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INTRODUCTION

Dinosaur National Monument is a popular unit of the National Park Service in
northeastern Utah with around 300,000 visitors every year (Johnson, 2017). Its primary attraction
is the Carnegie Quarry (hereafter, simply quarry). With over 300 scientific papers referencing the
quarry it is significant to both lay and scientific audiences. It was opened in 1909 following the
discovery of a string of eight Apatosaurus vertebrae (Neel, 2015). Since then, four institutions
worked the quarry intermittently over a period of several decades. Changes in management of
the excavations and the number of institutions working at the quarry over almost 50 years
complicates documentation of the quarry. This is exacerbated by the lack of a complete quarry
map, the friable nature of some of the original maps, and the distribution of the bones to 16
repositories throughout the United States of America, two in Europe, one in Canada, and one in
South Africa (Appendix A). Below is the documentation for the digitization of the Carnegie
Quarry maps, the input of records into a database and the linkage between map and database.
The consolidated taxonomic, taphonomic, and locational information will then be more readily
available to scientists, the staff of Dinosaur National Monument, and ultimately the general

public. It will facilitate curation of the specimens and future studies.

Abbreviations

CM, Carnegie Museum of Natural History, Pittsburgh, Pennsylvania; DINO, Dinosaur National
Monument, Uintah County, Utah; ROM, Royal Ontario Museum, Ontario, Canada; UU,
University of Utah, Salt Lake City, Utah; USNM, United States National Museum of Natural

History, Washington, D, C.


http://carnegiequarry.com/

BACKGROUND

History of Dinosaur National Monument

On August 17, 1909 Earl Douglass, a paleontologist prospecting for the Carnegie
Museum of Pittsburgh, Pennsylvania, discovered eight articulated Apatosaurus caudal vertebrae
(Douglass, 1909) on public land open to homesteading north of Jensen, Utah (Holland, 1911).
This marked the beginning of a monumental undertaking to uncover a paleontological treasure
trove.

Earl Douglass supervised a Carnegie Museum crew at the site for more than a decade
(1909-1922) (Neel, 2015). During the first several years of excavation the specimens were
shipped to the Carnegie Museum (Neel, 2015). By 1922, the museum’s storage had reached
capacity (Chure, personal commun., 2017). In addition, Andrew Carnegie had died and with that
his funding for the quarry operations dried up (Chure, personal commun., 2017). Subsequently
some of the bones already at the Carnegie were shipped to institutions across North America,
often still in their original crates (Chure, personal commun., 2017). In October of 1915, the
quarry and surrounding land was designated by President Woodrow Wilson as Dinosaur National
Monument (Boyle, 1938). Several years later, in late 1922, the Carnegie Museum stopped
applying for excavation permits for the site (Neel, 2015).

Then a team from the National Museum of Natural History (USNM) led by Charles
Gilmore quickly stepped in and began excavating in May of 1923 (http://carnegiequarry.com).
They focused on the eastern edge of the quarry, where a partially articulated Diplodocus skeleton
had been left in place by the Carnegie Museum crew. The Smithsonian operation of the site was
short lived, as soon as the Diplodocus skeleton was on its way to the Smithsonian they pulled out

(Beidleman, 1956).


http://carnegiequarry.com/

In 1923, the University of Utah was granted a one-year permit to excavate within the
Monument. The UU team focused on the eastern edge of the quarry, near the USNM excavation
(http://carnegiequarry.com). Earl Douglass, on a leave of absence from the Carnegie Museum,
led the University of Utah’s excavations until Golden York took his place in April (Beidelman,
1956). They uncovered another Diplodocus, as well as a Stegosaurus, and an Allosaurus
(http://carnegiequarry.com). Satisfied that they had unearthed a skeleton fit for display, the
University of Utah ceased excavations and the quarry lay dormant until the early 1930s (Neel,
2015).

In 1933, the Civilian Works Administration as a part of Franklin Delano Roosevelt's New
Deal, removed significant amounts of overburden from the quarry face and rubble from the
surrounding area so that the area would be more accessible (Boyle, 1938). However, after it was
cleaned up, the quarry again lay dormant, until a new plan for the remaining (but still buried)
bones resurfaced (http://carnegiequarry.com).

Early in the excavations, Douglass dreamed of a building over his beloved quarry to
house the bones in situ (Douglass, 2009). Years later, in 1951, his dream was realized, and a
temporary museum was constructed over a small part of the quarry at the east end, in the area of
the present day “touch part” of the quarry. It was made of timbers and corrugated metal (Chure,
personal commun., 2017). Theodore White with a team of National Park Service employees
partially excavated the specimens in situ, creating a wall of bones in relief
(http://carnegiequarry.com). This portion of the Carnegie Quarry is now known as “the wall of
bones” (http://carnegiequarry.com). By the late 1950s, a more permanent structure, much of
which still remains, was created to protect the quarry face, which measures 183 by 35 feet

(Allaback, 2000). In 2006, the National Park Service closed the quarry visitor center due to an
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unstable foundation, primarily under the office and lab structures to the south of the quarry face.
The offices and labs were demolished while the building covering the quarry face was
rehabilitated and reopened in 2011 (Carpenter, 2013).

As of this writing, it has been 108 years since Earl Douglass' original find. During the
interim, Dinosaur National Monument accumulated hundreds of records pertaining to the quarry
and its bones. The National Park Service has been digitizing these records, but they are housed
on-site and are not readily available to researchers or the public. Other repositories also have
catalog numbers, descriptions and other information pertaining to quarry specimens in their
collections. One of the goals of this thesis is to make information from these institutions more

accessible.

Geology of Carnegie Quarry

Carnegie Quarry is within the Brushy Basin Member of the Morrison Formation and
dates to the Late Jurassic (Turner and Peterson, 1999; Carpenter, 2013) about 151-152 Ma
(Kowallis et al., 1991, 1998; Trujillo and Kowallis, 2015). The Brushy Basin ranges from 100 to
133 m thick (Carpenter, 2013). The east-central Utah portion of the Morrison Formation, was
deposited in the back bulge of a foreland basin (Currie, 1997; DeCelles and Coogan, 2006). It
consists of interspersed layers of marls, shales, sandstones and conglomerates representing
fluvial-related environments with some minor lacustrine facies (Evanhoff and Carpenter,
1998; Engelmann et al., 2004). This system supported an abundant biota and proved favorable to
the preservation of vertebrates. Thus, the Morrison Formation is renowned for its dinosaur

remains, particularly the sauropods (Dodson et al., 1980).



The quarry horizon consists of broad lenses of sandstone within the Brushy Basin
Member, about 30 feet thick (Carpenter, 2013). Turtles and bivalves corroborate the fluvial
channel origin of the sandstone. Turner and Peterson (1992) suggested it was formed by a
meandering river, but it is more commonly interpreted as a braided river deposit because of the
coarse-grained, cross stratified sandstones (Lawton, 1977, Carpenter, 2013). Bone orientation
indeicates the paleocurrent flowed to the southeast (Carpenter, 2013). Carpenter (2013) proposed
that a drought hit the area causing many dinosaurs to die near the river and the bodies collected
in the channel. For a more exhaustive discussion on evidence for the ancient river and the
drought see Carpenter (2013).

In the Cretaceous and Paleogene periods, strata in this area were folded into a series of
anticlines and synclines during the Laramide Orogeny (Gregson and Chure, 2000). The quarry is
on the southern flank of the Split Mountain anticline (Lawton, 1977) where resistant strata,
including the quarry sandstone, are exposed in bold relief as cuestas. The quarry sandstone dips
67° to the south (Allaback, 2000). While the steeply dipping sandstone provides a spectacular,
mural-like, presentation of the bones exposed in bas relief on the quarry face, it greatly

complicated excavation of the quarry.

METHODS
This project consists of two components; a database and a map. The database was
designed and the tables populated with normalized data about the specimens and related records
such as memos, literature and photographs pertaining to individual specimens and the quarry as a

whole. The digital map is based on several of the most complete field maps. The culmination of
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Figure 5: Relationship of maps used to develop the Master Map. A. Maps in plan view. B. Maps in oblique view to
show overlap between maps. Detailed information for the maps is given in Table 1.
Present Day Quarry Maps

There have been several attempts to map the present-day quarry face. Due to the steep
angle of the quarry face as well as its size, it is difficult to create an accurate map, even based on
photographs due to perspective and relief issues. In 2014, the quarry face was photographed, and
the photographs digitally stitched together. The same year, Ben Otoo and Nicole Ridgwell traced
the vast majority of the bones in the composite image of the current quarry face. However, the
perspective of the stitched photographs is inconsistent and ridges of rock and bone obscure other

bones causing some bones to not be included in the map. Ben and Nichole melded their map with
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the Gilmore map using Adobe Illustrator. These vectors only needed to be slightly adjusted in
shape and location to fit the blueprint map and photographs of the present-day quarry face. This
map, adapted during the summer of 2016 by Sara Oser, a Dinosaur National Monument intern, is

the map used in the Master Map for the present-day quarry face.

Once the combined historic field maps and the present-day quarry face map were created
the next step was to combine them. This was difficult because although starting in 1910 or 1911,
Douglass and his crew painted a grid system directly on the rock (Carpenter, 2013), it had faded
to non-existence by the time Theodore White began excavating the current quarry face in the
1950s. Thus, the precise location of the present-day quarry face in relation to the historic quarry
is unknown. Based on personal communications from (now deceased) John S. McIntosh to D.J.
Chure one string of 24 Apatosaurus caudals (Block Number 60/E, G-H, DINO 4475-4488) is
likely to continue from the current quarry to the historic quarry (Appendix C). Like pieces of a

puzzle, the outline of the current quarry face “fits” into a gap in the historical quarry map.

Database and Map Integration
The keystone of this project is the integration of the database and the Master Map,
creating a geographic information system. Once the bones were drawn the lines or paths were
named based on their map labels: the field or block numbers on the Blueprint Maps and the
DINO numbers for the current wall. A query including information about each specimen was
then exported from Microsoft Access into a file compatible with Avenza MAPublisher within
[lustrator CC. MAPublisher is a GIS add-on for illustrator. In this way the named paths or

vectors are linked to the corresponding record from the database. Of the 5016 records in “DTbl

18



Specimens”, 2753 are connected in this way. This allows the bones to be searched by attribute

(such as taxon, element, or repository) and visually grouped.

Using the grid system recorded on the Mclntosh blueprint maps the dimensions of the
quarry, past and present, were calculated. The quarry is approximately 23 m tall and 106 m wide

at the largest extents.

Challenges
There are several challenges in this project that relate to how data should be documented.
Many logical solutions are possible, but to stay consistent, only one was chosen. Thus, several

problems are listed and the favored solutions provided.

Juveniles

The Carnegie Quarry is known for a significant amount of uncommonly small
individuals, most notably the Camarasaurus pup (CM 11338 or IndID 242) (Gilmore, 1925), the
baby Stegosaurus (DINO 2438-2439, 2441-2442, 2447-2448, 2450-2451, 2453-2456, 2463,
2465, 2469 — 2470 or IndID 358) (Galton, 1982), and the minute Dryosaurus (CM 11340 or
IndID 243). However, there are some individuals that may just be small adults. In the database
the term juvenile is used loosely to refer to specimens that are significantly smaller than normal
for their taxon. It is not necessarily based on histology. If any sources recorded a specimen as
being juvenile this is noted in the “Juvenile” field in “DTbl WholeDinosaurs”. Although, not
backed by a consistent definition of juvenile this solution provides a basis for interested
professionals to find small individuals.
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Skulls and Shells

Eight percent of the specimens from the quarry are articulated or associated with at least
one other element. The Carnegie Museum excavators often assigned a single field number to
what they judged to be a single individual. Inevitably, many of these field judgements proved to
be incorrect. For example, field number 60 was assigned to Apatosaurus, Camarasaurus,
Diplodocus, Dryosaurus, and Stegosaurus elements. To accurately track individual elements and
avoid errors such as the one mentioned before, each individual bone was assigned a unique and
arbitrary Digital Quarry ID number whenever possible. Some specimens lacked precise
descriptions that were inadequate to pinpoint specific bones, and these are recorded in the
“MultipleBones” field. Occasionally this solution, when working with whole dinosaur skulls or
testudines’ plastrons and carapaces, seems overly complex. However, to be consistent and
embrace the normalization process necessary for databases, both skulls and shells were divided
into individual bones (even when articulated) when possible. Thus, instead of one or two records,
CM 3380, the carapace and plastron of a Glyptops plicatulus is now 53 records (IndividuallD
782). Although this at first appears to bloat the system, it in fact creates less ambiguity. DQ 1648
is recorded as a “nearly complete shell” of another Glyptops plicatulus. Unfortunately, this
record is less helpful because it is unclear whether it refers to the carapace alone, or a partially
broken carapace and plastron. This makes it less precise when using it in calculations such as
those discussed later. On the other hand, dividing articulated series of bones into separate records
allows researchers to search for individual bones such as a pleural or a dentary as well as the

structure of a carapace or skull. Ultimately these divisions provide increased searchability.
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Nielsen Gulch

Nielsen Gulch is an area immediately east of the Carnegie Quarry. It contains a physical
continuation of the quarry sandstone but also significant exposures of the Brushy Basin
mudstones both above and below the sandstone. The Carnegie Museum collected specimens
from Nielsen Gulch, although their stratigraphic location was sometimes uncertain (see
Mclntosh, 1981 for specifics). The proximity and simultaneous excavation of Nielsen Gulch has
caused specimens found there to sometimes be improperly included with Carnegie Quarry
specimens (http://vertnet.org). This causes inaccurate taxon counts because some genera are
found in Nielsen Gulch, but are absent in the quarry, such as Marshosaurus bicentesimus
(Carpenter, 2013) and Hoplosuchus kayi (Foster, 2003). However, because Nielsen Gulch
specimens could have come from stratigraphic levels other than the quarry, they are not included

in the database.

RESULTS
Previous quantitative analyses of the Carnegie Quarry were few and limited. Foster
(2003, p83) compiled data for various Morrison Formation quarries including the Carnegie
Quarry. Using personal observations of the wall, museum records and references in the literature
Foster calculated the Minimum Number of Individuals (MNI) for vertebrates at the Carnegie
Quarry to be 124. Carpenter (2013, p216) noted that this sort of analysis is not an overview of
quarry specimens but that it “basically represent[ed] percentages of prepared material of a few

museums”’.

Many specimens from the quarry are still not prepared, so the database may be no more
complete than Foster’s work in this regard. However, there are records for quarry specimens
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currently at 20 repositories. In the past, specimens passed through at least 23 different
repositories, including the current 20 (Appendix A). Eighty-eight percent of the specimens, are
currently in three repositories: Dinosaur National Monument (2451), the Carnegie Museum
(1723) and the Royal Ontario Museum (267). The other repositories have less than 100
specimens apiece, with most having fewer than 10. Mclntosh’s notebooks indicate at least 128
specimens were destroyed or discarded, usually after the original crates were opened and the

specimens were deemed too damaged to preserve.

Despite these limitations, the integrated map and database allows for the most complete
quantitative-based exploration of the specimens of Carnegie Quarry to-date. The NSP, NISP, and
MNI provide additional insights into the taphonomic history of the quarry as well as make it

possible to compare the quarry to other dinosaur quarries in the future.

NSP and NISP

The Number of Specimens (NSP), is the total number of specimens found at the quarry.
This includes all specimens, defined as individual bones or bone fragments, including those that
are degraded, or for some other reason unrecognizable as to specific taxon and/or skeletal
element (Lyman, 2012). The NSP is 5016, which is substantially higher than Carpenter’s (2013,
p179) estimate of 3300 bones, but only marginally higher than the 5000-bone estimate given at
carnegiequarry.com. Related to the NSP is the Number of Identified Specimens (NISP), which
only includes specimens that are identifiable to skeletal element and, as defined here, to the
family level taxonomically. The NISP is 4146 (for a break down between taxa see Appendix D).

These numbers are calculated using individual bones, unless the data were unclear as to what
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elements and how many were included in a specific group. This happened when specimens were
described with terms like “pes”, “articulated vertebral column” or “skull”. These records are
marked as having multiple bones and there are 193 of these in the database. Thus, the overall

NISP and NSP tend to be lower than the actual specimen number. Although calculating these

numbers is not perfect it is the first time it has been calculated instead of estimated.

MNI

Perhaps the most important new information relates to taxonomic abundances. Gregson
and Chure (2000) estimated 400 vertebrate individuals are preserved in the quarry (an admittedly
“seat of the pants’ estimate based on conversations with the late John S. McIntosh. D.J. Chure,
personal commun., 2016) while Foster (2003) gave a more modest estimate of 124 individuals
representing 16 genera. Neither study noted their methodology or supporting data. Foster may
have been able to use relative sizes in his MNI calculations. I measured taxonomic abundance in
various ways (Figure 6). First, specimens belonging to each taxon were counted. Then the
Minimum Number of Individuals (MNI) was taken for each taxon by counting the most
commonly occurring element and its sidedness following Voorhies (1969) and Lyman (2012).
To avoid double counting, specimens that could be identified to species were calculated first,
then those that are identifiable to genus and, finally, specimens that are only identified to a

family level.

These different measurements (NISP and MNI) show a similar trend in abundances
(Figure 6). One of the most pronounced difference is that Glyptops plicatulus and Unio utahensis

become more prominent when the MNIs are compared to NISP. This is because MNI for turtle
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species was calculated using carapaces and plastrons for turtle species. Most of the carapaces and
plastrons in the database are not separated into specific bones and in this study are excluded from
NISP counts. Thus, NISP is low compared to MNI for turtles. The difference between MNI and
NISP among Unio utahensis is because their skeleton is made up of only two valves and thus,
their specimen number can be significantly lower than in species with complete skeletons with
hundreds of bones. The total MNI for the quarry (when each genus is tallied separately including
non-vertebrates) is 105. If data about relative size was available and records that are currently
marked as multiple bones were separated this number would likely be higher. These numbers
look at taxonomic abundances but taphonomic insights can also be gained from quantitative

analysis.
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Figure 6: Taxonomic abundances at Carnegie Quarry. NISP compared to MNI for various taxa. NISP and MNI were
calculated for separate species (Appendix D) but then added together when they belong to the same genus.
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The amount of skeleton disarticulation can reflect taphonomic processes (Badgley, 1986).
Thirty-four percent of the 5000+ quarry specimens are isolated bones. Only 8% of the specimens
are associated with at least one other bone, while eight individuals consist of more than 100
bones. More bones were probably found articulated or at least associated, but were not
documented as such, so these percentages are low relative to reality, and could be modified by
studying the map. Gregson and Chure (2000) noted that 20 skeletons were complete enough to
be mounted. Carpenter (2013) noted that at least eight partial skeletons include portions of
articulated vertebral columns and limb bones but “only a single skeleton is essentially complete”
(p.180). Adopting Carpenter’s definition of a partial skeleton, articulated vertebrae and limb
bones (and thus excluding invertebrates) there are 23 partial skeletons (Appendix E). However,
this is not a perfect definition because it leaves out some well-known partial skeletons, such as
the baby Stegosaurus (Galton, 1982, DINO 2438-2439, 2441-2442, 2447-2448, 2450-2451,
2453-2456, 2463, 2465, 2469 — 2470 or IndID 358). Despite this, it is another way to review
taxonomic abundances, and the partial skeletons correlate to MNI (Figure 7), which shows that

they are a reasonable approximation of reality.

25



M Partial Skeletons @ MNI

4.5 ® 18
2 4 ] 16
S 3.5 [} [ J 14
L 3 [ ] | 12
225 10 =
v L) B o B o 8 =
© 1.5 6
]
=1 | [ | 4
& 05 2
’ () () () [ ()
0 | | - | 0
o o o o o o o o o o o o o o
wv (%] (%] (%] (%] (%] (%] wv wv wv wv (%] (%] (%]
wv wv (%] (%] (%] %] %] %] wv wv wv) wv wv (%]
s ¢ & 2 2 3 2 2 2 28 2 5 £ §8 32
Q S 7] > =] 1) S S =] =1 =1 c é’ 2 S
o © < © © - © © © © © S S Q ©
s g & ¢ g g 8 & ¢ ¢ g g G ¢
= =] © © 2 © s o c 0 s = c
c Q faa] a) £ c IS a Pt o o o
s < s 3 & < =
o S o
a
©
I

Figure 7: The relationships between MNI and partial skeletons. Partial vertebrate skeleton information is given in
Appendix D.

SIGNIFICANCE

This project solves several problems that vexed caretakers of Dinosaur National
Monument while making data from the quarry available to scientists around the world. Although
specimens are dispersed they are accounted for in the database and as many as possible are
included in the map. Also, large quantities of data are distilled down so that the important parts
are included in, or linked to, the database putting all the available information in one
place. Notably, a Master Map of the quarry, with labeled bones, was created for the first time.
Previously, many of the studies on Carnegie Quarry use only the data and specimens that are

presently at the quarry (Carpenter, 2013).

Specimens scattered across multiple institutions, large quantities of data, and incomplete

maps are traits many quarries have in common. Just like other repositories followed the example
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of the Monument to create in situ exhibits, this project could be used as a template for
researchers working with other quarries to collect, organize and consolidate their data.
Ultimately, the database and Master Map could also be made available online, making national

and international collaboration possible.

FUTURE WORK

Now that there is a map of the bones it would be beneficial to add more geological
information. A map of the channels on the current quarry face could be added to the Master Map.
In addition some channel data could be added based on Douglass’ writings and historic
photographs. Cross-sections of these channels would also be useful.

Our data sources were mostly connected with Dinosaur National Monument, the
Carnegie Museum, the Royal Ontario Museum, and the Natural History Museum of Utah where
most of the specimens are curated. As such, most of the specimens in the database are currently
at these institutions. Additional specimens would likely be added if records from other
repositories were included. Tracking down these missing bones, or more details about some of
the specimens we already have is beyond the scope of this project.

Other fields in the database could also be filled out in greater detail. For example, 299
specimens have insect traces, but only 1695 specimens of the total 5055 (NSP) have been
examined for insect marks. Although, 126 specimens are destroyed so they can no longer be
examined and many of the historically collected specimens reside in outside institutions (as well
as the UU collections now housed at DINO) are covered in thick, dark brown shellac which may
hide subtle insect traces on the surface of the bone (Chure, personal commun., 2017). More
detailed taphonomic data, as well as data about ontogeny, measurements and the original
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excavators would be useful additions to the database. In addition, more field numbers (or
locational data) would mean that a higher percentage of the records in the database could be
connected with specific vectors on the Master Map.

In addition to adding data to partially populated tables, two tables that are almost entirely
empty could be filled out. The first table, “DTbl Photographs”, has a handful of captions,
descriptions and hyperlinks to historic photographs found at carnegiequarry.com. The other
unpopulated table, “LTbl PhotographedSpecimens”, connects photographs to specimens. The
large number of photographs of individual bones in multiple views puts this task beyond the
scope of this thesis.

Similar to “LTbl PhotographedSpecimens™ is “LTbl SpecimensReferencedinRecords”, a
table that links literature to specific specimens. There are some connections made here but a
thorough review of the literature, matching up specific bones would make this table more useful
and complete. The database is dynamic and future workers can expand it as existing and new

data is added. It is already a useful tool even though it is not complete, and may never be.
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Appendix A: Specimen count for quarry specimens by repositories. If specimens are currently at
or passed through a repository they are counted in the Previous # of Specimens column.

Museum Name Repository Previous # | Current# | Current %
Acronym of of of Total
Specimens | Specimens | Specimens

American Museum of Natural History AMNH 82 82 1.63
Brigham Young University BYU 3 3 0.06
California Academy of Sciences Cal Acad 7 7 0.14
Carnegie Museum of Natural History CM 1951 1723 34.34
Cologne, Germany Germany 1 1 0.02
Denver Museum of Natural History DMNH 69 17 0.34
Dinosaur National Monument DINO 2563 2451 48.85
Fort Worth Museum FwW 19 0 0
Junior Randall Museum Randall 2 0 0
Museum of Life and Science NCM 2 2 0.04
Natural History Museum of Los Angeles County LACM 31 31 0.61
Nebraska State Museum NE 6 6 0.12
Newark Museum Newark 1 0 0
North Carolina Museum of Natural Sciences NCSM 5 3 0.06
Royal Ontario Museum ROM 270 267 5.32
Smithsonian Institution National Museum of Natural
History USNM 125 67 1.34
South Africa Museum South Africa 1 1 0.02
Spain Spain 1 1 0.02
Texas Memorial Museum; University of Texas TMM 4 0 0
University of California Museum of Paleontology UCMP 31 31 0.62
University of Cincinnati ucC 5 5 0.1
University of Michigan Museum of Paleontology UMMP 11 8 0.16
Utah Museum of Natural History UMNH 92 29 0.58

Unknown 194 194 3.87

Discarded 50 34 0.68

Destroyed 94 94 1.87

Top Three

Repositories

(DINO, CM,

ROM) 4441 88.52

Destroyed and

Discarded 128 2.55
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Appendix C: Master Map of Carnegie Quarry with different excavation institutions in different

colors.
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