO 2666) sloth femur (Paramylodon
harlani - UO MNCH # F-29242)

Measure Reference Measurement
(millimeters)

GL  Greatest length von den Driesch 1976:84-85 559

GLC Greatest length from caput von den Driesch 1976:84-85 559
femoris (head)

Bp (Greatest) breadth of proximal von den Driesch 1976:84-85 297
end

BTr  (Greatest) breadth of the region  von den Driesch 1976:84-85 273
of the Trochanter tertius

DC  (Greatest) depth of the Caput von den Driesch 1976:84-85 126
femoris

SD Smallest breadth of diaphysis von den Driesch 1976:84-85 189

CD  (Smallest) circumference of von den Driesch 1976:84-85 454
diaphysis

Bd (Greatest) breadth of the distal von den Driesch 1976:84-85 201
end

Table E-10. Measurements of Tualatin River-Fanno Creek Locality (UO pending) sloth
synsacrum (Paramylodon harlani - UO MNCH # F-pending)

Measure Reference Measurement
(millimeters)
GL Greatest length of the ventral side: from von den Driesch n/a
the cranial borders of the wings to the 1976:71
caudoventral border of the body of the last
vertebra
PL Physiological length, measured between von den Driesch 381
the centers of the bodies of the most 1976:71
cranial and the most caudal vertebrae
GB  Greatest breadth (across the wings) von den Driesch 311
1976:71
BFcr  (Greatest) breadth of the Facies terminalis ~ von den Driesch 139
cranialis (=cranial articular surface) 1976:71
HFcr  (Greatest) height of the Facies terminalis von den Driesch 71
cranialis 1976:71

Table E-11. Measurements of McMinnville Sloth (UO pending) humerus (Paramylodon
harlani - UO MNCH # F-pending)

Measure Reference Measurement
(millimeters)

GL  Greatest length von den Driesch 1976:76-77 -504*
GLC Greatest length from caput (head) von den Driesch 1976:76-77 -493*
Bp (Greatest) breadth of the proximal von den Driesch 1976:76-77 201

end
SD Smallest breadth of diaphysis von den Driesch 1976:76-77 65
Bd (Greatest) breadth of the distal end  von den Driesch 1976:76-77 25.6
BT  (Greatest) breadth of the trochlea von den Driesch 1976:76-77 14.5

* A negative measure indicates that the measurement is a minimum as the skeletal element is incomplete.
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Table E-12. Measurements of Tualatin Locality (UO 2840) mastodon pelvis fragment
(Mammut americanum - UO MNCH # F-30282)

Measure Reference Measurement
(millimeters)
BG Breadth of the glenoid cavity von den Driesch 1976a:74-75 -117*

* A negative measure indicates that the measurement is a minimum as the skeletal element is incomplete.

Table E-13. Measurements of McMinnville Mammoth Locality (UO 3067) molars
(Mammuthus columbi - UO MNCH # F-pending)*

Molar Lamellar Number Mean Width (cm) Length (cm)
frequency of Enamel
Plates Thickness
lower left 7 13 2.85 8.63 214
upper left 7 11 2.87 8.96 18.8
upper 8 12 2.59 7.98 17.7
right

* The fragmented mandible of this individual was sampled for the specialized analyses of this study, not
these molars. Metrics for the molars are provided as taxonomic assignment was based upon dental
characteristics.

Table E-14. Measurements of Hillsboro Locality (UO 2666) mammoth rib
(Mammuthus sp. - UO MNCH # F-29247)

Measure Reference Measurement

(millimeters)
Linear length from dorsal to ventral tip  n/a 1084
Circumference at point of sample n/a 121
extraction
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Methods

Bone samples are prepared following the protocols of Stafford et al. (1988, 1991)
with certain modifications. Bone samples are physically cleaned with an X-Acto
blade or similar to remove adhering sediments. Cleaned samples (200-400mg) are
placed in 20mL scintillation vials and sonicated 15 min in 4mL 1:1
acetone:methanol solution to remove lipids, adhesives, inks, etc. and rinsed with
DI H,0. Samples are demineralized for 24-36 hr in 0.5 N HCI at 5 °C followed by
a brief (<1 hr) alkali bath in 0.1 N NaOH at room temperature to remove humates.
Collagen is rinsed to neutrality in multiple changes of DI H,0, and then
gelatinized for 12 hr at 70 °C in 0.01 N HCI. After rinsing to neutrality with DI
water percent pseudomorph is observed (cf. Stafford et al. 1988, Table 1), and the
sample is lyophilized. Percent collagen yield is determined by weight.

Sample gelatin is pipetted into a pre-cleaned 10ml disposable syringe with an
attached 0.45 um Millex Durapore PVDF filter (precleaned with methanol washes
and rinsed with DI) and driven into a thick-walled culture tube. The filtered
solution is then lyophilized and % gelatinization and yield are determined by
weight. The sample gelatin is then hydrolyzed in 1.5 mL 6N HCI for 22 hr at
110°C. ENVI-Chrom SPE (Solid Phase Extraction) columns are prepped with 2
washes of methanol (2mL) and rinsed with 10ml DI H,O. With a 0.45 pm Millex
Durapore filter attached, the SPE Column is equilibrated with 50mL 6N HCI and
the washings are discarded. 1-5mL collagen hydrolyzate as HCI is pipetted onto
the SPE column and driven with an additional 10ml 6N HCI dropwise with the
syringe into a 20mm culture tube. The hydrolyzate is finally dried into a viscous
syrup by passing N, gas over the sample heated at 50°C for ~12 hr.

Combustion and AMS Measurement.

Radiocarbon samples (~4-5 mg of hydrolyzate) are combusted for 3 hr at 800 °C
in vacuum-sealed quartz tubes with CuO wire and Ag wire. At KCCAMS, sample
CO; is reduced to graphite at 550°C using H, and a Fe catalyst, with reaction
water drawn off with Mg(ClO,), (Santos et al. 2004). Graphite samples are
pressed into targets in Al boats and loaded on the target wheel for AMS analysis.
Radiocarbon ages are 8*3C-corrected for mass dependent fractionation with
measured **C/*C values (Stuiver and Polach 1977), and compared with samples
of Pleistocene whale bone (background, >51k **C BP), late AD 1800s cow bone,
other known age secondaries, and OX-1 oxalic acid standards for calibration.
Stable isotope samples (~0.7 mg) are analyzed on a Fisons NA1500NC elemental
analyzer/Finnigan Delta Plus isotope ratio mass spectrometer with a precision of
<0.1%o for 8**C and 8"N. Percent C, N, and C:N ratios are reviewed to assess
sample integrity.
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