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PREFACE

Under the Accelerated Public Works Program authorized in 1963 the National 
Park Service directed some of the funds toward archaeological investigation in selected 
parks. The Mound City Group National Monument was one of the beneficiaries of this 
attention. Uninvestigated since 1922 professional archaeologists were uncertain as to 
what remained to be recovered after the Ohio Archaeological and Historical Society 
concluded their project. Given this low expectation the investment in field research 
at the site more than paid off by divulging an intact archaeological record in many 
locations. Tangible evidence of occupation during the Hopewellian period was expected 
to be unenlightening and far less revelatory as it proved to be. Little was expected to 
have remained after a military training camp was constructed there and the remains of 
the mounds were salvaged by the archaeological project of Mills and Shetrone in 1920-2. 
Within a month that preconception was completely overturned. Much remained behind 
because subsurface destruction had been superficial in the construction of the camp. 
For instance, a copper headdress burial was found in situ a couple of centimeters beneath 
the surface of one of the military streets. All of the details of sub-surface disturbances 
and building foundations were untouched even where Shetrone labored. Above all, the 
opportunity for detailed reinvestigation was superlative because of the optimal soil 
conditions for the recovery of features.

Under the direction of Raymond S. Baby of the Ohio State Museum with the 
support of John L. Cotter of the National Park Service a field project was initiated 
with specific goals. One was to institute some on-site interpretation with an in-situ 
restoration of the great mica grave in the corner of the structure floor of Mound 13. 
An in-place exhibit was planned and later carried out; only to be backfilled after many 
years as the exhibit rapidly aged. A second goal was to uncover evidence that would 
allow a new restoration of the earthworks more in accord with the map published by 
Squier and Davis. This objective focused on the proper alignment of the south wall 
of the embankment to remedy the expedient use of a training camp roadbed in the 
original restoration. With the discovery of much untapped archaeology within the 
park subsequent years subsequent seasons were used to undertake downscaled field 
operations pursued on small budgets.

This report conveys the research on the investigations at the Mound City 
mound group, near Chillicothe, Ohio, conducted between 1963 to 1972, with details 
provided from firsthand investigation between May 1 to October 12, 1963 on Mound 
10 and the Mound 13, the south and southeast embankment and the southeast corner 
embankment and the southeast borrow pit (Brown and Baby 1966). The work conducted 
by McCullough on Mound 12 was included with Mound 13, its mate. Although decades 
have passed since this work was conducted, the results are nonetheless as important as 
ever. The basic format was conceived for the initial report (Brown and Baby 1966) and 
was amplified in the subsequent draft of the present work (Brown 1994).

These relatively recent research projects do not easily stand alone because of 
the high degree of variability in mounds and mound contents. This fact necessitated 
a chapter that reviews each of the mounds in a standardized format so as to achieve 
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the comparative goal irrespective of the degree of sophistication in excavation. The 
observations of Squier and Davis, Mills and Shetrone were integrated with those made 
by Raymond S. Baby and associates of the Ohio Historical Society (see Table 3-1). This 
research was put into a format that allowed comparison between all the mounds. To 
achieve this limited goal the author drew upon the numerous reports that were issued 
in compliance with the grants to the Ohio Historical Society for field research. One field 
report with good comparative detail was incorporated in the detailed review. The 
chapter on the local environment by Martha Potter Otto is incorporated with 
little change.

The same approach was adopted in other data categories and to the Squier and 
Davis inventory in the British Museum. As a result numerous contradictions could be 
resolved, including which mound and which burial certain key items were recovered. 
In hindsight the goal of integration of old data with new turned out to be a massive task, 
one that delayed this report, but without an attempt at integration the significance of the 
recent work would not emerge clearly. 

A note is required concerning field methods (see Chapter 3). Screens were not 
used consistently between 1963 and 1975. Although features were troweled and surface 
shovel-scraped, the consequence is a certain degree of non-comparability. Perhaps more 
disorienting will be the report in both English and metric measurements in fieldwork. 
The author judged that an across-the-board conversion to metric measurements would 
impose false accuracy. The perceptive reader will notice that feet were measured into 
tenths, which is equivalent to 3 cm. Such an interval is much too coarse by contemporary 
standards. Although some attempt was made to judge where a tenth could be halved, this 
tactic is obviously only partially successful.

The project was fortunate to have the contributions of several specialists who 
devoted their investigatory skills and expertise on critical data classes. They have my 
gratitude for their efforts in raising the analytical standards of this report. Robert J. 
Jeske has worked up the lithics from a technological perspective. Three others have 
contributed stand-alone appendices. They are James B. Stoltman's thin-section analysis 
of sherds representing each of pottery category classified by macro criteria. The late 
Kent D. Vickory supplied lithic raw material identifications, and the late James N. 
Gundersen analyzed samples of 28 pipe fragments from the Mound 8 cache by X-ray 
diffraction analysis.

Mark Lynott has my heart-felt appreciation for his willingness to go along with 
my pace of analysis. The painstaking process of putting this volume together owes 
everything to his efforts. He has always gone out of his way to facilitate the research, 
down to trying to complete Jim Gundersen's manuscript. Jim had an important 
contribution to make on the effect of extreme heat on the stones carved into pipes. He 
found that rather than a mere destructive practice the intense heat they were subjected 
to led to dramatic explosions as minerals went through phase transformation. 

Jonathan King, Keeper of the Department of Africa, Indian Ocean and 
Americas at the British Museum, graciously allowed broad access to the Squier and 
Davis collections on a number of occasions. A copious set of documents respecting this 
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collection has allowed the author to settle many misconceptions that have arisen over 
time. The fruit of that research is the catalogue raisonné of the Davis collection acquired 
from the Blackmore Museum. Aside from the identifying catalogue number mix-ups the 
principal benefit has been to negotiate the confusion around the use of S in the Davis' 
catalogue system to signify the sequence of stone objects and the British Museum system 
that numbered all of the Davis Collection with the prefix S circled, presumably standing 
for Squier. The substitute convention used here is an S underlined. Note that many 
objects from the Davis Collection are currently searchable through the British Museum 
web site: http://www.britishmuseum.org/research/search_the_collection_database

I wish to express my gratitude to Raymond S. Baby and Martha Potter Otto for 
the support they provided in the field and over the years while collection study was 
underway. Line drawings and photographs were generously by the Ohio Historical 
Society and the American Antiquarian Society. Many individuals have contributed in 
ways both large and small: to all of them my hearty thanks including those not mentioned 
by name. Many individuals have provided specific data to fill gaps in the record. Nancy 
Asch, Jerrod Burks, N'omi Greber, James Marshall, Jennifer Pederson, Michael Wayman 
among many others have contributed important information appearing in the text. 
Frieda Odell-Vereecken drew the lithic tools. The map was prepared. The Park Service 
staff has been generous of their time to supply information and photographs.

October 2011
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Chapter 1
SUMMARY AND REVIEW OF WORK ACCOMPLISHED

EXPLORATION HISTORY

HISTORY OF EXPLORATIONS

Introduction

In order to understand the importance of Mound City, a review of its history 
as a source of knowledge about the prehistory of the eastern United States is essential. 
The site started its “career” as a testament to an ancient unknown culture with a level 
of artistic accomplishment that invited comparison with the civilizations of Peru. Other 
evidence of southern connections was hinted at by early discoveries at other mound 
sites. They appeared to form a solid argument for a high culture called Mound Builders 
who were distinct from, and historically unconnected to, contemporary Indians. 
Although most of these “non-Indian” indicators now have been dismissed as evidence of 
foreign intrusions into the east, one has taken on new life, actually a succession of lives, 
in an attempt by archaeologists to come to grips with what makes Hopewell tick as a 
culture. Beneath many mounds at Mound City, the early excavations of Squier and Davis 
revealed the presence of carefully prepared clay basins, their so-called “altars,” which to 
them hinted at a sacrificial use comparable to the notorious rites of the Aztecs. Once 
these distinctive facilities were found more widely in Ohio Hopewell mounds, they were 
conceived of as key to the functions of the use-areas that preceded mound construction. 
Sometimes conceived of as crematory basins, other times as less specific “fire basins,” 
whole scenarios and sweeping theses have been erected on one or another functional 
interpretation (Brown 1979; Greber 1983; Mills 1916; Seeman 1979b; Shetrone 1930; 
Webb and Snow 1945). Much of the depiction of Ohio Hopewell as a culture focused 
on death and mortuary rituals spring from these basins among the mound architecture. 
Not only have these basins been the basis for much interpretative critique in the past, 
the incompleteness of our knowledge about these famous facilities is bound to provide 
continued discussion in the future. 

During the period of American archaeological focus on culture-historical 
connections, Mound City provided evidence of significant cultural ties with the lower 
Appalachians and the Florida peninsula (Greenman 1938; Griffin 1946; Sears 1962). 
From the days of Squier and Davis (1848) to the present, grave goods and ritual offerings 
from the mounds at Mound City have suggested long-distance connections. Our 
knowledge of the strength of these connections has increased with in-depth research 
on specific goods (Hale 1976; Prufer 1968). The analysis of obsidian sourcing is just one 
example of a new focus on materials research (Griffin, Gordus and Wright 1969; Hatch 
1986). However, unlike earlier interpretations, connections between far-distant sites 
along the Appalachian mountain chain and elsewhere are now viewed as evidence of 
inter-group trade and long distance exchange (Bender 1985; Braun 1986; Seeman 1979a). 
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Locally, the distinctly different Adena culture has dominated the subject of 
cultural connections. Adena sites are very much a part of the Ross County archaeological 
landscape. An Adena site was investigated by Squier and Davis within a few hundred 
meters of Mound City. Although this culture is clearly earlier than the Scioto 
Hopewellian component at Mound City and in the Ross County area (Griffin 1946), 
south of the Ohio River the relationship between the two is more complicated (Webb 
and Snow 1945). One of the major interests behind the early application of radiocarbon 
dating in the Midwest was to assess the chronological relationship between the Adena 
and Hopewell, particularly in south-central Ohio where a rich body of information 
already existed (Griffin 1958). Expectations about the relative order of excavated 
mound centers were well established. William Webb (Webb and Snow 1945) argued 
that Mound City represented a bridge between Adena and Hopewell. Less specifically, 
the mound group was widely regarded as having been built early in the development of 
Ohio Hopewell (Griffin 1945; Prufer 1964a). The key data sets that led to this assessment 
are the nearly identical effigy pipes that can be found in the caches from Mound 8 at 
Mound City and the Tremper mound. These early pipe forms place the Mound City 
Mound 8 collection relatively early in the Ohio Hopewell sequence (Mills 1916; Prufer 
1964a). Recent research has confirmed this age assignment through more detailed 
comparisons of artifacts from radiocarbon-dated contexts (Greber 1983; Ruhl 1986; 
Seeman 1977; see below).

Mound City is central to another research theme: the problem of where the 
support population lived. Considering the large size of some of the nearby earthworks, a 
comparably large population has been sought in local archaeological sites (Prufer 1964b, 
1967b). A substantial population of villagers occupying settlements similar in scale to 
those in the lower Illinois River Valley has not been found (Seeman 1979a). Mound City 
began its career as a “city” in name, which over time has only proven to be metaphorical 
at best. Although it contains the densest concentration of mounds within an enclosure, 
any notion of permanent settlement implied by the name has been shown to be baseless. 
As a result of excavations conducted since 1963, the rather fanciful reconstructions of the 
embankments as pueblo-like foundations can be dismissed (Morgan 1881). Habitation 
settlements potentially of the correct age are known nearby, but whether these and 
others will amount to a substantial contemporary population remains to be determined 
(Lynott and Monk 1985; Seeman 1981a, 1981b). Needless to say, this problem will remain 
a major research question for some time to come (Brown 1982).

Finally, the architecture of the earthworks and the organization of ritual space 
within each of the earthworks are subjects of increasing attention in Hopewellian studies 
(Greber 1983). At Mound City, the layout of mounds and orientations of the underlying 
structures is a rich set of information, the tapping of which can contribute greatly to our 
knowledge of a little-known sector of this ancient culture (Figure 1-1).

Historical Sketch

Mound City was first described in 1808, a scant 10 years after the 1300-acre tract 
it sat on was first granted to an individual owner in 1798.1 This part of the Scioto river 
1 The Medical Repository . . ., XII or 2nd hexade, vol. VI, no. 1, pp. 87-88, New York, for May, June and July, 1808. The 

article quotes from Richardson's Chillicothe Fredonian of June 17th, 1808.



3

INTRODUCTION

valley developed early, first through the growth and prominence of the nearby town of 
Chillicothe and later in 1831 when the Ohio and Erie Canal was dug (Cockrell 1999). With 
the opening of the canal the following year, this major artery in the Ohio transportation 
network brought considerable traffic within several hundred yards west of the site.

In 1831, Dr. Edwin H. Davis, a physician, excavated his first mound, though it 
is likely that his antiquarian interests did not extend to Mound City until he moved to 
Chillicothe in 1838 (Barnhart 1983). In the spring of 1845, Ephraim G. Squier joined 
Davis to assist his research in a stepped-up program of earthwork survey (Barnhart 
1983, 1985). They completed the survey of the Mound City works the following year 
(Squier and Davis 1848: xxii, Pl. XIX). Squier is listed as “delineator” in this effort. At this 
time, the site was characterized as “still covered with primitive forest” (Squier and Davis 
1848:54). In 1846, county records show the tract on which Mound City stood passed 

Figure 1-1. Current Understanding of the Locations of the Mounds and Earthworks at Mound City.
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to the ownership of George Shriver. Where Henry Shriver, the man whom Squier and 
Davis (1848:54) stated was the site’s owner, fits is not clear.2 Sometime during this period 
of archaeological investigation and before the summer of 1846 when an artist’s drawing 
of the site was submitted as a sample of the proposed “Ancient Monuments” publication 
to the American Antiquarian Society, the site was in a stand of high-canopied timber 
with a negligible or non-existent understory, both of which indicate a mature forest, 
presumably the type Squier and Davis called “primitive.”

2 The two men, about the same age, appear nearby in the 1840 census for Union Township, Ross Co. They may have been 
brothers.

Sometime after Squier and Davis’ investigations, Shriver brought the tract under 
cultivation. The land continued to be farmed until the family sold the tract to the Federal 
government in 1917 (Cockrell 1999). The site suffered some degradation while under 
cultivation. Archaeological investigations have disclosed that Mound 7 had lost 60% of 
its height between 1845 and 1920 and that the Southeast borrow pit was filled by the time 
Camp Sherman was laid out in 1917. These two features are useful indicators of land 
surface changes under the Shriver family farm practices before extensive mound leveling 
commenced with training camp construction. The land is also said to have been used 
as a military training ground during the Civil and Spanish-American wars (Spetnagel 
1926:274). At the beginning of World War I, the site was acquired by the Army to become 
part of a large training camp. Historical accounts indicate that construction was swift 
and took place expediently. Archaeology readily attests to this quick construction in the 
minimal cuts and fills of army features. Buildings were set on shallow pillars and roads 
were graded level without preparing a foundation to the dirt roadways. Construction on 
the buildings in sections N and O, where the mound group stood, began in June 1917 and 
were completed by September when the camp was open for training (Peck 1972). Thus, 
within 4 months the site was transformed from farmland to a fully prepared military 
training camp (Figure 3-2).

Before the site was prepared for camp construction, Henry C. Shetrone was 
able to intervene in the Army’s plan to demolish the mounds. He persuaded the camp 
commander to leave the most prominent mound (no. 7) untouched (King n.d.) and the 
barracks’ layout was arranged to avoid this mound. As a result, Mound 7 was spared 
from leveling and the nearby borrow pits were not filled as was originally planned. With 
the abandonment of the camp at the end of the war, the Ohio State Museum immediately 
made plans for a salvage excavation at the site. Work began in 1920 under the direction 
of William C. Mills and finished in 1922 (Shetrone and Greenman 1931:499). Shetrone 
was in charge of field operations (King n.d.). Clyde King (n.d.:2-13) had the following to 
say about the mound group’s subsequent history. 

Apparently the move to have the area set aside as a park started during the 
period of exploration. Initial efforts were to have the area established as a State 
Memorial. When it became obvious that legislation would be required because 
of land status, efforts were directed toward having the area declared a National 
Monument, to be operated as a State Memorial. Efforts succeeded. On March 
2, 1923, an area of 57 acres was set aside by Presidential Proclamation. No. 
1653 - March 2, 1923 - 42 Stat. 2298 (“Proclamations and Orders” relating to the 
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National Park Service up to January 1, 1945; Thomas P. Sullivan, Washington 
1947, pp. 238-9). “In brief it means that an activity taken up by the Rotary Club 
nearly two years ago is about to bring fruit. - Much credit is due Mr. Spetnagel for 
his untiring efforts.” (Chillicothe News-Advertiser, March 3, 1923).

Scientific History 

The scientific history of Mound City began with the investigations of Edwin H. 
Davis, a Chillicothe doctor who according to his statement of 1847 started his researches 
into ancient mounds 15 years before. Davis developed knowledge and skills about 
archaeological exploration while assisting Whittlesey in the survey of the Newark works 
as early as 1837 (Barnhart 1989:34). The project grew in scope and magnitude in 1845 
when E. G. Squier, editor of the Scioto Gazette newspaper, joined the enterprise. It was 
not until Davis convinced Squier to join him in a program of mound testing and survey 
that Davis’ interest in “moundology” became translated into detailed investigation 
(Barnhart 1983). 

Most of Squier and Davis’ finds can be dated to the long 1845 field season that 
started in “early Spring” (Barnhart 1983:57). In a November letter, Squier spoke of 
the pipes and other finds from Mound 8 that made Mound City so famous (Barnhart 
1983:57). The majority of their other mound and earthwork surveys evidently were 
accomplished between 1845 and 1847 (Barnhart 1983:57; Haven 1856:117). Thirty of the 
published earthworks were surveyed by the two according to the plate credits in their 
monograph (Squier and Davis 1848:xi-xiii). According to these credits, Squier’s role in 
the survey program was very important, whereas Davis is credited with only the survey 
and drafting of a Clermont County, Ohio, earthwork after they began their partnership. 
By June 1846, the mapping of Mound City presumably was complete (Figure 1-2) since 
Squier left Ohio for a trip to the East to promote support for the planned publication 
(Barnhart 1983:58). At the end of summer of 1846, Samuel Haven, the chairman of the 
committee of the American Ethnological Society, paid a visit to the site and thereupon 
endorsed the accuracy of the site plans (Squier and Davis 1848:ix).

The existence and progress of these investigations were made known to the 
Society by correspondence, early in the year 1846; and in June of that year, 
specimens of the relics recovered, accompanied by numerous maps and plans of 
ancient Earthworks and Sectional Views of the Mounds from which the remains 
were taken, were laid before the Society by Mr. Squier in person. These excited 
deep interest and surprise in all who saw them; and the Society immediately took 
measures to encourage further investigation, and secure the publication, under 
its own auspices, of the important results already obtained. A few months later, 
the chairman of the present committee, being in Ohio, was enabled, through 
the kindness of Messrs. Squier and Davis, to visit several of the more important 
monuments in the immediate vicinity of Chillicothe; and among these “Mound 
City,” so called, from which very many of the minor relics and specimens were 
procured. He was struck by the accuracy of the plans and drawings as well as of 
the accounts which had been laid before the Society; ... 
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Figure 1-2. Draft Map by Squier and Davis for Promotion of Book (Reproduced with permission of the 
American Antiquarian Society).
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In their great monograph, Squier and Davis established a new category of 
“sacrificial mound” based upon the results of their probes into the mounds at the 
Mound City and Hopewell sites. We do not know what prompted or motivated the 
investigations by Davis, but once launched, the work supplied information that Squier 
and Davis recognized was highly relevant to establishing the Mound Builders’ identity. 
They saw the archaeological evidence as affirming the thesis that Mound Builders were 
very different from historic Indian tribes. As prime evidence of this difference, they cited 
the use and structure of the Mound City mounds and the sophisticated sculpture of the 
carved pipes found here. Their first argument is that only one of the four prehistoric 
mound types was used for burial, the only form known to historic tribes. Secondly, the 
mounds investigated at Mound City and Hopewell were prime examples of the altar or 
sacrificial mound type, which were to Squier and Davis religious edifices fundamentally 
different from historic constructions. This mound type is found within or in the vicinity 
of an enclosure, is stratified, and contains an altar of burned clay or stone (Squier and 
Davis 1848:142-143).

“[our classification] is sustained by the circumstances that these mounds are 
almost invariably found within enclosures, which, for a variety of concurring 
reasons, we are induced to believe were sacred in their origin, and devoted 
primarily, if not exclusively, to religious purposes” (Squier and Davis 1848:160).

The importance that Squier and Davis attach to the altar mound is disclosed in 
the following statement.

“The inference that human sacrifices were made here, and the remains afterwards 
thus collected and deposited, or that a system of burial of this extraordinary 
character was practiced in certain cases, seems to follow legitimately from the 
facts and circumstances here presented” (Squier and Davis 1848:159).

It is not surprising that Squier and Davis devote considerable attention to the 
detailed description of altar mounds to drive home their argument that these mounds 
represent a lifeway fundamentally different from that of the historic Indian tribes they 
knew. With quite evident satisfaction, they note that the few inhumation burials they 
found at Mound City were discovered in intrusive pits of later age. Thus, archaeology 
was made to bear an important burden in their historical argument. The serious use 
they made of archaeological details to lay an argument represents a pioneer step towards 
the creation of an archaeological science out of antiquarian interest (Squier and Davis 
1848:141). Among the altar mounds at Mound City, Squier and Davis (1848:159) noted 
some small mounds contained cremations. These they aver to be depository mounds for 
the three altar mounds that were “barren” of ashes. For them, the different materials 
found in various mounds were the product of a system of rites—ones they conceived 
of as being like Mexican rites. This conceptual underpinning the authors brought to 
their rather undirected field investigations over a wide area of the interior of the eastern 
United States elevated their work above previous research and placed Mound City in a 
privileged position as a key relic of an ancient way of life in prehistoric eastern United 
States. Squier and Davis’ identification of the altar mound, with all its implications of 
Mexican connections associated with sacrifice, offered too much of a good target for 
later researchers to let go by. Hence, it is not surprising that the next period of mound 
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exploration in south-central Ohio took Squier and Davis’ category of altar mounds as a 
research topic. 

In the next major statement on the Mound Builder controversy, Cyrus Thomas 
(1894) came out against Squier and Davis’ thesis by dismissing their altar mound type 
as a regional specialization that was “confined almost exclusively to the southern half 
of Ohio” (Thomas 1894:570-571). The other pillar of the Mound Builder argument 
had already come under critical attack. Prior to Thomas’ publication, Henshaw (1883) 
effectively undermined Squier and Davis’ assertion that the carved human and animal 
effigy pipes from Mound City were the sophisticated output of an ancient civilization; 
the degree of craft skill they exhibited did not support the inference that they were the 
products of non-primitive artisans on a par with the sculpture of western civilization. 
All of these criticisms left the altar mound type and sacrificial altar features in need of 
reinvestigation in the field to determine their function. 

With the Bureau of American Ethnology investigations into the Mound 
Builder myth, Mound City lost its claim as the prime exemplar of a supposed ancient 
Mexican-like cultural presence in the eastern United States. Just what kind of culture 
it did represent became clearer with field investigations into two other southern Ohio 
earthwork complexes, the Hopewell and Tremper sites. By the time attention was turned 
toward Mound City again, the concept of the Hopewell culture had been established by 
the Tremper and Hopewell excavations. Yet the function of the Mound City mounds 
remained a problem if one were to believe the observations recorded by Squier and Davis. 
When the Tremper mound was opened, a large mortuary structure was discovered 
beneath that appeared remarkably similar to the “altars” of the earlier investigators. The 
relevance of the Tremper findings was strengthened considerably by the discovery of a 
large cache of pipes there that were very similar to pipes found in Mound 8 at Mound 
City (Mills 1922; Otto 1984). 

Mills found at Tremper a large multi-compartment charnel house on the floor 
of which were cremation deposits. Cremations were also placed in pits beneath the 
floors. The ashes were taken from communal depositories and artifacts were placed 
in communal caches after being deliberately smashed. From the fact that several of the 
reconstructed pipes were virtually identical to pipes from the famous Mound 8 cache, 
Mills concluded that this mound at Mound City was essentially like Tremper.

Of scarcely less importance than the exploration of the Tremper mound, per se, 
is the light it sheds on the Great Mound City group, of northern Ross county. 
Owing to the methods employed by Squier and Davis in examining the mounds 
of this group, in 1846, their character and purpose have remained until now 
matters of surmise. The plan employed by these early explorers was the sinking 
of shafts into the top of mounds, and from the limited area of a mound and its 
base thus exposed, to draw conclusions as to its character as a whole. In this 
way, Mound No. 8, of the group, from which was taken a great cache of pipes 
and other objects very similar to the Tremper mound cache, was described by 
them as covering a great sacrificial altar, on which had been kindled intense fires, 
resulting in the breaking up of the specimens deposited thereon. 
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The conditions found in Mound No. 8 were exactly duplicated in the Tremper 
mound, but the complete examination of the latter showed that the conclusions 
drawn from the partial explorations by Squier and Davis were not warranted. 
(Mills 1916:239-240). 

With the close tie between the two sites safely established, it appeared that the 
structural evidence beneath the Tremper mound satisfactorily explained the “altars” 
and associated features beneath the Mound City mounds. Excavation of the surviving 
mounds in this group amply confirmed the conclusions drawn from the Tremper 
structure and added significant new architectural details of their mortuary functions 
(see Mills 1922:424, 561). Mills (1922) also determined that the “altars” of Squier and 
Davis were simply crematory basins. With these data, Mills (1922:561) concluded that 
the pre-mound structures were sacred and connected with the cremation of the dead 
and their preparation for final burial. 

Despite the fact that the excavations by Mills at Mound City contributed much 
to our knowledge of the structures beneath the mounds and the internal arrangement 
of features, many questions remained unanswered and became more pressing as 
archaeology advanced. Mills’ report implied that the buildings were flimsy structures 
approximately circular in ground plan, if not simple enclosures (see also Shetrone 1930). 
This impression is conveyed rather strongly by the lack of orderly arrangement to the 
structure interiors, compared to say, the better excavated Adena structures (cf. Webb 
and Snow 1945). As further contribution to this image, Webb (Webb and Snow 1945:191) 
advanced an elaborate argument against the specialized purpose of the Hopewell sub-
mound structures at Hopewell, Mound City, and other centers. The crematory basins 
became merely fireplaces in ordinary habitations and the location of the crematory 
process became located elsewhere, except for the final burial (Brown 1979). His views 
on the functional purpose of the structures were extreme, even for that time (Morgan 
1946). Not only did Webb neglect to mention the observations of both Mills (1922:562) 
and Squier and Davis (1848:159) that fragments of basins were found with cremation 
burials, but Morgan (1946) and Baby (1954) found ample opportunity to challenge Webb 
on other grounds. Nevertheless, substantive evidence of formal architecture remained 
to be collected. With these questions in mind, the 1963 investigations were undertaken in 
the belief that more evidence could be gathered on architecture to resolve this problem. 
This faith was amply rewarded with detailed archaeological data that conclusively 
resolved the questions that Mills left behind and Webb exploited. At the same time it 
was possible to reconcile the work of Mills and Shetrone with that of Squier and Davis, 
while revealing many new details respecting sub-mound mortuary structures. 

First, it was discovered that the sub-mound structures were laid out in a highly 
formal pattern. The examples recovered in 1963 (mounds 10 and 13) were particularly 
regular. Second, the structures found in that year were oriented on the long axes and 
suggested more than one pattern of sub-structure arrangement. Finally, the presence 
of two or more patterns of structure arrangement pointed to a hitherto unrecognized 
principle that could possibly explain the unusually large concentration of mounds at 
the site. On the basis of the finding that the sub-structures offered so much information 
on earthwork arrangement, a series of questions was advanced that laid the basis of all 
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subsequent investigation of mound locations. In the first public announcement of these 
findings, Baby and Brown (1964) stated

Since one alignment was replaced by another at the same locus, it is logical to infer 
the possible replacement of one ceremonial center by another [in a sequence], 
that is perhaps developmental in scope. Indeed, one plausible explanation for 
the large number and seeming irregular arrangement of mounds in this group 
is the result of the superposition of two different alignments of mounds and 
their underlying structures. If the alignments of the two superimposed houses 
are correctly interpreted, then the relative order of the two plans may be 
postulated. The lower house of mound 13 and the house of mound 10 belong to 
an arrangement in which the axes of the charnel houses are arranged in a north-
south direction and perpendicular to the central east-west axis of the mound 
group, which is through the gates of the embankment. Following this would have 
been an arrangement in which the outer group of houses were subordinate (in 
a radial alignment) to the central cluster of three, especially the largest, mound 
7. Hence, there may have been at Mound City an evolution from an unranked 
arrangement to a ranked arrangement, and one that would have reflected the 
evolution of Hopewellian social organization during the Hopewellian period. 

Subsequent investigations by Baby and others were directed largely toward 
solving these problems, chiefly locating the positions of the sub-structures and the 
orientation of the longitudinal axes. The report by Baby and Langlois (1977) summarized 
the accumulated information on these sub-structures.

1. There is considerable variation in overall form and in the arrangement of internal 
posts. Certainly, Mills’ concept of circular houses is invalid. 

2. The pattern of double sidewalls with single end walls, once thought to be 
standard, is not necessarily typical. 

3. There appears to be deliberate orientation of the structures. “The matter of 
deliberate orientation of the structures beneath the mounds at Mound City 
was first [sic] suggested by Brown and Baby (1966:50-52), based upon the 
1963 findings. Subsequent excavations seem to confirm the concept. With the 
exception of the house under Mound 11, which had only a single door in the 
east wall, all of the structures are oriented either upon some specific feature or 
in a north-south direction (Baby and Langlois 1977:29). 

Impact of Land Use

During the period of investigation by Squier and Davis, the Mound City 
earthworks were forested. Their map shows the earthworks within a tree-covered tract 
and their text states “after the fall of the leaves, a full view of every part of the work 
and of its enclosed mounds is commanded” from the summit of Mound 7 (Squier and 
Davis 1848:55, Pl. XIX). A clearer view of what this forest cover looked like is afforded 
by the Davis manuscript collection in the American Antiquarian Society. An unlabeled 
sketch of a cluster of mounds in a woodlot is probably a drawing of mounds 7, 13, and 18, 
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with 21 in the foreground. The tree cover shown is of a mature forest of high-standing 
trees with a negligible understory. Some parts of the site may have been more difficult 
to gain access to, specifically in the southeast corner where the two men failed to notice 
a borrow pit outside the enclosure’s corner. After this early work, the site was brought 
under cultivation, although it may have been kept fallow when the fields of the area 
were used in military drill practice. Just before the Army took possession to build Camp 
Sherman, a photograph was taken of the central three mounds (Mills 1922:423). Plow 
action evidently had decreased the height of these tall mounds. A measure of the height 
decrease that a half-century of plowing had managed to inflict on Mound 7 is the 7 ft. 
10 in. difference between the measured depth from the summit to the floor recorded 
by Squier and Davis and by Mills and Shetrone (Mills 1922:488). The reduction was to 
30% of its original height. Other mounds presumably suffered comparable reduction. 
The small mounds that were less than 3 ft. high may even have disappeared as obvious 
surface features. 

Table 1-1. Mound Site Information Recorded from the Mound City Group.

Mound Squier & Davis Mills & Shetrone Baby & Associates 

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

Altar md, w/section 

Altar md, w/section 

Altar md, w/section and floor

section 

Altar md 

Anomalous md 

Altar md, w/section floors & patterns 

Altar md, w/section 

Anomalous md 

--

--

--

--

Small md 

Small md 

Small md 

--

Altar md, w/section 

Small md, w/section 

Small md 

Small md 

--

Small md

--

Small md**

no trace 

plan w/post pattern 

plan w/post pattern 

no trace 

no trace, but mapped 

no trace 

plan w/2 superimposed 

plan w/post pattern 

basin 

not investigated 

no trace, but mapped 

plan w/post pattern 

plan w/post pattern 

not investigated 

uncertain location 

not investigated 

uncertain results 

plan w/post pattern 

no trace 

uncertain location 

-- 

not investigated 

--

basins*

plan w/post pattern

Structure plan 

not investigated 

not investigated 

Structure plan  

Structure plan  

Structure plan 

not investigated 

Structure plan (2nd?) 

Structure plan 

Structure plan 

Structure plan 

Structure plan 

2 Structure plans

Structure plan 

Structure plan 

Structure plan 

Structure plan 

not investigated 

Structure plan 

Structure plan 

Structure plan 

Structure plan 

Structure plan 

--

--

*  mistaken for #21 
** mistaken for #22
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Although the impact of the camp construction was considerable (Figure 1-3), the 
site suffered further impact after the salvage excavations of Mills and Shetrone. First, the 
site was graded and the basements, grease traps, latrines, and “other depressions” filled 
(Spetnagel 1926). Less grading had to be accomplished than might seem to have been 
necessary because, as Spetnagel (1926:643) notes, “Bluefield and Steubenville streets 
were easily eliminated because they [were] merely graveled drives.” Far more destructive 
in impact was the plowing undertaken to find previously unlocated mounds and other 
features of potential interest. 

Section N, that is the portion thereof on which the mounds are located, and the 
entire strip of land lying between the railroad and the river, from East Liverpool 
Street south to Bluefield Street, was deep plowed, the object of this being three 
(Spetnagel 1926:641). [Further] In plowing the above areas, all ditches and 
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roadways which will not be desirable in the park plans, were deep plowed and 
leveled (Spetnagel 1926:642). 

The restoration program was simple and expedient at the beginning. Spetnagel 
(1926:642) stated that

No attempt was made to complete the restoration of any given mound, but all of 
those whose location was evident, in Section N, received their quota of broken 
concrete from latrine bases and a considerable amount of grading by scrapings of 
adjacent earth. 

This minimal effort achieved the “restoration” of 24 mounds and the surrounding 
embankment. Certain compromises were made. 

On its south side, a slight compromise from its [the wall’s] original position was 
made, in order that advantage might be taken of the adjacent graveled driveway 
(Bluefield Street), which, owing to the fact that it passes through the mound area, 
was undesirable and unneeded. Thus in one operation, material for construction 
of the Wall was secured and the roadway disposed of (Spetnagel and Shetrone 
1927:644). 

A panoramic view of the restored mound center is pictured in Shetrone (1930:212-
213). During the 1930s, opportunity arose to augment the restored mounds in an effort to 

bring them up to “size.” In many 
cases, such as the restoration of 
Mound 10, the additions were 
overdone and created mounds 
larger than Squier and Davis 
recorded. The later additions are 
easily identified archaeologically. 
Black clayey loam was used 
in this project that is totally 
different from the red-brown 
gravelly soils that naturally occur 
at the site. This same project was 
responsible for adding greatly 
to the Southeast borrow pit fill. 
Figure 1-4 shows Mound City 
after the Camp Sherman features 

had been demolished and the initial restoration activities were complete. Mound City 
was established as a National Monument in 1923 by President Warren G. Harding under 
the Antiquities Act of 1906.

Figure 1-4. Aerial View of Mound City shortly after 
Restoration Work was completed.
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Chapter 2 
ENVIRONMENT AND GEOGRAPHICAL CONTEXT3

Martha Potter Otto 

Environmental Background 

Mound City is located on the second terrace of the Scioto River Valley, which 
is about 3 miles wide (Figure 2-1). This broad valley was created as a glacial meltwater 
channel of the Scioto Lobe of the Wisconsin glaciation. The Scioto River is one of the 
few south flowing rivers in Ohio whose headwaters lie north of the edge of the glacial 
till sediments laid down in the last glaciation. On either side of the valley are prominent 
hills, those to the south reaching 600 ft. A few miles to the north, hill country, which 
surrounds the valley, gives way to the undulating plains of the Till Plains Province 
(Hammond 1963). Relief in the hill lands range from 300-500 ft, with less than 20% of 
the land classified as gently sloping. Ross County lies across three major physiographic 
zones that become progressively more rugged: the Till Plains (northwestern third of the 
county), the Glaciated Allegheny Plateau (central third), and the Unglaciated Allegheny 
Plateau (southwestern third) (Hyde 1921; Peattie 1923:Figure 1).

3	 Edited version of chapter in Otto (1980).

Figure 2-1. Mound City within the Scioto River Valley.
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Mound City is located in the central area. Before the advent of glaciation, this 
region was drained by the Teays River, which flowed diagonally across the county from 
southeast to northwest. During Deep Stage times associated with the Kansan glaciation, 
the Teays system was radically altered and replaced in central Ohio by the Newark River. 
This waterway cut a new channel from north-central Ohio through northern Ross 
County where it intersected a portion of the existing Teays Valley and then continued 
in its southward flow. Bourneville Creek, predecessor of Paint Creek, which intersected 
the Newark River near Mound City, drained western portions of the county. During 
both the Illinois and Wisconsin glaciations, northern Ross County was covered with ice 
(Stout, VerSteeg, and Lamb 1943:Maps 4-7). Only after the retreat of the Scioto Lobe of 
the Wisconsin ice, beginning about 17,000 years ago (Goldthwait 1959:211), would the 
Ross County area be suitable for habitation. Additional details regarding the geology of 
Ross County can be found in Quinn (1974).

Soils 

The surface soils at Mound City have been classified as Fox gravelly loam, one 
of a series of loams developed on the calcareous gravels of the Pleistocene terraces of 
the “second bottom” (Smith 1962:17-18). At the site, the A horizon is a brown loam. The 
subsoil (B horizon) is a dark yellow gravelly clay loam that is strongly acid. This stratum 
overlies a deposit of unconsolidated dolomite cobbles and gravel. The lower boundary 
of the B horizon with the C horizon is abrupt and well marked in color, structure, and 
texture. The contact is uneven and consists of an undulating interface with numerous 
pendants of B horizon extending over 12 in. in the C horizon gravel. The soil is very 
well drained. 

Glacial deposits of calcareous gravel and sand remaining in the Mound City 
area after the demise of the Wisconsin ice formed the parent material for the Genessee-
Fox soil association that characterizes the Scioto Valley. Genessee soils occur on first 
bottoms and are nearly level, highly fertile, well drained, and light colored. Fox soils are 
moderately fertile, well drained, moderately acidic, and level to steep in slope. They are 
also light colored (Smith 1962). Currently Genessee soils are being cultivated, as are the 
Fox soils where they are level; steeper exposures of Fox soils are generally forested. 

Vegetation 

Ross County supports a varied range of forest types resulting from differences 
in drainage, soil type, direction of exposure, and topographic situation. According to 
Gordon (1966), there were originally six distinctive vegetation zones within the county. 
Bottomland hardwood forests were present along the Scioto River. In Gordon’s (1969:73) 
estimation, “no sites [compared to the bottomlands] were so favorable for the growth 
of a wide variety of timber species outside of the mixed mesophytic forest region and 
the oak-sugar maple forest region of Ohio. These areas also supported magnificent wild 
gardens of colorful flowering plants and woodland ferns.” Bottomland hardwood forests 
are quite variable in their composition, but Evans (1917:11-12) identifies sycamore, black 
and white birch, ash, buckeye, and beech as existing along the Scioto when the earliest 
settlers penetrated the area in the late 18th century.
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Paralleling both sides of the bottomland hardwood zone north of Chillicothe 
and continuing south along the eastern margin of that community were oak-sugar 
maple associations. Dominant species included white and red oak, black walnut, sugar 
maple, white ash, red elm, basswood, and bitternut and shagbark hickories. According 
to Gordon (1969:92), Native Americans and early settlers recognized oak-sugar maple 
forests as identifying particularly fertile land that was well suited for agriculture. Mixed 
mesophytic forests where no single species dominated existed in the Chillicothe area, in 
several portions of southwestern Ross County, and in a large tract east of the oak-sugar 
maple community on the east side of the Scioto River. Various combinations such as 
oak-chestnut-tuliptree, oak-hickory-tuliptree, white oak-beach-maple, and hemlock-
beech-chestnut-red oak characterize such zones.

Somewhat more removed from the immediate Mound City area are mixed 
oak forests characterized by various combinations: white oak-black oak-hickory and 
white oak . On ridge tops of the unglaciated Allegheny Plateau, which would include 
southeastern Ross County, were forests of white oak-black oak and oak-chestnut along 
with dogwood, sassafras, and several species of pine. Beech forests dominated by beech-
maple combinations occupied south west Ross County in the Paint Creek drainage. Beech 
and sugar maple identify the association as well as “wet” beech in poorly drained areas. 
Finally, the wettest areas along Paint Creek and North Fork Paint Creek are prominent 
localities for elm-ash swamp forests. Common species are white elm, black and/or white 
ash, and silver and/or red maple. Cottonwood and sycamore grew in very wet areas. 
Although not identified specifically by Gordon (1966), there is historic document ation of 
prairie in the vicinity of Chillicothe. County histories (Williams Brothers 1880:47; Evans 
1917:168-169) describe the first settlement in Ross County, established by Nathaniel 
Massie in April 1796, along the Scioto near the mouth of Paint Creek and known as 
Station Prairie. The accounts describe how the early settlers proceeded to plow and 
plant their crops in the fertile grasslands. 

The primary reason for enumerating the various vegetations zones in the Ross 
County area is to demonstrate the diversity of plant associations near Mound City. 
Aside from the food and fiber provided by the forests, these zones formed habitats 
for numerous species of mammals, amphibians, reptiles, birds, fish, and mollusca. A 
measure of this diversity can be seen in the tabulation of 49 species of vertebrate fauna 
present at the McGraw site (Parmalee 1965:115-124), approximately 2 miles southeast 
of Chillicothe along the Scioto River. McGraw has been recognized as a “farm-
stead” occupied for a relatively short period of time during the mid-5th century 
A.D. (Prufer 1965:105). 

The inhabitants not only availed themselves of the various animals in the region, 
but also collected hickory nuts, walnuts, acorns, hackberries, and plums (Yarnell 
1965:113-114). The cultivation of maize is more problematical (Ford 1979). Although 
12-row corn is claimed to belong with the Hopewellian occupation of the McGraw site 
(Cutler 1965:107-109), it is absent from all except one site (Niquette, Clay, and Walters 
1988). All told, maize economy can be described in Cleland’s (1966:44) terms as “diffuse” 
and this term could probably be applied to the builders of Mound City as well. 
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Chert Resources 

The most significant mineral resources in the area were flint or chert. Although 
Stout and Schoenlaub (1945) do not identify any specific outcrops of flint within its 
boundaries, the county’s position in the central Scioto Valley puts it in relatively close 
proximity to the Zaleski flint sources in southern Vinto and northern Jackson counties, 
particularly via Salt Creek and its headwaters (also a source of salt as the name implies). 
To the west, Bisher flint was available in the Hillsboro area of Highland County (Stout 
and Schoenlaub 1945:17-20). Somewhat farther afield were the Vanport sources at Flint 
Ridge in Licking and Muskingum counties and Upper Mercer outcrops in Coshocton 
County. Both types also occur in southeastern Ohio, notably Hocking County (Stout 
and Schoenlaub 1945:41; Shaune M. Skinner, personal communication 1979). Even 
so, an important lithic source was pebble chert available in gravel deposits and along 
streambeds (Prufer 1967b:271-272). Plenty of water-worn and highly patinated gray 
nodules of Delaware chert are present in the fields on the terrace north of Mound City. 
Both worked and unworked material of the same chert was recovered in the excavations. 
Material with the distinctive hard cortex of these river cobbles can be identified in the 
lithic assemblage from the excavations (Vickory 1983; see Appendix A). 
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THE RECENT EXCAVATIONS

Initial Objectives

The initial objective of the 1963 work was to explore the grounds of the 
monument for whatever traces of prehistoric Hopewell occupation remained from the 
intense activities of the 1920s. Until the commencement of these excavations it was 
uncertain whether Hopewell features were still present for excavation and study. It was 
widely thought that what was left after the destructive effects of Camp Sherman had 
been salvaged in Mills and Shetrone’s investigations. 

Preservation 

It was quickly discovered that many aboriginal features remained essentially 
intact (Figure 3-1). Not only had many remained undiscovered, but also those that 
were encountered were often excavated incompletely leaving ample material to check 
the earlier work. All this would not be possible were it not for the excellent qualities 

the clay and gravel-rich soils had 
for preserving archaeological 
features. There are several reasons 
for this excellent preservation. 
First, the Camp Sherman buildings 
were erected on wooden pilasters 
that were not deeply set into the 
ground. Typical placement of 
pilasters on shallow footings is 
shown in the photograph of the 
excavations next to a barracks 
(Mills 1922: Figure 18). Second, 
surface grading for the camp was 
light and superficial. It consisted 
mainly of filling in roadbeds and 
knocking down the upper parts 
of mounds and earthworks. The 
result was an obliteration of many 
surface features. Only half of the 
mounds could be traced on the 
ground in 1920 (Mills 1922: 428). 
The damage was less extensive 
than was apparent from the 
surface since the mound bases 
and the sub-surface features often 
remained intact. Actually, the 

destruction caused by surface construction was light compared to the damage done by 
latrine pits and bedding trenches for water and sewer lines. As the excavations in 1963 
progressed it was apparent that large parts of the aboriginal features remained intact, 

Figure 3-1. Mills’ Unpublished Plat Map of the Mound City 
Group in 1920-22.
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and the impact of camp construction was to destroy bits and pieces of the sub-surface 
features. Furthermore, the excavations of 1920-1922 turned out to be selective in location 
and incomplete in scope and execution.

The First Season of 1963 

The excavations initially focused on the southeast corner of the restored 
embankment because it was determined this was a good area to both experiment with 
field methods and search for traces of the original embankment. No features were 
reported here after the 1922 fieldwork when embankment restoration was undertaken 
(Spetnagel and Shetrone 1927:644). The embankment along the south side had not 
restored in its original location, but opportunistically in a different location. The 
original alignment was not used in the reconstruction because the rebuilding team 
found it more expedient to make use of the Bluefield Street roadbed rather than the 
true alignment. Hence work here would satisfy an obvious need to identify the correct 
southern alignment of the embankment. The first excavation grid (A) was laid out in 
the southeast corner of the embankment and oriented to intersect the corner at right 
angles. The plan was to expose a large continuous area in order to thoroughly search for 
prehistoric features. Starting on the west side the recent age of the existing embankment 
was quickly confirmed by the presence of coal, cinders and historic materials. In the first 
few weeks of excavation, methods for distinguishing soil differences were identified as 
were the differences between prehistoric and Camp Sherman period features. The camp 
features were easy to identify because they contained liberal quantities of coal and 
cinders, in addition to occasional nails, iron hardware and tarpaper. 

The base of the original embankment was located after a lengthy search east of 
the railroad tracks where its buried base was found to contain an identifiable midden. 
When Grid A was extended to continue tracing the embankment base, a borrow pit 
was discovered beneath a gentle surface swale. This pit became the Southeast Borrow 
Pit. When it became apparent that the embankment could be followed from traces in 
excavation profiles exposing the outer edge of the earthen wall, balks were left between 
squares in the area where the embankment was anticipated to be. From this strategy it 
was possible to follow the course of the original embankment west of the tracks and to 
the point where it straightens to form the south embankment wall. At the point where 
the wall straightened, another grid (C) was established parallel to it in order to place 
sections perpendicular to the wall along its course. Grid B was established parallel to the 
east embankment, but was never used. 

At the same time the embankment was being traced and the borrow pit was being 
excavated, the presumed passageway through the east embankment was tested in order 
to determine the archaeological authenticity of this position. In 1963, the location of the 
restored east gateway differed from the position on the Squier and Davis map(Figure 3-2). 
A limited test of this feature confirmed the suspicion that this gap was not aboriginal, 
there is no indication of a prehistoric opening at this location. Instead, a Camp Sherman 
water line was found to have crossed the embankment at this point. From this we can 
suppose that during restoration the declivity a bedding trench would have made in the 
embankment was probably mistaken for the eastern opening (Hanson 1966b). Since the 
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1963 investigations, additional excavation in the center of the east embankment revealed 
a prehistoric opening where Squier and Davis had indicated (Hanson 1966b). 

The positive results of the embankment area excavations encouraged further 
exploration of Hopewell features elsewhere. The first objective was to find the location 
of Mound 10, which Squier and Davis’ map shows to have been located in the south 
east corner of the enclosure. At this point in the explorations it was not clear what the 
remains of a mound would look like. However, shortly after a portion of the sub-surface 
of Mound 10 had been stripped in the right-of-way of a camp road, exposure to weather 
revealed a clear alignment of post molds that became the first clue as to how a mound 
location could be rediscovered. The remainder of the structure was recovered by careful 
stripping of the topsoil and disturbed earth underneath by shovel scraping. The scraped 
surface was then wetted and dried repeatedly until dark stains emerged, which were 
investigated to determine whether they were features or not. After the substructure of 
this mound was discovered the excavation was pursued to uncover as much as possible 
of the sub-mound features since none of the mound itself remained. The investigation 
was rewarded with the discovery of a complete post pattern and two floor features that 
escaped destruction. With this success, it became possible to formulate an excavation 

Figure 3-2. The Mound City Earthworks, Enlarged from Squier and Davis (1848 Pl. XIX).
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procedure that would allow for systematic investigation of all Hopewell features at 
the site. After the Mound 10 area was investigated, all of the sub-surface in Grid A was 
scraped and searched by the wet-dry-and-scrape routine. As a result, both prehistoric 
and army camp features were discovered. The latter could be successfully distinguished 
from prehistoric features by darker fill, inclusions of coal and cinders, and by occasional 
historic artifacts. The post molds were often square in cross-section. 

Two more projects were initiated. One was to relocate the southern alignment 
of the embankment. Grid C was laid out, as discussed above, at right angles to the 
presumed course of the wall, and several 10-foot wide test trenches were made at 100 
ft. intervals at points where embankment remnants appeared on the surface. The 
embankment was only found at the west end, where two middens were incorporated 
into the embankment fill. 

The second project involved excavation of part of Mound 13 to locate the position 
of the “Mica Grave” found in 1920. The purpose of this investigation was to gather 
data for reconstruction of an outdoor exhibit. Grid D was laid out for this project as an 
extension of Grid C. The southern half of the restored mound was removed by power 
equipment to within 6 in. of the surrounding ground level. Here, a large area measuring 
60 by 40 ft. was prepared for shovel stripping. The stripping procedure at Mound 13 
was slower and more tedious than at Mound 10 because of the presence of backfill that 
included cremation debris, ash, and mica flakes left behind in the 1920/1921 operations. 
After the mica grave was located and the prepared area was completely searched, an 
attempt was made to extend investigation into the un-stripped area over the mound 
location. Much additional information was recovered on stratigraphy and the extent of 
the structures underlying the mound. However, the 1963 excavations closed before all 
of the units could be completed. An important contribution to our information on the 
mound was the discovery of the foot of the gravel mantle surrounding the structures. 
This remnant of the mound was traced beneath the sod of the unexcavated area to 
determine its continuity. 

The final phase of work was devoted to reconstruction of the two mounds, the 
SE Borrow Pit, and the south embankment to more closely approximate the size and 
location of the original earthworks. As a result, important corrections were made that 
produced a closer resemblance to the earthworks mapped by Squier and Davis.

The 1963 excavations were geared for stripping large areas by a crew of 10 
to 20 men. Grids were divided into 10-foot square units so that a large area could be 
exposed, and balks were left in place so that stratigraphic control could be maintained. 
In some areas, such as the SE Borrow Pit excavations, only the transverse NW-SE balks 
were retained after the basic stratigraphy was established. All balks were removed 
at the completion of the units to allow recovery of artifacts in situ and to search for 
features. Units were stripped in 6 in. levels except where excavation followed important, 
recognizable natural layers. Mattocks and shovels were used for general excavation. 
Screens were used in the excavation of the borrow pit, the southwest corner, and the 
southeast embankment. The midden features and the features of Mounds 10 and 13 were 
excavated by trowel. In stripping extensive areas with shovels it was found that by leaving 
these stripped and cleaned areas free to weather, the newly exposed clay loam and clay 
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gravel became more clearly differentiated in color and texture. As a consequence it was 
possible to detect disturbance in the subsoil and to distinguish intrusions from cultural 
features. This insight was not appreciated at first, and it was only recognized when the 
post pattern beneath Mound 10 was revealed through weathering of the fresh subsoil 
in the roadway of old Toledo Ave. Evidently, sediments with different clay content were 
subject to color enhancement after several sequences of dampening and drying out 
(a good rain is helpful). Even features containing charcoal were far better delineated 
after the treatment of alternating wetting and drying out. Most of the attention in this 
investigation was directed towards finding and confirming post molds. Since their 
presence constituted important evidence for the presence of prehistoric activity, all post 
molds were sectioned longitudinally. Those in the walls of the sub-mound structures 
were sectioned along a line parallel or concentric to the outer line. 

Profiles were drawn of most of the sections through the borrow pit, the southeast 
and southwest portions of the embankments, and in the few selected profiles left 
standing in the Mound 10 and 13 areas. A plat map was kept up to date in the field 
and this map was consulted regularly to set the course of excavation and to interpret 
features in the field. 

The 1964 to 1966 Seasons

In this period archaeological investigations were conducted on a small scale 
by a NPS professional archaeologist resident at the monument. The Ohio Historical 
Society administered the contracts for this work. A modest program of re-examining 
the location of mounds and other features of the earthwork was inaugurated. The first 
season sought to determine the location of Mound 4, which should have been positioned 
within the enclosure just north of Mound 13 according to the map published by Squier 
and Davis (1848). This excavation was performed under the field direction of Richard 
Faust (1966) and was conducted entirely by hand-stripping the sub-surface. Portions of 
a sub-mound structure foundation were found to mark the former position of Mound 4.

In 1965 attention turned to Mound 5 because Mound 4, with which it was 
paired on the Squier and Davis map, had been relocated the previous year. Since Squier 
and Davis (1848) state that the two mounds touched each other, Mound 5 would have 
to be relocated in conformity with the new position of Mound 4. Grid (“Section”) F 
was established to control the excavation in the northwestern corner (Hanson 1965). 
Mound 4 was used as a fixed point on the Squier and Davis map to project the location 
for Mound 5. Lee Hanson discovered a sub-mound structure foundation marking the 
former location of this mound. A large oval pit 4.9 by 3.4 feet located in the center of 
the structure was identified as the work of Squier and Davis. Since it contained neither 
aboriginal nor Camp Sherman materials, the pit was unlikely to belong to either of 
these two periods. Mills stated that he failed to relocate this mound. The pit’s central 
position is consistent with the digging strategy of the 1845 investigations. This discovery 
contributed greatly to confirming the identity of the sub-structure found in Grid F as 
the same location of the earthwork Squier and Davis label as Mound 5. 

In this same season trenches were cut in the northwest corner of the enclosure 
embankment in an effort to determine the likely alignment of this feature. The Squier 
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and Davis map shows the embankment to be symmetrically arranged through its major 
axis and to have corners that were roughly the same in curvature. Re-examination of 
the northwest corner revealed that the restorers confused a portion of Mound 5 with 
the embankment. The Northwest Borrow Pit was also reopened at this time to discover 
largely sterile gravel fill on top of a thin deposit of organic soil lying at the base of the pit.

In the Fall of 1966 the eastern gateway was reinvestigated. Since the 1963 
investigations had disposed of the antiquity of the restored gateway as an artifact of 
a water line bedding ditch, the true location lay in abeyance. It was projected as lying 
midway between the two borrow pits on the east side of the enclosure. The excavation 
unit is labeled Grid G although this name is not applied in the report (Hanson 1966b). 
Excavation disclosed the gateway in the projected location with a 20-inch high basal 
portion of the embankment in place.

Table 3-1. Excavation Units and Associated Major Features. 

Year Grid Mounds and Major Features Source References 
Area

Brown & Baby 1966 1963 A Md 10, SE Borrow Pit, SE Embankment 

B East Embankment (not used) Brown & Baby 1966 

C South Embankment               Brown & Baby 1966 

D Md 13, Md 12 (pt)               Brown & Baby 1966 

1964 E Md 4                         Faust 1966 

1965 F Md 5, NE Borrow Pit, NE Embankment Hanson 1965, 1966a 

1966 ?[G] East Embankment                Hanson 1966b 

1968 H Md 17, Md 23                   Saurborn 1968 

1969 I Md 1, Md 19                    Baby, Potter & Koleszar 1971 

1970 J1 Md 20                        Baby, Potter & Koleszar 1971 

J2 Md 6                         Baby, Potter & Koleszar 1971 

1971 K1 Md 12                        Otto 1980, McCullough nd

K2 Md 16                        Otto 1980 

K3 Md 11                        Otto 1980 

1972 [X] Northeast Embankment            Drennan 1972 

[Y] Southeast Embankment corner       Drennan 1972 

1973 L Md 15                        Drennan 1974 

1974 M1 Md 22                        Baby, Drennan & Langlois 1975 

M2 Md 14                        Baby, Drennan & Langlois 1975 

1974 N Md 21                        Baby, n.d. 

1975 O1 Md 9                         Baby & Langlois 1977 

O2 Md 8                         Baby & Langlois 1977 

1976 - SW corner, extra-mural           Brose 1976
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Subsequent History

In the Spring of 1968 Ray Baby took over field supervision of the Ohio Historical 
Society projects at the monument. Projects continued to focus on re-examining the 
location of the remaining mounds within the enclosure. After the success of relocating 
Mounds 4 and 5 in the northwestern corner, the task turned to the problem of the 
northern tier of mounds, which were restored in conspicuously different positions than 
indicated in the plan printed by Squier and Davis (1848, Figure 3-2). In this season, Grid 
H was laid out in the northern section in an area where Mounds 23 and 17 were expected 
based upon a projection of the Squier and Davis map onto the Camp Sherman map. A 
sub-mound structure was uncovered in the bulldozed strip of Grid H that answered to 
the Squier and Davis Mounds 23 and 17. The excavators were evidently not cognizant 
that the former was quite differently located from Mills’ Mound 23, which he plots and 
illustrates as lying partly beneath a barracks far removed from the location of Grid H.

In the Fall of 1969 the Ohio Historical Society turned attention to the location 
of Mounds 19 and 1 in the northern tier. They were located by stripping an area of one 
foot of surface sediment in an area of Grid I. The mound locations were estimated by 
assuming that they were located the same distance from each other as Mounds 23 and 17 
were found to be. This assumption was supported by the map published by Squier and 
Davis that showed all four of these mounds positioned equidistant from each other and 
in a straight line.

The 1970 project to relocate the original positions of Mounds 20 and 6 
materialized after comparing the same Squier and Davis map to the restored locations of 
these mounds. Careful examination of a color aerial photo taken in 1966 of the Mound 
City Group and subsequent ground inspection revealed two slight elevations just south 
and southeast of the 1925 restoration of Mounds 20 and 6. 

Field investigations followed through with the supposition that these elevations 
were the remains of these two mounds by laying out two 60 by 80 ft grids (J1 and J2 
respectively). A common north-south base line linked these two rectangular stripped 
areas. During this field season the restoration labeled Mound 24 was removed after 
sub-surface examination of the south half of the area disclosed that now sub-surface 
features marked the area.

The 1971 season attended to the location of Mounds 12, 16, and 11 (Otto 1980). 
The Mound 12 investigation required merely rejoining the Grid D of 1963. A new grid, 
K1, was created on the same alignment (McCullough n.d.). It and Mound 16 had been 
restored on the locations of their respective excavations conducted in the 1920s. The 
location of Mound 11, however, required the aid of the Squier and Davis map. The 
general position was projected from Mound 1 on the basis of the mapped location, and 
the specific position was pinpointed by a slight elevation in the projected area.

The work conducted the following year responded to a different necessity than 
that of repositioning the mounds more faithfully to archaeology. The railroad spur that 
traversed the park on the east side had been abandoned. As a result it became possible 
to remove the roadbed and to close the gaps in the enclosure through which the rail 
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line traveled. Before this work was undertaken these sections in the southeast and 
northeast corners of the embankment were investigated with the assistance of power 
equipment. Two grids were laid out in these locations. Since they were undesignated I 
have labeled them as Grid X for the northeast and Grid Y for the southeast. The latter 
was accomplished readily by tying into the edges of Grid A that ran up to the ties on both 
sides of the roadbed (Figure 8-11). After the ties and ballast were removed the subsurface 
was shovel-scraped. In the southeast corner it became possible to fully retrieve the 
inhumation discovered in 1963. Although little else was discovered, these investigations 
into the road bed disclosed that all traces of the embankment had been destroyed, 
although the depth of the disturbance was not great. Grid X, on the other hand, was 
established anew with a base line established off of the Mound 11 grid (Drennan 1972). 
Investigation into this section of the embankment disclosed the following:

Embedded into the subsoil were the impressions of railroad ties that had been 
removed, evidence of an earlier railroad bed below the one that recently existed. 
To the west of these old bed impressions were visible the impressions of an 
additional siding with one tie still in place. It was concluded that the construction 
of the first railroad destroyed all evidence of the embankment at the time of its 
construction. The original ties were placed directly upon a thin layer of sandy 
gravel covering the undisturbed subsoil and at a later date were removed for track 
repair. Several long-time residents of the area reported that the original track 
was once washed out. Ballast was then deposited on the existing bed to form a 
substantial base for the new track and ties. The siding that branched to the west 
near the northern embankment was not replaced (Drennan 1972).

The 1973 work resumed the re-examination of the mound locations within the 
enclosure (Drennan 1974). The location of Mound 15 was the subject of investigation 
with the discovery of the sub-mound structure foundation as the objective. This mound 
was chosen for work because the 1925 restoration was positioned south of Mound 
7 whereas the Squier and Davis map depicts it south of Mound 18. As in previous 
reinvestigations of mound locations the positions were established by projections on the 
basis of securely established mounds on the Squier and Davis map. Mounds 10 and 17 
were used to plot the angle to Mound 15 as shown on the aforesaid map. Grid (“Section”) 
L was established from a new monument (D).

The objective of the Spring 1974 work was the re-examination of Mounds 14 and 
22 (Baby, Drennan and Langlois 1975). As in most other cases the existing restorations 
were not of any use. Their positions were questionable since Mills (1922:428) specifically 
notes that he failed to find the sites of these particular mounds. More promising locations 
were projected on the basis of the relative positions to archaeologically fixed locations 
on the Squier and Davis map. The archaeologically re-established eastern gateway was 
used as the fixed point. Two grids, M1 and M2, were established for investigation of 
Mounds 22 and 14 respectively. Mound 14 lay partly within the roadbed of the railway 
spur (Drennan 1972: Figure 1).

Work in the Fall 1974 of was on the re-examination of Mound 21 (Baby, n.d.). 
Un-reported notes indicate that undertaking the re-examination of the position of 
this mound relied once again on projections from archaeologically fixed positions on 
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the Squier and Davis map. This time Mounds 7 and 9 were used to find Mound 21, 
which is mapped midway and just southeast of a line drawn between the two. Mills 
(1922) also located Mound 21 with a sub-mound structure. It was, however, located 
about 180 ft WNW of the mound in Grid N. It is evident that once again archaeological 
reinvestigations at Mound City disclosed the existence of sub-mound structures in 
locations that more faithfully adhered to the numbered positions on the Squier and 
Davis map. 

The objective of the 1975 work was the re-examination of Mounds 8 and 9 (Baby 
and Langlois 1977). Grids O2 and O1, respectively, were established as controls for 
excavations into the remains of these two mounds. 

Since both mounds had been restored by Henry C. Shetrone in 1925-26, and 
appeared, by comparison with Squier and Davis (Figure 3-2), to be on their original sites, 
power equipment (a front-loader/backhoe) was used to remove the restored mounds 
and the disturbed overburden beneath them. The areas were stripped to a depth of 0.5 
ft below the present grade, with an additional 0.5 to 0.6 feet then excavated by hand. 
This excavation unit was designated Section O1 (Mound 9) and O2 (Mound 8) (Figure 
3-6). For control and recording purposes, each site had a horizontal grid of 10-foot-
square units, related to a master east-west base line extending through Monuments D 
and E, established in 1974 (Drennan 1974). Vertical control was maintained by elevation 
readings using a surveyor’s transit. Features were located by hand-scraping of the floor 
surface; fill and artifactual contents were then carefully removed by hand.

In 1976 a new and very different tactic was taken to research in the monument. 
Research was extended outside of the enclosure in an effort to mitigate the impact of 
landscaping (Brose 1976). Subsequent research has focused on determining the extent 
and degree of habitation in outlying areas of the monument (Lynott 1982; Lynott and 
Monk 1985).

In the program of archaeological reexamination of mound locations after 1963, 
a detailed corpus of sub-mound structure foundations was compiled that allowed for 
a new perspective on the constructional history and organization of the site while 
addressing the more immediate goal of repositioning the restorations with greater 
fidelity to the archaeological remains (Figure 3-3). In almost all cases little remained 
of the structural floors and few contained sub-floor features, even ones that has been 
excavated. Although most of the structures had suffered only from the grading that 
was part of Camp Sherman construction, some mounds, such as no. 8, appeared to have 
been thoroughly excavated by Mills and Shetrone. Mound 12 was a principal exception 
to these generalities in terms of the presence of unexcavated features and amount of 
recovered materials.

Excavation Procedure

The 1963 excavations were geared toward stripping large areas by a crew of 
from 10 to 20 laborers. Grids were divided into 10-foot square units so that a large 
exposure could be bared between balks left in place to maintain stratigraphic control. 
In some areas, such as the Southeast Borrow Pit excavations, only the transverse 























































































































































































































































































































































































































































































































































































































































































































374

 1966b Excavation of Section B, the East Gateway at Mound City National 
Monument. National Park Service Report, Acct.\ 120-144. 

 1967 Memorandum [concerning Mica Grave walkway investigations] April 29, 1967. 
Files of the Mound City Group National Monument. 

Harkness, Barbara M.
 1982 Implications for Ohio Hopewell Polity Suggested by Lithic and Iconographic 

Analysis. PhD dissertation, Ohio State University, The Union for Experimenting 
Colleges and Universities. 

Hatch, James W., Joseph W. Michaels, Christopher M. Stevenson, Barry E. Sheetz and 
Richard A. Geidel

 1990 Hopewell Obsidian Studies: Behavioral Implications of Recent Sourcing and 
Dating Research. American Antiquity 55:461-479.

Haven, Samuel F.
 1856 Archaeology of the United States. Smithsonian Contributions to Knowledge, 8:1-

168. 

Hawkins, Rebecca A.
 1996 Revising the Ohio Middle Woodland Ceramic Typology: New Information from 

the Twin Mounds West Site. In A View from the Core: A Synthesis of Ohio Hopewell 
Archaeology, edited by Paul J. Pacheco, pp. 70-91. Ohio Archaeological Council, 
Columbus.

Heimlich, Marion Dunlevey
 1952 Guntersville Basin Pottery. Geological Society of Alabama, Museum Paper 32. 

Hemmings, E. Thomas
 1984 Fairchance Mound and Village: An Early Middle Woodland Settlement in the 

Upper Ohio Valley. West Virginia Archeologist 36:3-68.

Henshaw, H. W.
 1883 Animal Carvings from Mounds of the Mississippi Valley. Second Annual Report 

of the Bureau of American Ethnology, pp. 123-166.

Hofman, Jack L.
 1987 Hopewell Blades from Twenhafel: Distinguishing Local and Foreign Core 

Technology. In The Organization of Core Technology, edited by Jay K. Johnson and 
Carol A. Morrow, pp. 87-118. Westview Press, Boulder, Colorado.

Hughes, Richard E.
 1992 Another Look at Hopewell Obsidian Studies. American Antiquity 57:515-523.

Hurley, William M.
 1979 Prehistoric Cordage: Identification of Impressions on Pottery. Taraxacum, 

Washington, D.C. 



375

REFERENCES 

Hyde, J. E.
 1921 Geology of Camp Sherman Quadrangle. Geological Survey of Ohio, Fourth 

Series, Bulletin 23. 

Jefferies, Richard W. 
 1976 The Tunacunnhee Site: Evidence of Hopewell Interaction in Northwest Georgia. 

Anthropological Papers of the University of Georgia 1.

Jeske, Robert
 1981 Economies in Lithic Use Strategies: An Example from Mound City. Ph.D. 

Qualifying Paper, Department of Anthropology, Northwestern University, 
Evanston. 

1989 Economics in Raw Material Use by Prehistoric Hunter-gatherers. In Time, 
Energy, and Stone Tools, edited by Robin Torrence, pp. 34-45. Cambridge 
University Press. 

2003 Lithic Procurement and Use within Mississippian Social Networks. In Theory, 
Method, and Practice in Modern Archaeology, edited by Robert J. Jeske and 
Douglas K. Charles, pp. 223-237. Praeger Press, Westport, Connecticut. 

Jeske, Robert J., Rochelle Lurie and April S. Hohol 
1988 Lithic Analysis of Putney Landing Middle Woodland Features. In Putney 

Landing: Archaeological Investigations at a Havana-Hopewell Settlement on the 
Mississippi River, West Central Illinois, edited by C. W. Markman. Northern Illinois 
University Archaeological Research Series no. 2. 

Johnson, W. C.
 1980 Ceramics. In Excavations at Dameron Rockshelter (15JO23A), Johnson County, 

Kentucky, by F. J. Vento et al., pp. 119-143. Ethnology Monographs 4. Department 
of Anthropology, University of Pittsburgh. 

Justice, Noel D. 
1995 Stone Age Spear and Arrow Points of the Midcontinental and Eastern United 

States. Indiana University Press, Bloomington and Indianapolis.

Katz, Susanna R.
 1974 Kansas City Hopewell Activities at the Deister Site. University of Kansas, 

Museum of Anthropology, Research Series 1. 

Keel, Bennie C.
 1976 Cherokee Archaeology, a Study on the Appalachian Summit. University of 

Tennessee Press, Knoxville. 

Kellar, James H., A. R. Kelly, and Edward V. McMichael
 1962 The Mandeville Site in Southwest Georgia. American Antiquity 27:336-355.

Kimball, Larry R., editor
 1985 The 1977 Archaeological Survey: An Overall Assessment of the Archaeological 

Resources of Tellico Reservoir. Report of Investigations No. 40, department of 
Anthropology, The University of Tennessee, Knoxville.



376

King, Clyde B.
 n.d. History of the Mound City Group National Monument. MS on file at the Mound 

City Group National Monument, Chillicothe, Ohio. 

Kurjack, Edward B.
 1975 Archaeological Investigations in the Walter F. George Basin. In Archaeological 

Salvage in the Walter F. George Basin of the Chattahoochee River in Alabama, by 
David L. DeJarnette, pp. 86-198. University of Alabama Press.

Lafferty, Robert H.
 1981 The Phipps Bend Archaeological Project. TVA Publications in Anthropology 

no.26. 

Leader, Jonathan Max
 1988 Technological Continuities and Specialization in Prehistoric Metalwork in the 

Eastern United States. Unpublished PhD Dissertation, University of Florida.

Lemmons, Reno and Flora Church
1999 A Use Wear Analysis of Hopewell Bladelets from Paint Creek Lake Site #5, Ross 

County, Ohio. North American Archaeologist April 1999 19:269-277.

Lepper, Bradley T.
 1995 People of the Mounds: Ohio’s Hopewell Culture. Hopewell Culture National 

Historical Park and Eastern National Park and Monument Association.

Lepper, Bradley T. and Richard Yerkes 
1997 Hopewellian Occupations at the Northern Periphery of the Newark Earthworks: 

The Newark Earthwork Expressway Sites Revisited. In Ohio Hopewell Community 
Organization, edited by William S. Dancey and Paul J. Pacheco, pp. 175-206. Kent 
State University Press, Kent.

Lurie, Rochelle
 1982 Economic Models of Stone Tool Manufacture and Use: The Koster Site Middle 

Archaic. Unpublished PhD. dissertation, Department of Anthropology, 
Northwestern University. 

Lurie, Rochelle and Robert Jeske
1990 Appendix 1: Lithic Recording Scheme. In At the Edge of Prehistory: Huber Phase 

Archaeology in the Chicago Area, edited by James A. Brown and Patricia J. O’Brien, 
pp. 284-290. Center for American Archaeology Press, Kampsville Illinois.

 1990 Chipped-Stone Schema and Documentation. In “The Oak Forest Site: 
Investigations into Oneota Subsistence-Settlement in the Cal-Sag Area of Cook 
County, Illinois.” In At the Edge of Prehistory: Huber Phase Archaeology in the 
Chicago Area, edited by James A. Brown and Patricia J. O’Brien, pp. 284-294. 
Illinois Department of Transportation, Springfield, and Center for American 
Archeology, Kampsville, Illinois.



377

REFERENCES 

Lewis, T. M. N. and Madeline Kneberg
 1946 Hiwassee Island. University of Tennessee Press, Knoxville.

Lynott, Mark J.
 1982 An Archaeological Investigation of an Area Adjacent to Mound City Group 

National Monument: A Preliminary Report. Report of the Midwest Archeological 
Center, Lincoln, Nebraska. 

Lynott, Mark J. and Susan M. Monk
 1985 Mound City, Ohio, Archaeological Investigations. Midwest Archeological Center, 

Occasional Studies in Anthropology No. 12.

Maslowski, Robert F. and David L. Dawson 
1980 Childers: A Terminal Late Woodland Village. West Virginia Archaeologist 29(2).

Mayer-Oakes, William J.
 1955 Prehistory of the Upper Ohio Valley: an introductory archeological study. 

Anthropological Series 2. Annals of Carnegie Museum 34, Pittsburgh.

McCollough, Major C. R.
 n.d. Mound 12 Excavation, Mound City Group National Monument, April 1 - June 9, 

1971 Field Notes. Manuscript in the Ohio Historical Society, Columbus, Ohio. 

McConaughy, Mark A. 
2005 Middle Woodland Hopewellian Cache Blades: Blanks or Finished Tools? 

MidContinental Journal of Archaeology 30:217-258.

McCord, Beth Kolbe and Donald R. Cochran 
1994 Morell-Sheets: An Albee Phase Habitation. Reports of Investigations 38. 

Archaeological Resources Management Service, Ball State University, Muncie, 
Indiana.

Merriam, Clinton H. 
 1923 Erroneous Identifications of “Copper Effigies” from the Mound City Group. 

American Anthropologist 25:424-5. 

Mills, William C.
1907 The Exploration of the Edwin Harness Mound. Ohio State Archaeological and 

Historical Quarterly 16:113-193.
 1916 Explorations of the Tremper Mound. Ohio Archaeological and Historical 

Quarterly 25:262-398.
 1921 Flint Ridge. Ohio Archaeological and Historical Society 30:91-161.
 1922 Explorations of the Mound City Group. Ohio Archaeological and Historical 

Quarterly 31:423-584. 



378

Montet-White, Anta
1963 Analytic Description of the Chipped-Stone Industry from Snyders Site, Calhoun 

County, Illinois. In Miscellaneous Studies in Typology and Classification, edited by 
Anita Montet-White, Lewis Binford, and Mark L. Papworth. Anthropological 
Papers 19:1-70. Museum of Anthropology, University of Michigan, Ann Arbor. 

1968 The Lithic Industries of the Illinois Valley in the Early and Middle Woodland 
Period. Anthropological Papers No. 35. Museum of Anthropology, University of 
Michigan, Ann Arbor.

Morgan, Lewis H.
 1881 Houses and House-life of the American Aborigines. Contributions to North 

American Ethnology IV. Department of Interior, U. S. Geographical and 
Geological Survey of the Rocky Mountains. 

Morgan, Richard G.
 1946 Review of “The Adena People”, by William S. Webb and Charles E. Snow. 

American Antiquity 12:54-48. 
 1952 Outline of Cultures in the Ohio Region. In Archeology of the Eastern United 

States, edited by James B. Griffin, pp. 83-98. University of Chicago Press, Chicago.

Mortine, Wayne A. and Doug Randles
 1987 The Martin Mound: an Extension of the Hopewell Interaction Sphere into the 

Walhonding Valley of Eastern Ohio. Occasional Papers in Muskingum Valley 
Archaeology, no. 10, The Muskingum Valley Archaeological Valley Survey.

Murray, Peter F.
1972 Bone, Antler, and Shell Artifacts. In The Schultz Site at Green Point: A Stratified 

Occupation Area in the Saginaw Valley of Michigan, edited by J. E. Fitting, pp. 225-
243. Memoirs of the Museum of Anthropology University of Michigan Number 4. 
Ann Arbor.

Neumann, Georg K. and Melvin L. Fowler
 1952 Hopewellian Sites in the Lower Wabash Valley. In Hopewellian Communities 

in Illinois, edited by Thorne Deuel, pp. 176-248. Scientific Papers 5, Illinois State 
Museum, Springfield. 

Niquette, Charles M., R. Berle Clay, and Matthew M. Walters
 1988 Phase III Excavations of the Kirk (46Ms112) and Newman Mounds (46Ms110), 

Gallipolis Locks and Dam Replacement Project, Mason County, West Virginia. 
Contract Publication Series 88-11. Cultural Resource Analysts, Inc.

Nolan, David J., Mark F. Seeman and James L. Theler 
2000 A Quantitative Analysis of Skill and Efficiency: Hopewell Blade Production at the 

Turner Workshop, Hamilton County, Ohio. Midcontinental Journal of Archaeology 
32:297-329.



379

REFERENCES 

Odell, George 
1985 Microwear Analysis of Middle Woodland Lithics. In Smiling Dan: Structure 

and Function at a Middle Woodland Settlement in the Lower Illinois Valley, edited 
by Barbara D. Stafford and Mark B. Sant, pp. 298-326. Kampsville Archeological 
Center Research Series 2. Center for American Archeology, Kampsville, Illinois. 

1994 The Role of Stone Bladelets in Middle Woodland Society. American Antiquity 
59:102-120.

Ogden, J. Gordon III and Ruth J. Hay
 1964 Ohio Wesleyan University Natural Radiocarbon Measurements I. Radiocarbon 

6:340-348.
 1967 Ohio Wesleyan University Natural Radiocarbon Measurements III. Radiocarbon 

9:316-332. 
 1973 Ohio Wesleyan University Natural Radiocarbon Measurements V. Radiocarbon 

5:350-65.

Oplinger, Jon
1981 Wise Rockshelter: A Multicomponent Site in Jackson County, Ohio. Research 

Papers in Archaeology 2. Kent State University Press, Kent, Ohio. 

Otto, Martha Potter, editor
 1980 Excavation of Mounds 12, 11, and 16, Mound City Group National Monument, 

Chillicothe, Ohio. Report to the National Park Service, Ohio Historical Society, 
Columbus. Contracts 5950L10180 and 5950L10209. 

Otto, Martha Potter
 1984 Masterworks in Pipestone: Treasure from Tremper Mound. Timeline 1(1):18-33.

Parmalee, Paul W.
 1965 The Vertebrate Fauna. In The McGraw Site, a Study in Hopewellian Dynamics, by 

Olaf H. Prufer, pp. 115-118. Scientific Publications of the Cleveland Museum of 
Natural History. 

Peattie, Roderick
 1923 Geography of Ohio. Ohio Geological Survey, Fourth Series, Bulletin 27. 

Peck, G. Richard
 1972 The Rise and Fall of Camp Sherman. Second edition, Peck Photography Co., 

Chillicothe, Ohio. 

Peoples, Nicole, Eliot M. Abrams, AnnCorinne Freter, Brad Jokisch and Paul E. Patton 
2008 The Taber Well Site (33HO611): A Middle Woodland Habitation and Surplus 

Lithic Production Site in the Hocking Valley, Southeastern Ohio. Midcontinental 
Journal of Archaeology 33:107-127.

Perino, Gregory
1968 Guide to the Identification of Certain American Indian Projectile Points. Special 

Bulletin 3, Oklahoma Anthropological Society, Oklahoma City. 



380

Pierce, L. T.
 1959 Climates of the States: Ohio. U.S. Department of Commerce, Weather Bureau, 

Climatology of the United States, no. 60-33:1-19, Washington, D.C. 

Pi-Sunyer, Oriol
1965 The Flint Industry. In The McGraw Site: A Study in Hopewellian Dynamics, 

pp. 60-89, edited by Olaf Prufer et al. Scientific Publications No. 1. Cleveland 
Museum of Natural History, Cleveland, Ohio. 

Prufer, Olaf H.
 1964a The Hopewell Complex of Ohio. In Hopewellian Studies, edited by Joseph L. 

Caldwell and Robert L. Hall, pp. 35-83. Illinois State Museum, Scientific Papers 
12.

 1964b The Hopewell Cult. Scientific American 211(6): 90-102.
 1965 The McGraw Site: A Study in Hopewellian Dynamics. Cleveland Museum of 

Natural History, Scientific Publications, n.s. 4, no.1
 1967a Chesser Cave: A Late Woodland Phase in Southeastern Ohio. In Studies in Ohio 

Archaeology, edited by Olaf H. Prufer and Douglas H. McKenzie, pp. 1-62. Press 
of Western Reserve University, Cleveland.

 1967b The Scioto Valley Archaeological Survey. In Studies in Ohio Archaeology, 
edited by Olaf H. Prufer and Douglas H. McKenzie, pp. 267-328. Press of Western 
Reserve University, Cleveland, Ohio.

 1968 Ohio Hopewell Ceramics: An Analysis of the Extant Collections. 
Anthropological Papers, Museum of Anthropology, University of Michigan 49. 

1981 Raven Rocks: A Specialized Late Woodland Rockshelter Occupation in Belmont 
County, Ohio. Research Papers in Archaeology 1. Kent State University Press, 
Kent, Ohio. 

Prufer, Olaf H. and Douglas H. McKenzie
 1965 Ceramics, In The McGraw Site: A Study in Hopewellian Dynamics, by Olaf H. 

Prufer, pp. 18-59. Cleveland Museum of Natural History, Scientific Publications.

Prufer, Olaf H., Mark F. Seeman and Robert P. Mensforth
 1984 (The Lukens Cache: A Ceremonial Offering from Ohio. Pennsylvania 

Archaeologist 54:19-31.)

Prufer, Olaf H. and Orrin C. Shane, III
 1970 Blaine Village and the Fort Ancient Tradition in Ohio. Kent State University Press, 

Kent, Ohio. 

Quinn, M. J.
 1974 The Glacial Geology of Ross County, Ohio. Unpublished PhD. dissertation, 

Ohio State University. 



381

REFERENCES 

Reid, Kenneth C. 
1976 Prehistoric Trade in the Lower Missouri Valley: An Analysis of Middle 

Woodland Bladelets. In Hopewellian Archeology in the Lower Missouri Valley, 
edited by Alfred E. Johnson, pp. 63-99. Publications in Anthropology 8. University 
of Kansas, Lawrence.

Ritchie, William A.
1961 A Typology and Nomenclature for New York Projectile Points. Bulletin 384, New 

York State Museum and Science Service, Albany. 
1969 The Archaeology of New York State. Revised edition, Natural History Press, N.Y. 

Ruby, Bret J. and Scott J. Troy 
1996 Hopewellian Centers in Context: Intensive Survey in the Vicinity of the Hopeton 

Works, Hopewell Culture National Historic Park, Ross County, Ohio. Paper 
presented at the 40th Annual Meeting of the Midwest Archaeological Conference, 
Beloit, Wisconsin.

Ruhl, Katharine C.
 1992 Copper Earspools from Ohio Hopewell Sites. Midcontinental Journal of 

Archaeology 17:46-79.
2005 Hopewellian Copper Earspools from Eastern North America: The Social, 

Ritual, and Symbolic Significance of their Contexts and Distribution. In Gathering 
Hopewell: Society, Ritual, and Ritual Interaction, edited by Christopher Carr and D. 
Troy Case, pp. 696-713. Kluwer Academic/Plenum Publ., N.Y.

Ruhl, Katharine C. and Mark F. Seeman
 1998 The Temporal and Social Implications of Ohio Hopewell Copper Earspool 

Design. American Antiquity 63:651-662.

Saurborn, Barbara S.
 1968 A Re-examination of Mounds 23 and 17, Unit H, Mound City Group National 

Monument. Report to the National Park Service, Ohio Historical Society, 
Columbus. Contract P.O. NER 950-755. 

Sciulli, Paul W.
 1995 Final Report Inventory and Analysis of Human Skeletal Remains from Mound City 

(33 RO 32). Department of Anthropology, The Ohio State University, Columbus, 
Ohio. Report on File at the Midwest Archeological Center, Lincoln, Nebraska.

Sears, William H.
 1962 Hopewellian Affiliations of Certain sites on the Gulf Coast of Florida. American 

Antiquity 28:5-18.
 1982 Fort Center: An Archaeological Site in the Lake Okeechobee Basin. University 

Presses of Florida, Gainesville. 

Seeman, Mark F.
1977 Stylistic Variation in Middle Woodland Pipe Styles: The Chronological 

Implications. Midcontinental Journal of Archaeology 2:47-66. 



382

1979a The Hopewell Interaction Sphere: The Evidence for Interregional Trade and 
Structural Complexity. Indiana Historical Society Prehistory Research Series 5, 
no.2, Indianapolis.

1979b Feasting with the Dead: Ohio Hopewell Charnel House Ritual as a Context 
for Redistribution. In Hopewell Archaeology: The Chillicothe Conference, edited by 
David S. Brose and N’omi Greber, pp. 39-46. Kent State University Press, Kent. 

1981a Phase I (Literature Search) and Phase II (Locational Survey) Investigations of 
the Chillicothe Correctional Institute, Chillicothe, Ohio. Report to the Bureau of 
Prisons, U.S. Department of Justice. Kent State University.

1981b The Question of “Villages” at the Hopewell Site: An Archaeological Survey of 
the Hopewell Site (33Ro27) and Vicinity, Ross County, Ohio. Paper read at the 
Midwest Archaeological Conference, Madison, WI.

Seeman, Mark F. and Frank Soday
1980 The Russell Brown Mounds: Three Hopewell Mounds in Ross County, Ohio. 

Midcontinental Journal of Archaeology 5:73-116. 

Shepard, Anna O.
 1956 Ceramics for the Archaeologist. Carnegie Institution of Washington, Publ. 609, 

Washington D.C.

Shetrone, H. C.
1925 Explorations of the Hopewell Group of Prehistoric Earthworks. Ohio 

Archaeological and Historical Society Publications 35:1-227. 
1930 The Mound Builders. Appleton-Century, N.Y. 

Shetrone, Henry C. and Emerson F. Greenman
 1931 Explorations of the Seip Group of Prehistoric Earthworks. Ohio Archaeological 

and Historical Society Publications 40:343-509. 

Shumaker, Karen J.
 1965 A Hopewellian Charnel House: a Reconstruction. Ohio Archaeologist 15:60-62. 

Smith, Betty A.
 1979 The Hopewell Connection in Southwest Georgia. In Hopewell Archaeology: The 

Chillicothe Conference, edited by David S. Brose and N’omi Greber, pp. 181-7. 
Kent, Ohio: Kent State University Press.

Smith, T. R.
 1962 An Inventory of Ohio Soils. Ross County. Ohio Department of Natural Resources, 

Progress Report 22.

Spetnagel, A. C.
 1926 Report of the Committee on Mound City Park. Ohio Archaeological and 

Historical Society Publications 35:274-277.



383

REFERENCES 

Spetnagel, A. C. and H. C. Shetrone
 1927 Preliminary Report on the Work of Restoring and Parking of the Mound City 

Group, in Camp Sherman, Ross County, Ohio. Ohio Archaeological and Historical 
Society Publications 35:641-5.

Squier, Ephraim G.
 1847 Observations on the Uses of the Mounds of the West, with an Attempt at their 

Classification. American Journal of Science and Arts [Silliman’s Journal], second 
series, 3(8): 237-248. 

Squier, Ephraim G. and E. H. Davis 
1848 Ancient Monuments of the Mississippi Valley. Contributions to Knowledge 1, 

Smithsonian Institution, Washington, D.C. 

Stansbery, David H.
 1966 The Molluscan Fauna. Appendix i, In Mound City Revisited, by James Brown 

and Raymond Baby. Ms. on file with author. 

Stephens, Denzil
 1974 Excavations at the Stoner and Lowe Sites. Illinois State Museum Research Series, 

Papers in Anthropology 2. 

Stevens, Edward T.
 1870 Flint Chips: A Guide to Pre-historic Archaeology, as Illustrated by the Collection in 

the Blackmore Museum, Salisbury. Bell & Daldy, London. 

Stout, Wilber and R. A. Schoenlaub.
 1945 The Occurrence of Flint in Ohio. Geological Survey of Ohio, Fourth Series, 

Bulletin 46. 

Stout, Wilbur, Karl VerSteeg, and G. K. Lamb
 1943 Geology of Water in Ohio. Ohio Geological Survey, Fourth Series, Bulletin 44.

Struever, Stuart 
1968 Woodland Subsistence Settlement Systems in the Lower Illinois Valley. In New 

Perspectives in Archaeology, edited by Sally R. Binford and Lewis R. Binford, pp. 
285-312. Aldine, Chicago. 

Struever, Stuart and Gail L. Houart 
1972 An Analysis of the Hopewell Interaction Sphere. In Social Exchange and 

Interaction, edited by Edwin N. Wilmsen, pp. 47-80. Anthropological Papers 46. 
Museum of Anthropology, University of Michigan, Ann Arbor. 

Thomas, Cyrus
 1894 Report on the Mound Explorations of the Bureau of American Ethnology. 

Bureau of American Ethnology, Annual Report, 1890-91, no. 12 



384

MOUND CITY

Tixier, J.
1974Glossary for the Description of Stone Tools, with Special Reference to the 

Epipaleolithic of the Maghreb. Translated by M. H. Newcomer. Newsletter of 
Lithic Technology, Special Publication 1. Washington State University, Pullman, 
Washington.

Velleman, Paul and Peter Pratt
 1988 Data Desk Professional. Odesta Corp., Northbrook, IL.

Vickery, Kent D.
 1983 The Flint Sources, In Recent Excavations at the Edwin Harness Mound, Liberty 

Works, Ross County, Ohio, by N’omi Greber, pp. 73-85. Midcontinental Journal of 
Archaeology, Special Paper 5

 1996 Flint Raw Material Use in Ohio Hopewell. In A View from the Core: A Synthesis 
of Ohio Hopewell Archaeology, edited by Paul J. Pacheco, pp. 110-127. Ohio 
Archaeological Council, Columbus.

Walthall, John A.
 1973 A Restudy of the Wright Village (LU 65), A Middle Woodland Habitation Site in 

Lauderdale County, Alabama. Tennessee Archaeologist 24:69-108.

Wauchope, Robert
 1966 Archaeological Survey of Northern Georgia, with a Test of Some Cultural 

Hypotheses. Memoir of the Society for American Archaeology, 21.

Wayman, Michael L.
 1987 Report on Investigation of the Copper Artifacts in the “Squier and Davis” 

Collections, Dept. of Ethnography, British Museum. BMRL File 5242.

Wayman, M. L., J. C. H. King and P. T. Craddock
 1992 Aspects of Early North American Metallurgy. British Museum Occasional Paper 

79, London.

Webb, William S. and Charles E. Snow.
 1945 The Adena People. Publications of the Department of Anthropology and 

Archeology, 6. Reprinted in 1974, University of Tennessee Press, Knoxville. 

Wiant, Michael D. 
2001 Reconsidering the Mackinaw Cache: Classic Ohio Hopewell or Early Archaic? 

Illinois Antiquity 36:3-6. 

Wiant, Michael D. and Charles R McGimsey (editors) 
1986 Woodland Period Occupations of the Napoleon Hollow Site in the Lower Illinois 

Valley. Kampsville Archeological Center Research Series 6. Center for American 
Archeology, Kampsville, Illinois.



385

REFERENCES 

Widmer, Randolph J.
 2004 Archaeological Investigations at the Bricknell Point Site, 8DA12. The Florida 

Anthropologist 57:11-57.

Williams Brothers, publishers
 1880 History of Ross and Highland Counties. Cleveland, Ohio. 

Winkler, Daniel M. 
2004 Transitional Middle to Late Archaic Lithic Technology in Southeastern 

Wisconsin: The Kelly North Tract at Carcajou Point. Unpublished Master’s Thesis, 
Department of Anthropology, University of Wisconsin-Milwaukee, Anthropology, 
University of Wisconsin-Milwaukee, Milwaukee. 

2011 Plainview Lithic Technology and the Late Paleoindian Social Organization in the 
Western Great Lakes Anthropology, Unpublished Ph.D. dissertation, Department 
of Anthropology, University of Wisconsin-Milwaukee, Milwaukee.

Winters, Howard D.
 1967 An Archaeological Survey of the Wabash Valley in Illinois. Illinois State Museum, 

Reports of Investigations 10. 

Wright, Henry T.
 1973 An Archeological Sequence in the Middle Chesapeake Region, Maryland. 

Maryland Geological Survey, Archeological Studies 1, Baltimore.

Yarnell, Richard A.
 1965 Wild Plant Remains. In The McGraw Site: A Study in Hopewellian Dynamics, 

by Olaf H. Prufer, pp. 113-4. Scientific Publications of the Cleveland Museum of 
Natural History. 

Yerkes, Richard W. 
1990 Using Microwear Analysis to Investigate Domestic Activities and Craft 

Specialization at the Murphy Site, a Small Hopewell Settlement in Licking 
County, Ohio. In The Interpretive Possibilities of Microwear Studies, edited by 
Bo Gräslund, Helena Knutsson, and Jacqueline Taffinder, pp. 167-176. AUN 14, 
Societas Archaeologia Upsaliensis, Uppsala, Sweden. 

2003 Using Lithic Artifacts to Study Craft Specialization in Ancient Societies: The 
Hopewell Case. In Written in Stone: The Multiple Dimensions of Lithic Analysis, 
edited by P. Nick Kardulias and Richard W. Yerkes, pp. 17-34. Lexington Books, 
Lanham, Maryland. 

2009 Microwear Analysis of Chipped Stone Artifacts from the Excavations. 
Midcontinental Journal of Archaeology 34:297-329.



386



387

APPENDIX A
A PETROGRAPHIC ANALYSIS OF MOUND CITY POTTERY

 
James B. Stoltman 

University of Wisconsin — Madison

Sherds from 35 pottery vessels recovered at Mound City were selected for 
petrographic analysis. The selection of this sample was informed by an initial typological 
inventory by James Brown to ensure that the full range of ceramic variability at the site 
was represented. In terms of macroscopic stylistic properties these vessels were initially 
assigned to the following categories:

Scioto Series

	 McGraw Cordmarked 11

	 McGraw Plain	 8

Hopewell series 7

Southeastern Series

	 Turner Check Stamped 1

	 Turner Simple Stamped-B 6

Limestone Tempered, Possibly Exotic

	 Candy Creek Cordmarked? 1

	 Wright Check Stamped? 1

35

The objectives of the petrographic analysis are fourfold. First, determine the 
basic physical composition of pottery vessels made at the Mound City site. Second, 
evaluate compositional differences that may exist within the site between the major 
local pottery series, i.e., Scioto and Hopewell, in search of evidence that the site’s potters 
employed different recipes, indicative of functional considerations on their part, in the 
production of different kinds of pottery containers. Third, attempt to shed light on the 
ceramic ecology of the Mound City potters by comparing the physical composition of 
the local pottery and locally available raw materials. Fourth, compare and contrast the 
presumed local ceramic industry with suspected imported vessels, i.e. those bearing 
such “Southeastern” properties as check stamping, simple stamping, and limestone 
tempering, to confirm or refute the non-local origin of the latter and, insofar as these 
apparently non-local products testify to the existence of external exchange relationships, 
evaluate the diversity and direction of those relationships.
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Methodology

All thin sections were analyzed using a basic point-counting procedure as 
described in several earlier publications (Stoltman 1989, 1991, 2001). A standard 
counting interval of 1 mm was employed for all thin sections. In most cases the entire 
area of the thin section was counted, resulting in total points counted (exclusive of 
voids) ranging between 100 and 250 per thin section. The output of this approach is a 
physical characterization of each thin section in terms of the percentages of silt-size 
inclusions plus the species, sizes, and percentages of mineral inclusions of sand size and 
larger. Since individual clay particles are not identifiable in thin section, their presence 
is recorded generally as “matrix”. 

The compositions for each of the samples are presented in terms of “paste” and 
“body” indices (See Stoltman 1991:109-110; 2001:314). Paste consists only of the naturally 
occurring minerals (i.e., exclusive of human additives) in any fired clay product. It is 
represented quantitatively as the percentages of three natural ingredients: (1) matrix 
(i.e., clay); (2) silt (all mineral inclusions that range in size between .002 mm and .0625 
mm); and (3) sand (all mineral inclusions .0625 mm or larger in maximum diameter). A 
size index is also recorded for the naturally occurring sand grains in each thin section. 
This particular index is presented as an ordinal scale ranging in value from 1 to 5. It was 
computed for each thin section by assigning a number to each natural, sand-sized grain 
recorded during point counting based upon maximum diameters as follows: 1=.0625-
.249 mm; 2=.25-.499 mm; 3=.50-.99 mm; 4=1.00-1.99 mm; 5=2.00+ mm. The index itself 
is a single number between 1 and 5 that is the mean of all measured sand grains for each 
thin section.

Paste, as defined above, is the most appropriate index for assessing the local 
manufacture of ceramic products because it can be compared reliably to local sediments 
(under the so-called Provenience Postulate; e.g. see Stoltman 2001:313). When thin 
sections of local sediments are unavailable or insufficiently representative of local 
resources, “local” paste characteristics can still be defined, albeit tentatively, based 
upon the summary values of a sample of demonstrably local vessels. The reliability of 
this characterization, of course, is dependent upon the fallible, but enabling, supposition 
that the sample selected for thin section analysis was, indeed, manufactured locally and 
is fairly representative of the site’s pottery. Once the paste characteristics of local pottery 
are determined, comparisons with stylistically anomalous vessels can then be made via 
the so-called Local-Products-Match Postulate (See Stoltman 2001:316-317) to assess 
more objectively their possible nonlocal origin. The case for the nonlocal derivation of a 
vessel can be strengthened if its paste not only differs from that of local vessels but also 
matches that of soils and/or vessels from a suspected external source. 

In contrast to paste, body normally represents an artificial mixture of at least 
two materials—paste + temper—that typically derive from different geological sources. 
The discrimination of paste and body depends first and foremost upon the reliable 
identification of intentional, humanly introduced inclusions, i.e. temper. In most cases in 
this study igneous and/or metamorphic rocks of granitic composition were employed as 
temper. The identification of these inclusions as temper was relatively straightforward, 
facilitated by their large size, high angularity, and distinctive polymineralic character 
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in contrast to the natural sand inclusions. Limestone was sometimes also employed as 
temper, being directly observable as the sole temper in one cordmarked vessel (#33-99) 
and inferred based upon large, angular voids in one check-stamped vessel (#33-79). 
Secondary amounts of limestone temper were also recorded in eight vessels, with 
identification based upon voids in five and upon unleached grains in three; Tables 1, 
2, and 4). 

The body index, then, is comprised of three components: (1) natural sand, 
(2) temper, and (3) matrix (silt is included here, along with the clay). A separate 
size index, using the same 1-to-5 ordinal scale used to measure sand grains, is also 
reported for temper. 

Temper type, size, and amount are all variables that directly reflect human 
actions, thus are likely to be heavily culturally determined. Body indices, then, can 
provide a valuable basis independent of paste to assess the local vs. non-local status of 
ceramic vessels. An important caveat in dealing with temper as a culturally determined 
variable is to beware that it may not necessarily be a passive reflection of a traditional 
way of making pottery but a more active reflection of technological considerations of 
the potters, who could be using different body recipes for vessels intended to perform 
different functions (e.g., ritual vs. cooking vs. storage vs. serving, etc.). 

Sometimes it is possible to compare the findings of petrographic analysis with 
those of elemental analyses like neutron activation (NAA). In such cases it is important 
to realize that the latter applies only to body. That is, NAA results describe the bulk 
composition of pottery samples, which is usually an artificial mixture of natural clayey 
sediments plus humanly introduced temper. In most cases (the exception is untempered 
pottery) NAA results cannot be expected to identify a clay source for pottery products 
because of the complicating effects introduced by tempers. NAA findings for addressing 
the issues of ceramic production and exchange are thus most effectively employed 
through comparisons of pottery samples not with raw sediments but with other pottery 
samples. However, another complication enters here: diagenesis. It may be difficult, 
perhaps even impossible, to match the NAA chemical signature of a suspected exotic 
vessel with an external source because of the unknown (and unknowable!) effects 
that post-depositional alteration may have wrought on the vessel since it entered the 
archaeological context of a site different from its place of origin (See Stoltman and 
Mainfort 2002).

Objective No. 1: Determining the Composition of Locally Made Pottery

As described by Prufer (1965; 1968), the preponderance of pottery recovered 
from Ohio Hopewell sites is assigned to two major taxonomic classes: (1) the Scioto 
Series, both cordmarked (Figure A-1) and plain (Figure A-2), presumably utilitarian 
vessels, and (2) the Hopewell Series (Figure A-2, 33-88 and Figure A-3), decorated and 
carefully finished vessels of more limited or special function. Among the 35 vessels from 
Mound City in this study, 26–19 McGraw and 7 Hopewell—were assigned to these series, 
thus are presumably of local manufacture. The paste and body properties for each of 
these vessels are presented in Tables A-1, A-2, and A-4. While stylistically “local,” the 
possibility must be considered that some of these vessels derive from other Hopewell 
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sites and that compositional differences may exist that would suggest a nonlocal origin. 
Therefore, the internal compositional diversity of each of the “local” pottery series will 
be examined before finally providing a characterization of Mound City’s locally made 
pottery. All inferences drawn from this analysis, of course, are founded on the fallible 
supposition that the current sample is representative of the site’s ceramic industry. 

Scioto Series

Nineteen vessels of the Scioto Series were subjected to thin section analysis, 8 
plain and 11 cordmarked. The basic data pertaining to the physical properties of these 
vessels are presented in Tables A-1 and A-2 and portrayed in Figures A-4 and A-5. Table 
1 contains the paste and body values for each of the eight vessels initially assigned to 
the McGraw Plain type of the Scioto Series. The vessels are presented in two groupings 
within Table 1 based upon temper differences. The first group of six vessels contains 
those in which only igneous and/or metamorphic rocks were used as temper (See Figure 
6). The second group contains two vessels in which lesser amounts of limestone occur 
along with the prevalent igneous and/or metamorphic rock temper (in both of these 
vessels the limestone had been leached and was identified on the basis of large, angular 
voids; Figure A-7). Summary statistics (means and standard deviations) are provided 
within Table A-1 for each of these groups individually and for all eight plain vessels 
combined. The reason for these groupings (similar ones are also presented in Table A-2), 
is to facilitate investigation of compositional variability within the Scioto Series that 
might be indicative of differential origins or production practices.

Table 2 presents similar paste and body data for 11 McGraw Cordmarked vessels. 
As in Table 1, vessels with only igneous and/or metamorphic rock tempers (n=6) are 

Table A-1
Paste & Body Values By Vessel for McGraw Plain

PASTE

Type/Vessel # Thin 
Section #

% Matrix % Silt % Sand Sand Size 
Index

McGraw Plain; no v. # 33-86 93 5 2 1.67

McGraw Plain; v. # 28 33-87 92 6 2 1.67

McGraw Plain; v. # 58 33-89 88 11 1 1.00

McGraw Plain; no v. # 33-90 88 9 3 1.00

McGraw Plain; no v. # 33-91 72 10 18 1.42

McGraw Plain; v. # 57 33-93 94 4 2 1.00

 Mean & Std Deviation [n=6] 87.8±8.2 7.5±2.9 4.7±6.6 1.29±.33

McGraw Plain; no v. # 33-94 89 11 0 --

McGraw Plain; v. # 59 33-95 91 8 1 1.00

 Mean & Std Deviation [n=2] 90.0±1.4 9.5±2.1 0.5±0.7 1.00±0.0

 Mean & Std Deviation [n=8] 88.4±7.0 8.0±2.7 3.6±5.9 1.25±.32
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 Table A-1
BODY

 
Type/Vessel # Thin 

Section #
% Matrix % Sand % Temper Temper Type Temper Size 

Index
McGraw Plain; no v. # 33-86 71 1 28 Granite 3.10
McGraw Plain; v. # 28 33-87 82 1 17 Granite 3.06
McGraw Plain; v. # 58 33-89 76 1 23 Granite 3.70
McGraw Plain; no v. # 33-90 88 3 9 Granite 2.92
McGraw Plain; no v. # 33-91 55 12 33 Gabbro 4.29 
McGraw Plain; v. # 57 33-93 84 1 15 Granite 3.00
 Mean & Std Deviation [n=6] 76.0±11.9 3.2±4.4 20.8±8.9 3.34±.54
McGraw Plain; no v. # 33-94 69 0 31[25+6] Granite+LS** 3.60
McGraw Plain; v. # 59 33-95 74 1 25[15+10] Granite+LS** 3.11
 Mean & Std Deviation [n=2] 71.5±3.5 0.5±0.7 28.0±4.2 3.36±.35
 Mean & Std Deviation [n=8] 74.9±10.4 2.5±3.9 22.6±8.4 3.35±.48

** Identified from angular voids

Table A-2
Paste & Body Values By Vessel for McGraw Cordmarked

PASTE

Type/Vessel # Thin 
Section #

% Matrix % Silt % Sand Sand Size 
Index

McGraw CM; v. # 55 33-64 91 5 4 1.00

McGraw CM; v. # 8 33-65 95 4 1 1.00

McGraw CM; v. # 1 33-67 86 14 0 --

McGraw CM; v. # 2 33-69 95 4 1 1.00

McGraw CM; v. # 6 33-70/71 93 6 1 1.00

McGraw CM; v. # 56 33-96 88 11 1 1.00

 Mean & Std Deviation [n=6] 91.4±3.7 7.3±4.2 1.3±1.4 1.00±0

McGraw CM; v. # 32 33-68 92 7 1 1.00

McGraw CM; no v. # 33-97 95 5 0 --

McGraw CM; v. # 61 33-98 88 10 2 1.25

McGraw CM; v. # 3 33-66 89 7 4 1.44

McGraw CM; v. # 64 33-100 87 13 0 --

 Mean & Std Deviation [n=5] 90.2±3.3 8.4±3.1 1.4±1.7 1.23±.22

 Mean & Std Deviation [n=11] 90.8±3.4 7.8±3.6 1.4±1.4 1.09±.17
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grouped together in contrast to those with limestone as well as igneous/metamorphic 
tempers (n=5). Summary statistics are also presented for each of the two groups as well 
as for all 11 cordmarked vessels combined.

A review of the data in Tables A-1 and 2 reveals no significant compositional 
differences between any of the pottery groups within the Scioto Series. This statement 
is based upon the use of two standard deviations, i.e., the 95% confidence level, as 
a reasonable and objective, if arbitrary, minimal criterion that must be met before 
accepting as “significant” any observed differences between pottery groups. Employing 
this criterion, it can be seen that no significant differences exist between any of the paste 
and body indices for any of the pottery groups in Tables A-1 and A-2. Stated differently, 
no significant differences in paste or body indices separate the two temper groups 
(igneous/metamorphic only vs. igneous/metamorphic + limestone) nor the two stylistic 
groups (plain vs. cordmarked) (See Figures A-4 and A-5). 

Moving from the level of the pottery group to that of the individual vessel, once 
again the 95% confidence level can be employed to assist in assessing the possibility that 
one or more of the vessels is so compositionally distinct that its exotic origins deserve 
serious consideration. Comparing the paste and body values for each vessel with those 
of its group means, it can be seen that one McGraw Plain vessel–#33-91–stands out as 
distinctive within the Scioto Series (Table A-1; Figures A-4 and A-5). This vessel, one of 
only two that has gabbro as its predominant temper (Figure A-8), has the greatest amount 
of temper (33%), the largest temper size (4.29 size index), and the sandiest paste (18%) 
of the 19 vessels itemized in Tables A-1 and A-2. The sandy paste is especially notable, 
at 18% exceeding by two standard deviations the mean value for all eight McGraw 

Table A-2
BODY

Type/Vessel # Thin 
Section #

% Matrix % Sand % Temper Temper Type Temper Size 
Index

McGraw CM; v. # 55 33-64 72 3 25 Granite 3.19

McGraw CM; v. # 8 33-65 76 1 23 Granite 3.32

McGraw CM; v. # 1 33-67 82 0 18 Granite 3.00

McGraw CM; v. # 2 33-69 77 1 22 Granite 3.71

McGraw CM; v. # 6 33-70/71 74 1 25 Granite+Diorite 3.48

McGraw CM; v. # 56 33-96 84 1 15 Gabbro+Granite 4.17

 Mean & Std Deviation [n=6] 77.5±4.6 1.2±1.0 21.3± 4.0 3.48±.42 

McGraw CM; v. # 32 33-68 83 1 16[13+3] Granite+LS** 3.77

McGraw CM; no v. # 33-97 88 0 12[10+2] Granite+LS** 3.12

McGraw CM; v. # 61 33-98 74 1 25[17+8] Granite+LS** 3.14

McGraw CM; v. # 3 33-66 71 3 26[24+2] Gneiss+LS  3.11 

McGraw CM; v. # 64 33-100 78 0 22[12+10] Granite+ LS  3.39

 Mean & Std Deviation [n=5] 78.8±6.8 1.0±1.2 20.2±6.0 3.31±.28

 Mean & Std Deviation [n=11] 78.1±5.5 1.1±1.0 20.8±4.8 3.40±.36 

*Excludes suspected nonlocal vessel #33-91	  **Identified from angular voids
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Plain vessels from the site (3.6±5.9% sand). Considering these data, it is reasonable to 
suspect the nonlocal origin of vessel #33-91. With no other observable compositional 
differences evident within the Scioto Series, then, the summed paste and body values 
for the remaining 18 Scioto Series vessels can be accepted as a reasonably reliable 
compositional characterization of the locally made pottery of this series at Mound City. 
These summary data are presented in Table 3.

Hopewell Series

Thin sections from seven vessels assigned to the Hopewell Series are included in 
this study (Figure A-2, 33-88 and Figure A-3). An eighth thin section was also prepared 
(#33-92), but it was later realized that it was derived from the same vessel as #33-83, so the 
two are treated together. The compositional data for these seven vessels are presented 
in Table 4. Six of the vessels were tempered with rocks of granitic composition (Figure 
9), with one of these (#33-88) also possessing a small amount of limestone (which was 
recorded as temper). The seventh vessel (#33-80) is distinctive in that it has a sandy paste 
with no visible temper other than sand (Figure A-10). Whether it should be considered 
“sand tempered” or possessing an untempered sandy paste is uncertain, but in either case 
this vessel differs significantly from all others in the present study. With the exception 
of this latter vessel, the data in Table A-4 show a general uniformity in paste and body 
indices for the six grit-tempered Hopewell vessels, with no individual vessel standing 
out as significantly different. On contextual and typological grounds, there is no reason 
to doubt the local manufacture of these vessels, yet there are notable paste differences 
from the Scioto series that are inconsistent with the assumption that both were made 

Table A-3 
Mean Paste & Body Values For the 18 Local Scioto Series Vessels at Mound City 

PASTE

Type N % Matrix % Silt % Sand Sand Size 
Index

McGraw Plain*  7 90.7±2.4 7.7±2.8 1.6±1.0 1.22±.35

McGraw Cordmarked 11 90.8±3.4 7.8±3.6 1.4±1.4 1.09±.17

All Local McGraw Vessels 18 90.8±3.0 7.8±3.2 1.4±1.2 1.14±.26

Table A-3
BODY

Pottery Series N % Matrix % Sand % Temper Temper 
Type

Temper Size 
Index

McGraw Plain*  7 77.7±7.1 1.1±0.9 21.2±7.8 Grit 3.21±.31 

McGraw Cordmarked 11 78.1±5.5 1.1±1.0 20.8±4.8 Grit 3.40±.36

All Local McGraw Vessels 18  77.9±6.0 1.1±1.0 21.0±5.9 Grit  3.33±.34

*Suspected nonlocal vessel #33-91 is excluded
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locally (See Table A-5). The issue of possible separate origins for the two series will 
be addressed more explicitly below upon further examination of the compositional 
evidence.

Objective No. 2: Evaluating the Internal Compositional Variability 
of Mound City Pottery

After excluding one potentially nonlocal vessel from each of the main, 
typologically local pottery series (vessels # 33-91 and 33-80), the next step is to evaluate 
any compositional variability that may exist bearing upon the issues of possible 
separate production loci or practices that might distinguish the two series. That is, can 
any significant differences in either paste or body be detected between the Scioto and 
Hopewell series at Mound City, and if so, what do these differences mean? The relevant 
comparative mean values for both paste and body for the Scioto and Hopewell series are 
presented in Table A-5.

Table A-4
Paste & Body Values By Vessel for the Hopewell Series 

PASTE

Type/Vessel # Thin 
Section #

% Matrix % Silt % Sand Sand Size Index

Zoned Incised; v. # 54 33-81 85 12 3 1.25

Zoned+Bossed; v. # 52 33-82 92 6 2 1.67

Zoned Rocker St; v. # 63 33-83/92 88 11 1 1.00

Zoned Dentate; v. # 37 33-84 84 15 1 1.00

Zoned Dentate; v. # 43 33-85 92 5 3 1.33

Polished Plain; v. # 53 33-88 84 12 4 1.75

 Mean & Std Deviation [n=6] 87.5±3.8 10.2±3.9 2.3±1.2 1.33±.32

Zoned Dentate; no v. # 33-80 71 11 18 2.06

Table A-4 
BODY 

Type/Vessel # Thin 
Section #

% Matrix % Sand % Temper Temper Type Temper Size 
Index

Zoned Incised; v. # 54 33-81 82 3 15 Granite 2.80

Zoned+Bossed; v. # 52 33-82 80 2 18 Granite 2.82

Zoned Rocker St; v. # 63 33-83/92 84 1 15 Granite 2.99

Zoned Dentate; v. # 37 33-84 87 1 12 Granite 2.82

Zoned Dentate; v. # 43 33-85 79 2 19 Granite 2.94

Polished Plain; v. # 53 33-88 80 3 17[15+2] Granite+LS* 2.17

 Mean & Std Deviation [n=6] 82.0±3.0 2.0±0.9 16.0± 2.5 2.76±.30 

Zoned Dentate; no v. # 33-80 82 ? 18 Sand 2.06

*Identified from angular voids
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Turning first to paste, this is the primary compositional parameter for assessing 
the issue of whether both pottery series were made locally. If the pastes of the two series 
are comparable, a common (presumably local) origin is probable. As can be seen from 
Table 5 and Figure 11, the pastes of the two series are, indeed, similar. To help evaluate 
the significance of the observed differences between the means of the two series, t tests 
were calculated with the following results:

% Matrix [90.8±3.0 vs. 87.5±3.8] t=2.19 p=<.05 >.04 (significant)

% Silt [7.8±3.2 vs. 10.2±3.9] t=1.51 p=<.16 >.15 (not significant)

% Sand [1.4±1.2 vs. 2.3±1.2] t=1.49 p=<.16 >.15 (not significant)

Sand Size [1.14±.26 vs. 1.33±.32] t=1.44 p=<.17 >.16 (not significant) 

As can be seen from these data, three of the four mean paste indices show no 
significant differences between the Scioto and Hopewell series. Only the mean values 
for % matrix appear to be significantly different at the .05 level. Rather than view 
this finding as evidence for use of different clays by the potters, or for manufacture 
by different potters, an alternative explanation deserves consideration. Before this 
alternative can be addressed, however, the differences in body compositions between 
the two series must be considered (See Table A-5 and Figure A- 11).

To help assess the significance of the observed differences in mean body values 
between the two series, once again t tests were calculated. The results of these t tests are 
as follows:

Table A-5
Comparative Mean Paste & Body Values For the Local Scioto and Hopewell Series Vessels at 

Mound City
PASTE

Type N % Matrix % Silt % Sand Sand Size Index

 Scioto Series 18 90.8±3.0 7.8±3.2 1.4±1.2 1.14±.26

Hopewell Series 6  87.5±3.8 10.2±3.9 2.3±1.2 1.33±.32

BODY

Pottery Series N % Matrix % Sand % Temper Temper Type Temper Size 
Index

Scioto Series 18  77.9±6.0 1.1±1.0 21.0±5.9 Grit  3.33±.34

Hopewell Series 6 82.0±3.0 2.0±0.9 16.0± 2.5 Grit 2.76±.30 
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% Matrix [77.9±6.0 vs. 82.0±3.0] t=1.59 p<.14 >.13 (not significant)
% Sand [1.1±1.0 vs. 2.0±0.9] t=1.95 p<.07 >.06 (not significant)
% Temper [21.0±5.9 vs. 16.0±2.5] t=1.99 p<.07 >.06 (not significant)
Temper Size [3.33±.34 vs. 2.76±.30] t=3.67 p<.01 >.001 (highly significant)

These data reveal no significant percentage differences between the two series 
in the values of matrix, sand, or temper. The differences in temper size between the 
two series, on the other hand, are highly significant (p<.01): finer temper was used in 
the Hopewell Series than in the Scioto Series (cf. Figures 6 and 9). In addition, Figure 
11 reveals a clear pattern of greater amounts of temper in Scioto Series vessels than in 
Hopewell Series vessels—the majority of Scioto vessels have greater than 20% temper 
while all Hopewell vessels have percentages less than 20%. Since the same tempers 
characterize both series, it is reasonable to infer that the potters employed different 
practices of temper preparation in their manufacture.

These observed differences in body composition are here viewed as a reflection 
of the intentions of the potters to enhance the respective performance characteristics 
of the two pottery series. The Scioto Series vessels, presumably intended to perform 
such utilitarian functions as storage and cooking, with their thicker walls and larger and 
more abundant temper, were engineered for maximal resistance to thermal shock from 
recurrent heating and cooling as well to survive the rigors of daily handling within the 
household. The thinner, more finely shaped, carefully decorated and/or polished, and 
more finely tempered Hopewell Series vessels, by contrast, were presumably reserved for 
more limited (ritual?) use in contexts that involved maximal public viewing along with 
minimal physical and mechanical stresses. Presumably the finer tempering facilitated 
the preparation of exterior surfaces on which the symbolic and aesthetic representations 
could then be displayed with maximum clarity and effectiveness. 

This evidence that the makers of the Hopewell Series were crushing the same 
tempers more finely is germane to discussion of the issue of paste differences between 
the Scioto and Hopewell Series that was previously deferred. It will be recalled that a 
significantly lesser volume of matrix (p<.04>.03) was recorded for the pastes of Hopewell 
as opposed to Scioto Series vessels (Table 5). Rather than viewing this as evidence of 
the use of different clays for the two series, the alternative explanation favored here 
attributes these paste differences to the different temper processing practices of the 
potters. Because the tempers were being more finely crushed for Hopewell Series vessels, 
it is likely that more particles of temper in the silt and fine sand size ranges became 
incorporated into the paste where they would have been mistakenly recorded as natural 
paste inclusions. The combined effect of greater amounts of silt and fine sand being 
generated during the preparation of tempers for Hopewell vessels would be an elevation 
of both their values in the Hopewell Series pastes, as is evident in Table A-5. In light of 
these considerations, the pastes of the Scioto and Hopewell Series vessels at Mound City 
are here viewed as deriving from the same sediment source.
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Objective No. 3: Ceramic Ecology

As described by Frederick Matson (1965:203): “Ceramic ecology may be 
considered as one facet of cultural ecology, that which attempts to relate the raw 
materials and technologies that the local potter has available to the functions in his 
culture of the products he fashions.” This is a worthy, but ambitious objective. To attain 
it one needs not only knowledge of the composition of local pottery products and the 
character of locally available raw materials, such as clays, tempers, fuels, etc., but also 
a great deal of contextual evidence concerning the manufacture, use, and disposal of 
pottery vessels. While no pretense can be made to attain this goal in the present study, at 
least some beginning steps may be taken in that direction.

With the basic composition of locally made pottery already determined, the next 
step in addressing the issue of ceramic ecology is to consider the relationship of these 
materials to the raw materials available to the residents of Mound City. As is true for most 
pottery industries, the two most basic resources utilized in the manufacture of pottery 
at Mound City were clays and temper. But, from where specifically were these resources 
procured? By asking this question, we can hope to gain much useful information about 
how the Mound City potters “mapped on” to their local environment. Could the raw 
materials needed for pottery manufacture be procured within the immediate catchment 
of the site, or were more protracted journeys required to reach targeted resources, 
perhaps requiring overnight sojourns? These and a myriad of other questions that 
present themselves require the kind of detailed knowledge of local geological resources 
that are simply not available to us at the present time. Nonetheless, it is worth the effort 
to push this analysis as far as we are currently able.

The preferred tempers used by Mound City potters–igneous and/or metamorphic 
rocks, especially those of granitic composition, but also some gabbros and diorites–
could be procured only from secondary deposits since no such rocks outcrop as bedrock 
anywhere in Ohio (Lamborn et al. 1938:7). The most likely sources would be transported 
cobbles from within the glacial till that blankets northern and central Ohio down to the 
immediate vicinity of Chillicothe, as well as from within glacial outwash that occurs 
south of the glacial moraines (e.g., Noble and Korsok 1975). Where, exactly, these 
tempers were procured is not known, but it can be reasonably surmised that relatively 
short day trips north of Chillicothe would have yielded suitable weathered igneous 
and metamorphic cobbles easily crushed for use as temper. Indeed, it was presumably 
the friable nature of such rocks that prompted the Mound City potters to prefer these 
materials for temper.

As for the clays used by the Mound City potters, ascertaining their sources is 
more complicated. To this end, several clayey sediments from a variety of contexts have 
been collected, fired, and mounted on thin sections for comparison to the pastes of the 
local pottery. Two sediment samples were collected from separate loci on the Pleistocene 
terrace that underlies the Mound City site. Both were collected from pits 30-40cm 
deep excavated into the Bt horizon of the soil formed on top of the alluvial fill of the 
terrace near the southern edge of the site enclosure (Figure A-13). A third clay sample 
was collected from the face of a creek bank to the north of the site enclosure on the 
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floodplain below the site (Figure 14). The bulk compositions of these sediment samples 
are presented in Table 6 and shown in Figure 15.

When comparing these local clayey sediments to the pastes of the 24 local Mound 
City vessels, it is evident that a close match does not occur. The silt percentages are 
similar, but the three alluvial terrace sediments are considerably sandier–18-35% versus 
a maximum of 4% sand for the 24 local vessels (cf. Tables 5 and 6 plus see Figure 15).

Table A-6
Bulk Compositions for Local Sediments

Type Thin 
Section #

% Matrix % Silt % Sand Sand Size 
Index

Md City terrace subsoil 33-220 57 8 35 3.00

Md City terrace subsoil 33-221 64 2 34 2.90

Alluvium north of Md City 33-222 76 6 18 1.43

Hopeton, Trench 6 clay 33-307 94 5 1 1.50

Minford Clay: Scioto Co. 33-306 77 19 4 1.75

Minford Clay: Jackson Co. 33-305 72 9 19 1.17

Minford Clay: Pike Co. 33-304 83 8 9 1.00

While all three sediment samples are considerably sandier than the pastes 
of the local Mound City pottery, two interesting differences can be observed 
between the lower floodplain sediment (from a relatively low-energy depositional 
setting) and the two high-terrace sediments (from higher-energy depositional 
settings): (1) the amount of sand in the former–18%–is notably less than in the 
latter–34-35%–and (2) the sand size index for the former–1.43–is less than half 
those of the latter–2.90 and 3.00 (Table A-6). These data have two interesting 
implications. First, the source of the clay-rich sediments utilized by the Mound 
City potters in the manufacture of the preponderance of their pottery is likely 
to have been from a lower-energy depositional setting than the terrace alluvium 
so far investigated near Mound City. Second, in light of the similarities observed 
between the floodplain sediment #33-222 and the pastes of the two suspected 
nonlocal vessels (# 33-80 and #33-91), the nonlocal status of these vessels merits 
reconsideration (Cf. Figures A-11 and 15). 

Failing to discover a close match for the pastes observed in the preponderance of 
Mound City pottery in nearby alluvial sediments, clay samples were sought in what was 
suspected of being a more suitable, low-energy setting. Lake Tight was a proglacial lake 
that formed over much of southeastern Ohio when the waters of the northwestward-
flowing, now-extinct Teays River were impounded during early Pleistocene times (Ver 
Steeg 1946; Hansen 1987). Up to 80 ft (ca. 25 m) of slack-water sediments were deposited 



399

on the floor of this lake, which formerly covered an area of some 7,000 square miles 
(ca. 181 ha) in southeastern Ohio and adjacent portions of Kentucky and West Virginia 
(Hansen 1987:5). These lacustrine sediments, referred to variously as silts, silty clays, or 
clays (e.g., Stout and Schaaf 1931; Lamborn et al. 1938:250; Ettensohn 1974), are named 
for the small town of Minford in Scioto County, Ohio. A pipette analysis of these clays 
from near Cincinnati revealed their textural composition to be 82% clay, 18% silt, and 
0.5% sand (Ettensohn 1974:220). Elsewhere, they are described as “having some value 
for the manufacture of ceramic products” being “well suited for the making of red brick 
and drain tiles especially” (Stout 1916:430).

Since it was near Chillicothe that the ancient Teays River was dammed by the 
advancing glaciers (Ver Steeg 1946:300), the Minford clay would have been readily 
accessible to the potters of Mound City. Accordingly, sediment samples of what are 
assumed to be Minford clay were collected from roadcut exposures at three locales 
south of Chillicothe. These sediment samples were formed into test tiles, fired, and 
prepared into thin sections for comparison with the other samples in this study. The 
bulk compositions of these three sediment samples are recorded in Table A-6 (See also 
Figure A-15). The locations for each of these samples is as follows: 33-306–near Minford 
in Scioto County; 33-305–east of Stockdale in Jackson County; and 33-304–south of 
Beaver in Pike County. 

As can be seen in Table A-6 and Figure A-15, the three Minford clay samples 
are variable in their compositions, with one of them (#33-306) similar to the Cincinnati 
sample cited above (Ettensohn 1974:220). Assuming that these samples are representative 
of the Minford silt, this lake sediment seems an unlikely source for the paste that 
characterizes the preponderance of the local vessels at Mound City (See Figure A-15). 
It is, however, interesting to note that one of the lake clay samples (#33-305 from the 
vicinity of Stockdale in Jackson County; Figure 16) has a textural composition similar 
to the pastes of the two suspected nonlocal vessels (#33-91 and #33-80) as well as to the 
floodplain sediment (#33-222) recovered below the Mound City site (See Figures A-11 
and A-15 plus Tables A-1 and A-4). 

Recent research at the Hopeton earthworks directly across the Scioto River from 
Mound City (e.g., Lynott 2001; Lynott and Weymouth 2002) has uncovered a promising 
local source for clays similar to those used by Mound City potters. Two trenches through 
the walls of the Hopeton enclosure encountered distinctive clayey alluvium at the base 
of the walls (Lynott, personal communication). This clay did not occur as a continuous 
stratum, but rather in localized lenses or pockets within the Pleistocene alluvium that 
underlies the site. One auger probe outside of the enclosure walls encountered this 
clay at a depth of ca. one meter below the surface. It would appear to be attributable 
to slack-water deposition, presumably overbank flooding, within depressions or swales 
within the coarser alluvial fill of the Scioto Valley. A sample of this clay from Trench 
6 beneath the wall near the northwest corner of the square enclosure (See Squier and 
Davis 1848:Plate XVII) was dried, fired, then cut and mounted on a thin section for 
petrographic examination (Figure A-17). As can be seen from Tables A-5 and A-6 and 
Figure 15, the Hopeton clay has a composition fully within the range of variation of 
the local Scioto series vessels at Mound City. While no such clay pocket or lens was 
encountered in our probes into the alluvium at Mound City (apparently we did not 
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excavate deeply enough), there is no reason to doubt that other such localized clays also 
occur buried elsewhere along the lower Scioto Valley. Considering the immense amount 
of earthwork construction that occurred at the Hopewellian centers of the lower 
Scioto valley, it is likely that such excellent potting clays would have been recurrently 
encountered at sites like Mound City and readily exploited by the local potters. 

Objective No. 4: Identifying Nonlocal Vessels and Evidence of 
External Cultural Interaction 

Of the 35 pottery vessels from Mound City included in this study, 26 were 
initially postulated to be of local manufacture based upon visual inspection of stylistic 
properties. Two of these vessels, one McGraw Plain (#33-91), the other from the Hopewell 
series (#33-80), proved to be so distinctive in composition that they were relegated to the 
“possibly nonlocal” category. Subsequent comparisons of the pastes of these two vessels 
with the bulk composition of clay-rich sediments revealed surprisingly close similarities 
with sample #33-305, one of the Minford clay samples from near Stockdale in Jackson 
County along with lesser, but still notable, similarities with the creek clay (#33-222) 
from the floodplain below Mound City (See Figure A-15). These findings, while hardly 
conclusive, raise the possibility that “local” manufactures may be relatively variable in 
composition. Nonetheless, the relative compositional homogeneity of 24 of the 26 “local” 
vessels suggests that persistent and closely shared practices of pottery manufacture 
characterized the potters of Mound City and that the compositions of those vessels (See 
Table 5) provide a reasonably reliable signature for the site’s wares that can serve as a 
valuable tool for identifying the presence of nonlocal pottery at the site.

At the outset, nine vessels with such exotic (presumably “Southeastern”) 
properties as check stamping (Figure 18), simple stamping (Figure 19), fine sand temper, 
and only limestone temper (Figures 20 and 21) were set aside for future evaluation based 
upon the petrographic findings. The local/nonlocal status of these vessels can now be 
assessed by comparing their compositions to those of the 24 “local” vessels as recorded 
in Table 5. These nine vessels will be considered in two groups, one rock (i.e., grit and 
limestone) tempered (n=3) and the other sand tempered (n=6). The three rock-tempered 
vessels will be discussed first. Their compositions are recorded in Table 7.

Check-stamped vessel #33-78, with granitic temper, conforms to the relatively 
rare and possibly exotic Turner Check-stamped type, which Prufer (1968:10) relegated 
to his Southeastern Series as a “provisional type”. Two aspects of the composition of this 
vessel are immediately evident: (1) its paste is fully within the local range established 
for Mound City pottery (Cf. Tables A-5 and A-7 and Figure A-22) and (2) its body is 
unique in having the highest recorded temper volume–43%–of any vessel in this study 
(See Tables A-1, A-2, A-4, and A-7 and Figure A-23). Since the granitic temper used in 
this vessel is similar to that observed in other local vessels and the paste is fully within 
the local range of variation, the most parsimonious interpretation of this vessel is that 
it was made locally and presumably unusually heavily tempered because of functional 
considerations or idiosyncratic practices on the part of the maker. 
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Table A-7
Body & Paste Values for Rock-tempered, Possibly Exotic Vessels

PASTE

Type/Vessel # Thin 
Section #

% Matrix % Silt % Sand Sand Size Index

Turner Check St/v. # 34 33-78 94 6 0 --

Wright Check St. ?/v. # 33 33-79 97 2 1 1.00

Candy Creek Cm ?/v. # ? 33-99 82 17 1 1.00

Table A-7
BODY

Type/Vessel # Thin 
Section #

% Matrix % Sand % Temper Temper 
Type

Temper Size 
Index

Turner Check St./v. # 33 33-78 57 0 43 Granite 3.40

Wright Check St. ?/v. # 33 33-79 82 1 17 LS* 3.04

Candy Creek Cm ?/v. # ? 33-99 84 1 17 LS 4.10

*Identified from angular voids

The other two vessels recorded in Table A-7 as suspected exotics are both 
characterized by limestone as the sole tempering agent. Vessel 33-79 is check stamped 
(Figure A-18) and has no surviving temper, only angular voids presumably derived 
from leached limestone (Figure 20). Vessel 33-99, by contrast, is cordmarked and has 
its limestone temper still in tact (Figure A-21). The body values for both of these vessels 
fall fully within the range of variation of the local vessels (cf. Tables A-5 and A-7 and 
Figure A-23), but their paste values fall just outside the local paste range (See Figure A-22 
plus Tables A-5 and A-7). While the paste differences are not significant at the .05 level, 
that both vessels are characterized by distinctive pastes in combination with atypical 
tempers provides a reasonable basis for regarding these vessels as “possibly nonlocal,” 
perhaps derived from the Tennessee River valley. Further, considering the notable 
paste differences between the two vessels (Table A-7; Figure A-22), it is possible that 
they originated from different sources.

The six remaining, presumably nonlocal vessels have the gritty feel of abundant, 
fine mineral inclusions generally considered to be sand temper. Five of these vessels are 
characterized by simple stamped surfaces, while one (33-72) is plain, but possibly is from 
the undecorated neck of a simple stamped jar (Figure A-19). Prufer (1968:8-9) refers such 
vessels to the type, Turner Simple Stamped-B, which he regards as a Southeastern import 
to Ohio. 

The salient compositional characteristics of these vessels are the fineness and 
high density of their mineral inclusions. Because the sand-size grains in these vessels 
are preponderantly size grades 1 and 2 (i.e., have maximum diameters less than .50mm), 
most are monocrystalline and monomineralic. By contrast, angularity is generally high, 
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suggesting, along with the high incidence of minerals of the amphibole family, that these 
grains derive from finely crushed metamorphic rocks. It is likely that fine grit rather 
than sand is the more appropriate appellation for the temper of these vessels.

The minerals observed in these six vessels, while suggestive of a generally similar 
source, nonetheless, seem to derive from two recognizably distinct rocks. The first, 
tentatively referred to as Grit A, characterizes vessels 33-73 and 33-76. It is dominated by 
two minerals, microcline and amphibole, with quartz present in variable though lesser 
amounts (Figure A-24). The second, tentatively referred to as Grit C, is also dominated by 
two minerals, amphibole and quartz, with microcline rare to absent (Figure A-25). This 
fine grit occurs in vessels 33-72, 33-74, 33-75, and 33-77. A specific source for these rocks 
has not yet been identified, but closely similar pottery compositions have been observed, 
albeit among a minority of vessels, at sites in western North Carolina and Tennessee. 

In such fine-grained pottery bodies, it is impossible to distinguish objectively 
natural sands from temper, thus preventing the effective use of the paste-versus-body 
distinction used in describing the compositions of the grit tempered Mound City pottery. 
Accordingly, the compositions of these six vessels are presented as “bulk composition,” 
i.e., in terms of volumetric percentages of matrix, silt, and sand, with the latter pertaining 
to all inclusions in the sand size range encountered during point counting. These data 
are recorded in Table A-8.

Table A-8
Bulk Composition For the Six Fine-Grit-Tempered Vessels

Thin Section#/Decoration % Matrix % Silt % Sand Sand Size Index

33-72/Plain 74 5 21 1.58

33-73/Simple Stamped 66 4 30 1.74

33-74/ Simple Stamped 67 7 26 1.58

33-75/ Simple Stamped 65 7 28 1.50

33-76/ Simple Stamped 71 1 28 1.68

33-77/ Simple Stamped  70 4 26  1.69

Mean/Std Deviation (n=6) 68.8±3.4 4.7±2.2 26.5±3.1 1.63±.09

The most distinctive property of these six vessels is reflected in the sand size 
index. Since the index as reported in Table A-8 pertains to bulk composition (i.e., includes 
all sand-size grains whether added as temper or not), it is not directly comparable to the 
size indices reported for the other Mound City pottery. Therefore, in order to allow 
comparability among all the vessels included in this study, bulk sand size indices were 
compiled for all other Mound City vessels. The mean values for these size indices by 
local series, Scioto and Hopewell, and individually for the potentially exotic vessels are 
recorded in Table A-9 along with means for the six fine-grit vessels. 

These data demonstrate conclusively that significant size differences in sand-
size inclusions exist between the fine-grit vessels and all other vessels from Mound 



403

City considered in this study. With a mean value of 1.63±.09, a range of variation is 
established for the fine-grit vessels that is encroached by no other Mound City vessel, 
even at four standard deviations! To place these data in perspective, consider the mean 
sand size indices for vessels of the Connestee Series from two sites in southeastern 
Tennessee: (1) Icehouse Bottom, Monroe County, Tennessee–1.36±.16 [n=9] and (2) 
Tanasqui, Site 2, Cocke County, Tennessee–1.44±.17 [n=5]. While the tempers differ 
mineralogically among all three of these sites, the use of fine-grit as temper is shared. 
All factors considered, there is no reasonable doubt that the six fine-grit vessels are, 
indeed, intrusive from the Blue Ridge province of the Appalachian Mountains, probably 
from southeastern Tennessee or adjacent southwestern North Carolina. In light of this 
evidence, Connestee (Chapman 1973:47-57) rather than Turner (Prufer 1968:8-9) is the 
more appropriate designation for the pottery series to which these vessels at Mound City 
should be assigned.

Table 9 also records a new measure derived from the bulk compositional data 
that amplifies the foregoing observations in interesting ways. This “Sand Density 
Index” records the number of sand-size grains counted per100 points (exclusive of 
voids) for each thin section. Since the point-count interval used was 1 mm, this index, 
in effect, is a measure of the number of sand grains per 100 mm2. There is a significant 
difference between this index, which records the number of sand grains per 100 points, 
and percentages recorded under the paste, body, and bulk compositions, which are 
volumetric measures. Thus, a vessel with sparse but coarse mineral inclusions could 
have a volume of sand similar to that of a vessel with numerous, fine inclusions, but the 
latter would have a greater sand density because it would have more individual sand-size 
grains per unit of area. 

Table A-9 
Mean Values + Standard Deviations For Two Bulk Composition Indices For Mound City

Pottery

N Sand Size 
Index

Temper Type Sand Density
[Sd Grains/100 Points]

Scioto Series 18 3.18±.36 Grit 16.7±5.1

  

Hopewell Series 6 2.59±.26  Grit 16.4±2.6 

Unusual Individual Vessels

 McGraw Plain/33-91 1 2.48 Grit 19.3

 Turner Check St/33-78 1 3.40 Grit 29.9

 Hopewell Zoned/33-80 1 2.06 Sand 18.0

 Wright Check St/33-79 1 2.89 Limestone 16.9

 Candy Creek Cm/33-99 1 3.83 Limestone 10.9

   

Southeastern Fine Grit 6 1.63± .09  Fine Grit  25.8±2.8 
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From Table 9, it can be seen that the mean sand density index for the six fine-grit 
vessels is nearly 26 grains per 100 points, whereas, all of the other vessels from Mound 
City, with the sole exception of the Turner Check Stamped vessel (33-78), have sand 
density indices under 20 grains per 100 points. This further emphasizes the uniqueness 
of vessel 33-78. 

Another interesting result of compiling the bulk compositional data for all the 
vessels concerns the observed body differences previously considered between the 
Scioto and Hopewell Series. As can be seen in Table A-9, the sand densities for the two 
series are virtually identical (both 16+ grains per 100 points), while the sand size indices 
are significantly different—the mean sand size index for the Scioto Series (3.18±.36) is 
much larger than that for the Hopewell Series (2.59±.26). These data amplify the paste/
body data in suggesting that controlling temper size more so than temper volume was 
the main consideration of the Mound City potters in the manufacture of the two series.

Conclusions

In this study thin sections from 35 selected pottery vessels recovered at the 
Mound City site were subjected to petrographic analysis. Employing both qualitative 
and quantitative observations, four objectives were pursued. 

The first objective was to ascertain the physical composition of locally made 
pottery as an essential prelude to all subsequent comparative analyses. From among the 
initial 35 vessels, 26 were assigned to the two established pottery series—Scioto (n=19) 
and Hopewell (n=7)—that characterize the Hopewell culture in southern Ohio (Prufer 
1968). The “local” status ascribed to these vessels, based as it was upon the twin properties 
of context and macroscopic classification, was then subjected to critical evaluation 
through an assessment of their physical compositions as revealed through petrography. 
As a result of this review, two vessels (#33-80 and #33-91) emerged as distinctive enough 
in composition to be considered possibly nonlocal. The remaining 24 vessels, 18 from 
the Scioto Series and 6 from the Hopewell Series, were then accepted as truly local 
products, with their compositions assumed to provide a reliable characterization of the 
locally made pottery from Mound City (See Table A-5). 

The second objective was to examine the intra-site compositional variability 
between the main pottery series in search of evidence that the site’s potters had 
employed different recipes in the manufacture of their wares. A search for compositional 
differences within the Scioto Series, i.e., between the McGraw Plain and McGraw 
Cordmarked types, failed to uncover any significant differences. The situation was 
different, however, when the Scioto and Hopewell Series were compared and contrasted. 
While the pastes and tempers were found to be essentially the same, the body values 
were significantly different for the property of temper size, which was significantly finer 
in the Hopewell Series. It is inferred, on the basis of this evidence, that the potters of 
Mound City were sophisticated enough to intentionally employ different recipes when 
preparing the bodies for their Scioto as opposed to Hopewell Series vessels. The inferred 
explanation for these observed body differences is that utilitarian (i.e., Scioto Series) 
pottery was “engineered” to be maximally resistant to the thermal and mechanical 
stresses of everyday usage; whereas, the Hopewell vessels, whose intended functions 
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(ritual?) were presumably more limited and specialized, were outfitted with finer bodies 
that facilitated the preparation of smooth surfaces on which symbolically laden motifs 
could be presented with maximum clarity and visibility. 

The third main objective of this study was an attempt to lay the foundations 
for elucidating the ceramic ecology (Matson 1965) of Mound City by investigating 
the relationship between raw materials available locally and those resources actually 
utilized by Mound City potters. General sources for the two main raw materials used 
by Mound City potters–tempers and clay-rich sediments–were tentatively identified. 
The preferred tempers were found to be a variety of igneous and metamorphic rocks, 
mainly of granitic composition. These could be procured only from off-site contexts, 
either glacial till or glacial outwash, but surely within easy walking distance of Mound 
City. Suitable clays for pottery manufacture were also available locally, perhaps even 
from the alluvium underlying Mound City. The slack-water clays from which the 
preponderance of the local Mound City pottery was made have close counterparts in 
the fine clay pockets or lenses recently discovered beneath the Hopeton earthworks. It 
seems reasonable to believe that similar clay pockets must occur elsewhere in the lower 
Scioto Valley including even beneath the Mound City site. Beside the fine pastes that 
characterize 24 of the 26 originally suspected local vessels, two stylistically local vessels 
(#33-80 and #33-91) had much sandier pastes suggesting possible nonlocal derivation. 
However, analyses of other clay-rich sediments in the region–Scioto alluvium near 
Mound City and the basal clays of Glacial Lake Tight–have raised the possibility that 
multiple local clay sources may have been utilized by Mound City potters. 

The fourth objective concerned the identification of vessels that may have been 
imported to Mound City from elsewhere. Initially, nine vessels characterized by such 
“Southeastern” properties as simple stamping, check stamping, and limestone as the 
sole tempering agent were set aside as suspected imports. Thereafter, the petrographic 
evidence was employed as an independent test of the exotic status of these vessels 
through comparison of their physical compositions with those previously determined 
for the local pottery. As a result of these latter comparisons, one of the nine postulated 
imports was revealed most likely to be of local manufacture (the Turner Check Stamped 
vessel #33-78), two were left in the “possibly nonlocal” category (both limestone-
tempered vessels, #33-79 and #33-99), while the six fine-grit-tempered vessels (Table 
8) were concluded as being derived from the Blue Ridge Province of the Appalachian 
Mountains, most likely from southeastern Tennessee or adjacent southwestern North 
Carolina. The most appropriate pottery series to which these vessels should be assigned 
is not Turner, which implies an origin in southern Ohio, but Connestee, which implies a 
South Appalachian origin. Considering the compositional diversity of these presumably 
exotic vessels, is likely that cultural interaction had occurred between the residents of 
Mound City and several different Southeastern peoples.
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Table A-10
Inventory of Thin-Sections
From Mound City (Ro32)

List
Slide #

Revised Temper Surface Finish Cat. # Provenience New 
Typology

Ves.#

33-64 CCR cordmarked #2982 NP C11 #55
33-65 CCR cordmarked #2294 F35 C1.2 #8
33-66 Grit/dolomite cordmarked #2771 Md11 C1 #3
33-67 CCR cordmarked #2772 Md11 C1 #1
33-68 CCR cordmarked (trailed) #2982 NP C1.2 #32
33-69 CCR cordmarked #2770 Md12 C1 #2
33-70† CCR cordmarked #2219 beneath S embk C1 #6
33-71† CCR cordmarked #2219 beneath S embk C1 #6
33-72 Sand smoothed #3333 F35 C23
33-73 Grit simple-stamped #2234 S embk fill C14
33-74 Sand simple-stamped #3337 SE embk C20
33-75 Sand simple-stamped #3331 F35 C20
33-76 Grit simple-stamped #3536 Md14 C14
33-77 CCR exotic simple-stamped #3174 SE embk fill C14
33-78 CCR check-stamped #3336 F35 C5 #34
33-79 Limestone check-stamped #2259 S embk fill C19 #33
33-80 Sand zoned dentate #2982 NP C20 #44
33-81 CCR zoned incised #2254 F35 C17 #54
33-82 CCR zoned decorated (w/boss) #3349 S embk C16 #52
33-83* CCR Chillicothe Zoned Rocker #2407 Md13 F43 C12 #63

33-84 CCR zoned dentate #2406 Md13,F42a,44a C13 #37
33-85 CCR zoned dentate #2982 NP (Squier) C13 #43
33-86 CCR smoothed (bowl rim) #2834 Md12 F3 C6 #59
33-87 CCR smoothed (angled rim) #2209 S embk fill C6 #28
33-88 CCR polished plain #2208 S embk fill C10 #53
33-89 CCR smoothed #2926 Md12 F3 C7 #58
33-90 CCR smoothed (angled rim) #2834 Md12 F3 C6 #26
33-91 Gabbro smoothed #3339 F35 C9 #29
33-92* CCR Chillicothe Z R (plain area) #3377 Md13, F42a, 44a C12 #42=63
33-93 CCR smoothed #2999 NP C7 #57
33-94 CCR smoothed #2292 F35 C7
33-95 CCR smoothed #2304 F35 C7 #59
33-96 CCR exotic? cordmarked #2302 F35 C3 #56
33-97 CCR cordmarked #3298 F35 C1
33-98 CCR exotic? cordmarked #2229 F35 C3 #61
33-99 Limestone cordmarked #2481 SE embk fill C18
33-100 Marble cordmarked #2999 SE embk fill C4 #64

 *, † indicate sherds from the same vessel
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FIGURES 

Figure A-1. Selected Scioto-Series sherds of the type McGraw Cordmarked.

Figure A-2. Selected plain sherds, all of the type McGraw Plain except 33-88, which is a polished 
plain vessel of the Hopewell Series.
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Figure A-3. Selected decorated sherds of the Hopewell Series.

Figure A-4. Ternary graph showing paste values for Scioto-Series vessels by type.
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Mound City
McGraw Plain [n=8]
McGraw Cordmarked [n=11]
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Figure A-5. Ternary graph showing body values for Scioto-Series vessels by type. 

Body

100% Matrix 50% Sand

Mound City
McGraw Plain [n=8]
McGraw Cordmarked [n=11]

50% Temper

Figure A-6. Photomicrograph of granitic temper in McGraw Cordmarked vessel 33-69. Viewed 
under crossed polars at 10X magnification. Longest dimension of large grain measures l.65mm.
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Figure A-7. Photomicrograph of McGraw Cordmarked vessel 33-98 with granitic (grain on right with 
twinned plagioclase) and limestone (large void on left) tempers. Viewed under crossed polars at 10X 
magnification. Granitic grain measures l.08mm.

Figure A-8. Photomicrograph of gabbro temper in McGraw Plain vessel 33-91. Viewed under crossed 
polars at 10X magnification. The twinned plagioclase grain near the top measures .725mm.
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Figure A-9. Photomicrograph of granitic temper in Hopewell vessel 33-84. Viewed under crossed 
polars at 10X magnification. Large grain on left measures l.025mm.

Figure A-10. Photomicrograph of sand temper in Hopewell vessel 33-80. Viewed under crossed polars 
at 10X magnification. Quartz grain near center measures .525mm. “Speckled” grain in upper left is 
shale, a distinctively recurring rock in southern Ohio sediments.
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Figure A-11. Ternary graph showing paste values for Hopewell-Series versus 
Scioto-Series vessels at Mound City.

50% Silt

Paste

100% Matrix 50% Sand

Mound City
Hopewell Series [n=7]
Scioto Series [n=19]

33-80

33-91

Figure A-12. Ternary graph showing body values for Hopewell-Series versus 
Scioto-Series vessels at Mound City.
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Figure A-13. Photomicrograph of clayey subsoil on the terrace south of the Mound City enclosure. 
Sample 33-221 viewed under crossed polars at 10X magnification. Large shale grain (upper left) 
measures 1.05mm.

Figure A-14. Photomicrograph of clayey sediment from creek bank on the Scioto floodplain north of 
the Mound City enclosure. Sample 33-222 viewed under crossed polars at 10X magnification. Large 
quartz grain on lower right measures .50mm. Note shale grain on upper left (it measures .80mm).
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Figure A-15. Ternary graph showing paste values for local clayey sediments versus those 
for Scioto and Hopewell-Series vessels from Mound City.
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Hopeton Clay [n=1]

Figure A-16. Photomicrograph of Minford clay sample 33-305 from near Stockton in Jackson 
County. Viewed under crossed polars at 10X magnification. Large polycrystalline quartz grain 
at top center measures .425mm. Note textural differences between the sandy center and 
upper right and the much finer-grained, silty lower right.
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Figure A-17. Photomicrograph of subsoil clay from Hopeton. Sample 33-307 viewed under crossed 
polars at 10X magnification. Largest grain at top center (plagioclase) measures .15mm.

Figure A-18. Two check-stamped vessels, 33-78 (granite-tempered) and 33-79 
(limestone tempered).
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Figure A-19. Fine-grit-tempered vessels. 33-72 is plain, all others are simple stamped.

Figure A-20. Photomicrograph showing leached limestone in check-stamped vessel 33-79. Viewed 
under plane polarized light at 10X magnification. Largest void measures 1.125mm.
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Figure A-21. Photomicrograph showing unleached limestone in cordmarked vessel 33-99. Viewed under 
crossed polars at 10X magnification. Large limestone with visible calcite twinning measures 1.25mm. 

Figure A-22. Ternary graph showing paste values for the three possibly exotic vessels 
recorded in Table 7 versus the local Scioto and Hopewell-Series vessels from Mound City.
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Figure A-23. Ternary graph showing body values for the three possibly exotic vessels 
recorded in Table 7 versus the local Scioto and Hopewell-Series vessels from Mound City.
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Figure A-24. Photomicrograph of simple stamped vessel 33-76 with “Grit A”. Twinnned grains 
are microcline, colored grains are amphiboles and mica. Viewed under crossed polars at 10X 
magnification. Large polycrystalline grain just below center measures .525mm.
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Figure A-25. Photomicrograph of simple stamped vessel 33-75 with “Grit C”. Weakly colored 
grains are amphiboles while “clear” grains are quartz. Viewed under plane polarized light at 10X 
magnification. Largest grain (quartz) measures .65mm.
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Appendix B
X-RAY DIFFRACTION ANALYSIS OF PIPES AND PIPE 

FRAGMENTS FROM MOUND CITY

James Novotny Gundersen
 Wichita State University

Preface

In the 1840s Squier and Davis (1848: 152) sunk a shaft into the center of Mound 
8 and discovered at the bottom a “sacrificial fire basin”, which we call now a crematory 
basin. This basin was filled with a high heap of ash mixed with the remains of nearly 
200 pipe fragments, copper, pearl and shell items. The unique and artistic nature of 
these items was a significant revelation in the mid-nineteenth century and brought 
Mound City to the attention of the scholarly world. Mills and the Ohio Historical and 
Archaeological Society returned to Mound 8 in 1920 after Camp Sherman had been 
decommissioned. Mills (1922) was able to relocate the 1840s pit and observed that it was 
roughly eight feet square and covered both the basin and most of the central deposit

Squier and Davis (1848: 152) reported that “The altar itself ([Squier and Davis1848] 
Fig. 38) was somewhat singular, though quite regular in shape. In length it was six feet 
two inches, in width four feet. At the point indicated in the section (slightly off-center) 
was a depression of perhaps six inches below the general level of the basin.” In 1920, 
Mills found a mold 18 in. in diameter at the bottom of the Squier and Davis shaft that 
rose 20 in. above the floor of the central depository of the mound. Mills interprets this 
feature “this mold was exactly that which would result from a filled bag being set upright 
on the floor and covered over with earth, the bag and contents later being removed and 
the arched earth retaining its form and imprint” (Mills 1922: 436).

This same mold was intersected by Squier and Davis’ excavation and most of 
the contents were removed by them. Thus, the famous set of pipes and other objects 
came from both the basin and a depository cache immediately to the south near the 
southwest corner. This is sufficient evidence to demonstrate that Mills rediscovered 
Squier and Davis’ feature although Mills’ findings do not complete agree with what the 
earlier excavator reported. According to Squier and Davis the deposit was in the altar or 
crematory basin. But they seemed to have combined the depository with the basin finds 
in their description. They mention that a layer of sand capped the burned loam in the 
basin and the edges of the basin to make a single small hill. Evidently, their finds were 
mixed with ashes. Baby reports (Baby and Langlois 1977) that the pipes from Mound 8 
in the British Museum were covered with ashes when he inspected them in 1965. 
The artifacts found by Squier and Davis match those recovered by Mills from the 
Mound 8 depository. 

From the central “altar” on the floor of the sub-mound structure at Mound 8, 
Squier and Davis (1848) reported “not far from 200” pipes and Mills (1922) reported 
an additional “50”. The number of restored pipes and pipe fragments cataloged by the 
Blackmore Museum and presently in the British Museum collection is 110. It isn’t 
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MOUND CITY

known how many of the original “not far from 200” have been reduced by matched 
composites, but by adding the two groups we come up with a total of 160 fragments 
and fragment groups.

Squier and Davis reported that –“The pipes were much broken up, --some of them 
were calcined by the heat, which had been sufficiently strong to melt copper, masses of 
which were fused together in the centre of the basin. A large number have nevertheless 
been restored at the expense of much labor and no small amount of patience. They are 
mostly composed of red porphyritic stone, somewhat resembling the pipe stone of the 
Coteau des Prairies, excepting that it is of great hardness and interspersed with small 
variously colored granules. The fragments of this material which had been most exposed 
to hear were changed to a brilliant black color, resembling Egyptian marble. Nearly all 
the articles carved in limestone, of which there had been a number, were calcined.” 
(Squier and Davis 1848; 153).

Mills (1922: 438) retrieved ‘from the bottom and around the edges of this Mold” 
50 pipe fragments, pearl beads, shell beads, galena crystals, and whitneyite, a copper 
arsenide mineral that looks like fused copper. This inventory compares well with Squier 
and Davis’ list of 200 pipe fragments, pearl beads, shell beads, ‘numerous discs, tubes, 
etc., of copper, and a number of other ornaments of copper, covered with silver”, and 
masses of ‘fused copper’ {whitneyite?}(Squier and Davis 1848: 152). 

The two caches of broken up pipes from the crematory basin and separate cache 
at Mound 8 were part of a pattern observable at the site. In Mound 13 the “Great Mica 
Grave” (Burial 1) had five pipes and “100” fragments according to Mills—all part of 
heavily burnt remains of artifacts. A nearby Burial a5 had “many,’ and fragments were 
likewise recovered on the floor, in two construction pits, and in disturbed contexts by 
Brown in 1963. Mound 18 likewise yielded 7 “complete” pipes and 3 fragments. They 
were in a low burial mound (Burial 6) 2 ft high erected on the floor. Otherwise only a 
single example was found at Mound 2 and two at Mound 3. In all cases where the broken 
pipes were found they were part of a deposit of burnt grave goods whether that deposit 
was accompanied by cremations or not. All Hopewellian burials within the embankment 
were cremated.

As part of this study and synthesis of investigations at Mound City, samples of 
pipes from Mound City were sent to James Novotny Gundersen for x-ray diffraction 
analysis in hopes that the source of the rocks could be identified that were carved into 
the assemblage of pipes collected from excavations in 1920 and subsequent years. The 
pipes from the Squier and Davis collection now housed at the British Museum were not 
included in this study. The paper which follows was written by the late Dr. Gundersen in 
September 2000. Subsequent research by Dr. Gundersen (Bozhardt and Gundersen 2003) 
and others (Emerson et al. 2005) have not been incorporated into this study. Although 
more recent research has produced significant insights into the source materials of 
prehistoric Midwestern pipes, we present this paper in its original form because it 
provides important data about the range of materials represented by the Mound City 
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APPENDIX B

pipes and provides quantitative evidence about the tremendous fire that destroyed the 
pipes which were eventually buried under the mounds. 

J.A. Brown

Editorial Note 

This paper provides valuable evidence about the possible source of stone 
material used to carve the remarkable Mound City pipes. Dr. Gundersen’ lengthy 
research on this topic was complicated because, as his research indicates, the pipes were 
fractured when exposed to extreme heat. Not only did the heat fracture the pipes, in 
some cases it altered their mineral composition, which greatly complicates the process 
of identifying the source of the original pipestone material. The exposure to extreme 
heat and subsequent re-cooling of the pipe fragments, are in some ways comparable to 
rock formation processes in the natural world. Interpretation of the thermal destruction 
of the Mound City pipes as part of the process of disposal of ritual objects is complicated 
by the explosive decrepation of the pipes. Since not all pipes were made of the same rock 
material, and not all pipes were exposed to the same high temperatures and duration 
of heat, interpretation of the pipe fragments does require more detailed analysis. The 
extensive and detailed effort reflected in the disposal of these pipes is unique even for 
Ohio Hopewell. Identification or the mineral composition of the large number of pipes 
from the Tremper Mound was possible with a Portable Infrared Mineral Analyzer 
(PIMA) (Emerson et. al. 2005) because the pipes had not been thermally altered. Dr. 
Gundersen’s paper suggests that it will be possible to identify the sources of the Mound 
City pipes, but considerably more analyses are required.

The preliminary interpretations offered by Dr. Gundersen in this paper suggest 
that some of the pipes from Mound City were made from Neda pipestone from northern 
Illinois. Efforts to correlate specific pipe materials with individual sub-mound deposits 
have been frustrated by the loss of provenience information for specific artifacts. A 
number of pipe fragments in this study may be definitively attributed to the Mica 
Grave in Mound 13, Burial 6 in Mound 18, and Mound 2, Burial 17, but the majority of 
pipe fragments are only known to be from the 1920-1921 excavations at the site (Mills 
1922). While these are likely from the great deposit of pipes in Mound 8, pipes and pipe 
fragments have been collected from other sub-mound deposits. The catalog description 
for #2956, which includes most of the pipes included in this study, is:

Fragments of effigy smoking pipes including 25 platform or base fragments, 20 
bowl fragments, and 17 miscellaneous fragments. These fragments are from 
different pipes. The color of the pipestone includes tan, brown, red- brown, and 
black. Bowl fragments include parts of 3 plain bowl platform pipes and 17 effigy 
fragments. Excavated in 1920-21 by Mills/Shetrone of the OHS.

There does not appear to be a definitive correlation between pipestone material 
and individual sub-mound structures from which they were collected.

Mark Lynott
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Introduction

The purpose of this study was to conduct X-ray diffraction analysis of the pipes 
and pipe fragments from Mound City in an attempt to determine the source of the rock 
materials that were carved into the pipes that are well known and associated with this 
site. X-ray powder diffraction (XRD) is the most expedient, characterizing analytical 
method for determining the apparent relative abundances of the very fine-grained 
mineral assemblages of such lithic types as comprise the Mound City pipes. The analyzed 
artifacts have been sorted into groups of specified lithic types according to the mutually 
shared mineral assemblages that define them. The analysis of most of the common lithic 
objects revealed no unusual mineral assemblages that even vaguely suggest a general 
source region. The lithic terms used in this paper are strictly descriptive, and are not 
explanatory of specific occurrences of the very common rock types encountered in 
this study, nor are they intended to identify any known or suggested provenance. For 
the convenience of the reader, the structural compositional formula of each mineral 
recognized the in the analyzed artifacts is provided only once immediately after their 
mention in the descriptive text for the artifacts.

The term “pipestone” is generally applied to a variety of very fine-grained, well-
indurated lithic materials that are sound (non-slacking in water), soft (easily carved), 
and dense (non-porous and impermeable). Some writers would be more restrictive and 
further specify a certain color. Perhaps the most commonly recognized and well known 
pipestone lithics are the hematitic, red Plains argillites, specifically the Minnesota 
Catlinite and the Kansas and Wisconsin pipestones. Although these fine-grained 
pipestone lithics are often visually similar, they are comprised of distinctly different 
combinations of minerals, particularly chlorite, diaspore, kaolinite, pyrophyllite, 
muscovite, quart and talc, which may be used to distinguish between them and very 
similar appearing lithic varieties found in the southwestern United States. None of 
the previously mentioned red Plains pipestones were recognized among the Mound 
City artifacts. There are also several other important carving lithics with mechanical 
attributes similar to the previously mentioned pipestones that have been identified 
as the source material for pipes from other regions. These lithics are less uniform in 
color and are most commonly blue-gray, green, gray and black. These types consist of 
various combinations of mainly 2:1 chlorites, serpentines, and talc. None of the non-red 
pipestones were recognized among the Mound City pipes.

Of particular interest to this study is another recently recognized group of non-
red pipestones (Farnsworth et. al. 2000) consisting of a rather unusual variety of lithic 
materials from the Upper Ordovician Neda formation in north-central Illinois. The rock 
from this formation meets the mechanical attributes of pipestones in general, and in the 
remainder of this paper will be referred to as Neda Pipestone. Analytical data present 
in this paper indicates that 28 pipes from Mound City were made from Neda Pipestone. 
Unfortunately, none of the other pipes from Mound City may be associated with specific 
geological sources. 

This study also provides evidence that many of the pipe fragments from Mound 
City have been exposed to sustained and apparently high temperatures. Evidence for 
fairly extreme heat is inferred by the occurrence in some artifacts of rather unusual, 
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silica-poor, hercynite-sillimanite mineral assemblages nominally associated with 
high grade metamorphic rock. The recognition of thermal modification behavior of 
the minerals within each of the specified groups of rock types will be reviewed for 
each group. 

With the exception of about two dozen specimens, all powder samples for XRD 
analyses were obtained by rubbing the artifact on a high quality wood-rasp or medium-
tooth file. About a dozen objects, initially interpreted to be hard-fired claystone 
materials, were filed with difficulty. The last group of pipe objects to be described, 
having been apparently transformed to ceramic-like status, was nearly impossible to 
abrade. For some of these, a small powder sample was obtained by notching a corner 
of the fragment with a tungsten carbide hacksaw blade. For others, a few small chips 
nicked from broken corners were crushed in a diamond-mortar to obtain very small 
powder samples for XRD.

The descriptions to follow will specify a sample number, type of artifact, and 
color, although the latter attribute was inconsistently recorded when the artifacts 
were studied in 1984. Although most of the artifacts were easily recognized mineral 
materials, more than a dozen or so samples had been clearly heated to sufficiently high 
temperatures so as to completely destroy their previously existing crystalline structures 
and transform them into an amorphous, disordered (glass-like solid) state. A few samples 
had been recrystallized into mineral assemblages nominally found only in igneous or 
high-grade metamorphic rocks. Such temperatures initially seemed to be clearly beyond 
the heating capabilities of Native Americans. Consequently, the powder samples were re-
run and new diffractograms analyzed with identical XRD results. If groups of analyzed 
specimens have relatively similar mineral assemblages in type and abundance, they are 
listed together and discussed in order of the arbitrary sample number assigned to them. 
If they differ in their development of crystal structure, they are listed in a sequence of 
decreasing degree of crystallinity as revealed by the quality x-ray powder diffractograms 
of the artifact samples. Most groups of specimens are further separated on the basis of 
their trace mineral content as noted.

The Thermal Behavior of Anhydrous Mineral Assemblages

Most of the Mound City pipes are made of lithic materials consisting mainly of 
very common, anhydrous minerals alone, or in combination with one another. Quartz 
and calcite dominate in some of these lithics, but subordinate amounts of dolomite 
and traces of less common carbonates were recognized. Traces of a variety of probably 
insignificant minerals are mentioned where appropriate in the description of specimens. 

All of the common anhydrous minerals recognized in the artifacts are thermally 
stable throughout moderate temperature ranges easily achieved in a pit-kiln firing of 
about 500o to 700oC without structural change. Dolomite and calcite are stable to even 
higher temperatures. Decarbonatization sets in about 900oC for dolomite, and about 
1000oC for calcite. With the loss of their carbon dioxide component (CO2), the internal 
crystalline structure of these carbonates is destroyed, leaving an amorphous, liquid-
solid residue of the elemental oxide components (CaO and MgO). With one possible 
exception, there is no evidence that any of the pipes in this group have been subjected to 
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sustained or substantial heat. The pipes carved from anhydrous minerals are composed 
of limestone, siliceous dolostone, and siliceous siltstone, with varieties of each of these 
noted in the analysis.

Group A consists of 5 limestone pipe which are composed of very fine-grained 
calcite (CaCO3). No other mineral phases are apparent, and there is no mineralogical 
evidence to suggest that these objects have been subjected to any heat treatment. This 
is not surprising because the pipes would have had to have been subjected to almost 
1000oC before the CA-CO2 bonds of the calcite structure would become thermally 
unstable enough to yield CO2 gas and residual lime (CaO).

Sample # Catalog # Description

10 2972 (Md. 18, Burial 6) Whole pipe; fabric of whitish fragments in maroon matrix

31 2956 Bowl fragment; light buff

38 2956 Platform plus bowl fragment; light buff-gray

45 2956 Bowl plus platform fragment; white

66 2956 Platform fragment; light buff to whitish gray

Siliceous Limestone Artifacts

Twenty-nine platform pipes or pipe fragments are collectively identified as 
siliceous limestone in general, but they are further separated into smaller groups that 
reflect the trace amounts of other minerals. The first nine pipe objects are composed of 
very fine-grained calcite with only trace to minor amounts of quartz (SiO2).

Sample # Catalog # Description

1 2667 (Md. 13, Mica grave) Nearly whole platform pipe; gray 

4 2874 (Md. 13, Mica grave) Platform fragment; gray

9 2958 (Md. 13, Mica grave) Platform fragment; buff-gray

14 2956 Platform fragment; light buff-gray

23 2956 Effigy platform fragment; dark gray

26 2956 Effigy platform fragment, dark gray

42 2956 Platform fragment; gray

49 2956 Platform fragment; light gray-gray

68 2956 Platform fragment; gray

The next five objects are essentially identical to the previous group except 
that they also contain traces to significant amounts of one or more additional 
minerals as specified.

25 2956 Effigy platform fragment; light maroon. Moderate amount of magnesian 
calcite (Ca, Mg)Co3) and traces of maghemite (gamma Fe2o3)

41 2956 Platform fragment; buff to dark gray. Minor amount of diopside 
(CaMgSi2O6)
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48 2956 Platform fragment; light gray. Trace of hematite (Fe2O3)

50 2956 Platform fragment; white. Trace amounts of aragonite (CaCO3) and 
manganite MnO(OH), possibly due to soil processes?

54 2956 Platform fragment; light buff. Traces of siderite (FeCO3) and hematite, 
possibly due to soil processes?

The next two pipe fragments are also composed mainly of very fine-grained 
calcite, subordinate quartz, but with trace amounts illite, (K, H3O)2(Si3AIO10)2(OH)4

7 2956 Platform fragment; gray to buff.

30 2956 Platform fragment; buff.

The following seven artifacts have similar calcite, quartz and illite mineral 
content, but also contain trace amounts of magnesium-bearing calcite (Ca, Mg)CO3).

8 2958 (Md. 13, Mica grave) Platform fragment; gray.

11 2977 (Md. 13, Mica grave) Frog effigy pipe

13 2956 Bird effigy pipe, gray to buff.

24 2956 Platform fragment; dark gray.

27 2956 Effigy pipe fragment; gray.

33 2956 Platform fragment; gray.

46 2956 Platform fragment; dark buff

The following five objects contain similar amounts of calcite, quartz, illite, 
magnesian calcite as the previous group, but in addition contain trace amounts of the 
minerals indicated.

6 2957 (Md. 13, Mica 
grave)

Platform fragment. Trace of kaolinite (Al4(Si4O10)(OH)8).

12 2979 (Md. 2, Burial 17) Bowl-platform fragment; black. Trace of kaolinite.

17 2956 Bird-head fragment; dark gray. Trace of Kaolinite.

21 2956 Bird-tail effigy fragment; buff. Traces of anatase (TiO2) and 
a 2:1 chlorite, approx; (Mg, FE, Al)6(OH)12(Mg, Fe, Al)6([Si, 
Al]4O10)2(OH)4.

29 2956 Platform fragment; buff. Trace of chlorite.

Siliceous Dolostone Artifacts

This small group of artifacts consist mainly of dolomite (CaMg(CO3) with minor 
amounts of quartz. These have the appearance and text of “siltstones” with a hand lens. 
Since dolomite would have to be exposed to about 900oC to destroy its structure, it is 
unlikely that these two pipes fragments were heated to such high temperatures long 
enough to yield any calcium- or magnesium-silicates.
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3 2873 (Md. 18, ,Burial 6) Platform fragment; gray.

62 2956 Platform fragment; white

Siliceous Siltstone Artifacts

This group of eight artifacts is made from very common rock types with 
few visual attributes with which to distinguish among them. These lithic types are 
composed mainly of silt-sized quartz grains, and minor to trace amounts of illite. They 
also contain minor to trace amounts of various minerals as indicated below. There is not 
mineralogical evidence to indicate these objects were heated.

18 2956 Platform fragment; buff. Trace of an unidentified feldspar.

28 2956 Thin fragment, hard siltstone. Trace of unidentified feldspar.

22 2856 Effigy platform fragment; buff. Minor amount of unidentified feldspar.

55 2956 Platform fragment. Trace of kaolinite.

34 2956 Fragment of thin-walled ceramic? Traces of kaolinite and calcite.

2 2873 Platform fragment. Trace of chlorite.

39 2956 Platform fragment; gray. Traces of chlorite and calcite.

40 2956 Platform fragment; gray. Traces of chlorite and calcite.

The Thermal Behavior of Hydrous Mineral Assemblages

In nature, specific minerals (natural, inorganic, crystalline) form in response to 
various kinds and amounts of energy (mechanical, thermal, and chemical) within local 
environments. In this discussion we are concerned with the effects of thermal energy 
action upon two hydrous minerals known to be present in many of the raw Neda lithics 
that were used to carve prehistoric pipes. While exposure to high temperatures can 
transform the mineralogical composition of stone artifacts, the elemental composition 
of the original protolith is the dominant factor in determining the composition of the 
object after heating. Among the Mound City pipes, the pipes carved from hydrous 
minerals appear to have been exposed to high temperatures for a sufficient duration as 
to transform the pipe fragments into ceramic mineral assemblages.

Hydrous minerals are those minerals that have incorporated water molecule 
(H2O) or is hydroxyl radical (OH)-1, or both, as an integral part of their inherent 
crystalline structure. Many such minerals are fairly common and remain stable in low-
temperature, near surface weathering environments. About half of the Mound City pipe 
artifacts appear to have been fired to some degree, yet two hydrous, 1:1 phyllosilicates 
of the kaolinite-serpentine group are still recognizable together, or separately, in a few 
of these objects. These thermally sensitive minerals are kaolinite and berthierine. Their 
idealized unit-cell structural compositions, as well as their behavior in a hard-firing 
event, will be discussed separately in order to point out their inherent attributes. Such 
mineral assemblages are interpreted to be examples of Neda Pipestone. This conclusion 
is based upon analyses of Neda materials from the source area provided to the author 
be colleagues working with these materials. We believe that many of the pipes originally 
made of Neda Pipestone, and containing these minerals, have been fired. Some have 



431

been fired at low enough temperatures so that relicts of these original minerals can 
still be recognized, while other were fired at high enough temperatures so that all the 
original mineral structures have been completely destroyed and transformed into an 
amorphous, liquid-solid residue. A few of the latter have been further reconstituted at 
high temperatures into new crystalline, ceramic mineral assemblages. Although these 
new “ceramic minerals” are not true minerals because they did not form naturally, they 
have the same crystalline structures, and presumably compositions of true minerals. 
Consequently, for this discussion they will be called minerals.

In attempting to explain the “ceramic” origin of some of the hard-fired pipes, 
we will depend heavily on the thermal behavior attributes of hydrous minerals kaolinite 
and bethierine, as revealed in the literature concerning differential thermal analyses 
(DTA) of these materials. Readers are encouraged to see Considine (1976: 790-791) for 
a more detailed discussion of DTA instrumentation, operation, and appearance of DTA 
thermograms. The product of DTA is a thermogram, which is essentially a fingerprint of 
the thermal behavior of a hydrous mineral sample being subjected to high temperatures. 
It indicates the temperatures when a phase change starts, takes place, and ends, and also 
indicates whether the sample gains internal thermal energy during the phase change (an 
endothermic reaction; enthalpy increases in the sample), or if the sample loses internal 
thermal energy during the phase change (an exothermic reaction; enthalpy decreases 
in the sample). The general pattern of thermal degradation and transformation that are 
experienced by a clay-mineral object, such as a pipe made of kaolinite, when exposed to 
very high temperatures requires further discussion.

The Thermal Behavior of Kaolinite

In any initial low-temperature heating of a raw kaolinite lithic pipe, the heat 
received by the pipe is only used to increase its temperature. But at about 100° to 120°, 
the heat received by the pipe cannot continue to be used to increase its temperature. 
Instead, that thermal energy is now consumed to drive a minor phase change in the 
lithic pipe. That phase change is the vaporization of the absorbed water molecules on 
the clay mineral grains. This thermal drying of the pipe is generally a weak endothermic 
(heat absorbing) reaction that is not usually a characteristic attribute of any particular 
clay mineral. Because the water molecules were not part of the crystalline structure of 
the clay mineral grains themselves, the kaolinite has not changed its composition nor its 
structure in this drying process.

When kaolinite is continuously heated to much higher temperatures, both the 
composition and structure of the mineral may be altered. We shall attempt to present 
what would happen to any kaolinite material under two different, but equivalent, 
circumstances. One is the hard-firing of a kaolinite pipe in a kiln environment. The 
second is the hard-fired destruction of a small kaolinite sample in a DTA setting. The 
former is rarely time-temperature monitored internally; the latter is entirely so from 
start to finish.

Figure B-1 presents the temperatures and thermal gradients involved in 
determining the thermal behavior of kalolinite in a kiln-fired environment, as well as in 
the DTA firing of a small kaolinite test sample. A small inset within Figure 1 illustrated 
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what would be a nominal DTA thermogram for either firing method through a similar 
firing sequence. The time-temperature Points a, b, c, d, e and f of both diagrams are 
mutually shared by both pipe and DTA samples. Consequently, the reference data from 
the literature concerning the behavior of thermally sensitive materials is most commonly 
extrapolated from DTA thermogram analyses. In such an analysis, a small sample of the 
termally reactive kaolinite, and another of a thermally inert material (e.g. alumina) are 
placed in separate, but closely adjacent, identical sample holders. They are uniformly 
heated together at a constant rate (nominally about 10°C per minute up to 1000°C or 
more). This kind of programmed analysis continuously displays, in the resulting DTA 
thermogram, the difference between the temperature of the kaolinite sample (which will 
change as it undergoes internal reactions) from the uniformly increasing temperature 
of the inert sample. Readers will note that the latter directly reflects the temperature of 
the heat source with which it is in continuing thermal equilibrium, and the following 
description relates to the thermal behavior of kaolinite in either pipe fired in a kiln or a 
DTA sample in a furnace hard-firing sequence.

With increasing temperature of the heat source from point a to b, the heat 
energy being absorbed by the kaolinite sample is used by the sample to increase 
its temperature and maintain equilibrium. Because the sample and the heat source 
maintained the same temperature during this interval, the thermogram from a to b is 
a straight line and reflects no difference between them.

At point b, the temperature gradient of the heat source will continue on 
unchanged toward point d. At this time-temperature point the kaolinite has reached 
its threshold of thermal stability, 500°C. The thermal energy now being received by the 
kaolite from the heat source can no longer be used to increase its temperature. Instead, 
its “internal thermal energy” (enthalpy) begins to be used to break the Al+3-(OH)-1 bonds 
within the kaolinite structure. This endothermic process is called “dehydroxylation”, 
which refers to the progressive removal of the crystalline water from the kaolinite 
mineral structures. The process is a phase change that will keep the temperature of the 
kaolinite constant at 500°C from point b toward point c, where it will finally become 
completely dehydroxylated. The expended internal energy in this phase change is 
essentially a “latent heat of dehydroxylation”.

Consequently, the thermogram at point b begins a continuing endothermic 
deflection (downward by convention) indicating how much cooler the kaolinite sample 
is than the warmer heat source at any moment. At the point of complete dehydroxylation, 
the kaolinite at point c is still at 500°C, but the temperature of the heat source from b to d 
has since increase to 600°C. This moment marks their maximum temperature difference, 
and records the maximum deflection on the thermogram of this endothermic reaction 
in the kaolinite.

Concomitantly with its progressive dehydroxylation, the inherent crystalline 
structure of the kaolinite was progressively destroyed between points b and c. At point c, 
the crystalline kaolinite has been changed into a relatively high temperature, completely 
disordered, amorphous, liquid-structured solid (i.e. a liquid-solid, not a melt) residue 
containing all of the elemental oxide components, silica (SiO2) and alumina (Al2O3) 
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of the original kaolinite, less its initial crystalline water. This phase is commonly 
called metakaolinite.

As the temperature of the heat source continues to rise from point d toward point 
e, the thermal energy received by the metakaolinite sample can now be used to increase 
its temperature. Because the heat source is already 100°C hotter than the sample and the 
temperature of the heat source is continually increasing, the amorphous metakaolintie 
residue which forms the sample heats more rapidly, which rapidly diminishes the 
difference between the two. This results in an upward deflection of the temperature 
difference trace of the thermogram to point e, at 700°C where both sample and hear 
source are again at the same temperature on the baseline. Hereafter they maintain the 
same temperature and the thermogram continues as a straight line from point e to point 
F. The pronounced downward deflection to a peak and its return to the neutral baseline 
is called the “main endothermic peak” for the mineral analyzed. Such peak temperatures 
are rather diagnostic for certain clay minerals and can be used for their identification. 
The main endothermic peak for kaolinite is 600°C. It is important to remember that 
this peak temperature is that of the heat source and not that of the metakaolinite at that 
moment of complete dehydroxylation (500°C).

A diagram such as Figure B-1 for kaolinite is actually valid only for a 
monomineralogical sample of kaolinite. If an actual test sample was a half and half 
mixture of kaolinite and quartz, the thermal response would be modified. Considering 
such a mixture as it reached 500°C, the kaolinite fraction would be attempting to 
maintain a constant 500°C during its dehydroxylation phase change, whereas the 
quartz fraction would be using all its received thermal energy in attempting to increase 
its temperature to keep up with that of the heat source. Ignoring the effects of each of 
their specific heats, the mixed sample would follow a steeper heating curve from point 
b to some “halfway” point between points c and d during the dehydroxylation of the 
kaolinite, and thence from that point to another “halfway” point between points d 
and e during the warm-up of the mixed sample to again match the temperature of the 
heat source. The DTA response to the mixed sample would be quite similar to that of 
kaolinite but it would be rather subdued in intensity. The rapid rate of heating, and the 
total quantity of heat received by the metakaolinite portion of the mixed sample would 
be significantly reduced the presence of the quartz component.

The release of unbound elemental oxide components during the deydroxylation 
creates the possibility that, with sufficient thermal energy, they might be able to 
recombine to form new ceramic phases that would be stable at some higher temperature. 
In the general case, an immediate reconstitution of the elemental oxide components of 
a dehydroxylated mineral into a new ceramic mineral is unlikely. One might also expect 
that the rapid increase of internal heat energy of these components in the amorphous, 
liquid-solid metakaolinite from 500°C to 700° C would be able to help in the formation 
of such new high temperature ceramic minerals stable at that, or slightly higher, 
temperatures. This does not happen in a hard-firing of kaolinite because the crystalline 
reconstitutions involving alumina and silica, initially together, are relatively sluggish in 
any recrystallization even at rapid heating rates. 
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attributes of the particular hydrous clay mineral when fired. Perhaps more important 
is the fact that even with partial dehydroxylation, some of the cations previously bound 
and surrounded by hydroxl radicals are liberated from the crystalline structure at a 
given temperature. The presence of two or more hydrous minerals of differing elemental 
composition, when similarly heated, will increase the possibility of forming a new 
assemblage of differing elemental oxide components from two different minerals now 
in intimate contact within their collective liquid-solid residue. Actually, the greater the 
number of differing minerals that are fired together, the greater the possibility of there 
being pairs, or groups, of differing elemental oxide components that might be unstable in 
the intimate presence of one another in a liquid-solid residue, with the result that at some 
appropriate high temperature they might recombine some of the components in ceramic 
mineral structures whose internal energy is less than that of the same components in the 
liquid-solid state. Such is the nature of metamorphism in the geological environment, 
as well as in the formation of anhydrous, refractory minerals which such a charge is 
fired in a ceramic setting. If all of the lithic pipes had been fired to the level of complete 
dehydroxylation, there would not have been any relict structures to recognize, and it is 
unlikely we would have been able to recognize that the initial materials were varieties of 
Neda Pipestone.

Given the thermal attributes of the known hydrous minerals in the Mound City 
samples, one might be able to speculate upon which potentially reactive elemental oxide 
components might be available within the Neda Pipestone materials for recombination 
with one another when a given, initial assemblage of such hydrous minerals in an artifact 
are dehydroxylated at about the same time and temperature in a ceramic firing.

Baked Kaolinite-Rich Neda Pipestone Artifacts

These materials were doubtless once kaolinite-rich claystones that have been 
transformed to well-indurated but soft, non-slacking, argillites. One would be inclined 
to describe the artifacts as having the appearance of dense, very low-grade baked clay 
that could have formed under natural lithification conditions, or it might actually have 
been slightly baked on purpose or by accident. There is some mineralogical evidence to 
indicate that the last three specimens were at least slightly heated.

The lithic material of the first of these artifacts (#58), is only moderately well-
crystalized kaolinite, whose x-ray diffractogram closely resemble that of a Neda 
specimen provided by Randy Hughes of the Illinois Geological Survey and of others 
supplied by Douglas Miller of the Rock River Area Archaeological Survey. Both samples 
were collected from the Neda formation of North-Central Illinois. There is a slightly 
decreasing level of surviving relict crystallinity among the samples listed in order below. 
None of the diffractograms of the artifact materials from Mound City or the Neda 
kaolinite pipestone samples supplied for this study resemble those of the exceptionally 
well-crystallized kaolinite underclays nominally called Ohio Pipestone. Consequently, 
we presume that the reference samples of kaolinite-rich varieties of Neda Pipestone are 
the same type of pipestone used to make the pipes we analyzed. Three of the objects might 
have been slightly dehydroxylated, whereupon the FeO component of the trace to minor 
amounts of magnetite, ankerite, or siderite, presumed to have been initially present, 
oxidized to form maghemite. Maghemite is the gamma-form of Fe2O3; it is cubic and 
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has spinel structure. Ordinary trigonal hematite is the non-magnetic, alpha polymorph 
which is most likely to form in an oxidizing firing. It is perhaps equally possible that the 
magnetic material noted in some of the XRD sample powders is magnetite, an inverse 
spinel written Fe+3 (Fe+2Fe+3)O4. Because the amount of magnetic material is so small, and 
the fact that their major diffraction peaks for each of these two magnetic minerals occur 
at very nearly the same diffraction angle, we can’t precisely determine which phase we 
have. We will continue to refer to the magnetic material as “maghemite” in text as a 
reminder that we don’t know which magnetic phase is present. Although the basal XRD 
peaks of the residual kaolinite of the Mound City artifact material are still prominent, 
the minor peaks (in the XRD region of 20° to 23° 2-theta), while still distinct, are 
only slightly subdued compared to our known samples of unheated kaolinite-rich, 
berthierine-poor Neda Pipestones. We suspect there could have been a short period 
of mild heating of these specimens at, or approaching 500 to 550°C.

All the following specimens below consist of distinctive relict kaolinite, along with 
trace to minor amounts of anatase and rutile, both polymorphs of (TiO2). The artifacts 
are listed in their implied order of slight progressive dehydroxylation (decreasing peak 
heights and decreased resolution of the minor kaolinite peaks), possibly due to a longer 
heating time. The first three specimens have a dense argillite fabric when viewed with a 
hand lens; the fourth specimen was noted as having developed an incipient micropisolitic 
fabric, not unusual among Neda lithics.

(58) 2956  u 260 Platform fragment; dark gray

(52) 2956 o 260 Platform fragment; dark gray to buff. Traces of maghemite

(43) 2956 f 260 Platform fragment; dark gray. Traces of maghemite.

(72) 2956 ai 260 Platform fragment; light red-brown. Traces of maghemite.

Fired Kaolinite-Rich Neda Pipestone Artifacts

Although probably related to the previous group of baked kaolinite argillites, we 
can only determine that these kaolinite artifacts are clearly fired objects consisting of 
partially, but distinct, dehydroxlyated kaolinite argillites. Most of the specimens of this 
group are distinctly harder than the previous group of argillite lithics. Only the basal 
K001 and K002 peaks persist on most of the diffractograms of these samples. In descending 
order below, all the minor (non-basal) peaks of the protolith kaolinite progressively lose 
intensity and resolution. Only the K001 peaks can be recognized in the last two samples. 
Given the thermal behavior of kaolinite, these incompletely dehydroxylated objects 
probably were not heated above 550° to 600° C for any significant period of time. Trace 
to minor amounts of anatase and, usually rutile, persist on the XRD charts.

(67) 2956 ad 260 Bowl-platform fragment; black.

(19) 2956 g Platform fragment; dark brown.

(20) 2956 h Platform fragment; dark brown.

(70) 2956 ag 269 Platform fragment; dark brown.

(71) 2956 ah 260 Bowl fragment; medium brown.
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(69) 2956 af 260 Platform fragment; medium brown.

(60) 2956 w 260 Platform fragment; red brown, due to 
hematite content.

Hard-Fired Kaolinite-Rich Neda Pipestone Artifacts

No distinct relict crystalline structures, that are absolutely suggestive of a 
kaolinite-rich Neda Pipestone protolith, are apparent on the XRD charts of these 
objects. Instead only the minute peaks of anatase and rutile persist, superimposed on a 
broad, subdued liquid-peak baseline of their diffractogram charts. Because anatase and 
rutile are persistently common among the baked and fired kaolinite-rich Neda argillite 
samples studied, we conclude that the hard fired materials listed here were likely to 
have been derived from the same type of protolith. These materials are now just dense, 
hard-fired argillites that resemble very fine-grained hornfelsic rocks. Based on the 
known thermal behavior of kaolinite, these samples were heated to at least 600° C for 
a sufficient time to permit the complete dehydroxylation of the samples. At this point, 
the crystalline structure of its kaolinite content was completely destroyed to yield an 
amorphous liquid-solid of potentially reactive (Al²O³ and SiO²) components, yet without 
enough thermal energy to reconstitute these components into a new, stable, anhydrous 
aluminum silicate mineral at such a relatively low temperature. If these artifacts had 
been heated relatively rapidly to about 950° C or beyond, as in a ceramic firing, these 
anhydrous components possibly could have been reconstituted into a high temperature 
aluminum silicate mineral such as the refractory mineral mullite (Al6Si²O13) and a silica 
phase, possibly cristobalite. Having observed a well-fed, thermocouple-monitored, open 
kiln, wind-blown, wood fire top-out at about 800 to 850° C, it is not surprising these 
materials did not achieve sustained heat energy hot enough to yield either mineral with 
the technology developed by Native Americans.

(63) 2956 z 260 Pipe bowl fragment; gray-black

(74) 2956 ak 260 Bowl – platform fragment; dark gray

Because the kaolinite structure of these two samples is completely destroyed, 
we have no basis for suspecting any particular kaolinite-rich pipestone as the protolith. 
Without detailed INAA or ICPS elemental analysis of all the possible types of kaolinite-
rich pipestones from all possible sources, we are unable to specify any specific type 
representing any specific provenance. We have no such standardizing baseline of 
data, but it seems likely that these listed objects were once kaolinite-rich varieties 
of Neda Pipestone.

The next two specimens consist of minute fragments of a hard material, one of 
which might possibly be an artifact. They were too small and hard to obtain a powder 
sample without destroying the object. Instead, one surface of each sample was smoothed 
flat and analyzed in a special XRD sample holder. The XRD charts resemble the two 
chards listed above, but we are unable to offer greater identification.

(36) 2956 y Platform fragment?, with part of a bore hole. Color is uncertain.

(37) 2956 z Minute chip of unidentified object. Color is uncertain.
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The Thermal Behavior of Bertheierine

Berthierine is the other hydrous 1:1 phyllosilicate that occurs in the artifacts 
carved from Neda Pipestone. Despite a moderate firing, its relict basal crystalline 
structure is still recognizable in three Mound City artifacts. The most applicable 
research data related to the thermal behavior of berthierine in a controlled firing event 
is that of Brindley and Youell (1953). They were specifically concerned with the heat-
treatment behavior of both ferrous and ferric types of chamosites tested under three 
different heating conditions: a) in steam (a saturated water vapor environment); b) in 
vacuum (a non-oxidizing environment); and c) in air (an oxidizing environment). We 
were primarily interested in the mineralogical transformations of their ferrous materials 
up to about eight or nine hundred degrees celcius, our assumed upper limit of 
sustained high temperature for complete hard-firing of the Neda materials in a Native 
American kiln, although these authors provided additional interesting information up 
to about 1150° C. 

Their research apparatus, unlike DTA equipment, did not record the ordinary 
endothermic and exothermic peaks at which phase changes took place during their 
heat treatment from ambient temperature up to 1150° C. Instead, they identified, by 
concurrent x-ray diffraction analysis, the various specific phases that developed, as 
well as disappeared, at appropriate temperatures throughout the heating cycle. We 
were especially interested in the behavior of ferrous berthierine heated in vacuum (a 
non-oxidizing environment). In discussing their experimental studies of the phases 
that appear at certain temperatures, we will attempt to link their factual statements 
concerning their observations in terms of the DTA processes we previously outlined in 
the discussion of the thermal behavior of kaolinite.

In considering ferrous berthierine being heated to 1150° C in a vacuum (a non-
oxidizing atmosphere), Brindley and Youell show that it is stable on to about 330° C 
(Figure B-2). At this temperature, the mineral starts developing a amorphous phase, no 
doubt due to the start of the endothermic dehydroxylation of the ferrous type material. 
Because this is a phase change in the system, the temperature of the berthierine system 
will remain at 330° C until completely dehydroxylated and its crystalline structure is 
destroyed and changed into an amorphous, liquid-solid consisting of FeO, Al2O3, and 
SiO2 elemental oxide components. During dehydroxylation, their furnace would have 
been continuously increasing its temperature, but there is no record of what would have 
been the main endothermic peak temperature. That temperature is essentially that 
of the furnace at the moment of completion of the phase change of the sample which 
has been held essentially at 330° C when the phase change started. Fortunately, the 
work of Caillere and Henin (1957: 221) indicates that berthierine gives an endothermic 
peak at about 420° C. At this moment the temperature of the amorphous residue of 
berthierine components can rapidly increase in an attempt to reach the temperature of 
the heat source, which continues to rise. This is the environment with which some of 
these reactive elemental oxide components of the amorphous residue might be able to 
reconstitute themselves into crystalline structures (“ceramic mineral”) that contain less 
internal energy than they had within the dehydroxylated amorphous residue. 
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Brindley and Youell (1953) then noted the appearance of ferrous aluminate, 
i.e. hercynite (FeO)(Al²O³), the iron-spinel, at about 470° C. On a thermagram, the 
beginning of this phase would have been marked by the beginning of an exothermic 
peak. This peak represents the beginning of heat loss be the amorphous ferrous and 
aluminous components as they reconstituted themselves into a new crystalline solid, 
hercynite, of lower internal energy at that temperature. The peak temperature for this 
exothermic reaction is unknown. It would have been interesting if Brindley and Youell 
had presented a thermogram of their ferrous berthierine heated in a vacuum, although 
the mineralogical phases they identify are really of greater worth. They found that 
hercynite remains stable to about 1150° C in the vacuum environment. 

Another exothermic reaction appears to have started in their experiment at 
about 650° C. Here they noted the formation true spinel (MgO) (Al²O³), which persisted 
to 840° C and may have vanished into solid solution with hercynite. True spinel was not 
observed in any of the Mound City pipe artifacts. Perhaps there was not sufficient (MgO) 
component in the berthierine of the Neda Pipestones, or a sustained firing temperature 
of about 650° C could not be achieved. A third mineral to form from elemental oxide 
component residue of the original ferrous sample, which wasn’t permitted to oxidize 
during heating, was an olivine of unspecified composition that appeared at about 910° C 
and persisted to about 1150° C. No olivine phase was discovered in any of the pipes, no 
doubt due to the thermal energy limitations of the native kilns. 

For the elemental oxide components of berthierine to participate in the formation 
of the mainly hercynite-sillimanite in about a dozen Mound City pipes, we must assume 
that the Neda berthierine materials were ferrous, and that the firing was, if not in a 
reducing environment, at least in a non-oxidizing environment. If the iron content of 
this ferrous mineral becomes oxidized during dehydroxylation, or if it was one of three 
initially a ferric variety, each subjected to one of the three environmental conditions, one 
would find that the ferric oxide component would be completely inert in the presence of 
any other elemental oxide component in any sort of ceramic firing. No iron silicates or 
aluminates could form. As might be expected, Brindley and Youell (1953) showed that 
the ferrous variety heated in air would convert to the ferric variety at about 360° C and 
start to become amorphous (dehydroxylate) at about 470° C. They noted that hematitite 
would commence to appear at about 550° C and persist throughout their experimental 
range of 1150° C. Spinel would appear at about 680° C and then disappear at about 890° 
C. Lo-cristobalite would appear at 900° C and increase its presence at 1100° C.

Fired Kaolinite-Berthierine Neda Pipestone Artifacts

Only three pipes in our study group were directly interpreted to have been 
composed, prior to being fired, of berthierine along with significant amounts of 
kaolinite. XRD analyses indicated both minerals have been largely dehydroxylated. 
Surviving relicts of their basal phyllosilicate structures yielded pronounced 001 and 002 
diffraction peaks for both minerals. The minor 020 peaks for kaolinite are rather weak 
and distorted in all three diffractograms, but none of the minor peaks for the berthierine 
structure are apparent.
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If these three artifacts have been completely dehydrozylated in a hard-firing 
event, no relict crystalline structures of these minerals would have survived. We then 
could never have guessed that berthierine was the critical protolith mineral that could 
have supplied the necessary reactive FeO component needed to form the iron spinel 
hercynite observed in about a dozen hard-fired Mound City artifacts. In addition, if 
these three samples had not been included in our sample set, we never could have made 
the connection between the Neda Pipestone provenance (geological source) and the 
Mound City pipes. 

Our recognition of this unusual berthierine-bearing pipestone among the Mound 
City specimens was of limited significance until knowledge of the Neda geologic source 
and the range of its diagnostic mineral signature was developed. In the interim, the 
provenance of this unique material became known to Kenneth Farnsworth at the Center 
for American Archaeology, who provided two excellent specimens of berthierine–rich 
Neda source material for this study. Randall Hughes of the Illinois Geological Survey 
at the University of Illinois also provided Neda specimens for study. Douglas Miller of 
the Rock River Area Archaeological Survey kindly provided a generous supply of Neda 
Pipestone varieties which permitted us to develop an overview of the unique mineral 
diversity of this pipestone. 

This group of three artifacts consists dominantly of relict berthierine, with 
major to minor amounts of relict kaolinte. Neither anatase nor rutile was apparent in 
these artifacts, their presence possibly having been too diluted to be detected. XRD 
sample powders were magnetic, probably due to the presence of maghemite. The 
partially dehydroxilated nature of the berthierine in these artifacts suggests that they 
were likely heated as high as 330° C for the onset of dehydroxylation, but were not kept 
in any thermal environment as hot as 420° for any significant period of time, otherwise 
the berthierine would have been completely dehydroxylated and its crystalline structure 
destroyed. Hercynite would have appeared had the objects been heated to about 470° C.

(16) 2956 d Platform fragment, brown. Subequant amounts of berthierine 
and kaolinite.

(15) 2956 c Platform fragment, brown to dark brown. Relatively twice the 
berthierine as kaolinite. 

(64) 2956 aa 260 Bowl-rim fragment, black. One quarter as much kaolinite as 
berthierine.

Ceramicized Hercynite-Sillimanite Pipe Artifacts

The twelve pipe fragments described here are now essentially ceramic materials, 
having been heated to temperatures hot enough to exceed the thermal stability of 
all their initial constituent minerals. This event would have involved moderately high 
temperatures that destroyed, by dehydroxylation, any of the hydrous minerals that 
were originally present. The burning produced an amorphous solid with a completely 
disordered internal array of initial elemental oxide components. With some continued 
heating, these now anhydrous, disordered components were able to rearrange themselves, 
generally at some higher critical temperature, to begin their ordered reconstitution into a 
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new assemblage of crystalline structures that would be stable (in a lower energy state as a 
crystal) at that high temperature. The eventual grain size and degree of crystallinity that 
these newly formed, initially minute, crystallites will grow would depend largely upon 
attaining their high ceramic reconstitution temperatures for an adequate length of time 
for grain growth. If cooled very slowly, these new, “ceramic” crystallites might possess 
sufficient diffusion time for its constituents to be able to form progressively larger grains 
of the new, well crystallized mineral assemblages whose stability reflects that exposure 
to high temperature. If the objects cooled quickly, minute crystallites could begin to 
form within the disordered matrix of material at high temperature but might only grow 
for a short time, without attaining significant highly ordered crystal growth. XRD 
diffractograms of such material would produce low-amplitude, broad diffraction peaks 
from these poorly formed crystallites that are essential frozen within the solid but largely 
uncrystallized amorphous matrix. With rapid cooling, even fewer crystallite grains 
would form and grow, resulting in even poorer quality peaks that would be difficult to 
clearly recognize. These can be referred to as “liquid peaks’ of very low amplitude and 
great breadth. XRD analyses of such minute, short-ordered crystalline material within 
a matrix of poorly crystallized matrix, will produce a diffractogram of poorly defined 
diffraction peaks (due to the sparse crystalline material present) superimposed upon 
a broadly arched baseline of low amplitude (actually an extended long :liquid peak” 
produced by the still largely disordered liquid-solid matrix). If such thermal events did 
not take place in nature, we would not have metamorphic rocks. 

For convenience in describing the mineralogical nature of the following twelve 
artifacts, they are separated into three groups. Group 1 consists of three well crystallized 
artifacts. Group 2 consists of six relatively poorly crystallized artifacts. Group 3 consists 
of three artifacts that are only incipiently crystallized. 

Group 1. The diffractograms of these samples display, successively, the presence 
of extremely well-crystallized, to very well-crystallized, to merely well crystallized 
hercynite (FeAl2O4), a high temperature spinel. The hercynite diffraction peaks for 
samples 220, 311, 400, 422, 511, and 440 crystalline structural planes are quite distinctive, 
with these major peaks being sharp and of narrow width. The minor peaks for samples 
331, 622, and 533 structural planes of hercynite are marked by small, broad peaks. These 
minor peaks are not discernable in the nine samples of progressively poorer crystallintiy 
of Groups 2 and 3. 

Quartz is relatively less abundant than hercynite in the three specimens of Group 
1, but quartz cannot be clearly recognized in any of the diffractograms of the remaining 
nine, more poorly crystallized artifacts of Groups 2 and 3. It is important to note that 
cristobalitite, a high temperature polymorph of SiO2 occurs only in sample 51, which is 
the best crystallized specimen of this group.

Sillimanite (Al2SiO5), another high temperature mineral, occurs as a minor 
mineral component of each of the artifacts in Group 1 as evidenced by the presence of 
small, bell-shaped x-ray diffraction peaks of the internal crystalline planes (samples 120, 
220, 112, 122, 312, 340, and 251). Actually the peaks for samples 120 and 210 could not 
be resolved on any of the diffractograms, so we include both of them under sample 120. 
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The peak heights for sillimanite reflections are many orders of magnitude smaller than 
those for hercynite in Group 1.

51 2956 n 260 Platform fragment, dark brown.

73 2956 aj 260 Platform fragment, black.

5 2874 (Md. 13, 
Mica Grave)

260/44 Platform fragment, color uncertain. A minute amount 
of copper is fused to this fragment, now largely 
altered to cuprite and malachite.

Group 2. This group consists of six pipe fragments with fairly discernable, major 
XRD peaks of hercynite. These peaks successively diminish in height and increase in 
width (implying decreasing quality of overall crystallinity) in the sequence of specimens 
listed below. This XRD response could be the result of not having reached the same high 
temperatures as the three well-crystallized specimens in Group 1. It also possible that 
the high temperatures that Group 2 specimens were exposed to were not maintained 
long enough to achieve significant crystallinity in their reconstitution, or that the pipes 
cooled more rapidly which did not permit time for as much crystal growth, or any 
combination of these factors.

None of the minor peaks of sillimanite can be recognized in the diffractograms 
for these specimens. Only 120 and 112 and sometimes the 1222 “liquid Peaks” of 
sillimanite can still be recognized. They also successively diminish in height and increase 
in breadth in the sequence listed here. The diffractogram of specimen 56 is presented as 
a medial example of this group.

47 2956 j 260 Platform fragment with a bird? foot, dark brown.

53 2956 p 260 Platform fragment, dark gray.

56 2956 s 260 Bird-headed effigy fragment; dark gray, red-brown 
surface.

57 2956 t 260 Bowl-wall fragment; dark gray.

44 2956 l 260  Platform fragment; dark brown.

59 2956 v 260 Platform fragment; dark gray.

Group 3. The three objects of this group of hard fused pipes yielded very poor 
diffraction patterns. They were separated subjectively from the proceeding group on the 
basis that the two, somewhat adjacent, hercynite (311) and sillimanite (112) peaks of their 
diffractograms are now so shallow and broad, as in specimen 65, that they cannot readily 
be recognized as separate “liquid” peaks. The hercynite (specimens 220, 400, 440) peaks 
and the sillimanite (120, 122) peaks can be recognized in specimens 65 and 75. Only 
hercynite (400) and probably the sillimanite (112) peaks are still relatively distinctive 
in specimen 61. The diffractograms of this group consist essentially of smaller, broadly 
rounded “liquid peaks” produced by the minute crystallites imbedded in the still highly 
disordered, elemental oxide components of the initial mineral assemblages of the pipes. 
This amorphous matrix produces a broadly wavy baseline of very low amplitude upon 
which the small “liquid” peaks of the crystallites are superimposed.
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the refractory ceramic mineral assemblage of hercynite and sillimanite, it seemed that 
any combination of kaolinte and berthierine, hard-fired together, would yield a ceramic 
mineral assemblage that would be clearly sub-aluminous and, or, too siliceous. 

Fortunately, among fresh Neda Pipestone samples provided by Doug Miller, we 
discovered a third, indigenous, hydrous mineral in a substantial number of the samples. 
The hydrous, non-silicate, aluminum oxyhydroxide mineral boehmite, the gamma 
AlO(OH) polymorph, was recognized through XRD analyses. In general, we might 
describe the fresh (unheated) Neda Pipestones as ranging from berthierine-rich to 
especially kaolinite-rich lithics with subordinate but significant amounts of boehmite. 
Through the study of the additional samples provided by Doug Miller, we recognized 
that there are many more mineralogical assemblage varieties of the Neda lithics at their 
geological provenance than we have identified among the pipe artifacts from Mound 
City. Since our number of geological samples is small, additional analysis is needed to 
confirm this statement.

This observation led us to recheck the 1984 and 1998 diffractograms, where we 
noted that we had not recognized boehmite in any of the Mound City samples. Had 
we noted its presence in the XRD data, the concerns about the formation of hercynite-
sillimanite assemblages might have been resolved sooner. The thermal behavior of 
boehmite was of considerable interest, because it might provide enough reactive alumina 
(Al2O3) component to combine with the excess silica (SiO2) component seemingly 
produced in the hard-firing of kaolinite and berthierine. However, MacKenzie (1957: 
313) presents a few very similar DTA thermograms of boehmite samples, thermally 
destroyed in a “hard-firing” heating cycle up to 1000°C (Figure B-3). In these samples, it 
appears as if dehydroxylation might have started as low as about 400°C, but it is clearly 
underway by 450°C in all examples. The main endothermic peak temperatures for all 
thermograms are at 550°C. One DTA chart for a very fine-grained, synthetic boehmite 
specimen showed the main endothermic peak temperatures for beohmite can range 
from 510°C to 580°C. Hsu (1977: 109) provides similar data, including a thermogram of 
boehmite that appears to start losing its crystalline water at about 400°C, with the main 
phase change being complete when the DTA furnace temperature is at about 550°C. 
Hsu (1977: 111) observes that these main endothermic peak temperatures can vary from 
450°C to 580°C, the variation being a result of differing crystallinity and range in particle 
size from fine to coarse. These data suggest the boehmite is almost as thermally sensitive 
as berthierine in a hard-firing.

The Proposed Hard-fired Behavior of Kaolinite-Boehmite-
Berthierine Mixtures

In this section, we attempt to evaluate the generalized relative amounts of 
Neda Pipestone mineral constituents that must have been present in the protolith pipe 
materials to have yielded, upon hard-firing, two types of sillimanite-hercynite ceramic 
assemblages; one with a free-silica phase and the other without.

We concluded decades ago, a simple protolith model consisting of a one-to-
one unit cell mixture of berthierine and kaolinite would yield four formula weights of 
hercynite, six of quartz, but no sillimanite. The absence of sillimatie and the apparent 







447

Boehmite is such an excellent collector of free-silica in any ceramicized 
assemblage that it would be very easy to shift any protolith model from quartz-bearing 
to quartz-free assemblages just by estimating the kaolinite content downward. Actually, 
the main reason for such proposals is that we see very little evidence for the former 
presence of any kaolinite in the protoliths that yielded hercynite-sillimanite assemblages, 
with or without quartz. There are no relicts of kaolinite structure that persist in the 
ceramicized pipes as was noted in the fired and hard-fired pipes made of the kaolinite 
variety of the Neda Pipestones. Three fired pipes composed of relicts of berthierine 
and kaolinite would have yielded only hercynite and quartz upon hard-firing, an 
assemblage not found in the sample set we have studied. In addition, there is not broad 
“liquid-peak” background upon which the various peaks of hercynite and sillimanite 
were superimposed as were the anatase and rutile peaks that persisted in the hard-fired 
kaolinite pipe artifacts. In this latter event, it is possible that these phases might have 
been so diluted by the relative abundance of the other protolith phases that they could 
not be detected.

The Proposed Thermal Systematics of the Ceramicized 
Pipe Artifacts

To this point, we have been almost entirely concerned with the required 
composition of any suitable protolith that might yield the ceramic mineral assemblage 
observed in the analyzed artifacts. We have attempted to describe the “what” of the 
reactants and of the subsequent products. We will now attempt to describe the “how”, 
“when” and “why” of the sequential formation of the ceramic assemblages from the 
known hydrous minerals of the Neda Pipestones. 

We specifically sought termal data, mainly from DTA thermograms and 
accompanying text, concerning the onset of incipient dehydroxylation of each of the 
hydrous Neda minerals because this threshold temperature is that which each mineral 
would attempt to attain and maintain until its dehydroxylation would be complete. 
Accompanying this phase change would be the progressive destruction of that crystalline 
mineral structure. The end of dehydroxylation is recorded as the main endothermic 
peak temperature. This thermal interval from start to finish is the interlude within which 
some, to all, of the elemental oxide components of the former mineral are partially to 
completely set free from their crystalline bondage. These free and potentially reactive 
components might have the opportunity ot recombine themselves, or with different 
components that might have been released from other hydrous minerals that could 
have been released according to the limitations of their own thermal destruction. This 
opportunity for all hydrous minerals is enhanced at the end of each dehydroxylation 
when amorphous, liquid-solid residue of each of the former hydrous minerals finds itself 
at significantly lower temperature (around 100°C) than the heat source that supplied the 
thermal energy used to drive these phase changes. Due to this temperature difference, 
there is a rapid increase in the temperature, and thus the internal “heat” or enthalpy, 
of the liquid-solid residue. One might expect that those components already released 
and being released from one or more minerals within a give temperature range are most 
likely to react with one another, and least likely to react with other elemental oxide 
components constituting part of the structure of any still thermally stable mineral. 
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Given the thermal parameters of the three hydrous minerals of the Neda 
Pipestones, we can now envision the hard-firing, to about 1000°C, process in which 
various proposed protoliths, containing selected mixtures of these minerals in a reducing 
(or at least non-oxidizing) firing environment as follows. The relative percentages of 
the ceramic mineral products would depend only upon the relative percentages of the 
initial, berthierine, boehmite, and kaolinite reactants in the protolith. These minerals 
are listed in the order of their thermal stability. 

At about 330°C in a hard-fired heating cycle, a pure berthierine artifact protolith 
would begin to lose the crystalline structural arrangement of its elemental oxide 
components during its dehydroxylation. The complete loss of this crystalline water 
would be recorded by the main endothermic peak temperature, 420°C, of the heat 
source. At this point, the amorphous, liquid-solid residue of the berthierine protolith 
is 90°C cooler than the heat source. Consequently, the amorphous residue begins to 
rapidly increase its temperature in an attempt to catch-up to that of the heat source. 
This rapidly increases the heat content or enthalpy of the residue, and as Brindly and 
Youell (1953) discovered, the new high temperature ceramic mineral hercynite, FeAl2O4 
was able to begin forming at about 470°C. The FeO and Al2O3 components formerly 
constituted the hydrated tri-octahedral cation sheet of the berthierine structure. Some 
of the newly available, reactive FeO component was able to react with essentially all 
the adjacent, newly available Al2O3 component to start to form this iron spinel. More 
alumina is needed to eventually consume all of the FeO content of the initial berthierine, 
if all the FeO is to be reconstituted into hercynite. The formation of the hercynite is 
an exothermic reaction because the enthalpy of the FeO and Al2O3 components in the 
amorphous, liquid-solid was greater than they would be in the ordered, crystalline 
hercynite. Consequently, for a short period of time, the liquid-solid residue was 
hotter, and lost heat to, the heat source as the hercynite formed. The exothermic peak 
temperature of the heat source for this reaction is about 650°C. At the end of this phase 
change, all of the available alumina would be so consumed in combination with half of 
the initial FeO content of the berthierine. We must also eventually account for all of the 
remaining unbound silica, still free and collecting in relatively increasing amounts, in 
the amorphous residua. There are no other components within berthierine with which 
it can readily combine, except as quartz. 

The system at this point is not hot enough to form a fayalite olivine phase from 
the excess residual FeO and silica, but it might at about 910°C (Brinley and Youell 1953). 
None was ever observed among the artifacts studied. Upon cooling from the firing, it 
is very unlikely that the sparse residual amounts of FeO would survive as a crystalline 
wustite phase. It is more likely that it would be converted to maghemite or magnetite, but 
it would be difficult to distinguish them by XRD methods because their structures are so 
similar. If the artifact cooled slowly, quartz could appear as a free-silica phase which has 
appeared in the better crystallized pipe artifacts, but there is not much alumina available 
for the formation of any significant amount of sillimanite to form from a protolith of 
berthierine alone. However, it is possible that minute crystallites of sillimanite might 
start to form at this point. 

Boehmite is also a hydrous mineral constituent of the Neda Pipestone assemblages. 
Its thermal destruction yields crystalline water and a pure alumina phase that is a good 
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collector of silica, we should consider a second protolith model containing a significant 
amount (ca. 50%) of boehmite in our previous all berthierine model. Unfortunately, 
we lack accurate quantitative data on the relative abundance of boehmite in the Neda 
Pipestones, so we are stoichiometrically challenged to determine what the actual 
balance of reactants to products should be in the ceramicized pipes. Consequently, we 
must rely on our previous approximations of how many unit cell weights of the various 
components might have produced the hercynite-sillimanite assemblages, both with and 
without quartz. We are interested here in what the time-temperature sequences might 
have been among the reactant minerals to yield our perceived presence and relative 
abundances of the ceramic mineral products of the artifacts.

Consequently, our second protolith model to be hard-fired is assumed to consist 
of equal amounts of berthierine and hoehmite. As noted previously, berthierine would 
begin to dehydroxylate at about 330°C, but at this temperature boehmite is still thermally 
stable and it will continue to heat along the heat source. Consequently, the berthierine 
will not be able to maintain a constant temperature of 330°C during its complete 
dehydroxylation and will more rapidly reach its main endothermic peak temperature of 
420°C. Following the loss of its crystalline water, the FeO and Al2O3 components of the 
hydrous layer of the berthierine structure remain in its amorphous, liquid-solid residue, 
which is perhaps now only about 45°C cooler than the heat source (this model ignores 
potential differences in mass). At this point, the liquid-solid residue will continue to 
heat, and begin to form hercynite from these components at about 470°C. We know from 
our first protolith model that the alumina content of berthierine can only consume half 
of its FeO in forming hercynite. Almost simultaneously with the start of the exothermic 
formation of hercynite, boehmite begins to lose its crystalline water endothermally 
from its structure at about 450°C and will complete this phase change at about 550°C. 
This dehydroxylation phase change leaves behind a reactive, pure alumina residue. We 
cannot reasonably estimate the temperature of the amorphous, liquid-solid residue 
containing all the potentially reactive, elemental oxide components of the berthierine 
and boehmite reactants left behind in this anhydrous, liquid-solid residue. However, it 
will heat, increase its enthalpy and eventually the residual FeO of the berthierine will 
react with more alumina, this time from the spore of the boehmite, the former alumina 
content of berthierine having already been consumed. At this point, there would still be 
silica residue of berthierine in the presence of all this free alumina. We are now past the 
temperature range (roughly 500°C) where kaolinite, if present, would lost its crystalline 
water to leave a mixed residue of alumina and silica. We have already noted that 
andalusite and sillimanite phases were not likely to form from a liquid-solid mix of these 
components (i.e. metakaolinite) of hard-fired kaolinite, and an aluminum silicate phase 
would not appear until about 950°C when mullite, with or without, cristobalite could 
form. In this case, the sillimanite is the aluminum silicate phase that does appear in the 
ceramicized artifacts, with or without free silica. We speculate that the amorphous SiO2 
component residue surviving from berthierine, and the newly generated, amorphous 
Al2O3 component from boehmite starting at about 450°C would begin to reconstitute 
themselves into incipient, slowly-growing seed crystals. Their growth would be sluggish 
and they would be likely to yield only liquid peaks on XRD diffractograms. Having 
formed early, the hercynite was able to attain significant, well ordered grain growth. 
Being a refractory mineral itself, sillimanite would probably survive higher temperatures 
without reconstitution to mullite, perhaps even to 900°-1000°C. The quality of the liquid 
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peaks of sillimantie are not much different in the diffractograms containing the tall and 
narrow peaks of well crystallized hercynite, than they are in the lower temperature or 
quicker cooled artifacts, where both minerals show only liquid peaks.

A note concerning the presence or absence of quartz produced in the hard-firing 
of our proposed protoliths is warranted. The presence of a small amount of kaolinite 
in a protolith that has not been matched by an equivalent amount of boehmite will 
yield an appropriate quantity of a free-silica phase such as quartz, and/or a higher 
temperature polymorph. 

Unfortunately, there is an extensive temperature range within which any actual 
protolith assemblage might have been heated significantly beyond the formation 
temperatures of their ceramic assemblages, and for which there would not have been 
any evidence indicating such a continued heating event. One obvious exception to 
this generality is the presence of cristobalite in specimen #51 (Figure B4), which seems 
to reflect the uppermost firing temperature of any of the artifacts examined in this 
study. Because we can find no relevant data relating its formation to a given petrologic 
environment, we cannot accurately identify the actual temperature of this event. The 
usual unary phase diagrams showing the temperature-pressure stability relationships 
among the free-silica, SiO2, polymorphs is useless because there are too many other 
components in the pipestone protolith systems and they all affect the thermal properties 
of each other. Since cristobalite is a common phase that can appear with mullite about 
950°C in the complete reconstitution of kaolinite, we suggest that the upper temperature 
limit of firing for our artifacts would be the appearance of cristobalite which can occur 
in residual alumina and silica mixed, liquid-solid residues. This temperature was reached 
only by specimen #51. The proximity of the other pipe artifacts during this interval of 
intense heat is unknown.

It is likely that the initial formation of crystallites of hercynite and sillimanite 
would appear at about 650° to 700°C. Hercynite can gegin to form berthierine at only 
470°C, only slight hotter than the point at which boehmite began yielding pure Al2O3 
at 450°C. Before concluding what the lowest tempertuer of formation of the hercynite-
sillimanite assemblages might have been, we must note that all data concerning the 
thermal parameters of the relevant minerals evaluate in this study are derived from DTA 
data. This implies a relatively rapid heating rate of the protolith mineral assemblages, 
which may or may not mimic the character of the firing to which the pipe artifacts 
were subjected. It is quite possible that a slower rate of firing, over a longer period of 
time, would yield lower temperatures for the reconstitution transformations of initial 
minerals into new ceramic assemblages. The rate and duration of the fire in which the 
pipes were destroyed cannot be estimated at this time.

Summary Observations

In this study, X-ray powder diffraction was used to determine the mineral 
composition of pipe samples from Mound 8 at Mound City in Ohio. The powdered 
samples from the pipes were rotated in an x-ray beam and the pattern of the refraction 
of the beam was used to identify the crystal structure of the mineral in the samples. The 
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XRD study indicates the following general results: 33 limestone, 2 dolomite, 8 siltstones, 
and 17 ceramicized claystones. 

The study indicates that there is considerable variation in the limestones. Five 
are pure calcite, nine are calcite with minor amounts of quartz, and 19 are calcite, minor 
quartz and a trace of other minerals in various combinations. This study did not indicate 
whether the variation is a product of the use of different lithic sources, or variability 
within a single source. There is similar variation within the siltstones, but we cannot 
determine if this is due to intra-source variation or the use of multiple sources.

The mineralogy as disclosed by the XRD analysis permits some interpretations 
about the fire that destroyed the pipes. Maghemite in a limestone pipe could have only 
formed in a reducing environment. The same is true for some of the clay minerals that 
formed in the claystones. These minerals would not have been created had oxygen 
been available when the pipes were being heated. There are wide variations in the 
temperatures to which various pipes were exposed. For example, mullite and cristobalite 
form at about 1000°C, and these minerals are present in some specimens. If limestone 
had been heated to 1000°C, it would have been converted to lime. The limestone and 
some of the claystone pipes appear to have been heated to less than 500°C. 

Interpretations of the ceramicized claystones proved more complex until the 
author was provided with samples of Neda Pipestone. We recognized that the geological 
lithic source had been greatly modified by the burning that destroyed the pipes, but 
the mineral combinations in the claystone pipe samples could not be correlated to any 
known lithic source. DTA analysis of the burned pipes proved particularly useful in 
understanding the transformation of geological pipestones to ceramicized claystones. 
Within the mineral mix of Neda Pipestone, berthierine when exposed to heat will 
break down and begin to form some hercynite. At about 550°C, alumina from the 
breakdown of boehmite becomes available. Some of it will react with the iron released 
from the berthierine, forming still more hercynite. Additional alumina will react with 
leftover silica to form sillimanite and any remaining silica will form cristobalite as the 
temperature increases. This sequence accounts both for the minerals that are 
present in these pipe samples and those that are absent (fayalite and corundum will 
not form because the necessary constituents have already bonded to the alumina 
released from boehmite).

This study has shown that the presence of hercynite-sillimanite-cristobalite in 
pipe fragments from the Mound City site indicate ceramic mineral transformations 
that only take place under extreme heat. The artifacts in the famous pipe cache from 
Mound 8 were fractured by intense fire. The study suggests that at least 17 of the 
pipes were initially carved from a berthierine-boehmite-kaolinite pipestone, probably 
from northwest Illinois (Neda Pipestone). The remaining pipes are made of limestone, 
the source of which has yet to be determined. They were destroyed in an intense 
reducing fire, with temperatures reaching 1000°C. The intense heat altered the mineral 
composition of the pipes causing the pipes to explode. The archaeological evidence 
found under Mound 8 suggests the pipe fragments were then carefully collected and 
placed in a bag on the floor of the mound adjacent to a crematory basin or altar.
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The study results presented here offer some evidence that pipes buried under the 
mounds at Mound City were made from pipestone that originated in northwest Illinois. 
The inferences that have been presented are preliminary in nature. Further research to 
identify the mineralogical variability of Neda Pipestone using focusing on DTA studies 
would be very useful. These should be run under controlled, non-oxidizing conditions, 
wherein all phase changes indicated by endothermic and exothermic readings are 
monitored by XRD analysis of all the phases extant before and after the phase 
changes involved.

Although data in this study suggests that some of the Mound City pipes were 
made from Neda Pipestone, the mineralogical variability of the Neda source is not 
well known. Future studies might focus on defining this variability and studying the 
following protolith combinations: a) equal amounts of berthierine and boehmite, b) 
equal amounts of berthierine and boehmite and about 20% kaolinite, c) equal amounts 
of berthierine, boehmite and kaolinite, d) equal amounts of boehmite and kaolinite with 
20% berthierine, e) equal amounts of berthierine and kaolinite with 20% boehmite. 
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Figure B-1. The Theramal Behavior of Kaolinite in a Kiln fired Environment Above: Sample DTA 
Thermogram.
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Figure B-3. DTA Thermogram of Berthierine Samples (after Mackenzie 1957).
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Appendix C
EDWIN HARNESS AND MOUND CITY:
A FLINT RAW MATERIAL COMPARISON

Kent D. Vickery
University of Cincinnati

The author analyzed four collections of flint from the Edwin Harness mound 
and Mound City—two Hopewell sites in the vicinity of Chillicothe, Ohio (Fig.1). This 
analysis emphasized the identification of the flint varieties present in undisturbed, 
disturbed, and surface contexts.

The Harness sample consists of material excavated during the 1976 field season 
at the Edwin Harness Mound (Greber 1983, Vickery 1983) and a portion of a collection 
of surface material that Robert Harness has picked up over the years from sites in the 
immediate vicinity of the Mound. The total sample from Harness is 519 [2730] items. 
The Mound City collections consist of 860 items from both undisturbed and disturbed 
contexts gained primarily from the 1963 excavations by James Brown (Brown and Baby 
1966) and secondarily from subsequent excavations.

Table C-1 compares the flint raw material from Edwin Harness and Mound City, 
grouped according to whether the items are core and flake debitage, bifacial artifacts, 
or blades. The latter category includes blade cores and blade-like flakes – anything 
subjectively judged to be related to a blade industry. The typological breakdown is 
explained in Vickery (1983). The raw material categories follow those used in the Edwin 
Harness study (Vickery 1983), While questionable identifications of flint material are 
excluded from Table C-1, Table C-2 includes them. The resultant increase in sample 
size does not significantly alter the relative importance of the several varieties of flint 
at each site.

These data document a remarkable representation of Harrison County flint 
at Mound City.1 Harrison County accounts for about 30% of the debitage, 60% of 
the blades, and 20% of the bifacial artifacts in the excavated sample (in undisturbed 
contexts). By contrast, Harrison County comprises only 1% or less of the flint raw 
material at Harness.

Contrasting with this emphasis on Harrison County for blade and limited non-
blade artifact production is an emphasis on Flint Ridge flint at Harness. This is more 
evident in Harness’s surface collection, which includes dozens of Flint Ridge blade cores 
1 A subsequent report by Vickery (1996: 117) distinguishes Wyandote flint which we 
recorded separately from Harrison county flint. He states in a footnote to Table 7.1 
that — "Wyandote and Harrison County flint are distinguishable. The former is very 
dark gray, not mottles microscopically, does not weather to a lighter color, and contains 
micrite (Kenneth B. Tankersley, personal communication). Harrison County flint is 
light blue-gray, mottled microscopically, weathers to a lighter color and lacks micrite 
inclusions." JAB
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and over one thousand blades and blade fragments in addition to those comprising the 
analyzed sample.

In general, the Flint Ridge flint from Harness is high grade material and, in 
combination with abundance, suggests a procurement strategy that must have been both 
systematic and selective. The objective was mainly blade production, but some utilitarian 
items of Flint Ridge are present in the Harness surface collection an in the excavated 
sample. Flint Ridge debitage at Harness mostly represents late stages of lithic reduction 
(primary and thinning flake removal), which suggests the transportation of this variety 
to the site in knapped form (perhaps as performs). At Mound City, a significant number 
of pieces of Harrison County retain soft cortex at the ends of flakes~ which also points 
to transportation as partially knapped raw material acquired directly from outcrop 
rather than from stream beds or gravel deposits.

Tables C-3 and C-4 add the Harness surface collection to the excavated sample 
and include material present in disturbed contexts at Mound City. There are more flint 
varieties with this increased sample size, some of which are present only in tiny amounts. 
However, the relative importance of Flint Ridge at Harness and Harrison County at 
Mound City is still evident.

Upper Mercer was used to a limited extent for blade manufacture at Harness but 
apparently not at Mound City. Kanawha Black was probably carried into the Harness 
site are by Teays drainage. Thus, the pebbles in excavated contexts more likely represent 
natural inclusions than human transported raw material.

At Harness, predominantly pebble material was used for artifact manufacture, but 
the presence of blades and blade cores of Delaware flint may represent direct acquisition 
from outcrop in order to exercise some selectivity in terms of quality and perhaps size. 
Little concern for blade production from such raw materials is evident at Mound City. 
Brush Creek flint was used for blade manufacture at Harness, but apparently not a 
Mound City. In fact, Brush Creek at Harness has a low incidence of hard (pebble) cortex 
retention, which may mean at least limited acquisition from outcrop. Thus, the pattern 
of exploitation of both Delaware and Brush Creek at Harness is similar.
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APPENDIX C

Table C-3.  Flint from Mound City (In Situ and Distributed Contexts) and from Harness 
Mound and Vicinity (Questionable Identifications Excluded).

Flint Variety Mound City Edwin Harness

In Situ Disturbed Total In Situ Surface Total

No. No. No. % No. No. No. %

Harrison County (IN) 149 69 218 30.3 - 2 2 0.6

Delaware 27 49 76 10.6 23 27 50 15.7

Flint Ridge 21 31 52 7.2 28 51 79 24.8

Cedarville-Guelph 8 23 31 4.3 5 - 5 1.6

Ste. Genevieve (KY) 5 7 22 3.1 - - - -

Upper Mercer 2 18 20 2.8 - 5 5 1.6

Zaleski 3 5 8 1.1 1 10 11 3.4

Upper Mercer-Zaleski - 11 11 1.5 1 5 6 1.9

Boggs - 1 1 0.1 - - - -

Upper Mercer or Boggs - 1 1 0.1 1 - 1 0.3

Brush Creek 11 6 17 2.4 13 7 20 6.3

Knife River (ND) 8 - 8 1.1 - 3 3 0.9

Bisher - 2 2 0.3 - 1 1 0.3

Plum Run 1 1 2 0.3 - 1 1 0.3

Boyle (KY) - 2 2 0.3 - - - -

Dover (TN) 1 - 1 0.1 - - - -

Ky. Flint Ridge (KY) - 1 1 0.1 - - - -

Columbus - - - - 3 - 3 0.9

Brassfield - - - - 2 - 2 0.6

Plum Brook - - - - 1 1 2 0.6

Kanawha Black (WV) - - - - - 1 1 0.3

Unknown 133 113 246 34.2 49 78 127 39.8

Total 369 340 719 99.9 127 192 319 99.9
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Table C-4.  Flint from Mound City (In Situ and Disturbed Contexts) and from Harness 
Mound and Vicinity (Questionable Indentifications Included).

Flint Variety Mound City

In Situ Disturbed Total In Situ Surface Total

No. No. No. % No. No. No. %

Harrison County* 
(IN) 169 76 245 29.9 - 5 5 1.1

Delaware* 34 66 100 12.2 23 32 55 11.8

Flint Ridge* 31 32 63 7.7 28 68 96 20.6

Cedarville-
Guelph* 9 28 37 4.5 5 - 5 1.1

Zaleski* 4 6 10 1.2 1 12 13 2.8

Upper Mercer* 2 23 25 3.1 - 8 8 1.7

Upper Mercer-
Zalesk* - 17 17 2.1 1 5 6 1.3

Boggs* 1 1 2 0.2 - 6 6 1.3

Upper Mercer or 
Boggs - 1 1 0.1 1 - 1 0.2

Ste. Genevieve* 
(KY) 16 8 24 2.9 - - - -

Brush Creek* 13 8 21 2.6 13 10 23 4.9

Knife River* (ND) 9 1 10 1.2 - 7 7 1.5

Bisher* 1 2 3 0.4 - 2 2 0.4

Plum Run 1 1 2 0.2 - 1 1 0.2

Boyle (KY) - 2 2 0.2 - - - -

Dover* (TN) 1 1 2 0.2 - - - -

Ky. Flint Ridge 
(KY) - 1 1 0.1 - - - -

Columbus - - - - 3 - 3 0.6

Brassfield - - - - 2 - 2 0.4

Plum Brook* 1 - 1 0.1 1 2 3 0.6

Kanawha Black 
(WV) - - - - - 1 1 0.2

Unknown 133 120 253 30.9 49 179 228 49.0

Total 425 394 819 99.8 127 338 465 99.7

* Indicates that questionable assignments are included
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Table C-5.  Flint Pebbles from Mound City (In Situ and Disturbed Contexts), Harness 
Mound and Scioto River.

Flint Variety Scioto River Mound City Harness

No. % No. % No. %

Delaware 46 46 22 54 8 15

Delaware? - - 3 7 - -

Cedarville-Guelph 8 8 4 10 4 7

Cedarville-Guelph? - - 1 2 - -

Bisher 3 3 - - - -

Columbus 1 1 - - - -

Brassfield 1 1 - - - -

Upper Mercer 1 1 - - - -

Brush Creek - - 1 2 2 4

Unknown 40 40 10 24 40 74

Total 100 100 41 99 54 100

While varieties such as Delaware and Cedarville-Guelph that were locally 
available as pebble material are also present at Mound City, reliance upon them for 
non-blade artifact manufacture seems not to have been as great as at Harness. Perhaps 
one of the reasons for this is the presumably constant and abundant “flow” of at least 
Harrison County in Mound City. One is reminded of MacDonald’s (1971) distinction 
between “indulgent” and “restricted” lithic technologies as related to flint availability, 
with Mound City perhaps exemplifying the former and Harness the latter.

The large amount of unidentified flint at both Mound City and Harness is 
noteworthy. It represents a combination of glacially transported materials from far 
northern locales, river deposited pebbles and cobbles, and “exotic” varieties transported 
by human agency to the sites. Such exotic flint seems to be in the majority at Mound City. 
The author leaves this sizable collection of “unidentified” flint to future investigators 
with better comparative collections than his.

Several contributions to the flint raw material assemblages can be identified at 
Mound City and Harness:

1) Local material, mainly in the form of pebbles such as those which occur in 
the Scioto River today, was acquired for basic life maintenance pursuits. Such an 
activity was probably undertaken on the part of a resident population;

 2) Also acquired flint occurring a relatively short distance away, but as outcrop 
or bedded material (e.g., Zaleski, Upper Mercer, and some Delaware and Brush 
Creek). It is reasonable to infer that a resident population was also responsible 
for such acquisition;

Table C-4.  Flint from Mound City (In Situ and Disturbed Contexts) and from Harness 
Mound and Vicinity (Questionable Indentifications Included).

Flint Variety Mound City

In Situ Disturbed Total In Situ Surface Total

No. No. No. % No. No. No. %

Harrison County* 
(IN) 169 76 245 29.9 - 5 5 1.1

Delaware* 34 66 100 12.2 23 32 55 11.8

Flint Ridge* 31 32 63 7.7 28 68 96 20.6

Cedarville-
Guelph* 9 28 37 4.5 5 - 5 1.1

Zaleski* 4 6 10 1.2 1 12 13 2.8

Upper Mercer* 2 23 25 3.1 - 8 8 1.7

Upper Mercer-
Zalesk* - 17 17 2.1 1 5 6 1.3

Boggs* 1 1 2 0.2 - 6 6 1.3

Upper Mercer or 
Boggs - 1 1 0.1 1 - 1 0.2

Ste. Genevieve* 
(KY) 16 8 24 2.9 - - - -

Brush Creek* 13 8 21 2.6 13 10 23 4.9

Knife River* (ND) 9 1 10 1.2 - 7 7 1.5

Bisher* 1 2 3 0.4 - 2 2 0.4

Plum Run 1 1 2 0.2 - 1 1 0.2

Boyle (KY) - 2 2 0.2 - - - -

Dover* (TN) 1 1 2 0.2 - - - -

Ky. Flint Ridge 
(KY) - 1 1 0.1 - - - -

Columbus - - - - 3 - 3 0.6

Brassfield - - - - 2 - 2 0.4

Plum Brook* 1 - 1 0.1 1 2 3 0.6

Kanawha Black 
(WV) - - - - - 1 1 0.2

Unknown 133 120 253 30.9 49 179 228 49.0

Total 425 394 819 99.8 127 338 465 99.7

* Indicates that questionable assignments are included
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3) Long or short distance transport representing a conscious and persistent effort 
to maintain a relatively large supply of high grade material also contributed to the 
flint raw material assemblages. This was apparently true for Harrison County 
flint at Mound City and Flint Ridge at Harness, but it remains uncertain whether 
its acquisition was initiated and perpetuated by resident populations through 
direct procurement or trade or whether visiting groups carried such material to 
the sites. In either case the sheer abundance of Harrison County at Mound City 
suggests a true “procurement strategy” with some temporal duration.

4) Perhaps a single episode of acquisition from a long distance away contributed 
to the flint supplies at these sites. James Griffin (1965) has argued that such an 
activity might account for all of the obsidian in at least the south-central Ohio 
Hopewell sites. Fifty-seven pieces of obsidian were present in the Mound City 
sample, all but two of them from the Mound 13 Mica Grave. It is not inconceivable 
that all Knife River flint was acquired in the same manner, perhaps even during 
the same collecting trips.

5) Finished artifacts of exotic raw materials were apparently brought by visitors 
to at least Mound City, where debitage associated with their production is lacking 
in the analyzed collections. Examples include a cache blade of Plum Run flint 
and a Snyders-like biface of Dover, both from Mound City. In the same deposit 
with the Plum Run blade was another of unidentified, but likely exotic, material;

6) The final contribution was in the form of chunks, blanks, and/or preforms 
from varying distances away that were probably destined for reduction at Mound 
City and Harness. Such items occur as debitage or occasional artifacts in trace 
amounts (e.g., Kentucky Flint Ridge and Boyle at Mound City and Plum Brook 
at Harness). Their presence fits Brown’s (1982) model small groups of people 
traveling to the Chillicothe Hopewell sites carrying indigenous items with them 
and trading and feasting along the way.

In summary, we find many correspondences between Mound City and Harness 
both with respect to the particular flint varieties present and to basic artifact classes. 
Exotic high grade material from great distances away is present at both sites (e.g., 
Harrison County and Knife River). Nevertheless, these are minority types at Harness.

Harness seems to have been “locally oriented” with respect to most of the flint 
raw materials being transported to it—whereas Mound City was oriented to a different 
and more extensive area. One can estimate the territory of systematic flint procurement 
at Harness to have been an ellipse roughly 150 miles north-south by 80 miles east-west, 
with the Harness site situated near the west-central periphery. Mound City, on the other 
hand, had a much more extensive area from which flint raw material was systematically 
acquired, the orientation is to the Mid-South and Southeast (as exemplified by at least 
Ste. Genevieve and Dover). No such “Southeastern connection” is evident at Harness.
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APPENDIX D
INVENTORY OF THE SQUIER AND DAVIS COLLECTION 

AT THE BRITISH MUSEUM —
A CONCORDANCE

In the course of the Mound City project it was necessary to reconcile notes and 
collections divided between the British Museum (Museum of Mankind) and the National 
Park Service, which controls the collection acquired by Ohio Historical Society. It was 
quickly discovered that confusion has crept into the provenience of some of the items 
in the Squier and Davis Collection housed in the Museum of Mankind. A small project 
was initiated to correct the catalogue account with the help of Jonathan King, former 
Curator of the North American Collections at the Museum of Mankind (British 
Museum) together with others, most recently Ryan Ives. This inventory is offered with 
the caveat that problems still remain concerning a few of the assignments of catalogue 
numbers and proveniences. 

	The collection was assembled by Edwin H. Davis and offered for purchase to the New 
York Historical Society, where the collections had been stored. Toward that end he assembled 
a catalogue and a portfolio of drawings (Barnhart 1985, Davis 1858). The intended buyer did 
not come through and consequently Mr. William H. Blackmore of Salisbury, Wiltshire, offered 
to buy the catalogued items and to house the collection in a newly created Blackmore Museum 
located in Salisbury (Blackmore 1868). In 1902 that museum was merged with the Salisbury and 
South Wiltshire Museum, and in 1931 that institution sold the collection to the British Museum, 
where it remains today in the Museum of Mankind.

	The inventory is based on Davis’ handwritten catalogue (Davis n.d.) and the detailed 
account of the display of the collection in the Blackmore Museum. In the museum handbook, 
Flint Chips, Edward T. Stevens (1870) meticulously described the display cases, which were 
organized by mound and object type. Many of the objects were cited by Davis’ catalogue numbers 
and illustrated in that volume as well. This documentary foundation covered 90 percent of the 
collection, but minor non-descript items, particularly pipe fragments, are more elusive. Further 
confusion was introduced when the collection was re-catalogued in the British Museum. By 
then Davis’ catalogue numbers had often faded and uncatalogued items became detached from 
the placards to which they were affixed in the display. The new cataloguing contributed new 
numbers that has confused users. Davis used the prefix ‘S’ for stone objects; the British Museum 
used a circled S to signify the Squier and Davis collection (transformed herein to a underlined 
‘S’). At this point in time items from mounds 1 and 3 became confused with the spectacular 
inventory from Mound 8.  The task of this project was to reconcile the artifacts in the collection 
with the descriptions in Squier and Davis (1848) and Stevens (1870).
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Table D-1. British Museum Catalogue — Davis Collection Inventory.

BM # S&D #
Blackmore 
Exhibit

Flint 
Chips FC Loc. FC Desc. Squier & Davis

S 205 

S 206 

S 207 

S 208 

S 209 

S 210 

S 211 

S 212 

S 213 

S 214 

S 215 

S 216 

S 217 

S 218 

S 219 

S 220 

S 221 

S 222 

S 223 

S 224 

S 225 

S 226 

S 227 

S 228 

S 229 

S 230 

S 231 

S 232 

S 233 

S 234 

S 235 

S 236 

S 237 

S 238 

S 239 

S 240 

S 241 

S 242 

S 243 

S 244 

S 611 

S 592 

S 593 

S 594 

S 595 

S 596 

S 597 

S 599 

S 603 

S 605 

S 606 

S 608 

S ---1 

S 682 

S 689 

S 687 

S 686 

S 683 

S 685 

S 684 

S 626 

S 619 

S 624 

S 627 

S 650 

S 653 

S 655 

S 642 

S 652 

S 620 

S 651 

S 636 

S 635 

S 646 

S 623 

S 632 

S 625 

S 629 

S 631 

S 639 

Case C34 § 1 

Case C34 § 12 

Case C34 § 8 

Case C34 § 10 

Case C34 § 7 

Case C34 § 11 

Case C34 § 4 

Case C34 § 13 

Case C34 § 14 

Case C34 § 3 

Case C34 § 2 

Case C34 § 5 

Case C34 § 6 

Case C35 § 1 

Case C35 § 2 

Case C35 § 3 

Case C35 § 4 

Case C35 § 8 

Case C35 § 7 

Case C35 § 6 

Case C35 § 10 

Case C35 § 12 

Case C35 § 13 

Case C35 § 14 

Case C36 § 1 

Case C36 § 2 

Case C36 § 3 

Case C36 § 4 

Case C36 § 5 

Case C36 § 6 

Case C36 § 7 

Case C36 § 8 

Case C36 § 9 

Case C36 § 10 

Case C36 § 11 

Case C36 § 12 

Case C37 § 1 

Case C37 § 2 

Case C37 § 3 

Case C37 § 7 

FC 422 

FC 423, fg.42 

FC 424 

FC 424 

FC 424 

FC 423, fg. 41 

FC 423 

FC 422 

FC 422 

FC 422 

FC 422 

FC 423 

FC 423 

FC 423 

FC 423, fg 43 

FC 423 

FC 423, fg. 44 

FC 423, fg. 45 

FC 423 

FC 423 

FC 424 

FC 424, fg. 47 

FC 424, fg. 48 

FC 424, fg. 49 

FC 425 

FC 425, fg. 50 

FC 425 

FC 425, fg. 51 

FC 425 

FC 425, fg. 52 

FC 425 

FC 425 

FC 425 

FC 425 

FC 425 

FC 425 

FC 425,6, fg. 53 

FC 425, fg. 54 

FC 425 

FC 425 

Md 8 

Md 8 

Md 8 

Md 8 

Md 8 

Md 8 

Md 8 

Md 8 

Md 8 

Md 8 

Md 8 

Md 8 

Md 8 

Md 8 

Md 8 

Md 8 

Md 8 

Md 8 

Md 8 

Md 8 

Md 8 

Md 8 

Md 8 

Md 8 

Md 8 

Md 8 

Md 8 

Md 8 

Md 8 

Md 8 

Md 8 

Md 8 

Md 8 

Md 8 

Md 8 

Md 8 

Md 8 

Md 8 

Md 8 

Md 8 

pipe 

pipe  

pipe

pipe

pipe

pipe 

pipe

pipe

pipe

pipe

pipe

pipe

pipe

frog

tortoise  

frog

frog 

toad  

toad

toad

bird

bird 

bird 

bird

bird

quail 

bird

bird 

heron

tufted heron 

bird

bird

bird

bird

bird

bird

bird

bird's head 

bird FC fg. 55 

owl FC fg. 57

AM fg. 183

AM fg. 167 

AM fg. 174

AM fg. 164

AM fg. 181

AM fg. 179

1 In FC, p. 423, Case 34 § 6 is S and D 608, no number was assigned for § 5!
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Table D-1. Continued.

BM # S&D #
Blackmore 
Exhibit

Flint 
Chips FC Loc. FC Desc. Squier & Davis

S 245 

S 246 

S 247 

S 248 

S 249 

S 250 

S 251 

S 252 

S 253 

S 254 

S 255 

S 256 

S 257 

S 258 

S 259 

S 260 

S 261 

S 262 

S 263 

S 264 

S 265 

S 266 

S 267 

S 268 

S 269 

S 270 

S 271 

S 272 

S 2838 

S 274 

S 275 

S 276 

S 277 

S 638 

S 630 

S 640 

S 637 

S 643 

S 645 

S 664 

S 648 

S 649 

S 656 

S 694 

S 644 

S 621 

S 681 

S 693 

S 680 

S 692 

S 679 

S 676 

S 6782 

FC fg. 66

S 673 

S 674 

S 6773 

S 622 

S 678?5 

S 696 

S 704 

S 708 

S 706 

S ---9 

S 702 

S 705 

S 614 

Case C37 § 8 

Case C37 § 9 

Case C37 § 22 

Case C37 § 10 

Case C37 § 11 

Case C37 § 13 

Case C37 § 14 

Case C37 § 17 

Case C37 § 19 

Case C37 § 20 

Case C37 § 21 

Case C38 § 1 

Case C38 § 2 

Case C38 § 3 

Case C38 § 4 

Case C38 § 5 

Case C38 § 6 

Case C38 § 7 

Case C38 § 11 

Case C38 § 13 

Case C38 § 12 

Case C38 § 14 

Case C38 § 8 

Case C374 § 4 

Case C38 § 9 

Case C39 § 1b 

Case C39 § 2 

Case C39 § 3 

Case C39 § 5 

Case C39 § 6 

Case C39 § 7 

Case C39 § 8 

Case C39 § 9 

FC 425 

FC 425, fg. 58 

FC 425,7 

FC 425,7, 351 

FC 425,7 

FC 425 

FC 425 

FC 425 

FC 425 

FC 425  

FC 425 

FC 427, fg. 60 

FC 427,8 

FC 427,8 

FC 427,8 

FC 427,8 

FC 427,8 

FC 427,8 

FC 427,8 

FC 427,8 

FC 427,8 

FC 427,8 

FC 427,9 

FC 425,6 

FC 430 

FC 430, fg. 69 

FC 430,1 

FC 430,1 

FC 430,1 

FC 430,1 

FC 430,1 

FC 430,1 

FC 431,2, fg. 75 

Md 8 

Md 8 

Md 8 

Md 8 

Md 8 

Md 8 

Md 8 

Md 8 

Md 8 

Md 8 

Md 8 

Md 8 

Md 8 

Md 8 

Md 8 

Md 8 

Md 8 

Md 8 

Md 8 

Md 8 

Md 8 

Md 8 

Md 8 

Md 8 

Md 8 

Md 8 

Md 8 

Md 8 

Md 8 

Md 8 

Md 8 

Md 8 

Md 8 

owl

turkey buzzard AM fg. 171

bowl-head owl

bird FC fg. 59

eagle/hawk AM fg. 166

bird

bird (fgt)

bird

bird

bird

bird

eagle/hawk

eagle/hawk AM fg. 165

small rodent FC fg. 61

small squirrel FC fg. 62

beaver FC fg. 63

head, elk FC fg. 64 AM fg. 161

head, seal AM fg. 191

head, sea cow

lamantin (sea cow) with fish in mouth, 

walrus

head, sea cow

sea cow FC fg. 65

eagle/hawk FC fg. 56 AM fg. 178

walrus6 FC fg. 67 AM fg. 192

frgs, animal heads7  AM fg. 189 

head, wild cat

head, wild cat FC fg. 71

wild cat

wild cat FC fg. 72

wolf FC fg. 74

wild cat FC fg. 73

human head  AM fg. 142

2 FC pg 427 footnote gives Case 38 § 13 and § 9 the same S&D #

3 FC pg. 429 gives a S&D # S672.

4 Probably C37 § 4 since FC 426 corrects error of S 632 in footnote FC 425.

5 FC pg 427 footnote gives Case 38 § 13 and § 9 the same S&D #

6 S 269 is the only effigy oriented across pipe.

7 one of three heads, the others (a) S 695 Fig. 68; (c) S 697 Fig. 70. Both S 695 and S 697 are not recorded in the BM inventory.

8 a catalogue numbering error. Probably should be S 273.See below for two additional #S 283’s.

9 unknown number.
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Table D-1. Continued.

BM # S&D #
Blackmore 
Exhibit

Flint 
Chips FC Loc. FC Desc. Squier & Davis

S 278 

S 279 

S 280 

S 281 

S 282 

S 283 

S 284 

S 285 

S 286 

S 287 

S 288 

S 289 

S 290 

S 291 

S 292 

S 293 

S 294 

S 295 

S 296 

S 297 

S 298 

S 302 

S 303 

S 304 

S 305+? 

S 306 

S 616 

S 615 

S 613 

145

S 709 

S 690 

S 591 

S 688 

S 60212 

S 598 

S --- 

S 63413 

S 658 

S 641 

S 661 

S 647 

S --- 

S --- 

S --- 

S --- 

S 468 

S --- 

S --- 

S 701? 

S 700 

S 699 

S --- 

Case C39 § 10 FC 431,2, fg. 76, 77Md 8 human head  AM fg. 143

Case C39 § 11 FC 431,2 Md 8 human head  AM fg. 144

Case C39 § 12 FC 430, 394 Md 8 human head FC fg. 78;  AM fg. 

Case C39 § 13 FC 430 Md 8 fgt, animal head

Case E6 § 12 FC 436, 364 Md 1 head, snake coiled around bowl

Case C34 § 910 FC 422 Md 8 pipe11

Case C35 § 5 FC 423 Md 8 frog in w/ gp S219-222

Case C37 § 23 FC 425 Md 8 simple bowl s/ gp 241-255

Case C36 T24 FC 421 Md 3 pipe (simple) fgt

Case C35 § 11 FC 424 Md 8 bird in w/ gp 225-228 FC fg. 46

Case C37 § 914 FC??---  bird

Case C36? § 14 FC 425?15  part of bird

Case C37? § 6 FC 425?16  owl

Case C36 T25 FC 421 Md 3 pipe fgt, bowl, "toucan"

Case C37 § 12 FC 425  bird

[Case ?] § 517   2 heads, birds18 

[Case ?] § 1019   head, bird

[Case ?] § 1320   head, wild cat

[Case ?] § 1521   head, wild cat

[Case ?] § 1622   head, wild cat

[Case ?] § 1823   head, wild cat

Case C37? § 5 FC 425?, 426?  head, heron

Case C39 § 4 FC 430  bear or raccoon

Case A50 § 23 FC 512  animal

Case C37?, A50 § 18 FC 425?, 512  frog?

Case A50 § 16 FC 512  frog?

10 Case B34 #9

11 S 283 "should be w/ group S205-213"

12 Penciled “601?”

13 diff. S&D# and BM#,

14 FC cites this case and number as S 630

15 Probably one of two unnumbered frags in Case C36 (FC425)

16 Probably one of two unnumbered frags in Case C36 (FC425)

17 Probably Case 37, see next

18 The two heads catalogued together orignally may be registered in the BM under two numbers, see S 302.

19 Probably Case 38, since § 10 is accounted for in every other case.

20 Probably Case 36, since § 13 is accounted for in every other case.

21 Could be unnumbered frag in Case C37 (FC 425)

22 Could be unnumbered frag in Case C37 (FC 425)

23 Could be unnumbered frag in Case C37 (FC 425)



472

MOUND CITY

Table D-1. Continued.

BM #

  

S&D #
Blackmore 
Exhibit

Flint 
Chips FC Loc. FC Desc. Squier & Davis

S 307 

S 308 

S 309 

S 310 

S 311 

S 312 

S 313 

S 443 

S 511 

S 513 

S 514 

S 515 

S 516-22 

S 516-22 

S 516-22 

S 541 

S 542 

S 549 

S 549a 

S 549? 

S 550 

S 551 

S 552 

S --- 

S --- 

S --- 

S --- 

S --- 

S --- 

S --- 

S 503 

S 691 

S 8 

S 1 

S 2 

S 9 

S 11 

S 12 

U 12 

U 12 

U 17/32 

S 32 

S 33 

S 5 

S 3 

S 4 

Case A50 § 29 

Case A50 § ? 

Case A50 § 25 

Case A50 § 26 

Case A50 § 28 

Case A50 § 24 

Case A50 § ? 

Case C37 § 26 

Case E6 § 13 

Case E6 § 1,8 

Case E6 § 28 

Case E6 § 27 

Case E6 § 4-10 

Case E6 § 4-10 

Case E6 § 4-10 

Case E6 § 2 

Case E6 § 3 

Case C37 T25a 

Case C37 § 25a 

Case C37 § 25b-l 

Case E6 § 2333 

Case E6 § 2935 

 

FC 512 

FC 512 

FC 512 

FC 512 

FC 512 

FC 512 

FC 512 

FC 435 

FC 436 

FC418-9, 353 

FC 421, 356 

FC 418? 

FC 355, 420 

FC 355, 420 

FC 355, 420 

FC 419, 479 

FC 419, 479 

FC 435(S&D32)  

FC 435 

FC 435 

FC 422 

FC 422 

 

 

 

 

 

 

 

 

Md 8 

Md 1 

Md 1 

Md 3 

Md 3 

Md 2 

Md 2 

Md 2 

Md 1 

Md 1 

Md 8 

 

 

Md 7 

Md 7 

 

frog? (on stand 31)

-- (on stand 17)

-- (on stand 25)

-- (on stand 26)

-- (on stand 28)

-- (on stand 29)

--

stone gorget or tablet FC fg. 79

pipe (half)

vessel of brown ware24   W 8

rude earthen vessel25   W 1

earthenware 2nd inter26  W 2

earthenware frags27  

earthenware frags

earthenware frags

copper bosses28  U 12

copper bosses29  U 12

copper beads, star-shaped30  U 17/32

molten copper beads31

shell beads covered w/ copper, silver32

wedge-shaped copper hatchet34 U 5

wedge-shaped copper hatchet36 U 3
37 U 4

S 561a 

S 561b 

S 8 

S 14 

Case 36 T22 

Case C36 § a 

FC -- 

FC 421 

 

Md 3 

pc of copper tube

copper rolls or tubes38 U 14

24 S 513 is a restorable Zoned Dentate Stamped vessel (AM: 147, Pl. XLVI#2; FC: 418-9)

25 S 514 is a Late Woodland Period jar (AM: 150, Pl. XLVI#3)

26 S 515 is an early Fort Ancient culture jar (AM: 150, Pl. XLVI#4)

27 S 516 is a restorable zoned puncate barrel-shaped jar.

28 Wayman: 5 earspools.

29 Wayman: 5 earspools- 1 divided into 2, W; S 541; 5 earspools, W; S 542.

30 Wayman: 3 cruciform copper beads,  see U32?

31 Copper lump, W. In Davis Invenotry: U 32. Several bead ornaments molten together on the Altar from Mound City.Ohio, U.S.

32 9 elipsoidal beads, W see T 63. Davis Catalogue: U33-- Beads formed of shell similar to those on a card (No. 63 Div. E) covered with 

copper & then with silver. Ohio U.S

33 [Md 7 Case E6 § a]

34 Wayman: Axe head.

35 [Md 7 Case E6 § a] 

36 Wayman: Adze head.

37 Wayman: Adze head.

38 Wayman: 16 hollow rolled sheet tubular beads, 3 unrolled, 3 heat damaged, plus 1 blistered object and one bent strip frg.
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Table D-1. Continued.

BM # S&D #
Blackmore 
Exhibit

Flint 
Chips FC Loc. FC Desc. Squier & Davis

S 562 U 6 

'altars.'39

[S 562A (a)]40 

[S 562A (b)]  

S 568 S 735 

S 569 S 735' 

S 570 S 727 

S 650 S -- 

S 652 S -- 

S 716 S 178 

S 717a S 19 

S 717b S 26 

S 717c S 27 

S 718a S 30 

S 718b S 33 

S 718c S 34 

S 719a S 28 

S 719b S 29 

S 719c S 31 

S 719d S 32 

S 719e S 35 

S 720a S 16 

S 720b S 18 

S 720c S 20 

S 721a S 24 

S 721b S 25 

S 722a S 21 

S 722b S 17 

S 723 S 23 

S 724a S 271 

S 724b S 249 

S 724c S 281 

S 725a S 238 

Case C39 T 19 

 

Case C39 § a 

Case C34 T15 

Case C34 T16 

Case E6 § 24 

Case C38 § 2143 

Case C38 § 19 

Case B32 § 25 

Case B32 § 26 

Case B32 § 26 

Case B32 § 26 

Case B33 § 27 

Case B33 § 27 

Case B33 § 27 

Case B33 § 28 

Case B33 § 28 

Case B33 § 28 

Case B33 § 28 

Case B33 § 28 

Case B33 § 29 

Case B33 § 29 

Case B33 § 29 

Case B33 § 30 

Case B33 § 30 

Case B33 § 31 

Case B33 § 31 

Case B33 § 32 

Case C34 T17 

Case C34 T17 

Case C34 T17 

Case C34 T18 

FC 485 

 

FC 485 

FC 420 

FC 420 

FC 421 

FC 421 

FC 421 

FC 479 

FC 479 

FC 479 

FC 479 

FC 479 

FC 479 

FC 479 

FC 479 

FC 479 

FC 479 

FC 479 

FC 479 

FC 479 

FC 479 

FC 479 

FC 479 

FC 479 

FC 479 

FC 479 

FC 479 

FC 420 

FC 420 

FC 420 

FC 420 

 

 

 

Md 3 

Md 3 

Md 7 

Md 5 

Md 5 

Md 3 

Md 3 sf 

Md 3 sf 

Md 3 sf 

Md 3 sf 

Md 3 sf 

Md 3 sf 

Md 3 

Md 3 

Md 3 

Md 3 

Md 3 

Md 3 sf 

Md 3 sf 

Md 3 sf 

Md 3 

Md 3 

Md 3 

Md 3 

Md 3 sf 

Md 3 

Md 3 

Md 3 

Md 3 

Pieces of molten copper, from mound 

one of two under U 2641 

one of two under U 2642

frgts of altar

frgts of altar

plates of mica covering altar

galena (tablet of)

fire clay (tablet of)

flint flakes44

3 arrowheads

3 arrowheads

3 arrowheads

3 arrowheads one of three

3 arrowheads one of three

3 arrowheads one of three

5 arrowheads one of five

5 arrowheads one of five

5 arrowheads one of five

5 arrowheads one of five

5 arrowheads one of five

3 spearheads one of three

3 spearheads one of three

3 spearheads one of three

2 spearheads one of two

2 spearheads one of two

2 spearheads one of two

2 spearheads one of two

2 long spearheads one of two

leaf-shaped flint implements

leaf-shaped flint implements

leaf-shaped flint implements

leaf-shaped flint implements

39 Wayman: 2 copper lumps, 1 partially melted/hammered scrap.

40 2 specimens showing the manner of repairing, by copper tubes and sheets from the mounds Ohio U.s

41 Wayman: Tablet 19e part of the base of a stone smoking-pipe, with a tube of copper inserted in the hole . . .   Ground stone pipe base, 

with longitudinal hole containing a copper tube.

42 Tablet 19d part of the base of a stone smoking-pipe, covered with sheet copper, which has been beaten over at the sides. 

43 the BM number probably includes the items on Case C38 T20.

44 blades
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Table D-1. Continued.

BM # S&D #
Blackmore 
Exhibit

Flint 
Chips FC Loc. FC Desc. Squier & Davis

S 725b 

S 726a 

S 726b 

S 727a 

S 727b 

S 728a 

S 728b 

S 729a 

S 729b 

S 729c 

S 729d 

S 730a 

S 730b 

S 731a 

S 731b 

S 732 

S 732 

S 733 

S 734 

S 735 

S 736 

S 737 

S 738a 

S 738b 

S 739 

S 740a 

S 740b 

S 741 

S 742a 

S 742b 

S 742c 

S 742d 

S 742e 

S 743a 

S 743b 

S 743c 

S 743d 

S 280 

S 279 

S 282 

S 243 

S 247 

S 234 

S 240 

S 239 

S 246 

S 248 

S 256 

S 237 

S 276 

S 13 

S 277 

S 251 

S 236 

S 14 

S 12 

S 11 

S 10 

S 15 

S 235 

S 242 

S 175 

S 215 

S 220 

S --- 

S 209 

S 204 

S 207 

S 20847 

S 213 

S 202 

S 203 

S 206 

S 20849 

Case C34 T18 

Case C34 T19 

Case C34 T19 

Case C34 T20 

Case C34 T20 

Case C34 T21 

Case C34 T21 

Case C34 T22 

Case C34 T22 

Case C34 T22 

Case C34 T22 

Case C35 T15 

Case C35 T15 

Case C35 T16 

Case C35 T16 

Case C35 T17 

Case C35 T17 

Case C35 T18 

Case C35 T19 

Case C35 T20 

Case C35 T21 

Case C35 T22 

Case C36 § 15 

Case C36 § 15 

Case C36 § 16 

Case C36 § 17 

Case C36 § 17 

Case C36 § 18 

Case C36 § 19 

Case C36 § 19 

Case C36 § 19 

Case C36 § 19 

Case C36 § 19 

Case C36 § 20 

Case C36 § 20 

Case C36 § 20 

Case C36 § 20 

FC 420 

FC 420 

FC 420 

FC 420 

FC 420 

FC 420 

FC 420 

FC 420 

FC 420 

FC 420 

FC 420 

FC 420 

FC 420 

FC 420 

FC 420 

FC 420 

FC 420 

FC 420 

FC 420 

FC 420 

FC 420 

FC 420 

FC 421 

FC 421 

FC 421  

FC 421 

FC 421 

FC 421 

FC 421 

FC 421 

FC 421 

FC 421 

FC 421 

FC 421 

FC 421 

FC 421 

FC 421 

Md 3 

Md 3 

Md 3 

Md 3 

Md 3 

Md 3 

Md 3 

Md 3 

Md 3 

Md 3 

Md 3 

Md 3 

Md 3 

Md 3 

Md 3 

Md 3 

Md 3 

Md 3 

Md 3 

Md 3 

Md 3 

Md 3 

Md 3 

Md 3 

Md 3 

Md 3 

Md 3 

Md 3 

Md 3 

Md 3 

Md 3 

Md 3 

Md 3 

Md 3 

Md 3 

Md 3 

Md 3 

leaf-shaped flint implements

leaf-shaped flint implements

leaf-shaped flint implements

leaf-shaped flint implements

leaf-shaped flint implements

leaf-shaped flint implements

leaf-shaped flint implements

leaf-shaped flint implements

leaf-shaped flint implements

leaf-shaped flint implements

leaf-shaped flint implements

leaf-shaped flint implements

leaf-shaped flint implements

leaf-shaped flint implements

leaf-shaped flint implements

leaf-shaped flint implements

leaf-shaped flint implements

leaf-shaped flint implements

leaf-shaped flint implements

leaf-shaped flint implements

leaf-shaped flint implements

leaf-shaped flint implements

leaf-shaped flint frags

leaf-shaped flint frags

barbed spear head obsidian45

fgts spear hyaline quartz

fgts spear hyaline quartz

fgts spear hyaline quartz46

fgts spear hyaline quartz

fgts spear hyaline quartz

fgts spear hyaline quartz

fgts spear hyaline quartz

fgts spear hyaline quartz

fgts spear hyaline quartz

fgts spear hyaline quartz48

fgts spear hyaline quartz

fgts spear hyaline quartz

45 A “Ross” type point.

46 Consist of 4 chips.

47 listed for both S 742d and S 734d.

48 “Ross B” point

49 listed for both S 742d and S 734d.
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Table D-1. Continued.

BM # S&D #
Blackmore 
Exhibit

Flint 
Chips FC Loc. FC Desc. Squier & Davis

S 743e 

S 744a 

S 744b 

S 744c 

S 817 

S 818 

S 1279 

S 1280 

S --- 

S 1281 

S 1282 

S 1283 

S 1284 

S 1284 

S 1292 

S 1293 

S 1294 

S 1295 

S 1296 

S 1297 

S 1297 

S 1297 

S 1298 

S 1298 

S 1300 

 

 

S 210 

S 205 

S 211 

S 212 

S 736 

S 736' 

S 731 

S 731 

S 730 

S 232 

S 232' 

S 232" 

 

S --- 

S 610 

 

S --- 

S --- 

S --- 

S 659 

S 604 

S 660 

S --- 

S --- 

S --- 

 

 

Case C36 § 20 

Case C36 § 21 

Case C36 § 21 

Case C36 § 21 

Case C-- § 1452 

Case C-- § 1553 

Case C34 § 23 

Case C34 § 24 

Case 34 T25 

Case 35 T23 

Case 35 T24 

Case 35 T25 

Case 35 T 26 

Case C36 § 26 

Case E6 § 11 

Case E6 § 18? 

Case E6 § 19? 

Case E6 § 1 

 

 

 

 

 

 

 

Case C37 § 24 

Case C36 T23 

FC 421 

FC 421 

FC 421 

FC 421 

FC --  

FC --  

FC 420 

FC 420 

-- 

FC 420 

FC 420 

FC 420 

not FC 

FC 421 

FC 497 

FC 497 

FC 497  

FC 497 

 

 

 

 

 

 

 

not in FC 

FC --- 

Md 3 

Md 3 

Md 3 

Md 3 

Md 3 

Md 3 

Md 3 

Md 3 

Md 3 

Md 3 

Md 3 

Md 3 

Md 3 

Md 3 

 

 

 

 

 

 

 

 

 

 

 

 

 

fgts spear hyaline quartz

spearheads hyaline quartz

spearheads hyaline quartz50

spearheads hyaline quartz51

fgts, altar?

fgts, altar?

manganese garnet

manganese garnet

quartz crystals much fused by heat

fgts of quartz crystals

fgts of quartz crystals

fgts of quartz crystals

fgts of leaf-shaped flint implements

fgts of leaf-shaped flint implements

fgts smoking pipes

fgts smoking pipes

fgts smoking pipes

fgts smoking pipes

fgts smoking pipes

fgts smoking pipes

fgts smoking pipes

fgts smoking pipes

fgts smoking pipes

fgts smoking pipes

fgts smoking pipes

?pipe

long narrow copper chisel not in coll.

Provenience designated in Blackmore survey, as mound 1, Mound 3, Md 3 surface, Mound 7, Mound 8.

Clark’s Works [a.k.a. Hopewell site]

S 577 S 42? Cks Wk Md 5 Case E6 § 25 FC 447 marine shell very large

S 578 S 43 Cks Wk Md 5 Case E6 § 26 FC 447 marine shell very large

S 596-7 S 36 CkW Md 1 Case B33 § a FC 437 shark teeth

S 596-7 S 37 CkW Md 1 Case B33 § a FC 437 shark teeth

S 596-7 S 38 CkW Md 1 Case B33 § a FC 437 shark teeth

S 596-7 S 39 CkW Md 1 Case B33 § a FC 437 shark teeth

50 a “Norton” type point.

51 a subovate preform

52 Probably Case 34

53 Probably Case 34
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Table D-1. Concluded.

BM # S&D #
Blackmore 
Exhibit

Flint 
Chips FC Loc. FC Desc. Squier & Davis

S 596-7 S 40 

S 596-7 S 41 

S 596-7 S 42 

S 596-7 S 43 

S 596-7 S 44 

S 598-601 S 28 

S 598-601 S 29 

S 598-601 S 30 

S 598-601 S 31 

S 598-601 S 32 

S 598-601 S 33 

S 598-601 S 34? 

S 599-601 S 28 

S 599-601 S 29 

S 599-601 S 30 

S 599-601 S 31 

S 599-601 S 32 

S 599-601 S 33 

S 599-601 S 34 

S 608 S 21 

S 609 S 40? 

S 610 S 40? 

S 611 S 40? 

S 642 S 462 

S 643 S 463 

S 651 S 1 

S 1278 S 733 

   

CkW Md 1 Case B33 § a FC 437 shark teeth

CkW Md 1 Case B33 § a FC 437 shark teeth

CkW Md 1 Case B33 § a FC 437 shark teeth

CkW Md 1 Case B33 § a FC 437 shark teeth

CkW Md 1 Case B33 § a FC 437 shark teeth

CkW Md 1 Case B33 § a FC 437 reptilian teeth

CkW Md 1 Case B33 § a FC 437 reptilian teeth

CkW Md 1 Case B33 § a FC 437 reptilian teeth

CkW Md 1 Case B33 § a FC 437 reptilian teeth

CkW Md 1 Case B33 § a FC 437 reptilian teeth

CkW Md 1 Case B33 § a FC 437 reptilian teeth

CkW Md 1 Case B33 § a FC 437 reptilian teeth

CkW Md 1 Case B33 § a FC 437 reptilian teeth, injured by fire

CkW Md 1 Case B33 § a FC 437 reptilian teeth, injured by fire

CkW Md 1 Case B33 § a FC 437 reptilian teeth, injured by fire

CkW Md 1 Case B33 § a FC 437 reptilian teeth, injured by fire

CkW Md 1 Case B33 § a FC 437 reptilian teeth, injured by fire

CkW Md 1 Case B33 § a FC 437 reptilian teeth, injured by fire

CkW Md 1 Case B33 § a FC 437 reptilian teeth, injured by fire

CkW Md 1 Case B33 § a FC 436 bone tube, "oval bone"

CkW Md 1 Case B33 § a FC 436 bone ornamented with carving

CkW Md 1 Case B33 § a FC 436 bone ornamented with carving

CkW Md 1 Case B33 § a FC 436 bone ornamented with carving

CkW Md 1 Case B33 § a FC 438 discoidal stones

CkW Md 1 Case B33 § a FC 438 discoidal stones

Cks Wk Md 9? Case D19 § 7 FC 486 galena (tablet of)

Md° 9 "Clark's work" Case A51 § a FC 449 charcoal

CkW Md? Case B34 § 27-30? mica scroll shapes

† S 599, 600, 601 Probably surface of Mound 3
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Appendix E
FEATURE NUMBER ASSIGNMENTS

1963 nos.
	 1.	 Toledo Ave. ditch, east side
	 2.	 Camp Sherman pit, east side of Toledo Ave.
	 3.	 Camp Sherman pit
	 4.	 Midden, beneath the southeast embankment
	 5.	 Toledo Ave. ditch, west side
	 6.	 Structure beneath Mound 10
	 7.	 Camp Sherman post pit
	 8.	 Square of bark, floor of F-6
	 9.	 Section of F-l
	 10.	 Camp Sherman sewer line, west side of Toledo Ave.
	 11.	 Cremation, floor of F-6
	 12.	 Cremation pit, sub-floor, F-6
	 12A.	 Cremation, in F-12
	 13.	 Decayed tree stump, in F-6
	 14.	 Camp Sherman post pit
	 15.	 Decayed tree stump, in F-6
	 16.	 NPS trench
	 17.	 Borrow pit, southeast corner
	 18.	 Rock pile, in bottom of F-17
	 19.	 Rock pile, in bottom of F-17
	 20.	 Burial, in fill of F-17
	 21.	 Camp Sherman water? line ditch
	 22.	 Camp Sherman Pit
	 23.	 Bluefield St. ditch, south side
	 24.	 Burial, on outer side of embankment
	 25.	 Camp Sherman pit
	 26.	 Camp Sherman water line, west side of Toledo Ave.
	 27.	 Burial, on outer side of embankment
	 28.	 Camp Sherman drainage ditch
	 29.	 Rock pile
	 30.	 Rock pile
	 31.	 Camp Sherman sewer line, continuation of F-10?
	 32.	 Camp Sherman drainage ditch, leading from F-33
	 33.	 Camp Sherman drainage ditch, leading from F-23
	 34.	 NPS trench, water line? from visitor center to custodians house
	 35.	 Midden, in base of south embankment
	 36.	 Midden, in base of south embankment
	 37.	 Pit, period uncertain
	 38.	 Cremation piles (A, B, & C in backfill of Mound 13
	 39.	 Post pit, wall of upper structure, Mound 13
	 40.	 Camp Sherman sewer line, north side of Steubenville St. (F12-9)
	 41.	 Rock pile, Mound 13
	 42.	 Camp Sherman water line ditch, east side, Charleston Ave.
	 42A.	 Camp Sherman ditch, part of F-42
	 43.	 Post pit, edge of Mound 13
	 44.	 Camp Sherman water line pit, part of F-42
	 44A.	 Camp Sherman ditch, part of F-44 and connecting with F-47
	 45.	 Post pit
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 46. Pit, SW corner of Mound 12 
 47. Camp Sherman water line, east side, Charleston Ave.
 48. Rock pile, Mound 13
 49. Cremation pit, upper structure, Mound 13 = Mills’ Burial #9?
 50. Cremation platform, upper structure, Mound 13 = Mills’ Burial #3
 51. Crematory basin, upper structure, Mound 13
 52. Cremation pit, lower structure, Mound 13
 52A. Cremation in pit F-52
 52B. Cremation in pit F-52
 52C. Cremation in pit F-52
 53. Internal post pit, upper structure, Mound 13
 54. Corner deposit, upper structure, Mound 13
 55. Corner deposit, upper structure, Mound 13
 56. Corner deposit, upper structure, Mound 13
 57. Internal post pit, upper structure, Mound 13
 58. Rock pile, Mound 13
 59. Burial, intrusive into Mound 13
 60. Burial, unexcavated, beneath RR tracks (=1972-1)
1964 nos.
1964-
1965 nos.
 1965-1 Burial
 1967
1968 nos.
 Md23-1 Mound 23, substructure post pattern (95 post molds)
 Md17-1 Mound 17, substructure post pattern (76 post molds)
1969
1970
1971 nos.
 12-1 Mound 12, substructure post pattern
 12-2 Ovoid pit outside SW corner of F12-1 (Burials 2 and 3 in disturbed 
   upper portion).
 ¢12-3 Central pit (disturbed) = 
 ¢12-4 Pit, beneath SW corner of F12-1
 ¢12-5 Circular Pit, beneath NW corner of F12-1
 ¢12-6 Depression in W doorway of F12-1
 12-7 Burial 4 grave
 12-8 Burial 1 grave
 12-9 Camp Sherman N-S sewer tile and bedding trench 
 12-10 Camp Sherman E-W sewer tile and bedding trench. ( = F#40)
 12-11 Camp Sherman water line and bedding trench
 12-B1 Burial, SE corner of Md 12 within F12-8
 12-B2 Burial outside of SE end of Md 12 sub-structure 
   (F 2 disturbed upper portion)
 12-B3 Burial outside of SE end of Md 12 sub-structure 
   (F 2 disturbed upper portion)
 12-B4 Cremated bone in F 12-7
1971 Md 11-1 structure post pattern
1971 Md 16-1 structure post pattern
1972 nos.
 1972-1 Burial, SE corner (portion of F60 left behind)
1973 nos.
 Md 15-1 Mound 15, substructure post pattern
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APPENDIX E

	 Md 15-2	 Mound 15, shallow sub-floor pit (burial)
1975 nos.
	 Md 9-1	Mound 9, substructure post pattern (60 outer wall, 6 interior)
	 Md 8-1	Mound 8, substructure post pattern  (78 outer wall, 12 interior)
	 Md 8-2	Mound 8, sub-floor pit
	 Md 8-3	Mound 8, sub-floor pit
	 Md 8-4	Mound 8, floor depression
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Appendix F
NOTES ON THE EXCAVATION GRIDS

Introduction

The centerline of Grid C represented a step taken in 1963 towards establishing 
an east-west baseline for the site. This centerline ran from a benchmark (not named, 
but called “Monument Z” here for reference) in the SE corner of the site westward on 
an azymith of S77° 51’W. The same year a second centerline was established for Grid D 
that was placed 500 ft north of and parallel to the Grid C centerline. A benchmark, later 
designated as “Monument A” was placed at the west end of Grid D at stake 650. At the 
time [when] this monument was established the Grid D centerline was extended east to 
become a middle baseline for the site. Monument B was established on this centerline 
extension 500 ft east of Monument A. Monument C was established 200 ft east of B. The 
recorded azymith of this centerline was S77° 51’W (S102° 9’E). 

A second baseline was established in 1973 roughly parallel to the Grid D center 
line and south of it (Drennen 1974). Monument D was located “300 ft due south of 
Monument C.” A true south azymith is likely since such a bearing is indicated in the 
drawing of the angle formed by Monu ments B, C and D, and by the statement that this 
monument lay north of the large tree [syca more] north of Mound 10 (Drennen 1974: 2, 
Fig. 2). Monument E is 400 ft west of Monument D on an azymith of 12° N of W (Baby 
and Langlois 1977: 1). This southern baseline was used to tie in Grids L, N, and O. What 
amounts to a northern baseline appears to have been established for Grids H, I, and J. 
The extension of the Grid D centerline became the baseline that anchored Grids G, K, 
and M.  

GRID LOCATIONAL INFORMATION 

Grids E and F

Grids for Units E and F were precise extensions of Grid D that were established 
in 1964 and 1965 respectively. The 0-0 datum for Grid E was placed at the Grid D point 
of 550R200. The “datum” for Grid F was placed at the Grid D point of 650R440. This 
point was established outside the earthworks at a point north of Monument A and 
perpendicular to Grid D centerline (Hanson 1965, Fig.2). This datum appears to have 
been placed at the grid location of 190-0.

Grid G 

The centerline was evidently laid out perpendicular to the middle baseline 
starting at a point, Grid zero on the baseline, 110 ft east of Monument C. A trench was 
dug along the east side of the Grid G centerline that was approximately 10 ft wide. It 
started at grid zero and extended 65 ft south. The section of the trench between 10S and 
20S was not excavated. 
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Grid H 

The baseline of Grid H was shot off of a point 300 ft north of Monument A and 
140 feet south of the Grid F datum. This northern baseline is perpendicular to the Grid 
D baseline connecting Monuments A, B andC. Grid zero is located at a point of 400R300 
on the Grid D system (Saurborn 1968: Fig.3).

Grid I 

The location of this grid was not specifically reported. It is assumed that Grid I 
is simply a 240 ft extension of Grid H to the east that was calculated from the R170 line 
of Grid H. Baby, Potter and Koleszar (1971: 2) state only that--“Based on the assumption 
of equal distance between sites [mounds 23, 17, 19, and 1], an area (Section I) 240 feet in 
length (east-west) and 60 feet wide (north- south) east of Mounds 23 and 17” was graded 
with a small bulldozer. The precise locations of Mounds 19 and 1 within this cut are not 
provided. They do not appear to lie within an area north of the Grid H baseline however. 
The report does not tells us where Mound 19 was located. We simply know that it was 
cut through diagonally by Mansfield Ave. The south half of Mound 1 post pattern was 
discovered 120 feet east of Mound 19. 

Grid J1 

The grid centerline was perpendicular to the northern baseline. Grid zero was 
located on the baseline. “Two slight elevations . . . placed Mound 20 115 feet northeast of 
Mound 12 and Mound 6, approximately 120 feet east of Mound 12.” “Two rectangular 
areas 60 x 80 feet were staked off and graded . . .” “[Both] were related to a common 
north- south base line between both sites.” Unit J1 was placed west and south of stake 
S100L75. 

Grid J2

The grid centerline was held in common with Grid J1. Unit J2 was placed south 
and west of S230L0. 

Grid K3 

The grid centerline is located 167.65 ft north of Monument C and perpendicular 
to the middle baseline. Grid zero (N0L0) was located 167.65 ft north of Monument C. 
The excavation unit was oriented 9° S of W. The excavation grid was superimposed on 
the area exposed by the bulldozer. The grid was oriented 16° W of N on the axis of the 
railroad spur. 

Grid L 

Figure II in Drennen (1974) is incorrect in orienting “Section L” W13° S. Instead, 
it is oriented roughly to true north. The mound is also positioned incorrectly within the 
excavation grid. Unfortunately, the distance of 140 ft must be to the 30 ft line on Grid 
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for the pilaster, drawn in the substructure floor plan, to be in the correct position for a 
Camp Sherman barracks. The E-W line is OK, with a centerline S77° W. The Section L 
baseline is 140 ft west of Monument D and angled at an azymith of 13° S of W. The grid 
measured 60 ft NS and 80 ft EW. 

Grid M 

Figure 4 in Baby, Drennen and Langlois (1975) is presumed to be in error in its 
positioning of M1 and M2 on the cardinal directions. Maps of each excavation unit have 
a grid orientation of N 11° W each (Figs. 5 and 6). There is a clue internal to Figure 4 
that indicates something is wrong with the map. It places the relocated Mound 14 in the 
center of the railroad tracks, whereas the text states that the tracks only clip the mound. 
My solution to the problem is to rotate the SW corner of Grid M1 to the east at a point 
lining it up to true north-south with the NW corner. There are other possibilities, but 
in the absence of simple distance measurements from the grids to Monument, further 
speculation fruitless.
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