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Modeling Movement of Grand Meadow Chert from Quarry to Use
Dan Wendt

One of the key goals of lithic raw material analysis is to discern patterns in the distribution that might
reflect human activity. Most lithic raw materials in Minnesota are widespread in bedrock and glacial till
preventing the tracking of a material from a point of origin to a point of use or discard. Grand Meadow
Chert (GMC) has a relatively small source area in the southeastern corner in Minnesota and was not
moved across Minnesota by glacial activity. GMC stone tools that occur in archaeological samples across
southern Minnesota were used as a case study to model the movement of stone from quarry to tool use and
ultimately to discard areas. Finished tools (not debitage) were assessed from institutionally archived collections and private collections across the state.
Three mathematical models were compared to the data gathered on GMC use: 1) the resource region
model (Bakken 2011), 2) an exponential model based on a declining amount of GMC with distance from the
quarry, and 3) a quadratic model that can describe more complex trends such as decrease with distance and
variation by direction. The quadratic model was the best fit and highlighted a westward movement of GMC
stone tools that was not predicted by the resource region model, nor by the expected declines with distance
from the source as predicted by the exponential model.
Introduction
Stone was a basic resource for tool production for
most of human existence. Differences among raw
materials were second nature to those who made
stone tools. People whose daily lives depended on
flaked chert and other toolstones would have been
aware of what materials were suitable for stone tool
manufacture, where to find them and even which
materials were best suited to certain tools, depending on the intended purpose. Patterns of tool use
and perceived benefits of particular stone types motivated the movement of materials from their source
across the landscape. This study addresses whether
patterns of behavior can be observed in the movement of Grand Meadow Chert, from the quarry in
southeastern Minnesota to its use and eventual place
of discard. In this study, three models are compared
to see which best reflects the observed patterns discussed below.
Background
Lithic Sourcing Studies
In archaeology, the raw material from which a tool
is made is an important vector of analysis to un-

derstand the past. One of the primary interests in
raw material analysis is to understand the original
source of a material and consider what combination
of natural and human processes moved a material
to a specific site sometimes hundreds of kilometers
from a source.
Lithic raw material sourcing is simple in concept but plagued by many practical challenges that
make it complicated. In the Midwest, and particularly in Minnesota, the record of lithic raw materials
is enormously complex (Bakken 1997, 2011; Morrow et al. 2017). Lithic material options span the
entirety of the geological record. Archaeological
nomenclature is rarely aligned with the geostratigraphic nomenclature used by geologists. One geological formation might contain a suitable stone but
the same material can be expressed across multiple
states with hundreds of potential source locations.
The bedrock geological record is further complicated by glacial geology that scattered materials. Terminology is complicated by multiple names for the
same material, and classification methods used by
different analysts alternatively lump or split related
materials. Most lithic raw material analysis is subjective and is error prone. The problem in general
becomes too complex to easily manage in its entire
scope.
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Grand Meadow Chert-Focused Study

The Sample

This lithic resource study focuses on one lithic raw
material, Grand Meadow Chert (GMC), which is
well suited to sourcing studies. This material has a
well-documented source area in southeastern Minnesota with only one large scale quarry site utilized
at Grand Meadow, Minnesota (Trow 1981; Trow
and Wendt 2020). This site is at the western edge
of the Driftless Area and was minimally impacted
by recent glaciation and any glacial transport would
have carried GMC south out of Minnesota. This
material has characteristic fossil features that can be
used to help identify it as originating from Devonian
bedrock that has a very limited outcrop area near the
quarry (Wendt and Trow 2020). The chert also has
a characteristic olive gray coloration, fine texture,
fossils and structural features that help distinguish it
from other bedrock materials in Minnesota (Wendt
and Trow 2020:Figures 3-6).
The goal of this analysis is to quantitatively and
mathematically model the spread of GMC from the
quarry to archaeological sites across the southern
half of Minnesota. Three models were compared
to the data to determine best fit. The first model,
the resource region model, assumes defined regions
where raw material choices were made based on
what was available in the region. This model is
based on empirically dividing Minnesota into seven
regions and sub-regions (Bakken 2011) that correspond to differences in sets of materials evident in
lithic debris profiles by region. The second model,
the exponential model, considers the decrease in
GMC use with distance from the source. If that
decrease and spread was analogous to principles of
natural diffusion the response would be an exponential decay from the source. The third model, the
quadratic model, fits the observed data with a quadratic response surface model (Box et al. 1978:510535). This model can accommodate complex responses that might arise from exchange or transport
in one direction or exclusion from an area in another
direction. Finally, the question of when GMC was
most likely to have spread beyond its source area
was examined utilizing the frequency of use in the
diagnostic stone tools by period with particular focus away from the source. In order to accomplish
this analysis, the source of the sample and the required size of the sample was carefully considered
as outlined in the methods.

The focus on diagnostic stone tools was chosen to
provide information both of raw material type, age
and cultural affiliations. Both systematic professional archaeological investigations and avocational
collections were utilized for this study. Systematic
archaeological investigations recover all available
artifactual evidence from a site and diagnostic stone
tools are typically a minor percentage of artifacts
recovered. In a small sample, a minor material far
from its source may not show up. By contrast, there
are sizeable avocational collections from many locations around the state and these collections tend
to focus on recognizable stone tools. Many of these
collections are in private hands, but several important collections have been donated to county and
state historical societies. Several Minnesota archaeologists have reached out to guide the avocational
community about ways to preserve information on
their collections and encourage donations for long
term institutional curation (Caine 1974; Harrison
1981; Clouse 1992; Harrison et al. 1995; Buhta et
al. 2011; Morrow et al. 2017). Archaeologists have
benefitted from sound citizen science from the avocational community in reporting sites and in having
the opportunities to study these collections. When
the collaboration works well, a collection can highlight the record of people in a region and tell that
story.
There are challenges and pitfalls to working
with collectors and avocational collections. Artifact collectors show a bias to collecting recognizable stone tools - not debitage - and collections often
show a bias for whole unbroken tools. Some collections lack documentation of where the artifacts
came from and some may only have a state or county designation. Some collectors do not keep track
of provenience for each artifact. Some collectors
withhold information on where objects came from.
Some collectors trade, buy and sell artifacts. If an
object does not have a reliable firsthand account of
how and where it was found, there is the potential
that it might be a reproduction or from some distant
unknown source. When collections become contaminated with even a few artifacts that are suspect,
the whole collection becomes suspect. The most destructive act of all is that some important collections
have been sold off at auction. These practices destroy the research value of the collection and render
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any possible information gleaned from an artifact as
suspect. Evidence of any of these practices ruled
out using a collection for this study.
Thankfully there are many examples in Minnesota of successful collaborations between archaeologists and collectors that have yielded valuable information to our understanding of Minnesota’s past
and were selected for inclusion in this study. One
example to highlight is the Vach Collection from the
Pine City area that was donated to the Minnesota
Historical Society (MNHS) (Caine 1974). The collection is from a dozen sites that the Vach family
helped identify and record including documentation of each artifact’s provenience. A second positive example is the Iverson Collection from a dozen
sites located in the northern suburbs of St. Paul that
was donated to the MNHS with provenience data
on most of the artifacts. The Neubauer Collection
was a massive collection from the Pine City area
that helped generations of Minnesota archaeologists
understand the importance of the Pine City area to
Minnesota’s past (Caine 1974; Harrison 1981; Minnesota Historical Society 1981; Buhta et al. 2011).
Because of the diligent photo documentation and
notes on the collection taken by Steve and Sue Mulholland, some of the remnant parts of the collection
from key sites (21PN09, 21PN11 and 21PN86) are
still together and accessible even after the bulk of
the collection was tragically sold at auction.
The Database
A database was created for this study that includes
stone tools from 19 institutionally curated and private collections in a planned sampling grid across
the southern half of Minnesota (Fig. 1). The nomenclature for the database was drawn from the Minnesota Stone Tool Handbook (Morrow et al. 2017)
but at times also utilized secondary sources (Justice
1987; Boszhardt 2003; Morrow 1984). It is structured to capture raw material type and variety as
well as geochronologic and geostratigraphic frames
of reference. For example, Grand Meadow Chert is
a Middle Devonian Chert from the Bassett Member
of the Little Cedar Formation, Cedar Valley Group
(Wendt and Trow 2020). The database records tool
type including projectile point cluster relationships
(Justice 1987; Morrow et al. 2017), cultural period
and regional tradition (Gibbon 2012; Morrow et

al. 2017). For example, an Avonlea point is a Late
Woodland Period, Early Arrow Point Cluster, of the
Northern Plains cultural sequence (Morrow et al.
2017:220).
Conceptual Models of Lithic Procurement
A distinction is needed between the examination
of mathematical (or statistical) modeling of a data
set and conceptual models that have been proposed
to understand and organize human behavior. Fitting a set of data by mathematical modeling simply
tests which mathematical model best represents the
data. Conceptual modeling represents a hypothesis
or theory that is based on observing available data.
Conceptual models can be used to predict future
data and provide the opportunity to rigorously test
hypotheses to refute or support them. The results
of this mathematical modeling study describe a data
set on the use of GMC as a starting point for framing the human activities that might have brought
the material from its source to where it was eventually discarded. An eventual goal, far larger than the
scope of this paper, is to understand strategies for
how lithic resources were being used, managed and
shared across Minnesota through time.
Examples of conceptual models have been proposed for key source referenced lithic materials such
as Knife River Flint (KRF) from western North Dakota and Hixton Silicified Sandstone (HSS) from
western Wisconsin and are cited in the following
discussion. It is worth considering how the data
on GMC distribution might be impacted by different conceptual models of how lithic materials were
managed before further discussion of mathematical
approaches.
Resource Regions. This conceptual model
(Bakken 2011) examines the choices made by people living in Minnesota in the past to select raw materials from the many options that were available
in a region for making stone tools. The selection
criteria considered availability, quality and size of
the raw material. The model was based on an exhaustive tabulation of lithic raw materials present
on archaeological sites across Minnesota. Bakken
(2011) analyzed complete debris profiles including tools and debris from tool manufacture. His
study led to proposing four lithic regions and seven
sub regions across Minnesota where choices were
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made between subsets of materials either native to
the region or brought to the region. Bakken’s data
includes all lithic artifacts including debitage and
stone tools, but typical assemblages are dominated
by the debitage produced in the process of making
stone tools. It is important to contrast how different
the exchange of raw materials could have been from
the exchange of the finished tools that are being examined in this paper.
Down the Line Exchange. A study of Middle
Woodland use of KRF identified a qualitative pattern
of down the line exchange from sources in North Dakota in declining amounts across Minnesota (Clark
1984). In Minnesota, KRF was used for ordinary
tools and KRF was treated as an ordinary useful
commodity that was valued for its working properties. The data examined by Clark (1984) showed
declining use of KRF across Minnesota from west
to east away from the source. In an idealized case,
down the line exchange would be expressed as an
exponential decline from the source.
Prestige Chain Exchange. A very different
pattern of KRF use was observed in Hopewell related sites in southwestern Wisconsin, the Illinois
River Valley and Ohio River Valley where KRF use
was reserved for special idealized forms of stone
tools (Clark 1984). The conceptual model proposed
was a prestige chain exchange pattern where the use
of KRF was too rare and valuable for everyday use
and only showing up in the archaeological record
as a result of intentional burial (Clark 1984). The
study proposed that the source of KRF for distant
Hopewell sites was periodic interaction with Middle Woodland groups in Minnesota who had access
through down the line exchange.
Exchange Boundaries. Geographic and river
boundaries have been demonstrated to inhibit spread
of raw materials. The Late Precontact Bryan Site in
the Red Wing area has a surprising quantity of GMC
used for end scrapers and triangular arrow points
(Wendt 1986a, 1986b). The Mississippi River at
Red Wing inhibited the flow of GMC from Oneota
villages west of the Mississippi River, such as the
Bryan Site to Oneota villages east of the Mississippi
River (Wendt 2002).
Central Place Foraging. In a study of raw material use among Late Precontact Village Cultures on
the Middle Missouri River, there was a clear pattern
of upstream villages having direct access to KRF
sources, visiting the source in periodic foraging
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trips (central place foraging) and utilizing this material to the exclusion of all other materials (Johnson
2019:164-165). Down river from the source area,
the level of KRF decreased as it passed from one
village to the next in a down the line exchange network.
Imbedded Procurement. A study of Hixton Silicified Sandstone (HSS) use for Agate Basin points
in Western Wisconsin was suggestive of periodic
visits to the Silver Mound HSS source for retooling,
but Silver Mound was one in a series of tool stone
procurement stops that were imbedded in seasonal
rounds (Carr 2005). In this case the seasonal rounds
were proposed to reflect the known hunting strategy
of following the movement of herd animals. This
conceptual model was evidenced by groups managing resources from a defined set of sources within
the region and using tools until they were broken
or exhausted through resharpening. This pattern resulted in discarding broken and exhausted tools on
visits to the next source. These patterns of retooling are evident at Silver Mound for HSS (Carr and
Boszhardt 2010:22) and the Lynch Quarry for KRF
(Heimstra 2008:18).
Field Processing. A key strategy for managing the weight of stone was to process the stone
into preform bifaces or flake blanks at or near the
quarry, eliminating most of the weight of the raw
stone (Johnson 2019:37-40). The conceptual model
of field processing is expressed at the Silver Mound
Quarry source of HSS by the near absence of finished tools at the quarry and abundant debitage reflecting the production of bifaces and flake blanks
(Behm 1984:172). An extension of field processing is reflected at the Late Precontact villages on the
Missouri River where both the size of debitage and
the ratio of debitage to finished tools declines with
distance to the source (Johnson 2019:59-63,164165).
Tool Stone Conservation. Resource conservation is another conceptual model that can be observed downstream in an exchange network, by evidence including re-sharpening or reusing tools. Tool
stone conservation was evident in the use of KRF
for end scrapers in Late Precontact villages along
the Missouri River where evidence showed the average length of an end scraper declines with distance
from the source (Johnson 2019:134-137).
This paper will look at overall trends observed in the
distribution of GMC utilizing a new set of data to
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quantitatively and mathematically characterize how
and where GMC moved. The mathematical analysis presented here will test the degree to which the
resource regions model and the down the line exchange model predict the new stone tool based data
set or whether more complex models need to be considered. The analysis will fall short of determining
how provisioning strategies changed through time,
but instead will look at overall trends averaged over
time. If there is evidence of more complex behaviors, it is hoped the results will generate additional
research questions into the procurement strategies
used through time.
Methods

stone tool collections from a 3 x 3, nine-cell grid,
across southern Minnesota with Pine City being the
northeast anchor point (Fig. 1). The grid is roughly
300 km north to south and 300 km east to west with
nine internal cells approximately 100 km on a side.
The sample grid was chosen as a balanced and systematic data source and for its potential to complete
response surface (quadratic) modeling (Box et al.
1978:510-537) of the distribution of raw materials,
point styles or combinations of both. Broadening
the problem from one locality to the whole of the
Southern Minnesota Region creates the opportunity to map individual materials from source to use
(Table 1).

The goal of this study is to examine stone tools
to better characterize, model and understand how
GMC moved from quarry to use across southern
Minnesota based on archived collections of stone
tools. GMC was chosen for the study because it
has a known source area, and when it occurs outside
the source area in Minnesota, the movement reflects
human use rather than other natural processes. A
systematic sampling grid was chosen to allow for
modeling the distribution. Care was taken to estimate the required sample size. Three methods of
modeling were compared.

Collections Utilized

Sampling Plan
Documenting private stone tool collections has the
benefit of creating a record of archaeological material and provides an opportunity to retain the provenience information that goes with the artifacts.
Many archaeologists do this large-scale research
because it provides a window to regional trends that
are hard to discern from small isolated archaeological collections. This project began by examining a
remnant of the Joe Neubauer Collection from the
Pine City Fur Post (21PN11) that is today at the Pine
City Public Library. The study of 75 stone tools offered a window into when this important site was
occupied and the diverse set of raw materials from
which they were made. Based on this site, the data
indicated that dozens of raw materials came into the
Pine City area from a number of widely scattered
sources by a complex mix of natural and human
transport. Building on this initial study, a systematic research goal was formulated in 2016 to sample

The major sources of data for this study came from
collections of stone tools donated to Minnesota institutions and some still in private hands. A total of
19 collections were inventoried (Fig. 2) that covered
all nine grid cells. The grid cells are an arbitrary
way to organize the data but were useful to ensure
that the minimum sample size is met per cell and
the data is balanced across the full grid. The sample
design was completed with the help of many people who offered leads of whom to ask and where
to look (Table 2). The initial documentation of the
Neubauer Collection was supplemented by the Vach
Collection, a second collection from the Pine City
area that is now at the MNHS. A notable collection
in the east central cell includes the Iverson Collection from Anoka and Washington counties that is today maintained at MNHS. The Cowdrey Collection
from Todd County provided the data for the north
central cell. This collection is housed at the Dakota
County Historical Society. The Green Collection at
the Mower County Historical Society was used for
the southeastern sample location. The northwestern
cell of the grid is represented by the Patrick Millard Collection from the Fergus Falls area. Data for
the south central cell are from the Owen Johnson
Collection from the Albert Lea and Owatonna area
which is now curated at Mire Big Island State Park
(MBIST) documented with the help of Minnesota
DNR and OSA archaeologists (Clouse 1992). The
data from this collection were not independently verified but the analysis was done by some of the same
archaeologists who helped the author learn about
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Figure 1. Grid cell locations for diagnostic stone tool design. Notable collections inventoried in each grid cell listed on the left.

Table 1. Data and model parameters of GMC distribution in this study with resource regions after Bakken
(2011).									
Grid Cell

Total

NW
153
NC
769
NE
563
CW
374
CC
230
CE
423
SW
183
SC
4605
SE
699
Overall
7999
Total
Average of Regions
RMSE of Regions

GMC
6
2
17
6
3
11
8
425
132
610

GMC% Bakken Region
3.90%
0.30%
3.00%
1.60%
1.30%
2.60%
4.40%
9.20%
18.90%
7.60%

Upper Red
Quartz
Quartz
Upper Red
Shetek
Hollandale
Shetek
Hollandale
Hollandale

5.00%
5.80%

Minnesota raw materials and collaborated with him
in building the MNHS comparative collection. The
southwest corner of the state is represented by UMN
collections now at the MNHS from key Minnesota
sites such as Big Island, Mountain Lake, Fox Lake,
Great Oasis and Big Slough. Data for the center and
west central cells were obtained with help from the

Bakken (Page/
Table)

Distance
(km)

75 / 3-5
83 / 3-6
83 / 3-6
75 / 3-5
75 / 3-5
70 / 3-4
75 / 3-5
70 / 3-4
70 / 3-5

421
297
239
352
248
163
243
62
0

North East
1
1
1
0
0
0
-1
-1
-1

1
0
-1
1
0
-1
1
0
-1

Office of the State Archaeologist, which has photo
and descriptive documentation of several collections from the state in folders associated with the
county site files. The center cell of the design comes
from data from the Levine Collection from a site in
Kandiyohi County and the Allie and Peterson collections in Meeker County. The west central cell
was satisfied by DNR archaeologists working at Lac
Qui Parle State Park, who captured photos and notes
documenting the Homme, Lecy and Ostley private
collections from Chippewa, Yellow Medicine and
Lac Qui Parle counties, respectively.
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Figure 2. Collections inventoried for diagnostic stone tool design.

The database uses data collected by different
analysts over a period of decades (Table 2). The
interaction of this set of analysts within MNHS and
related agencies increases the author’s confidence
that GMC would have been correctly identified by
all analysts. The assessment of point typology was
also done by different analysts and their assessments
were used without modification except for one exception. Point typologies previously recorded for
the Green Collection were modified by the author
since there was direct access to the collection for
reanalysis. Projectile point typology is particularly
subjective and could result in margins of error between analysts. Point classification and nomenclature has evolved and the concept of point clusters
has been introduced and refined since the 1990’s
when some of the early classification was done (Justice 1987; Morrow et al. 2017). Analysis for this
paper was kept to an aggregated level of clusters and
cultural period to avoid the problem for instance of
the many names that might be applied to a Middle
Archaic side-notched point (Morrow 2017:121).

Powering the Design
The required sample size was carefully considered
to enable both detection and quantitation of low
frequency material such as GMC at the edges of its
distribution. An initial estimate for the expected frequency of GMC in stone tools was made based on
initial sampling for this study at about 4 percent and
from that early assumption, a minimum sample size
was selected. A Chi Square table was used in Microsoft Excel to determine that the minimum sample
size of 150 stone tools per cell was required to assure detection of GMC in a cell based on the expected frequency (Table 3a). Using the same analysis, varying the expected GMC count but holding
sample size constant at 150, there is a 98.8 percent
probability of detecting GMC in a sample cell with
an expected frequency of 4 percent (Table 3b). In
order to quantify differences from an expected frequency of 4 percent, an observed frequency of 8 percent would be quantitatively higher than expected
with a probability of 98.9 percent (Table 3c). All
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Table 2. Collections included in this study.				
Grid Cell

Collection

Site Numbers / County

NE
NE

Neubauer
Vach

CE

Iverson

CE
CE
CE
NC
NW
SE
SE

Liebel
Broznick
Brook
Cowdery
Millard
Green
MNSAS

SC

Johnson

CW
CW
CW
CC
CC
CC
CC

Ostlie
Lecy
Homme
Levine
Ailie
Peterson
Gayle
UMN Mountain
21CO01
Lake
UMN Great
21MU02
Oasis
UMN Big
21MU01
Slough

SW
SW

SW
SW
SW

21PN09, 11, 86
21PN02, 04, 08-16
21AN4, 21, 38, 39, 40, 42,
49, 130, 131, 132
21AN02
21AN15
21AN108
Todd
21OT77
Mower
21MW08-15
Freeborn, Rice, Waseca,
LeSueur
Chippewa, Lac Qui Parle
21YM87
21YM89
21KH93
21ME46
21ME43
21HE385

Repository

Analyst

PCHS
MNHS

Wendt (this paper)
Wendt (this paper)

MNHS

Wendt (this paper)

Private
Private
Private
DCHS
Private
MCHS
MNHS

Private
Private
Private
Private
Private
Private
MNHS

Wendt (this paper)
Wendt (this paper)
Wendt (this paper)
Wendt (this paper)
Wendt (this paper)
Gonsior/Koenen OSA File (1995)
Wendt (this paper)
Gonsior, Bakken, Christianson
(1991)
Gonsior/Koenen OSA File (1996)
Gonsior/Koenen OSA File (1996)
Gonsior/Koenen OSA File (1996)
Koenen OSA File (1993)
Koenen OSA File (2004)
Koenen OSA File (2004)
Wendt (this paper)

MNHS

Wendt (this paper)

MNHS

Wendt (this paper)

MNHS

Wendt (this paper)

UMN Fox Lake 21MR02

MNHS

Wendt (this paper)

Big Slough
Henning

MNHS

Wendt (this paper)

21MU01

nine sample cells within the grid meet the minimum
sample size of 150, with seven of the grid cells have
samples exceeding 300 stone tools (Fig. 3). In summary, based on a sample size of 150, 4 percent presence of GMC is significantly different than 0 percent, and likewise 8 percent is significantly different
than 4 percent, which sets a scale for judging the
actual data.

MBISP

Mathematical Modeling
Three mathematical models were compared for their
ability to fit the data. The models involve the concept of discrete resource regions, exponential spread
from the source, and a quadratic response surface
modeling of the spread. This is a mathematical
comparison of which model best describes the data
and does not answer questions about what conceptual models or strategies were being employed to
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Table 3. Sample size consideration: hypothetical Chi Square results for detection and quantitation.			
			
3a. Hypothetical Sample Size. What sample size is adequate to detect GMC if the expected frequency is
4%?							
Percent
GMC

Expected
GMC

Expected
Other

Actual
GMC

Actual
Other

Sample Size

Probability

4.00%
4.00%
4.00%
4.00%
4.00%

1
2
4
6
12

24
48
96
144
288

0
0
0
0
0

25
50
100
150
300

25
50
100
150
300

0.307
0.149
0.041
0.012
4x10-4

3b. Hypothetical Detection Limit. What is the minimum expected frequency of GMC in a cell that assures detection at a sample size of 150?										
Percent
GMC

Expected
GMC

Expected
Other

Actual
GMC

Actual
Other

Sample Size

Probability

0.00%
0.67%
1.33%
2.00%
2.67%
3.33%
4.00%

0
1
2
3
4
5
6

150
149
148
147
146
145
144

0
0
0
0
0
0
0

150
150
150
150
150
150
150

150
150
150
150
150
150
150

1
0.316
0.154
0.08
0.043
0.023
0.012

3c. Hypothetical Quantitation Limit. What frequency of observed GMC level is quantitatively different
than expected?								
Percent
GMC
4.00%
4.67%
5.33%
6.00%
6.67%
7.33%
8.00%

Expected
GMC
6
6
6
6
6
6
6

Expected
Other
144
144
144
144
144
144
144

Actual
GMC
6
7
8
9
10
11
12

Actual
Other
1440
1431
142
141
1400
139
138

Sample Size

Probability

150
150
150
150
150
150
150

1
0.633
0.378
0.196
0.088
0.034
0.011
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Figure 3. Stone tool sample size by sample location.

133

Figure 4. Minnesota lithic resource regions with
GMC percentage reported by Bakken (2011).

manage resources. It is anticipated that more focused questions and approaches can be formulated
as next steps.
Resource Region Model. The first model analyzed is the resource region model which was developed from an analysis of lithic debris patterns in the
state (Fig. 4) (Bakken 2011). The model divided the
state into four resource regions and a total of seven
sub-regions. There are four sub-regions covered in
the sampling plan, three in Hollandale Region, two
in the Quartz sub-region, two in the Shetek sub-region, and two in the upper Red River Region. The
frequency of GMC in the regional model (Fig. 4),
was compared to the frequency of GMC by sample
location in this study (Fig. 5). The root mean square
error (RMSE) was estimated from the difference between the model and the data. The higher the value,
the worse the fit between the model and data. A plot
of the model estimate vs. the data was used to visualize the fit and a correlation coefficient (R2) value
was calculated from it. Models with higher R2 val- Figure 5. Observed GMC frequency in stone tools
ues closer to 1 better reflect the data than those with by sample cell of this study.
lower values.
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Exponential Model. The second model compared the data to an exponential decay in the level
of GMC with distance from the Grand Meadow
source. A decline in the level of GMC with distance
from the source would be an expected outcome if
people were freely exchanging GMC, down the line
from person to person, village to village, replicating
principles of natural diffusion in physical chemistry. The simple, two-parameter distance model provides a constant, C1, that has a negative value that
sets the rate of exponential decay with distance from
the source and a constant, C2, that typically has a
negative value that estimates of the usage rate in the
vicinity of the quarry as distance goes to zero. The
two-parameter distance model is as follows:
% GMC = 100% × 10EXP (C1 × Distance + C2)
The rate of decay can be then expressed as a distance at which the level of GMC declines by a factor
of two. This model is symmetric around the source
and can only accommodate a uniform average rate
of decay in all directions. One might expect that at
the GMC Quarry, the level of GMC in tools might
be 100 percent, but that is not consistent with the
data (Wendt and Trow 2020). The Green Collection
from the region around the quarry has a frequency
of GMC at 18.4 percent, and the MNSAS collections had an observed frequency of 23.7 percent
(Wendt and Trow 2020). GMC was one of several
viable options for stone tools in the source area and
if retooling was occurring, expended tools made
from other materials were being discarded at the
quarry and replaced with GMC (Trow and Wendt
2020). The second constant in the exponent can be
translated to an estimate of the expected frequency
of GMC in tools at the quarry. Alternatively, for a
particularly abundant material, this constant could
also be translated to the distance from a quarry that
the raw material use is still essentially 100 percent.
This model did not require the structure of a sample
grid but would benefit from the uniform sampling
of the region. The RMSE and R2 were estimated to
examine the fit of the model to the data.
Quadratic Model. The third model is a sixterm quadratic expansion that has the flexibility to
reflect first and second order variation in both the
distance north-south and the distance east-west. The
second order quadratic expansion model is as fol-

lows where N represents distance north and E represents distance east:
% GMC = C1 + C2 × N + C3 × E + C4
× N × E + C5 × N2 + C6 × E2

There are constants, C1 to C6, that modify each of
the six terms in the equation and determine the result at any point on the map as designated by the
north and east coordinate. The resulting equation
was used to generate and plot a surface that can be
represented as contours as if on a topographic map.
The shape of the surface could be in the form of a
hill, bowl, ridge or valley. It is not easy to visualize
what a surface will look like simply by examining
the magnitude of the individual coefficients C1 to C6
(Box et al. 1978:526-531). The expected result for
this analysis is that GMC would be common near
the quarry and would fall off at different rates in different directions, thus highlighting directionality in
exchange or transport.
Proper use of this model minimally requires
a balanced nine-point sample grid (Box et al.
1978:514). The model has the ability to fit data that
might reflect the directional movement of material
or multiple other scenarios. The model was used
to create a best fit response surface of the observed
results. The RMSE and R2 values were calculated
as a measure of the fit of the model to the data. This
multiple term model has only an approximate estimate of error due to having only two degrees of
freedom to express error (Box et al. 1978:517). To
provide a better estimate of error, the sample in each
cell was split by collection or site to provide at least
two estimates at each of the nine grid cells. The resulting split cells had a minimum sample size of 59
stone tools. The original model estimates were then
applied to the expanded, replicated data for a new
estimate of RMSE and R2.
A comparison of the quadratic and exponential
model was made by subtracting model estimates for
the quadratic model from the exponential model.
The resulting difference expressed the variation
in the quadratic model that could not be explained
by an exponential drop in the level of GMC from
the quarry. The resulting response highlights areas
where GMC was present at higher or lower levels
than would be expected based on distance to the
source.
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Finally, the cultural periods represented by the
diagnostic stone tools of GMC were examined. The
focus was on comparing the use of GMC near the
quarry to locations in the grid cells far from the quarry. The three grid cells closest to the quarry where
GMC occurs most frequently were compared to the
six cells further from the quarry where GMC occurs
less frequently. This partition of the data at about
160 km (100 mi) from the quarry was arbitrary but
chosen to provide a preliminary look at when GMC
was most used near the quarry and when it spread
furthest from the quarry.
Results
Of the three models compared, the resource regions
model, based on observed lithic debris profiles, was
the least useful for predicting the prevalence of
GMC in finished tools. The exponential model generally fit the general trend of decline in GMC with
distance to the source. The quadratic model provided the best fit to the data on the distribution of GMC
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stone tools. In general, there is spread of GMC from
its source to the south central and southwest cells
that becomes prevalent in the Middle Woodland Period, with GMC use peaking in the Late Precontact
as characterized by small simple side-notched and
unnotched arrow points.
Resource Regions Model
The resource regions model (Bakken 2011) that was
developed for debris profiles of multiple materials does not apply well to data on the use of GMC
for stone tools in southern Minnesota (Fig. 6). The
model predicts the highest level of GMC debitage
near its source in the southeastern Minnesota Hollandale Resource Region but then a steep fall off to
other areas of the state. The model does not accommodate the widely variable differences in GMC tool
use within this broad southern region of Minnesota.
The lack of fit between the model and the data was
virtually as high as the variation in the data alone
as measured by the RMSE. It may be an expected

Figure 6. Model 1, GMC resource region model (Bakken 2011) compared to actual tool use.
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outcome that a model developed from total debris
profiles of multiple raw materials does not adequately predict or even correlate to the spread of GMC
stone tools across southern Minnesota. A next step
in this analysis will be to examine the distribution
of KRF in stone tools to test if similar trends are
present.
The resource region model was developed to
express differences in lithic raw material use across
Minnesota. The model was affected by both natural
resource availability and archaeological usage that
might be driven by preference or exchange. The
model offers order to an extremely complex system
of dozens of materials. The model was built on lithic debris profiles that are dominated by the debris
created when stone tools are made. This study is
examining stone tools that are no doubt more portable than raw stone and would have a different
significance in exchange, particularly if they represented finished and hafted tools. The lack of agreement between the resource regions model and stone
tool data could also be due in part to field processing where most debitage occurs at or near the quar-

ry and might be nearly absent far from the quarry
where finished tools are still carried and used (Behm
1984:172; Johnson 2019:59-63). A hypothesis to
test is if finished tools and preforms were the dominant way materials were transported across Minnesota, in which case debitage would have a much
more limited expression away from the source.
Exponential Model
The exponential model would be best suited to an
ideal case where people traded or used material from
a source equally in all directions. This model would
describe a simplistic down-the-line, person-toperson, village-to-village exchange network. This
model is limited to the constraint that the level of
GMC would decline with distance from the source,
and data show that is generally true (Fig. 7).
The semi-log plot straightens an exponential
decline and is generally consistent with a decline
in GMC use with distance from the source (Fig. 7).
This general trend shows a high degree of variation,
particularly at a distance from the source. There

Figure 7. Model 2, Exponential model of GMC tool use with distance from source.
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are two explanations for this variation: first, that the
flow of GMC was not even in all directions and second, that at low frequencies of GMC, small changes
in the piece count show as large percentage differences on a log plot. Larger sample sizes and more
data could differentiate if one or both things are true.
While the exponential model does not fit all the
variation in the data, it does provide some characterization of how GMC tools are distributed across
Minnesota. In this analysis the average rate of exponential decline was expressed as the distance
required for the percentage to drop by a factor of
two, here described as half-distance. This is equivalent to expressing the half-life in radioactive decay.
Research for this study revealed that for GMC this
characteristic half-distance is 121 km. For every
121 km increment, the level is roughly cut in half
such that the distance between the 16 percent, 8 percent, 4 percent and 2 percent range rings are equally
spaced at this distance (Fig. 8). A second characteristic that the model predicted is the level of GMC
in tools at zero distance, at the source. The model
predicted the level at 10 percent while data from
the Green Collection near the source is 18 percent.
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Even though the level of GMC in debitage at the
quarry site is essentially 100 percent, the level of
GMC in tools in eastern Mower County seen by the
Statewide Archaeological Survey (MNSAS) is 24
percent (Trow and Wendt 2020). In the area around
the quarry there are many options for making stone
tools including Cedar Valley Chert (CVC), Galena
Chert (GC) and Prairie du Chien (PDC) cherts, and
GMC is one resource being managed in the group,
much as Bakken’s (2011) resource region model
might predict.
The model’s characteristics dictate the expected
response that GMC would spread out equally all directions from the source (Fig. 9). The RMSE and
R2 statistics show that the overall actual trend of
declines with distance from the source is generally
true, but the error is still high. The lack of fit indicates that there is variation in the data that cannot be explained by the model. The area defined by
the four grid cells north of the Minnesota River and
west of the Mississippi River has far less GMC than
could be explained by this model that assumes even
flow in all directions. The grid cells in south central
and southwest Minnesota, south of the Minnesota

Figure 8. Model 2, Predicted average exponential range rings around
Grand Meadow source.
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Figure 9. Model 2, Predicted exponential model of GMC spread.

River, have more GMC than could be explained by
even flow in all directions.
There are three ways the use of this model could
be improved. First, the design could be reframed
closer to the source area in Minnesota where the frequency of GMC could be more reliably measured.
The second improvement would be to increase the
sample size such that more of the design had quantifiable levels of GMC. The third change might be
to center the analysis on the quarry source to examine the spread in all directions irrespective of state
and geographic boundaries. Even without these
improvements, the present data is sufficient to say
that the model based solely on distance to the source
confirms the general trend but provides a poor fit to
the observed distribution.
Quadratic Model
The quadratic model generated a result that shows
a decrease in GMC with distance from the quarry,
represented with a star (Fig. 10), but declining at different rates in different directions. This model was
a good fit to the data with a very small RMSE and a

high R2 statistic (Table 4). In southern Minnesota,
the model shows spread of GMC tools to the west,
less so to the north, and not to the northwest, more
accurately fitting the data patterns. This actual pattern in the data would not be fit by the exponential
model which can only accommodate equal change
in all directions. The actual pattern is more complex
than uniform flow in all directions.
To better highlight the differences between the
quadratic model and the exponential model, one
model’s estimates were subtracted from the other
(Fig. 11). The difference between the models clearly shows the spread of GMC tools west and the general scarcity of GMC tools in the center of the study
area, generally corresponding to the four cells to the
center and the northwest. There is a geographical
correlation that needs to be examined, as the cells
that show more GMC use in tools are separated
from the cells in central and northwestern Minnesota that show less use of GMC in tools, along a line
that roughly corresponds to the Minnesota River
(Fig. 5).
There is a possibility that the quadratic model
may exaggerate patterns in the data and may not
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Figure 10. Model 3, Quadratic model GMC response surface plot.

Table 4. Comparison of models.				
Model

Data

Regions

Exponential

Quadratic

Parameters
Degrees of Freedom
RMSE
Variance Ratio (F)
R2

1 Average
8
5.8

4 Regions
4
4.9
1.4
0.45

2 Constants
6
3.5
2.8
0.85

6 Constants
2
1.3
20.1
0.95

adequately estimate predictive error. The model has
six parameters and is fitting data from a nine-cell
sample grid, which leaves only two degrees of freedom to express error. To address this question, the
data at each of the nine sample areas was segregated
into sub-groups by collection or locality (Table 5).
It was necessary to allow estimates from collections
as small as 59 stone tools. To provide a comparison,
all three models were correlated to the expanded

data set (Figs. 12-14) and the error was re-assessed
(Table 6). The fit of the quadratic model remained
a better fit to the data than the other models as measured by both a smaller RMSE and an R2 value closer
to 1 (Fig. 14). There is complex behavior reflected
in the higher use of GMC in tools in the southwest
cells and the scarcity of GMC in the center to northwest cells of the study that is not explained by either
distance from the source or existing constructs of
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Figure 11. Comparison of quadratic – exponential model.
Table 5. Expanded dataset to measure reproducibility within sample grid cells.					
Sample

Grid Cell

Total

GMC

GMC%

Collection

1a

NW

59

2

3.40%

Millard Indian Hill

1a

NW

94

4

4.30%

Millard Other Sites

2a

NC

271

0

0.00%

Cowdery Other Sites

2b

NC

276

0

0.00%

Cowdery Birch Lake Locality

2c

NC

222

2

0.90%

Cowdery Rice Lake Locality

3a

NE

170

10

5.90%

Vach Collection

3b

NE

393

7

1.80%

Neubauer Collection

4a

CW

202

2

1.00%

Homme Collection

4b

CW

172

4

2.30%

Ostly and Lecy Collection

5a

CC

126

0

0.00%

Levine Collection

5b

CC

104

3

2.90%

Allie, Peterson and Gayle Collection

6a

CE

234

3

1.30%

Iverson Collection

6b

CE

189

8

4.20%

Liebel, Broznick, Brook Collections

7a

SW

75

2

2.70%

Henning at MNHS

7b

SW

108

6

5.60%

UMN at MNHS

8a

SC

1196

80

6.70%

Johnson Collection Owatonna Localities

8b

SC

1398

136

9.70%

Johnson Collection MBI State Park

8c

SC

2011

209

10.40%

Johnson Collection, Other Freeborn Co. sites

9a

SE

640

118

18.40%

Green Collection MCHS

9b

SE

59

14

23.70%

MNSAS Collections MNHS
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Figure 12. Correlation of resource region model with expanded data.

Figure 13. Correlation of exponential model with expanded data.
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Figure 14. Correlation of quadratic model with expanded data.

Table 6. Comparison of models with expanded data estimate of error.				
Model
Parameters
Degrees of Freedom
RMSE
Variance Ratio (F)
R2

Data
1 Average
19
6.23

Regions
4 Regions
15
5.47
1.35
0.42

resource regions. These complex behaviors might
reflect cultural ties, borders between groups, or seasonal movements, but making these distinctions
is beyond the scope of the methods in this paper.
There is an opportunity to estimate when these patterns developed by examining the cultural affiliation
of the diagnostic stone tools.

Exponential
2 Constants
17
4.15
2.25
0.79

Quadratic
6 Terms
13
2.28
7.51
0.87

Cultural Period Affiliation
Stone tools can be assigned to both raw material
and stylistic type which allows for an estimate of
when GMC was being used and when it spread to
areas of Minnesota far from the source. In order
to answer the question of when GMC stone tools
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travelled or were traded father from the quarry, the
data was partitioned into the set of three cells closest to the quarry and the six cells farthest from the
quarry. The distance represented by this dividing
line is approximately within 160 km (100 mi) of
the GMC Quarry and further than 160 km from the
GMC Quarry. Cells were combined to have a readable sample of GMC by cultural period. The six
cells that are beyond 160 km of the GMC Quarry
had a total of 42 stone tools made from GMC, 41 of
which could be assigned to a cultural period.
GMC use in stone tools is highest from the Middle Archaic and remains fairly consistent thereafter
(Table 7, Fig. 15). Note that the percentage columns
on Table 7 express a column percentage that reflects
the intensity of use relative to other cultural periods and not the percent of tools in the time period
that were made of GMC. This sample of Minnesota
stone tools is generally low in projectile points that
predate the Early Archaic, so it is difficult to assess
the use of GMC prior to that period. Not surprisingly, the heaviest use of GMC is in the three sample
locations within 160 km of the GMC Quarry.
The six sample cells beyond 160 km of the GMC
Quarry show an increase in the intensity of use of
GMC starting in the Middle Woodland and increasing through the Late Precontact (Table 7, Fig. 16).
The Middle Woodland was also a time when Knife
River Flint was widely exchanged (Clark 1984).
The sequence of point styles reflects a Great Plains
sequence of Besant, Avonlea, Prairie Side-Notched
and Plains Side-Notched (Taylor 2006; Morrow et
al. 2017:118) but the dominant style of Late Precontact arrow point was the eastern triangular point
(Table 8). This sequence might reflect the development of a Northern Plains pattern of use of GMC
during the Woodland Period followed by a different pattern in the Late Precontact that corresponds
with this major cultural period transition (Anfinson
1997:89-120; Gibbon 2012:159-179).
The Late Precontact use of GMC may be associated with Oneota use of simple unnotched triangular points, occurring in 76 of 860 (7.74 percent) of
the triangular points overall in the study and 15 of
55 (27 percent) of the triangular points in the Green
Collection near the GMC Quarry. In order to understand this pattern, the research design would need
to include Late Precontact villages that tend to occur in aggregated groups on major rivers and are not
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uniformly distributed in a pattern that would conform to a balanced grid. There are Oneota aggregation centers at Red Wing, La Crosse and in the Blue
Earth River Valley. The Blue Earth loci seems to
have had the highest use of GMC for any region of
the state (Dobbs 1984a; Dobbs and Shane 1982) and
perhaps the most direct access to the GMC Quarry.
It has been noted that the use of GMC was a key
identifying characteristic of the Silvernale Phase
at Red Wing (Gibbon 2012:160) and it was heavily utilized on the Bryan Site (Dobbs 1984b, 1989).
The triangular region formed by the GMC Quarry,
the Red Wing area and the Blue Earth River area
coincides with the area of maximum GMC use seen
in the quadratic model. Aggregation centers at Red
Wing and the Blue Earth River might have been involved in the spread of GMC during the Late Precontact Period.
These observations of late GMC use and
spread in Minnesota are consistent with observations in Iowa where GMC use is associated with
the Woodland and Late Precontact periods (Morrow
1994:120). In particular, GMC is associated with
Avonlea points in western Iowa (Morrow 1984:84).
It would be useful to expand the data set to include
Iowa, Wisconsin and the Dakotas for a more complete picture.
Better estimates of how spread changed in different cultural periods will be possible with a full
data set of at least 300 stone tools from each sample
location, which will further enable sub samples by
period. While the sample of pre-Woodland points
is generally good across the sample locations, GMC
occurred in only 4 of 622 (0.6 percent) pre-Woodland projectile points in areas beyond 160 km from
the GMC Quarry. A sampling design closer to the
source may be required to quantify GMC use in preWoodland points. The models presented here largely reflect the Woodland and Late Precontact use and
spread of GMC.
Discussion and Research Opportunities
Modeling of the spread of GMC from quarry to
use highlighted interesting clues to the movement
of GMC across southern Minnesota, but there are
many questions that came out of the analysis. The
analysis did not prove or disprove any of the three
models assessed, but it may have provided focus for
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Table 7. GMC use by cultural period, inside and outside 160 km (100 mi) of the quarry, showing column
percent as a measure of relative intensity.								
Cultural Period

All Tools

Late Precontact
Late Woodland
Middle Woodland
Early Woodland
Late Archaic
Middle Archaic
Early Archaic
Late Paleoindian
Early Paleoindian
Grand Total

1622
1018
729
777
1381
1684
270
326
14
7821

Percent
of Total
20.70%
13.00%
9.30%
9.90%
17.70%
21.50%
3.50%
4.20%
0.20%
100.00%

All GMC Percent of GMC
Tools
Total
Inside
108
18.00%
91
69
11.50%
60
60
10.00%
51
73
12.20%
71
118
19.70%
116
136
22.70%
134
25
4.17%
25
10
1.70%
10
0
0.00%
0
599
100.00%
558

Percent
Inside
16.30%
10.80%
9.10%
12.70%
20.80%
24.00%
4.50%
1.80%
0.00%
100.00%

Figure 15. GMC use is consistent with other materials by cultural period.

GMC
Outside
17
9
9
2
2
2
0
0
0
41

Percent
Outside
41.50%
22.00%
22.00%
4.90%
4.90%
4.90%
0.00%
0.00%
0.00%
100.00%
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Figure 16. GMC use outside 160 km (100 mi) radius is more intense from Middle
Woodland to Late Precontact.

Table 8. Composite of all GMC points in the study beyong 160 km (100 mi) of the quarry.		
Cultural Period
Late Precontact
Late Woodland
Middle Woodland
Early Woodland
Late Archaic
Middle Archaic
Early Archaic
Late Paleoindian
Early Paleoindian

GMC
17
9
9
2
2
2
0
0
0

Predominant Point Style
Madison Triangular (12) Prairie Side Notched (4) small side notched (1)
Avonlea (5), St. Croix Corner Notched (3), small corner notched (1)
Besant (8) corner notched (1)
contracting stem (2)
Pelican Lake (2)
Duncan (1), Matanzas (1)
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when they are best applied. This study modelled the
average of GMC use across all cultural periods that
blurred the probable changes that occurred through
time. The ultimate goal of learning the strategies of
how people moved and exchanged lithic resources
in the past is still a distant but fertile opportunity.
There are pros and cons to each of the three
models. The resource region model is based on observations of debris profiles within regions of the
state with different resource choices. It is clear from
this stone tool study that even near the quarry, GMC
is being managed as one of four suitable raw material options and is an example of the choices laid
out by the resource region model. The resource region model fell short of predicting when and where
finished tools might have been transported far from
the source area. The exponential model fits an intuitive trend of decreasing use of GMC with distance
from the source. A key strength is the simplicity of
an average decay rate that predicts half the rate of
GMC use for every 121 km from the source. It is
intuitively linked to the concepts of upstream and
downstream in an exchange network. A disadvantage to the exponential model is that the data is not
as simple as an even flow in all directions, leaving
important clues in the data where the model does not
fit. The quadratic model characterized the prevalence of GMC stone tools far west of the source but
this model is not intuitively linked to the underlying conceptual models of how lithic resources were
managed.
The next step in this analysis is to look for
changes between cultural periods, which will require
adequate sampling. Both the sampling and analysis
strategy need to include important data from Late
Precontact aggregation centers at Red Wing, the
Blue Earth River Valley, and perhaps the Mille Lacs
Kathio area. These aggregation centers do not conform to a sample grid or uniform sampling across
a region. A modification of the exponential model
might be used to describe how aggregation centers
functioned within a network of resource management. The variation in the percentage of GMC relative to distance from the source could be an indicator
of how direct or indirect the access was to the quarry
source, as in Figures 11 and 13 where the deviation
from the average model would then become useful
data. Could these localities or individual smaller
villages around them be differentiated by direct access or down the line exchange? There is an indica-

tion in these data that the spread of GMC outside the
source area became more prevalent in the Woodland
Period and increased through the Late Precontact
(Trow and Wendt 2020). Is there the indication in
other raw materials that would support increasing
spread through exchange or mobility during the Late
Precontact?
Understanding the spread of GMC would benefit from a sampling plan centered on the GMC
Quarry and stretching out regardless of modern state
boundaries. This analysis only captured the northwest corner of this problem. The sample grid should
be more tightly centered on the source to increase
the probability of having a quantitative sample and
to assess the movement of GMC in all directions
irrespective of modern state boundaries. The four
southeastern sample locations in this study could be
added to sample locations in western Wisconsin and
northern Iowa to complete a nine-sample cell design. Consideration of expanding the range should
be done with a plan to address research questions in
the multi-state region, not just focusing within modern state boundaries.
Sets of raw materials need to be considered
together to more fully express the strategies being
employed for managing toolstone. Bakken’s model
framed choices between available raw materials
based on abundance, size and quality. An interesting example to study would be the four major materials that occur in the Hollandale Resource Region
including GMC, GC, PDC, and CVC. How were
these materials being leveraged and managed relative to each other? Were there equal opportunities
to retool or simply used as a matter of proximity and
convenience? Were they being used for different
kinds of tools? Are there patterns of use that might
reflect mobility or seasonal rounds? Are they equally expressed downstream in exchange? Are there
discrete choices being made by different people at
different times?
Geographic and river boundaries should be considered for how they might enable or inhibit spread.
This data set shows lower use of GMC north of the
Minnesota River compared to south of the Minnesota River. The Late Precontact Bryan Site in the
Red Wing area has a surprising quantity of GMC
used for end scrapers and triangular arrow points
(Wendt 1986a, 1986b). The Mississippi River at
Red Wing inhibited the flow of GMC from Oneota
villages west of the Mississippi River such as the
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Bryan Site to Oneota Villages east of the Mississippi River (Wendt 2000). Might a similar boundary
be evident at the Minnesota River? Sites of similar age and similar distance to the source should be
compared on opposite sides of the Minnesota River.
What other materials might express similar discontinuities across the river? When was the discontinuity
most evident? These questions would benefit from
a more focused sampling plan balanced on the Minnesota River or other key rivers.
More holistic resource models will need to include the full life cycle from quarry to end use to
discard. This includes the debitage and waste, the
cores and preforms, finished tools, repurposed tools
and discards. The field processing model should be
examined where the bulk of the debris created by
testing, selecting the best material, and field dressing preforms is left at the quarry, and much lighter
preforms or finished tools are carried away (Behm
1984:172; Theler and Boszhardt 2003:23) and tend
to get smaller with subsequent use further from the
quarry (Johnson 2019:37-40, 59-63). This study
is limited by its focus only on diagnostic projectile points. The source for most of these data was
avocational artifact collections that rarely included
any debitage. Data from archaeological sites with
modern data recovery techniques would be needed
to frame questions of resource management more
holistically beyond just the stone tools. An important question in resource management is the role of
cores, bifaces, preforms, and flake blanks. Stone
tool resource management needs to be understood
as a complete lifecycle including manufacture, resharpening, reuse, repair, and repurposing of stone
tools.
Expanding this analysis to other raw materials is
an ongoing goal of this study. Modeling KRF from
western North Dakota is a planned next step. KRF
has a known distant source and limited occurrence
in glacial till in Minnesota. How do KRF and GMC
compare in exchange in terms of the rate of decline
from the source? Does decay rate reflect the usefulness or value of the material or might it be a characteristic of the exchange system that carries these
materials?
Finally, the data set can be used to answer questions about the differences in distribution between
stone tool types across southern Minnesota. Minnesota is at the prairie forest border and also ex-
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presses a borderland mix of stone tool traditions
from the Eastern Woodlands and Northern Great
Plains (Morrow et al. 2017). This data set might
allow discovery and hypothesis building as a first
step. There is subjectivity in point style classification that might reflect a bias from the analyst due to
their background and grounding in a region. The assessment of typology in these collections was done
by different researchers (Table 2) and point typology
is subjective, but aggregated data by cluster or cultural period rely on broader and more reliable trends
in the changes in projectile point form (Morrow et
al. 2017:117-122). This subjective data set can be
used as a starting point to learn more about specific
point types, but a better approach is needed to establish objective and quantifiable standards for classification that would be consistently applied across
collections and analysts.
Conclusions
This analysis characterized the spread of GMC tools
from the quarry to where they were deposited on archaeological sites across southern Minnesota. The
results of this study lend themselves to a series of research questions to better focus investigations of the
strategies of tool stone management. The benefits of
using large avocational stone tool collections were
demonstrated, but there are limitations in relying
only on stone tools rather than the complete chipped
stone assemblages. These collections were used for
the story they could tell and will always be limited
by collector biases and integrity of the data.
Three models were mathematically applied to
the overall GMC distribution in southern Minnesota and statistical comparisons were made among
the models. No model was proven or disproven, but
each model provided an opportunity for perspective
and discovery. Near the quarry, GMC is managed
as one of many choices for toolstone in the local
area. There is a difference between the way finished
tools and raw materials, including debitage, are expressed away from the quarry where tools are more
likely to be expressed in downstream exchange.
The frequency of GMC stone tools drops exponentially from the source with an average decrease in
frequency by half every 121 km in a way that generally fits the conceptual model of an exchange network. The general rate of decline has an exception
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evidenced by the disproportionate movement of
GMC west, particularly though the Woodland and
Late Precontact periods. These insights have led to
more questions and the need to refine the data specific to cultural periods, and to compare GMC to
other important source-referenced materials such as
KRF. A particular focus should be the role of Late
Precontact villages in Red Wing and along the Blue
Earth River in accessing and distributing GMC.
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