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This volume, which is the 39th of the Archaeological Sur-
vey of Alberta Occasional Paper Series, is dedicated to the 
memory of the late Dr. Terrance (Terry) Gibson, who passed 
away in 2018. Terry was a business owner and consulting 
archaeologist who was passionate about innovation. Al-
though from time to time he could be overheard bemoaning 
the state of archaeology as “a twenty-first century discipline 
that is stuck in the nineteenth century” (i.e., uses shovels, 
buckets, and trowels), Terry was a deep thinker with a big 
heart and a sense of responsibility for the future of archaeol-
ogy. The papers included in this volume reflect his interests 
and his influence on the field and demonstrate that technol-
ogy and modern approaches are indeed advancing archaeol-
ogy into the twenty-first century. 

The volume begins with a dedication to Terry by his friend, 
colleague, and business partner, Jim Finnigan. Jim captures 
the essence of Terry’s enthusiasm for innovation and tech-
nology and his range of interests in this brief summary of a 
lifetime of achievement in archaeology. The remaining pa-
pers in this volume represent examples of Terry’s passion 
for aspects of archaeology; in particular, the importance of a 
scientific approach and dedication to supporting excellence 
in research and consulting archaeology.

For example, in their paper, Reid Graham and Jack Ives 
present their work on bone upright features, conducting a 
literature review and analysis of previously documented 
features at a number of archaeological sites. Their system-
atic approach culminates in a consideration of a number of 
working hypotheses regarding the origin and use of these 
features. Their work presents ideas against which data from 

other sites can be tested and evaluated, and provides a foun-
dation on which present and future archaeologists can build.

It is fitting that there should be a paper written by Terry 
in a volume about archaeological advancement in industry. 
His paper included in this volume is a reprint of an article 
published in the Netherlands in 2005, reproduced here with 
permission. The paper’s focus on predictive modelling and 
a scientific approach to conducting archaeological assess-
ments reflects one of Terry’s long-term interests in archaeol-
ogy and represents one of the main drivers of his application 
of technology to the discipline. The current reprint makes 
this work much more accessible to a Canadian audience. 

Scott Hamilton’s remote sensing paper at the Sourismouth 
forts includes a reflection on Terry’s deep influence on ar-
chaeological research, magnetometry, and the early use of 
computers in the field, as well as his collegiality in advanc-
ing methods of data collection in site assessments. Scott’s 
paper also demonstrates the value of re-evaluating previ-
ously collected data, and reminds us that data collection is 
inherently biased, for reasons such as researcher focus or 
technological limitations (see also examples discussed in 
Graham and Ives, this volume).

Most consulting archaeologists are privileged to work at 
a wide variety of sites throughout their careers. The paper 
on the Bodo Archaeological Locality, written by Christie 
Grekul, Courtney Lakevold, and myself, highlights the key 
role of consulting archaeologists and industry in recogniz-
ing the interpretive and educational value of a site, and the 
importance of acting on plans to meaningfully bring those 
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values to a broader audience. Our paper pays tribute to the leg-
acy of Terry’s early vision of this site, which he recorded in the 
1990s, by documenting the development of the unique com-
munity-driven Bodo public archaeology program, now enter-
ing into its ninth year.

Challenging assumptions is a key aspect of the scientific 
process, one that is essential for advancing ideas and improv-
ing practices. In their paper, Gareth Spicer and Caroline Hu-
decek-Cuffe present a review of multiple excavation projects 
taking place within the North Saskatchewan River valley in the 
Edmonton area. Their work illustrates the importance of ques-
tioning existing ideas and it demonstrates the value of re-exam-
ining what we think we know. In doing so, the path is cleared to 
make way for new perspectives, and in this case, new possibili-
ties for managing historical resources in urban settings.

In the fifth article in the Alberta Lithic Reference Project se-
ries, Todd Kristensen and colleagues present their paper on the 
Glacier Pass Concretions. They provide an in-depth description 
and analysis of this raw material, which was used in precontact 

tool making. Their work presents detailed science-based data 
to aid archaeologists in identifying this material and provides 
the foundation for addressing future research questions, partic-
ularly those regarding procurement and trade during the pre-
contact era.

Kay Jollymore’s paper focuses on the use of the magnetom-
eter to target areas that contain material for dating stone circle 
sites in Saskatchewan as part of her M.A. research. Her work, 
which includes magnetometry surveys conducted and inter-
preted by Terry, demonstrates the importance of mentorship 
and a collegial approach in advancing archaeology. Their col-
laboration provides food for thought regarding approaches to 
stone circle assessment and interpretation.

A few years ago, Terry gave me some advice that I believe 
represents his philosophy towards the importance of creativity 
in innovation and archaeology: “This is not worth losing sleep 
over,” he said, “you need your sleep so you can dream up big 
ideas.” May the papers collected in this volume provide inspi-
ration for some of your big ideas.

©2019 Her Majesty the Queen in Right of Alberta
ARCHAEOLOGICAL SURVEY OF ALBERTA OCCASIONAL PAPER  ISSN 2562-7848 
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On August 28, 2018, Alberta’s archaeological commu-
nity lost an influential member. Terry Gibson’s influence 
was broad as he moved seamlessly between the avoca-
tional, professional, and academic communities. Terry 
was involved in over 500 archaeological projects across 
Canada, the majority of which were in Alberta. The sheer 
volume of work makes it difficult to summarize his lega-
cy, but here are some of his contributions to archaeology 
in Canada. 

1.  Mr. Magnetometer
Terry’s first major contribution to archaeology involved 

research on the archaeological application of magnetome-
ters, which he continued to develop throughout his career. 
His 1982 M.A. thesis at the University of Alberta explored 
magnetic survey techniques for site assessments, which 
he published about shortly after (Gibson 1986). My first 
encounter with Terry was in the 1980s on a hydroelectric 
project where he was conducting magnetic surveys with 
a single proton precession magnetometer at a nearby fur 
trade post. The current safety environment might not be 
supportive of someone wearing sweat pants and old can-
vas shoes, running back and forth through the forest from 
the line to the datum with a heavy magnetometer strapped 
to their chest, but such was Terry’s dedication. While at 
Western Heritage, a cultural resource management com-
pany that Terry helped found in 1990, Terry bought a gra-
diometer, which eliminated the need for running although 
‘the magnetometer walk’ that it required introduced its 
own special hell for the operator. The gradiometer did not 
produce a measurement of the total magnetic field and 
Terry considered this a significant drawback. To solve 
that problem, Terry spent the last three years of his life 
building a magnetometer for archaeologists; archaeologi-
cal magnetics was a lifelong passion. 

2.  Mr. Macintosh
When Terry came to the University of Alberta in the 

1980s, he became a mover and shaker at the Macintosh 
Owners and Users Society of Edmonton. He saw the 
light in terms of the application of computers to archae-

Dedication: Terrance (Terry) H. Gibson
Jim Finnigana*

a Western Heritage, 322 Duchess Street, Saskatoon, Saskatchewan, Canada, S7K 0R1  
*contact: jim@westernheritage.ca

Figure 1. Terry Gibson in the field (photograph courtesy of Christie 
Grekul). 
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ology and quickly became an apostle. His first and most 
lasting contribution to computer-based artifact documenta-
tion was the development of the MacAdem (later Ademar) 
cataloguing software, first built for the Apple II. His most 
celebrated achievement of that time period may have been 
selling a Macintosh computer to the Head-Smashed-In proj-
ect. The original MacAdem was widely used across most of 
western Canada and into Montana. MacAdem introduced 
a standardize cataloguing process that made it possible to 
process artifacts at the speed required by contract archae-
ology. At a time when mass storage was a 5.25 inch floppy 
disk, MacAdem had two major innovations. It introduced 
the idea of a cataloguing work flow established by taxon-
omy; the switch from cataloguing bison bones to historic 
artifacts simply required loading in the historic taxonomy. 
The second innovation was tokenizing the catalogue to en-
able the storage of thousands of records on a single floppy 
disk. The MacAdem software developed by Terry helped 
produce some of the first big data in archaeology in western 
Canada. 

3.  Terry the professor
While many viewed Terry as an archaeological consul-

tant, he held adjunct status first at the University of Sas-
katchewan and later at Lakehead University, and as an as-
sistant adjunct at the University of Alberta.  Terry was a 
very active external on many graduate committees at those 
three institutions. He took this role very seriously and if he 
agreed to help you, you talked to Terry more than you talked 
to your committee chair. He even persuaded some students 
to apply geophysics in their approach to excavating sites.

Terry taught a few classes over the years and had the op-
portunity to teach computer applications in both Thailand 
and Malaysia. Terry was rarely fazed by external events and 
while teaching in Thailand, a military coup took place, re-
plete with burning buses. We could not reach him for days, 
even with calls to the embassy, and when he finally reestab-
lished contact, it was only to ask for some computer cables. 
We managed to find a courier that would deliver into a war 
zone and he continued to teach.

3.  Terry the archaeologist and scientist
Terry worked on several very large excavations over the 

years, one of the few members of the 2000 m2 club (most 
of us feel privileged to excavate more than 100 m2). By the 
time Terry finished his M.A. thesis, he had worked on sites 
from the Arctic to the State of Maine, and from the Late 
Pleistocene to the late Historic Period. One of the effects of 
this broad experience was that he realized that many archae-

ological projects were largely inefficient in terms of data 
collection strategies and neglected to collect the full range 
of data inherent in a site. Armed with this insight, Terry be-
came a beacon for innovation.

Terry championed the subdivision of one metre squares 
in to four quadrants to amplify spatial resolution and in-
troduced overhead cameras to map excavation units in the 
early 1980s. He truthfully hated writing field notes and was 
constantly developing electronic forms. He borrowed one 
of the first GPS units in Canada, the size of a pizza box, 
and pushed its application to improve site recording tech-
niques. He was also excited about satellite imagery, drones, 
and anything that would increase the accuracy, velocity and 
density of data being collected from archaeological sites.

Terry analyzed thousands of pottery sherds recovered 
from Bushfield West, a rich ceramic site in Saskatchewan 
from which complete vessels were reconstructed, and used 
the data to identify a new Selkirk complex, Keskachewan 
(Gibson 2001). Terry thought outside of the “pot” and no-
ticed that a significant number of the sherds had distinct 
fingerprint impressions on the punctuates. He and Sabine 
Stratton photographed the fingerprints using laser technolo-
gy and computer enhancement software at the RCMP crime 
laboratory in Edmonton. Thus, Terry started a fingerprint 
catalogue of ancient potters that he hoped could be used 
to follow traded pots or individuals who moved between 
groups (Gibson and Stratton 1987). 

Predictive modelling was another area in which Terry was 
a leader. With Terry’s guidance, Western Heritage sponsored 
Luke Dalla Bona’s M.A. thesis on predictive modelling at 
the University of Manitoba (Dalla Bona 2013). Terry con-
tinued to analyse early models and learned of the large scale 
predictive modelling study developed largely by Dr. Ken 
Kvamme for the Minnesota Highway Department. Terry in-
vited him to Canada to expand his knowledge of predictive 
modelling and this was the start of a long friendship that 
helped push the application of predictive modelling (and 
magnetometry) on both sides of the border. Terry organized 
and presented at a number of workshops across Canada, in-
cluding some of the early predictive modelling workshops 
in Quebec and Ontario.

Why modelling? In its early days, forestry was not part 
of the heritage compliance process in western Canada. Two 
major things were needed to change this. The first was new 
tools to manage heritage resources over a larger land base 
- predictive modelling was one of those tools. The second 
was a more realistic understanding of the impact of forests 
operations to inform heritage compliance. To achieve the 
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latter, Terry observed and recorded the impact of just about 
every type of forestry equipment he could access. To char-
acterize impacts, he needed a scale and he built one, called 
CRICS, which gained some traction as a measurement of 
site disturbance with other consultants and regulators across 
Canada (Gibson 2005). The next step in the development 
of heritage management in forestry was the development 
of a test case; this occurred in Saskatchewan with a project 
called CRIMP that involved major forestry companies in 
the province. The forestry companies wanted to be com-
pliant with heritage legislation and CRIMP showed it was 
possible. With some initial success, the next step was a will-
ing partner in Alberta. Millar Western was in the process of 
building a new forest management plan and the timing and 
personnel matched, and Terry pioneered the archaeological 
management of forestry operations in Alberta. 

Terry was also actively involved in working with First 
Nations, whether at Frog Lake in Alberta or Rocky Bay in 
Ontario. In the 1990s, he developed an archaeological train-
ing program for the Tskay Dene in British Columbia. When 
news of Terry’s death became public, the first responses 
came from the Biinjitiwabik Zaaging Anishnabek First Na-
tion where he had developed some close friendships.

4.  Bodo man
In Alberta, Terry was perhaps best known for the Bodo ar-

chaeological site (see Munyikwa et al. 2014). It was found 
by a developer concerned about buffalo skulls being dug up 
around a plant site. Over the years, the property was flipped 
multiple times and Terry had the dubious joy of informing 
the new owners that their entire development was sitting in 
the middle of a giant bison pounding location. Terry was 
instrumental in bringing provincial attention to the site 
through meetings and conference papers, and he worked 
tirelessly with members of the local community to devel-
op the Bodo locale. He constantly brought new technolo-
gy out to Bodo including geophysics, OSL Profiling, and 
detailed soil stratigraphy recording. Terry’s work at Bodo 
spurred several graduate theses (Blaikie 2005; Gilliland 
2007; Grekul 2007) and during the last few years of his life, 
he served as a board member on the Bodo Archaeological 
Society.

To summarize, Terry was an archaeologist, business own-
er, engagement specialist, Apple evangelist, graduate stu-
dent advisor, husband, father, and friend. One of Terry’s life-
long concerns was that archaeologists were not collecting 
all of the information at archaeological sites that they could 
and this missing information was creating an impoverished 
view of prehistory. His life was spent advancing new pro-
cesses and technologies that could address this missing in-
formation - a goal that has made Alberta archaeology better.
This volume of the Occasional Paper series is dedicated to 
his memory. 
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1.  Introduction
Bone uprights are a distinct feature type found at many 

precontact sites on the Northern Plains. These features 
remain enigmatic for many researchers despite an ini-
tial discovery by avocational archaeologists in the early 
1900s. They have been found at an assortment of Late 
Precontact sites on the Northern Plains with consider-
able variability in their appearance and contents. This 
variability has complicated the development of a single 
widely-accepted interpretation of bone upright features. 
Several explanations concerning the purpose of up-
rights have been put forward, including proposals that 
they served as anvils (Kehoe and Swanson 1967; Gruhn 
1969; Neuman 1975), posts (Frison 1971; Hjermstad 
1996; Norris and Hamilton 2004; Foreman 2010; Moors 
et al. 2010), pegs or tie downs for structures (Wilson 
1977; Heitzmann 1983; Brink and Dawe 1989), or had 

ceremonial significance (Foreman 2010; Bubel 2014). It 
has even been suggested that uprights were accidentally 
formed when stampeding bison snapped off their front 
legs in pits (Kehoe and Swanson 1967:33). With all of 
these seemingly conflicting interpretations, a nuanced 
exploration of content and context is needed to further 
our understanding of these unusual features.

2.  The definition of upright features
Upright features, alternatively called vertical bone fea-

tures, bison bone upright features, or vertical upright fea-
tures, are typically identified when bone is recovered in a 
vertical position relative to the occupation level of a site. 
With a few rare exceptions, the faunal remains in upright 
features are almost exclusively from bison. The elements 
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ABSTRACT 
Upright features are a relatively common, but enigmatic, feature type in Besant and Sonota sites across the North-
ern Plains. Composed predominantly of bison bone, these cultural features are often found driven vertically into the 
sediments beneath the occupation layer at a bone bed or processing camp. The purpose of these features has yet to be 
conclusively determined, largely due to the high degree of variability among them. This variability has led research-
ers to propose several theories to explain upright features, including that they were created by natural phenomena 
like rodents or trampling; that they provided anvil surfaces for working stone and bone; that they were postholes for 
corrals and other structures, as well as tie downs and pegs for securing ropes and the edges of tipis; or that they had 
ceremonial and ritual connections. Through a systematic evaluation of the upright features from several relevant sites 
across the Northern Plains dating to the Late and Middle Precontact periods, new inferences are made regarding their 
function and meaning at Besant and Sonota sites in Canada and the United States.  
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used vary widely, however. Uprights tend to be more com-
mon where the subsurface sediment was saturated, but they 
can be found in drier contexts as well. Typically, upright 
features are found beneath the occupation horizon, or with 
the top of the feature within the occupation zone, and then 
extending into the sterile sediment below a site.  As the ma-
jority of the bones at a site are normally deposited horizon-
tally, these features stand out as oddities.

No single definition has emerged to explain these fea-
tures because the manner in which uprights are made varies 
between sites and even between features at the same site. 
At the Fincastle site in southern Alberta, the bones were 
pushed directly into a clay rich horizon, beneath the eolian 
sand stratum in which the occupation occurred (Foreman 
2010; Bubel 2014). In contrast, the uprights at the Ruby site 
in Wyoming (Frison 1971) and the Muhlbach site in central 
Alberta (Gruhn 1969) were placed into pre-existing holes, 
now found underneath the bulk of the bone beds at the site. 
At the Stelzer site in South Dakota, upright features vary 
considerably in context and content. Several uprights con-
tain numerous bones and show evidence of pits while others 
are restricted to isolated elements (Neuman 1975).

A common assumption for upright features is that they 
are associated with Besant and Sonota sites on the Northern 
Plains. This period dates between roughly 2500 and 1000 BP 
during which time considerable cultural and technological 
change took place (Wood and Johnson 1973; Neuman 1975; 
Syms 1977; Frison 1978; Reeves 1983; Walde et al. 1995; 
Novecosky 1999; Peck 2011; Graham 2014). It is during 
this period that technologies like pottery and the bow and 
arrow begin to appear in conjunction with intensive pedes-
trian bison hunting practices. Sites like Head-Smashed-In 
Buffalo Jump (Brink and Dawe 1989), Ruby (Frison 1971), 
Muhlbach (Graham 2014, Gruhn 1969), Fincastle (Bubel 
2014; Foremen 2010), Fitzgerald (Hjermstad 1996), Melha-
gen (Ramsay 1991), and Stelzer (Graham 2014, Haberman 
and Travis 1995; Neuman 1975) all have Besant compo-
nents with upright features. However, upright features can 
also be found in other periods and places in North America. 
The Hokanson (Norris and Hamilton 2004), Stott (Hamilton 
et al. 1981), and Brockinton sites (Syms 2014) in Manitoba, 
for example, are all Late Woodland sites with multiple up-
right features extending underneath the occupation horizon. 
While uprights are often associated with Besant and Sonota, 
they are not a conclusive marker of the period.

3.  Upright records and contexts 
To date, a comprehensive and systematic study of the con-

tents and context of upright features has not been attempted. 

Partly, this is a result of the quality of archaeological data 
available for upright features. The bulk of the data comes ei-
ther from the grey literature in the form of cultural resource 
management mitigation and survey reports, or from large 
scale excavations over the past 100 years. More often than 
not, these sources only state that bone was found in a verti-
cal position, with a possible mention of elements found in 
association with the feature. Often missing from these exca-
vation reports are details regarding the contents and stratig-
raphy of the features, which make it difficult to answer basic 
questions about context. Was the upright part of the cultural 
horizon or completely below it? Is there any indication of a 
pit around the bones? Are they associated with rodent bur-
rows? How are the elements in the feature arranged? Are the 
articular surfaces all oriented pointing up, or do they have 
a mixture of directions? Is there any evidence of alteration 
to the bones beyond butchery? Some questions regarding 
alteration and taphnonomy can be answered by revisiting 
existing collections. However, the elements originating 
from upright features were often either not collected at all, 
or catalogued along with the rest of what is often a mas-
sive faunal collection, thereby losing crucial context. The 
problem lies in the treatment of upright features as another 
part of the larger faunal assemblage, rather than as a distinct 
structural feature. With the exception of some more recent 
excavations, the majority of upright features lack sufficient 
information to properly interpret them. 

4. Sites with uprights on the Northern Plains

4.1 The Fincastle site
The earliest of sites for which we consider uprights is 

the Fincastle site, a large bison kill near Taber in southern 
Alberta. This site has been radiocarbon dated to approxi-
mately 2500 years BP, and has a projectile point assemblage 
resembling those of the Stelzer and Muhlbach sites, with 
toolstone dominated by Knife River Flint (Varsakis 2006; 
Foreman 2010; Bubel 2014; Hazma 2013). The upright 
sample from Fincastle is relatively small compared to some 
other sites, as only eight upright features were identified. 
There is a broad representation of skeletal elements, such 
as mandibles, maxillae, ribs, scapulae, radii, and metapo-
dial elements present in these features, however, the most 
common element is complete and near-complete mandibles 
and whole scapulae (Figure 1). The selection of elements in 
the Fincastle uprights still seems to be dictated by overall 
abundance of elements in the faunal assemblage. There are 
at least 87 mandibles and 59 scapulae recovered from the 
Fincastle site, which comprise 74 and 50 of the percentage 
minimal animal units (%MAU) respectively (Bubel 2014). 
These elements are abundant at the site in overall num-
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ber and in their proportional representation relative to the 
%MAU. Foreman (2010:134) noted that complete mandi-
bles were all found near Feature 7, an upright with four com-
plete mandibles and a distal tibia. There is also evidence that 
bison limbs with connective tissue remaining were used in 
the construction of the uprights. Several carpals were found 
in a tight cluster at the bottom of Feature 8, alongside a dis-
tal radius fragment (Foreman 2010:54). The association be-
tween these elements suggests that there still was connective 
tissue joining the carpals to the radius and that the upright 
was made using fresh bone.

Features 2, 3, 4, 5, 7, and 8 from Fincastle were found 
in the clay deposits underneath the eolian deposits, and are 
thought to have been pushed into the soft sediment during 
the occupation, as there was no visible pit or disturbance 
in the clay horizon (Bubel 2014; Foreman 2010). Features 
1 and 6 deviate from this pattern, as they were comprised 
of narrow pits with sandy fill, tightly packed with bone el-
ements. Feature 1 had one of the more intriguing aspects 
of Fincastle, as it included a vertically-oriented canid skull 
(Figure 2). This skull had been carefully removed from the 
rest of the skeleton and placed at the bottom of a narrow 
pit facing downwards, at which time upright elements were 
placed above it (Foreman 2010:131). Similarly, Feature 6 is 
a pit dug into the clay and filled with at least 28 different ele-
ments. Most of the elements were in the upper portion of the 
feature, but the bottom of the upright had a complete scapula 
that was distally modified to form a sharp edge (Foreman 
2010:134). Presumably, this sharp edge assisted with push-
ing the element into the soft clay, in digging the pit, or both. 

4.2 The Stelzer site
The Stelzer site is a large Sonota campsite in South Dako-

ta, surrounded by a series of burial mound complexes along 
the Missouri River (Neuman 1975). Of the 58 upright fea-
tures from the site, the contents of 29 uprights were exam-
ined and compared to the Minimum Number of Elements 
(MNE) found in other features (Figure 3). The uprights at 
the Stelzer site contain almost every bison skeletal element, 
but in varying ratios, dominated by ribs, scapulae, distal hu-
meri, distal tibiae, tarsals, and carpals. Smaller in number 
are proximal humeri, proximal and distal radii, and the meta-
podials. This pattern does seem to match the overall assem-
blage at the site, as scapulae, distal humeri, and distal tibiae 
are the most abundant bison elements at the Stelzer site, not 
just in the upright features. 

Unfortunately, it is difficult to determine what the overall 
faunal assemblage from Stelzer would have been, as issues 
regarding collecting practices have resulted in significant 
sampling biases. When the site was excavated in the early 
1960s, it was part of a larger salvage mitigation of archaeo-
logical sites in response to the newly constructed Oahe Res-
ervoir. The emphasis was placed on larger, more interpreta-
ble materials from features, rather than a consistent sample 
across the site. As a result, the complete contents of upright 
features were retained due to their unique nature, but the col-
lection from pit and midden features was focused on larger 
skeletal elements and not the comminuted remains typical of 
marrow extraction, grease rendering, or other smaller poor-
ly preserved fragments. This bias is evident when compar-

Figure 1. Upright contents from Fincastle adapted from Foreman (2010) 
and Varsakis (2006). 

Figure 2. Feature 1, a narrow walled pit dug into the lower clay hori-
zon at Fincastle. At the bottom of the pit was a downwards facing canid 
skull overlaid with vertically positioned bison bone elements (Foreman 
2010:45). Reproduced with permission from Shawn Bubel. 
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ing the MNE on ribs or carpal elements (Figure 3). Based 
on MNE, it would appear that ribs and carpals are more 
abundant in uprights than pit or midden features but that is 
only because these elements were generally not collected 
from these other features. When posing questions about the 
abundance of different bison skeletal elements, we need to 
consider the type of feature the element originated in and 
the likelihood of an element being collected. While these 
biases limit the comparative value of the Stelzer uprights, 
they still represent one of the largest samples of upright fea-
tures and it is still possible to tease out meaningful patterns 
in the assemblage. 

In terms of orientation and articulation, most of the bones 
in the uprights were separate elements; however, some up-
right features had articulated limb segments; Feature 8 con-

tained tightly packed vertical bison bone with some articu-
lated elements, Feature 26 had some articulated bison limb 
bones placed into a pit, and Feature 23 had an articulated 
distal tibia and an astragalus near the base of the upright 
(Figure 4). Feature 27 contained a variety of tightly packed 
humeri, radii, and other bison elements (Figure 5), with at 
least three of the elements articulated with bone fragments 
that overlaid the feature. The presence of articulated ele-
ments in these uprights suggests that the elements were 
placed into the feature while there was still connective tis-
sue on the bone. In terms of stratigraphy, the majority of the 
uprights from Stelzer are located below the cultural horizon, 
but the top of many of the uprights also extended into the 
occupation layer. This suggests that these uprights would 
have been visible during the occupation rather than buried. 

Figure 3. Bison MNE for Stelzer, divided by feature type. 
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Figure 4. Plan view of Feature 23 at Stelzer. Photograph courtesy of the South Dakota State Historical Society.  

Figure 5. Plan view of Feature 27 at Stelzer. Photograph courtesy of the South Dakota State Historical Society.
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4.3 Head-Smashed-In Buffalo Jump
Excavations at the processing area of Head-Smashed-In 

Buffalo Jump also produced a handful of uprights. These 
features exhibited a variety of characteristics, ranging from 
single elements to multiple bones in upright position. The 
contents of these uprights follow similar patterns to what 
was observed at other sites (Figures 6 and 7). The uprights 
here tended to have distal portions of long bone elements 
like at Stelzer, and complete scapulae are abundant in these 
features. The uprights with a handful of elements were typ-
ically driven into the sediment, while larger uprights (over 
10 elements per feature) were placed into existing pits. It 
has been noted by several researchers that the sediment at 
Head-Smashed-In is extremely hard-packed and difficult to 
excavate (Brink et al. 1985; Brink and Dawe 1989), and the 
characteristics of the upright features reflect this. For exam-
ple, Feature 23-2 was a single thoracic vertebra spinous pro-
cess that had been sharpened distally and driven vertically 
into the hard-packed sediment at a slight angle (Brink et al. 
1985:55). Feature 85-7 contained two scapulae, 2 metapodi-
als, and a radius that had been pounded into the soil (Brink 
and Dawe 1989:36). Feature 26-1 contained 30 bison bone 
elements that had been tightly jammed into a rodent burrow 
(Brink et al. 1985:62). This particular feature produced all 
of the phalanges, carpals, and tarsals present in the Head-
Smashed-In uprights reviewed here. These smaller ele-
ments were likely included as packing and stuffing around 
the larger limb bones (Brink et al. 1985:62). The uprights at 
Head-Smashed-In were not pushed into soft sediment like 
at Fincastle, but rather driven into the hard ground or placed 
into existing pits.

4.4 The Fitzgerald site
The Fitzgerald site is a Besant bison kill dating to roughly 

1400 years BP, in the Moose Woods Sandhills, southeast of 
Saskatoon, Saskatchewan (Hjermstad 1996). Four uprights 
found in the kill area of the site consisted of only a handful 
of elements, but a larger upright with multiple bones was 
found in the processing area (Hjermstad 1996:90-93). This 
large upright was Feature 16, with several large long bone 
fragments and two thoracic vertebrae packed tightly into a 
posthole. Features 2, 5, 6, and 7 were under the bone bed, 
and each had elements positioned alongside or centimetres 
from a corresponding posthole feature. The contents of all 
the uprights mirrors patterns at other sites, with a broad 
representation of different elements (Figure 8). The smaller 
elements, such as carpals and phalanges, all come from the 
large multiple bone upright, while the smaller uprights with 
a handful of bones consisted only of larger, whole elements.

Figure 6. Uprights from Head-Smashed-In Buffalo Jump, by portion, 
adapted from Brink et al. (1985) and Brink and Dawe (1989). 

Figure 7. Contents of uprights from Head-Smashed-In, by skeleton por-
tion including Feature 26-1, adapted from Brink et al. (1985) and Brink 
and Dawe (1989).  

Figure 8. Upright features content and portions from the Fitzgerald site, 
adapted from Hjermstad (1996).
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4.5 The Stott site
The Stott site is a Late Precontact Blackduck Phase site 

near Brandon, Manitoba, with a camp, bison kill, and buri-
al mound nearby (Hamilton et al. 1981). Archaeologists 
found three upright features near several hearths and pit 
features at the processing and camp area of the site (Figure 
9). The most common elements in the uprights at the Stott 
site were complete or near-complete scapulae (Hamilton 
et al. 1981:44). Feature 1 had three complete scapulae and 
mandible fragments placed into a narrow pit. Feature 2 also 
had three complete scapulae along with a complete thoracic 
vertebra, but excavators did not observe a pit outline for 
this upright. All the scapulae in Feature 2 were set into the 
ground and oriented in the same direction at a slight slanting 
angle. Feature 3 was a narrow pit with a distal tibia and an 
unidentified long bone shaft fragment positioned vertically.

4.6 The Muhlbach site
Muhlbach site is a Besant Phase bison kill site near Stet-

tler, Alberta, radiocarbon dated to approximately 1500 years 
BP (Gruhn 1969; Graham 2014). The 12 upright features 
uncovered at the Muhlbach site were located underneath the 
bone bed within a black sand stratum. Like other sites, the 
Muhlbach uprights contain a wide representation of bison 
skeletal elements (Figure 10). Ribs are the most commonly 
used element, but mandibles, pelvis fragments, scapulae, ra-
dii, femora, tibiae, and metapodials were common as well. 
There does not appear to be intentional selection for ele-
ments incorporated into different uprights, as all the features 
contain a variety of different elements. Rather, the selection 
seems to be based on the overall abundance of elements at 
the site.

Upright features 1, 4, 6, 7, and 17 were located along 
the walls of deep, straight walled pits that were filled with 
the same black sand stratum that held the bone bed. These 
features contained a wide variety of elements, including 
near-complete scapulae, whole radii, ribs, mandibles, pelvic 
fragments, and metapodials. Feature 6 had a large maxilla 
segment, two mandibles, an articulated segment of cervical 
and thoracic vertebrae, several ribs, long bones, and an as-
sortment of carpal and tarsal elements. Features 8 and 12 
similarly contained densely packed upright elements, but 
these features deviated from the other uprights as they ex-
tended into the yellow sand stratum present below the bone 
bed. The top of Feature 12 was also in line with the top level 
of the bone bed, suggesting a different formation process 
from the uprights alongside the pits. Feature 8 contained 
19 bison elements jammed into a pit in the eastern trench at 
the site, including a mandible, thoracic, cervical, and other 
undetermined vertebral spinous processes, two scapulae, a 
humerus, a distal tibia, metatarsal, ulna, calcaneus, a first 
phalanx, and four ribs.

Features 2 and 9 were pushed into the yellow sand stra-
tum underlying the bone bed, and consisted of only one or 
two elements each. Feature 2 had a shaft fragment of a right 
femur and an immature calcaneus, while Feature 9 had a 
mandible pushed into the yellow sand with the condyle ori-
ented downward (Figure 11). Like Feature 12, the top of 

Figure 10. Upright contents from Muhlbach site by element and portion.

Figure 9. Contents of the Stott site upright, adapted from Hamilton et al. 
(1981:41-45).
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Feature 9 extended above the bone bed, and would have 
been exposed during the occupation. Feature 3 was a com-
bination of a cervical vertebra, first phalanx, large rib frag-
ment, a flat bone fragment, and a cobble. The purpose of the 
arrangement of these elements and the cobble is not clear, 
but this feature does exhibit some similarities to certain up-
rights from the Stelzer site. Feature 10 had two complete 
radii, a phalanx, two carpals, and an axis resting on top. 
This final element is similar to Feature 6 from the Fincastle 
site, which had an atlas vertebra resting on the glenoid fossa 
of a scapula (Foreman 2010:51).  

5. Composition summary
Based on these sites, the selection of bone elements in 

uprights appears to be dictated by two factors: overall abun-
dance at the site and size. At all the sites, selection of ele-
ments in uprights matches the frequency of elements in the 
faunal assemblage. The Fincastle uprights are dominated by 
mandibles and scapulae, two elements that are abundant rel-
ative to the overall faunal composition (Bubel 2014; Fore-
man 2010:134). The Stelzer site uprights are made of mostly 
distal humeri and tibiae, two of the most abundant elements 
present at the site. Additionally, mandibles are comparative-
ly rare at this site, and as a result there is only one upright 
with a mandible from the Stelzer site (Feature 84). Overall, 
the abundance of different species in upright features is also 
related to the representation of different species at the sites 
themselves. Bison are the most common species used to 
build upright features, likely connected to the dominance of 
this species in all the sites reviewed here. Other genera like 
canids or cervids are extremely rare at these sites compared 
to the NISP of bison. If abundance dictates the selection of 
elements going into uprights, the chances of another species 
becoming part of an upright feature are extremely low. 

However, overall abundance of bone elements at these 
sites was not the only determining factor for upright feature 
composition: otherwise, all uprights would be full of car-
pals, tarsals, phalanges, vertebrae, and ribs (although these 
elements do occur regularly). The size of the bone fragment 
seems to be an important variable. Complete and near-com-
plete mandibles, scapulae, radii, and metapodials are com-
mon in Fincastle, Muhlbach, and Fitzgerald uprights. The 
distal humeri and tibiae fragments from Stelzer are large, 
usually comprising at least a third of the length of the shaft. 
The rib fragments and thoracic vertebrae from all the sites 
tend to be either near-complete or at least longer than 10 cm. 
The only smaller elements in the uprights are the phalanges, 
carpal and tarsal elements, and these elements usually occur 
either within a larger multi-bone upright (as packing around 
other elements) or still articulated with a long bone element. 
The rarest portion in uprights is the skull, but when this el-
ement does appear, it is usually a tiny fragment or a large 
portion of the crania. For example, Feature 5 from Fincas-
tle was a complete maxilla pushed nose-down into the clay 
(Foreman 2010:50).

It is interesting to consider where the bone in the uprights 
is coming from. In many situations when uprights are un-
covered, the tops of these features are encountered at the 
very bottom of a bone bed and largely underlie the whole 
deposit. Many researchers have assumed then that since 
these upright features underlie the bone bed at kill sites, 
they were likely created before the kill and butchery event 
at the site. This conclusion would mean that the occupants 
of the site could be utilizing old bone on the surface or scav-
enging old kills to use as construction material. If that were 
the case, any bone dated from upright features could predate 
the occupation, perhaps by a noticeable interval. Uprights 
from several sites have been radiocarbon dated, allowing us 
to determine if there is a significant difference in the ages 
of the bone compared to the rest of the faunal assemblage. 
Radiocarbon dating from the general faunal assemblage at 
the Stelzer site revealed that the occupation falls between 
1800 and 1550 cal years BP (Graham 2014). Two left dis-
tal bison tibiae, the only elements from the upright Feature 
77, were radiocarbon dated, and produced results of 1750 ± 
15 C14 yrs BP (UCIAMS-114947) and 1775 ± 15 C14 yrs 
BP (UCIAMS-114948) respectively (Graham 2014:169). 
These samples from the upright did not produce consistent-
ly older dates compared to the other features from the site, 
suggesting that the Stelzer uprights were built using bone 
from recent kills, close to the period of occupation. The ev-
idence of articulated elements in the uprights also supports 
this interpretation. Researchers have observed this trend 
at other sites. A metacarpal from one of the Fincastle up-

Figure 11. Mulhbach site, Feature 9 in profile, facing west. Photograph 
courtesy of Ruth Gruhn.  
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rights was dated (Feature 4) to 2490 ± 60 C14 yrs BP (Beta-
201910) (Foreman 2010:48), which falls within the pool 
of other dates from the Fincastle site (Foreman 2010:29). 
These results suggest that the bone used in these uprights 
was from localized and contemporary camp activities, not 
the result of scavenging old kills and bone on the surface.

Dating at the Hokanson site in Manitoba did produce a 
significantly older date in an upright feature (Norris and 
Hamilton 2004). This Blackduck/Avonlea site had a large 
kill site and processing camp in close proximity, with sever-
al upright features in both areas. In the processing area XU4, 
two samples from a vertical bone feature produced dates of 
1080 ± 50 C14 yrs BP (TO-9771) and 1370 ± 80 C14 yrs 
BP (TO-9770) (Norris and Hamilton 2004:24). These sam-
ples do slightly overlap at two standard deviations, but it is 
unlikely these two bone fragments are the same age. The el-
ement that produced the older date was a bison distal radius 
that showed considerably more weathering than other spec-
imens from the site (Freeman et al. 2006:477). The older 
element was likely scavenged by chance and incorporated 
into the upright alongside younger elements.  

A problem with this conclusion is that the orientation and 
selection of elements in some upright features is obviously 
deliberate. There are single element uprights, but most ex-
amples are densely clustered bone positioned vertically in 
the soil. For example, Feature 7 at the Fincastle site exhibits 
deliberate selection and arrangement, and is unlikely to be 
accidental (Figure 12). Considering the size of the elements 
and how deeply below the occupation horizon they extend, 
the unavoidable conclusion is that these bones were inten-
tionally placed by the occupants at the site. If the bone was 
driven into the ground by trampling, then there should be 
evidence of this taphonomic factor on the bone. The fau-
nal remains from Muhlbach and Stelzer show few tapho-
nomic indicators that trampling occurred. The faunal ele-
ments in these upright features are not crushed or broken, as 
one would expect if the site experienced heavy trampling, 
and they are densely packed into a small area. Therefore, 
it seems unlikely that these examples could be incidental. 
One could use the same evidence against the suggestion 
that uprights formed from stampeding bison breaking their 
limbs off in pits, leaving their limbs standing upright in the 
ground. While there are articulated elements in some up-
rights, these features do not contain an entire lower limb in 
anatomical position.

Kehoe and Swanson (1967:34) also suggested that bone 
was placed into rodent holes to clean up the area and miti-
gate any risk to pedestrian traffic. Brink and Dawe (1989:40) 
expanded upon this scenario at Head-Smashed-In, suggest-
ing that children at the sites might have created the upright 
features. While excavating the Head-Smashed-In Buffalo 
Jump, they observed local children using fire-cracked rock 
(FCR) to fill the numerous rodent burrows around the site 
in order to drive the animals to the surface. Uprights at ar-
chaeological sites could result from children using bone 
for this purpose. They further postulated that the bone was 
stuck into existing holes at the site in order to reduce the 
risk of accidents from stepping into these holes. While this 
scenario is not by definition accidental, it is certainly more 
pragmatic than other scenarios. It should be easy to demon-
strate this scenario in the archaeological record, as the bone 
upright features would appear at the tops of rodent burrows, 
with a krotovina continuing away from the upright. This  
would be evident in the profile of these features, assuming 
that the original burrow has preserved.

From the sites reviewed, only one of the upright features 
appears to be in a burrow. At Head-Smashed-In, Feature 
22-3 was a concentration of vertical bone in what was de-
termined to be a rodent burrow (Brink and Dawe 1989). 
The majority of the other upright features were placed into 
existing pits, which tapered out at the bottom. Rodents often 

6. Function
Researchers have long known about upright features in 

the archaeological record, but the circumstances around 
their formation and purpose has not been resolved. Hy-
potheses regarding function attempt to provide a blanket 
explanation for all upright features, or interpret only a few 
uprights on the intra-site level. The problem with interpret-
ing uprights in this fashion is that these features likely had 
different functions depending on their context and forma-
tion. Uprights are vertically-positioned bone by definition, 
and this generic nature impedes accurate assessments of 
different possible interpretations. Different hypotheses for 
upright features are summarized below with context-specif-
ic examples to aid interpretation, allowing us to develop a 
framework for future analytical efforts.   

6.1 Accidental, incidental, and pragmatic 
When initially musing about vertically aligned bones at 

the Boarding School site, Kehoe and Swanson (1967:34) 
suggested that upright features could have been purely acci-
dental, with the bones positioned vertically as the bone bed 
was trampled by animals. This action would push the bone 
downwards into the soft soil, giving the illusion of inten-
tional placement by individuals. With the copious amount 
of bone at a kill site, some bone could be pushed down at 
an angle from the original surface as later animals trampled 
the surface. These incidental occurrences of uprights would 
appear in randomly distributed patterns within the kill site.
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gnaw on the bones for calcium (O’Connor 2000) and, in this 
case, rodents could have burrowed underneath the upright 
after it was in place, to access the bone. Unless contempora-
neity of the burrow and the upright can be demonstrated, it 
will not be clear how and why they associated. This is a fac-
tor to keep in mind while interpreting other upright features. 

Figure 12. Feature 7 from the Fincastle site (reproduced with permission from Shawn Bubel).  

6.2 Anvils for breaking bone and working cores
Both Kehoe and Swanson (1967) and Neuman (1975) 

put forward the anvil hypothesis for upright features. In his 
analysis of upright features from the Stelzer site, Neuman 
(1975:31-32) concluded that the uprights were being used as 
anvils to work stone cores and faunal remains. He pointed 
to Features 23, 25, 33A, 54, and 57 from the Stelzer site as 
examples, noting the densely packed bone with the articular 
surfaces rising up slightly into the occupation horizon. Neu-

man (1975:32) thought that the articular heads would make 
a useful platform to work cores, or on which to smash bone 
for marrow. He drew comparisons from Paleolithic sites 
in Europe, where researchers had concluded from micro-
scopic analysis that vertically positioned mammoth bones 
were used during pressure flaking (Semenov 1964; Neuman 
1975:33). Kehoe and Swanson (1967:34) made similar allu-
sion to the Paleolithic record in discussing the uprights at the 
Boarding School site, stating that the broad, flat distal end 
of a vertical humerus would make a fine flaking anvil. At 
this site they also noted a rounded boulder, measuring 24.3 
cm by 12.1 cm across with three vertical long bones along 
the sides (Kehoe and Swanson 1967:31). These long bone 
elements were situated on the east, west, and south sides of 
the boulder, and the authors stated that the boulder would not 
have stood upright without the bone braces. 
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Figure 13. Feature 22 (pit) and Feature 23 (upright). The pile of cobbles in foreground was likely used as anvils. Photograph cour-
tesy of John Brumley.

If the uprights were used as anvils, there should be dam-
age on the exposed articular portions. At the Stelzer site, 
there was no evidence of trauma to the articular portions, but 
Neuman (1975:32) suggested that wrapping the top of the 
upright with hide would prevent any damage from impact. 
This interpretation seems unlikely, as the hide wrapping on 
the uprights would not be sufficient to shield the bone from 
impact. Repeated use of the articular surface would break 
off flakes of bone, and obliterate the exposed portions of 
the element. A review of the bone from the Stelzer upright 
features found only one element that had evidence of blunt 
force or crushing on the articular surface (Graham 2014). 
This element was the head of a bison femur, an unlikely 
candidate for an anvil; the alteration likely originated from 
the initial butchery of the animal to remove the femur from 
the acetabulum (Watts 2008). It is also questionable as to 
whether or not such bone arrangements could truly provide 
the kind of unyielding platform that anvils are intended to 
be. Bones embedded in soil are likely to give when struck; a 
“retreating,” unstable surface would not be useful. 

It is unlikely that the Stelzer uprights were used like Pa-
leolithic examples, but there is an additional perspective on 
possible anvil use. Some of the anvil uprights Neuman listed 
from the Stelzer site had cobbles in the centre of the fea-
ture, specifically Features 23, 25, 39, and 54. Feature 23 is 
an upright feature that measures 30.48 cm long by 24.38 cm 
wide by 6.91 cm deep, where sixteen articulated bison long 
bones and some additional fragments were used to form a 
12.19 cm wide empty ring in the centre of the feature (Figure 
13). This upright was in close association with Feature 22, a 
large irregularly shaped midden filled with highly fragment-
ed bone. Neuman (1975) proposed that a cobble could have 
been placed in the centre of the upright feature, but it was 
removed. Similar in nature is Feature 25, an upright feature 
with a quartzite cobble in the centre (Figure 14). This feature 
measured 25.91 cm long by 13.72 cm wide and 18.90 cm 
deep. Four bison long bones were tightly packed around a 
quartzite cobble, and were surrounded by a fill of charred 
bone fragments, charcoal flecks, and a quartzite flake.
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Figure 14. Feature 25 from the Stelzer site. Photograph courtesy of the South Dakota State Historical 
Society.

Feature 39 was an upright feature with two stones in the 
centre of the feature (Figure 15), measuring 21.34 cm long 
by 12.19 cm wide and 45.72 cm deep. The feature contained 
two small cobbles surrounded by vertical bison long bones, 
with bone fragments, flecks of charcoal, and burnt bone at 
the bottom of the feature. Feature 54 was an upright feature 

with a granitic cobble in the centre. It measured 24.38 cm 
long by 21.34 cm wide and 21.34 cm deep, and had a fill 
of dark brown sediment, broken and burnt bone, FCR, and 
charcoal. The bones were set into the original occupation 
surface in a rough triangle arrangement with a granitic cob-
ble in the centre.

Figure 15. Feature 39 in cross-section. Photograph courtesy of the South Dakota State Historical Society.
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These features could be anvils, but not as Neuman (1975) 
envisioned. The cobble could be used as the anvil plat-
form instead of the articular surfaces of the bone. The bone 
would have been placed upon the cobble anvil and smashed 
open with a hammerstone to extract the marrow. This set-
up would work under normal circumstances, but sediments 
at the Stelzer site were described as clayey and gumbo-like 
(Neuman 1975:6). If wet, this sediment would become a 
sticky soft surface, and repeated blows to the top of an anvil 
would drive the cobble down into the sediment. To correct 
this problem, spare long bones could be jammed around the 
anvil in a ring to give additional support. This practice would 
keep the working surface of the anvil exposed and function-
al. In addition, if the purpose was to raise the working plat-
form higher, bone could be used to support the sides of the 
cobble and provide stability. An arrangement like this could 
function as an anvil for breaking open bone to extract the 
marrow, or to pulverize the bone for grease rendering.

In the archaeological record, this arrangement would ap-
pear as an upright feature with a cobble at the top and a ring 
of vertically placed bone around it (Figure 16). Additional 
bone could be placed directly underneath the anvil to give 
further stability and support. The upright should also be 
wider than it is deep, as the emphasis is to get the upright 
bone lateral to the base of the anvil, and this placement will 
cause the feature to become wide relative to its depth. Final-
ly, any evidence of battering or crushing should occur along 
the shaft of the long bone that is in contact with the anvil. 
Unfortunately, evidence of the latter characteristic would be 
difficult to separate from the flake scars and spiral fractures 
produced during the initial butchering of the animals.

6.3 Postholes and shims
One of the most popular hypotheses regarding upright fea-

tures is that they are associated with posts. This idea orig-
inated from interpretation of the Ruby site, a Besant bison 

Figure 16. Schematic upright and anvil combination. The cobble is supported around the edge by upright elements set at 
an angle to the ground surface.

pound in Wyoming. Frison (1971) uncovered an extensive 
series of postholes around a dense bison bone bed, forming 
an encircling pound structure with part of a drive lane. This 
site also had a unique ellipsoidal posthole structure to the 
east of the drive lanes, with preserved juniper timber and 
several bison skulls (Figure 17). It is one of the best exam-
ples of a precontact pound structure in the archaeological 
record. While he did not identify them as uprights, Frison 
(1971:80) noted that many of the postholes had a variety 
of bison bones and flat stones along the walls of the fea-
tures. He postulated that the posts had been tightened by 
pushing bison scapulae, mandibles, ribs, humeri, and other 
long bones alongside the posts to give added stability. Bison 
pounds would often be built from posts and a latticework 
of wood between each post, or a double row of posts with 
timber wedged between (Verbicky-Todd 1984). Two wings 
would run out from the mouth of the pound, and these fences 
would be used to control the animals inside the drive lane 
until they reached the pound. The pound walls did not need 
to be strong enough to stop a bison; just solid enough to hide 
any gaps that the animals might perceive as an opening. If 
the bison could see such a hole, they would attempt to break 
out through it. Building a sturdy wall would be an integral 
part of making the pound, and shimming up the posts would 
ensure that the wall would not collapse during use.

Similar upright features have been noted at other sites. The 
Hardisty Bison Pound yielded one upright feature, with a 
complete bison humerus along the wall of a larger and deep-
er post mold (Moors et al. 2010:77). The Muhlbach site has 
several upright features associated with pit features (Features 
1, 4, 6, 7, and 17). These round pits are relatively narrow 
but extend deeply into the underlying yellow sand stratum, 
and are filled with the black sand stratum that comprises the 
bone bed (Figure 18; Gruhn 1969 Graham 2014). While no 
post molds were identified in these features, the narrowness 
and depth of the pits suggests that they had been post holes 
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prior to infilling from the overlying black sand (Figure 18). 
During the excavation, a wide variety of different bison el-
ements were found positioned vertically along the walls of 
these pit features. Interestingly, these pit and upright fea-
tures formed two parallel lines that run in a northwesterly 
direction across the main excavation trench. This pattern is 

similar to postholes at the Ruby site (Figure 17). These rows 
could be part of the wall of a pound or a section of a wing, al-
though at roughly two metres apart the features are not close 
enough to form a single fence made of double posts. These 
double rows of pits and uprights likely represent two sepa-
rate building events, or a repair in the pound wall.

Figure 17. Ruby site excavations with associated features, with the five uprights marked in green (adapted from Frison 1971:78). A 
number of the postholes (blue) also had bison bone and long slabs of stone wedged along the walls of the features.  
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At the Stelzer site, Features 33A and 57 are postholes with 
upright animal bone alongside the walls of the features. Fea-
ture 33A is an upright feature found underlying a midden de-
posit, where seven long bone elements were packed around 
a visible post mold. The base of the post mold is deeper than 
the bottom of the bone uprights, suggesting that bone was 
placed around the post after it was erected. Feature 57 was 
a post mold with two bison ribs and a rock placed vertically 
along the north wall of the feature, with the rock between 
the two ribs. The inclusions in this post mold feature were 
likely placed alongside an existing post, acting as a shim to 
stabilize the post. 

Archaeologists have also found the upright shims in burial 
mounds. The Elliot Village site in Manitoba is a Late Precon-
tact campsite with some associated burial mound complexes 
that W. B. Nickerson excavated in the early 1900s (Capes 
1963:17). In Burial Mound H, he uncovered a stake with a 
bison vertebra pushed alongside of it (Capes 1963:17). Little 
additional information is available about this feature.

The interpretation for uprights used with posts appears to 
be well-supported, but not every upright feature has space 
for a post. In the ceremonial structure east of the drive lane at 
the Ruby site, Frison (1971:85) noted several upright features 
that were tightly packed with thoracic vertebrae, leaving no 
space for a post or stake. Foreman (2010:132) also noted 
a similar pattern at the Fincastle site, as well as at several 
other sites, including Head-Smashed-In, and the Fitzgerald 
site. Many of the upright features found at Stelzer were too 
tightly packed to allow for a stake or post to be inserted into 
them, yet this arrangement does not necessarily mean that 
a post was not used with these upright features. Foreman 
(2010:137) stated that when wood is a scarce resource, it 

Figure 18. Features 1 and 4 in profile from the Muhlbach Site. The straight walls and depth of these features suggests that they were once post holes.  

would be necessary to reuse posts after the task was com-
pleted, meaning that the postholes could collapse and leave 
no evidence of the feature in homogeneous sediment. In this 
scenario, only the bone used to shim up the post would have 
been left behind. Furthermore, if the bone used to shim up 
the post was used only on one side of the posthole and the 
post was removed and/or the posthole did not preserve, the 
upright feature would appear as if it were too tightly packed 
for a post inside of the upright feature.

Norris and Hamilton (2004) proposed a similar hypothe-
sis at the Hokanson site, at which the uprights did not have 
space for a post, despite having a defined pit outline. The oc-
cupants might have removed the post for other uses such as 
fuel, although the authors questioned why they would have 
needed to scavenge wood. The Hokanson site is in the forest-
ed Parkland of Manitoba, as opposed to open prairie around 
the Fincastle site (Foreman 2010). Readily available timber 
would not be a concern in southern Manitoba; there would 
not be a need to scavenge the old wood from the pound. 
The scavenging of wood from a pound, even in well-tim-
bered contexts, might be related to the difficulties of gather-
ing enough wood of a suitable size and that prepared wood 
(i.e., sized, trimmed) was a more valuable resource. Stone 
axes have a generally low efficiency for cutting down trees 
(Mathieu and Meyer 1997:339), although this inefficiency 
could be mitigated by employing antler wedges (Cinq-Mars 
and Le Blanc 2008). In either case, building a pound would 
require a large amount of timber, and therefore a large in-
vestment of energy and time. Straight, long timber, suitable 
for use as posts, would have been a valuable resource, and 
likely would have been reused when possible rather than 
left to rot in the ground. This factor could explain why posts 
were removed even in well-timbered environments.
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The use of uprights to stabilize posts at kill sites is more 
easily explained, but the explanation of their appearance 
at campsites is less clear. Most of the uprights at the Ruby, 
Muhlbach, Fincastle, and Fitzgerald sites are likely related 
to the building of the pound and any other structures asso-
ciated with the kill. On the other hand, there are a variety of 
structures that would require posts at the processing camp, 
including drying racks for meat or upright hide stretchers. 
A drying rack needed to be sturdy in order to support the 
weight of the meat on it, and the posts would have needed 
to be shimmed up if the ground was soft. The same situation 
would be true for upright hide stretching frames; many of 
the hide processing stages required application of consid-
erable physical strength that would put pressure on the hide 
stretching frame (Reilly 2015). These structures would have 
needed bracing in order to prevent them from falling over 
during use.

The difficulty in interpreting uprights in camps lies in the 
ability to associate different uprights with each other. There 
are 58 uprights at the Stelzer site, whose spatial orientation 
could be interpreted as related to structures like drying racks 
or activities like hide tanning (Figure 20). Considering that 
over 500 scrapers have been recovered from the Stelzer site, 
it is evident that there was intensive hide processing occur-
ring, and that there would have been at least one hide stretch-
er at the site (Graham 2014:192). However, there is no read-
ily discernible pattern for the distribution of uprights—at 
least not one that would lend itself towards identifying any 
structure. Additionally, the Stelzer site is, like most archae-
ological sites, a palimpsest of activity. This site had a rela-
tively short occupation over a single period (Graham 2014), 
but despite that it is still not possible to definitively associate 
uprights with one another to determine if they were part of 
the same structure. Several of the uprights from the Stelzer 
site do form straight lines, similar in dimension to a structure 
like a drying rack, but two uprights could have formed a 
few years apart and there would be no way to tell if they are 
related. Furthermore, there are tasks around camps that re-
quire the use of only a single post. The fleshing stage of hide 
processing would require a single short post over which to 
drape the wet hide (Reilly 2015). This factor means that the 
uprights could have easily been for a single post structure, 
and not related to other upright or post features. This consid-
eration complicates interpreting uprights in campsites.

When considering posts at campsites or killsites, if bone 
was being used to shim up a post, there are a couple pos-
sible scenarios for how this practice would manifest in the 
archaeological record (Figure 21). The most obvious indi-
cator would be an existing posthole or mold with bone po-
sitioned vertically along the wall. The bone could be clus-

tered to one side of the posthole, or encircle the entire post. 
Alternatively, if the post was removed or did not preserve, 
the upright would appear as tightly clustered vertical bone, 
extending deep beneath the occupation layer. This type of 
upright should contain long and bulky elements, although 
smaller elements like phalanges would not be uncommon, 
included as fill or if they travelled with larger elements. The 
objective for building this type of feature is to pack bone 
into the side of the posthole in order to tighten up the post. 
Long, complete elements like scapulae and mandibles would 
be the simplest, but several phalanges would suit the purpose 
just as well. In circumstances during which the post was re-
moved or the posthole did not preserve, the upright elements 
could have a faint pit outline present, or simply no evidence 
of a pit. There may even be a cluster of upright elements 
spaced out in a small area, in which the post was removed 
and/or the hole did not preserve, but the upright elements 
that were placed around the post are still in place. Finally, 
how the original post was oriented will affect the placement 
of the elements in the upright. Long flat elements like scapu-
lae, pelvic fragments, and mandibles should have been flush 
against the original wall and may provide insight into where 
the post would have been.

6.4 Filled-in postholes and marking space 
There are instances in which a posthole is visible in pro-

file, but has been completely filled in with vertically-orient-
ed bone. Excavations at the Brockinton kill site in Manitoba 
found a series of postholes underlying a bone bed that had 
been completely filled with bison bone (Syms 2014). The 
postholes were initially from a pound structure, but then the 
posts had been removed from the holes and replaced with 
bone during the final occupation of the site. This type of fea-
ture can be separated from upright bone that fell into a pit 
after the post decayed, as a clear pit outline can be delineat-
ed, and faunal elements in the pit were packed tightly into all 
available space in the pit. The Brockinton kill site had lightly 
butchered animals and was quickly abandoned (Syms 2014), 
which raises the question as to why the occupants would 
bother removing the posts and filling them in with bone.

Several of the uprights from the Stelzer site were also 
densely packed into pre-existing pits. Feature 27 is a bone 
upright measuring 21.34 cm in diameter and 27.43 cm deep 
(Figure 3). The fill of this feature contained grey silt with a 
granitic stone, as well as articulated and isolated bison limb 
bone fragments. Three of the bison long bones on the west 
side of the feature were oriented vertically, and one element 
appeared to articulate with a lone bone fragment overlying 
the feature. Two other long bone fragments were similarly 
arranged, with an overlying articulating element.
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Figure 20. Area 1 Excavation Unit 1 at the Stelzer site. The largest excavation area at the site produced 58 upright 
features in close association with numerous other pits, middens, hearths, and postholes.  
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This feature was tightly packed with bone, but there was 
no evidence of a pit associated with it. The bone and stone 
inclusions around the feature suggest that the elements were 
placed in an existing hole, into which small bone and stone 
fragments fell. If the feature was created by bones pushed into 
the ground surface, there ought to be no inclusions around 
the feature. This possibility is demonstrated by the Fincastle 
uprights, in which the bone was pushed into the sterile clay 
beneath the occupation layer. These uprights lack the small-
er skeletal elements that are present in uprights placed into 
existing pits. In this circumstance, the bone displaced the 
sediment, leaving no space for the small fragments to fall 
around the feature.

The Ruby site also exhibited several upright features that 
had been packed into existing postholes. Frison (1971) iden-
tified several upright features near the ceremonial structure 
that exclusively contained complete vertebrae jammed into 
a posthole. One upright feature with four thoracic vertebrae 
completely filled the posthole. Another upright feature was 
made of an articulated cervical vertebral segment placed into 
a hole. Frison (1971:85) noted that neither of these uprights 
had space for a post. Feature 16 from the Fitzgerald site con-
tained seven tightly packed bison elements in a posthole, 
leaving no room for a post (Hjermstad 1996:94). Many of 
the uprights from the Hokanson site were placed into post-
holes, the bone packed tightly into the feature (Norris and 
Hamilton 2004). Two of the uprights from the Stott site were 
placed into pits, completely filling the outline of the feature 

(Hamilton et al. 1981). Feature 12 from the Muhlbach site is 
a shallow pit packed full of upright bison elements.

These multiple-bone uprights are common at sites, but 
their purpose is still very poorly understood. Munson 
(1984) suggested that these packed multiple-bone uprights 
could have been used as tie downs, stakes, or anchors for 
tipis. While some upright features could have functioned as 
tie downs or stakes, there is no logical explanation for why 
a pit packed full of vertical bone would serve better as a tie 
down location than a single element driven into the ground. 
The single thoracic vertebrae driven into the ground at the 
Ruby site would be better as an anchor for tying structures 
down than a densely packed upright like Feature 27 (Figure 
22) from the Stelzer site. This interpretation also does not 
address why the post would be removed from a kill site and 
the holes packed full of bone before abandoning the site.

An important variable to consider for these sites is the 
duration and frequency of occupation. Historical and ethno-
graphic literature indicates that large-scale communal hunt-
ing usually occurred in the fall and into the winter (Brink 
2008; Verbicky-Todd 1984). Bison jumps and pounds 
would have been utilized during this time of year to obtain 
hides and prepare food stores for the winter (Malainey and 
Sherriff 1996), and these events would draw groups of peo-
ple together. Large polyethnic, multilingual communities 
would have likely occupied sites such as Head-Smashed-In, 
and would have likely engaged in ceremonies, gambling, 
trade, marriage, and festivities (Brink and Dawe 1989). Par-
ticipating in a communal hunt would be an important aspect 
of social life.

These kill sites were not, however, used consistently ev-
ery year. An excellent example of this inconsistency is the 
Vore site in the Black Hills, Wyoming. This site is a large 
sinkhole into which hunters drove herds of bison (Reher 
and Frison 1980). This site was used frequently, causing a 
buildup of bison bone at the bottom of the jump. After the 
jump was used, thinly laminated bands of sediment covered 
the top of the bone bed. Known as varves, these thin strata 
form annually in still bodies of water under a cyclical pat-
tern affected by temperature and precipitation (Reher and 
Frison 1980:53). This cycle means that a distinct layer will 
form during the summer and winter, and it is possible to de-
termine an accurate timeline for the frequency of bison kills 
at the site. Reher and Frison (1980:55) recorded 282 varves 
at the Vore site, indicating a 141 year period of deposition. 
Within the earliest part of this stratigraphic record, the au-
thors determined that kills were occurring on average once 
every 25 years, with intervals between the first four kills 
ranging from 11 to 34 years between A.D. 1540 and 1645. 
By the late 1600s and 1700s there was nearly continuous 

Figure 21. Schematic posthole and upright combinations. The bone would 
be positioned vertically along the walls of the posthole.  
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annual use of the jump site, with kills occurring virtually 
every year (Reher and Frison 1980:59).

While the frequency of bison kills did increase over time 
at the Vore site, this frequency of use does not match the 
annual communal bison hunting model detailed in the his-
torical record. Reher and Frison (1980:59) recognized the 
possibility that other kill locations could have been used in 
the intervening years, but they postulate that a band may 
have a productive kill only once every five to ten years, 
following cyclical peaks in grassland productivity. Ives 
(1990:327) and Fawcett (1987) both questioned this deter-
ministic model, as the analysis of the varves demonstrated 
that there were several peaks in precipitation that did not 
result in a kill. Fawcett (1987:210) proposed that the tim-
ing of communal bison kills was linked to socio-political 
issues, as a means to mitigate tension through redistribution 
of bison products, to gain prestige amongst several different 
groups, or occasionally to acquire excess goods for trade. 
Ives (1990:326-328) correlated the irregular, widely spaced 
pattern of kills unrelated to climatic changes at the Vore site 
with a local group growth model, in which communal hunts 
occurred when local groups attain a population sufficient to 
carry out a communal hunt, as opposed to a local group alli-
ance system in which different groups with many social ties 
among them could aggregate regularly, meeting the popula-
tion size required for a communal kill.

The factors that determined the frequency of kill events 
at Vore could have a bearing on the significance and use of 
uprights, but the important aspect from this discussion is the 
timing between kills. If kill sites were being used only once 
every 10 to 34 years, as evidence from the early record at 
the Vore site documents, an individual may have participat-
ed in only one or two events at the Vore site in a lifetime. 
Although other communal kill sites might be used in those 
intervals, there would have been relatively large gaps be-
tween occupations at this particular kill site, and these gaps 
in time would mean that important aspects of how the Vore 
kill site best functioned could potentially be forgotten be-
tween visits. Driving bison into a trap requires a specialized 
knowledge of both animal behaviour and how to best utilize 
a landscape to entrap the animals. There would be consid-
erable time invested in planning and designing a pound, as 
well as the potential for significant trial and error in refining 
the use of a kill site. Even if the site were to be used every 
five years, there would still be stochastic demographic risks 
that could remove the key individuals from a society who 
retained knowledge of the specific details about how any 
given communal kill site should be oriented, constructed, 
and operated. There would be advantages to marking strate-
gic locations on the landscape to allay these problems.

Researchers have observed these markings at several 
large bison jump sites including Head-Smashed-In. Above 
the kill site at Head-Smashed-In are long lines made of 
small cairns running away from the cliff edge (Brink 2008). 
These lines of cairns form the drive lanes used to steer the 
bison towards the cliff. However, the cairns themselves 
are only markers; these small piles of stones indicate only 
where the “Dead Men” go. Descriptions of the “Dead Men” 
vary from piles of dung to piled brush or crossed sticks, but 
men, women, and children would hide behind them during 
a drive (Verbicky-Todd 1984). The people hiding behind 
the “Dead Men” would jump out when the bison herd was 
getting too close to escaping the drive lanes, although the 
animals sometimes did escape through these lines. Brink 
(2008) hypothesized that the piles of brush would create a 
tunnel effect for the running bison, giving the impression of 
a solid barrier. The stone cairns present at Head-Smashed-In 
site may have served as markers to assist the returning group 
in placing these “Dead Men”, as the precise placement of 
these visual obstacles assisted with driving the bison over 
the cliff; their placement could not be left to memory alone.

At pound sites like Brockinton, Muhlbach, and Fitzger-
ald, it would have been important to rebuild pounds as close 
to the original successful design as possible to ensure suc-
cess of subsequent kills. If a group did not return for several 
years or decades, they might not be able to rely on mem-
ory alone. Like the “Dead Men” at Head-Smashed-In, the 
postholes might have been filled with bison bone to mark 
where the corral was originally constructed. Bone is more 
resistant to decomposition than wood, and upon returning to 
the site, the occupants could empty a posthole of bone and 
put the new post in place. This practice would presumably 
also make the soil softer and easier to work upon return. The 
postholes could have been filled in with bone during the last 
occupation of a kill site with an intent to return and reuse 
the site. This would match what was observed at the Brock-
inton site where the faunal remains were lightly butchered 
and the site was quickly abandoned after the postholes were 
jammed full of bone (Syms 2014). In this instance, occu-
pants may have planned to come back for another commu-
nal kill, but for unknown reasons did not return.

If a post was removed and the hole was packed with bone, 
there should be several characteristics present in the feature 
(Figure 22). The bone in the upright would have been tight-
ly packed into the feature, with a larger variety of elements. 
While long bone elements would take up the most space, 
smaller elements like loose carpals, tarsals, and phalanges 
could have been used as packing to completely fill the space 
left by the post. Additionally, not all of the elements would 
have been vertically positioned. The larger, more complete 
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elements would only fit vertically into the posthole, but the 
smaller articular ends of limb bones could go in horizontally 
and vertically. For example, Feature 27 from the Stelzer site 
has several distal humeri elements positioned horizontally 
inside the feature (Figure 3). The other key characteristic is 
the presence of the post hole around the upright feature. The 
post hole may appear as a definitive feature, or it may only 
be a faint outline, but the shape of the pit should closely 
conform to the upright bone. Unfortunately, this possibility 
becomes difficult to separate from the upright shims sce-
nario when the post was removed or the post hole did not 
preserve. Both of these scenarios will appear similar in the 
archaeological record, and are dependent upon the preser-
vation of the post hole feature to differentiate between the 
two of them. Fortunately, both types of upright features in-
dicate that there was a post and it is not necessary to split 
hairs.

6.5  Pegs, tie downs, and stakes
The possibility that uprights might have been used as pegs 

or stakes is also a long standing hypothesis. Munson (1984) 
suggested that bone uprights were used to secure a rope or 
a tie down. Brink and Dawe (1989) explored this possibil-
ity with the upright features uncovered in the camp area at 
the Head-Smashed-In site. Visible in many of the historical 

photographs, various types of stakes and pegs were used for 
tasks in a camp setting, including pinning down the edges 
of tipi covers, stretching hides, tying down dogs and horses, 
and as anchors for guy lines used to secure tipis (Brink and 
Dawe 1989:38-39). Typically, the stakes would be made of 
wood, but the authors pointed out that in a poorly timbered 
environment bone could have been used in lieu of wood for 
stakes (Brink and Dawe 1989:38). They also highlight how 
the hard ground at Head-Smashed-In caused wooden pegs 
to split while being driven in, and that fresh bone would 
be an excellent alternative. This hypothesis fits well with 
single- or multiple-bone uprights driven into the ground, as 
these could have served as anchors. However, the tightly 
packed upright features with a large number of bones would 
not have functioned as anchors or stakes nearly as well: why 
use 17 elements when one bone would do? Pounding sever-
al long bones in a small area would not provide additional 
stability, but would rather loosen the sediment and the el-
ement that would be serving as an anchor for the rope. It 
seems that there is a strong functional restriction for this 
type of upright.

Brink and Dawe (1989:41) interpret Feature 85-7 from 
Head-Smashed-In as an anchor for a guy line. This upright 
measured 12 cm by 15 cm across, and extended from 20 to 
45 cm below the surface. It contained two scapulae frag-
ments, a distal metacarpal, a distal radius, and proximal 
metatarsal. The metatarsal had been longitudinally split, 
and researchers thought that this split occurred when the 
element was hammered into the ground (Brink and Dawe 
1989:36). Shortt (1993:32) noted two ribs stuck vertically 
into the occupation surface at the Happy Valley Kill site, 
and proposed that they might have been used to secure hides 
draped over the pound fence. From the Muhlbach site, Fea-
tures 2 and 9 consisted of bones pushed into the yellow sand 
stratum underlying the black sand and the bone bed. Feature 
9 was a mandible with the top extending above the bone 
bed.

Foreman (2010:132) proposed that Features 2 and 4 from 
the Fincastle site could have served as guy line anchors for 
drying racks. Feature 2 contained a metatarsal and radius 
fragments, and Feature 4 had two distal metacarpals. The 
bone in these two features had been pushed into the un-
derlying soft clay stratum, as there was no evidence of any 
pit or inclusions around the uprights. Feature 7 from the 
Fincastle site could also be an anchor for a tie down. This 
feature contained a tibia and four near-complete mandibles 
arranged in an “X” pattern, all pushed into the clay. Fore-
man (2010:134) proposed that there might be a ceremonial 
connection with this upright feature because the selection 
and orientation of the mandibles was unique. The condyles 

Figure 22. Schematic plan and profile view of a narrow, packed-in pit and 
upright feature.  
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on the deeply set mandibles in this feature could also have 
been used to anchor ropes, but demonstrating this interpre-
tation would be difficult without any noticeable wear.

Upright bone could have been used to stake down the 
edges of stretched hides and tipis. Hides were usually 
stretched tightly over the ground using stakes, or on upright 
hide stretching frames (Brink 2008). The stakes would have 
been inserted into small holes along the edges of the hide 
and stretched until taut. If bone was used in lieu of wood-
en stakes, the presence of single bone uprights in a closely 
spaced regular pattern could indicate that the uprights were 
used for this purpose. This type of upright would be dis-
tinct from the other upright features. Multiple bone uprights 
could not be used to stake down tipi covers or hides, as they 
would create an enormous hole in the leather and waste ma-
terial. Furthermore, this type of upright would be restricted 
to narrow elements like the spinous processes from verte-
brae and the shafts of ribs. Elements like tibiae or humeri 
might have been used, but whole elements would create a 
larger hole in the leather, probably larger than what would 
be desired; linear long bone fragments or elements from 
younger animals could be employed, but their identification 
as stakes or pegs lies in their isolation from other upright 
elements.

One would expect that single bone uprights used to stake 
down material should be frequently found at campsites, as 
tipis would need to be pinned down around all the edges, 
and stretching hides would require several elements to pull 
the leather tight. However, this type of upright is not com-
mon in the archaeological record. Archaeologists have ex-
cavated many sites with stone circles, but very few have 
such pegs with the stone circles. One stone circle at EgOt-4 
in Alberta had a bone peg (Heitzmann 1983); this site had 
two large stone circles, and one circle had a rib fragment set 
into the ground at an angle on the outside edge of the circle. 
The absence of bone pegs at archaeological sites could be 
attributed to the use of wooden stakes or stones instead of 
bone, but all three of these materials could have been used 
simultaneously on one structure (Heitzmann 1983). Anoth-
er important variable explaining the absence of bone pegs 
at campsites would be their removal after use. When people 
moved their camp, they would have pulled these pegs out of 
the ground, and would have either carried them or discarded 
them on the site surface. In addition, bone stakes used to 
stretch hides need to be pulled out of the ground when the 
hide was finished. This activity would reduce the number of 
stakes in the archaeological record.

There are a few characteristics that can be associated with 
stake and tie down upright features (Figure 23). Uprights 

used as tie downs or stakes should show evidence of being 
hammered into the ground, or of alteration to assist with 
this process. Many of the long bones in upright features 
have been fractured along the shaft, creating a sharp edge. 
In Feature 6 from the Fincastle site, a near-complete scap-
ula was intentionally fractured on the distal end in order to 
create a sharp edge (Foreman 2010:52). Alternatively, the 
elements in the upright could be pushed into the ground if 
the sediment was soft enough. A tied down upright should 
also be limited in size. Increasing the number of elements 
used will only weaken the foundation of the tie down, and 
using more than one element to stake down a segment along 
the edge of a hide will waste material. Therefore, the type of 
element used should be an indication of whether the upright 
was used as a tie down. The upper portion of the upright 
elements should be larger than the lower sections. Tying a 
rope to an inverted thoracic vertebra would be more secure 
than a rib shaft fragment, as the rope would not be able to 
pull off as easily. Similarly, the articular ends of long bones 
would be thick enough to prevent the rope from slipping 
off. The top of the upright should be above the occupation 
surface at the site. A stake holding the edge of a lodge would 
not be effective if it was buried beneath the surface, out of 
reach. Tie downs might be buried in certain circumstances, 
if the upright was hammered into place after the rope was 
tied to the element. The greatest difficulty with identifying 
a tie down upright would be determining if there was a rope 
present. Preservation at most northern Plains sites simply 
is too poor to find artifacts like rope. Without a well-under-
stood spatial context of the features at a site, identifying an 
upright as a tie down is challenging.

6.6 Ceremonial Uses
Finally, we may ask if the upright features discussed in 

this paper could have been ceremonial in character. Foreman 
(2010) and Bubel (2014) alluded to this possibility at the 
Fincastle site, citing the arrangement of several upright fea-
tures from the site. There are several other sites as well that 
have uprights that are associated with structures consistent 
with ritual or ceremony. At the Elliot Village site in Manito-
ba there is an upright inside a burial mound. This feature is 
comprised of a single vertebra alongside a wooden stake at 
the centre of the burial mound floor (Capes 1963:17). Frison 
(1971) identified several uprights at the Ruby site near the 
ceremonial structure at the site. These uprights contained 
only complete thoracic vertebrae jammed into postholes, 
and were found outside of the elliptical ceremonial struc-
ture. This structure also contained several complete bison 
skulls, a feature that is commonly associated with ceremo-
nial activities on the Northern Plains.
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Probably the best documented candidate for a ceremo-
nial upright is Feature 1 from the Fincastle site. Feature 1 
was a narrow pit filled with vertically positioned bone and 
a downward facing canid skull at the bottom of the feature 
(Figure 2; Foreman 2010:130). Excavators uncovered the 
feature in the western area of the site, in the centre of a two 
by two metre excavation unit. It was isolated from the other 
uprights uncovered at the site. The presence of the inverted 
canid skull at the bottom of the upright feature is partic-
ularly interesting, as it is hard to explain as the result of 
functional or incidental actions. Based on absence of chop 
marks on the occipital region of the skull, the canid cranium 
was carefully removed from the rest of the axial skeleton 
(Foreman 2010:131). After the pit was dug, the skull was 
placed in the bottom and the bison bone was positioned 
vertically above it. This upright feature does not fit any of 
the other possible models previously discussed. Feature 7 at 
Fincastle, with its splayed bison mandibles, would certainly 
be another candidate for ceremonial or ritual interpretation 
(Figure 12). 

Foreman (2010) drew a comparison between the canid 
skull in the upright at Fincastle and a canid skull found 
in Mound 1 at the Boundary Mound site in North Dako-
ta. Neuman (1975:66) reported a canid skull on the mound 
floor in a pile with numerous other bison skulls that were 
incorporated into the mound, all aligned in the same, un-
specified direction. Unfortunately, the plan maps of the 
Boundary mounds were lost after the excavation, and the 
exact context of this skull cannot be determined. Field re-
cords indicate that on the mound floor in the same 5 ft unit 
as the canid skull excavators recovered a human metatarsal, 
a highly polished bone pendant with two spirally curving 
grooves carved into it, and approximately 110 bison bone 

fragments (Figure 24). Some of the 110 fragmentary faunal 
remains included seven left and seven right maxillae, three 
occipital, three right and nine left horn cores, one right man-
dible, and 29 parietal fragments.

It appears that the canid skull from the Boundary Mound 
1 was included with a pile of bison skulls on the mound 
floor, as well as human remains and at least one grave good. 
Excavators found this concentration directly northwest of 
the burial pit. Foreman (2010:131) compared the inclusion 
of the intact bison skulls in the burial mound and the canid 
skull, stating that if the bison skull was regarded as sacred, 
then the skulls of other animals may have been viewed sim-
ilarly. The canid skull in the Boundary Mound 1 was clear-
ly included in a ceremonial context, along with numerous 
bison skulls, burial goods, and human remains. There was 
no evidence of cut or chop marks on the occipital of the 
Boundary canid skull, suggesting that, like the Fincastle 
specimen, it was carefully removed from the axial skele-
ton. Alternatively, the skull could have been retrieved after 
decomposition. The burials in the Sonota mounds represent 
secondary interments that were brought to the sites in the 
form of bundles (Neuman 1975, Vehik 1983). It is entirely 
possible, if not likely, that the canid remains were treated 
similarly and gathered after being exposed to the elements 
and decomposition.

Similar to the canid skulls, the inclusion of bison skulls 
in uprights may also indicate ceremonial activities. Whole 
bison skulls are relatively rare at precontact sites, especial-
ly in kill sites where one would expect a high number of 
cranial elements alongside the rest of the extensive fau-
nal assemblage. Where bison skulls are identified often 
coincides with ceremonial contexts. At the Ruby site in 

Figure 23. Schematic representation of different stake, peg, and tie down upright features.
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Wyoming, there were several intact skulls inside the cer-
emonial structure (Frison 1971); a circle of inward-facing 
bison skulls was uncovered in the bone bed at the Vore site 
(Reher and Frison 1980); mitigation at the Hardisty Bison 
Pound in Alberta revealed two pit features with intentional-
ly stacked bison skulls (Moors et al. 2010:83); the Sonota 
burial mounds excavated by Neuman (1975) contained piles 
of bison skulls, as well as whole articulated bison skeletons; 
and bison skulls were often used as altars during ceremo-
nies, like the Sun Dance (Verbicky-Todd 1984). Research-
ers found an archaeological example of this pattern in Man-
itoba, at the Crepeele site (Nicholson and Nicholson 2007). 
At this site, excavators found a painted inverted bison skull 
that had fired clay in the brain case and red ocher. With this 
treatment of bison skulls in other contexts, a whole or even 
partial bison skull placed vertically in the sediment could be 
indicative of some type of ceremonial activity.

Cranial elements in uprights are rare. When they do occur, 
the cranial elements tend to be small and highly fragmented, 
and likely were included incidentally with other small bone 
fragments. However, a few uprights had large skull frag-
ments. Feature 5 from the Fincastle site contained a large 
portion of a bison maxilla, forced nose down into the clay 
stratum (Foreman 2010:133). This feature was underneath 
the densest area of the bone bed in the eastern excavation 
block. Feature 6 from the Muhlbach site also contained a 
large maxilla portion positioned vertically in the sediment, 
as well as a plethora of other elements. This upright fea-
ture was placed in a posthole, also under a dense area of 
the bone bed. There were several uprights at the Hokanson 
site in Manitoba that had bison skulls associated with them. 

Upright Feature G in the camp area of the site had cranial el-
ements associated with it, and Feature 12 contained a large 
number of bison bones packed vertically into the sediment, 
with a bison skull above it and a large boulder adjacent to it 
(Norris and Hamilton 2004:29).

These features could have had a ceremonial connection 
with the inclusion of large cranial elements, but there is 
little to differentiate them from other upright features. The 
arrangement of the large upright, the bison skull, and the 
boulder in Feature 12 from the Hokanson site (Norris and 
Hamilton 2004) is reminiscent of an altar, but there is lit-
tle proof of this interpretation beyond the spatial associa-
tion. Since element selection in uprights seems to be largely 
dependent on abundance and size, one would expect that 
simply by chance some uprights would be made of cranial 
elements. Their inclusion in an upright feature, or even the 
presence of complete skulls at a site, is not an indication that 
they were gathered for ceremonial purposes; the elements in 
the upright would have to exhibit purposeful alteration with 
unique treatment of the skull, such as red ocher or paint, be-
fore this purposed could be inferred. An interesting avenue 
of investigation would be to analyze the soil around the up-
right features for pollen, starch grains, or phytoliths, to see 
if any particular plants are being included with the upright 
features (Twiss 2006).

The contents of uprights themselves may not be inherent-
ly ceremonial, but the feature could be connected function-
ally with ceremonial activities. Brink and Dawe (1989:40) 
noted the presence of a type of peg used to wedge poles 
in two historical paintings by Catlin (1973: Plates 96 and 

Figure 24. Dog skull from Boundary Mound 1, and bone pendant from same area. Scale 
reference is only for pendant.
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97). These two paintings depict two Siouan ceremonies that 
Catlin witnessed during his time travelling on the Northern 
Plains. Plate 96 shows a Siouan ceremony and dog feast, 
in which a ring of people are seated around a central post 
with a ribbon tied to it, with several joined tipi covers pro-
viding shade in the background (Figure 25). Catlin’s Plate 
97, a sketch of a Sun Dance ceremony, shows an individual 
with piercings on his chest attached by rope to a long pole 
(Figure 26). There are stakes wedged around the base of 
both of the poles central to these ceremonies, presumably to 
help secure the pole in the ground. This arrangement is vir-
tually identical to what is observed for many post uprights, 
although some caution is warranted. These are illustrations, 
and might be subject to artistic licence. However, it seems 
unlikely that the inclusion of these pegs would reflect artis-
tic flair because these would be innocuous details to trouble 
over. They likely reflect accurate renderings.

The fact that Catlin depicts these two ceremonial contexts 
with upright-like features suggests that some bone uprights 
in the archaeological record must have ceremonial connec-

tions. Yet these uprights still had a functional use, as the 
stakes were used to wedge and secure a pole in an upright 
position. The thoracic bone uprights outside the ceremoni-
al structure at the Ruby site (Frison 1971) could have held 
poles used for ceremonial purposes. The upright and stake 
at the centre of Burial Mound H from the Elliot Village site 
in Manitoba certainly had some sort of ceremonial connec-
tion (Capes 1963:17).

Determining the exact nature of the ceremony is more dif-
ficult. There is an incredible depth to the ceremonial life 
of First Nations on the Northern Plains, especially around 
large communal hunts. Pre-hunt ceremonies could include 
praying using a medicine bundle, using a buffalo charming 
stone (iniskim), building cairns to entice bison, and dances 
including many people (Verbicky-Todd 1984). Offerings to 
ensure the success of the drive were at times hung on a tall 
pole or tree at the centre of the pound, and these offerings 
may have included cloth, bison skulls, tobacco, and import-
ant tools (Verbicky-Todd 1984:44). These offerings could 
also have been placed at the bottom of the pole.  

Figure 25. Plate 96 from Catlin (1973). Painting of Siouan Dog Feast Ceremony. Note the stakes wedged along the base 
of the central pole. Copyright expired from initial 1841 publication.
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If offerings were placed at the bases of ceremonial poles, 
then the association of different artifacts with uprights could 
be an indication of whether or not the uprights had a cere-
monial connection. Intact bison skulls placed near an up-
right/post could have been left as offerings, such  as Fea-
ture 12 from the Hokanson site. This feature had a large 
multiple-bone upright under the kill area of the site with 
an inverted bison skull placed on top, adjacent to a boulder 
(Norris and Hamilton 2004:29). Based on the extrapolated 
shape of the bison pound proposed by the authors, this up-
right feature would be inside the pound structure, near the 
estimated centre. Therefore, this feature could be associat-
ed with ceremonial activities conducted for the communal 
hunt, similar to the pole placed at the centre of the pound 
for offerings.

Unlike other types of upright  features, there is no dis-
tinct pattern for identifying ceremonial uprights. The ar-
rangement and orientation of mandibles in Feature 7 at the 
Fincastle site suggests something more complicated than a 
simple post or tie down, but we lack the cultural context 
with which to understand the potential ceremonial use of 
this feature properly (Figure 11). There are hints that the 
use of vertebrae may indicate a ceremonial context, but this 
is far from clear. The uprights from the Ruby site that were 
associated with the ellipsoidal structure contain only tho-
racic vertebrae, and the upright in Burial Mound H at the 
Elliot Village site also contained a bison vertebra (Capes 
1963:17). There is little doubt that these uprights have ritual 
connections, but many other uprights also contain vertebrae, 
so this element is not exclusive to ceremonial contexts. The 
presence of intact skulls could also indicate that the upright 

has a ceremonial significance, but the association between 
an upright and a skull alone is not enough to be conclusive. 
The issue of contemporaneity between the upright and the 
skull complicates the development of any sound interpreta-
tion. The canid skull in Feature 1 from Fincastle is certainly 
suggestive of ceremonial purposes, but the significance of 
this upright to how the site was used is not clear. Yet, the 
mysterious attributes of a number of these upright features 
hints at a greater significance than purely functional purpos-
es. Ethnographic and historical sources do shed some light 
on potential ceremonial contexts in which uprights could 
have been utilized, but there is a great deal of variability in 
the ceremonial traditions between groups. At best, a cere-
monial context can be ascribed to some upright features, but 
the exact nature and purpose of that association is extremely 
difficult to determine and should be done with utmost care 
and consideration of the context.

7.  Conclusion
Not unlike the term “medicine wheel,” where a single ru-

bric undoubtedly captures a multitude of purposes, it seems 
likely that that the term “upright” has covered archaeolog-
ical features used for several different purposes. Research-
ers have ascribed to upright features a variety of functions 
arising from the shape, size, and context of each feature. 
While upright features will likely retain enigmatic qualities, 
this review shows that some of the differing purposes can 
be discriminated. Upright anvils can be differentiated by 
the presence of a cobble at the top of the upright feature, 
with the upright bone set at an angle around the edges of 
the anvil. The top of this type of upright should be in line 

Figure 26. Plate 97 from Catlin (1973). A sketch of the Sun Dance ceremony witnessed by 
Catlin with an individual attempting to pull piercings from his chest. Next to the offerings at the 
base of the pole are several objects wedged into the ground. Copyright expired of initial 1841 
publication.
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with the occupation level at the site, contain long bone el-
ements, and should be associated with middens of highly 
fragmented bone. Uprights can also be associated with post 
features in which the bone was used to shim up the sides 
of the posts. One would expect this type of upright to be 
located along the walls of postholes, although this location 
will depend on the preservation of these features. Postholes 
could also be jammed full of vertical bone to assist with 
finding and rebuilding the structure upon returning to the 
site. These uprights should contain a wider variety of faunal 
elements, since the posthole was packed tightly with bone. 
Researchers can identify tie-down and stake uprights in in-
stances where a single element was driven into the ground 
to provide an anchor. Multiple bone uprights could have 
been tie-downs, but too many elements jammed into the 
ground surface in one location would weaken the anchoring 
point. Uprights can be associated with ceremonial activi-
ties, but strong contextual information is needed to reach 
this conclusion. The inclusion of intact skulls or possibly 
thoracic vertebrae with an upright could indicate a ritual 
connection, while the spatial relations of uprights to known 
ceremonial features and activities can be indicative of ritual 
connections. 
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1. Introduction
In Canada, historical resources concerns, apart from 

federally administered lands, are regulated by individ-
ual provinces and territories. In the Province of Alberta 
(Figure 1), historical resources concerns are administered 
through the Alberta Historical Resources Act. The Act 
stipulates that all historical sites and objects are the prop-
erty of the crown (state) on both private and public lands, 
and that it is illegal to disturb or destroy historical places 
without regulated consent of the provincial historical reg-
ulator. In Alberta, as in most Canadian provinces, it is the 
responsibility of the developer to ensure that historical 
resources, either known or unknown, are not disturbed or 
destroyed by planned developments. If such are threat-
ened, the developer must take steps to determine if his-
torical resources are present in the development area, and 
fund efforts to mitigate their potential disturbance either 
through avoidance or various levels of data recovery up 
to and including archaeological excavation.

This paper addresses two key issues arising from the 
above: how do developers determine if and where known 
and unknown historical resources are located in their pro-
posed development areas, and how can they take steps 
to minimize disturbance of these known or potential re-
sources in an expedient and economical way. These is-
sues are dealt with in reference to the boreal forest region 
of Alberta, specifically the Alberta Green Zone - a vast 
extent of land that is crown-owned and where urban and 
agricultural development is restricted (Figure 2).

1.1 Alberta boreal forest environment
Although Alberta exhibits a diverse environmen-

tal landscape, the boreal forest comprises over 50% of 

provincial land and covers most of the northern half of 
the province. The region is characterized by a series of 
broad, gently undulating, lowland plains entrenched by 
a number of major valley systems. It also contains sev-
eral upland areas that rise above the surrounding low-
lands. Significant terrain features are the result of intense 
Pleistocene glaciation. The most recent advance occurred 
during the Late Wisconsonan Period, and extended across 
almost the entire province, withdrawing from northern 
Alberta about 11,000 years ago. The region is drained 
by the Peace and Athabasca drainage basins, which com-
prise 52% of its total area. It also contains many of the 
province’s largest lakes, including the Peace-Athabasca 
Delta, one of the world’s largest freshwater deltas (Figure 
2). The transition from south to north across the forest 
zone is marked by increasing precipitation and decreas-
ing temperatures, with a gradual progression from mixed 
wood forest stands of poplar, spruce and pine to conifer 
dominated forests in northern Alberta. A key character-
istic of the boreal forest in Alberta is the abundance of 
wetland fens and bogs, comprising an estimated 40-50% 
of the landscape .
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1.2 Alberta boreal forest historical resources
The vast majority of historic sites in the Alberta boreal 

forest are associated with sub-arctic Athapaskan and Algon-
quian speaking peoples and their ancestors, who lived for at 
least a portion of the year within the region. These people 

subsisted on fluctuating populations of large animals such 
as the moose, woodland caribou, and woodland bison, and 
small game such as hare, grouse and beaver. Fish were also 
important, and provided a more stable, albeit seasonal, food 
source. The social and economic organization of these peo-
ple centered on a seasonal round of subsistence activities 
tied in great part to resource availability. As a result, pop-
ulation densities in the northern forests remained extreme-
ly low, with small, mobile bands of 20-100 people being 
spaced widely across the landscape, for the most part, but 
coming together in greater numbers when local resources 
were temporarily more abundant. The types of archaeolog-
ical and historical sites associated with these groups are of 
generally limited extent.

Much of northern Alberta is covered by soils which are 
acidic and rapidly destroy organic materials such as bone 
and wood. Consequently, a typical archaeological site con-
sists of only a scattering of non-perishable stone artifacts 
lost or left behind by the people who made and used them, 
and traces of features such as fire hearths and occasional 
pits. Archaeological interpretation of these remains is great-
ly complicated by the minimal post-glacial deposition-
al processes present in Alberta’s boreal forest zone. As a 
consequence, archaeological components are usually found 
only a few centimeters below the organic component of 
the forest soils, and are extremely vulnerable to any kind 
of artificial or natural disturbance which disturbs the forest 
ground surface . The generally small size and ephemeral 
nature of most archaeological sites in the Alberta forest, and 
the low artifact densities associated with them, make dis-
covery of such sites very difficult. As a consequence of this, 
and a paucity of previous directed research, the archaeolog-
ical site inventory of forested portions of Alberta is small 
and not especially comprehensive. Archaeological surveys 
in the forest are difficult because of restricted access and 
poor archaeological visibility. Thus most of the known ar-
chaeological sites tend to be located in areas where it is easy 
to find them – along the shores of major rivers and lakes .

1.3 The Alberta forest industry and historical                        
resources protection

Human activities within and adjacent to the Alberta Green 
Zone present a continual and growing threat to boreal for-
est historical resources. Although the oil and gas industry 
presents the greatest potential impacts to archaeological 
remains, this paper deals in large part with the effects of 
the forest industry on archaeological sites. The industry in 
Alberta has expanded greatly since the late 1980’s and as 
much as 75% of the boreal forest in Alberta is presently 
open to forestry development. Clear cutting is the most 

Figure 1. Location of the province of Alberta in western Canada. 

Figure 2. Location of the Green Zone in Alberta. 
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common form of harvesting in the province, with cuts rang-
ing from a few to several hundred hectares in size.

The timber harvest process is generally highly mecha-
nized, with tread-mounted mechanical fellers and wheeled 
log skidders responsible for the bulk of wood product pro-
curement. Wood transport figures heavily in all forestry op-
erations, and road building is one of the most significant 
activities associated with forestry. Extensive reforestation 
is practiced, with hand replanting often being preceded 
by varying levels of ground disturbance, such as plowing 
or disking, to encourage seedling regeneration and reduce 
competition. In terms of archaeological site impact, harvest-
ing and wood collection produce minor to moderate distur-
bances to archaeological sites, while road construction and 
reforestation can easily destroy them .

The early 1990’s saw a major ideological change occur-
ring within many Canadian forestry companies, with Al-
berta forestry firms being no exception. Foresters began to 
consider forests as a community of ecological and socioeco-
nomic values, not just trees from which fiber could be ex-
tracted. The driving force behind this change was the need 
to export forestry products to foreign markets that placed 
increasing preference for more responsible stewardship of 
forested land. Part of this re-evaluation was a need to con-
sider non-economic forest values, including the traditional 
values of aboriginal Canadians (First Nations) and histori-
cal resources. Historical concerns are now being integrated 
into Alberta forestry planning practices, starting with base-
line studies addressing the effect of forestry activities on 
heritage resources and programs to aid forestry developers 
in predicting where archaeological sites will most likely be 
encountered in the forest . Given the vast area of the forest 
landscape, the use of predictive models for determining lo-
cal historical sensitivity is a key component in integrating 
historical resources concerns into the sustainable forestry 
ethos.

2.  Heritage potential modeling of the Alberta 
boreal forest

2.1 History of development in Alberta

Albertan archaeologists have long used intuitive model-
ing approaches for mapping heritage potential in the Alberta 
Forest. These methods are commonly used by CRM person-
nel to identify heritage potential on a development specific 
basis. These intuitive methods rely in great part on subjec-
tive professional judgment although many examples of this 
approach present the development overviews using simple 

additive frequencies of identified local environmental attri-
butes that lends an air of objectivity to the results.

The application of GIS-based, statistical modeling ap-
proaches for predicting historical resource potential has 
only recently occurred in Alberta. Heritage potential mod-
els did not originate from academic circles but rather were 
the product of private enterprises working within the Cul-
tural Resource Management (CRM) field. The adoption of 
GIS-based heritage potential models in Alberta was a di-
rect response to the renewed commitment by the provincial 
government to enforce Historical Resource Act compliance 
of forest product manufacturers operating within Alberta’s 
Green Zone and the concomitant necessity of CRM compa-
nies to predict site location and manage historical resources 
across vast areas of the province. Despite the late devel-
opment of GIS-based approaches in Alberta, the utility of 
multivariate statistical approaches for elucidating histori-
cal resources potential and site location criteria had been 
demonstrated earlier by Magne for the Peace Region and 
Damkjar in southeastern portions of the province . 

In the early 1990’s, Dalla Bona applied a rigorous GIS-
based heritage potential modeling approach for a portion 
of the Souris River in Saskatchewan while working with 
Western Heritage Services (WHS). The results of this study 
became the subject of his Master’s thesis research at the 
University of Manitoba . Subsequently he adapted his 
“Weighted Values” approach to a pilot modeling program, 
which sought to use heritage potential modeling for cultural 
value mapping for the northwestern Ontario forest industry .

The Weighted Values model works by assigning values 
to individual variables and then assigning weights to those 
values. For example, areas located 100 meters from lakes 
and rivers might be coded as “3”, 100 to 200 meters as “2”, 
and over 200 meters as “1”. In this example, lakes are con-
sidered more important than streams so the specific codes 
for lakes would be weighted by a factor of “3” and streams 
by a factor of “1”. Thus, modeling potential would be equal 
to 1 * “distance to streams” plus 3 * “distance to lakes”. The 
advantage of this approach is that relationships are defined 
in an explicit manner. In this case it is assumed that being 
closer to a significant water body is important and the model 
therefore rates the influence of lakes three times more heav-
ily than streams.

Using Dalla Bona’s Weighted Values methodology, West-
ern Heritage Services (WHS) began developing heritage 
potential models for forested and grassland regions in Sas-
katchewan and in northeastern British Columbia, primarily 
for the forestry and oil and gas industries. Relying on ex-
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perience gained by modeling landscapes in those regions, 
WHS began production of digital heritage potential models 
in Alberta beginning with the development of a Weighted 
Values predictive model of the Whitecourt/Lesser Slave 
Lake region, 150 km northwest of Edmonton. Soon after 
the initiation of this pilot modeling project, WHS began 
evaluating alternative digital modeling methods in order to 
improve their predictive capabilities and statistical testabil-
ity. The result of this research was the adoption of heritage 
potential modeling applications that used logistic regression 
analysis  as the basis for determining historical resources 
potential. The first application of this modeling strategy 
accompanied the implementation of an historical resources 
management strategy for a forestry products firm . Since 
this time digital models have now been produced by WHS 
for much of the boreal forest area of Alberta, amounting to 
approximately 28 million hectares of land (Figure 3).

2.2 The WHS modeling approach
All GIS-based predictive models created by WHS are de-

signed to be part of an integrated historical resources man-
agement strategy that developers use to plan their projects. 
This integration is fundamental to the successful use of the 
model, as will be explained below. The WHS modeling ap-
proach is inductive, in that it relies on data from known sites 
in a region in order to develop a prediction about where oth-
er sites may be found on a landscape. The modeling meth-
odology has changed over time, and continues to improve 
as new data sets and new modeling strategies are applied. 
Currently, WHS has developed three evolutionary models, 
referred to as Stage 1, Stage 2 and Stage 3 models. Stage 1 
models use standard modeling variables derived from dig-
ital elevation data and hydrology for the most part. Stage 2 
models use additional data derived from specially classified 
LandSat satellite imagery, principally to identify wetland/
dryland terrain associations. Stage 3 models depart from 
the purely statistical approach by adding special rules to the 
modeling equation to place more emphasis on certain ter-
rain and hydrology conditions as determined through the 
results of archaeological assessment and excavation and 
analysis of archaeological sites. 

Although WHS used the Weighted Values heritage poten-
tial modeling approach for its initial Alberta modeling, suc-
ceeding models (Stage 1, 2 and 3 models) made use of lo-
gistic regression as an alternative digital modeling method. 
This approach, first used by Kvamme and Warren , has been 
used with success to explore the varying strengths of associ-
ation of dependent and multiple independent variables. The 
logistic regression technique does present some constraints 
and underlying requirements that must be dealt with. One 
of the major requirements is that a logistic regression model 
must be developed using a sample of locations where sites 
are not located, to compare with a sample of known site lo-
cations. Although at the outset this would seem to be a fairly 
tedious data set to acquire, in fact, Kvamme has argued that 
in any large region sites are such a rare occurrence that any 
random sample of locations can be used as a non-site sam-
ple . In the Alberta boreal forest, which has vast amount of 
landscape that is considered uninhabitable year round (i.e. 
muskeg), such a negative site sample would not be difficult 
to acquire.

3.  Modeling methodology
WHS data sources used for modeling terrain in northern 

Alberta include a relatively limited data set, derived from 
several primary terrain feature themes. These are hydrolo-
gy, terrain condition and terrain elevation. Hydrology refers 

Figure 3. Extent of Western Heritage potential model coverage in           
Alberta. 
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to stream and lake data, with locational accuracies of better 
than plus or minus 15 m. Terrain condition is determined 
from classification of LandSat imagery into dryland, me-
sic and wetland categories, with terrain pixels of 30m ac-
curacy. Terrain elevation for northern Alberta is the most 
limiting data set. Nearly all digital elevation model data for 
the region are available as points taken every 100 m on a 
grid, meaning that data are no better than 100 m in accuracy. 
This is the reason that most models of northern Alberta only 
calculate heritage potential on a hectare by hectare basis. 
Despite their relatively coarse resolution, digital terrain data 
are used to derive important habitation characteristics, in-
cluding slope and aspect. In addition to environmental vari-
ables, individual known site locations are used as represen-
tative locations of high habitation potential zones, as well 
as a similar set of randomly obtained non-site data points.

As inferred from the above, the spatial unit of analysis 
for WHS Alberta boreal forest models is dictated by digital 
elevation model data. Each unit is 100 x 100 m in size, and 
is referred to as a cell. Each cell has a number of environ-
mental coefficients associated with it, derived from the pre-
ceding environmental data sets. These variables are actually 
measurements of association, usually expressed in distances 
(in meters) to a particular feature, such as a river, lake or 
archaeological site. Consequently, the feature itself (be it a 
river or a site) is not the variable of importance, it is the dis-
tance to a feature that is the critical measurement. For some 
types of modeling, buffers of predetermined size are used 
as variable coefficients (i.e., 100 m from water, etc.). For 
logistic regression modeling, variables have greater predic-
tive capability if they are distributed continuously across 
the landscape. Therefore, for each type of feature variable, 
the distance to the feature is spread over the landscape, to 
the edge of the modeled universe. On the resulting digital 
coverages, each cell contains a coefficient representing the 
distance to that feature set.

Once these matrices are generated for each variable, they 
must be compared against a similarly generated matrix of 
known archaeological site locations. If there are very few 
archaeological sites known for an area, then making this 
comparison becomes very difficult. In addition, this method 
of modeling requires a comparative, similar-size sample of 
non-site data. This is provided through the generation of a 
random sample of locations from the modeling area. The 
measure of success of the model is demonstrated by how 
well it can separate the site and random non-site data given 
the available variables.

The first inclination for the modeler is to amass every 
variable matrix that is available and incorporate each one 

into the modeling equation, processing the results. A result-
ing matrix is generated, representing the combined heritage 
potential for the modeled universe. Experience shows that 
this “shotgun” approach does not produce good modeling 
results. The problem is that some variables are not suitable 
candidates for developing a model and others are simply 
reflections of an underlying variable (i.e., certain vegetation 
classes are dependant on soil types, which may already be 
accounted for in the model). Some variables also become 
invalid if extreme values in the matrices become abundant. 
For example, slope values in mountainous areas become 
highly skewed, and tend to mask out certain important 
topographic features that a good model requires to build 
up its accuracy. The modeler must inspect each candidate 
variable in turn, evaluating its predictive capability against 
the site matrix and decide if the variable should be discard-
ed or simply transformed to make it more model-friendly. 
The result is that many ostensibly crucial data sets prove 
ultimately to be unsuitable for incorporation into the final 
modeling process.

When a model is finally produced, it is represented by a 
matrix of cell values falling between 0 and 1, with 1 being 
the highest level of heritage potential. If the model is to be 
used as a tool for heritage management, it is necessary to 
subdivide the cell matrix of continuous heritage potential 
values (i.e., ranging between 0 and 1) into categorical units 
(i.e., High, Moderate, Low) that are more suitably employed 
in the heritage management process. From a planning per-
spective, the goal is to define levels of heritage potential 
that are consistent with the aim of maximizing site counts 
while at the same time minimizing land area within high 
potential zones. A typical heritage potential classification 
result is shown in table 1.

Heritage Potential % Land Area % Site Density

1 High 
Potential

 1.000 to 0.800  6.34% 67.68%

2 Mod 
Potential

 0.799 to 0.600  16.98%  18.13%

3 Low 
Potential

 0.599 to 0.000  76.98% 14.24%

Table 1. A typical heritage potential classification result.

In this model classification, the needs of efficient land 
management must be balanced against the needs of heri-
tage preservation. Through successive analytical steps, the 
modeler must fix the heritage potential zones to yield a land 
management approach that land managers such as forestry 
planners and heritage regulators can accept. To do this one
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measures the model’s performance across a variety of crite-
ria in order to define appropriate zones of heritage potential. 
Criteria vary from modeled region to modeled region, and 
are based on a rigorous univariate and multivariate statisti-
cal analysis of site and non-site data, plus reference to gen-
eral habitation capability observations made by profession-
al archaeologists for a given locality.

3.1 Summary

In summary, the WHS modeling process consists of three 
steps: (1) an examination of the distribution of each variable 
in relation to the site and non-site classes; (2) a multivariate 
logistic regression analysis of these landscape variables to 
determine their utility for discriminating between the sam-
ple of site and non-site location classes within the model re-
gion; and (3) classification of the raw heritage potential val-
ues to create a useful modeling tool for historical resources 
management.

The logistic regression approach has led to the develop-
ment of predictive models that produce reasonable state-
ments of heritage potential in the northern Alberta boreal 
forest. In this regard, the models exhibit the desirable char-
acteristics of maximizing site density while minimizing 
land area within high heritage potential value zones. The 
successful GIS-based predictive model provides a man-
agement platform from which development planners can 
plan their operations so as to minimize potential impacts to 
heritage resources sites (and reduce associated field survey 
costs related to compliance with the Historical Resources 
Act of Alberta). The goal is to place as many sites as possi-
ble in cells classified as high potential, and as many cells as 
possible in terrain classified as low potential. A good work-
ing model results in approximately 70% of sites appearing 
in less than 10% of the landscape, resulting in less than 10% 
of the landscape being classified as high potential for man-
agement purposes.

 Theoretically, the predictive capability of a model as de-
scribed above should improve as new and improved data 
are incorporated into it. This is particularly the case given 
the low known archaeological site count for the region and 
the associated potential for greater standard error of associ-
ation. Assuming the model is predicting correctly, new site 
data should enable high potential localities to be defined 
more precisely. Negative discovery results should help aug-
ment the random non-site data, pointing to deficiencies in 
the predictive capability of the model and eventually allow-
ing more precise model classifications that shrink the uncer-
tainty of the model. In fact, empirical testing through field 
assessment is a critical requirement if this kind of predictive 

model is to evolve, and a mechanism must be developed to 
ensure that such empirical data are in fact acquired. This is 
elaborated upon below.

4.  Evaluating development impacts
As indicated in the preceding section, WHS predictive 

models are designed to work within the framework of an 
integrated historical resource management process. The 
overall approach involves predicting the location of po-
tential historical resources, determining to what degree de-
velopment practices may disturb known and potential ar-
chaeological resources and devising a solution to prevent or 
minimize the chances of their disturbance.

From a land management perspective, information about 
how development activities can cause impacts on heritage 
resources is extremely important. The kind of impact a par-
ticular activity will subject to a site, and its degree of inten-
sity, will dictate the kinds of responses that can be taken to 
minimize site disturbance or mitigation cost. Essentially, if 
a development does not pose a threat to a potential historical 
resource, then there is no reason to curtail the development, 
at least from a cultural resource management perspective.

The amount of damage that is caused by a given devel-
opment activity depends on the activity being undertaken. 
Therefore, it is necessary to devise some kind of general 
classification scheme which can codify the severity of site 
disturbance. Disturbance would entail the alteration of a site 
in any manner from its natural state. Although the best in-
formation can be obtained from a site which has not been 
disturbed at all since it was created, in practice all sites be-
come degraded to some extent by natural transformation-
al processes. Furthermore, some kinds of alterations, both 
natural and artificial, may ostensibly appear severe, but in 
fact may not constitute significant disturbance from the per-
spective of historical data recovery.

An impact evaluation scale called CRICS (Cultural Re-
sources Impact Classification System)  is used to evaluate 
the level of damage that a cultural resource such as a buried 
archaeological site can sustain. Since impact classification 
is considered an integral component of historical resources 
management, it is important that the scheme be inclusive of 
all types of heritage resources, and yet not be so complicat-
ed that ambiguity render it imprecise (table 2 and figure 4).

CRICS classes for a given development practice change 
under different environmental conditions, such as the 
amount of organic cover or degree of soil firmness for a par-
ticular landscape, or its slope for example. For certain bo-
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real forest industrial operations, such as forestry, a CRICS 
classification calculator is used to determine what practices 
pose a threat to potential historical resources at any given 
time (Figure 5). From an archaeologist’s perspective, the 
purpose of the calculator is to encourage developers to min-
imize ground impact for a sensitive area by providing them 
with options to create less severe impacts during develop-
ment.

5.  Determining archaeological responses using 
modeling and projected impact data

Once the heritage potential of a given area is indicated 
(using information from the heritage potential model) and 
various levels of development practice impacts are under-
stood, heritage management responses can be articulated 
for individual developments. For planning purposes, an ob-
jective method is used to determine what level of archaeo-
logical inspection is required for each development. Thus, 
for a given location and a proposed development type, the 
CRICS classification must be considered in conjunction 
with the evaluated heritage potential and known historical 
resources to enable a cultural resource management deci-
sion. For any given parcel of land, 

Class Impact Description

0 No Impact Result of activities which do not physically disturb the 
surface organic or subsurface mineral soil of a site

1 Incidental 
Contact

Result of activities which affect the organic surface of 
a site but do not disturb the integrity of the subsurface 
mineral soil

2 Incidental 
Impact

This kind of impact is present when the organic soil layer 
of the forest floor is removed, exposing and compressing 
the mineral layer which can contain a cultural deposit

3 Regular 
Impact

This class of impact applies to any kind of activity which 
regularly exposes and disturbs the mineral soil layer

4 Severe 
Impact

When the near-surface mineral soil subsurface is 
completely modified, with virtually no evidence of the 
original surface present, this would be considered a Class 
4 Impact

5 Total 
Impact

If all or portions of a potential or known archaeological 
site contained within the mineral soil horizon are 
removed, this would constitute the most serious kind of 
impact, Class 5

Table 2. Cultural Resources Impact Classification System (CRICS) 
classes.

Figure 4. Graphical summary of the Cultural Resources Impact Classi-
fication System (CRICS) used for the management of modeled terrain.

Figure 5. Typical CRICS impact calculator designed for forestry indus-
try use. Clicking on the impact variable buttons changes the CRICS lev-
els for each forestry practice
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5.1 Archaeological response = Heritage potential + 
Projected impact

Before solving this equation, various archaeological re-
sponses must be articulated. In Alberta, as in most juris-
dictions in Canada, planned developments which threaten 
known or suspected historical resources must be preceded 
by some form of archaeological assessment by qualified 
professional archaeologists. Some industries have complex 
planning and multi-staged development phases where ar-
chaeological inspection can take place after a certain level 
of impact has occurred and before a more serious impact is 
scheduled. At a basic level, however, three heritage mitiga-
tion procedures (called heritage prescriptions) can be iden-
tified:

1. No Assessment - The proposed development will not 
require any form of field inspection. Development may pro-
ceed up to Class 5 impacts.

2. Post-impact Heritage Audit - This kind of field inspec-
tion will take place after a development has been completed. 

3. Pre-impact Assessment - This kind of archaeological 
field inspection must take place before any kind of develop-
ment can proceed. 

In order to apply these prescriptions to a development 
based on its predicted level of impact and potential for har-
boring heritage resources, these prescriptions are linked to 
Heritage Potential and Projected Impact using an additive 
coefficient arrangement (Table 3 a-c). Armed with the pre-
ceding heritage potential and development impact coeffi-
cients and corresponding archaeological response index, 
heritage prescriptions for any development on any land-
scape are determined by adding the coefficients and refer-
ring to the resultant prescription index value. For example, 
on terrain classified as Moderate Potential (coefficient of 2) 
where CRICS impacts of Class 3 are planned (coefficient of 
3), no archaeological response is triggered. If CRICS class 
4 impacts are planned then a Post-Impact Audit is triggered. 
In High Potential terrain, any impact greater than CRICS 
Class 2 (at which point mineral soil is affected) requires 
minimally a Post-Impact Audit. 

This is a simplistic version of the evaluation method. In 
the real world, other historical values must be accommodat-
ed for every piece of land. However, coefficients for oth-
er values can be added to the basic formulae; for example 
proximity to a known historical resource could easily raise 
the combined “sensitivity” of an area to an index range re-
quiring archaeological pre-impact assessment work. This 
makes the calculation slightly more complex. However, 

CRICS impact levels and resulting heritage prescriptions 
can be determined using a single spreadsheet-based tool 
that permits land managers to anticipate the level of archae-
ological inspection that will be required if a development is 
planned for a specific locality. An example of such a tool is 
shown in Figure 6.

One problem with this management methodology re-
volves around the issue of modeled terrain exhibiting low 
potential. Practical implementation of the CRICS/Mod-
el-based management system discourages archaeological 
assessment on low heritage potential terrain. As models im-
prove, the amount of low potential terrain should increase 
over time. Since the low potential terrain has no archaeolog-
ical assessment requirement, the model predictions become 
ever more self-fulfilling with each iteration. This funda-
mental flaw was acknowledged at the outset, and revolves 
around a specific clause in the Alberta Historical Resources 
Act that stipulates that historical resources assessments are 
not required on terrain determined to be of low archaeolog-
ical potential. Since the CRICS/Model process attempts to 
weld theoretical tenets of heritage potential modeling with 
the practical needs of industrial historical management, 
within the context of legal historical regulatory require-
ments, this idiosyncrasy was an inevitable outcome. There 
have been several solutions that have been implemented to 
circumvent this flaw. One was to create a new prescriptive 
action called the Sample Post-impact Audit that would di-
rect archaeological survey on low potential land receiving 
high impacts. Such a prescription would be invoked on a 
parcel of land that received an Index of 5, which would, for 
example, trigger assessment on roads or borrow pits being 
built across low potential terrain. Original sample sizes for 
such field audits were set as high as 25%, meaning that one 
quarter of high impact developments crossing low potential 
land required inspection (Millar Western Forest Products 
2001). A significant proportion of this terrain was found, 
during survey, to be in fact barely traversable, consisting of 
dense spruce forest interspersed with muskeg and low flow 
drainages. The traversable portions were located far from 
water sources, often on sloping uplands where even isolat-
ed hunting activities would not be expected to occur with 
any documentable frequency. After several years of im-
plementation, the sample size was reduced, and then, after 
consultation with the provincial regulator, replaced with a 
subjective sampling approach that allowed more flexibility 
in choosing low potential sample survey areas where mod-
erate as well as high impact developments were planned. 
This subjective sampling approach is not required by law, 
but has been accepted by developers as an acceptable way 
of ensuring that the historical modeling and management 
process does not become self-fulfilling.
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6.  Model improvement within a management 
process

One of the major attractions of using digital heritage po-
tential models is their amenability to improvement through 
addition of new or updated digital data, and introduction 
of new modeling theory. All WHS models are designed to 
facilitate rapid updating, which has been made a fundamen-
tal requirement by clients and the Alberta government. In 
fact, the need to improve model performance is the primary 
reason that the post-impact heritage prescription assessment 
approach has been made part of the model-based heritage 

management process. Acquisition of properly acquired field 
inspection data are considered as important as the discov-
ery of new archaeological sites when historical compliance 
work is undertaken in the field.

6.1 The data collection process
As part of the archaeological impact assessment process, 

a considerable quantity of standardized archaeological data 
are acquired whenever a ground survey is undertaken. This 
information is collected at judgmentally selected spot loca-
tions along a survey route, with coordinate data being ob-
tained using a global positioning system instrument (GPS) 

Heritage Potential Index CRICS Impact Index Prescription Index Range

Low 0 Class 0 0 No Concerns 0 - 5

Moderate 2 Class 1 1 Post-impact Audit 6

High 3 Class 2 2 Pre-impact Assessment > 6

Class 3 3

                         (a) Class 4 4                                  (c)

Class 5 5

                           (b)

Table 3. Heritage prescriptions (archaeological responses, c) are indexed to reflect the additive combination of 
Heritage Potential (a) and CRICS Impact indices (b).

Figure 6. Typical cultural resources management calculator designed for forestry industry planning. Clicking on the impact 
variable buttons changes the CRICS levels for each forestry practice. Model-based heritage potential is subsequently select-
ed, as well as other known historical criteria.
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capable of recording a live track of the assessment route, 
and able to store specific point coordinate locations (way-
points) to an accuracy of plus or minus 5 to 10 m or better. 
A special data recovery form is used to collect systematic 
data from a location, which is tied to the GPS waypoint. 
Information regarding local environmental conditions (ter-
rain situation, overstorey and understorey vegetation, local 
hydrology, soil conditions etc.), the kind and intensity of 
archaeological inspection, surface exposure conditions and 
other data are logged for every waypoint collected. As well, 
a subjective evaluation of heritage potential is also made by 
the recorder, including reasons for the judgment. Finally, in 
areas believed to be worthy of the effort, subsurface shovel 
testing is undertaken as well. The matrix from the tests is 
always run through 6 mm mesh to enhance small artifact 
recovery. Following field work, the waypoints and tracks 
are transferred to a computer and the standardized waypoint 
data are appended to the spatial data sets in spreadsheet ta-
bles. The annotated tables are loaded directly into the man-
agement GIS.

Newly acquired terrain and site data are critical for de-
termining the predictive capability of a model and also are 
used for its improvement. Additions to the site database also 
improve statistical confidence for reprocessing model clas-
sifications. Recovery of negative data permits re-evaluation 
of high and moderate potential thresholds (as much a judg-
mental as a statistical operation), allowing high potential 
land to be converted incrementally to moderate potential 
land, and terrain identified as moderate potential to revert to 
low potential. Occasionally the reverse may occur as well, 
if archaeological sites are found in lower potential terrain 
during random audits of such land. Perhaps most important-
ly, recovery of ground-based empirical survey data permits 
a heritage potential model to transcend its statistical bounds 
through the introduction of special modeling rules.

7.  Moving beyond statistics: An enhanced 
modeling approach 

Stage 1 and Stage 2 models are based on environmental 
and geographic data, and use an explicitly statistical ap-
proach to identify locations of highest habitation potential 
on a landscape. This is because the target site type they are 
designed to predict for is hypothesized to be the product of 
a nomadic hunting and gathering group who lived within a 
boreal forest environment that influenced their subsistence 
practices, residence and general mobility in a significant 
manner. As such all Stage 1 and Stage 2 models are envi-
ronmentally deterministic. They are not designed to identify 
locations that are behaviorally idiosyncratic (such as animal 

kill locations) or culturally determined (such as ceremonial 
localities or religious centers).

A Stage 3 model moves away from the explicitly sta-
tistical distillation of human behavior by adding arbitrary 
rule-based enhancement to the modeling equation. As an 
example, Stage 1 statistical models indicate that pre-contact 
nomadic hunting and gathering sites have the greatest prob-
ability of occurring within a certain distance of hydrological 
features with suitable terrain characteristics such as flat ter-
rain and a southern aspect. Stage 2 models add information 
about wetland/dryland conditions, enhancing the hydrolog-
ical data set. Addition of empirical archaeological field data 
permit the construction of a Stage 3 model.

Implementation of the CRICS/Model-based heritage 
management process during the past three years yielded 
considerable new archaeological field data from the bore-
al forest. Analysis of the new information indicated that 
pre-contact sites were found with diminishing frequency on 
minor drainages a certain distance away from major drain-
ages, and were rarely found when drainages or sources of 
water were not present in a locality. In fact, headwaters of 
minor drainages were interpreted to exhibit low heritage 
potential for the most part, unless they flowed from mus-
kegs with surrounding habitable landforms. Figure 7 shows 
a summary of archaeological data collected for forestry cut-
blocks and access roads that were assessed on the basis of a 
management plan using a Stage 2 heritage potential model. 
Positive and negative data were collected through pre-im-
pact and post-impact compliance audit assessments, and 
sample audits of low potential terrain. No archaeological 
sites were found in the headwaters of minor drainages; in 
fact most waypoint records indicated that the local terrain 
exhibited subjectively determined low heritage potential. 
However, several new sites were found adjacent to higher 
order drainages, as predicted by the Stage 2 model.

Another iteration of the model was then processed, using 
the new site data coupled with a modification made to the 
main modeling equation that altered model cell values once 
certain distance thresholds from various drainages were at-
tained. The modified modeling equation created significant 
improvements in modeling performance by providing a bet-
ter fit for known site locations, while reducing areas identi-
fied as being of elevated habitation potential where no sites 
had been found (Figure 8).

Other modeling enhancements could conceivably be 
added to the model by adjusting the model equation, or by 
addressing entirely new data sets. For example, if the loca-
tions of medicinal plant recoveries could be isolated sys-
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Figure 7. Boreal forest terrain, showing a Stage 2 model overlaid by known and newly discovered archaeological 
sites and archaeological inspection waypoints collected during assessment of forestry developments.

Figure 8. The same terrain as in Figure 7, showing a reprocessed Stage 3 model, with smaller amounts of High 
and Moderate Potential terrain being identified as a consequence of improved statistical manipulation and imple-
mentation of rules limiting the flow of potential up lesser drainages.
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tematically across the landscape, and they could be shown 
to be correlated with enduring landscape features (i.e. they 
did not move about the landscape as a consequence of nat-
ural vegetational change characteristic of the boreal forest), 
then a probability raster could be constructed and merged 
with the main equation. If traditional oral history data from 
First Nations elders indicated that medicinal plants were al-
ways collected on flat locations providing a good overview 
of the surrounding country, then a rule could be inserted 
into the main location that would invoke the consideration 
of this raster data set when such conditions arose. Unfor-
tunately, although this would be a fairly simple improve-
ment to make to the model, there is no real way to know 
whether it is a valid modeling parameter to introduce to the 
main equation. Since we have no current statistical means 
of determining the validity of the probability raster, this 
kind of modeling variable would normally be discarded. 
Furthermore, can traditional plant locations be considered 
the same as actual archaeological sites? Such site types are 
not addressed under current historical resources legislation 
and therefore are not protected from disturbance. However, 
political considerations may in fact dictate that such a vari-
able be included in future models, as these tools move from 
relatively simple aids to assist in industrial compliance to 
instruments of public policy.

8.  Conclusion
When heritage potential models were first seized upon by 

Canadian industry and government as a means of classify-
ing the historical potential of a landscape, it was assumed 
that the models would be self-explanatory in terms of prac-
tical application. From Quebec to British Columbia during 
the 1990’s, vast effort (at considerable cost) was expended 
in discussing the methodological theory behind modeling, 
compiling environmental and cultural data for digital pro-
cessing and solving the technical problems relating to pro-
cessing of huge data sets. Over the years the theory matured, 
data sets were built and improved and advances in software 
and hardware made crunching the numbers a relatively triv-
ial computational task. Nevertheless, even as the predictive 
capabilities of heritage potential models improved, the actu-
al number of models that were used for their intended pur-
pose remained few. In fact almost all models that were built 
in Canada during the 1990’s saw little or no use at all.

There were many reasons for model neglect, much of it 
resting with the inability of government regulators to adapt 
them to their needs. Regulatory staff often did not have the 
resources to use the digital products very effectively, and 
found the printed model products almost impossible to com-
pare with submitted development maps. Since there were 

no mechanisms in place to update the model results, obvi-
ous errors could not be corrected easily, engendering doubts 
about the whole modeling approach. One after another, 
regulators eschewed the objective evaluation approach pro-
vided by a model, and fell back to subjective evaluation of 
heritage potential. Private sector planners faired no better. 
Having no real experience in cultural resource management 
when attempting to use the models for their own planning 
purposes, they quickly realized that they had no idea what 
the model values meant in terms of action requirements and 
fell back to relying on government historical regulators for 
direction. Ultimately, most models were put on a shelf as it 
were, and abandoned.

To be sure, WHS has had its share of models misapplied, 
ignored or rejected outright because the target users could 
not or would not make proper use of the product. Through 
experience it was learned that the only way that modeling 
products could be not only used but also improved was 
to embed them in an enabling management approach that 
complemented the point of view of both the regulator and 
the developer. Its fundamental tenets: reduce potential site 
impacts by minimizing ground disturbance on objectively 
determined historically sensitive terrain, use legal historical 
compliance requirements (archaeological assessment and 
audit) to validate historically sensitive terrain (and selected 
historically insensitive terrain), and use compliance results 
to improve historical sensitivity modeling.

The role of the government regulator in this approach is 
extremely important. In Alberta, the historical regulatory 
agency has maintained a vigilant yet purposefully non-in-
terfering presence in the evolution of this process, encour-
aging innovation while maintaining ultimate authority in 
ensuring that historical resources remain protected from 
disturbance or destruction in all provincial lands. This has 
allowed land managers in the province (within the forest 
industry in particular) to develop and implement internal 
management procedures that conform to the provincial re-
quirements for historical resources protection and yet re-
main compatible with their own operating procedures and 
corporate guidelines.

In the end, the WHS experience with over a decade of 
modeling has demonstrated that heritage potential models 
as stand-alone products stand an excellent chance of being 
misused or never used at all. However, if they are creat-
ed as critical components within an historical management 
process that provides feedback for their continual improve-
ment, then their adoption by land managers and planners is 
much more likely, and the value of the models as planning 
tools becomes beyond question. 
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2. Terry Gibson and geophysics
While Terry and I were both undergraduate students 

of Dr. E. Leigh Syms at Brandon University, we did not 
become classmates until we both attended the Univer-
sity of Alberta. We first worked together in 1981 while 
assessing Assiniboine River fur trade posts on behalf of 
the Manitoba Historic Resources Branch. I was tasked 
with relocating and evaluating the so-called Sourismouth 
forts (Figure 1). I sought to integrate local and historical 
knowledge, and validate it with mapping, surface collec-
tion, and strategic test excavation. At that time Terry was 
conducting Master’s thesis research at the University of 
Alberta regarding proton magnetometer applications to 
archaeology (Gibson 1982). As one of his case studies, 
he undertook near-surface geophysical survey at several 
of the Sourismouth forts, and this led to our long-term 
professional collaboration and friendship.

1. Introduction
It is generally recognized that archaeologists leave po-

tential data uncollected in the field. Dr. Terry Gibson, to 
whom this volume is dedicated, was a pioneer in apply-
ing near-surface geophysics to address this problem (see 
Gibson 1986), coupled with associated issues of repre-
sentative sampling and site conservation. In the last few 
years before his 2018 death, our conversations were in-
creasingly framed around field-based strategies for max-
imizing data return - something we began calling ‘the 
archaeology of the invisible’. Those conversations also 
emphasized ‘real-time’ electronic data collection and 
processing as a means of expediting timely and valid site 
interpretation. This paper features an early collaboration 
with Terry that profoundly influenced my subsequent 
research. I compare several approaches to non-invasive 
data acquisition beginning four decades ago at several 
historic forts in southwest Manitoba to reveal weakness-
es and strengths of different modes of data recovery. 

ABSTRACT 

This paper compares multiple approaches of data acquisition employed almost 40 years apart at several historic forts 
in southwest Manitoba to reveal weaknesses and strengths. It also memorializes the contributions of the late Terry 
Gibson, who drove innovations in near-surface geophysical remote sensing and electronic data processing in Canadi-
an archaeology over the course of his career. This consideration of the strengths and weaknesses of different methods 
of non-invasive data recovery emphasizes the importance of multi-proxy approaches to archaeological site evaluation.  
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As I reflect back over nearly four decades, it is evident that 
Terry was on the vanguard of new methodological devel-
opment that profoundly influenced Canadian archaeology. 
This paper summarizes elements of our first collaboration, 
and integrates the old research with new insights deriving 
from Unmanned Aerial Vehicle (UAV) and Light Detection 
and Ranging (LiDAR) imagery. The original work dates to 
a time when published cartography was limited to paper 
1:50,000 NTS maps and 1:20,000 black and white aerial 
photographs, long before the practical archaeological ap-
plication of satellite remote sensing and Geographic Infor-
mation Systems (GIS) databases. Since then we have also 
seen the development of microcomputers, digital photog-

raphy, Global Positioning Systems, Total Stations, portable 
data loggers, tablets, and smartphones, all of which have 
shaped modern archaeology. In addition to his interest in 
near-surface geophysics, Terry was a talented programmer 
who was an early implementer of digital artifact catalogu-
ing, spatial statistics, and analysis. Terry was an unapolo-
getic technology nerd, with a genius for envisioning how it 
might revolutionize archaeological practice. I and many of 
his colleagues view him as a primary mentor, and I offer this 
largely unpublished case study to illustrate his contribution 
to the study of the Sourismouth forts, and also his influence 
on the electronic revolution in Canadian archaeology.  

Figure 1. The Sourismouth forts locality along the Assiniboine River in southwest Manitoba.
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3. The Sourismouth Forts

The western Canadian fur trade rapidly expanded after 
the 1760 British capture of New France, allowing the es-
tablishment of Montreal-based British inland trade. This 
forced the Hudson’s Bay Company to also expand inland, 
triggering an era of fierce European competition. In south-
western Manitoba, this led to establishment of at least ten 
trade posts upstream from the confluence of the Assiniboine 
and Souris rivers - the so-called Sourismouth forts (Figure 
1) that date between 1793 and 1832 (Bryce 1892). Some 
of these posts are presently within cultivated fields, others 
are comparatively undisturbed, and some have not yet been 
located. They include regional headquarters and wintering 
outposts, and were operated by the Hudson’s Bay Company 
(HBC), the North West Company (NWC), the XY Compa-
ny (XYC), and also independent Montreal traders. Located 
along the edge of the northeastern Plains (Figure 1), these 
posts are historically important for their role in bison-based 
provisioning to support transportation systems, the estab-
lishment of the Selkirk Settlement, the rise of Métis national 
consciousness under the leadership of Cuthbert Grant (Jr.), 
and horse-mounted British trade expeditions to the Missou-
ri River Mandan villages (Davidson 1918; Brown 1964; 
Carter nd; Hamilton 1985; Jackson 1982; Wood and Thies-
sen 1985). The posts are of modern provincial government 
interest because of this historic importance, coupled with 
their vulnerability to looting and ongoing damage.

I directed the field work in 1981 and 1982 when Terry 
Gibson did the proton magnetometer survey (Hamilton 
1982, 1983), with Tony Buchner and David Hems direct-
ing thereafter (Hems et al. 1984, Hems 1985, 1986). Af-
ter first locating sites, often with information from local 
landowners, we documented them with sketch plans, topo-
graphic maps, controlled surface collection, shovel testing, 
geophysical survey, and 1 square metre excavations. Trail 
mapping (coupled with metal detector survey) was also 
undertaken, with the ‘plantations’ around some forts being 
surface collected and shovel tested in search of Aboriginal 
encampments. Extensive brush clearing to facilitate proton 
magnetometer survey revealed subtle anthropogenic relief, 
documented with 5 centimetre contour interval topographic 
mapping. 

Four trade posts are discussed here: Brandon House 
1 (HBC), McDonell’s House (NWC), Fort Assiniboine 
(NWC), and Fort la Souris (XYC) (Figure 2) (Brandon 
House 4 [HBC] has been addressed in Hamilton 2017). 

These posts are within Cluster 1 (Figure 1), and represent 
the oldest of the Sourismouth forts (1793 to 1810). Fort As-
siniboine and Fort la Souris are disturbed by modern culti-
vation, but with some suggestion that intact features lie be-
low the plowed zone. They were documented by controlled 
surface collection, with some topographic and proton mag-
netometer mapping (Figure 2). Brandon House 1 is com-
paratively undisturbed within a forest clearing, and was the 
focus of the investigations. Minimal assessment was done 
at McDonell’s House, but is discussed here to more fully 
explore the relative effectiveness of the assessment methods 
used. For its time, the fieldwork was quite innovative, but 
at a significant time and labour cost. The research is largely 
unknown and unpublished, in part reflecting the province’s 
strategy for site protection at that time.

My interest in the sites was recently renewed as a venue 
for evaluating the utility of UAVs and LiDAR for archae-
ological research, using the 1980s ground-based mapping 
as a point of reference (Hamilton 2017; Hamilton and Ste-
phenson 2017). This involves site consideration at several 
scales of interpretative resolution: 

1. the sub-regional level to better understand the geographic 
placement of posts, and the relationship of fort compounds 
to remnant trails and the surrounding plantations (likely 
containing outbuildings, gardens, and Aboriginal encamp-
ments),

2. the ‘compound’ level using remote sensing information 
to detect individual structures, palisades, cellars, chimney 
mounds, refuse middens, access routes, and other features,

3. the feature and artifact level using subsurface archaeo-
logical data to validate the remotely sensed data.

This paper focuses on the first two levels given my lim-
ited access to original archaeological field notes and draw-
ings. As required, at the end of my employment in 1982, all 
data were turned over to the Manitoba Historic Resources 
Branch. Over the subsequent decades, some of the primary 
field data, electronic data files, and large-scale maps appear 
to have been lost, discarded, or mis-filed. Consequently, 
photocopied maps from the original end-of-season reports 
were used to compare to UAV and LiDAR imagery. While 
still ongoing, data comparisons reveal gratifying consisten-
cy between the old and new data, and also inconsistencies 
reflecting weaknesses in each data source. Consideration of 
these strengths and weaknesses emphasizes the importance 
of a multi-proxy approach to archaeological site evaluation.
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4. Proton magnetometer prospection
Before discussing the outcomes of Gibson’s work at the 

Sourismouth forts, I first summarize the innovative meth-
odologies he developed. This involved a now-obsolete in-
strument that measured total magnetism in gammas in a 5 
digit readout (±1 gamma), but with no means of data stor-
age or electronic data processing. But rather than focusing 
exclusively upon total magnetism (both atmospheric and 
terrestrial magnetism), Gibson sought localized and com-
paratively weak magnetic anomalies of probable anthropo-
genic origin that are often masked by total magnetism. To 
alleviate this, readings were taken at two sensor heights (30 
and 60 centimetres above ground surface) at one metre in-

tervals across each survey block. As magnetic field intensity 
declines at the cube root of the distance from source, these 
paired measurements taken close to the ground can delim-
it localized and comparatively weak anomalies. The arith-
metic difference between paired readings (gradient) further 
emphasizes those of possible archaeological interest. In ef-
fect, he developed a means of transforming data output to 
mimic that from a magnetic gradiometer.

Gibson collected data at one metre intervals in either 150 
or 100 square metre blocks, resulting in 176 or 121 sample 
locations per block respectively, and totaling either 528 or 
363 data points per block. Magnetic values derived from 
natural sources likely dominate such data sets, and there-

Figure 2. Cluster 1 of the Sourismouth forts summarizing the 1980s archaeological field work.
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fore are likely distributed near the mean. Magnetic values 
that are anomalous from the mean (both positive and nega-
tive) will be associated with each ‘tail’ of the data frequency 
distribution. Since Gibson was focused on the anomalous 
values that are more likely to be of anthropogenic origin, he 
utilized simple descriptive statistics (mean, range, standard 
deviation) to identify data trends. This allowed a statisti-
cally appropriate approach to identifying the natural range 
of variation, and also the anomalous magnetic values be-
yond that range. It was these anomalies that were plotted 
and investigated further through ‘ground truthing’. Given 
the number of survey blocks investigated, manual process-
ing and analysis would have been prohibitively time-con-
suming, which motivated him to develop computer-based 
methods and thereby enable multi-iterative analyses. Partic-
ularly important was that he used a micro-computer in the 
field in order to process and analyze the data, print output, 
and return to the site to validate the data within hours of 
collecting them. This was an extraordinary development in 
the 1980s, and profoundly affected how we undertook site 
investigations.

In addition to varying spatially, magnetic intensity also 
varies temporally due to atmospheric magnetism (diurnal 
variation), and can severely compromise analytic utility as 
a prospecting tool. Gibson (1982:9-10) reported that diurnal 
variation gradually intensifies over the first half of the day 
(perhaps tens of gamma change over a few hours), with a 
corresponding gradual decline into the evening. However 
periodic ‘magnetic storms’ can result in upwards of a 200 
gamma change within a few minutes. Atmospheric magnet-
ic variation was monitored by measuring a ‘control point’ at 
regular intervals (ca. 2 minutes) during the survey.  This in-
volved taking readings at the control point upon completion 
of each 10 or 15 metre long transect line. By monitoring 
gradual data drift (diurnal variation), it was accounted for 
during data processing, but magnetic storms required inter-
ruption of survey operations. Gibson noted that such storms 
were particularly severe during the Sourismouth investiga-
tions, requiring periodic interruptions. 

The readings were manually recorded on paper during the 
survey, to be later entered into data processing software op-
erating on an Apple II+ micro-computer. This permitted de-
scriptive statistical analysis to identify anomalous magnetic 
values, with the final output (dot matrix) printed as isocline 
maps for each survey block. Each map represented lower 
(30 centimetre), upper (60 centimetre), and gradient sensor 
readings. Given the limited computer capacity of the time, 
survey blocks were comparatively small, with no capacity 
for data analysis across contiguous blocks. Instead, we con-
sidered patterned magnetic variation autonomously within 

each mapped block, with no provision for reporting the ab-
solute values of the isoclines. With no means of accessing 
the primary data, it must now be treated visually rather than 
numerically. Thus, map outputs reveal spatial distributions 
of anomalous magnetic fields, with the isocline density and 
spacing suggesting the intensity of the detected magnet-
ic anomalies. Further insight derives from comparing the 
map output generated at 30 versus 60 centimetres above the 
ground, with the gradient value map emphasizing localities 
with sharp magnetic differences detected at the two sensor 
heights. 

 ‘Ground truthing’ of the detected anomalies involved a 
metal detector and soil probe corer, and in the case of Bran-
don House 1, 5 centimetre contour interval mapping. After 
integration of this remote sensing information, we sought 
localities exhibiting different combinations of traits and 
tested our interpretations using 1 square meter excavation 
units. This field strategy was the most systematically ap-
plied at Brandon House 1, and to a lesser extent at the other 
sites as local conditions, field time, and staff permitted. Dis-
cussion of the ground truthing results will not be considered 
here. Instead, the paper will focus on the spatial methods of 
feature detection employed in the 1980s compared to mod-
ern UAV and LiDAR studies.  

Compared to modern equipment and software, this early 
magnetic prospection was quite coarse-grained and slow. 
The modern fluxgate gradiometer that Terry more recently 
used, simultaneously (and automatically) collects upper and 
lower sensor readings at frequent intervals (up to 8 readings 
per second), and stores the data for later download. High-
er data density can also be achieved by spacing the survey 
transects at 50 centimetre intervals. This negates the diurnal 
variation issue, and enables detection of more subtle mag-
netic anomalies. Reflecting these improvements, modern 
instruments now measure magnetic intensity in Nanoteslas 
(nT) rather than in Gammas (G) (1 nT = 10-5G).   

Even within the technical constraints of the 1980s, re-
markably useful results were generated, but Gibson (1982) 
commented on data processing bottlenecks at Sourismouth 
that impeded anomaly ‘ground truthing’ during his brief 
time at the site. We continued to validate the magnetic re-
sults after Terry’s departure, and I found the rapid incor-
poration of magnetic results into the investigations in the 
1980s to be revolutionary. We were able to quickly conduct 
confirmatory tests and refine site interpretation- my first 
exposure to ‘real time’ data collection and analysis. This 
focus upon data collection and processing to enable in-field 
interpretation remained an important part of Gibson’s pro-
fessional practice throughout his career.
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5. Sub-regional cultural geography: comparison 
of old and new data

5.1 Trails and fort locations
The original ‘sub-regional’ mapping at the Sourismouth 

forts relied upon 1:50,000 National Topographic Survey 
(NTS) maps and 1:20,000 black and white  aerial photo-
graphs (Figures 2 and 3). Figure 2 summarizes work con-
ducted in Cluster 1, and includes surface collection and 
magnetic survey blocks, shovel test transects, metal detector 
anomalies, and cart tracks and trails (Hamilton 1983). The 
four known trade posts are plotted relative to local relief and 
hydrology information extracted from 1:50,000 NTS maps, 
with the trail network and other cultural features derived 
from ground reconnaissance (Figure 2).

Brandon House 1 was a primary HBC regional headquar-
ters administered from Albany Factory, with Fort Assini-
boine and McDonell’s House (both NWC) established to 
intercept customers approaching Brandon House 1 by land 
(Figure 2). The XYC occupied Fort la Souris until its 1804 
amalgamation with the NWC, whereupon the NWC aban-
doned Fort Assiniboine, and built a new trade post on the 
Fort la Souris site (see Carter nd; Hamilton 1982). Utiliz-
ing local information, we relocated three posts, with Mc-
Donell’s House being discovered through artifacts exposed 
nearby (Figure 2). Trails were hand plotted using aerial pho-
tographs and a compass, and we relied heavily upon field 
interpretation and local information provided by Morley 
and Alice Brown (see Brown 1964). After cutting shovel 
test transect lines through the densely forested area around 
Brandon House 1, we also intercepted and sketch-mapped a 

Figure 3. An aerial photograph of Cluster 1 reflecting available cartography in the 1980s.
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network of linear depressions that drained the area immedi-
ately east of the post (Figure 2).

The early mapping within Cluster 1 long predates hand-
held GPS, and reflects some uncertainty compared to what 
is now possible. Figure 3 is an enlarged photocopy of the 
aerial photograph used during the 1981 reconnaissance. It 
suggested comparatively few ‘paths of least resistance’ to 
and from the forts due to the springs and bogs draining from 
the terraces along the Assiniboine River valley wall. They 
are imperfectly represented in the NTS topographic data (10 
metre contour interval) but are much more evident in the 
LiDAR data (discussed shortly). 

What are now cart tracks may represent modern versions 
of historic trails, perhaps including the Yellow Quill Trail 
(Figure 2) (Brehaut 1971-72; Neufeld 2009). This 19th Cen-
tury Indigenous trail likely had earlier iterations. It originat-
ed at the forks of the Red and Assiniboine rivers, extended 
west along the north flank of the Assiniboine River, and 
then southwest to cross the Assiniboine River at Cluster 1. 
It then trended south along the Souris River valley, past the 
west flank of Turtle Mountain, and onwards to the Missouri 
River. I speculate that this Indigenous travel route may have 
contributed to the 1793 establishment of HBC’s Brandon 
House 1 (near where it likely crossed the Assiniboine Riv-
er), with other companies following suit shortly thereafter. 

McDonell’s House (NWC) is along a cart track leading to 
Brandon House 1 (Figure 2). It was established to intercept 
customers approaching the HBC post from the east, while 
Fort Assiniboine was established on the west river bank to 
also intercept customers (Figure 2). Perhaps the XYC built 
Fort la Souris with a similar intention since it overlooks the 
west bank near the river ford adjacent to Brandon House 1 
(Figure 2). This reflects the intensity of European competi-
tion, and I suspect that the as yet undocumented indepen-
dent Montreal trade posts lie on the densely forested river 
terraces surrounding Brandon House 1. Indeed, at least one 
cellar depression was observed immediately outside the 
Brandon House 1 palisade along a narrow intermediate ter-
race overlooking the Assiniboine River (illustrated below).

Several trails feature sections of rotted log corduroy road 
across wet zones, and also clusters of metal detector anom-
alies (Figure 2). These trails were maintained by local res-
idents until the land again became Provincial Crown land, 
and are intermittently visible in legacy aerial photography 
(Figure 2). As local use of the Crown land declined, beaver 
dammed extensive areas, creating wetlands overgrown with 
low story vegetation. It is now more difficult to traverse the 
area, and the trail remnants connecting the posts are no lon-
ger visible in orthophotogaphy (Figure 4). This emphasizes 
the importance of legacy data despite the availability and 
ease of use of modern electronic media.

Figure 4. Current orthophotographic coverage of Cluster 1, overlaid with NTS shapefile information.
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5.2 Modern spatial data and surface collections
More recent map data in the study area includes publicly 

accessible orthophotography, satellite and LiDAR imagery, 
and unpublished UAV imagery collected in 2016. This digi-
tal information is georeferenced and can be readily integrat-
ed using Geographic Information Systems (GIS). In Figure 
4, the orthophotography is overlaid with NTS data defining 
roads (red), 10 metre contour interval isoclines (orange), 
and streams (blue). While offering improved resolution and 
ease of use compared to paper-based maps, these data must 
be used cautiously. The 1 metre resolution orthophotogra-
phy is quite precisely georeferenced but can contain data 
flaws (see the flaw running vertically through Figure 4). The 
legacy NTS data themes (roads, contours, hydrology) are 
much less precisely registered than the orthophotography 
since they are derived from aerial photograph interpreta-
tion. When examined at high magnification, and particular-
ly when compared to the LiDAR output, cartographic in-
consistencies are evident. Figure 4 reveals the significantly 
improved resolution of remotely sensed data, with compar-
atively easy data integration allowing multi-iterative evalu-
ation. Provincial (orthophotography and LiDAR) and feder-
al (NTS shapefiles and DEMs) data sources are now freely 
available for download due to ‘data liberation’ policies.

Particularly important is the LiDAR imagery now avail-
able for much of southern Manitoba. These data were col-
lected to aid in flood forecasting and management, and are 
rendered as 1 metre (horizontal) resolution Digital Eleva-
tion Models (DEMs). An elevation point is calculated for 
each square metre - a dramatic improvement over the 10 
metre contour interval NTS standard, or the 30 to 50 metre 
resolution DEMs available from the federal NTS databases 
(see also Hamilton 2018). 

To illustrate this improved resolution, Figure 5 presents 
the conventional digital data (Figure 4), overlaid with 1 me-
tre contour interval LiDAR isoclines (fine black lines). The 
original NTS 10 metre interval contours are included (or-
ange lines) to offer a point of contrast. Figure 5 also includes 
information collected in 1981 and 1982 that was only avail-
able through paper maps (Figure 2). Since they are not geo-
referenced, they were rescaled and reoriented to match the 
GIS output in Figure 4, and then the relevant features were 
electronically traced onto a new data layer. While some-
what cluttered and difficult to interpret, this map improves 
interpretative resolution when viewed at a larger scale. The 
1 metre interval contour lines convey important breaks in 
slope, with the trails (dashed red lines) often falling along 

Figure 5. Comparison of legacy NTS shapefiles with that deriving from LiDAR imagery. Archaeological 
thematic information from Figure 2 is included.
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inferred paths of least resistance. McDonell’s House is posi-
tioned along a cart trail at the top edge of a terrace overlook-
ing the river (Figure 5). Morley Brown (cited in Hamilton 
1982) reported a (fur trade era) cemetery on the valley wall 
immediately north of the post. The estimated location is in-
dicated in Figure 2 and 5, but when considering the LiDAR 
relief model, it is likely located upon a small knoll 50 to 80 
metres to the east (Figure 5). Dense forest cover prevented 
discovery of this feature in the 1980s, and it remained un-
known until observed in LiDAR data. 

The approximate locations of metal detector anomalies 
are indicated as red stars (Figure 5). Much of this recon-
naissance was oriented to the trails, resulting in systematic 
biases, but the anomaly distribution is sufficient to suggest 
activities removed from the main fort compounds. The plan-
tation areas surrounding McDonell’s House and Brandon 
House 1 were also investigated with shovel test pits spaced 
at 5 and 10 metre intervals, respectively (Hamilton 1983). 
This testing proved disappointing at Brandon House 1, with 
comparatively few pits yielding artifacts. In hindsight, the 
method used had a high risk of ‘false negative’ results due 
to the small sample generated from widely dispersed test 
pit holes. 

A more comprehensive understanding of artifact disper-
sal surrounding the fort compounds derived from controlled 
surface collection of freshly cultivated fields at Fort Assini-
boine and Fort la Souris. The extent of these surface collect-
ed areas is represented by semi-transparent yellow polygons 
in Figure 5. The polygons associated with Fort la Souris, 
McDonell’s House, and Brandon House 1 also contain areas 
subjected to topographic mapping, proton magnetometer 
survey, and 1 square metre test excavation. The controlled 
surface collection results are discussed more fully below.

A network of shallow interconnected linear depressions or 
trenches were detected during reconnaissance survey near 
Brandon House 1. They were sketched and plotted on Fig-
ure 2 and replicated in Figure 5. The linear depressions ap-
pear to drain ground water south and east away from Bran-
don House 1 (located on a point bar terrace) and they run 
through an area of slightly lower relief between the point 
bar ridge to the west and an intermediate river terrace to the 
east (defined by the 342 to 348 metre contour lines) (Figure 
5). They do not appear to be natural features (i.e., old stream 
beds or beaver-excavated channels) because the southeast 
end terminates in a rectangular pool at the top brink of the 
terrace defined by the 341 metre contour line (Figure 5). I 
speculate that the features represent trenches excavated to 
drain ground water away from the landward side of the fort 

compound, and might have been used to improve garden 
productivity and to facilitate foot traffic. Given the lack of 
substantive confirmatory information, I encountered some 
skepticism from reviewers and colleagues regarding this in-
terpretation. I will return to this issue later when presenting 
LiDAR maps of the Brandon House 1 locality.

6. Exploration of fort plantations, elevation 
models, and surface collections

The forts located on the west side of the Assiniboine Riv-
er have been repeatedly disturbed by modern agriculture 
for over a century (Figure 2). In 1890, J.B. Tyrrell visited 
the site of Fort Assiniboine while it was still native prai-
rie during his geological reconnaissance of the Assiniboine 
River valley (Stewart 1930:36). He  measured and record-
ed depressions and low mounds (Figure 6), and described 
a rectangular palisaded compound with two main gates on 
the south-facing side of a low knoll overlooking the Assini-
boine River. Within the palisade were surface features that 
suggest two parallel row houses facing into a central court-
yard. He also identified a bone-rich refuse midden located 
just inside the north palisade. The fort ruins were referenced 
to a nearby Dominion Land Survey monument, enabling its 
approximate relocation in the current agricultural field.

During the 1981 investigation the field had been freshly 
sown to cereal grain (Figure 3), permitting good visibili-
ty for surface collection as the crop was germinating. The 
current landowner grows a perennial forage crop, and it 
has not been broken up for reseeding for some time. While 
the depressions and mounds have long been obliterated, 
the lower parts of these features might lie intact below the 
plowed zone. The current landowner reports that during 
mid-summer drought the alfalfa is slow to regenerate af-
ter it has been cut, except in some patches with better soil 
moisture. These patches form patterns, perhaps suggesting 
the remnants of pits rich in moisture and nutrients below 
the plowed zone. This is consistent with observations made 
by Hugh Mackie  in the early 1970s after taking oblique 
angle aerial photographs from a small aircraft. While these 
images are not available for presentation, he asserted that 
differential crop growth patterns could be discerned, sug-
gesting intact features below the plowed zone. This antici-
pated now well-established aerial remote sensing methods.
This motivated UAV re-investigation of the site, but I have 
not yet been able to visit it under optimal conditions for de-
tecting differential plant growth. Such low elevation remote 
sensing might be further aided using multi-spectral sensors 
mounted on UAV units.
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In 1981, a surface collection was conducted over 33,800 
square metres using 15 by 15 metre collection grids. Arti-
fact class summaries were generated, and the distributions 
represented as scatter plots relative to the estimated loca-
tion of the fort compound (Figure 6) (Hamilton 1982). This 
reflects my first (and only) effort at computer coding, and 
given the technology of the early 1980s the exercise proved 
too time-costly to be viable as a multi-iterative analytic tool. 
Interestingly, by the mid 1980s Gibson had resolved this 
problem by developing computer cataloguing, querying 
and plotting software, enabling more comprehensive spa-
tial analysis of Rocky Mountain Fort (see Hamilton 1987; 
Hamilton et al. 1988; Burley and Hamilton 1991; Burley et 
al.1996). The comparatively crude early efforts at Fort As-
siniboine demonstrated that some artifact classes are distrib-
uted close to the proposed centre of European occupation, 
while others were much more widely distributed (Hamilton 
1982). The latter circumstantially suggested the dispersal of 
Aboriginal encampments surrounding the post, but I lacked 

sufficient information about landscape conditions to aid 
interpretation. This has been alleviated by integrating the 
scatter plots with digital elevation models.

The UAV-derived elevation model was sufficient to de-
fine the knoll containing the site, but interpretation is im-
peded by the dense crop cover (Figure 7). The flight also 
only captured a portion of the total surface collection area 
(Figure 7:A). This was resolved using the LiDAR imagery 
encompassing a larger area as ‘bare earth’ topography with 
0.2 metre contour interval isoclines (Figure 7:B). Figure 
7:B identifies the proposed fort location (scaled version of 
the Tyrrell sketch map), with customization of the LiDAR 
DEM ‘colour ramp’ to emphasize relief. Lower elevation 
zones are uniformly coloured blue and higher elevations 
shaded red, leaving the balance of the colour palette to rep-
resent an intermediate terrace and knoll containing the site. 
The DEM was contoured at 0.2 metre intervals to document 
subtle relief not reflected by the colour range (Figure 7:B). 

Figure 6. Sketch plan of Tyrrell’s 1890 map of Fort Assiniboine coupled with the 1980s artifact scatter plots 
from controlled surface collection (after Hamilton 1982).
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The improved relief demonstrates that the site is on a low 
point bar overlooking the floodplain. Consistent with Tyr-
rell’s notes, the compound is on the south-facing flank. Since 
LiDAR imagery penetrates dense forest, subtle breaks in 
slope across the terrace edges suggest possible historic cart 
tracks near the west outlet of the ford over the Assiniboine 
River that lead towards the fort (Figure 7:B). Figure 7:B 
also includes UAV-derived isoclines (white lines) across 
the top of the point bar. While mimicking the general slope 
trends observed in LiDAR data, UAV photogrammetry does 
not precisely measure absolute elevation nor details of relief 
change. This is due to vegetation cover and precision limita-
tions of the equipment, and is addressed more fully below.

Figures 8 to 11 present the artifact distribution data re-
drafted over the LiDAR DEM map, and supplemented with 
the Tyrrell sketch. Artifacts of clear European manufacture 
are illustrated in Figure 8, and represent items lost or dis-
carded by either Aboriginal or European owners. Given the 
sample size, it was not useful to consider discrete artifact 
types, but it suggests a very rapid decline in deposition 
away from the centre of European habitation. It also demon-
strates that my early expectation that the artifact yield from 
plantations might reflect Indigenous consumer choice is not 
viable. Recently acquired European technology may well 
have been carefully curated, resulting in quite low archaeo-
logical visibility. 

Figure 7. Fort Assiniboine locality with UAV and LiDAR derived Digital Elevation Models.
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Figure 8. The distribution of European manufactured artifacts at Fort Assiniboine.

Figure 9. The distribution of clinkers at Fort Assiniboine.
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Figure 10. The distribution of faunal material at Fort Assiniboine.

Figure 11. The distribution of fire broken rock at Fort Assiniboine.
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Figure 9 represents the spatial distribution of clinkers (or 
slag). These glassy silica nodules derive from intense firing 
of charcoal or other solid fuel, and may be a byproduct of 
blacksmithing operations. These materials are also clustered 
in proximity to the projected fort location, although mostly 
to the southwest of the plotted fort location. It is not clear 
whether this reflects taphonomic dispersal through cultiva-
tion, misplacement of the Tyrrell sketch onto the DEM, or 
waste disposal outside the fort compound. 

Figure 10 illustrates the dispersal of faunal material (like-
ly discarded bone from food consumption). As this site 
served as a provisioning post, this (or greater) density of 
food bone waste was expected. Tyrrell observed an irregular 
depression containing animal bones along the inner side of 
the north palisade (Figure 6). This is consistent with waste 
disposal practices common to such trade posts (see also Tot-
tle 1981; Hamilton 1986, 1990, 2000; Burley et al.1996). 
That said, I had anticipated more widespread dispersal of 
bone material consistent with Aboriginal encampment with-
in the plantation area, and bone grease extraction and pro-
cessing in and around the fort compound. 

Figure 11 reports the distribution of fire-broken rock 
(FBR). These are angular rock fragments, often broken 
through thermal shock, and are generally viewed to indi-

cate encampment fire hearths or degraded stone fireplaces. 
While somewhat heavier concentrations were observed in 
the vicinity of the fort compound, it was widely dispersed 
throughout the collection grid area. This distribution rela-
tive to the LiDAR-derived elevation model suggests that the 
balance is found upon the higher elevation point bar well re-
moved from the fort compound (Figure 11). This is perhaps 
the best indication of Indigenous encampments surrounding 
the palisaded fort compound, although at least some of it 
might reflect pre-contact occupation on a knoll overlook-
ing the river floodplain. That said, very modest amounts of 
lithic debitage (and no pre-contact pottery) were recovered, 
suggesting that earlier pre-contact Indigenous occupation 
is not a strong factor in the distribution of FBR, and that 
it might be useful as a proxy of Indigenous occupation of 
plantation zones. 

Fort la Souris was also reinvestigated to consider the dis-
tribution of surface collected material relative to the land-
scape using the original topographic map, the UAV output, 
and the LiDAR elevation model. It is located at the top of 
a gentle slope overlooking the outlet of Five Mile Creek 
into the Assiniboine River (Figures 2, 5, and 12). Much of 
it is now within a cultivated agricultural field, bisected by 
a modern cart trail and a barbed wire fence runs along the 
quarter section boundary between the fields.

Figure 12. Fort la Souris and the distribution of faunal material. The map includes the 1981 topographic map with the 
DEM from the 2016 UAV flight.
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The survey area (ca. 21,500 square metres with 10 by 
10 metre collection units) was large enough to capture dis-
turbed portions of the original XYC Fort la Souris and the 
NWC post established after their 1804 amalgamation. Fig-
ure 12 includes the UAV-derived DEM overlaid with the 
original topographic map (25 centimetre interval), and the 
surface collection and proton magnetometer grids. The dis-
tribution of faunal material is also included. 

The UAV DEM uses blue to define the topographic low 
zone, with increasingly high elevation ranging from light 
blue and green to yellow/orange (Figure 12). The irregular 
orange/red area along the field edge represents ‘false re-
lief’ defined by arboreal vegetation that obscures the last 
remaining cellar depression (see Figures 5 and 12). This is a 
systematic limitation of visible light aerial photogrammetry 
whereby it interprets the vegetative canopy as ‘ground sur-
face’. The faunal material is diffusely distributed throughout 
the survey collection grid, with somewhat higher concentra-
tions in proximity to the two fort site locations. Figure 13 
presents the distribution of non-faunal artifacts (not includ-
ing clinkers or FBR), and also reveals a denser clustering 
along the field edge. Aeolian sediment accumulation was 
also noted along the field edge. Coupled with reduced cul-
tivation in the field corner (collection unit 10) (Figure 13), 
this likely contributed to reduced artifact recovery.

Figure 14 presents LiDAR DEM and 0.2 metre isoclines 
in the larger image. The colour gradient is suppressed to 

reserve more of the colour range for delimiting details of the 
site location. The contour lines also identify a break in slope 
along the cut bank that might represent the historic trail up 
from the river ford. The magnetometer and surface collec-
tion grids are also included to provide points of reference 
back to the artifact distributions in Figures 12 and 13. Since 
the LiDAR imagery penetrates through vegetation, the last 
surviving cellar depression along the field edge is detected, 
as is the aeolian sediment accumulation along the field edge. 
The inset map in Figure 14 presents 0.2 metre isoclines and 
DEM generated from the UAV survey. When these isoclines 
are superimposed as fine unlabeled white lines upon the Li-
DAR relief model, inconsistencies are observed. The UAV 
output reveals a ‘doming error’ that likely derives from sun 
reflection (see Stephenson 2018). This flight was conducted 
shortly after dawn, with direct sunlight shining obliquely 
across the survey area. I did not use the appropriate ND 
filter on the UAV camera, resulting in a systematic error in 
the photogrammetric output. This could have been reme-
died by conducting the flight under overcast conditions or 
by using a filter. The LiDAR elevation model (colour DEM 
and black isoclines in Figure 14) suggests that the two fort 
sites were positioned along the top edge of the prairie over-
looking the river valley. The artifact distribution, particular-
ly the European manufactured objects, coincides closely to 
this primary zone of occupation. The original topographic 
map (Figures 12 and 13) did not capture this detail, no doubt 
due to insufficient elevation data points (optical theodolite) 
to represent subtle relief variation. 

Figure 13. Fort la Souris and the distribution of non-faunal artifacts, with the 1981 topographic map and UAV DEM..
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The magnetic survey of Fort la Souris was constrained 
by disturbance from the barbed wire fences that bisect the 
site, and also likely from lost/discarded fence staples and 
other modern debris. Gibson focused his attention on the 
open field area that had yielded the most artifacts during the 
surface collection, and was constrained by the dense forest 
cover along the field edge. He collected data from about 
25 survey blocks, some of which extended slightly off the 
cultivated field that is also mantled with aeolian sediment 
(see Figure 14). Some ground truthing using a metal de-
tector and soil probe corer was completed, but no intensive 
subsurface investigation was done. 

By modern standards the magnetic data are quite coarse 
resolution and the original output was not integrated with the 
other thematic information collected at the site. Only pho-
tocopied magnetic maps are available featuring the original 
dot-matrix print output (Figure 15, Hamilton 1982, 1983). 
Figure 15 is rather uninformative because of the poor-qual-

ity reproduction. This is alleviated by schematically inter-
preting the magnetic anomalies, and integrating them with 
the LiDAR elevation model and surface-collected artifact 
distribution (Figures 16, 17, 18). These maps only include 
the area where the magnetic survey was conducted.

One of the fort compounds likely lay in the vicinity of 
surface collection block 10 while the other was associat-
ed with the intact cellar depression along the field edge in 
survey block 29 (Figures 12 and 13). The wire fences, the 
cart track, and the dense brush along the field edge imposed 
operational difficulties. In order to reduce magnetic inter-
ference from the wire fences, the immediately adjacent sur-
vey blocks are about 2-3 metres removed from it. Figures 
15 to 18 reveal a number of smaller, but intense, magnetic 
fields at both the lower and upper sensor heights. This like-
ly reflects metallic objects (fence staples, wire, etc.) bur-
ied along the fence lines, and demonstrate that the buffers 
where insufficiently wide. 

Figure 14. Comparison of the UAV and LiDAR elevation models for Fort la Souris.
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Figure 15. The 1980s results of Proton Magnetometer Survey at Fort la Souris (after Hamilton 1983).
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Figure 16. Schematic interpretation of lower magnetic results from Fort la Souris integrated with non-faunal arti-
fact distribution and the LiDAR elevation model.

Figure 17. Schematic interpretation of upper magnetic results from Fort la Souris integrated with non-faunal arti-
fact distribution and the LiDAR elevation model.
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The magnetic anomalies are schematically represented as 
circles/ovals of varying sizes to reflect their spatial extent, 
while the thickness of the black margins represents the rela-
tive strength of the magnetic field. Thin-lined circles reflect 
magnetic fields defined by 2 or 3 isoclines (ca. 6-9 gamma 
field strength), while thick-lined circles represent more in-
tense fields. Comparatively small magnetic anomalies like-
ly reflect localized metallic ‘point sources’ (buried metal 
artifacts), and are more likely to be detected at the lower 
sensor height (Figure 16), but less so at the upper one (Fig-
ure 17). Large and less intense magnetic fields may repre-
sent thermal alteration (e.g., hearths, fire pits, clusters of fire 
broken rock), or filled depressions (e.g., storage pits, refuse 
pits). The magnetic interference imposed by the fence, cart 
track (and associated metal debris) limits interpretation of 
the fort locality straddled by the fence line. This reinforces 
Gibson’s admonition that near-surface geophysical remote 
sensing must undergo ‘ground truthing’ to verify the loca-
tion and character of the detected unconformities. 

Interpretation of the cluster of magnetic fields identified in 
the more southeasterly survey blocks are impeded by dense 
forest cover along the field edge. I suspect that the aeolian 
sediment accumulation along the field margin also limited 
artifact collection success. Nonetheless, a number of small- 
and medium-sized anomalies of various sizes were detected 

at both the lower and upper sensor heights in the vicinity of 
the intact cellar depression within the dense brush along the 
field edge (Figures 16, 17, and 18).

7. The Brandon House 1 compound
The broader Brandon House 1 area is discussed above, 

and the palisaded compound and its immediate vicinity are 
considered here, but with some necessary duplication. Fig-
ure 19 is a degraded map from a license report (Hamilton 
1983) that summarizes the investigations up to 1983. The 
river bank terraces are represented as hachured lines, with 
the shovel testing and proton magnetometer survey areas 
highlighted. The sketch-mapped trails converging on the 
post are highlighted with red dashed lines, supporting the 
notion that they follow historic routes. Shovel test pits were 
excavated around the central compound in search of Ab-
original encampment areas (Figure 19). This was not partic-
ularly illuminating, due in part to the small test pit size and 
the 10 metre spacing. The diffuse recoveries are dominated 
by bone fragments and fire broken rock, with comparatively 
few European-manufactured artifacts. This artifact profile 
is consistent with the surface collection of Fort Assiniboine 
and Fort la Souris, perhaps suggesting that the fort custom-
ers seldom lost or discarded European goods while resident 
near the post. 

Figure 18. Schematic interpretation of gradient magnetic results from Fort la Souris integrated with non-faunal 
artifact distribution and the LiDAR elevation model.
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Surface inspection in 1981 revealed an array of mounds 
and depressions scattered along the top of a point bar ter-
race in the middle of a large clearing (Figure 20). A Google 
Earth satellite image inset illustrates the clearing relative 
to the magnetometer survey blocks (red lines), also illus-
trated on the contour map (Figure 20). The initially defined 
depressions and low mounds were later documented with a 

Figure 19. Overview of 1980s investigations at Brandon House 1 (after Hamilton 1983).

topographic map (25 centimetre contour interval). To aid in-
terpretative clarity, the closely spaced isoclines defining the 
primary features are replaced with red ovals. While most of 
the red outlined features are located along the apex of the 
point bar, a single large depression was observed on an in-
termediate terrace (Figure 20 magnetometer grid J). While 
this feature was not tested, it is likely a cellar depression 
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Figure 20. Contour mapping of Brandon House 1 (1980s) with mapping grids.

representing either an HBC outbuilding, or one of the pres-
ently undocumented independent Montreal trade posts that 
were established near the HBC post. 

As tall grass and woody shrubs were removed from the 
compound area to facilitate the magnetic survey, more sub-
tle relief features were detected that were thought to be of 
anthropogenic origin. Documenting this micro-relief re-
quired collection of many more elevation points. The most 
efficient method was to grid sections of the site into 1 me-
tre squares, and then use an optical theodolite to collect 
elevation data (ca. 4 to 8 points per square metre). These 
data were then hand plotted and interpolated to produce a 5 
centimetre contour interval map encompassing over 1,750 

square metres (grey shaded zone in Figure 20). While enor-
mously labour-intensive and time consuming, it significant-
ly aided site interpretation. 

The topographic mapping was compared to the proton 
magnetometer survey results to classify unconformities, 
and then were tested using metal detectors and soil probe 
corers. These data suggested features associated with the 
buildings and the palisade, and informed the selection of 1 
square metre excavation units while minimizing the excava-
tion footprint. The primary limitation was the high cost of 
field and data processing times. Figure 21 includes an inset 
slide photograph of the large-scale map, which required co-
lour hand-shading to aid interpretation. 
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The original hand drafted micro-topographic map has 
been lost, leaving only a re-scaled black and white isocline 
version that was included in the license report (Hamilton 
1983). Photocopying and scanning has contributed to the 
loss of interpretative resolution (Figure 21). Time has not 
permitted redrafting of the 5 centimetre topographic map, 
but some of the important features are identified using red 
dashed lines. It suggests a long, comparatively narrow pali-
saded compound arranged along the length of the point bar 
terrace, with the primary access from the river being defined 
by a graded slope that cuts into the terrace edges. Secondary 
gates likely provided access along the east wall, probably 
associated with the trails converging on the clearing from 
the north and east (Figure 19). The most prominent storage 

Figure 21. Detailed topographic mapping of Brandon House 1 (1980s), with interpretations of site 
layout (after Hamilton 1983).

cellars are reflected by depressions D1, D4, and D5, while 
D2 and D3 are more ephemeral depressions. The low mound 
labeled M1 emitted large and intense magnetic fields, and 
test excavation suggests it was a blacksmithing area. Other 
test excavations near weakly defined magnetic anomalies 
intercepted several closely spaced human burials, likely the 
post cemetery. Upon discovery, excavation was curtailed 
and the units were refilled. In order to protect this cemetery 
area, the location is not marked on Figure 21. Feature F1 
appears to have been a stone fireplace that had already been 
severely damaged by looting, with an extensive distribution 
of fire damaged rocks distributed across the surface. The 
low mound (M3) is likely another fireplace associated with 
a building that also contained the cellar D5. Test excavation 
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within M2 revealed dense deposits of bone waste and other 
materials suggesting a large midden. The close proximity of 
sheet and pit middens to the fur trade post buildings appears 
to be common (see Figure 10, and also Tottle 1981; Hamil-
ton 1986, 1990).  

Close examination of the 5 centimetre contour map indi-
cated shallow linear depressions in various locations within 
the clearing. Some of these were examined with 50 centime-
tre wide trenches to confirm the location of palisade footer 
trenches, with continued fieldwork led by David Hems pro-
viding further confirmatory testing. This added architectural 
detail, including definition of bastions on diagonal corners 
of the palisade. 

Figure 22 integrates the 1980s topographic map with the 
2016 photomosaic (UAV flight). The latter was conducted 
at 40 metres elevation over the clearing. Portions of the site 
grid (red dashed lines), and 25 centimetre contour interval 
map are overlaid. The original high-resolution photomosaic 
is large (124 by 202 centimetre), but the vegetation cover 
obscures details of archaeological interest. Further detail is 
lost when it was reduced to a manageable publication size. 

Figure 23 presents the DEM from the UAV flight at Bran-
don House 1. It was imported into GIS software and pro-
cessed to aid manipulation of the ‘heat map’ to emphasize 
culturally relevant relief and to produce 5 centimetre inter-
val isoclines (fine black lines). The survey grid (red dashed 
lines), the 25 centimetre isoclines (white solid lines), and 
the 1 square metre excavation units (grey squares and rect-
angles) are included to provide points of reference. The ma-
jor depressions and mounds are readily evident in the DEM 
as green versus orange-red zones respectively, and treed ar-
eas are shaded red (high elevation with closely spaced black 
isoclines). Areas of low brush appear as localized orange 
or orange-red patches. Again, this limitation of visible light 
photogrammetry results in measurement of the elevation of 
top vegetation ‘surfaces’. This is readily evident at the south 
portion of Figure 23, with the mature forest canopy obscur-
ing part of mound M3 and most of depression D5 (compare 
Figures 21 and 23). 

LiDAR imagery has enormous potential as an alternative 
to UAV-derived imagery since it offers a ‘bare earth’ topo-
graphic model (see Figure 24:A). Figure 24:A is processed 
to emphasize the detail of the Brandon House 1 Compound, 
revealing some of the primary mounds and depressions, but 
with the lower two terraces being uniformly shaded dark 
blue. This loss of detail is mitigated by also reporting re-
lief with 20 centimetre contour lines. The area within the 
rectangle in Figure 24:A is represented in more detail in 

Figure 22. Photo mosaic of Brandon House 1 clearing from UAV flight 
overlaid with part of the 1980s topographic map.

Figure 24:B. For the sake of visual clarity, only the three 
major depressions are highlighted with red dashed lines, 
with more subtle landforms being indicated by the fine red 
isoclines (20 centimetre contour interval). While the major 
features are represented, the utility of the LiDAR data is 
constrained by the 1 metre horizontal resolution, resulting 
in the blocky colour gradations. This down-sampling of 
the original ‘point cloud’ to represent one elevation point 
per square metre renders the LiDAR data more accessible 
and manageable. In contrast the UAV flight generates point 
clouds with 8 to 15 points per square metre. Thus, while 
LiDAR offers ‘bare earth’ topography, it is only at a 1 metre 
horizontal resolution. The UAV provides much higher reso-
lution, but is negatively impacted by obscuring vegetation. 

Figure 24:C introduces another confounding issue. The 
base layer represents the LiDAR elevation model with fine 
red lines marking 20 centimetre contours. The major de-
pressions (likely representing cellars or pit middens) are 
defined by red dashed lines. These data were collected with 
manned aircraft and georeferenced using differential GPS 
to maximize cartesian precision. In Figure 24:C, isoclines 
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Figure 23. UAV-derived elevation model for Brandon House 1 overlaid with 1980s contour map and distribution of excavation units.
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Figure 24. Comparison of UAV and LiDAR elevation models for Brandon House 1, illustrating the shortcomings of the GPS of 
UAV used for the survey.
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from the UAV flight are reported as fine black lines (20 cen-
timetre contour interval), with the major depressions em-
phasized with thick black dashed lines. This data overlay 
reveals that the UAV isoclines are consistently displaced 
from those from the LiDAR elevation model. This incon-
sistency reflects the precision of the UAV’s GPS receiver  
(±2-4 metres) that is used to provide coordinates for UAV 
photographs. Unless a RTK enabled UAV is used, these 
GPS coordinates are not subjected to differential correction. 
While the process of photogrammetric analysis improves 
the georeferencing of the resultant photograph mosaic, it 
is not of the quality associated with the LiDAR data. This 
results in the imperfect matching of the features illustrat-
ed in Figure 24:C and reflects the practical limits of UAV 
image capture and processing in absence of RTK-enabled 

georeferencing. Nonetheless, UAV-enabled mapping but 
still represents a remarkable improvement in precision and 
accuracy over most other available cartography. 

Figure 25:B illustrates Brandon House 1 and surrounding 
area based on LiDAR data interpretation, and compares it 
to the 1980s reconnaissance mapping (Figure 25:A). The 
sketch plan illustrates the network of shallow depressions 
that were observed only after brush was cleared along the 
shovel test transects. However, these features are readily 
evident in LiDAR data (after adjustment of the DEM heat 
map and with 20 centimetre contour mapping). Also of note 
are the cart trails that bisect the isoclines defining the lower 
terraces (Figure 25:B). 

Figure 25. LiDAR detection of cultural and natural features around Brandon House 1.
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Figures 26, 27 and 28 present the original proton magne-
tometer outputs from the Brandon House 1 compound that 
was a central focus of Gibson’s efforts (over 6,100 square 
metres) (see Hamilton 1983). The full extent of the survey 

is illustrated in Figure 20, but for the sake of brevity, I focus 
on the central compound. Early in the field work our atten-
tion was fixed on the depressions and mounds upon the point 
bar, but we repeatedly revised our interpretation of the site 

Figure 26. Lower magnetic readings within the compound at Brandon House 1 (after Hamilton 1983).
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extent with integration of data from surface reconnaissance, 
topographic mapping, proton magnetometer survey, and 
shovel testing (Figure 20). This was often driven by the de-
tection of localized magnetic unconformities in unexpected 

areas, requiring ‘real-time’ reformulation of the operational 
plan in the field. This permitted an important transformation 
in how we approached excavation, and remains compara-
tively rare during archaeological assessment. 

Figure 27. Upper magnetic readings within the compound at Brandon House 1 (after Hamilton 1983).
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The steady revision of the site extent also made clear that 
the work required to explore, ground truth, and strategically 
test it was beyond our capacity. Increasingly, I became fo-
cused upon non-invasive methods of site characterization 
to identify subtle areas of interest, with less time devoted to 
ground truthing and conventional trowel excavation. While 
the shift away from field verification of tentative interpre-
tations was of concern (see Gibson 1982), it was consistent 

with a growing interest in minimizing archaeological distur-
bance of such sites. On reflection, I became over-confident 
when interpreting non-invasive remote sensing results (i.e., 
micro-topographic and magnetic character data) without the 
associated ground truthing. Consequently, important details 
were likely missed because they were less obvious in the 
remote sensing data. These issues are more fully explored 
with reference to McDonell’s House (Figure 2).

Figure 28. Gradient magnetic readings within the compound at Brandon House 1 (after Hamilton 1983).
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8. McDonell’s House
McDonell’s House was discovered in 1981 after arti-

facts were found disturbed along a fire-break near the pri-
mary trail to Brandon House 1 (see Figures 2, 3, 4 and 5) 
(Hamilton 1982). It was identified as McDonell’s House, 
an NWC regional headquarters for Wintering Partner John 
McDonell. Established in 1796, the post was reportedly 
about a ¼ mile from Brandon House 1 along a direct path 
to it (Carter nd:44). Carter (nd:73-74) reports that it was a 
‘large house’, being 90 feet long and 22 feet wide (27.4 by 
6.7 metres) with six chimneys. She also notes that it burned 
down and was rebuilt shortly thereafter, but was abandoned 
by about 1805. It is unclear whether it was rebuilt on the 
same foundation footprint or close nearby. The site is also 
of interest because the test excavations yielded some tex-
tile-impressed Indigenous pottery, a grooved stone maul, 
and a bone fleshing tool in apparent association with Eu-
ropean-manufactured materials (Hamilton 1982:91). While 
affected by ambiguous deposition processes, this might 
suggest continued use of traditional Indigenous technology 
within early European settlements, fur trade re-occupation 
of a pre-contact Indigenous encampment, or some combi-
nation of both. 

The locality was mantled with mixed deciduous forest 
(Figure 3 and 4), but despite its considerable size, no sur-
face indications of cellars or chimney mounds are evident. 
As such, it was a challenging site to address using non-inva-
sive methods with limited subsurface testing. The strategic 
nature of site placement was not fully grasped during the 
original field work due to the quality of available mapping. 
Figure 5 is a composite map with the 10 metre topographic 
isoclines (NTS data) coupled with 1 metre interval contours 
(LiDAR). The site is located upon the top brink of a river 
terrace overlooking the Assiniboine River valley along the 
trail to Brandon House 1, with a second trail to the Assini-
boine River ford that accesses Fort Assiniboine (NWC) lo-
cated on the west river bank (see Figure 8). 

Figure 29 offers a more detailed map of McDonell’s House 
and its surrounding area. The background LiDAR DEM is 
modified to emphasize relief relevant for site interpreta-
tion (light blue, green, yellow, and orange), with elevations 
greater than 353 metres above sea level grading into red and 
elevations less than 349 metres shaded blue. The fine black 
isoclines define 20 centimetre elevation increments, some 
of which are labeled with absolute elevations. 

Figure 29. LiDAR detection of cultural and natural features around McDonell’s House.
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While dense forest cover obscures this relief during phys-
ical inspection, the LiDAR imagery reveals the wind-mod-
ified rolling topography of the top prairie level. The bound-
ary between Section 29 and 30 is defined with a white 
dashed line, with a downed barbed wire fence buried in the 
forest litter being recorded as a red dashed line. This is the 
formerly fenced south boundary of the road allowance. A 
ca. 15 metre long trench is evident in the LiDAR data along 
this fence line, but it was not observed during the field work 
(Figure 29:black arrow). Solid red lines define the shovel 
test transects and the proton magnetometer survey block 
centred over the identified fort site (Figure 29). As Figure 
29 was examined in detail, a well-drained ridge was noted 
80-100 metres east of the trade post site that is also bisect-
ed by the main trail. A shallow circular depression (ca. 60 
centimetres deep) that might be of cultural derivation is po-
sitioned along the ridge overlooking the river valley (Figure 
29:white arrow). This might be a candidate area to search 
for evidence of the second McDonell’s House building iter-
ation if it was not rebuilt upon the original burned site.

A raised ridge (hogsback) is evident in LiDAR imagery 
that extends into the river valley (Figure 29). Without the 
obscuring forest vegetation, the hogsback would be quite 
distinct. Mr. Morley Brown, a long-time resident of the 
area, reported that a cemetery was located north of the trade 
post (Hamilton 1982), but inspection along the forested val-
ley wall did not detect either the hogsback or evidence of 
graves. It is likely that the reported cemetery is located upon 
this prominent well-drained ridge overlooking the river. 

The 1980s surface reconnaissance mapped trails that bi-
sect the area (Figure 2), including remnants of a corduroy 
road bridging the wet terrace edge, and also a trail down to 
the river to the ford. The LiDAR data revealed a correspond-
ing trail on the west terrace cut bank, leading to Fort Assini-
boine (Figure 8). Subtle intermittent linear depressions are 
noted elsewhere in Figure 29 that suggest a second travel 
route across the rolling upland that bypasses McDonell’s 
House, but it was not detected during the 1980s inspection. 
As an aside, in a late 1790s Brandon House post journal, 
it was noted that the HBC labourers had been dispatched 
to cut timber and also clear a trail bypassing McDonell’s 
House during the latter’s construction. Until examination of 
the LiDAR imagery (Figure 28), it never occurred to me to 
cartographically pursue such information. Even after nearly 
40 years since the last physical inspection, the high-resolu-
tion LiDAR data sparks ideas how to optimize archaeolog-
ical evaluation and maximize information return regarding 
fur trade cultural geography.

McDonell’s House was originally investigated by con-
ventional topographic mapping, shovel test pit excavation, 

proton magnetometer survey (with follow-up ground truth-
ing), and limited test excavation (Figure 30). The 25 cen-
timetre interval topographic map was produced using an 
optical theodolite. This illustrates ‘relative relief’ from an 
arbitrarily assigned elevation of 20 metres at the primary 
permanent datum located on the top brink of the river terrace 
(Figure 30). This terrace edge delimits the edge of the river 
valley wall, with the site located upon its flat top surface. 
No mounds or depressions (chimney mounds or cellars and 
storage pits) were detected (Figure 30). The cart track, cor-
duroy road, and nearby fire break were also plotted. Each 
of the magnetic survey blocks (labelled A to P) were 100 
square metres in extent, and encompass 1600 square metres 
(Figure 30). Shovel test pit transects were established across 
the locality, with some lines extending northwest down the 
terrace slope, and also northeast and southeast away from 
the area thought to contain the fort compound. The shovel 
test pits are marked as small black dots in Figure 30, with 1 
square metre excavation units reported as grey squares. The 
downed barbed wire fence was also mapped given its poten-
tial impact upon the proton magnetometer survey.

Figure 30. 1980s map of McDonell’s House, including topography, sur-
vey grids and shovel test pits.
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Given what we had learned at Brandon House 1, the Mc-
Donell’s House test pits were a full 50 centimetre in diame-
ter and spaced at 5 (rather than 10) metre intervals. Method-
ological adjustments improved sample size and reduced the 
risk of false negative results. Without surface indications 
of the fort compound (Figure 30), we relied heavily on the 
shovel testing and magnetic survey to interpret site location. 

The shovel test pit output is represented in a choropleth 
map (Figure 31) whereby the artifact density is represented 
by the diameter of the circles over each pit. The relative 

abundance of three major artifact categories is represented 
by the pie chart segment size (Figure 31). Objects of prob-
able Indigenous origin (lithic flakes and Late Woodland 
pottery) are shaded white. Fire broken rock and smashed 
food bone are the primary contributors to the Indeterminate 
category (Black) (Figure 31). Artifacts of clear European 
manufacture (gray) tend to be concentrated in the central 
part of the grid area, and often co-occur with smashed food 
bone and fire-broken rocks. To aid interpretation relative to 
the magnetic survey results, dashed red ovals suggest possi-
ble site subareas indicated by the shovel test pit recoveries. 

Figure 31. Artifact density and distribution from shovel test pits at McDonell’s House. 
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The European manufactured goods are perhaps the best 
locational indicator of the large row house (Figure 31). 
Consistent with the patterns observed at Brandon House 1, 
Fort Assiniboine, and Fort la Souris, artifact density drops 
off quickly away from the central occupation area. Bone 
waste, clinkers, and chinking were noted in greater concen-
trations along the terrace slopes, suggesting waste disposal 
downslope and away from the most attractive habitation 
area (Figure 31). Other probable waste disposal areas are 
noted on the terrace. While spacing the shovel test pits at 5 
metres improved interpretative resolution, these data cou-
pled with only five 1 square metre excavation units were 
insufficient to detect architectural details and localized fea-
tures. At issue is whether or not the proton magnetometer 
survey adds substantive information, particularly in light of 
the time and labour costs, risk of false-negative results, and 

the destructive nature of shovel testing. 

Figures 32, 33, and 34 present magnetic survey results. 
Overlying dashed-line ovals indicate subareas of inter-
est based upon the shovel test pits. Oval A is the general 
area with the densest recovery of European-manufactured 
objects thought to represent the most likely location of 
the main house. Ovals B, C, D, and E are interpreted to 
be more consistent with refuse disposal. The original 1982 
maps (lower, upper, and gradient magnetic readings) were 
scanned from the original license reports (Hamilton 1982, 
1983), resized and reoriented to true north, and further pro-
cessed to leave only the grid and unlabeled magnetic iso-
clines. Each map was then integrated with the LiDAR DEM 
(without the 20 centimetre contour lines), with the survey 
grid to provide spatial context. 

Figure 32. Lower magnetic readings within the compound at McDonell’s House with LiDAR eleva-
tion model (after Hamilton 1983).
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Figure 33. Upper magnetic readings within the compound at McDonell’s House with LiDAR elevation 
model (after Hamilton 1983).

Figure 32 presents the lower magnetic readings and re-
veals a mix of small intense and somewhat broader mag-
netic fields concentrated in blocks F, J, the eastern part of 
N, and also in blocks P and L. Several intense magnetic 
anomalies were also observed in block D, but they might 
derive from remnants of an opened and discarded wire 
gate found in that locality, likely marking the access point 
along the trail into the ¼ section. While discovered wire 
was removed prior to geophysical investigations, some wire 
strands and fence staples were likely missed and remained 
on the ground during the magnetic survey. Other localized 
intense magnetic fields detected by the lower magnetic sen-
sor along the fence line should be viewed with suspicion. 
Without systematic ‘ground truthing’ and subsurface test-
ing, it is difficult to interpret the isolated magnetic anoma-
lies distributed across the survey area. They may represent 
metallic point sources of archaeological interest or lost/dis-

carded objects of more recent origin. The expansive area of 
magnetic anomalies detected within Blocks J and F were the 
focus of test excavation, but no  results are available for pre-
sentation here. European-derived artifacts were recovered, 
but no evidence of architectural remains was observed. The 
areas of densest shovel test recovery (represented by oval 
A) were found within Blocks J, F, K, and G, the latter of 
which are not particularly notable for magnetic anomalies 
(compare Figures 31 and 32). Perhaps the magnetic fields 
in Blocks F and J reflect the actual building footprint, while 
the shovel test pits (Oval A) reflect refuse from sheet mid-
dens located immediately outside (and behind) the struc-
ture. Notably, the possible waste midden deposits indicated 
around the margins of the magnetic survey block (Ovals B, 
C, D, and E) are not detected by the proton magnetometer 
(Figure 32). This may reflect the coarse resolution of the 
proton magnetometer used, or perhaps comparatively low 
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Figure 34. Gradient magnetic readings within the compound at McDonell’s House with LiDAR ele-
vation model (after Hamilton 1983).

concentrations of ferric objects within these middens. Also 
of interest are the magnetic fields observed within an irregu-
lar declivity in the northeast corner of Block O, and extend-
ing into the adjacent parts of Blocks P and L (Figure 32). 
These unconformities are difficult to interpret because they 
extend beyond the general area subjected to shovel testing, 
with only a few isolated test pits bisecting the area (Fig-
ure 31). It is unclear whether these unconformities reflect 
a waste midden rich in ferric metal objects or perhaps an 
undetected barbed wire fence defining the north edge of the 
road allowance along the section boundary. Figures 33 and 
34 (upper and gradient magnetic readings) are consistent 
with these general observations and do not add information 
warranting further discussion.

Figure 35 evaluates the consistency of the 1981 topo-
graphic map (25 centimetre interval isoclines as white lines 

with relative relief from primary datum) with the LiDAR 
elevation model rendered with 20 centimeter interval iso-
clines (fine black lines labelled with absolute elevation 
above sea level). Care was taken to manually align these 
data using the detected cart track and the primary datum es-
tablished on a localized ridge at the terrace edge immediate-
ly north of where the cart track descended over the terrace 
slope. I estimate that the two relief maps are aligned to with-
in ca. 0.5 to 1 metre. Figure 35 suggests general consisten-
cy between the two elevation models. Subtle relief change 
is noted in the LiDAR imagery that was undetected in the 
1981 contour map owing to the much sparser distribution of 
elevation points. This includes subtle relief variation with-
in the magnetic survey blocks, and the low ridge along the 
northwest flank of the upper terrace (within survey block P). 
The shallow irregular declivity within Block L (also con-
taining magnetic anomalies) is detected in both relief maps. 
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Figure 35. Comparison of elevation models for McDonell’s House. The colour DEM and fine black lines are 
from the LiDAR data (20 centimetre interval), while the thicker white lines are from the 1980 topographic map 
(25 centimetre interval).

The coincidence of magnetic anomalies with this shallow 
depression may add credence to the idea that it represents 
a localized trash midden. The depression reported in the 
1981 contour map in the southeast corner of survey block 
G (Figure 35) was not detected in the LiDAR imagery. This 
indicates an error in 1981 data collection or subsequent cal-
culation of elevation. Finally, the much denser and more 
expansive elevation model deriving from LiDAR demon-
strates that the terrace slope south and southwest from the 
fort location exhibits a much gentler grade than the terrace 
edge north and northwest of the site (see Figures 29 and 35). 
This circumstantially supports the notion that the row house 
might have been oriented facing southwest down that gentle 
slope from a position within magnetic survey blocks J, F, K, 
and G. An appropriately scaled (90 by 22 feet or 27.4 by 6.7 

metre) dashed black polygon is offered as an approximation 
of the structure’s extent.

9. Summary and conclusion
This paper reviews largely unpublished research dating 

back over 35 years from historic trade posts in southwest 
Manitoba. It presents obscure data but with continued rele-
vance because of a critical evaluation of new remote sens-
ing methods at localities I was already familiar with. The 
review here emphasizes how archaeological practice has 
transformed with rapid development of electronic/comput-
ing technology and its transfer to consumer devices. The 
reevaluation began with comparison of directly measured 
archaeological and natural features (site plans created us-
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ing optical survey instruments) to photogrammetric output 
from UAV imagery. It led to more comprehensive re-analy-
sis of Gibson’s early near-surface geophysics research, my 
micro-topographic mapping of anthropogenic features, and 
available LiDAR imagery. Mindful that each data source 
has interpretative strengths and weaknesses, care was taken 
to not treat one as reflecting absolute accuracy to evaluate 
the others. Instead, I reflected upon interpretative consisten-
cy and divergence, with an objective of learning how to best 
interpret archaeological sites while minimizing destructive 
excavation. This conservation perspective has become in-
creasingly important in applied and academic archaeology.

I note with some relief that the maps from the 1980s proved 
relatively accurate, or at least consistent with the remotely 
sensed information. The old topographic maps were created 
using sparsely distributed elevation points with hand-inter-
polated elevation isoclines (5 or 25 centimetre intervals). 
This involved recognition of the topographic resolution that 
could be realistically achieved with such data, and appro-
priately intensifying effort to represent anthropogenic relief 
through 5 centimetre interval mapping. Collection of such 
data required enormous time expenditure in brush clearing, 
data collection, processing, and manual drafting. While 
conducted as part of an applied research project, such effort 
is not realistic in the context of modern consulting archaeol-
ogy and competitive bidding situations. Put simply, I could 
no longer afford to invest the time and effort.

Clearly, in order to collect high-resolution data, new re-
mote sensing methods are required. While Total Stations 
and computer mapping software offer improvements, under 
optimal conditions, low-elevation UAV mapping can gener-
ate high-resolution data in a fraction of the time, sometimes 
revealing hitherto undetected thematic information (see 
Hamilton 2017). However, the key words here are ‘under 
optimal conditions’. Visible light photography and photo-
grammetry yield good results under appropriate lighting, 
elevation, and flight conditions, and also when vegetation 
cover is minimal. Figure 14 reveals the consequences of 
poor lighting and obscuring vegetation at Fort la Souris. 

Aerial and terrestrial LiDAR data will resolve these lim-
itations as they become readily available. However, such 
data are dense, requiring significant computing capacity to 
store, process, and analyze. It is also currently limited in its 
availability and is expensive to acquire. This will change 
as public agencies commission data collection and make it 
broadly available. This situation permitted consideration of 
LiDAR imagery for the Sourismouth forts area since it was  
made available to enable more effective flood management 
of southern Manitoba agricultural lands. The data files are 

quite large, and its use requires comparatively powerful mi-
cro-computers equipped with suitable software. In order to 
facilitate data access and use it was reduced to one metre 
resolution. Compared to earlier data standards (i.e., NTS 
digital data or its provincial equivalent), this marks an ex-
traordinary improvement, particularly since it is precisely 
georeferenced using differential GPS. 

For most applications, this precision and accuracy is suf-
ficient, but it proved too coarse-grained for detecting and 
delimiting some archaeological features. This is evident 
in Figures 23 and 24 that illustrate a portion of Brandon 
House 1 using LiDAR and UAV data. While the UAV data 
offer higher resolution (many more elevation points per 
square metre), its utility is limited by obscuring vegetation 
and georeferencing precision. In contrast, the LiDAR data 
in Figure 24 provides more accurate (bare earth) absolute 
elevation but is limited to one metre horizontal resolution, 
resulting in the ‘blocky’ elevation representation. Future 
innovation will address these weaknesses with the devel-
opment of UAV aircraft equipped with LiDAR sensors ca-
pable of RTK-based georeferencing. 

LiDAR data have proven very useful for addressing the 
physical (and sometimes cultural) geography of site local-
ities. Figure 25 presents the ‘bare earth’ topography of the 
Brandon House 1 locality, and reveals mounds and depres-
sions within the fort compound, and also a network of shal-
low depressions that are thought to be drainage trenches. 
Similar subtle cultural detail of the McDonell’s House lo-
cality is evident in Figure 29 that reveals remnants of trails 
beneath the dense aspen-oak forest. The dataset used to 
generate these maps is quite large, and requires consider-
able processing power to manipulate. I limited my efforts 
to comparatively simple manipulation of the colour heat 
ramp to emphasize relief relevant for archaeological inter-
pretation, coupled with contour mapping to draw attention 
to subtle relief change. As I examined the data many years 
subsequent to physical reconnaissance, I was struck by the 
implications of having such data available during actual site 
inspections. These data can now be processed and stored on 
portable tablets, or even uploaded into handheld GPS devic-
es and carried in the field when undertaking site inspections. 
One could then navigate to features observed in Figures 25 
and 29 in ‘real time’, and assess their origin and cultural 
heritage significance with minimal search time. 

The output of Terry Gibson’s proton magnetometer sur-
veys has been repeatedly mentioned and illustrated, but 
only cursory interpretations have been offered. This was 
for the sake of brevity, and to offer some protection to sen-
sitive site information. I emphasize the strategic value of 
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the near-surface geophysics for the 1980s investigations, 
particularly when used with the ground truthing results. In 
the case of Brandon House 1, we relied heavily upon the 
magnetic maps (with ground truthing) coupled with the de-
tailed topographic mapping to plan and execute the surface 
testing. The results of these tests were then extrapolated to 
aid interpretation of other similar areas. While generally 
fruitful and efficient, hindsight indicates that we still tended 
to ‘chase the anomalies’ at the expense of investigation of 
magnetically featureless areas that might have been exam-
ined through systematic shovel testing. 

The implications of this bias is evident upon review of 
the work at McDonell’s House. Very little time was avail-
able for field investigation of this site compared to Bran-
don House 1, and we relied upon topographic and magnetic 
mapping coupled with shovel test pit excavations to frame 
our interpretations. Several issues escaped attention during 
my earlier work at the site. Given the dense forest cover 
that mantles the site, it was only by chance that it was dis-
covered when smashed bone fragments were observed on 
disturbed ground. Our initial ‘discovery’ was quickly vali-
dated by Morley Brown who pointed other places of inter-
est nearby. As we explored the site by cutting survey lines 
through the dense underbrush, the general site configuration 
became clearer, but until examination of the LiDAR data, I 
did not fully grasp the strategic placement of the site rela-
tive to the trails, other posts, wetlands, and the river valley. 
With much better topographic control, I began envisioning 
the locality in its late 1700s configuration, at a time when 
forest vegetation was more limited by chronic prairie fires. 
Such forest would have been found near the river valley and 
other wetlands, with the uplands being mixed grass prai-
rie. With this different ‘viewscape’, I readily imagine how 
McDonell’s House dominated the land route to Brandon 
House, perhaps allowing a view of Fort Assiniboine located 
on the opposite west bank of  the Assiniboine River. There 
is a tendency among archaeologists to become myopic in 
focus, and to fail to envision sites as focal points upon a cul-
tural landscape. I suspect that UAV-aided mapping coupled 
with LiDAR imagery will provide important tools to break 
out of that narrow perspective (see Hamilton 2018).

The re-examination of the McDonell’s House data (facil-
itated by multi-iterative electronic reprocessing) has also 
allowed me to reflect upon the outcomes of conventional 
shovel test pit assessment versus near-surface geophysical 
prospection. Consistent with lessons that Terry Gibson ham-
mered into me in 1981, remote sensing is only as good as the 
ground truthing. We are all painfully aware of the time cost, 
risk of false negative results, and destructive nature of exca-
vating shovel test pits across a site. However, it does permit 

the recovery of artifact cluster samples deposited at specific 
locations. Within the limits imposed by sampling interval, 
such direct observations enable direct assessment of chang-
ing artifact recoveries. But is it the best or more effective 
method, particularly in light of its destructive nature? This 
was, and remains, a primary motivation for archaeological 
application of near-surface geophysics. The data collect-
ed in 1981 and 1982 are quite coarse-grained compared to 
modern standards, but remain effective to identify areas of 
archaeological interest, particularly those containing ferric 
objects or subjected to thermal alteration. Some are clear-
ly of archaeological interest, while others (such as those 
associated with the downed barbed wire fence) are likely 
‘noise’ introduced from modern sources. This was partially 
addressed by Terry’s efforts at ground truthing. 

More troubling was that several areas with dense artifact 
recoveries after shovel testing were not identified as archae-
ologically interesting by the proton magnetometer survey 
(Figures 32, 33, and 34). This reinforces observations that 
such geophysical methods are ideally suited to detect cer-
tain physical characteristics of archaeological interest, but 
not all such characteristics. Near-surface geophysical sur-
vey is very much akin to the metaphor of ‘blind men feeling 
an elephant’. How you define that archaeological elephant 
very much depends upon the instrumentation providing you 
with sensory input. While most remote sensing specialists 
repeatedly emphasize the absolute importance of ground 
truthing, few of us have the time and resources to investi-
gate every type of unconformity detected. More to the point, 
the ‘void’ areas where no anomalous readings are apparent 
are often ignored. Given the general failure to detect bone-
rich refuse midden deposits using the proton magnetometer, 
this is a serious problem, and speaks to the importance of 
archaeological prospection using an array of remote sensing 
methods coupled with strategic subsurface testing (see for 
example Kvamme and Ahler 2007; Kvamme 2016). 

This paper includes elements of innovative, but largely 
unpublished work that Terry Gibson conducted early in his 
professional career, and how it has influenced my approach 
to archaeology. Many archaeologists in Canada owe a debt 
to him for his collegiality and inspirational dedication to re-
search innovation. Over the last few years of his life, Terry 
expressed a growing frustration that archaeological appli-
cation of near-surface geophysics and real-time field data 
analysis had not advanced at a pace consistent with techno-
logical development. He was experimenting with new mag-
netic gradiometer instruments, and we half-jokingly talked 
of mounting his prototype gradiometer to my UAV to en-
able aerial magnetic survey. With Terry, you could never be 
sure whether he was joking or just had his next great idea. 



79

Hamilton / Archaeological Survey of Alberta Occasional Paper 39 (2019) 41–79

10. Literature cited

Brehaut, H.B. 1971-72. The Red River Cart and Trails: The Fur Trade. 
Manitoba Historical Society Transactions 3(28).  

Brown, A.E. 1964. The Fur Trade Posts of the Souris-Mouth Area. In: 
Historical and Scientific Society of Manitoba, edited by D. Kemp, 
pp.78-91. Series III, Numbers 17 and 18, Winnipeg, Manitoba.

Bryce, G. 1892. The Assiniboine River and its Forts. Proceedings and 
Transactions of the Royal Society of Canada, 1892, Section II:69-78.

Burley, D., and S. Hamilton. 1991. Rocky Mountain Fort: Archaeological 
Research and the Late 18th Century North West Company Expansion 
into British Columbia. BC Studies 88:3-20.

Burley, D.V., S. Hamilton, and K.R. Fladmark. 1996. Prophecy of the 
Swan: The History and Archaeology of the Peace River Fur Trade. 
University of British Columbia Press, Vancouver, British Columbia. 

Carter, S. nd. The Souris Mouth Posts 1793-1832. Unpublished report 
on file, Historic Resources Branch, Manitoba Department of Culture, 
Heritage and Recreation, Winnipeg, Manitoba.

Davidson, G. 1918. The North West Company. University of California 
Publications in History, Los Angeles, California.

Gibson, T.H. 1982. Magnetic Survey and Archaeological Site Assess-
ment. Unpublished M.A. thesis, Department of Anthropology, Uni-
versity of Alberta, Edmonton, Alberta.

Gibson, T.H. 1986. Magnetic prospection on prehistoric sites in Western 
Canada. Geophysics 51:553-560.

Hamilton, S. 1982. 1981 Archaeological Reconnaissance of the Souris 
Mouth Area. Unpublished report (license report A4-81) on file, His-
toric Resources Branch, Manitoba Department of Cultural Affairs 
and Historical Resources, Winnipeg, Manitoba.

Hamilton, S. 1983. The Remote Sensing Activities at the Souris Mouth 
Forts: A Summary. Unpublished manuscript on file, Historic Re-
sources Branch, Manitoba Department of Cultural Affairs and Histor-
ical Resources, Winnipeg, Manitoba.

Hamilton, S. 1985. The Social Organization of the Hudson’s Bay Compa-
ny: Formal and Informal Social Relations in the Context of the Inland 
Fur Trade. Unpublished M.A. thesis, Department of Anthropology, 
University of Alberta, Edmonton, Alberta.

Hamilton, S. 1986. Pine Fort: A socio-economic analysis on the basis 
of the spatial distribution of activity-specific artifacts. Manitoba Ar-
chaeological Quarterly 10(2 and 3):1-157.

Hamilton, S. 1987. The End of Season Report of the 1986 Excavations 
at Rocky Mountain Fort HbRf-3. Unpublished report on file, B.C. 
Heritage Trust, Simon Fraser University, Burnaby, British Columbia.

Hamilton, S. 1990. Fur Trade Social Inequality and the Role of Non-Ver-
bal Communication. Unpublished Ph.D. dissertation, Department of 
Archaeology, Simon Fraser University, Burnaby, British Columbia.

Hamilton, S. 2000. Dynamics of social complexity in early 19th Century 
British fur trade posts. International Journal of Historical Archaeol-
ogy 4:217-273.

Hamilton, S. 2017. Drone mapping and photogrammetry at Brandon 
House 4. Society for Historical Archaeology 51(4):563-575. 

Hamilton, S. 2018. More than pretty pictures: Drones, bison kills, and 
considerations of cultural landscapes. In The swing of things: Con-
tributions to archaeological research in Alberta, 2018, edited by E. 
Damkjar, pp. 53-91. Occasional Paper 28. Archaeological Survey of 
Alberta, Edmonton, Alberta. 

Hamilton, S., D. Burley and H. Moon. 1988. Rocky Mountain Fort and 
the Land Based Fur Trade Research Project: The 1987 End of Season 
Report. Unpublished report on file, B.C. Heritage Trust, Simon Fraser 
University, Burnaby, British Columbia. 

Hamilton, S. and J. Stephenson. 2017. UAV (drone) aerial photography 
and photogrammetry and its utility for archaeological site documen-
tation. Occasional Paper 2. Ontario Association of Professional 
Archaeologists. Electronic Publication Series. http://www.apaon-
tario.ca/resources/Documents/APA_OccasionalPaper2_DroneTest-
ing_2017.pdf

Hems, D. 1985. The Souris Mouth Forts Archaeological Project: Report 
of the 1984 Field Season. Unpublished report on file, Manitoba His-
toric Resources Branch, Winnipeg, Manitoba. 

Hems, D. 1986. The Souris Mouth Forts Archaeological Project: Excava-
tions at DkLv-9 and DkLv-17 The Final Report. Unpublished report 
on file, Manitoba Historic Resources Branch, Winnipeg, Manitoba.

Hems, D., P. Nieushof, and N. Anderson. 1984. The Sourismouth Forts 
Archaeological Project: Report of the 1982 Field Season. Unpub-
lished report on file, Manitoba Historic Resources Branch, Winnipeg.

Jackson, J.C. 1982. Brandon House and the Mandan connection. North 
Dakota History 49:11-19.

Kvamme, K. 2016. The nineteenth-century Mandan/Arikara village at 
Fort Clark: Results from a multi-instrument remote sensing investi-
gation. Plains Anthropologist 61:449-468.

Kvamme, K. and S. Ahler. 2007. Integrated remote sensing and exca-
vation at Double Ditch State Historic Site, North Dakota. American 
Antiquity 72:539-561.

Mackie, H.T. 1972. Pine Fort, Northwest Company Post: A Preliminary 
Report. Occasional Paper 1. Manitoba Museum of Man and Nature, 
Winnipeg, Manitoba.

Neufeld, T. 2009. Vantage Points (Volume 1): A Collection of Stories 
from Southwest Manitoba. Turtle Mountain-Souris Plains Heritage 
Association, Melita, Manitoba.

Stewart, D.A. 1930. Early Assiniboine Trading Posts of the Souris-Mouth 
Group, 1786-1832. Transaction 5 (New Series). The Historical and 
Scientific Society of Manitoba, Winnipeg, Manitoba.

Stephenson, J. 2018. Investigating the Effectiveness of Consumer-Grade 
Unmanned Aerial Vehicles and 3D Modelling Software in Archaeo-
logical Survey and Reconnaissance. M.E.S. thesis, Northern Envi-
ronments and Cultures, Lakehead University, Thunder Bay, Ontario.

Tottle, T. 1981. The History and Archaeology of Pine Fort. Preliminary 
Report No. 7. Manitoba Department of Cultural Affairs and Histori-
cal Resources, Winnipeg, Manitoba.

Wood, W.R., and T.D. Thiessen. 1985. Early Fur Trade on the Northern 
Plains: Canadian Traders Among the Mandan and Hidatsa Indians, 
1738-1818. University of Oklahoma Press, Norman, Oklahoma.

©2019 Her Majesty the Queen in Right of Alberta
ARCHAEOLOGICAL SURVEY OF ALBERTA OCCASIONAL PAPER  ISSN 2562-7848 



Advancing archaeology: Industry and practice in    
Alberta, 2019
ARCHAEOLOGICAL SURVEY OF ALBERTA
OCCASIONAL PAPER NO. 39

80

study to illustrate the many benefits that archaeological 
outreach has to offer.

Experiential learning is one of the foundations of the 
Bodo public archaeology program. One of the goals of 
experiential learning is to engage in ‘learning through 
play’ and to activate the senses in order to promote a deep 
connection to the material being taught. Through this

1. Introduction
Sustainable community-based public archaeology 

programs are largely unrecognized champions of local 
pride, regional economic development, equity in educa-
tion, and responsible land and heritage stewardship. The 
program led from the Bodo Archaeological Centre in Al-
berta represents one such example. It is a locally-led ini-
tiative that engages visitors from around the world and 
incorporates many elements that make it a useful case 
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type of learning at archaeological sites, participants learn 
about heritage, traditional knowledge, and landscapes in 
their own way. This process tends to motivate people to con-
tinue to seek out additional ways to engage and connect with 
the past (e.g., Griebel 2010; Pawleta 2012; Peterson et al. 
2017). Fostering this sense of connection is a key element 
in promoting cultural partnerships, instilling a sense of lo-
cal pride, preventing feelings of alienation, and encouraging 
responsible land stewardship (Smith 2002). Public archaeol-
ogy programs can also be important tools in reconciliation, 
as they expand understandings of the deep history of hu-
man-land relationships, a history that may not be as familiar 
as more recent, settler-based accounts (e.g., Warrick 2012; 
Farazis et al. 2019). Lastly, an engaging public archaeolo-
gy program is one of the most effective ways of protecting 
sites from looting, vandalism, and development, particularly 
when a site is situated in a remote location (Mrđić 2012; 
Županek and Bregar 2012; Hogg 2015).

Establishing and maintaining a public archaeology pro-
gram can be challenging, however, particularly when it is lo-
cated outside of a major population centre. Funding resourc-
es and professional support, for example, may be limited to 
nonexistent (e.g., Pitman-Gelles 1981:112, in Cerovski and 
Sinkovec 2012:32; Malainey et al. 2017). Second, there may 
be a perception that archaeological knowledge is limited to 
academics or professionals, and is therefore inaccessible 
to the public, which presents a possible barrier to learning 
(Griebel 2010; Bakas 2012). Lastly, services may be difficult 
to obtain outside of larger centres, and people may therefore 
be less motivated to travel to remote locations, where ar-
chaeological sites are often situated (e.g., Mrđić 2012, but 
see Section 5, below). 

Given these challenges, the success of the Bodo public ar-
chaeology program has the potential to inform future deci-
sion making and planning at Bodo and at other communities 
considering community-based public archaeology programs. 
Although Bodo is situated in a relatively remote, sparse-
ly-populated location in Alberta, the program represents a 
sustainable community-driven initiative that evolved from a 
one-day annual open house into a full-time summer schedule 
that now offers a variety of learning opportunities to people 
of all ages. In this paper, we present a brief summary of the 
Bodo Archaeological Locality and the history of public out-
reach at the site, followed by a discussion of challenges and 
opportunities that have arisen during the development of the 
public archaeology program. We conclude with a summary 
of achievements, and provide suggestions for further work 
to ensure the continued success of this and other public out-
reach programs.

2. The Bodo Archaeological Locality
The Bodo Archaeological Locality is near the hamlet of 

Bodo, Alberta, about 400 kilometres southeast of Edmonton 
and less than 10 kilometres west of the Alberta-Saskatche-
wan border (Figure 1). The locality is situated in the Bodo 
Sand Hills, consisting of partially stabilized sand dunes in-
terspersed with numerous sloughs. The current nearest major 
water source is Eyehill Creek, which flows eastward from 
Sounding Lake west of Bodo along the northern boundary 
of the Bodo Sand Hills, into Manitou Lake in Saskatchewan.

 

The Bodo Bison Skulls Site (FaOm-1) was first recorded 
in 1995 during pipeline construction (Gibson and McKeand 
1996), although local residents had long been aware of the 
presence of archaeological resources in the region. In 2002, 
a second site (FaOm-22, the Bodo Overlook Site) was re-
corded west of FaOm-1, and the two sites are now thought to 
represent primary locations within the Bodo Archaeological 

Figure 1. Location of the Bodo Archaeological Locality in Alberta.
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Locality, estimated to cover an area of more than 10 square 
kilometres (Gibson and McKeand 1996; Gibson 2005).

The current understanding of the history of human occu-
pation at the Bodo Archaeological Locality is based on more 
than 20 years of investigations conducted in the area since 
FaOm-1 was first recorded. Surface finds of diagnostic ar-
tifacts provide the oldest physical evidence for human oc-
cupation at Bodo, dating to about 4500-3500 years before 
present. Intact evidence indicates a least three subsequent 
Precontact Period human occupations, while buried Proto-
historic and Historic Period artifacts demonstrate the con-
tinued importance of this landscape to people up to the pres-
ent time (see Gibson 2004a, 2004b; Gilliland 2007; Gibson 
and Grekul 2010; diagnostic artifact dates from Peck 2011; 
Munyikwa et al. 2014).

The extent of the locality and the volume of artifact recov-
eries in a location where no comparable sites had previously 
been recorded resulted in the interpretation that this area was 
likely a significant gathering place for ancestral Indigenous 
groups (e.g., Meyer and Thistle 1995; Meyer et al. 2012). 
This interpretation is supported by Bradley and Bradley’s 
(1977) observation that the Cree, Sarcee, and Blackfoot all 
considered the nearby Neutral Hills, Nose Hill, and Sound-
ing Lake to be part of their traditional neutral territory. The 
region continued to be an important location for Indigenous 
and settler-descendant communities well into the historic 
era, as evidenced by the more than 5000 people that attended 
the signing of the adhesion to Treaty 6 at Sounding Lake (in 
Cree: Nipi-Kapitikwek, about 25 km west of Bodo) in 1879 
(King 1979). Occasional Indigenous communal gatherings 
continued to be held near Sounding Lake into the 1970s 
(Terrance Gibson,  personal communication, July, 2007).

3. Public archaeology at Bodo
In the almost 20 years of its existence, the annual public ar-

chaeology program at Bodo has expanded from a single-day 
event into one that offers multiple programming options 
over a period of more than three months. The following is a 
chronological summary of the history of program develop-
ment, a description of the current program, and a discussion 
of the importance of post-secondary student involvement 
and collaboration.

3.1 Open houses 
Open houses were a fundamental first step in the develop-

ment of the public programs at Bodo, and they continue to 
be among the most well-attended events at the site. The first 
public open house at the Bodo Archaeological Locality was 

held as part of the first University of Alberta archaeological 
field school in 2002 (Figure 2). It was initiated when field 
school director Dr. Terrance (Terry) Gibson recognized an 
opportunity to engage local stakeholders with field school 
students and foster an appreciation in the public and in stu-
dents of the value of hands-on education, archaeology, and 
history. Since then, the open house has been a regular event 
attended by between 50 and 100 visitors who may travel up 
to several hundred kilometres to reach the site. The day typ-
ically consists of archaeological site tours, learning to use 
an atlatl, a mock excavation, flintknapping demonstrations, 
craft-making, video and lecture presentations, and a silent 
auction. A barbecue lunch or dinner is also provided, and 
the event is free of charge, although donations are accepted.

3.2 The Bodo Archaeological Society
The Bodo Archaeological Society (BAS) was incorporated 

in 2003 as a non-profit organization with the mandate to: 1. 
advocate for public education and site conservation through 
supporting archaeological research, and, 2. to contribute to 
the development of new tourism opportunities in east-cen-
tral Alberta. Upon its establishment, the BAS became one 
of six centres under the umbrella of the Archaeological So-
ciety of Alberta (ASA). The BAS has an elected board of di-
rectors composed of 11 members that include the President, 
Vice-President, Treasurer, Secretary, six Directors and one 
Provincial Representative. The board meets monthly and is 

Figure 2. Dr. Terry Gibson (in red vest) discusses archaeology with Pre-
mier Ralph Klein (centre) during the Bodo public open house held during 
the 2005 field school. 
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responsible for the direct management of the affairs of the 
society, including accounting, fundraising, event planning, 
and providing support at society events. The Provincial Rep-
resentative also actively participates in ASA provincial ex-
ecutive meetings on behalf of the BAS. Many of the board 
members have remained active since the organization’s 
beginning, and executive and community members make 
a significant commitment to the organization, contributing 
as many as 1500 volunteer hours annually. The long-term 
commitment of the BAS board and of the many dedicated 
community members has been a fundamental factor in the 
continued success of the public program.

3.3 Development of the public archaeology program
The last University of Alberta field school program at 

Bodo was held in 2008. The BAS subsequently partnered 
with the Buffalo Park Foundation (BPF), located in Wain-
wright (about 120 kilometres northwest of Bodo), in order to 
continue public engagement and the development of tourism 
opportunities (see Brower 2008). The BAS-BPF partnership, 
called Buffalo Adventures, received critical funding from 
the now-defunct Rural Alberta Development Fund (RADF), 
which was intended to provide Buffalo Adventures with the 
capital needed to become self-sustaining over the next three 
years (i.e., until 2011). This funding was used in part to hire 
an Executive Director and Marketing Coordinator, and it al-
lowed the BAS to hire a professional archaeologist that was 
responsible for establishing the foundations of the public ar-
chaeology program as it exists today.

In 2009/2010, the BAS was invited to participate in a re-
working of Alberta Education’s social studies curriculum, 
subsequently released in 2010. As part of this reworking, 
The Learning Network, in collaboration with other organiza-
tions including the BAS, integrated the Bodo Archaeological 
Site as a central theme into the Alberta Education Curricu-
lum (Wearing 2011). The resources developed during this 
curriculum overhaul remain available and in use to this day, 
and school tours at Bodo are still undertaken in conjunction 
with the curriculum guides that were developed in 2010.

The history of development of the public archaeology pro-
gram at Bodo resulted in a focus on the following objectives 
(from Grekul and Lakevold 2015):

1. To promote public awareness and appreciation for Al-
berta’s rich Indigenous history as well as for the field of ar-
chaeology.  

2. To educate the public, students, and teachers using ar-
chaeology as a means to engage with history, while fostering 

a commitment to respect and protect cultural heritage and 
the natural environment.

3. To provide public archaeology opportunities and educa-
tional programs that focus on quality, authenticity, story-tell-
ing, and hands-on experiences.

4. To contribute to the understanding of Northern Plains 
prehistory by undertaking archaeological research at the 
Bodo Archaeological Locality.  

5. To promote economic development in the Provost re-
gion and east-central Alberta through heritage tourism and 
community engagement efforts.

As a result of increased funding and interest in the site’s 
potential for education and economic development, Bodo’s 
public programs developed rapidly, and expanded to include 
a variety of offerings, discussed in the following section.

3.4 Current state of the Bodo public archaeology 
program

The Bodo public archaeology program as it is today has 
developed as the result of the vision, determination, and ded-
icated efforts of all that have been involved since its early 
years. The Bodo Archaeological Centre is now open from 
mid-May to mid-August every year, and since 2010, it wel-
comes about 500 visitors annually. Programs offered fall 
into five main categories: school programs and kids’ camps, 
drop-in tours, family programs, adult programs, and special 
programs.

3.4.1 School programs and kids’ camps

Bodo’s school programs have become a core field trip 
for many elementary schools in east-central Alberta, as 
they provide experiential learning that strongly reinforces 
the provincial curriculum (see section 3.3 above). A typi-
cal school program begins with a short presentation intro-
ducing the discipline of archaeology and the history of the 
Bodo Archaeological Locality. The students then participate 
in a mock excavation, tour the laboratory, and learn how to 
identify artifacts (Figure 3). Outdoor activities include dart 
throwing using an atlatl (a precontact hunting technique), 
cooking bannock over a fire, and a tour of the archaeological 
site (Figure 4). The students have free time for lunch, often 
spending the time in one of the tipis near the Centre. Option-
al programs include an overnight stay in the tipis and a tour 
of the surrounding landscape (Figure 5), including a visit 
to a nearby polished boulder interpreted as a bison rubbing 
stone.
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Kids’ camps at Bodo are day-long programs that include 
many of the same activities as the school programs but in-
volve fewer participants, as there are typically no adult su-
pervisors apart from BAS staff. School programs are booked 
for May, June, or September, and kids’ camps operate during 
July and August.

3.4.2 Drop-in tours
From mid-May to August, visitors drop in to visit the Bodo 

Archaeological Centre, tour the site, learn about the ecolo-
gy of the area, and participate in experiential learning, such 
as atlatl throwing. If excavations are ongoing, visitors have 
the opportunity to observe and talk to the archaeologists and 
adult program participants (see Section 3.4.4 below), and 
learn about recent artifact recoveries.

3.4.3 Family programs
Family Lifeways Camps involve hands-on learning oppor-

tunities regarding what family life was like on the Northern 
Plains prior to the arrival of Europeans, and are tailored to 
the interests and the ages of participants. The camps pro-
vide immersive experiential learning through presentations, 
activities, tours, and workshops. This learning focuses on 
activities such as pottery production, stone tool making, tra-
ditional games, atlatl target practice (Figure 6), storytelling, 
and overnight camping in a tipi.Figure 3. Participating in a mock excavation as part of a kids camp. 

Figure 4. School group cooking bannock over the fire.

Figure 5. Kids’ camp participants on a tour of the landscape surrounding 
the site.

“The tour was educational for the students. 
Activities were well organized and varied and 
flowed well. It kept the students interested and 
engaged. It is wonderful to have an educational 
activity such as this only a short drive away!” 
-Feedback from teacher on a school tour.

“I like how proper terminology is used. It keeps 
the program serious and gives the kids respect 
for the past and interest in what life was like for 
some people.”  -Feedback from parent partici-
pant in kids’ camp.
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3.4.4 Adult programs
The Adult Dig Camp involves hands-on participation in 

archaeological excavation, and is one of the most in-demand 
activities offered at Bodo. Participants experience the unique 
opportunity to learn proper techniques of excavation and ar-
tifact recovery (Figure 7), learn about how artifacts relate to 
technologies of the past, and discuss their experiences with 
drop-in tour groups. Additional program elements include 
field trips to learn about the wider cultural landscape, in-
cluding berry picking and the importance of native plants 
as traditional medicines. Value-added experiences for adults 
also include nightly lectures on the science and discipline of 
archaeology, storytelling, and social time around the camp-
fire. For the majority of participants, this is a rare and unique 
learning opportunity that tends to result in the development 
of a deep sense of connection to the past, an increased feel-
ing of responsibility towards the environment, and long-last-
ing friendships. Many participants return annually as part of 
their scheduled holiday time.

3.4.5 Special Programs
Special programs are tailor-made at the request of specific 

groups. For example, in collaboration with the Learning Net-
work and with local Indigenous groups, Bodo helped host In-
digenous Culture Awareness Camps for Educators, attended 
primarily by teachers and librarians. These camps focused 
on land-based activities at the Bodo site, including identi-
fying traditional medicines and visiting the archaeological 
site with local Indigenous elders and traditional knowledge 
teachers. Other special programs at Bodo have involved ac-
tivities planned for family reunions, daycares, film-makers, 

journalists, corporate sponsors, and conferences. Special 
programs have also addressed curriculum needs for partic-
ipants of the Duke of Edinburgh program, scouting, or 4-H 
groups, and integrated traditional Indigenous and archaeo-
logical elements with learning through food as part of re-
gional culinary tours.

3.5 Tracking numbers and feedback
Local, regional, and international travellers all arrive at 

Bodo with different purposes and expectations; therefore, 
the continued success and wide appeal of the public program 
depends in part on collecting, evaluating, and responding to 
visitor statistics and feedback. This information is used to 
inform future planning, marketing, and management deci-
sions, and to support grant applications (see for examples 
Tables 1 and 2, and Figures 8 and 9, below). 

Data collected

Number of school tours/programs

Number of kids’ camps

Number of drop-in visitors/tours

Number of family programs

Number of adult programs

Number of special programs

Number of participants in each program

Estimated total number of hours for each program

Where visitors are from

How visitors learned about Bodo

Figure 6. Atlatl target practice. Figure 7. Excavation during the Adult Dig Camp.

Table 1. Key data collected on public programs at Bodo.
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Feedback requested

What program did you participate in?

What is the age(s) of the participant(s)?

What did the participant(s) enjoy most about their experience at Bodo?

Was there anything the participant(s) did not enjoy?

Based on your experience, would you recommend this program to others?

Do you have any suggestions for future program improvements?

Did the participant(s) learn anything new?

Did the experience meet expectations?

If you had any concerns were they resolved? Explain.

3.6 Importance of post-secondary education at Bodo
Ever since the first University of Alberta field school was 

held at Bodo, providing hands-on training for post-second-
ary students has been a priority. Between 2002 and 2008, 
the University of Alberta field school at Bodo trained over 
100 undergraduates, and provided research, teaching, and 

field experience opportunities for about a dozen graduate 
students. 

Once the field school ended in 2008, funding programs 
such as the Summer Temporary Employment Program 
(STEP), Canada Summer Jobs, and Young Canada Works 
allowed the BAS to employ between one and two summer 
students every year. In 2014, the BAS collaborated with 
MacEwan University in Edmonton to create an internship 
program focusing on public archaeology and community 
engagement. Currently, up to three applicants are selected 
every year, and each student works between six and eight 
weeks at the Bodo Archaeological Locality and Centre. Stu-
dent interns are co-supervised by the Bodo Project Director 
and a professor from MacEwan University’s Anthropology 
Department, and are required to pay tuition. In return, they 
earn three credits and are given an honorarium by the BAS 
to help offset living and transportation costs for the summer. 

Student interns are involved in a wide variety of tasks, in-
cluding:

• Site interpretation and delivery of educational programs 
(see Figure 10)

• Guiding visitors and students through the interpretive 
centre and site

• Overseeing day camps and school tours

• Assisting with program development 

• All aspects of archaeological fieldwork and lab work, in-
cluding supervising community participants

• The daily operation of the Bodo Archaeological Centre, 
including maintenance of the centre, operating the giftshop, 
booking programs, planning, shopping for, and preparing 
meals and snacks for participants, and maintaining exhibits 
(Zutter and Grekul 2020).

Table 2. Example of questions asked for visitor feedback.

Figure 8. Number of public programs offered at Bodo from 2012 to 2019, 
by type. Note that 2012 data on special programs is not available.

Figure 9. Number of drop-in tours and individual participants/visitors at 
Bodo from 2012 to 2019.

“I remember that growing up we hardly talk-
ed about Canadian history, especially Aborigi-
nal history. I would love to do more to get that 
information out there. Hopefully in the future 
there will be more ways to expose the public 
to archaeology. That’s the great thing about 
Bodo—you have the opportunity to get hands-
on, interactive information about very real his-
tory.” - Robyn Veneau, MacEwan intern (Mac-
Ewan University 2015).
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Students play a fundamental role in the success of the Bodo 
public archaeology program. Their dedication, enthusiasm, 
and hard work translate into enhanced visitor experiences. 
Happy visitors in turn promote the site, which ultimately 
contributes to program stability, and increases tourism rev-
enues in the region. The collaboration with MacEwan Uni-
versity also ensures that the program maintains critical links 
with academic and scientific knowledge resources that add to 
the existing indispensable Indigenous and local knowledge 
base at Bodo (e.g., see discussion in Malainey et al. 2017). 
In turn, student interns receive invaluable hands-on training 
in archaeology, public education, program management, 
and problem-solving. These constitute rare opportunities 
to integrate classroom-based instruction with field practice 
in preparation for the working world (MacEwan University 
2015; Zutter and Grekul 2020).

<Figure 10 about here>

4. Discussion: Key challenges and opportunities
Two primary challenges that continually need to be ad-

dressed at Bodo are: 1) funding, and, 2) staffing and succes-
sion - fundamental issues that, if neglected, could result in 
the rapid decline of the program. However, challenges such 

as these also tend to provide an incentive for creative prob-
lem-solving - at Bodo, they were partially responsible for the 
student intern program (Section 3.5 above), and for discov-
ering opportunities to promote regional tourism (discussed 
below).

4.1 Funding
After the RADF was discontinued in 2011 (see Section 3.3 

above), the BAS pursued alternative funding sources through 
applying for other types of grants, program revenue genera-
tion, fundraising initiatives, and securing corporate and pri-
vate sponsorship (Table 3), but funding challenges continue. 
For example, the Bodo program has remained largely funded 
by local and Provincial government grants, such as from the 
Alberta Historical Resources Foundation (AHRF) via the 
ASA, and the Alberta Lotteries Fund. However, in 2019, the 
AHRF, one of the main supporters of heritage programs in 
Alberta (including the ASA and BAS) was discontinued, as 
was the STEP program (see Section 3.6 above). While the 
funding that AHRF provided remains intact and will now 
be distributed through the Historic Resources Management 
Branch of Alberta Culture, Multiculturalism and Status of 
Women, the support, guidance, and advocacy the AHRF 
board provided (i.e., key elements in the success of the Bodo 
program) are gone. Additionally, funding from corporate do-
nations has decreased significantly since the 2014 economic 
downturn in Alberta, resulting in a heavier reliance on funds 
from charitable gaming, which are only available once ev-
ery two to three years. A major challenge with funding is 
that it largely depends on the health of global and provincial 
economies, as well as on maintaining positive personal re-
lationships with corporate sponsors. Maintaining these cor-
porate relationships is often rewarding, but frequent changes 
in managing personnel or corporate ownership presents an 
ongoing challenge for the Bodo program.

Given these funding gaps, the continued success of the 
Bodo program is also reliant on donations from individuals 
and local and regional businesses, and the development of 
key community partnerships (for example, with the Town 
of Provost, Provost Museum and Library, and the Bodo Li-
brary). The Bodo Archaeological Centre also operates fund-
raising initiatives, and generates revenue through collecting 
admission, gift shop and food sales, income from advertis-
ing (i.e., on the program van), Edukit rentals, and in-school 
classroom presentation fees (Figure 11).

Figure 10. Student intern teaching identification of bison bones to school 
tour participants in the Bodo Archaeological Centre. 
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4.2 Staffing and succession
Bodo’s relatively remote location presents several chal-

lenges for project staffing and succession. For one, the near-
est services are a 30-minute drive from the visitor centre, so 
a vehicle is required, and finding available and affordable 
accommodations for the season can be difficult. The types 
of entertainment and recreational activities offered in the 
area may also present a challenge to student interns raised in 
urban settings, and can lead to feelings of isolation or bore-
dom. Not everyone is up for meeting these challenges, and 
the pool of potential employees is limited to individuals that 
have access to certain resources and skills (i.e., a car or a 
driver’s license), and are creative, determined, flexible, and 
resourceful.

A second challenge is that of retaining essential personnel, 
as changeovers can result in tangible impacts on the pro-
gram. For example, personnel changes may create a tempo-
rary disconnect with key stakeholders and donors, necessi-
tating renewed relationship building. Specialized programs 
may also be temporarily disrupted or discontinued during 
a staff changeover; this occurred during the turnover in the 

Project Archaeologist position in 2017, for example. Al-
though these disruptions are largely temporary changes, fre-
quent interruptions in program consistency are a threat to its 
continued success and must be limited. 

Changes in personnel can also result in the loss of insti-
tutional memory and knowledge. The valuable practical ex-
pertise of student interns and other staff members, earned 
through operating the program, cannot feasibly be fully 
passed on to successors. It is therefore critical to systematize 
knowledge transfer as much as possible, by regularly tak-
ing the time to document new learnings and integrate them 
into existing and future operations. Program documents, 
procedures, and tools must be curated, preferably by several 
people within and outside of the organization, to ensure this 
knowledge does not get lost.

4.3 Tourism
One of the primary mandates of the BAS is to promote 

regional tourism and economic development. This objective 
not only generates revenue for the public archaeology pro-
gram, it also addresses one of east-central Alberta’s biggest 
challenges: it is a considerable commitment for people to 
travel to the area. Once in the region, however, visitor feed-
back demonstrates that this challenge also has its appeals; 
comments frequently mention the beauty of the landscape, 
the opportunity to travel through farmland, view rolling 
hills, creeks, sloughs, and sand dunes, and the backdrop of 
an expansive blue sky. Furthermore, visitors have comment-
ed that the area’s rural setting and small-town hospitality 
make people feel welcome, valued, and they are therefore 
likely to return and to recommend the experience to others.

Grants                                                                                     
(40%) 

Revenue                                          
(22%) 

Fundraising                                              
(20%)

Corporate/private sponsorship 
(18%)

AHRF Gift shop and food sales Cash Calendar Raffle Petroleum industry

Archaeological Society of Alberta Admission BBQ Burgers – Macklin Bunnock Tournament Local and regional businesses

Alberta Lotteries Fund (casino) Edukit rentals BBQ Burgers – Provost Street Fair Community partnerships

Young Canada Works In-school classroom presentation fees Wine Survivor Raffle Individuals

Canada Summer Jobs Sale of advertising on tour van

Table 3. Key sources of funding and support for the Bodo public archaeology program (average percentage from each revenue source is based on 
data from 2014 to 2019).

Figure 11. Total revenue and revenue sources from 2014 to 2019

Did you know? Travel Alberta’s YouTube mar-
keting campaign “Alberta Stories” featured 
Bodo as a travel and tourism destination, re-
leasing a video in spring of 2013 (https://www.
youtube.com/watch?v=ritMYfvzrQg).  
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The collaborative efforts of the BAS, community partners, 
Travel Alberta, and the owners of numerous small busi-
nesses in the area (breweries, wineries, cheese and honey 
producers, and bison ranches) have drawn visitors to Bodo 
and east-central Alberta from all over the world, from as far 
away as Australia, Japan, and Sweden. The site is also fea-
tured in tourism guides and publications including: Canadi-
an Geographic, Travel Alberta YouTube stories, the National 
Post, the Go East of Edmonton guide, the Chicago Tribune, 
the Western Producer, Global News Edmonton, and two Al-
berta archaeology books (Bryan 2015; Huck and Whiteway 
2016). In 2019, the Bodo Archaeological Site and Centre 
was also a finalist for Travel Alberta’s Alberta Pride Alberta 
Tourism (Alto) award. 

5. Conclusions and future work: Lessons learned
The Bodo public archaeology program is a locally-led 

initiative representing a successful example of experien-
tial learning combined with collaborative partnerships and 
economic development. The program will continue to focus 
on delivering quality and consistency, while striving to es-
tablish additional stable funding sources and a tenable suc-
cession plan. A reflection on the history of the program and 
the response to challenges that arose during its development 
reveals key elements that have made the program successful 
to date:

1. Organizational commitment. The consistency of the 
commitment of the BAS board throughout the life of the or-
ganization, and the support of the wider BAS membership 
have been fundamental driving forces that represent one 
of the most important reasons for the program’s continued 
existence and success. The challenge for the future will be 
to ensure a regular intake of new board members that are 
willing to take responsibility for moving the public program 
forward.

2. Relationships with key educational, community, and 
corporate stakeholders. Key stakeholders include Alberta 
Education, The Learning Network, MacEwan University, 
University of Alberta, Archaeological Society of Alberta, 
Buffalo Park Foundation, Travel Alberta, and Western Her-
itage. The support of these organizations, in addition to the 

numerous other community members, landowners, local 
businesses, corporations, students, archaeologists, and In-
digenous elders and knowledge keepers, has been critical for 
program success. These relationships have resulted in more 
meaningful integration of archaeology into school curricula, 
and promoted knowledgeable and informed public program-
ming. They have also helped to address key issues such as 
funding and succession, and enhanced community-building 
and tourism opportunities.

3. Collaborative partnerships. Given the site’s relatively 
remote setting, ensuring widespread appeal to interest groups 
beyond those strictly interested in archaeology has been a 
challenge, but has ultimately been successful in attracting 
visitors from all over the world. Collaborative partnerships 
in the fields of tourism, culinary arts, agriculture, ranching, 
and with educators in traditional Indigenous lifeways have 
resulted in integrated, holistic presentations of archaeolog-
ical research. This out-of-the-box approach attracts a wider 
visitor base than would a conventional archaeological dig, 
and enhances regional tourism and economic development 
opportunities.

4. Staff members and student interns. Selecting student 
interns from the fields of archaeology, anthropology, and ed-
ucation through a careful application and interview process 
ensures that Bodo program staff members are passionate, 
knowledgeable, and committed to a positive visitor experi-
ence. This translates into informative and entertaining tours 
that leave a lasting impression, and ensures that the next 
generation of archaeologists gain skill and competency in 
public education and communication.

5. Program consistency. The high quality of the programs 
offered at Bodo year after year has resulted in returning vis-
itors, positive feedback, word-of-mouth advertising, and 
ultimately program success. Quality and consistency are 
achieved through staff training and the systematic documen-
tation of each element of the program, which also helps with 
knowledge transfer and succession. Consistent operating 
times are also maintained as advertised on the project web-
site, to ensure visitors are not disappointed, particularly as 
they may have travelled a long distance.

“Being a member is very gratifying, helping to 
discover the history of my local land. This local 
area is so full and rich with history that I would 
like to present it to our neighbours worldwide. 
The history here needs to be shared, and not 
quietly.” - Iris Larson, long-term BAS board 
member.  

“I loved learning along with the university stu-
dents and being in a space with others who so 
obviously love what they are doing. The actu-
al work was hard at times, but the atmosphere, 
relationship-building, and learning potential 
made it thoroughly enjoyable.” - Feedback 
from Adult Dig Participant.  



90

Gilliland et al. / Archaeological Survey of Alberta Occasional Paper 39 (2019) 80–92

6. Focus on experiential learning. The Bodo public pro-
gram is an example of the range of experiential learning op-
portunities that can be provided at archaeological sites. In ad-
dition to traditional museum- and classroom-based learning 
about archaeology, participants take part in activities such as 
pottery-making, atlatl use, cooking bannock around the fire, 
or interacting with the landscape while learning about tradi-
tional medicinal plants and bison behaviour. These activities 
effectively integrate both tangible and intangible knowledge 
into the learning experience, and promote deep, meaningful 
connections to people and landscapes of the past and present 
(Griebel and Brendan 2010; Tilley 2010; Hogg 2015).

Suggestions for future areas for growth at Bodo include: 

1. Establishing permanent, sustained Indigenous part-
nerships and representation to further address the Calls to 
Action of Canada’s Truth and Reconciliation Commission 
(2015), and to continue to promote a cultivation of empathy, 
respect, and understanding of the value of cultural diversity, 
past and present (e.g., see discussion in Davies 2020, Dent 
2020, and Rahemtulla 2020) .

2. Developing web-based initiatives that provide learning 
opportunities for those that cannot visit the site in person. 
This issue is of particular relevance in times of austerity and 
as concerns regarding the environment and public health 
arise. Virtual reality, 3D models, apps, and games are all 
possibilities for online experiential learning that could be 
explored (e.g., Bakas 2012; Chowaniec 2012).

3. Increasing engagement with stakeholders to continue to 
build awareness of the site in its broader regional context, 
develop a wider range of participatory learning activities, 
and cultivate additional funding opportunities. Engagement 
could involve presentations of awards of excellence and/or 

appreciation of sponsors, landowners, schools or other or-
ganizations (e.g., Bartecki 2012), developing living history 
lessons, offering additional workshops on traditional skills, 
hosting archaeological festivals, or reaching out to special 
interest groups, such as geologists, hunters, birdwatchers, or 
archers (e.g., Lewandowski and Dmochowski 2012).

The 2020 Bodo program would have been the ninth year 
that the BAS offers of hands-on public excavation opportu-
nities, and the 18th year that the public is hosted at the site. 
The current COVID-19 pandemic temporarily disrupted the 
programs at Bodo due to social distancing and travel restric-
tions, but plans are underway to renew operations in 2021, 
although likely with modifications in line with public health 
guidelines. Once the Bodo program resumes operation, it 
will continue its mandate to build research-based public 
archaeology, provide accessible educational resources, and 
contribute to the development of economic and tourism op-
portunities in east-central Alberta. Visitors will leave the site 
with a renewed appreciation of the relevance of Alberta’s 
precontact history and its fundamental role in building vi-
brant communities.

6. Acknowledgements
 The Bodo public archaeology program would not have 
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the significance and educational potential of the Bodo Ar-
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its beginnings (see Figure 12). Thank you also to all sup-
porters of the program, including the BAS, the landowners, 
sponsors, collaborators, university partners, students and in-
terns, and visitors. Gratitude is also extended to Todd Kris-
tensen of Alberta Culture, Multiculturalism and Status of 
Women, for suggesting that we write this paper.

Figure 12. Memorial inscription dedicated to Terry Gibson on bench outside the Bodo Archaeological Centre.
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significant archaeological deposits relating to both pre-
contact and post-contact occupations. We first provide a 
brief background of several key archaeological studies 
in Edmonton’s North Saskatchewan River valley before 
presenting in more detail three recent case studies of ar-
chaeological work associated with cultural resource man-
agement projects in the city. The archaeological results 
from all these studies demonstrate that urban spaces can 
contain significant archaeological resources that should 
be thoughtfully managed despite decades of adjacent or 
overlying disturbance.

An early study that challenged the assumption of to-
tal archaeological destruction in well-developed, urban    
Edmonton environments is at FjPi-63, the Rossdale site,

1. Introduction
A common assumption held by archaeologists, propo-

nents, planners, regulators, and the general public is that 
urban development has disturbed archaeological depos-
its within major cities, often to the point that essentially 
nothing of interpretive value remains. This obliteration 
of archaeological deposits has been assumed by many 
for major urban centres across Alberta, and the terraces 
and river valley of the North Saskatchewan River with-
in the city of Edmonton are no exception. However, a 
growing body of recent archaeological studies is demon-
strating that there are undisturbed sediments across 
the North Saskatchewan River floodplain and terraces 
within the city limits, even in areas that have undergone 
decades of urban development. Moreover, these deep-
ly buried undisturbed sediments can, and have, yielded 
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This paper examines the assumption that urban development has significantly impacted or essentially destroyed ar-
chaeological deposits within, and adjacent to, the North Saskatchewan River valley in the city of Edmonton in central 
Alberta. Recent archaeological studies across Rossdale Flats, Walterdale Flats, and Victoria Flats have established 
that undisturbed sediments are present and can yield significant archaeological deposits of both precontact and fur 
trade age, despite decades of extensive urban development.
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which is on a floodplain of the North Saskatchewan River 
immediately south of Edmonton’s downtown core. This site 
is the location of a 19th century fur trade post and an associ-
ated Fur Trade Period cemetery. Since the early 20th century, 
the site has been used for water treatment, power generation, 
and transportation infrastructure resulting in extensive dis-
turbance to sediments containing cultural resources. How-
ever, earlier and more recent archaeological studies covering 
areas on the Rossdale Flats (e.g., Permits 04-158, 05-161, 
07-124, 09-030, 12-046, 16-002, 18-001) have clearly in-
dicated that intact deposits with palaeosols, tephras (Maza-
ma), and archaeological deposits lie beneath layers of 20th 
century fill at this key locale along the North Saskatchewan 
River. One of the best examples demonstrating the presence 
of these intact archaeological deposits is the work conducted 
by Saxberg (2014) under Permit 12-046. This work includ-
ed archaeological monitoring of projects associated with the 
decommissioning of the Rossdale Generation Station, as 
well as Historical Resources Impact Assessment studies and 
mitigative excavations in advance of the construction of a 
new laboratory for the existing Rossdale Water Treatment 
Plan. Mitigative excavations in the area slated for construc-
tion of the new lab building resulted in identification of eight 
historic trenches (interpreted as the outer stockade, various 
building walls, and garden fences associated with the fur 
trade occupation) and the recovery of square nails, clay pipe 
fragments, glass, gunflints, musket balls, bone buttons, a 
ground stone pipe body, and butchered bone from a variety 
of animals (Saxberg 2014).

In view of references made in historic journals, the build-
ing techniques characterized by the historic trenches iden-
tified during Permit 12-046 excavations, and the dating of 
historic artifacts recovered from within the historic trench 
fill, Saxberg (2014) suggested that all the fur trade structural 
remains discovered on the Rossdale site to date are likely af-
filiated with Edmonton House/Fort Augustus IV (1812/13 to 
1830) or later (with the garden fences dating to a later time 
during occupation of Fort Edmonton V). Even though exten-
sive disturbance has occurred within the Rossdale site area 
from underground utilities, from the building and operation 
of the generating station, from the early construction and use 
of a coal spur, a large water basin, and even a racetrack at 
one point, these archaeological studies confirm that undis-
turbed in situ deposits relating to the fur trade occupation of 
the Rossdale Flats area still exist. Moreover, the identifica-
tion of significant footer trenches for palisade structures in 
the course of the Permit 12-046 mitigative excavations has 
provided indications of the plausible locations of structures 
associated with Edmonton House/Fort Augustus IV, which 
in turn will allow the prediction of the possible locations of 

additional features or structures associated with the fur trade 
occupation of the Rossdale Flats area. 

Archaeological studies across Rossdale Flats have also 
identified cultural material much older than the fur trade re-
mains associated with Edmonton House/Fort Augustus IV. 
Recent archaeological monitoring associated with the Wal-
terdale Bridge Replacement Project (Permit 16-002) within 
the boundaries of FjPi-63 led to the discovery of intact cul-
tural deposits next to a utility vault under the former align-
ment of 105 Street (Spicer and Eldridge 2017). The deposit 
consists of Fur Trade Period and Precontact Period com-
ponents. Fur trade material includes lithic artifacts, butch-
ered animal bone, and glass flakes (fragments of olive black 
glass) consistent with wine bottles commonly manufactured 
between 1750-1850 CE. The precontact component consists 
of quartzite and petrified wood artifacts and butchered an-
imal bone. The bone material from this component likely 
represents the lower limb portions of a single bison. Bone 
samples submitted for radiocarbon analysis indicate that this 
component dates to 4000±30 (Beta 441872) and 4070±30 
(Beta 4421873) or 4431-4569 calibrated years BP.

Archaeological monitoring of exposures related to ex-
pansion of the Rossdale Substation (Permit 18-005) iden-
tified deeply buried intact river sediments interspersed with 
well-developed palaeosols and possibly Mazama Tephra. 
Bone, associated with cultural material from the fifth pa-
laeosol beneath the ash layer (at 4 metres below surface), 
yielded a radiocarbon age of 8882±41 BP (D-AMS 031856), 
or 9,790-10,190 calibrated years BP. A charcoal sample col-
lected from the fourth palaeosol beneath Mazama Tephra re-
turned an uncalibrated radiocarbon date of 8824±43 (D-AMS 
031855), or 9,710-10,150 calibrated years BP (Burford and 
Dow 2019). These dates represent some of the earliest evi-
dence for human occupation within the North Saskatchewan 
River valley and point to the fact that the river has been rel-
atively stable within the valley in this particular locale for 
approximately 10,000 years (see Rains and Welch 1988).

Recent archaeological monitoring of several drainage 
rehabilitation projects within the Rossdale neighbourhood 
across the Rossdale Flats (Permit 17-127) resulted in the 
identification of eight new archaeological sites yielding 
butchered, burned, or calcined bone and lithic material with-
in intact deposits representing relict landform surfaces. One 
of the key findings of this archaeological assessment calls 
into question the assumption that work of this type (i.e., ex-
cavations to repair existing utility infrastructure within ur-
ban environments) occurs entirely within disturbed deposits 
and so does not result in any additional new disturbance. 
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In fact, intact floodplain sediments were identified in almost 
all excavations subjected to monitoring under this archaeo-
logical assessment (Spicer 2018). And while the majority of 
these types of urban projects are generally only providing 
small glimpses of the archaeological record, they neverthe-
less enable archaeologists to see areas and sediment profiles 
typically not available using standard archaeological tech-
niques within heavily urbanized environments.

On the south side of the North Saskatchewan River, intact 
Precontact and Fur Trade Period cultural deposits have been 
recorded on the Walterdale Flats. Under permit 14-002, a 
significant early 19th century fur trade site was identified 
and recorded as FjPj-114 as a result of archaeological moni-
toring for the arch assembly area for the Walterdale replace-
ment bridge (Eldridge and Spicer 2015). This site consists of 
two features; cultural material recovered from these features 
included fragments of clay pipes, glass trade beads, mus-
ket shot, a copper alloy finger ring, and hand forged square 
nails. A diverse faunal assemblage was also present, particu-
larly within a stratified pit feature.

As a result of archaeological monitoring associated with 
daylighting operations to expose buried utilities on Walter-
dale Flats (Permit 17-002), an intact deposit of butchered 
bison bone was identified three metres below surface (BS) 
and recorded as FjPj-118 (Spicer and Eldridge 2018). The 
bone is within intact floodplain deposits beneath a 1.5 me-
tre blanket of construction fill including a power duct line 
and high pressure gas pipeline. A significant portion of this 
faunal assemblage is culturally modified, with impact frac-
tures and evidence of burning. In addition, several of these 
elements were recovered in an apparent arranged position.

Opposite the Rossdale Flats (on the south side of the North 
Saskatchewan River) lies Queen Elizabeth Park, established 
by the city of Strathcona in 1907. In 2017, during redevel-
opment of Queen Elizabeth Park, a chance find of bone and 
fire-broken rock in the wall of a hydrovac trench led to the 
identification of site FjPi-171, situated along an upper terrace 
bench of the North Saskatchewan River valley. Subsequent 
archaeological excavations under Permit 17-078 identified 
three cultural components: an upper historic scatter that 
may be linked to early settlement in the general area; a Late 
Middle Precontact campsite with a basin-shaped hearth, ev-
idence of food processing and lithic reduction activities, and 
an uncalibrated radiocarbon date obtained from hearth char-
coal (2730+/-30 BP, Beta 476973); and the isolated find of 
an Early Precontact Alberta projectile point (Munro 2018). 
These studies demonstrate that urban development does not 
necessarily destroy all archaeological materials, and that 
floodplains and terraces along the North Saskatchewan Riv-

er were important locales, not only for early historic activi-
ties and occupation, but also for precontact peoples, showing 
a long continuity of use of this portion of the river valley.

2. Edmonton case studies
The following three cultural resource sites were identified, 

recorded, and mitigated as a component of Historical Re-
sources Act (HRA) clearance conditions related to the Wal-
terdale Bridge Replacement Project (FjPj-108 and FjPi-63; 
Spicer and Eldridge 2013; Spicer 2019) and the Groat Road 
Bridges Rehabilitation and Interchange Project (FjPj-116; 
Spicer and Eldridge 2016; Spicer et al. 2017) within the city 
of Edmonton (Figure 1). All three of these sites are within 
the North Saskatchewan River valley in locations that have 
been subjected to repeated historic and contemporary distur-
bance since the turn of the last century. These disturbances 
are related to bridge, road, and utility facility construction, 
which have included both grading and deep trench, piling, 
and foundation construction. Compounding these distur-
bance factors, repeated layers of historic contemporary fill 
have been added to the natural terrace surfaces in excess of 
1.5 metres in depth in some instances.

Figure 1. Location of cultural resource sites (Edmonton, Alberta).
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In combination, both 20th century urban development and 
the depth of overburden deposits have obscured the pres-
ence of intact floodplain deposits in the North Saskatchewan 
River valley in central Edmonton. As noted above, cultur-
al resource management work and related regulatory con-
ditions for HRA approval have often been influenced by a 
convention that these areas have been previously disturbed 
by development and therefore developments within them 
pose little or no impact to historical resource sites. How-
ever, consulting archaeological work in Edmonton’s North 
Saskatchewan River valley conducted by private consulting 
archaeologists, referenced above, contradict this convention 
and illustrate the diversity and complexity of sites present 
in these locations and their potential for archaeological re-
search and interpretation. 

2.1 FjPj-108
Site FjPj-108 was initially identified at a depth of 195 cen-

timetres BS within preserved floodplain deposits in a back-
hoe test excavated as part of an archaeological assessment 
associated with the Walterdale Bridge Replacement Project 
on the south side of the river (Spicer and Eldridge 2013). 
The site consisted of a lens of reddened soil, ash, and char-
coal in association with quartzite artifacts including two lith-
ic cores and a hammer stone, and was interpreted as repre-
senting a hearth, around which the production of stone tools 
took place.

The location of FjPj-108 has been subjected to repeat-
ed disturbance for over 100 years: most recently road and 
bridge construction, the construction of a sports facility, 
landscaping earthworks, and the installation of buried utility 
facilities. In combination, these disturbance factors created 
the impression in the minds of many who were involved in 
this project that the area was devoid of any historical re-
source potential.

2.1.1 Site stratigraphy
The stratigraphy at FjPj-108 includes a cap of contempo-

rary overburden, varying between 60 and 100 centimetres 
in depth, and consisting of clay and gravel mixed with in-
dustrial debris including concrete, asphalt, and fragments of 
ferrous metal (Figure 2). Beneath the overburden at 90 to 
200 centimetres BS is a complex deposition of flood silts and 
clays. The absence of gravel or occasional stones, in combi-
nation with a sequence of sorted silt, sand, and clay, indicate 
that these sediments were deposited through repeated flood-
ing of the North Saskatchewan River. These deposits were 
often separated by thin layers of charred organic material, 

likely the result of wildfires (Figure 3). Burnt tree stumps 
were identified beneath the modern overburden, revealing 
that the land surface at FjPj-108 was forested during the his-
toric period. Beneath this interleaving of fluvial sediments, 
a thick deposit of massive sand to over 10 metres BS was 
present.

Figure 2. Historic/contemporary fill and intact flood plain deposits at 
FjPj-108.

Figure 3. Soil profile at FjPj-108 (N98/E105 east wall - actual).
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Within this sedimentary environment, three cultural com-
ponents are present. The first component (Component 1) 
was found between 95 and 110 centimetres BS, following 
the mechanical removal of the upper 100 centimetres of con-
temporary overburden (Figure 4), and consisted of historic 
fill and debris. The second component (Component 2) was 
located between 140 and 160 centimetres BS, and the third 
component (Component 3) was found at depths between 170 
and 200 centimetres BS. These latter two components rep-
resent Precontact Period occupations found within the intact 
silt/clay matrix of the floodplain. The third component is lo-
cated in uniform flood silts and clay directly above a layer 
of sand topped by isolated fragments and concentrations of 
charcoal. Archaeological research and interpretive potential 
were highest for this component and were the focus of miti-
gative excavations (Figure 5).

2.1.2 Mitigative excavations
Thirty square metres of mitigative excavations at site 

FjPj-108, carried out in two stages, yielded lithic artifacts 
(n=2,407), bone (n=1,315), and fire-broken and heated rock 
(n=116). The bulk of this cultural material was recovered 
from the lower most part of the component between 195 
and 210 centimetres BS in association with three cultural 
features. Lithic artifacts include quartzite, chert, chalcedo-
ny, and petrified wood. The assemblage consists of artifact 
types associated with primary, secondary and final reduction 
stages including small pressure flakes likely related to final 
shaping and/or re-sharpening the edges of bifacial tools. 
Two stones, one with abraded surfaces, were also recovered 
from this component and are interpreted as part of the stone 
reduction tool kit. One of these is characterized by batter 
marks on the distal end and may have been used as a ham-
mer or pressure flaker (Figure 6). 

Bone from this component included mostly calcined and 
burnt fragments, the bulk of which were recovered from 
within one of the identified features. Fire-broken rock, in-
cluding several heated but otherwise unmodified stones, 
were recovered primarily from a single concentration.

A total of 16 tools related to primary lithic production, 
such as bipolar, multi-directional, and unidirectional cores, 
and hammerstones, were recovered from the component. 
The three hammerstones are quartzite cobbles showing signs 
of battering on at least one surface. A single bifacially re-
duced stone tool, interpreted as a wedge, was also recovered.

Cultural material related to this component was concen-
trated around three well-defined cultural features (Figures 
7 and 8).  Feature 1 is a lens of ash and charcoal and was 
initially identified as a surface hearth. It was made up of a 
thin lens of hearth debris with poorly defined margins. The 
second feature (Feature 2) is a concentration of fire-broken 
rock fragments, heated and unmodified rocks, animal bone, 
and lithic artifacts. A bison rib fragment was located within 
the accumulated heat-altered rocks that yielded a radiocar-
bon date of 1400+/-30 (Beta - 330170) calibrated to 1500+/-

Figure 4. Over burden stripping at FjPj-108 l.

Figure 5. Excavations in progress at FjPj-108.

Figure 6. Hammer stone/pressure flaker (Cat. #FjPj-108:179).
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30 BP. The feature likely represents a store of rocks heated 
in the fire and subsequently transferred to vessels containing 
water. Once heated in this manner, water brought to the site 
could be used for activities such as cooking and rendering 
fat. Given that the rock concentration included heated but 
not broken rocks, the boiling of water (and repeated use of 
stored rocks) was likely not a primary activity at the site. The 
third feature identified within Component 3 was a defined 
surface hearth (Feature 3). The feature was morphologically 
different from Feature 1 in that it had well defined edges 
and a bowl-shaped profile, characteristic of a surface hearth 

partially contained with an excavated pit. Within this bowl, a 
myriad of lithic debris and faunal remains, including a large 
volume of burnt and calcined bone, had built up. The fill 
from Feature 3 was collected and water screened, which con-
tributed to the extremely high recovery of cultural material 
from the hearth. Hearth material includes: micro-debitage, 
faunal remains, and charred plant remains including seeds. 
These seeds were submitted to the Quaternary Environments 
Laboratory at the Royal Alberta Museum for analysis and 
identification (Beaudoin 2013).

Figure 7. Cultural features at FjPj-108 (actual).
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In situ carbonized seeds from the hearth fill included kin-
nikinnick, bunchberry, pin cherry, and choke cherry.  His-
torically, kinnikinnick (derived from a Cree word meaning 
to mix) was widely used either as an additive to tobacco or 
smoked alone (Turner et al. 1990). The berries are also ed-
ible and are reported ethnographically to have been widely 
used as an additive to grease and dried meat (pemmican) or 
mixed with whitefish eggs (Johnson  et al. 1995; Kuhnlein 
and Turner 1991; Turner et al. 1990). The sweet and fleshy 
fruit of bunchberry was widely collected and eaten by many 
Indigenous peoples. The fruit ripens from late July through 
September and in some places is very plentiful. Some people 
simply ate them raw as a snack while others gathered bunch-
berry in quantity for storage. Pin and choke cherry produce a 
tart yet delicious fruit widely collected by Indigenous people 
in late summer throughout western Canada. Choke and pin 
cherry fruit are widely reported as traditional medicines for 
the treatment of throat ailments, coughs, and colds. Ethno-
graphically, choke cherry was one of the most common and 

important food plants utilized by Indigenous people living 
within its range (Kuhnlein and Turner 1991:161). Given 
that these species are commonly referenced in ethnographic 
sources, similar use of these species in Late Precontact times 
is likely. Evidence of plant use by the people occupying 
FjPj-108 around 1500 years ago increases the interpretive 
value of the site.

The faunal assemblage recovered from the component 
encompassed a broad spectrum of identified taxa including: 
bison (n=3), duck (n=7), frog or toad (n=29), goose or swan 
(n=1), snowshoe hare (n=38), and fish (n=1). Taxa identifi-
cations were undertaken with the benefit of the University 
of Alberta’s zooarchaeology comparative collection (Miller 
2013). The faunal assemblage is also highly fragmented and 
a large volume was either burnt (n=323) or calcined (n=259), 
with three displaying cut marks. Like the other artifacts, the 
burnt and calcined bone was concentrated around the three 
features.

Figure 8. Cultural features at FjPj-108 (schematic).
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2.2 FjPj-116
In association with the Groat Road Bridges Rehabilitation 

and Interchange Project, archaeological work was carried 
out in the North Saskatchewan River valley along the west-
ern area of Edmonton’s Victoria Flats under Permits 16-126 
and 17-026 (Spicer and Eldridge 2016; Spicer et al. 2017). 
Geotechnical samples established the presence of deeply 
buried intact floodplain sediments beneath historic contem-
porary overburden at this locale. Precontact cultural materi-
al, including animal bone and lithic artifacts, was identified 
in three of the six backhoe tests excavated and recorded as 
FjPj-116. In two of the three tests, this material was associat-
ed with a palaeosol at 120-130 centimetres BS. Although the 
majority opinion was that the identification of intact deposits 
had to be in error due to the extensive disturbance from ur-
ban development at this location, having City of Edmonton 
managers present during testing to observe intact floodplain 
sediments and cultural material within them, was instrumen-
tal in addressing this concern.

2.2.1 Site stratigraphy
Similar to the pattern observed at FjPj-108, the stratig-

raphy recorded at FjPj-116 is a complex series of layered 
anthropogenic deposits extending to approximately 80 cen-
timetres BS. Beneath this overburden, deposits of flood silt, 
clay and sand, impacted by rodent burrowing, were observed 
80-140 centimetres BS. The demarcation between the two is 
well defined and readily identifiable. The historic/contem-
porary overburden includes a mixture of unsorted gravel and 
high plastic clay typically used as a substructure for contem-
porary road grades. At the bottom of this sequence, a layer of 
unsorted gravel and coarse sand with orange/ brown staining 
is present (Figure 9). This material lies directly above a hard 
compacted dark brown to black organic clay layer that marks 
the natural terrace surface. This sediment is interpreted as 
the result of cultivation during the 19th and early 20th cen-
turies.

Flood deposits beneath the plow zone are typical of the 
lower terraces on the North Saskatchewan River in central 
Edmonton. At FjPj-116, this included discontinuous layers 
of organic-rich soil. In some cases, these represent preserved 
land surfaces (palaeosols) while in others, they are the result 
of in-filled rodent burrows. Shovel testing within the floor of 
select excavation units showed the continuation of this pat-
tern to at least 210-220 centimetres BS. More well-defined 
palaeosols were observed at 165 centimetres and 175 centi-
metres BS. This matrix contained the bulk of the Precontact 
Period artifacts recovered from Component 2 at FjPj-116. 
The majority of artifacts were recovered from 25-35 centi-
metres below the exposed terrace surface. Of relevance to 

site stratigraphy, a Late Period side-notched point was re-
covered from the plow zone and a Middle Precontact Period 
Hanna projectile point was recovered from this flood depos-
it, as was a projectile point base and a Late Period Pelican 
Lake/Bracken projectile point (Peck 2011), abandoned mid-
way through manufacture (Figure 10). The vertical range at 
which the Precontact Period material was recovered, in com-
bination with the recovery of Late Period and Hanna style 
projectile points above the Late Pelican Lake/Bracken pro-
jectile points, indicate that some of the artifacts within the 
flood deposit have been affected by displacement. The distri-
bution of cultural material at FjPj-116 is shown in Figure 10. 

Below the silt/clay flood deposits, a sandy layer was iden-
tified. No artifacts were recovered from within this lay-
er indicating that it marks the bottom extent of the culture 
bearing deposit. A radiocarbon date obtained from bone col-
lected directly above this layer (48 centimetres BS) returned 

Figure 9. Removal of historic/contemporary overburden at FjPj-116.

Figure 10. Cultural material totals from FjPj-116 by level (all excava-
tions).
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a radiocarbon date of 4,299-4,142 +/-30 BP calibrated to 
3,820 +/-30 BP (Beta 468221) consistent with the temporal 
range expected for McKean Complex points (4,200-3,500 
BP) (Peck 2011:199). This pattern, in which artifact distri-
bution terminates with the emergence of a sand-rich silty 
flood deposit, was also observed at FjPj-108 and FjPi-63. 
This sandy deposit likely represents a higher energy flood 
event overlaid with a series of low energy inundation events. 
This sediment has subsequently been affected by a spectrum 
of bioturbation factors including rodent activity, vegetation, 
and the freeze/thaw cycle resulting in the vertical displace-
ment of artifacts. A stratigraphic profile at FjPj-116 is pro-
vided in Figure 11.

The Late Pelican Lake/Bracken projectile points are in 
direct association with the bulk of the cultural deposit (25-
35 centimetres below the natural terrace surface) and the 
depth of a radiocarbon date, 2,342-4,142 +/-30 BP calibrat-
ed to 2,380 +/-30 BP (Beta 468220), is consistent with the 
range expected for this point type (2,800-2,200 BP) (Peck 
2011:256). Although the cultural material recovered from 
the site is largely a homogeneous assemblage of grey and 
brown quartzite flakes, a unique occurrence of black, grey, 
and brown fragments of ignimbrite (n=12; 74.8 grams) was 
recovered from a single unit 20-35 centimetres BS. It is like-
ly that bioturbation has extended these artifacts vertically 
while maintaining the horizontal integrity of the site.

2.2.2 Mitigative excavations
Mitigative excavations of 20 square metres to a depth of 

140 centimetres BS were completed at the site under per-
mit 17-026. As with the work carried at FjPj-108, historic/

contemporary fill deposits at site FjPj-116 were removed by 
machine and excavation units were dug into the exposed sur-
face directly above the level of the natural floodplain (Figure 
12). The site consists of four occupations represented by two 
components. Component 1 is a scatter of historic and pre-
contact cultural material. Diagnostic artifacts (cartridge cas-
ings) supported by historic records, date the component to 
1902-1904 CE. Two Precontact Period projectile points, in-
cluding a Late Period side-notched point and a Hanna point, 
were also recovered from Component 1, and both were inter-
preted as recovered from a disturbed context.

Component 2 at FjPj-116, the focus of this section, is a 
Precontact Period campsite with an emphasis on the reduc-
tion of lithic tools. Diagnostic artifacts, including Late Peli-
can Lake/Bracken projectile points were recovered from this 
component (Figure 13). As a result of the mitigative work, 
FjPj-116 is considered to have significant research potential. 
However, given that excavations were limited to a median 
between east, and westbound lanes of River Valley Road, the 
extent of the site could not be established. 

Figure 11. Soil profile at FjPj-116 (N100/E91 north wall - actual).

Figure 12. Mitigative excavations in progress at FjPj-116.

Figure 13. Projectile points recovered from FjPj-116.



102

Spicer and Hudecek-Cuffe / Archaeological Survey of Alberta Occasional Paper 39 (2019) 93–112

Lithic debitage recovered from Component 2 (n=1,908) 
included flake fragments, complete flakes, and shatter. Raw 
material was dominated by quartzite in both count (n=1,889; 
98.5%) and weight (3,759.7 grams; 97.9%). Quartzite lith-
ic artifacts include flakes 8.0-17.9 millimetres (n=903) and 
18.0-35.8 millimetres (n=787) in maximum dimension. 
Neither small nor large quartzite artifacts dominate the as-
semblage. Cortex was absent from 79.7% of these artifacts 
(n=1,505) indicating that mid-range stages of lithic reduc-
tion are well represented at the site: particularly, the initial 
production of bifaces and long intact flakes, possibly blanks 
intended for further processing. This interpretation is sup-
ported by the presence of bifacial reduction flakes (n=33), 
which account for 86.8% by count and 95% by weight of 
the identifiable reduction lithic artifact types. The majority 
of lithic raw material in this assemblage is quartzite, which 
is likely locally sourced from the North Saskatchewan River 
valley. Cobbles of quartzite are readily available from ex-
posed areas of Empress Formation gravels (Whitaker and 
Christiansen 1972).

Faunal remains (n=178) recovered from this component 
include mostly small unidentifiable fragments (n=131). 
Identifiable elements include limb (n=21), rib (n=12), verte-
bra (n=4), mandible (n=2), sesamoids (n=4), tooth fragments 
(n=2), a terminal phalange, and a skull fragment. These ele-
ments are ungulate and likely represent bison (Bison bison), 
elk or moose (Cervidae/Alces). The assemblage also con-
tains burnt and calcined fragments of bone (n=8).

A single fragment of antler was recovered in excavation 
unit N99/E91 (Figure 14). The item exhibits angular fracture 
scars. One of these fractures, located on the dorsal side of the 
artifact, has a pronounced rounded and polished edge sug-
gesting use. Surface features on the fragment closely match 
those of elk antler (Cervus canadensis). 

The cultural material associated with this component was 
represented by a single dense concentration. Quartzite lithic 
material was recovered in highest density by both weight 
and count from excavation unit N99-100/E91-93. Excava-
tion unit N100/E99 was largely disturbed by a utility pole 
borehole and associated trench, likely as a result of an as-
sociated power hookup. The depth of the utility pole and 
associated trench is significant as this disturbance extends 
through the cultural deposit represented by Component 2.

Defined spatial patterns within this concentration were 
not observed. However, flake size patterns are apparent. A 
greater density of lithic artifacts larger than 35 millimetres 
in maximum dimension was found in excavation units N99-
100/E91 (Figure 15). Patterning related to lithic reduction 
strategy is also detectable: bifacial reduction flakes (BRF) 
are recorded in greatest quantity in excavation units N100/
E91-92 (n=24) (Figure 16). Flakes of this type are indicative 
of the purposeful thinning of broad bifacial tools (such as 
a knife). This assemblage indicates on-site production and 
maintenance of bifacial tools. In combination with the ungu-
late bone and fire-broken rock, it is likely that a butchering 
and processing area related to FjPj-116 is located nearby.

Faunal material in the form of butchered ungulate bone 
was recovered from two concentrations. One was associat-
ed with hind foot elements (sesamoid, phalanges) and was 
found between 30-48 centimetres below the natural terrace 
surface. The McKean Complex (Hanna) Period radiocarbon 
date was obtained from a terminal phalange recovered from 
48 centimetres BS. Another concentration included mostly 
unidentifiable scrap (n=88), but limb (n=21), vertebra (n=4) 
and one rib fragment were identified. The Late Pelican Lake/
Bracken Period radiocarbon date was obtained from a frag-
ment of ungulate limb recovered from 35 centimetres BS. 
Bone fragments recovered from level 4 (34-39 centimetres 
BS) represent the bulk of this assemblage (n=91) and are re-
lated to the lower depth from which the majority of the lithic 
assemblage was recovered. While the results of the radiocar-
bon analysis confirm bone from the two areas of faunal con-
centration are not contemporaneous, they are indistinguish-
able in terms of identifiable elements and depth recovered. 

The assemblage from Component 2 at FjPj-116 included 
a large number of quartzite lithic artifacts recovered from 
a defined area. Lithic debitage was distributed in a single 
concentration around the original backhoe test that resulted 
in the identification of the site. These lithic artifacts are pre-
dominately flakes middle range in size, with cortex general-
ly absent. Some are bifacial reduction flakes suggesting the Figure 14. Fragment of antler recovered from FjPj-116 Component 2.
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production of thin broad bifacial tools. Although this materi-
al is distributed vertically between 18-45 centimetres below 
the natural terrace surface, and the variety and placement of 
projectile point styles confirm that artifacts were  displaced 
at the site, the bulk of the assemblage was recovered from 

25-35 centimetres BS. This range corresponds to the projec-
tile point base and Bracken age radiocarbon date. As a result, 
the majority of the precontact cultural material associated 
with FjPj-116 Component 2 is likely from a Late Pelican 
Lake/Bracken Period occupation.

Figure 15. Distribution of lithic artifacts, Component 2 (size).

Figure 16. Distribution of bifacial reduction flakes (BRFs), Component 2 (count).
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2.3 FjPi-63
Under permit 18-001 (Spicer 2019), archaeological mon-

itoring of the Walterdale Bridge Replacement Project was 
completed. This work was in association with landscaping 
for the construction of a pedestrian access stair and shared 
use path (SUP), immediately west of the north abutment of 
the new Walterdale Bridge. As a result of this work, an intact 
cultural deposit was identified within the boundaries of site 
FjPi-63 in close proximity to the one previously recorded 
under 105 Street (Spicer and Eldridge 2017). This newly 
identified deposit has mid-19th century Fur Trade and Late 
Precontact Period components. The Fur Trade Period com-
ponent is the focus of this example.

2.3.1 Site stratigraphy
The sediment stratigraphy at this portion of FjPi-63 is a 

complex series of layered anthropogenic deposits extend-
ing to approximately 160 centimetres BS. As observed at 
FjPj-108 and FjPj-116, these deposits are primarily dense-
ly packed high plastic clay and gravel. Beneath this over-
burden, is a mottled orange and black sand deposit approx-
imately 10 centimetres in thickness. This layer is readily 
identifiable and marks the beginning of intact sediment at 
this portion of the site.

Fur Trade Period material is from an intact layer of coarse 
grey/brown uniform sand (Component 1). Beneath this 
coarse sand, floodplain terrace deposits typical of the Ross-
dale Flats are present, within which is what appears to be an 
intact chernozemic soil sequence. At the top of this sequence 
is a charcoal layer containing choke cherry seeds. Beaked 
hazelnut shell fragments (n=5) were also recovered here 
(Figure 17). The choke cherry seeds and associated char-
coal lens are a reliable marker demarcating the course grey/
brown sand (fur trade, Component 1) from flood deposits 
that yielded the Precontact Period artifacts (Component 2).

Throughout the excavation area, cultural material from 
both components was recovered either in mixed context and/
or in close association. While artifact types such as lithic 
flakes and hand forged nails can be separated by component 

regardless of context, faunal material does not lend itself as 
easily to such separation. Although artifact mixing and con-
temporary disturbance is present at this location of FjPi-63, 
the distinct sediment associated with each component sup-
ports the interpretation that the bulk of the cultural material 
was recovered intact. Figure 18 is a stratigraphic profile of 
the excavations at the site. 

2.3.2 Preliminary archaeological monitoring
Monitoring in this location in 2017 (Spicer and Eldridge 

2018) identified ceramic fragments, axe cut bone, fish scales, 
and historic period glass, in association with a dark organic 
sandy soil. This material was overlain with packed clay and 
gravel and underlain with mixed clay that was clearly dis-
turbed and redeposited. These artifacts were significant as 
they were of the type associated with other Fur Trade Period 
cultural deposits recorded in the area (Eldridge and Spicer 
2015, Spicer and Eldridge 2018). Based upon these observa-
tions, the presence of an intact fur trade cultural deposit was 
highly probable. As construction excavations progressed, in-
tact sediment, overlain by approximately 1-1.5 metre of lay-
ered construction fill, was observed immediately west of the 
bridge abutment. The presence of intact sediment provided 
evidence that an intact cultural layer, dating to the nineteenth 
century, would possibly be impacted by the excavation work.

Consistent with observations made in January, 2018, a 
defined land surface characterized by a dark brown to black 
sandy soil matrix was revealed in this area in May of 2018. 
Additional excavations located at the alignment of the access 
stairs were carried out in June, 2018. As a result of the sandy 
unstable soil, excavations were necessary in order to install a 
fill base of high plastic clay suitable to hold foundation posts 
for the access stairs (Figure 19). The sloped embankment 
above the SUP had also been subject to additional grading 
which exposed more of the preserved terrace surface. At the 
intersection of this buried land surface and the access stair 
excavation, fragments of calcined bone were observed, trig-
gering a shovel testing program (Figure 20).

Figure 17. Cherry seeds and hazel nut shell (FjPi-63).

Figure 18. Stratigraphic profile (N100/E102, south wall - actual).
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As a result of this shovel testing program, additional bone 
fragments, lithic artifacts, and fire-broken rock were recov-
ered from the preserved surface adjacent to the clay-filled 
excavation. An expedited excavation block, approximately 
30 by 60 centimetres, was dug and screened; additional cul-
tural material was recovered. Faunal material included fish 
vertebra consistent with those previously recovered from 
disturbed sediments. Additional calcined bone fragments 

were recovered. Fur Trade Period artifacts were collected in-
cluding a glass trade bead, a copper alloy percussion cap, and 
two fragments of clay pipe stem. Of particular significance 
to the Fur Trade Period component was a calcined bone con-
centration in association with a defined orange, black, and 
grey soil stain interpreted as a surface hearth. Based upon 
the sediment in which it was preserved, the hearth feature is 
associated with the fur trade component (Figure 21).

Figure 19. Packed clay foundation fill at access stairs. Figure 20. Shovel testing program west of access stairs.

Figure 21. Fur Trade Period surface hearth (excavation sequence 1-4).
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2.3.3 Mitigative excavation
Following the preliminary testing program and salvage ex-

cavations, eighteen square metres of excavation were com-
pleted immediately west of the access stair (Spicer 2019). As 
was the case at FjPj-108 and FjPj-116, this included removal 
of historic/contemporary overburden to the level of the pre-
served terrace surface (Figure 22). Based upon diagnostic 
artifacts, Component 1, the Fur Trade Period component, 
dates to the middle part of the 19th century (1830-1850 CE). 
Component 2 dates to the Late Precontact Period, based on 
radiocarbon dating (676 +/-30 BP; Beta - 508668 calibrated 
to 600-676 years BP). Given the nature of the cultural mate-
rial and the excellent state of preservation of the Fur Trade 
Period component, the interpretive and research potential of 
this deposit has both local and regional significance.

Component 1 is a concentration of Fur Trade Period ar-
tifacts associated with a surface hearth. Fur trade artifacts 
are dominated by well-preserved faunal material. Many el-
ements exhibit cut marks and other evidence of processing. 
Other artifacts from this component, typical of a mid-19th 
century Fur Trade Period camp, include hand forged nails, 
clay tobacco pipe fragments, gun flints, and glass trade beads. 
Several artifacts are diagnostic to 1830-1850 CE, dating the 
component to the period of Fort Edmonton V (1830-1915 
CE). This Hudson’s Bay Company (HBC) trading facility 
was located directly above the location of this deposit within 
the present Alberta Legislative grounds (FjPj-4).

Figure 22. Overburden stripping and excavation sequence (access stairs).
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Faunal material (n=771) is largely unidentified mammal 
and ungulate. Bovidae and Cervidae (n=21) are present, the 
latter identified by antler fragments. Other identified taxa in-
clude Osteichythes, Aves, Felidae, Mollusca, and Rodentia. 
Identified species included beaver, lynx, and bison. Union-
idae shell fragments are likely freshwater clam while Sal-
monifore vertebrae are likely lake whitefish. Two Aves long 
bones are identified as Anatidae and may be swan, goose, or 
duck. Cultural modification was also identified on elements 
within this assemblage (n=51).  Cut marks, derived from 
metal tools, were identified on thirteen of these fragments. 
One of these elements is a lynx mandible (Figure 23), and 
the other a beaver femur (Figure 24).

Other artifact types typical of 19th century Fur Trade 
Period sites in the area of Rossdale and Walterdale Flats 
(Pyszczyk 1992; Saxberg 2014; Saxberg et al. 2001, 2003; 
Eldridge and Spicer 2015; Spicer and Eldridge 2016, 2017) 
include fragments of ceramic tobacco pipe stem, square 
wrought iron nails, other wrought iron nail fragments, gun 
flints, tableware, and fragments of a glass bottle, trade bead, 
ceramic vessel, bone button, and ceramic tobacco pipe bowl 
(n=61). 

The ceramic tobacco pipe bowl is of particular signifi-
cance, as maker’s marks are visible (Figure 25). This artifact 
was refit with stem fragments recovered from the site and 
includes an intact spur upon which the initials ‘I’ and ‘F’ 
are imprinted, which are attributed to the John Ford firm of 
London (Higgins 2004:252, Fig. A2.1 Nos.8, Pearce 2007:3-
4). Clay tobacco pipes featuring the initials IF raised on a 
heel spur on an otherwise plain pipe bowl were common and 
have a wide distribution in western Canada and the Pacific 
Northwest, generally on HBC sites dating to the period 1820-
1850 CE (Caywood 1955; Walker 1970; Pfeiffer 1981:231, 
Fig.5:N; Pfeiffer 1982:65-66, Fig.23C; Ross 1976:804).

One of the pipe stem fragments exhibits use in the form 
of an abraded groove around the circumference of the stem. 
One end of this fragment has been ground to a smooth ta-
per. The ground edge is consistent with a prepared re-tooled 
mouth piece and the abraded area a result of holding the 
pipe with the teeth. These attributes are typical indicators 
of habitual tobacco smoking (Karklins 1981:245; Akerhagen 
1998; Wacke 2014:68 and 78).

Two glass beads were also recovered from the site (Fig-
ure 26). One, a translucent blue spherical wound type, found 
during salvage excavations, is commonly referred to as a 

Figure 23. Lynx mandible with cut mark.

Figure 24. Beaver femur with cut mark.
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Figure 25. Clay tobacco pipe bowl fragment (‘I’ ‘F’ makers mark).

Figure 26. Glass trade beads from FjPi-63 (Component 1).

Canton bead (Ross 1990). The other glass trade bead is trans-
lucent, amber in colour, and faceted with six sides. Beads of 
these types are common at Fort Vancouver (Ross 1990:62, 
Plate 1:g and 63). The HBC Fort Vancouver facility was in 
operation between 1828 and 1860 CE. J.P. Sturgis and Com-
pany, a Canton fur merchant, was a supplier of blue glass 
beads to the HBC at Fort Vancouver in 1828 (Ross 1990:31). 
Beads of this type were produced in large quantities by Chi-
nese manufactures and were in significant demand from In-
digenous populations. Translucent facetted beads, identical 
to the FjPi-63 example, were found at Fort Vancouver  and 
attributed to the period after 1840 CE (Ross 1990:59). Both 
of the bead types recovered from this component can be as-
sociated with the Northwest Pacific fur trade and the Fort 
Vancouver facility at the mouth of the Columbia River, par-
ticularly for the period 1830-50 CE.

Other Fur Trade Period items (n=19) were also well rep-
resented in the assemblage associated with the hearth fea-
ture. These included square wrought iron nails, a burnt pipe 
stem fragment, and a tableware fragment. Gun flint and gun 
flint fragments (n=6) were recovered in association with the 
hearth, many of which exhibit evidence of burning, likely 
the result of disposal in the surface hearth. The necessary 
maintenance of these weapons and steady requirements for 
new powder and shot established an effective means of de-
pendency between hunters, traders, and European suppliers. 
Artifacts related to firearms, including gun flints and the per-
cussion cap, help date the site (Figure 27). The two complete 
flints in the assemblage are extensively reworked. These ar-
tifacts are exhausted and were likely abandoned at the site, 
presumably having been replaced from the stores of Fort 
Edmonton V. These gun flints exhibit advanced wear, par-
ticularly on the striking edge, and their shape stands in sharp 
contrast to that of unused gun flints. A gun flint subjected 
to less use was recovered from Fort Edmonton IV (Saxberg 
2014 - Plate C2) and provides a comparative example.

The trade of flintlock, black powder muzzle, loading fire-
arms was common throughout the 19th century (Gooding 
2003:81-84). The copper alloy percussion cap, however, 
was introduced in 1820, and consists of a single use primer 
enclosed within a copper alloy cylinder. This ignition sys-
tem enabled muzzle loading firearms to fire reliably in any 
weather condition and replaced the clamped flint, pan, and 
frizzen of the flintlock (Gooding 1962). This technology was 
not widespread until after 1840 CE. In combination with 
the glass trade beads and John Ford clay tobacco pipe frag-
ments, the presence of the percussion cap further supports a 
mid-19th century occupation for this component at FjPi-63.Figure 27. Gun flints and percussion cap from FjPi-63 (Component 1).
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Artifacts recovered in situ from Component 1 are most 
dense nearest the surface hearth (Figure 28). Wrought iron 
nails, although more widely dispersed, were most concen-
trated in close proximity to the hearth. This pattern suggests 
that wood used as fuel for the surface hearth contained nails 
and was salvaged. The distribution of faunal material is more 
complex but with defined patterns. Cervidae elements were 
concentrated in the northwest part of the excavation block 
suggesting that  antler was worked there. Fish vertebrae 
were recovered from the southeastern part of the excavation 
block; bird elements were also recovered from this area. 

Faunal material exhibiting cut marks were recovered from 
two concentrations. One, associated with lynx and beaver, 
was identified in the southeast part of the excavation area 
suggesting the butchering of fur bearing animals. Another 
area is located in close association with the antler. Based 
on element size, large ungulate, such as elk or moose, had 
been butchered in this area. Antler fragments suggest an au-
tumn or early winter occupation when fully developed ant-
ler would have been available. This interpretation is further 

supported by the presence of fur bearing animals that are 
typically harvested in winter when fur is most dense.

Component 1 of FjPi-63 is a Fur Trade Period camp with 
butchered animal bone and trade items associated with a sur-
face hearth. The majority of the faunal material is uniden-
tifiable scrap and limb. The positive identification of Cervi-
dae was made possible by the recovery of antler fragments, 
at least one of which was worked. Fur bearing animals, in-
cluding lynx and beaver, were also identified in this compo-
nent indicating the procurement of animals for fur and food. 

Beaver and lynx were species in high demand by the 
HBC traders (Binnema and Ens 2016:114, 37,142; Coues 
1897:221, 245, 259). The processing of fur bearing animals 
is not expected for those visiting the area for trade; presum-
ably in these cases only prepared hides would be brought 
to Fort Edmonton. This pattern would be expected however 
for workers regularly engaged at the post who trapped in the 
absence of regular work activities or to catch up on accumu-
lated debt (Binnema and Ens 2016:23 and 131).

Figure 28. Distribution of all in situ artifacts (Component 1).
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The presence of fish vertebrae at the site is also signifi-
cant (Figure 29). To stabilize food resources and encourage 
the independence of the Fort Edmonton facility, whitefish 
fisheries were established at several of the lakes in proximity 
to Fort Edmonton (Binnema and Ens 2016:68,114, 127, and 
205). Post workers were commonly employed setting nets 
to acquire fish as this resource was more economical than 
pemmican (Binnema and Ens 2016:131, 203). 

In his 1823 to 1824 general report for the Saskatchewan 
Distinct, John Rowand, newly appointed Chief Factor at 
Fort Edmonton wrote:

“The means of subsistence the District affords is of-
ten precarious, and has been untill last Winter, attend-
ed with great expenses.  The quantity of Fish (twenty 
thousand in number) saved Edmonton from incurring 
heavy expenses, into which otherwise it would have 
unavoidable fallen - Tho a large number of wood 
animals had been killed at Edmonton yet no expens-
es were incurred providing them, further than the 
employment of a Portion of our People in dragging 
them to the Fort, and when it was considered that a 
sufficient number of animals had been procured for 
the use of the Winter and Summer People, the Hunters 
were then sent to hunt furs and succeeded in Killing 
same to a considerable Amount so that instead of their 
being expensive to us we can produce documents to 
show that Profit has been made Upon them. - It would 
however always be advisable to pay every attention to 
the Fishery at the Lake in the neighbourhood of Ed-
monton as the Dependence upon Buffaloe is very pre-
carious the number of People depending upon them 
for their subsistence are daily in chase of them and 
consequently driving them from one Plain to another 
to an enormous distance from the Fort” (Binnema and 
Ens 2016:249-250). 

This description provides insight into the management 
of Fort Edmonton and is in uncanny alignment with the fur 

trade assemblage representing Component 1. Fish vertebrae 
at FjPi-63 confirm the use of this resource. Butchered ungu-
late bone, including Cervidae, is consistent with the wood 
animals described by Rowand that were dragged to Fort 
Edmonton. Perhaps the exhausted and abandoned gun flints 
represent the aftermath of procuring game for the fort inhab-
itants. Also consistent with Rowand’s annual report is the 
presence of butchered fur-bearing animals at the site. This 
pattern is likely associated with a resident population prepar-
ing furs at Fort Edmonton.

Based on the cultural material recovered at this locality 
within FjPi-63, this component likely represents a mid-19th 
century camp used by HBC contract staff, in the period 1830-
1850 CE, living beneath Fort Edmonton V on the Rossdale 
Flats. Component 1 at this part of FjPi-63 accords well with 
John Rowand’s description of subsistence strategies at Fort 
Edmonton and offers excellent interpretive potential of both 
local and regional significance.

3. Summary
The discovery of deeply buried sites in urban settings with 

high interpretive potential is not unique to Edmonton. The 
identification of several precontact and historic sites under 
urbanized areas and parking lots within the city of Calgary 
provides further proof that urban development does not al-
ways completely destroy the archaeological record. For ex-
ample, in the late 1960s, the Mona Lisa site (EgPm-3) was 
identified in deep deposits during construction of the base-
ment of the Mount Royal Village shopping complex, on an 
alluvial terrace south of the Bow River valley near the foot 
of the hillslope to Mount Royal uplands (Wilson 1980). As 
many as four deeply buried cultural horizons were detected, 
both above and below Mazama Tephra, with many repre-
senting in situ bison kills associated with early Middle Pre-
contact Period occupations (Wilson 1980). Another Calgary 
site includes the Safeway site (EgPm-334), a Middle Pre-
contact campsite located beneath a parking lot and historic 
fill within the downtown core, along the lower terrace of the 
Bow River. The site yielded hearths, a stone arc, and a stone 
circle, and reflects the precontact Indigenous pattern of es-
tablishing large seasonal camps on protected terrace flats in 
valley bottoms (Vivian and Drever 2009). 

The preservation of these cultural deposits can be attribut-
ed to three major factors: 1. these deposits have been deeply 
buried by fluvial sediments unreached by cultivation or ur-
ban development, 2. during early urban development, land-
forms in these areas were often partially covered with thick 
layers of fill prior to development, 3. these locations are ar-
eas of late 19th and early 20th century development when 

Figure 29. Fish vertebrae (Salmoniformes) recovered from FjPi-63.
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construction practices did not include large scale terraform-
ing and surface grading, which are both routine components 
of contemporary development.

Athough many urban archaeological assessments only 
provide small glimpses of the archaeological record, these 
studies have established that intact archaeological resources, 
with significant research and interpretive potential, remain 
preserved under Alberta’s urban landscapes. These findings 
provide valuable information to inform both future plan-
ning and archaeological exploration. We need to continue to 
take advantage of the assessments of urban developments, 
as they offer substantial and valuable evidence of Alberta’s 
archaeological resources.
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2018) in the Alberta Lithic Reference Project, the goals 
of which are to illustrate and analyse archaeological raw 
materials used in the province, standardize terms, and 
spur new research agendas. The current article explores 
Glacier Pass Concretions (GPC) that were quarried for 
several thousand years in Canada’s Rocky Mountains.

1. The Alberta Lithic Reference Project
Some pre-contact lithic materials (toolstones) in Alber-

ta, Canada have been inconsistently identified due to a 
lack of accessible references with standardized nomen-
clature and high resolution photographs. This is the fifth 
in a series of articles (Kristensen et al. 2016a; Kristensen 
et al. 2016b; Kristensen et al. 2016c; Kristensen et al. 
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2.  Introduction: Glacier Pass Concretions
Glacier Pass Concretions (GPC) were first identified in 

1970-71 by Jack Elliot and Brian Reeves at the east edge 
of the Rocky Mountains (Figure 1) during an archaeologi-
cal inventory of Jasper National Park (Anderson and Reeves 
1975). The material was called Glacier Pass siliceous mud-
stone, which occurred as nodules presumed to have eroded 
out of underlying shale (Anderson and Reeves 1975:117). 

Elliot and Reeves recorded a series of 20 archaeological 
sites containing artifacts made from Glacier Pass siliceous 
mudstone in an alpine subregion that extended from the 
northern tip of Jasper National Park to the southern edge of 
what is now Willmore Wilderness Park (Figure 2).

Anderson and Reeves (1975:117) thought cobbles (Fig-
ures 3 and 4) originated in mud beds via silica migration.  

Figure 1. Glacier Pass Concretions source area and North America bed-
rock geology (data from USGS 2015). The dashed lines encompass the 
rough boundary of the Northern Rocky Mountains Range.

Figure 2. Glacier Pass Concretions source area and Alberta bedrock geol-
ogy (data from the Alberta Geological Survey, 2019). The boundaries of 
Willmore Wilderness Park and Jasper National Park are in white.

Figure 3. GPC cobbles from Willmore Wilderness Park. The majority of 
cobbles encountered are already naturally fractured, which would have 
exposed the concentric bands to pre-contact knappers. 
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the raw material has remained largely restricted to a black 
and white technical report (Anderson and Reeves 1975). 

Identifying this material has been hindered in part by 
broader inconsistencies about the interpretation of sedimen-
tary raw material types. Mudstones are generally defined as 
carbonate and/or silica-rich sedimentary rocks comprised of 
a combination of fine-grained clay and silt-sized particles 
that were plastic (fluid) when wet and were often deposited 
in active, organic-rich aqueous environments (Potter et al. 
2005; Macquaker et al. 2007; Aplin and Macquaker 2011; 
Lazar et al. 2015). Rocks made of uniform clays are gen-
erally shales while rocks of uniform silt-sized particles are 

This process formed concretion-like nodules more resis-
tant to erosion than the shales that originally housed them. 
The material was estimated to have been used in a localized 
north-south range because Glacier Pass siliceous mudstone 
had yet to be recovered in neighbouring valleys to the east 
and west. Very little was known about a broader distribution 
of the material because of the sparseness of regional archae-
ological research. While a great deal of archaeological work 
has since occurred along the eastern edge of the Rockies (the 
Eastern Slopes and Foothills regions of Alberta), for exam-
ple, Brink and Dawe’s (1986) work in the Grande Cache 
area, our understanding of Glacier Pass siliceous mudstone 
has not significantly advanced because information about 

Figure 4. GPC nodules are most commonly found in eroded secondary contexts in which rounded to sub-rounded cobbles have moved 
short distances downslope from bedrock outcrops that no longer exist. 
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generally siltstones. The term concretion generally refers to 
a secondary structure (as opposed to parent material) formed 
by alternating diagenetic conditions (the changes that occur 
when sediment is converted to rock). This process can re-
sult in the growth of concentric bands and layers of matrix 
or interstitial material within the host rock (McCorquodale 
1963; Pye et al. 1990; Chan et al. 2007). The distinction 
between mudstone and concretion is not always clear if a 
mud parent material gives rise to concretions (Astin 1986; 
Scotchman 1991; Marshall and Pirrie 2013). We argue be-
low that the material at Glacier Pass developed into a knap-
pable toolstone through the concretionary process and was 
targeted because of its visibility as concretions. That is, the 
diagenetic conditions during concretion formation converted 
a carbonate-rich mudstone into a silica-rich material suitable 
for stone tools. For these reasons, we propose moving from 
the informal name of Glacier Pass siliceous mudstone (An-
derson and Reeves 1975) to the formal name Glacier Pass 
Concretions. 

The objectives of the current article are to: 1) Use portable 
X-ray fluorescence (pXRF), thin section analyses, longwave 
infrared (LWIR) hyperspectral imaging, and effervescence 
tests to characterize the geochemistry/mineralogy of GPC 
and infer its geological origins; 2) Provide means to distin-
guish GPC from local Alberta materials used in pre-contact 
times to make stone tools using microscopic, macroscopic, 
and geochemical analyses; and, 3) Summarize the specific 
challenges that this material presented to pre-contact flint-
knappers and the archaeological implications. 

We hypothesise that GPC is a silica-rich concretion with 
moderate concentrations of calcium (Ca), magnesium (Mg), 
iron (Fe), and other elements characteristic of mud origins 
(Potter et al. 2005; Marshall and Pirrie 2013). Sedimentary 
rocks in this region tend to outcrop over vast and dispersed 
areas (for example, compared to volcanic rocks like obsidi-
an that have discrete and localized formation processes), so 
we expect that pXRF will not be a reliable tool to source 
GPC (i.e., distinguish it from other mudstones). However, 
pXRF should detect a geochemistry distinct from some mac-
roscopically comparable materials like chert and ironstone. 
Based on the fact that the majority of late stage reduction 
flakes and tools of GPC match the colour and grain size of 
the outer layers of GPC cobbles, we expect that pXRF and 
LWIR hyperspectral imaging will detect differences in sili-
con (Si) concentrations between the inner and outer bands 
of GPC cobbles and that late stage flakes and finished tools 
will match the mineralogical composition of the outer bands 
of GPC cobbles.

3. Portable X-ray fluorescence 
X-ray fluorescence analysis involves the emission of 

x-rays onto a surface to excite electrons from the sample’s 
atoms, which then exit their respective electron clouds. En-
ergy is released during this electron movement in the form 
of X-rays and beta particles; the quantity and wavelength of 
energy is diagnostic of the elements from which the elec-
trons belong (Parkes 1986; Andrefsky 2005:44). An analyz-
er interprets and converts fluorescence energies into elemen-
tal concentrations in absolute values. PXRF has been most 
commonly used in archaeology to determine concentrations 
of high energy trace elements in samples, e.g., rubidium 
(Rb), strontium (Sr), yttrium (Y), zirconium (Zr), and niobi-
um (Nb) because they are easier to detect than low energy el-
ements, e.g., Si, Ca, Mg, Fe, and potassium (K). Recent im-
provements in pXRF technology, including those employed 
here, enable quantitative analyses of lower energy elements. 
In particular, Si and Ca are important for differentiating 
highly siliceous and poorly siliceous (e.g., carbonate-rich) 
sedimentary rocks, such as mudstone, ironstone, and chert 
(Williams 1994; Rowe et al. 2012; Thöle et al. 2020). 

PXRF was employed for three purposes: 1) To determine 
the composition of Glacier Pass Concretions and inform 
their origins (see Croudace and Gilligan 1990 for XRF utili-
ty on iron-rich rock); 2) To determine whether or not the ma-
terial has a distinct geochemical signature compared to other 
distinct raw material types that can visually overlap GPC 
at archaeological sites in Alberta (e.g., mudstone, ironstone, 
and Elk River Silicified Siltstone [ERSS]); and, 3) To de-
termine if concentrations of Si differ within cobbles, which 
may have influenced pre-contact lithic reduction sequences. 

3.1 Methods
An Olympus Vanta C series pXRF analyzer was used for 

the detection and quantification of major and trace elements 
at Tree Time Services Inc. archaeology laboratory in Edmon-
ton, Alberta. The ‘Geochem’ mode was used, with 45 second 
beam times (beam 1 and 2). This mode varies the current and 
voltage of the 4-W X-ray tube (with a Rh anode) in combi-
nation with two built-in beam filters for both light and heavy 
elements (beam 1, light elements; beam 2, heavy elements). 
GPC samples, ERSS artifacts, chert artifacts, ironstone, and 
siltstone samples were tested three consecutive times total-
ling 270 seconds of analysis time. To ensure the accuracy of 
the Vanta for acquiring light elements, a suite of powdered 
volcanic rock standards was tested: NIST278 (obsidian); 
and USGS (United States Geological Survey) rock reference 
materials RGM-2 (rhyolite); AGV2 (andesite); and BCR-2 
(basalt). The Vanta results were within 5% of the standards 
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for Si, Ca, and Fe and within 2% of trace elements. Rb, Sr, 
Y, and Zr concentrations were collected.

Three large split cobbles were collected from the Glacier 
Pass Quarry Complex, all of which had several visible con-
cretionary bands within them. Each cobble had a dark grey, 
microcrystalline outer layer, a light brown central layer, and 
a chalky, light brown center. Visual comparisons suggest that 
artifacts around the quarry complex were likely made from 
the outer layers of the cobbles while the inner portions were, 
for the most part, avoided for stone tool production. In order 
to determine if these concretions have different proportions 
of major and trace elements, each concretion layer was sam-
pled 3-5 times. This resulted in a combined 21 analyses of 
the outer layer, 35 of the inner layer, and six analyses of thin 
section off-cuts. 

In total, 15 artifacts of GPC recovered from around the 
Glacier Pass Quarry Complex were tested, as well as five 
hand samples, two thin section off-cut samples taken from 
the cobbles, eight artifacts of ERSS, two thin section off-
cuts of ERSS, nine chert artifacts, three samples of Red 
Deer Mudstone, three samples of siltstone, and six samples 
of ironstone (these assignments were based on macroscopic 
and microscopic examinations of what we felt were clearly 
siltstone and ironstone examples). Red Deer Mudstone does 
not visually overlap with GPC but was included because it is 
a bona fide mudstone with a mixture of sediment grain siz-
es, fossil inclusions, and evidence of fluid deposition in an 
aqueous environment (Allan and Bolton 2017). The empha-
sis here is to present visual and geochemical comparisons 
between GPC and a definite mudstone that can inform future 
comparisons to more visually similar materials. 

Lastly, seven artifacts from the Eastern Slopes and Foot-
hills of Alberta that visually overlap with GPC were also 
analysed. These include GaQs-1:59 and GaQs-1:561 (the 
Smoky site near Grande Cache roughly 55 kilometres north-
west of the quarry complex), EgPr-2:1999 and EgPr-2:5621 
(the Sibbald Flats site roughly 400 kilometres southeast of 
the quarry), DjPm-36:105549 (the Snyder Farm site roughly 
570 kilometres southeast of the quarry), and H73.174.63 and 
H73.174.60 (from the Cameron Collection at FhPr-9 near 
Drayton Valley roughly 290 kilometres east of the quarry).    

3.2 Results

The pXRF analysis indicates that GPC is dominated by Si, 
with small quantities of Ca, Fe, P, Al, and K (Tables 1 and 
2, Figure 5). Common trace elements, such as Rb, Sr, Y, and 
Zr, that are used in other sourcing studies, were also present 
in GPC artifacts and raw geological samples. Nb was pres-

ent in very small quantities but was not considered since it 
was near or below detection limits in most samples. These 
concentrations are consistent with a carbonate mudstone ce-
mented with silica and calcite (Potter et al. 2005). 

In general, major element (Si, Ca, and Fe) and trace el-
ement (Rb, Sr, Y, and Zr) concentrations of GPC artifacts, 
source samples, and ERSS samples are similar (Tables 1 
and 2, Figure 5). This is especially the case when consid-
ering combined concentrations from inner and outer layers 
of GPC source samples although some element differences 
exist between inner and outer GPC samples and ERSS. Both 
Glacier Pass and Elk River samples have high percentages 
of Si and relatively low percentages of Ca and Fe. Glacier 
Pass artifacts and outer shell source samples were most sim-
ilar when considering Ca and Y. The concentrations of these 
elements differ considerably with those of ERSS samples. 

The seven artifacts are within the range of values for high-
ly silicified mudstones or sandstones and beyond the range 
of several element values for the chert and ironstone includ-
ed in this study. All of the artifacts had Si weight percentag-
es beyond that of GPC suggesting either a more thorough 
silification process during formation or development from a 
more siliceous parent material than GPC (e.g., clay, silt, or 
sand). However, the artifacts overlap trace element ranges 
with GPC and other sedimentary rocks. Sr proved a valuable 
element to distinguish artifacts like GaQs-1:59, H73.174.60, 
H73.174.63, and EgPr-2:1999 from GPC (all of which plot-
ted off the graph of Sr/Ca vs. Y/Si in Figure 5). Despite a 
proximity of 55 kilometres, it appears that occupants of 
GaQs-1 exploited a different source of silicified sediment 
toolstone, which is supported by a note that artifacts of this 
material at the site had a high ratio of cortex. As predicted, 
pXRF biplots can help distinguish GPC from materials with 
which it may visually overlap but be of a different geological 
origin (e.g., chert and ironstone). PXRF demonstrates some 
potential to distinguish GPC from other silicified sedimenta-
ry rock and/or concretions, but, because GPC is a sedimenta-
ry rock with thousands of likely comparable outcrops in the 
Rockies, many more samples are needed to test this notion. 

The large cobble subsampling results indicate a stark dif-
ference in Si between outer and inner layers of GPC (Figure 
6). When comparing the two largest cobbles (R1 and R3), 
which were sampled 16 and 23 times respectively, a 20-
25% weight decrease in Si was noted when moving from the 
outermost layer to the central core. Also, Ca percent weight 
sharply increases towards the inner layers: <1% weight of 
Ca is observed in the outer layer and as much as 20% weight 
of Ca is observed in the innermost layers of cobbles R1 and 
R3. Interpretations of pXRF results are offered in Section 7. 
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Figure 5. PXRF biplot results of Glacier Pass Concretions and other comparable materials. The sample sizes include 15 GPC artifacts, 21 
analyses of outer shells of three GPC cobbles, 35 analyses on inner shells of three GPC cobbles, six ironstone samples, three samples of 
siltstone, ten ERSS samples, three Red Deer Mudstone samples, nine chert artifacts, and seven artifacts of visually overlapping materials. 
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Sample Type No. of 
Analyses

Si % ± 1σ Ca % ± 1σ Fe % ± 1σ Rb ppm 
± 1σ

Sr ppm 
± 1σ

Y ppm 
± 1σ

Zr ppm 
± 1σ

FiQq-11:F18 Artifact 12 45.30   0.15 0.96   0.01 0.81   0.01 9    1 64   1 24   1 28   2
FiQq-11:tool Artifact 9 42.75   0.15 0.65   0.01 0.97   0.01 12   1 50   1 8   1 30   2
FiQq-11:F12 Artifact 3 42.98   0.15 0.69   0.01 0.38   0.01 13   1 66   1 9   1 33   2
FiQq-11:tool2 Artifact 3 49.64   0.15 0.89   0.01 0.29   0.00 10   1 62   1 17   1 24   2
FiQq-F45 Artifact 3 47.57   0.14 1.91   0.01 0.68   0.01 7    1 65   1 23   1 27   2
FiQq-11:F14 Artifact 3 39.46   0.19 1.06   0.01 0.82   0.01 10   1 92   2 20   2 26   2
FiQq-F40 Artifact 3 49.85   0.18 0.60   0.01 0.89   0.01 31   1 203   2 7   1 39   2
FiQq-11:F11 Artifact 3 42.71   0.15 0.80   0.01 0.44   0.01 8    1 39   1 6   1 21   2
FiQq-11:22 Artifact 3 47.87   0.15 0.61   0.00 0.38   0.00 13   1 11   2 37   1 31   2
FiQq-tool3 Artifact 3 46.37   0.15 1.07   0.01 0.48   0.01 8    1 61   1 24   1 25   2
Glacier Pass R1 Sample 16 38.64   0.16 3.95   0.02 1.49   0.01 10   1 157   2 20   2 35   2
Glacier Pass  R2 Sample 6 35.21   0.16 4.38   0.02 2.01   0.01 10   1 158   2 16   2 32   2
Glacier Pass  R3 Sample 23 34.77   0.16 5.03   0.02 2.17   0.01 11   1 175   2 17   2 40   2
Glacier Pass  R4 Sample 9 41.30   0.17 2.33   0.01 1.72   0.01 10   1 167   2 16   1 34   2
Glacier Pass  R5 Sample 3 40.09   0.15 1.05   0.01 1.89   0.01 12   1 172   2 18   1 37   2
Glacier Pass TS1 Thin Sec. 3 43.84   0.16 2.06   0.01 1.65   0.01 14   1 60   1 17   1 41   2
Glacier Pass TS2 Thin Sec. 3 34.82   0.20 0.83   0.01 8.20   0.05 28   1 172   3 53   2 80   2
Elk River SS E9 Thin Sec. 3 46.60   0.17 1.29   0.01 1.62   0.02 14   1 106   2 40   3 39   3
Elk River SS E10 Thin Sec. 3 44.26   0.19 1.10   0.01 1.61   0.02 16   1 86   2 22   2 37   2
Elk River SS 1 Sample 3 44.08   0.18 0.83   0.01 0.75   0.01 16   1 92   2 32   2 53   2
Elk River SS 2 Sample 3 46.62   0.14 2.38   0.02 0.85   0.01 8     1 86   2 29   2 30   2
Elk River SS 3 Sample 3 45.80   0.15 1.78   0.01 1.01   0.01 11  (1 76   2 26   2 32   2
Elk River SS 4 Sample 3 44.37   0.17 1.11   0.01 1.27   0.01 10   1 112   2 33   2 32   2
Elk River SS 5 Sample 3 48.48   0.19 1.30   0.01 1.03   0.01 27   1 224   3 45   2 46   2
Elk River SS 6 Sample 3 42.15   0.18 1.73   0.02 1.17   0.02 10   1 78     3 13   1 29   2
Elk River SS 7 Sample 3 45.42   0.17 4.34   0.05 1.52   0.02 14   1 207   3 31   2 37   2
Elk River SS 8 Sample 3 46.57   0.16 1.32   0.01 0.96   0.01 12   1 95     2 39   2 47   2
Elk River SS 9 Sample 3 47.66   0.18 0.94   0.01 1.46   0.01 26   1 140   2 70   2 84   2
Chert 1 Artifact 3 49.28   0.20 0.11   0.00 0.08   0.00 3    1 26   2 0   0 5   1
Chert 2 Artifact 3 51.98   0.40 0.20   0.00 0.07   0.00 1    1 24   1 4   2 6   1
Chert 3 Artifact 3 42.63   0.08 0.65   0.00 0.18   0.00 0    0 45   1 0   0 5   1
Chert 4 Artifact 3 48.33   0.06 0.15   0.00 0.09   0.00 3    1 49   1 3   2 7   2
Chert 5 Artifact 3 45.43   0.29 0.24   0.00 0.20   0.00 4    1 33   1 2   2 5   4
Chert 6 Artifact 3 47.97   0.40 0.18   0.00 0.10   0.00 3    1 6     1 0   0 5   0
Chert 7 Artifact 3 49.00   0.21 0.12   0.01 0.07   0.00 2    1 12   1 0   0 2   2
Chert 8 Artifact 3 48.50   0.18 0.12   0.00 0.11   0.00 3    1 11   1 0   0 1   2
Chert 9 Artifact 3 43.65   0.06 0.22   0.00 0.22   0.00 4    1 28   1 1   2 6   1

Table 1. PXRF results of Glacier Pass Concretions and other comparable materials. % = percentage by weight, ppm = parts per million, 1σ = 
one standard deviation.
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Sample Type No. of 
Analyses

Si % ± 1σ Ca % ± 1σ Fe % ± 1σ Rb ppm 
± 1σ

Sr ppm 
± 1σ 

Y ppm 
± 1σ

Zr ppm 
± 1σ

Siltstone 1 Artifact 3 11.83   0.08 31.23   0.12 0.10   0.00 4    1 199   3 9   2 10   2
Siltstone 2 Artifact 3 11.89   0.08 31.40   0.12 0.10   0.00 4    1 201   3 6   2 12   2
Siltstone 3 Artifact 3 11.80   0.08 31.15   0.12 0.10   0.00 0    2 195   3 8   2 10   2
Ironstone 1 Sample 3 5.17     0.07 1.68    0.02 40.93   0.33 27   3 50   3 70   3 89     3
Ironstone 2 Sample 3 5.25     0.07 1.69    0.02 40.77   0.32 35   3 45   3 63   3 90     3
Ironstone 3 Sample 3 5.19     0.07 1.72    0.02 40.71   0.33 29   3 47   3 65   3 88     3
Ironstone 4 Sample 3 5.54     0.07 3.51    0.03 30.74   0.25 25   2 122   3 28   2 94     3
Ironstone 5 Sample 3 5.64     0.07 3.49    0.03 31.13   0.25 26   2 126   3 35   2 102   3
Ironstone 6 Sample 3 5.54     0.07 3.46    0.03 30.64   0.25 22   2 111   3 33   2 97     3
RDM 1 Artifact 3 5.28     0.07 19.98  0.14 14.13   0.11 27   2 611   7 76   3 204   4
RDM 2 Artifact 3 5.33     0.07 19.94  0.14 13.95   0.11 25   2 599   7 77   3 203   4
RDM 3 Artifact 3 5.10     0.07 20.01  0.14 14.05   0.11 27   2 622   7 77   3 204   4
EgPr-2:5621 Artifact 3 53.01   0.12 0.00   0.01 2.79   0.01 14   1 93    1 32   1 52   1
EgPr-2:1999 Artifact 3 56.15   0.12 0.58   0.00 2.09   0.01 13   1 152   2 56   1 44   1
GaQs-1:561 Artifact 3 54.67   0.11 0.61   0.00 2.10   0.01 10   1 68   1 24   1 34   1
GaQs-1:59 Artifact 3 55.13   0.11 0.27   0.00 1.19   0.01 15   1 154   1 10   1 33   1
DjPm-36:105599 Artifact 3 53.42   0.12 2.25   0.01 2.57   0.01 11   1 186   2 35   1 38   1
H73.174.63 Artifact 3 62.04   0.09 0.28   0.00 1.02   0.01 16   1 192   1 27   1 27   1
H73.174.60 Artifact 3 56.09   0.12 0.94   0.01 1.31   0.01 13   1 120   1 26   1 36   1

Samples No. of 
Analyses

Si % Ca % Fe % Rb 
ppm

Sr 
ppm 

Y 
ppm

Zr 
ppm

GPC quarry 
artifact

45 45.06 0.89 0.70 11 73 17 28

GPC “outer 
layer” 

21 41.50 0.86 2.20 9 164 18 37

GPC “inner 
layer” 

35 34.70 5.88 1.67 11 168 18 36

Elk River 
Silicified 
Siltstone

33 45.02 3.03 2.23 16 169 57 57

Chert 27 47.42 0.22 0.13 2 26 1 5
Siltstone 9 11.84 31.26 0.10 3 198 23 11
Ironstone 12 5.39 2.59 35.82 27 84 49 93
Red Deer 
Mudstone

6 5.23 19.98 14.04 26 611 65 204

Table 1. Continued. PXRF results of Glacier Pass Concretions and other comparable materials. % = percentage by weight, ppm = parts per 
million, 1σ = one standard deviation.

Table 2. PXRF summary data by source group of Glacier Pass Concretions and other comparable 
materials. % = percentage by weight, ppm = parts per million.
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4. Short-wave infrared hyperspectral imaging 
Reflectance spectroscopy involves the illumination 

and detection of light scattered from minerals that exhibit 
characteristic absorption behaviours (Saksena 1961; Clark 
2004). Modern hyperspectral imaging enables rapid visual-
ization of reflectance beyond visible light to determine rock 
mineralogy, particularly to assess variations in relative abun-
dances or differences in mineral composition within cores or 
rock samples (Kruse 1996; Hill and Mauger 2016; Rivard et 
al. 2018). Hyperspectral imaging systems provide high res-
olution mineralogical information (at the millimetre scale) 
and can be effectively employed on shales and mudstones to 
help distinguish silica, clays, and carbonates. 

4.1 Methods
Four raw samples of GPC (cobbles) were simultaneously 

illuminated along with two primary flakes, two secondary 
flakes, two tertiary flakes, and two curated tools (lithic re-
duction stages based on Andrefsky 2005). The hyperspectral 
imagery of this study was obtained using a LWIR spectral 
camera from the commercial SisuROCK system operated at 
the University of Alberta’s CoreSensing Facility (methods 
adapted from Rivard et al. 2018). LWIR data were collected 
for a wavelength range spanning 7400-12100 nm (nominally 
150 nm bandwidth) with a nominal pixel size of 0.85 mm. A 
Globar light source provides LWIR illumination. The mea-
sured light spectrum for each pixel is converted to reflec-

tance via normalization to the average light spectrum from 
an aluminum standard. The resultant imagery was compared 
to normal light photographs for comparison to the visible 
concentric bands. 

4.2 Results
The resultant imagery supports the hypothesis that cobbles 

of GPC have concentric bands composed of different min-
eralogies (Figure 7). The core or interior of GPC cobbles is 
consistently dominated by carbonate minerals (with a reflec-
tance of roughly 10500 to 11500 nanometres). However, the 
concentric bands proceeding from the cobble nuclei to the 
outer cortices are variable. Some cobbles have outer bands 
dominated by clay or opaline silica (Figure 7), while others 
exhibit outer bands dominated by crystalline quartz (8312 
nanometres).

The internal inconsistency of GPC appears to have in-
fluenced stone tool reduction patterns. The initial stage in-
volved removing the less desirable portions. Flakes removed 
early in the reduction sequence appear to contain carbonates 
but mostly clay and opaline minerals (Figure 7). Secondary 
flakes contain a higher proportion of opaline silica while ter-
tiary flakes and curated tools contain the highest levels of 
opaline silica. 

Figure 6. PXRF results of raw samples of Glacier Pass Concretions at intervals proceeding from the outer shell to inner nucleus. The anal-
ysis test targets (x-axis) are depicted on the inset photographs. 
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5. Thin section analysis 
Thin sections are frequently used to study geological tex-

tures and the mineralogical composition of a rock (e.g., sed-
imentary structures, grain size, shape, orientation), which 
inform diagenetic histories, formation processes, and clas-
sifications. Thin sections allow a more detailed description 
beyond what is visible in hand samples, particularly in the 
case of fine-grained rocks like GPC. 

5.1 Methods

Two representative samples of raw GPC were selected 
to make thin sections. Both pieces were cut perpendicular 

to concentric bands to assess composition and to provide a 
cross-sectional view of any notable differences in compo-
sition and texture from the nuclei to the cortices. One sam-
ple each of mudstone, siltstone, ironstone, and chert were 
cut and the thin sections were compared to those of GPC. A 
Zeiss Axio Scope A1 petrographic microscope and mounted 
Axiocam 105 colour camera were used to view and photo-
graph polished thin sections in plane polarized and cross po-
larized light at MacEwan University (Department of Earth 
and Planetary Sciences). The two GPC thin sections (GP-1 
and GP-2) were assessed in greater detail than comparative 
materials and will be the focus of the following results. 

Figure 7. Natural (left) and short-wave infrared hyperspectral images (right) of Glacier Pass Concretion cobbles and artifacts. Arti-
facts are housed at the Royal Alberta Museum, Edmonton, Alberta. 
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5.2 Results

5.2.1 GP-1
Distinct bands are labelled Zone 1, 2, and 3 in Figure 8, 

with Zone 3 representing the outermost shell. All three zones 
are primarily composed of carbonate mud, as evidenced by 
the fine-grained matrix of high birefringence mineral grains. 
Birefringence is a measure of the unique light refractive 
properties of a mineral. High birefringence minerals, such 
as calcite, appear as a spectrum of pastel colours under 
cross-polarized light and are readily identifiable in thin sec-
tion (Nesse 2004). Zone 1 is fairly uniform in composition 
with the majority of grains being carbonates, like calcite, 
with some inclusions of organic matter, such as bitumen, 

disseminated in patches. Zone 1 also contains silica veins 
in various orientations. The lighter appearance of Zone 1 
relative to the other zones is evidence of neomorphism, a 
diagenetic fluid alteration that causes recrystallization and 
enlargement of mineral grains (Folk 1965). The high bire-
fringence of carbonate grains is more visible in larger grain 
sizes, which causes this lighter appearance. Zone 2 has a 
slightly darker appearance than Zone 1, so the carbonate 
mud is likely less neomorphosed. Both Zone 1 and Zone 2 
contain the preserved outlines of possible echinoderm frag-
ments (Figure 8). Zone 3 has distinct staining, which could 
be due to increased iron content or a greater abundance of 
clay minerals. 

Figure 8. Thin section of the GP-1 sample of Glacier Pass Concretions. 
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5.2.2 GP-2
Similar to GP-1, the GP-2 thin section contains a fine-

grained matrix of carbonate minerals (e.g., calcite) (Figure 
9). Instead of banding, GP-2 exhibits a mottled light and dark 
texture. The darker colour may represent original carbonate 
mud and the lighter areas could be neomorphosed carbonate 
mud. Alternatively, the darker areas could be the result of 
iron-rich fluid staining, but additional analyses, such as SEM 
elemental mapping, are needed to refine observations. This 
thin section area also includes regions that contain a greater 
abundance of sand-sized grains that appear to be silica and 
carbonate. Pyrite grains and echinoderm fossil fragments 
were also present throughout the thin section (Figure 9). The 
mottled texture and greater abundance of sand grains differs 
from GP-1, therefore highlighting that there is some hetero-
geneity between different samples of GPC material.

When compared with thin sections of other common rock 
types, there are notable differences. GPC materials do not 
display depositional layering typical of many fine-grained 
siliciclastic rocks, as illustrated by the mudstone shown in 
Figure 10b. Siltstones also have larger grain sizes than GPC 
materials (Figure 10d). GPC materials have low iron con-
tent relative to rocks classified as ironstones, which gener-
ally have upwards of 15% iron by weight and exhibit more 
obvious iron oxide staining (Figure 10c) (Ingham 2013). 
Although GPC material closely resembles the texture and 
grain size of fine sedimentary rocks such as chert (Figure 
10e), which are composed of microcrystalline quartz, cur-
rent thin section evidence suggests that GPC materials are 
mostly composed of carbonate minerals. 

Figure 9. Thin section of the GP-2 sample of Glacier Pass Concretions. 
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Figure 10. Thin section comparisons under plane polarized (left) and cross polarized light (right). Raw Glacier 
Pass Concretions (A), mudstone (B), ironstone (C), siltstone (D), chert (E), and Elk River Silicified Siltstone (F).
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6. Effervescence test
A common geological field technique involves applying 

dilute hydrochloric acid (HCl) to fresh surfaces of a rock to 
indicate bulk composition. Carbonate ions react with HCl to 
form carbon dioxide gas, so that carbonate minerals (e.g., 
calcite) bubble or effervesce upon exposure. A lack of reac-
tion suggests the absence of carbonates and the likely pres-
ence of common silicate minerals, such as silica phases. 

6.1 Methods and results
Several samples of raw GPC material were subjected to 

10% HCl after scratching away the weathered rock surface 
at test points. The large concentrically-banded cobble in Fig-
ure 4 was selected for testing because the entire cross section 
from core to cortex was intact. The center of this sample has 
a softer, less consolidated texture than outer bands and effer-
vesced strongly when HCl was applied. The outer bands did 
not effervesce, suggesting significantly less carbonate con-
tent. Four other fragments of GPC materials derived from 
outer layers (because they had patches of cortex and high 
relative hardness when scratched) did not effervesce. 

7. Geological summary: Distribution and origins 
of Glacier Pass Concretions 

The following summary of GPC formation processes and 
potential extent in the northern Rockies is based on the pre-
ceding pXRF, LWIR hyperspectral imaging, thin section 
analysis, and effervescence test, supplemented by field ob-
servations and bedrock maps. GPC material from the quarry 
complex occurs as rounded cobbles with concentric bands, 
both of which are typical characteristics of concretions. The 
geological term alludes to a chemical process whereby dis-
solved minerals in permeating fluids precipitate and cement 
sediment together, forming a compact structure harder than 
the surrounding unconsolidated sediment (McCorquodale 
1963; Pye et al. 1990; Chan et al. 2007). A portion of the 
original sediment is often replaced during this process, giv-
ing rise to a distinct rock body comprised of cement, replace-
ment minerals, and the original sediment grains. Concretions 
typically form around a nucleus of sediment or other organic 
matter whose unique pore water chemistry initiates mineral 
precipitation. This nucleus, although chemically distinct in 
some way, shares similarities with the surrounding sediment 
and can provide insight into the depositional environment in 
which it was derived (Astin 1986; Scotchman 1991; Mar-
shall and Pirrie 2013). Many concretions continue to grow 
outward from the nucleus in multiple stages, resulting in 
concentric layers that reflect the diagenetic conditions and 
composition of permeating fluids at the time of formation. 

The methods employed in this study suggest that the nucleus 
of GPC, and therefore original sediment, is a fossiliferous 
carbonate mud from a marine environment. GPC thin sec-
tions reveal that, in addition to fine-grained carbonate grains, 
sand-sized carbonate grains, silica grains, clays, and organic 
matter were present in varying amounts in the original sed-
iment. Therefore, some variation between GPC samples is 
expected. 

The neomorphism of carbonate grains apparent in thin sec-
tion suggests that carbonate-rich fluid was involved during 
formation. However, the presence of silica veins and distinct 
bands or zones in both thin section and larger GPC samples 
indicates that fluids of varying compositions altered the rock 
at different stages. The dissolved constituents within flu-
ids and the chemical conditions that exist in the subsurface 
change over time as sediments are overlain and diagenesis 
progresses, giving rise to compositionally distinct growth 
rings. PXRF data, effervescence tests, and LWIR hyperspec-
tral images show an overall trend towards higher silica con-
tent moving outward from the central, carbonate-rich region. 
It therefore appears that silica-rich fluids altered the compo-
sition of the rock in the later stages of its formation, produc-
ing more opaline and crystalline silica mineral phases in the 
outer layers. The inclusion of pyrite grains and iron-staining 
also points to possible iron-rich fluid alteration. The small 
black inclusions or speckles that seem characteristic of GPC 
are visible in thin section and may be predominantly pyrite 
but require targeted analyses (e.g., electron microprobe) to 
accurately identify and determine if they are depositional or 
the result of later diagenetic processes.

Although GPC is found ex situ, or removed from its orig-
inal sedimentary contexts, their similar overall appearance 
and concentration in a relatively small area permit some 
discussion of them as a distinct rock type from a particu-
lar geologic formation. Based on current geological maps 
and the known distribution of GPC artifacts (FIgure 11), the 
likely original host of GPC is the Fernie Formation (Pană et 
al. 2018). The formation was deposited during the Jurassic 
Period (200-145 mya) and is primarily composed of marine 
shales deposited at the western edge of a continental platform 
later subjected to complex fold and thrust faults (Sigloch and 
Mihalynuk 2017). Silicified concretions have been reported 
within the organic-rich mudrock or shale deposits of some 
units within the formation (Frebold 1957; Pană et al. 2018). 
The Fernie Formation extends for over 800 kilometres from 
southeast to northwest in the Rocky Mountains of British 
Columbia and Alberta (Pană and Elgr 2013) so it is likely 
that GPC or materials reminiscent of it are found in a larger 
area that extends beyond the currently surveyed regions.
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8. Heat treatment and knapping
A variety of raw materials perform better for flint knap-

ping after being subjected to heat, which has been con-
firmed through both experiments (Crabtree and Butler 1964; 
Domanski and Webb 2007; Schmidt 2020) and ethnographic 
records in North America (Hester 1972). Heat treatment at 
optimum temperatures improves fracture toughness through 
recrystallization in fine-grained siliceous rocks (Domanski 
et al. 1994) and/or dihydroxylation that ‘heals’ impurities 
(Schmidt et al. 2012), both of which lead to better propa-
gation of impact waves imparted by pre-contact knappers 
during flake removal. During fieldwork at Glacier Pass, 
some flakes of GPC were noted to have a purple or red disc-
olouration compared to raw cobbles, which we hypothesize 
is due to intentional heat treatment.

8.1 Methods
Suitably sized raw samples (n=5) of GPC from the quarry 

area were selected for preliminary heat treatment and qual-

itative knapping experiments. The most homogenous and 
solid portions of GPC samples were selected for heating in 
a kiln for 12 hours at 90°C within a bath of sand. Once the 
pieces were dehydrated, the heat was increased to 230°C 
(the maximum temperature of the kiln) and samples were 
cooked for 12 more hours (see Mercieca and Hiscock 2008). 
The materials were tested after they had sufficiently cooled 
overnight in the kiln. Pieces were struck via soft hammer 
percussion. Simple subjective comparisons were made of 
before and after fracture dynamics.

8.2 Results
It is not difficult to draw flakes from unheated GPC cob-

bles with soft hammer percussion. Owing to multiple flaws 
within the material (i.e., frost cracks, laminations, layer 
planes, and facies variation), however, it tends to break in 
chunks. In our experience, the fracture dynamics of GPC 
are comparable to other fine-grained siliceous rocks used in 

Figure 11. Glacier Pass Concretions source area and bedrock geology of Alberta (bedrock geology data from the Alberta Geological Survey, 2019). 
The boundary between Willmore Wilderness Park and Jasper National Park is outlined in white.



128

Kristensen et al. / Archaeological Survey of Alberta Occasional Paper 39 (2019) 113–142

North America including chert and porcellanite, although 
internal flaws in the tested GPC materials limited the pro-
duction of large flakes and tools. The cobbles selected from 
Glacier Pass were not thoroughly inspected in the field for 
impurities, so it is likely that pre-contact knappers selected 
more uniform samples for stone tool manufacture.

After heat treatment, little to no changes in colour are visi-
ble. Flakes from heated samples nevertheless appear to have 
a more uniform texture and a slightly more waxy luster than 
flakes from unheated samples. The sample size was small 
and the results are subjective but the heated materials appear 
to have been easier to knap with a greater predictability of 
flaking patterns. The hypothesis that heat treatment induces 
a colour change was not supported, although additional heat-
ing regimes and fuels are needed to confirm this. The im-
provement in knapping characteristics suggests that this ma-
terial was a likely candidate for more regular heat treatment, 
which could have helped alleviate the knapping challenges 
of heterogeneity within a prepared core. That is, if there are 
differences in the composition of this material within a cob-
ble, they likely influenced the propagation of impact waves: 
dehydroxilation by heat treatment may have improved the 
likelihood of wave transmission across gradients.  

In the future, it would be helpful to spall out samples (re-
move unwanted portions) in the field in order to find the 
most homogenous zones for knapping. Larger and more in-
ternally uniform pieces would permit a more thorough and 
reliable base for knapping and heat treatment experiments at 
various temperatures. As with most raw materials, there ap-
pears to be great variability in the quality of source samples 
with some cobbles being more amenable to flintknapping 
than others. Additionally, it would be helpful to heat sam-
ples in the future to temperatures up to 400°C to find the raw 
material heating threshold. 

9. Identification of Glacier Pass Concretions

9.1 Macroscopic features
The colours of GPC include dark brown, beige, and grey-

brown with some purple-brown artifacts (Figures 12-14). 
The material is opaque with a generally dull lustre. In artifact 
form, GPC is visually similar to a variety of cherts, siltstones, 
and mudstones that outcrop along the Rockies in western 
Alberta. The circular and oval shape of GPC concretions is 
reminiscent of river-worn cobbles. The interiors of nodules 
are often a lighter brown that grades into darker or alternat-
ing light and dark bands (1 to 5 centimetres thick) towards 
the exterior shell. Unmodified nodules of GPC may have a 

thin, black rind on the exterior, presumably manganese-rich. 
Although based on preliminary observations, most artifacts 
appear to be a chocolate brown or darker grey-brown. GPC 
material does develop a milky, grey-brown patina (less than 
1 millimetre thick) that can obscure the underlying colour, 
lustre, and texture. Cobble fragments, and even artifacts, can 
also have faces that are split from silica veins.  

9.2 Microscopic features 
Under magnifications of 10-50X, GPC appears mottled 

and fine-grained (Figures 13 and 14) with speckles or black 
inclusions as well as small invertebrate fossils (Figure 14). 
Some fossils have been detected on finished artifacts, which 
implies that these inclusions do not hinder predictable flak-
ing. Too little is known about the fossils to conclude that 
their identification can be a reliable indicator of this raw 
material type, as has occurred with toolstones elsewhere in 
global archaeological contexts (Prothero and Lavin 1990; 
Wilkinson 2017). Furthermore, several GPC artifacts lack 
visible fossils altogether so they should not be considered a 
diagnostic characteristic.

9.3 Similar materials to Glacier Pass Concretions
GPC nodules are easily distinguishable from chert and 

mudstone cobbles because of the concentric bands. Small 
flakes and tools are more difficult to classify. We present a 
series of photographs to compare GPC to materials of differ-
ent origin to highlight distinguishing characteristics. This is 
followed by a comparison of some materials with a more no-
table visual overlap with GPC. On a macroscopic level, GPC 
can resemble chert and mudstone (Figures 15 and 16) and 
even under a low-power microscope, the mineralogical struc-
ture of chert can closely resemble GPC (presumably because 
of the thorough silicification process when GPC formed). In 
our experience, Alberta cherts, including those along the 
Eastern Slopes, are usually not fossiliferous (though they 
do occur) and the ones used by pre-contact people are usu-
ally uniform in texture, colour, and composition. However, 
examples of materials called Nordegg Chert, Banff Chert, 
and Norquay Chert have been identified through the Rockies 
and are highly variable with colours and bands ranging from 
greys to blacks with very fine to medium grain textures and 
some microfossils (Fedje 1988; Landals 2008). It is likely 
that some of these materials visually overlap with GPC at a 
macroscopic level. The materials from Glacier Pass are pre-
dominantly heterogeneous under a microscope with visible 
fossils in approximately 30% of specimens and visible black 
inclusions (possible minerals or former fossils that are no 
longer distinguishable) in roughly 80% of specimens that we 
collected (Figures 13 and 14). 
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Figure 12. A representative sample of Glacier Pass Concretion artifacts from Alberta (specimens 1-10 were found in 2019 
in Willmore Wilderness Park and specimens 11-15 were found by Anderson and Reeves in 1972 in what is now Willmore 
Wilderness Park). Artifacts are housed at the Royal Alberta Museum, Edmonton, Alberta.
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Figure 13. A primary flake of Glacier Pass Concretion from FiQq-11 (Royal Alberta Museum, Edmonton, Alberta). At 50X 
magnification, small invertebrate fossils are visible in this specimen, including what appear to be echinoderms such as crinoids.

Figure 14. Glacier Pass Concretion preform tip from FiQq-11 (Royal 
Alberta Museum, Edmonton, Alberta). The material is generally grey to 
brown and opaque with a dull lustre. Notice the dark inclusions and mot-
tled grey matrix. 

Figure 15. A corner-notched specimen of brown chert (no catalogue num-
ber) from the Amy Zelmer collection near Nanton in southern Alberta 
(courtesy of Cam Gardiner). Chert is generally opaque and can bear small 
impurities or microfossils.
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The mixture of clay- and silt-sized grains in mudstones is 
often visible by microscope (Figure 16) and can distinguish 
mudstone artifacts from GPC. Mudstones grade into silt-
stones and sandstones so the boundaries between rock types 
are not distinct. Silicified mudstones are very similar in for-
mation processes to GPC and when in artifact form, may be 
impossible to distinguish with confidence from GPC. The 
term “silicified mudstone” appears in archaeological litera-
ture and refers to a post-depositional process when silica ce-
ments the original grains together to form a durable material. 

Figures 17 and 18 are of ironstone artifacts found in Alber-
ta. They are typically easy to distinguish from Glacier Pass 
Concretions but are included here because of similar for-
mation processes (ironstone concretions were in fact com-
monly found in Glacier Pass). Ironstone nodules or ooidal 
ironstones (egg-shaped) form via successive deposition of 
silica-rich layers or cements with high levels of iron oxide 
or iron carbonates. They often form when spheroids are ex-
posed to alternating burial and diagenetic environments that 
involve iron enrichment (Young 1989). Because of the iron 
oxide content typical of Alberta ironstones, they are heavier 
than other rocks and are characteristically rusty brown with 
platy textures. Ironstones can produce high quality stone 
tools and they were likely an attractive toolstone to pre-con-
tact knappers in Alberta, in part, because the black or dark 
brown spherical nodules tend to be highly visible in till de-
posits or river beds.

We also present Elk River Silicified Siltstone (ERSS) as 
a comparative material (Figures 19-21) (sometimes referred 
to as Elk River Siliceous Mudstone). Loveseth (1980:171) 
described it as a muddy brown, grey, and black siliceous silt-
stone or mudstone that appeared as artifacts at archaeolog-
ical sites in the Crowsnest Pass area of southwest Alberta. 
Reeves (1977:72) called it an opaque matt chert or siliceous 
siltstone that sometimes had a “mottled, wormified appear-
ance.” ERSS can contain microfossils and is characterized by 
a basket patination (Moir 1925), wherein acidic plant roots 
are thought to have bleached sinuous marks on the surface 
of fine-grained, silica-rich rocks (Shepherd 1972:128). Our 
observations, and those of other researchers (e.g., Yanicki 
2012), support the notion that the irregular light-coloured 
streaks are surface discolorations (they are not visible in thin 
sections or on the interiors of fractured artifacts). Some ar-
tifact fragments that refit together include one fragment that 
is a grey banded or speckled siltstone while the other joining 
fragment is a uniform black with light ‘vermiculated’ streaks 
that would be considered ERSS (Yanicki, personal commu-
nication, 2018). Clearly, the ERSS fragments in these cases 
were subjected to a different weathering process post-depo-
sition. 

Figure 16. A McKean specimen of mudstone (no catalogue number) from 
the Amy Zelmer collection near Nanton in southern Alberta (courtesy of 
Cam Gardner). Mudstones are coarser grained than cherts. 

Figure 18. An ironstone Oxbow point (H06.17.19). At low magnification, 
ironstones are often mottled with rusty patches of oxidized iron.

Figure 17. An ironstone projectile blade (FfPm-1:30) from Battle Lake, 
central Alberta (Royal Alberta Museum, Edmonton, Alberta). Ironstones 
are opaque and platy (fracture in laminar pieces with angular edges). 
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Loveseth (1980:171) thought that ERSS derived from the 
Banff Formation but could have been from the Elk River 
in southeast British Columbia (citing Choquette 1973). Ar-
tifacts made of materials of this appearance occur in private 
collections in southern Alberta, at archaeological sites in the 
Eastern Slopes of Alberta, as well as from archaeological 
sites in British Columbia (Eldridge, personal communica-
tion, 2017) and Saskatchewan (Lamarche, personal com-
munication, 2017). Lastly, we have noted similar basket 
patinations on raw geological samples in the Jasper area. In 
our opinion, the distinct patination or root discolouration is 
likely found on a variety of siliceous materials and is more 
specific to a widespread diagenetic process than a localized 
outcrop. As such, ERSS has little utility as a raw material 
name. Basket patinated materials are likely widespread in 
the Rockies and Eastern Slopes and can resemble GPC when 
in artifact form.  

Figures 22 to 27 are artifacts of comparable appearance 
to GPC. GaQs-1:561 (Figure 22) is a projectile point and 
GaQs-1:59 is a retouched flake (Figure 23), both of which 
were thought by Brink and Dawe (1986) to be Glacier Pass 
siliceous mudstone. As noted above, pXRF results and mac-
roscopic/microscopic comparisons suggest that both arti-
facts are silicified mudstones but are not close geochemical 
matches for the currently sampled variability of materials 
from Glacier Pass. Both Figure 24 (a slender retouched 
flake, EgPr-2:1999) and Figure 25 (a retouched flake, EgPr-
2:5621) are from the Sibbald Flats area west of Calgary and 
both appear to be a silicified sandstone similar in texture 
and grain size to Beaver River Sandstone from northern 
Alberta (Kristensen et al. 2016c). H73.174.63 (Figure 26) 
and H73.174.60 (Figure 27) are from near Drayton Valley 
in the Foothills and are made of a very similar material to 
GPC (a highly silicified mudstone). H73.174.63 also con-
tains microfossils similar to GPC. The fossil presence and 
pXRF results that often overlap GPC highlight the difficulty 
of distinguishing sedimentary rocks in the Rockies, Eastern 
Slopes, and Foothills. The specimens from west of Calgary 
and Drayton Valley are likely not quarried from Glacier 
Pass because of the distance; microscopic work and pXRF 
in combination can help distinguish some of these silicified 
sedimentary rocks from Glacier Pass Concretions.

The photographs presented in Figures 12 to 27 will hope-
fully assist the determination of raw material types but it 
should be cautioned that confident assignments may not be 
possible using macroscopic and microscopic methods. Fig-
ure 28 is a comparison of microscopic traits of broad materi-
al types with different geological formation processes. Imag-
es of these bona fide material types can be used to help rule 
out certain toolstones when macroscopic overlaps of more 
comparable specimens are encountered.

Figure 19. An ERSS Oxbow fragment (no catalogue number) from the 
Zelmer collection, Nanton, southern Alberta (courtesy of Cam Gardner).

Figure 20. An ERSS projectile point or drill base (no catalogue number) 
from the Picotte collection near Medicine Hat in southern Alberta (cour-
tesy of June Picotte).

Figure 21. An ERSS flake (no catalogue number) from the Amy Zelmer 
collection near Nanton in southern Alberta (courtesy of Cam Gardner).
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Figure 22. A silicified mudstone projectile point (GaQs-1:561) from the 
Grande Cache area in west-central Alberta.

Figure 23. A silicified mudstone retouched flake (GaQs-1-59) from the 
Grande Cache area in west-central Alberta.

Figure 24. A silicified sandstone retouched flake (EgPr-2:1999) from the 
Sibbald Flats area, west of Calgary, Alberta.

Figure 25. A silicified mudstone retouched flake (EgPr-2:5621) from Sib-
bald Flats west of Calgary, Alberta.

Figure 26. A silicified mudstone scraper (H73.174.63) from FhPr-9 near 
Drayton Valley in west-central Alberta.

Figure 27. A silicified mudstone scraper (H73.174.60) from FhPr-9 near 
Drayton Valley in west-central Alberta.
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10. Identification summary 
We present above macroscopic, microscopic, and geo-

chemical comparisons of GPC, chert, mudstone, ERSS, 
siltstone, and ironstone. The formation of concretions from 
carbonate mud nuclei has imparted a relatively distinct mi-
croscopic composition including small fossils and black 
mineralogical inclusions within a fine-grained, mottled 
grey-brown matrix. On a macroscopic scale, small flakes 
of GPC are easy to mistake for other mudstones, siltstones, 
and cherts. Portable X-ray fluorescence can distinguish GPC 
from some materials; however, our geochemical compari-
sons were a small subset of mostly sedimentary rocks that 
outcrop across the Rocky Mountains with a predictably wide 
range of geochemical variabilities. We argue that pXRF in 
isolation is not a viable means to identify and distinguish 
GPC from other sedimentary rocks in Alberta, although it 
can be a valuable tool in a suite of analyses. We hope that 
microscopic examination of archaeological specimens re-
sembling GPC that are found in the Rocky Mountains, East-
ern Slopes, and Foothills will lead to positive identifications, 
which would shed light on the distribution of this material 
and the associated pre-contact behaviours that moved GPC 
through western Alberta.           

11. Archaeological significance

11.1 PXRF and LWIR hyperspectral imaging
We posit two main archaeological implications of LWIR 

imaging and pXRF analyses on GPC. Firstly, because the 
sample of primary flakes lacks high levels of carbonates, it 
appears that reduction debris from the inner carbonate-rich 
zones of cobbles are not even recognizable as flakes. Per-
haps the carbonate materials would not transmit impact forc-
es that produce typical flake features. In other words, the 
first recognizable flakes in the reduction of GPC represent 
a later stage of knapping when the carbonate-rich portions 
of cobbles had already been removed. Note that this can oc-
cur because the raw cobbles typically appear in a naturally 
fractured state that already has exposed the nucleus (Figure 
3, 4, and 29). The significance is that some early stage lithic 
reduction sites may be difficult to recognize if they are dom-
inated by the discarded carbonate inner zones of cobbles. 
The second and related implication is that tertiary flakes and 
curated tools at Glacier Pass are made of the components of 
GPC cobbles highest in silica. This suggests that tool makers 
invested energy at the quarry complex to isolate outer sili-
ca-rich bands (Figure 29) and ensure they were leaving with 

Figure 28. Microscope images of the variabilities of Glacier Pass Concretions and materials that can be of similar appearance or geological origin 
process.



135

Kristensen et al. / Archaeological Survey of Alberta Occasional Paper 39 (2019) 113–142

the smallest tool possible made of the highest quality mate-
rial (i.e., a material that would flake predictably and produce 
sharp cutting edges). Pre-contact visitors likely camped for 
several days at this high alpine pass, or in the vicinity, to 
search for suitable cobbles and reduce them for transport. 
Concerted survey efforts could locate campsites in the vi-
cinity.

When used in combination, LWIR and pXRF are means to 
approach pre-contact cognition in lithic reduction strategies 
at quarries and regarding movement beyond quarries. Our 
results are preliminary but indicate that knappers targeted 
bands of cobbles based on assessments of hardness, ability 
to hold a sharp edge, and/or the ability to predictably frac-
ture the raw material. This is certainly characteristic of other 
pre-contact quarries where evidence exists that pre-contact 
knappers tested considerable numbers of cobbles for quality 
and internal consistency before transport or before beginning 
an in situ reduction event for tool manufacture (Ahler 1986; 
Root 1997; Kristensen et al. 2016c). However, our case 
study in western Alberta is one of few attempts to demon-

strate through mineralogical and geochemical means why 
and how knappers approached a lithic raw material. We sug-
gest that LWIR, pXRF, and other archaeometric techniques 
can be informatively employed on relatively heterogeneous 
raw materials in other archaeological contexts to understand 
pre-contact thought processes and manufacturing strategies. 
Hyperspectral imaging has been applied to heritage objects 
in painting conservation studies (see Liang 2012; Verhoeven 
2018) but has had very limited applications to pre-contact 
artifacts (Fishel et al. 2010).

11.2 Deglaciation, quarry access, and mobility 

The archaeological significance of the quarry complex re-
lates to its temporal availability (e.g., exposure from over-
lying ice sheets in the Late Pleistocene) and the position of 
this locale within the seasonal movements of pre-contact 
hunter-gatherers. Deglaciation of the Eastern Slopes of the 
Rocky Mountains began ca. 15,000 years ago (Reasoner and 
Huber 1999; Dalton et al. 2020). Most major valleys like the 
Athabasca were partially ice-free by ca. 15,000 to 14,000 

Figure 29. A view of Glacier Pass (above) and a sample of eroded or early stage reduction outer rings of GPC cobbles (below).
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years ago and completely deglaciated by 11,500 years ago. 
Ice sheet reconstructions indicate that Glacier Pass itself was 
deglaciated between ca. 14,000 and 13,000 years ago (Figure 
30; Dalton et al. 2020). Valleys to the west of Glacier Pass 
began to deglaciate about a millennia after the Athabasca to 
the east (ca. 13,000 years ago; Figure 30). Paleoenvironmen-
tal work in alpine bogs and lakes in the region indicate that 
high elevation sites began to accumulate organic material by 
11,000 years ago (Luckman and Kearney 1986; Beaudoin 
and King 1990). The ecology of immediate post glacial envi-
ronments is not well understood, but landscapes were likely 
characterized by mostly barren terrain interspersed with tun-
dra-like vegetation (Macdonald 1989).

The Glacier Pass area would have first become available to 
humans between ca. 14,000 to 13,000 years ago. The earliest 
radiocarbon dated occupation in the Athabasca valley is ca. 
10,000 years old, and post-dates initial deglaciation by ca. 
3,000 years (Hudecek-Cuffe 2018). However, early degla-
cial occupations at Vermillion Lakes and Lake Minnewanka 
in the Bow River basin to the south indicate that at least some 
major Eastern Slopes valleys were occupied by ca. 13,000 
years ago (Fedje et al. 1995; Landals 2008). Given the simi-

lar deglacial chronology of the Athabasca and Bow valleys, 
it is plausible that old sites of a similar age are preserved in 
the Jasper area, and that those occupants may have used the 
Glacier Pass Quarry Complex. A series of Paleoindian Pe-
riod points (e.g., Alberta and Scottsbluff spear points) have 
been recovered from Jasper National Park, which indicates a 
continued early human presence in the area to ca. 8000 years 
ago (Anderson and Reeves 1975:64-65; Pickard 1989:35; 
Francis 1994; Wondrasek et al. 2009). 

An absolute age for the onset of use of GPC is not known 
but the stemmed biface in Figure 12 (specimen 14) bears a 
strong resemblance to some Western Stemmed Point tradi-
tion and Hell Gap points. That impression is reinforced by a 
morphology with broad flake scars meeting medially in a sin-
uous fashion, the presence of an overshot (outrepassé) flake, 
and minor edge trimming to achieve a final form (Bradley 
2009). Specimen 14 compares favourably with several of the 
McNine cache, Sentinel Gap, Alkali Lake Basin, and other 
Haskett, Cougar Mountain, and Parman points of the West-
ern Stemmed Point tradition (e.g., Willig 1988; Amick 2004; 
Galm 2008; Pratt et al. 2019: Figure 2d; Smith et al. 2019; 
Smith et al. 2020: Figure 4). It also resembles Eclipse Phase 
(Banff) and Lindoe specimens in southern Alberta dating 
in the 9,900 radiocarbon year age range (~11,000 calendar 
years) (Fedje 1996; Bryan 2000). Consequently, the Glacier 
Pass toolstone source may have come into initial use in the 
Early Prehistoric Period. 

The larger context for toolstone use at this time is of note: 
whereas Clovis fluted points in U.S. were often made of high 
quality “exotic” lithics, sometimes transported great distanc-
es, fluted points from Alberta appear completely dominated 
by locally and regionally available raw materials, among 
them quartzites, mudstones, siltstones, and pyrometamor-
phics (Ives 2006; Ives et al. 2013, 2019). The latter may have 
been created naturally, around coal seams, but it seems more 
likely that purposeful heat treatment was a regular phenom-
enon in Alberta’s fluted point time frame. Gryba (see Ives 
2006; Ives et al. 2013, 2019) argued that the Clearwater Pass 
fluted point from the northern portion of Banff National Park 
(immediately south of Jasper National Park) was made from 
a heat treated concretion (Figure 31). This would suggest 
first, that heat alteration was already a common practice to 
refine challenging raw materials in a toolstone environment 
that lacked the common high quality raw materials charac-
teristic of Idaho, Montana, and North Dakota. Second, the 
Indigenous ancestors making these fluted points in Banff 
were also already familiar with both high altitude environ-
ments and critical geography including mountain passes. It 
would thus be unsurprising for the Glacier Pass source area 
to have been discovered by the Early Prehistoric Period.

Figure 30. Deglacial Cordilleran Ice Sheet margins near Glacier Pass. 
Isochrons are from Dalton et al. (2020).
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Archaeologists have argued that the Jasper area was largely 
transitional between groups who resided to the east in Alber-
ta’s mountain, foothill, and parkland valleys, and those who 
lived west to the mountain valleys and plateau regions of 
British Columbia (Pickard 1989; Elliot 2009; Osicki 2012). 
This is based on projectile point affinities (Rousseau 2004; 
Peck 2011), lithic materials that moved across the Rockies 
(Brink and Dawe 1986; Stryd and Rousseau 2004; Kristensen 
et al. 2016b), and pithouse depressions in Alberta mountain 
sites that are characteristic of pre-contact cultures to the west 
(Ronaghan 1986; Langemann and Perry 2002; Rousseau 
2004). Oral histories and historic records also indicate that 
Indigenous groups from British Columbia, and the Alber-
ta Plains and Parkland regions visited the northern Rockies 
(Tyrrell 1916; Breton 1920:65; Turney-High 1941:53-55; 
MacGregor 1962; Southesk 1969 [1875]; Dempsey 1998; 
Green 1998 [1890]:204-241; Ignace 1998; Stutfield and Col-
lie 1998 [1903]; Coleman 1999 [1911]:122,124; McClintock 
1999 [1910]; Fidler 2001 [1792]; Binnema 2004). Based on 
these and archaeological records, people are thought to have 
seasonally camped in the major east-west valleys of Alber-
ta’s Rockies with specialized trips to alpine and subalpine 
regions for fishing, travel, hunting expeditions, and lithic re-
source procurement (Anderson and Reeves 1975; Ronaghan 
1986:315-317; Driver 1993; Langemann and Perry 2002:14; 
Reeves 2003; Osicki 2012:55). 

Glacier Pass is regularly blanketed with over a metre of 
snow in winter; surface cobbles of GPC would not be visi-

ble until early summer through early fall. In this period, the 
area is particularly amenable to big game hunting of bighorn 
sheep, caribou, and elk that frequent upper valley slopes in 
the warmer months (e.g., Moberly 1922a and b). Fish are 
available in mountain rivers from spring (e.g., spawning 
pike) to fall (e.g., spawning whitefish). A number of smaller 
mammals (e.g., marmot, hare, porcupine) and edible or me-
dicinal plant species can also be found in the upper valleys in 
spring to fall (see Langemann and Perry 2002).  

The pattern of mobility revealed by high alpine sites in Al-
berta appears to be somewhat different from that connected 
to archaeological records of alpine use further north. In the 
Yukon, ice patch archaeological finds are generally at loca-
tions that would allow a daily journey by pre-contact people 
between lower altitude base camps and high altitude hunting 
locales (Hare et al. 2012). In a number of alpine archaeologi-
cal sites in Alberta (extending from Jasper to the Kakwa Wil-
derness area), rugged terrain almost certainly ruled out daily 
expeditions, meaning that high altitude site use in many cas-
es may have been limited to small task groups or scheduled 
visiting during a seasonal round (Heitzmann 2009; Osicki 
2012). These activities may have included specific efforts to 
recover raw lithic materials, but it may have been more like-
ly that they replenished toolstone inventories once they were 
already at high altitude locations for other reasons. 

Glacier Pass would have been strategically located along 
seasonal rounds for any people who moved between the 

Figure 31. a) The Clearwater Pass (northern Banff National Park) Clovis point made of heat-treated concretion; b) The Lumir Clovis point from the 
Buffalo Lake area in central Alberta, made of a Red Deer River mudstone very likely to have been heat-treated; c) A Thorsby area (southwest of Ed-
monton) pyrometamorphic Clovis point made of a naturally or purposefully heat altered material likely resembling Red Deer Mudstone prior to heating 
(cf. Allan and Bolton 2017). Photographs a) and c) are courtesy of the Royal Alberta Museum and Parks Canada.
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Athabasca and Smoky River valleys (Anderson and Reeves 
1975). From Glacier Pass, valleys lead north to the South 
Sulphur River, which eventually drains into the Smoky Riv-
er en route to the Peace River in northwest Alberta. South 
of Glacier Pass, valleys drain south and east to Mowitch 
Creek, on to Snake Indian River, and shortly thereafter to 
the Athabasca River that flows northeast through northern 
Alberta. Groups of hunter-gatherers may have frequented 
Glacier Pass as a high alpine apex during seasonal move-
ments from the lower altitude tributaries of Athabasca River 
to the lower altitude tributaries of Smoky River. This gener-
al area was called the Snake Indian-Smoky River route and 
was an important hunting ground for fur traders and trappers 
around Jasper House in the 1800s (Moberly 1922a and b; 
Osicki 2012). The Snake Indian River approaches the ar-
chaeologically-rich Rock Lake area, which represents a po-
tential staging ground for people who may have moved be-
tween northern boreal forests and mountain regions (Osicki 
2012:237-238).

Despite the sparseness of archaeological work in this re-
gion, 88 pre-contact sites have been recorded within 50 kilo-
metres of Glacier Pass, and 887 pre-contact sites are within 
100 kilometres. Few excavations have been conducted in 
the higher elevation portions between Athabasca River and 
Smoky River but stratified sites on the Snake Indian River 
(Hudecek-Cuffe 2018) and Grande Cache area (Brink and 
Dawe 1986) suggest that the areas were repeatedly occupied 
through the Holocene by highly mobile people who season-
ally frequented mountain and foothill valleys to hunt and 
fish. Brink and Dawe (1986) document what may be GPC 
at FlQs-30 (Grande Cache Lake site) and GaQs-1 (Smoky 
site), which are roughly 55 kilometres northwest of the quar-
ry complex. This material represents roughly 3.5 to 7% of the 
debitage assemblages encountered during their excavations. 
As mentioned above, the pXRF results on GaQs-1 artifacts 
combined with macroscopic and microscopic comparisons, 
suggest that at least some of the silicified mudstone materi-
als at the Smoky site are at best weak geochemical matches 
with material from Glacier Pass. Roughly 40% of the mate-
rial retained cortex (Brink and Dawe 1986:219) so it seems 
likely that the silicified mudstones at the Grande Cache sites 
derived from more local sources.

People did not appear to have frequented the high alpine 
Glacier Pass region exclusively because of the raw material. 
Rather, its presence influenced the popularity of this partic-
ular pass or connection between the Athabasca and Smoky 
rivers. It seems likely that small groups of people targeted 
the high alpine pass during re-tooling events in advance of 
sheep and caribou hunting in summer and fall. However, 
we note that very little is known of activities at the quarry 

complex because archaeological work has been limited to 
documention of surface artifacts. The high density of arti-
facts noted in the minimal exposures (e.g., along a valley 
trail through the pass) does indicate that subsurface work 
would recover numerous artifacts and inform the intensity 
of use over thousands of years. This is a productive area for 
future research.

The quarry complex, and its use through the Holocene,  
suggests that historic routes and trails used during the Fur 
Trade (the Snake Indian-Smoky River Route) have some 
deep antiquity. The lack of published information about Gla-
cier Pass Concretions and the ease with which it can be mis-
identified as other raw materials in the Eastern Slopes has 
hindered the ability to track the raw material’s distribution. 
Silicified mudstones, siltstones, and cherts have been iden-
tified in archaeological sites from the Snake Indian River to 
Smoky River that may very well be Glacier Pass Concre-
tions. Additional collections work and fieldwork are neces-
sary to fully document the extent of GPC artifacts, to recon-
struct pre-contact mobility in this region of the Rockies, and 
to detect a potential pre-contact strategy of collecting and 
using concretions in different regions of the province.  

12. Concluding statement
Microscopic, macroscopic, and archaeometric techniques 

support the assertion that the raw materials quarried in 
pre-contact times for tool use at Glacier Pass are concre-
tions. Because the diagenetic processes associated with con-
cretion formation have defined this raw material and made it 
suitable for tool use (and for convenient quarrying), we pro-
pose a name change from siliceous mudstone (Anderson and 
Reeves 1975) to Glacier Pass Concretions. The material is 
visually similar to cherts, Elk River Siliceous Siltstone, and 
mudstones but can be largely distinguished from these ma-
terials by pXRF and a combination of microscopic and mac-
roscopic traits. GPC is opaque with a dull lustre and is typ-
ically dark brown, purple-brown, or grey-brown with small 
fossils and black inclusions. PXRF and LWIR hyperspectral 
imaging demonstrate an internal inconsistency in the miner-
alogical and geochemical composition of cobbles that influ-
enced pre-contact lithic reduction strategies. These methods 
offer great potential for applications to other archaeologi-
cal materials of heterogeneous composition. Because of the 
widespread occurrence of concretions and their geochemical 
variability, GPC material currently appears to be an unlikely 
candidate for sourcing studies. Despite this, with increased 
exposure to this material and some of its characteristics, 
archaeologists will be better equipped to identify it and re-
construct the movement of GPC by pre-contact occupants in 
western Alberta. 
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2. Early challenges in stone circle investigations 
Some of the earliest systematic investigations of stone 

circle sites were fraught with frustration. Forbis (1970:27) 
wrote: “Even when excavated, tipi ring sites are known to 
be notoriously poor in features and artifacts, particularly 
diagnostic artifacts.” As a result of these frustrations, sev-
eral conferences and symposia were held in an effort to 
move research directions forward, establish levels of con-
tinuity regarding types of data being collected, and dis-
cuss methods for recording and testing stone circle sites.

1. Introduction
Researchers who have worked on the Northern Plains 

will know that stone circle sites can be difficult to investi-
gate. Significant time and effort is often required to inves-
tigate cultural features and recover datable material and/
or chronologically diagnostic artifacts at a site. Current 
approaches to investigating stone circle sites can yield 
unpredictable results, leaving researchers grappling to 
answer questions related to dates of occupation, activity 
areas, and season(s) of use.

ABSTRACT 

Investigating stone circle sites can be notoriously difficult, often involving considerable time and effort to recover 
datable material, chronologically diagnostic artifacts, or to identify cultural features. As such, detailed investigations 
can be quite destructive in an effort to identify cultural features, activity areas, and season(s) of site occupation. Rel-
atively few stone circle sites on the prairies have been dated by radiometrics, thus many lack temporal frameworks. 
When radiocarbon analysis is possible, challenges with near-surface contamination and calibration can complicate 
interpretation. 

This paper discusses some of the difficulties inherent with current stone circle research approaches and presents an 
alternative approach through the use of magnetometry and palaeobotanical analysis at three sites in south-central Sas-
katchewan. For efficient expenditure of time and funding resources, three target areas identified through magnetom-
etry were excavated, resulting in the recovery of charred hearth organics that were subsequently subjected to radio-
carbon analysis. The results of this approach allowed for the identification of activity areas and temporal and seasonal 
determinations of site occupation. This work highlights the successful use of magnetometry, the value of exploring 
this method for future research, and challenges to consider when using this approach. These include appropriate site 
conditions, obtaining quality radiocarbon samples, and calibration issues.
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These efforts resulted in a number of publications and re-
search directions (e.g., Wilson et al. 1981; Davis 1983). Sev-
eral methods were also developed to improve the efficiency 
of investigating stone circle sites, including the “Tipi-Quik” 
method to efficiently and accurately map stone rings (Smith 
1974; Dau 1981), photogrammetric methods to document 
surficial features (cf., Davis and Carroll 1981; Deaver and 
Morter 1981; Brumley and Dau 1988), and auger/probe 
testing combined with limited excavations (Fredlund et al. 
1985). These methods, which are still used today, require a 
high level of effort and can provide limited results that large-
ly rely on surficial evidence at the site to guide investiga-
tions.  

Recovery of datable material has also long been a prob-
lem at stone circle sites. Burley (1990) expressed frustration 
about this problem, noting that less than 1.5% of all docu-
mented stone circle sites in Alberta at the time had been dat-
ed by radiocarbon analysis, obsidian hydration, or cultural 
diagnostics. Regrettably, the situation still plagues archaeol-
ogists today with little to no improvement in the percentage 
of dated sites. Today, less than 1% of all recorded stone cir-
cle sites across the Northern Plains have been dated by ra-
diometric methods (Table 1) (Jollymore 2016). Many factors 
are at play that can impede the preservation and recovery of 
datable material from stone circle sites. Because stone circle 
sites are almost always surface or near-surface sites, tapho-
nomic processes can result in poor preservation of datable 
materials due to the degradation of bone and other organics 
which, if more deeply and/or quickly buried, may have been 
available for dating (Schiffer 1987). While lithic and pottery 
artifacts will preserve under such conditions, stone circle 
sites have been noted for their general paucity of lithics and 
diagnostic pottery artifacts (Forbis 1970). 

An additional challenge is that stone circle sites often oc-
cur in areas characterized by low sediment accumulation 
rates that typically result in 5 to 15 cm of soil accumulation 
or less and a general lack of discernible stratigraphic layers. 
While it is possible for these sites to have been inhabited nu-
merous times, occupation events are likely to be compressed 
into a single observable stratigraphic layer, making multi-
ple occupation events difficult to distinguish (Deaver 1989; 
Dooley 2002).

3. Efforts to improve stone circle investigation 
efficiency

Between the 1990s and early 2000s, work at stone circle 
sites generally followed similar research trends to those in 
earlier decades. However, in an attempt to increase meaning-
ful data collection at Northern Plains stone circle sites and 
improve standardized data collection, archaeologists met in 
1993 to discuss the treatment of stone circle sites. The work-
shop resulted in a publication that explored current practic-
es used for Cultural Resource Management impact assess-
ments, mitigation, data collection and reporting standards, 
and future research goals (Krozer and Hjermstad 1995). 

Subsequently, several provincial and state jurisdictions 
produced guidance documents for the assessment of stone 
circle sites that continue to be used to this day. For instance, 
the Montana State Historic Preservation Office published 
guidelines in a response to calls by consultants and agencies 
for a “predictably acceptable level of standard site recorda-
tion for compliance purposes” (Montana SHPO 2002:3). 
Similarly, the Archaeological Survey of Alberta guidance 
document sets out procedures designed for archaeologists 
to obtain sufficient standardized data for sites that may be 
impacted by development or warrant further study (Archae-
ological Survey of Alberta 2006). Despite these guidance 
documents, archaeologists still struggle with efficient and 
effective ways to target areas to test, particularly if one of 
the goals of testing is to obtain materials suitable for radio-
metric dating. Of note, these approaches and jurisdictional 
requirements do not currently take into account Indigenous 
perspectives on site investigations, an issue that should be 
explored by practicing archaeologists across the region.

One of the approaches outlined in jurisdictional guidance 
documents for obtaining meaningful data from stone circle 
sites is controlled excavation. The testing procedures set out 
by the Archaeological Survey of Alberta (2006) strongly 
recommend that a 1 x 2 metre trench be placed within the 
stone circle, to straddle the approximate centre of the cir-
cle and extend to the east (Figure 1). Similarly, the Montana 
SHPO (2002) requires that a minimum of 1 square metre 
be excavated, although they do not prescribe the location of 
the test (Figure 2). They also recommend that testing should 

Province/State Documented sites containing stone circles Stone circle sites dated by 14C Percentage of stone circle sites dated by 14C

Saskatchewan 5,839 15 0.26%

Alberta 8,331 74 0.89%

Montana 8,174 9 0.11%

Table 1. Stone circle sites dated by radiocarbon analysis on the Northern Plains as of 2016 (after Jollymore 2016:51). Data provided by: 
Nathan Friesen and Lorna Dmyterko of the Saskatchewan Heritage Branch, Darryl Bereziuk and Courtney Lakevold of the Archaeological 
Survey of Alberta, and Stan Wilmoth and Damon Murdo of the Montana State Historic Preservation Office. 
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occur both within and between stone circle features and that 
fill from subsurface features be collected and floated for pa-
laeobotanical remains and submitted for radiocarbon dating. 
Recommended procedures in Saskatchewan do not prescribe 
a minimum amount of excavation nor the location of subsur-
face investigations, although standard practice in the prov-
ince involves the excavation of a number of judgmentally 
placed 50 x 50 centimetre units in and around stone circle 
features (Krozser and Hjermstad 1995). Researchers in the 
province also recommend that budgets should adequately 
accommodate radiometric evaluations as well as soil anal-
yses, palynology and palaeobotanicals. Full excavation of 
stone circles would be ideal, as is testing outside of stone 
circles; however, such approaches are time and labour in-
tensive, may incur costs that are prohibitive, and may not be 
aligned with the views of Indigenous communities.

As illustrated by the jurisdictional guidelines outlined 
above, many archaeologists have focused on the centre of 
stone circles to recover datable hearth organics and diagnos-
tic material, as artifact density is anticipated to be higher 
inside rather than outside of ring features (e.g., Brumley and 
Dau 1988; Krozser and Hjermstad 1995). However, focus-
ing on the discovery of a central hearth may limit data re-
covery if occupation occurred during warmer months when 
cooking, smudge fires, and other activity areas were likely 
to have been outside of the dwelling (Graspointner 1980; 
Deaver 1983; Fredlund et al. 1985; Brumley and Dau 1988). 
This is further supported by Tom Kehoe’s research with the 

Blackfoot: one of his research participants noted that the 
“family cooked inside the lodge only during bad weather, 
using the outside fireplace most of the year. This…was the 
reason for the absence of a rock-lined hearth or charcoal re-
mains inside the tipi” (Kehoe 1960:431-432). In addition, 
some researchers have noted that more cultural material can 
be found outside of ring features than within them, which 
points to activity areas outside of the dwelling (Graspointner 
1980; Deaver 1983; Fredlund et al. 1985). 

Faced with these challenges, and despite earlier efforts to 
improve site investigation methods, archaeologists are still 
debating where to dig and how to efficiently and effectively 
investigate stone circle sites. Few innovations have devel-
oped in recent years to improve the efficiency of research and 
extraction of data, despite the prevalence of stone circle sites 
across the Northern Plains. It is with these considerations in 
mind, that some researchers are looking to remote sensing 
of stone circle sites to look for contrasts in soil deposits (cf., 
Gibson 1982; Jones and Munson 2005; Kvamme 2006; Nor-
ris 2010; Scheiber and Finley 2010; Archeo-Physics 2012; 
Sheriff 2013). Magnetometry, a type of remote sensing dis-
cussed in the following section, maps local variations in the 
strength of the earth’s magnetic field in the near-surface en-
vironment that may be indicative of the presence of subsur-
face hearths or other activity areas (Gibson 1986; Kvamme 
2006). This approach allows for targeted excavations at 
activity areas and hearth features, thereby reducing site im-
pacts and time and effort needed to carry out research.

Figure 1. Stone circle feature with approximate location of trench place-
ment as per Alberta guidelines.

Figure 2. Stone circle feature with examples of excavation unit placement 
as per Montana guidelines. Units can be within or outside ring features.
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4. Using magnetometry at stone circle sites in 
south-central Saskatchewan

To illustrate the usefulness of magnetometry in stone cir-
cle investigations, I present examples from my recent re-
search in south-central Saskatchewan (Jollymore 2016). One 
of the primary goals of this research was to establish dates 
of occupation for three sites (EkNj-4, EkNj-68, and EkNk-
3) situated adjacent to Little Manitou Lake, approximately 
75 kilometres southeast of Saskatoon (Figure 3). Two of the 
sites are located on terraces overlooking Little Manitou Lake 
(EkNj-4 and EkNj-68) and the third site (EkNk-3) is situat-
ed between Waterman Marsh and Little Manitou Lake in a 
low-lying area just above the modern lake level. The surfi-
cial geology of the Little Manitou Lake area consists pri-
marily of glaciolacustrine deposits of sand, silt, and clay and 
unsorted glacial till of sand, silt, clay, pebbles, and boulders 
(Simpson 2000; Jollymore 2016).

Magnetometry surveys were carried out at these archae-
ological sites by Dr. Terrance Gibson of Western Heritage, 
who identified target areas (i.e., potential hearth locations) 
at the sites for subsequent excavation (Figure 4). As all 

three sites cover large areas and contain multiple stone cir-
cle features, limited portions of each site were selected for 
magnetometry survey (see Jollymore 2016 for full methods, 
detailed survey maps, and associated data). As discussed 
further in Section 5, we expected magnetic surveys to be 
largely successful due to an anticipated contrast between 
glaciolacustrine geology and magnetized hearth deposits 
and activity areas, however, we also considered that some 
areas of glacial till are present in the area and could contain 
magnetic/igneous rocks. 

The resulting polarized magnetic gradient anomalies re-
corded during the surveys (shown in nanoteslas; red = pos-
itive, blue = negative; Figures 5 to 8) suggest areas that  
represent hearths, pits, buried igneous rocks, or other sub-
surface anomalies, both cultural or non-cultural. Based on 
professional judgment and past experience interpreting mag-
netic survey results, Dr. Gibson identified potential cultural 
features as target areas for excavation at each site. Due to 
time and funding constraints, only three targets were exca-
vated during the study, one target at each site, leaving many 
proposed targets unexcavated and available for future study 
(Figures 5 to 8 and Jollymore 2016:Appendix A).  

Figure 3. Study area and generalized locations of EkNj-4, EkNj-68, and EkNk-3 (Jollymore 2016).
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Figure 4. Dr. Terrance Gibson conducting magnetometry surveys at 
EkNj-68 in May, 2015.

Figure 6. Results of magnetometry surveys at EkNj-68 Ring Feature 10 and 11 (Jollymore 2016:213). Magnetic data shown in 1nT intervals, starting 
-3/3 nanoteslas.

Figure 5. Results of magnetometry surveys at EkNj-4 Ring Feature 7 
(Jollymore 2016:208). Magnetic data shown in 1 nanotesla intervals, 
starting -2.5/2.5 nanoteslas.
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Figure 7. Results of magnetometry surveys at EkNk-3 Ring Feature 2 and adjacent areas (Jollymore 2016:217). Magnetic data shown in 1 nanotesla 
intervals, starting -3/3 nanoteslas, with intervals beyond -10/10 suppressed.

Figure 8. Example of unfavourable magnetic conditions recorded during magnetometry surveys at EkNj-4 Ring Feature 50 (Jollymore 2016:210). 
Magnetic data shown in 1 nanotesla intervals, starting -3/3 nanoteslas, with intervals beyond -10/10 suppressed.
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5. Excavation results EkNj-4, EkNj-68, and EkNk-3
At site EkNj-4, five stone circle features were surveyed us-

ing magnetometry. Based on survey results and excavation 
targets, a target adjacent to Ring Feature 7 was selected due 
to its strong magnetic readings, and a 1.25 square metre area 
was excavated over the target (Units J32 and J33, Figure 
5). At site EkNj-68, six stone circles were surveyed using 
magnetometry, and a target adjacent to Ring Feature 11 was 
selected; a 0.75 square metre area was excavated (Units S65 
and S75, Figure 6). At site EkNk-3, three stone circle fea-
tures were surveyed using magnetometry, resulting in selec-
tion of a target adjacent to Ring Feature 2, over which a 1 x 2 
metre trench was excavated (Units B75 and B85, Figure 7). 

Excavations at all three sites resulted in artifact recoveries 
(including utilized and blackened lithics, microdebitage, and 

spiral-fractured bone), fire broken rock, charcoal, and soil 
changes (observed colour changes, bowl-like depressions, 
and a lens of silty-ash at EkNk-3) indicative of a hearth (Jol-
lymore 2016: Chapter 5, Appendices B and C). Soil samples 
were carefully collected from in situ deposits where evi-
dence of disturbance or bioturbation was absent to minimize 
risk of contamination by carbon unrelated to site occupation.

Soil samples from hearths at all three sites underwent 
floatation. Recovered organic materials were sorted and an-
alyzed by the author and verified by Dr. Glenn Stuart, Uni-
versity of Saskatchewan (Table 2; Jollymore 2016:82-83, 
90-91, 103-104). Microdebitage was also recovered from 
the  heavy fractions of EkNj-4 and EkNk-3 (Jollymore 2016: 
Appendix B).  

Taxon Common Name Plant part(s) Tally

EkNj-4

Chenopodium sp. Goosefoot sp. Seed 16

Poaceae Grass Seed 5

cf., Scirpus Compares favourably with Bullrush Seed 1

Unidentifiable seed /seed fragment Seed 12

Charcoal - Alnus sp. Alder Twig 1

Charcoal - Salix / Populus Identified as either Willow, Poplar, or Aspen Twig 1

Charcoal - Salix sp. Willow Twig 1

Charcoal - semi-porous Identified to cell structure but not to species Twig 1

Charcoal - unidentifiable Twig 2

Charcoal fragments - unidentifiable Unknown (grass, wood, stems, twigs, etc.) 867

EkNj-68

Chenopodium sp. Goosefoot sp. Seed 1

Polygonum sp. Knotweed sp. Seed 1

Trifolium sp. Clover sp. Seed 1

cf., Mentzelia Compares favourably with Sand-Lily Seed 2

Unknown seed Seed 1

Unidentified seed fragments Seed 2

Charcoal Stems, twigs 71

Charcoal fragments Unknown 207

EkNk-3

Chenopodium sp. Goosefoot sp. Seed 15

cf., Scirpus Compares favourably with Bullrush Seed 2

cf., Mammilaria Compares favourably with Cactus Seed 1

cf., Aster Compares favourably with Aster (part of the Daisy family) Seed 3

cf., Panicum Compares favourably with Panic Grass Seed 2

Polygonum sp. Knotweed sp. Seed 1

Poaceae Grass Seed 11

Unknown seed - likely Poaceae Likely grass Seed 7

Unidentifiable seed /seed fragment Seed 10

Charcoal - Alnus sp. Alder Twigs 2

Charcoal fragments - unidentifiable Unknown (grass, wood, stems, twigs, etc.) 590

Table 2. Summary of palaeobotanicals (charred macroremains) recovered from EkNj-4, EkNj-68, and EkNk-3. 



150

Jollymore / Archaeological Survey of Alberta Occasional Paper 39 (2019) 143–154

Of the charred organics recovered by flotation from each 
site, samples between 30-80 mg were selected for AMS ra-
diocarbon analysis. These samples consisted of small twigs, 
seeds, or grasses, all of which would have been produced 
during a single season of growth. This material was sent to 
the A.E. Lalonde AMS Laboratory at the University of Otta-
wa for radiocarbon analysis. Radiocarbon results from these 
samples has helped to date these sites to the Late Precontact 
(late Old Women’s - EkNk-3) and Protocontact (Mortlach - 
EkNj-4 and EkNj-68) periods (Table 3). Recovered charred 
organics from these sites also suggest the sites were occu-
pied during the summer or early autumn (Jollymore 2016).

6. Discussion
The results from the use of magnetometry at the sites de-

scribed above demonstrate the value of this method to iden-
tify areas worthy of investigation both inside and outside of 
stone circles. Results from the magnetometry surveys aided 
in targeted subsurface testing that produced organic materi-
al suitable for radiocarbon dating and provided insight into 
temporal and seasonal occupation of the sites. Targeted test-
ing also minimized damage to the sites by greatly reducing 
the area subject to subsurface testing, as not more than 2 
square metres were excavated at each site. This approach 
reduced field time and costs, and helped to identify activity 
areas outside and adjacent to stone ring features, which were 
not visible on the surface. As such, the data better address 
topics such as occupation dates, seasonality, and activity ar-
eas in relatively poorly understood facets of the Northern 
Plains archaeological record. In addition, because palaeobo-
tanical analyses were carried out, we now know that these 
sites were likely occupied during the summer or early au-
tumn (Jollymore 2016).

Based on the magnetometry results from the sites surveyed 
at Little Manitou Lake, conventional research strategies that 
focus on central hearth discovery would likely not have 
been successful. Only two of the 14 stone circles subject to 

magnetometry surveys showed magnetic anomalies at the 
centres of the rings. By far, most magnetic anomalies were 
shown to be on the edges or outside of the rings (Figures 5 
to 7; see also Jollymore 2016:Appendix A). This correlates 
to a likelihood that the sites were occupied during the sum-
mer/early autumn when activity areas were more likely to be 
placed outside of dwellings. 

The use of magnetometry for stone circle investigations is 
not without challenges. For example, areas suitable for mag-
netometry must be carefully chosen to obtain useful data. 
A primary limitation of magnetic surveys is environmental 
conditions. While surficial geology in the Northern Plains 
is often favourable for magnetic surveys, the presence of 
certain types of rock and metals can complicate interpreta-
tion and/or make these surveys unfeasible (Jones and Mun-
son 2005). Favourable conditions typically include regions 
where sedimentary bedrock or Holocene deposits (such as 
alluvial terraces) are present and where archaeological fea-
tures contrast sufficiently with the surrounding matrix to 
allow for detection (Jones and Munson 2005; Jones 2013). 
Other researchers have also outlined these considerations, 
noting the “archaeological features must contrast sufficiently 
with the surrounding matrix to be detected and recognized…
the physical composition, depth, and geometry of the feature 
must be considered in the context of its surrounding ma-
trix…a feature might be easily detected in a magnetically 
quiet setting, but completely undetectable in the presence 
of metal debris or igneous cobbles” (Jones and Munson 
2005:41). Unfavourable conditions are created by igneous 
rocks in glacial drift, scoria (bedrock altered by burning 
coal), or historic/modern activities where ferrous materials 
are present. These conditions can causes strong variance of 
recorded anomalies in survey data that can obscure more 
ephemeral features common to Northern Plains sites (Jones 
and Munson 2005). This is true for some parts of Saskatch-
ewan and Alberta, where up to 40% of tipi ring rocks can 
include igneous stones, complicating the identification of 
hearths in their vicinity (Jollymore and Gibson 2016). 

Lab IDa Submitter ID Sample depth (cm DBS) Material AMS date 14C yr BP ± F14C ± cal yr AD

UOC-1957 EkNj-4:C1 6-7 Charcoal 158 20 0.9805 0.0025 1667–1954b,c,d

UOC-1958 EkNj-4:C2 8-9 Charcoal 160 19 0.9802 0.0023 1667–1954 b,c,d

UOC-1959 EkNj-68:C1 12-15 Charcoal 121 22 0.9851 0.0027 1681–1954 b,c,d

UOC-1960 EkNk-3:C10 7-10 Charcoal Modern n/a 1.0082 0.0027 1954–1956

UOC-2408 EkNk-3:C9 20-25 cm Charcoal 326 34 0.9602 0.004 1472-1645 e

Table 3. Radiocarbon results obtained from EkNj-4, EkNj-68, and EkNk-3 (Jollymore 2016).

a AMS radiocarbon analysis carried out by A.E. Lalonde AMS Laboratory, University of Ottawa. 
b Calibration was performed using OxCal v4.2.4 (Bronk Ramsey 2009).
c Post-bomb atmospheric NH1 curve (Hua et al. 2013) was used, although samples are technically pre-nuclear weapons test.
d Seuss Effect (Taylor 1987).
e Calibration was performed using IntCal13, used for Northern Hemisphere samples where the F14C is less than 1 (Reimer et al. 2013).
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An example of the above limitations includes the results 
from a ring surveyed at EkNj-4 located on an exposed and 
rocky ridge (Figure 8). Although the ring was visible on the 
surface, the surrounding area was also heavily littered with 
stones that were not directly associated with the ring fea-
ture (Ring Feature 50; Jollymore 2016). Unlike the magnet-
ic results from other rings surveyed at this site, it is likely 
that some magnetic anomalies relate to near-surface igneous 
rocks deposited as glacial till, though some of the magnet-
ic anomalies may be cultural. Therefore, for this ring the 
magnetic survey resulted in too much “noise” to efficient-
ly target areas for excavation. Other ring features at EkNj-
4, EkNj-68, and EkNk-3 were situated in areas where less 
surficial geology/glacial till was present, which may explain 
why clearer survey results were obtained, allowing for the 
identification of more ephemeral cultural features. Early in 
my study of the sites around Little Manitou Lake, a fourth 
site had been shortlisted for magnetometry surveys based on 
the presence of several clearly defined stone rings (EkNj-16 
located north of EkNj-68). However, the site was excluded 
from magnetometry survey by Dr. Gibson because it con-
tained significant surficial rocky exposures that would not 
produce clear enough survey results for the identification of 
near-surface activity areas and hearth features. 

Another challenge relates to obtaining organics that will 
produce archaeologically meaningful radiocarbon dates. 
Due to the near-surface nature of stone circles, there is a 
risk of contamination from surface organics. However, by 
collecting organics from in situ hearth features that lack ev-
idence of bioturbation or other disturbance, the risk can be 

minimized. Samples taken at various depths or from deeper 
contexts may also help. In addition, if diagnostic artifacts are 
recovered, radiocarbon dates can be compared to determine 
if the temporal framework corroborates the dates.

For recent occupations, calibration of radiocarbon dates 
is a challenge. Reported ages from the last ca. 300 years are 
difficult to interpret due to uncertainties in the calibration 
curve related to variations in atmospheric carbon ratios from 
natural and anthropogenic sources, and as such obtaining 
conventional and unambiguous calendar ages can be chal-
lenging (Taylor 1987). All radiocarbon samples produced 
for my study reported dates from the past ca. 300 years (Ta-
ble 2), and although calibration was possible for four of the 
samples, a fifth sample collected from in situ hearth deposits 
between 7-10 centimetres below surface (EkNk-3:C10), pro-
duced a reported age of “modern”. A second sample collect-
ed from the site from in situ hearth deposits between 20-25 
centimetres below surface produced an earlier date. Across 
the prairies, similar ages from the last ca. 300 years have 
been obtained from stone circle sites that had the benefit of 
diagnostic artifacts or additional radiocarbon samples to aid 
in confirmation of dates of occupation (Table 4). While bone 
and lithic tools/debitage were recovered from the sites ex-
cavated at Little Manitou Lake during my study, diagnos-
tic artifacts were not (Jollymore 2016). Future excavation 
of identified targets at these sites could help in this regard. 
The bone recovered during the study was not submitted for 
radiocarbon analysis due to funding constraints although it is 
now curated at the Royal Saskatchewan Museum and could 
be submitted for analysis in the future.

Site Province Sample 
type

Conventional 
14C age

Calibrated 
date

Sample 
depth (DBS)

Reference

DkMr-34 SK collagen 360 +/- 40 AD 1440-1640 0-10 cm Young and Markowski (2009)

EeNj-2 (Morris Church) SK charcoal 260 +/- 50
780 +/-50

AD 1181 ± 50 n/a Millar and Gromadko (1981:4) 
Kehoe and Kehoe (1968:31) 

CARD 2.1 (2016)

DjPm-44 AB collagen 100 +/- 90 AD 1660-1960 7-29 cm Van Dyke (1994:208)

DjOu-31 (SC3) (Forty Mile 
Coulee)

AB collagen 470 +/- 150 AD 1200-1850
AD 1900-2000

0-30 cm Brumley and Dau (1988:241)
Dau and Brumley (1987)

DjOu-60 (SC12) (Forty Mile 
Coulee)

AB collagen 320 +/- 60
modern

AD 1440-1670
AD 1780-1800

n/a

0-20 cm Brumley and Dau (1988:243)
Dau and Brumley (1987)

DlPb-13 (SC48) (Cranford East) AB collagen 310 +/-50 AD 1460-1670 10-20 cm Damkjar (2003)

EfOp-324 AB charcoal 275 +/- 80 AD 1400-2000 8-16 cm Adams (1978)
CARD 2.1 (2016)

Table 4. Stone circle sites on the Northern Plains dated to the Late Precontact and Protocontact periods (after Jollymore 2016:150). 
Data and reports were provided by the Saskatchewan Archaeological Resource Management Section and the Archaeological Survey 
of Alberta. The list of sites provided here is not exhaustive but is provided for comparative purposes only.
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7. Concluding remarks and future directions
Although there are challenges to contend with when em-

ploying magnetometry as an archaeological investigation 
tool, it is ideal for targeting subsurface testing at stone circle 
sites when conditions are favourable. This approach can help 
address research goals, as it can aid in the identification of 
hearths, other activity areas, and the recovery of organics for 
dating and seasonality of site occupation. This targeted test-
ing can also greatly reduce the impact to sites by minimizing 
disturbance and can reduce the amount of time needed for 
in-field excavations.

Further research and use of magnetometry to target sub-
surface investigations may refine its value in stone circle 
investigations. Many other targets were identified during 
the magnetometry surveys carried out at Little Manitou 
Lake that were not excavated and they are available for fu-
ture study (Section 4; Jollymore 2016). Evaluation of these 
magnetic anomalies could help to validate the results and 
further expand our understanding of how magnetometry can 
aid in stone circle investigation efficiency. Use of a hand-
held magnetic susceptibility instrument during excavations 
would allow for more precise delineation of hearths, partic-
ularly for hearth features that are visually poorly defined, 
for example, areas where dark soil and charcoal-stained soil 
can be difficult to differentiate. Dr. Gibson was designing a 
new magnetometer for use on the Northern Plains because 
he felt that commercially available instruments designed to 
find features such as ditches and buried buildings were not 
well suited for identifying more ephemeral features common 
to archaeological sites (Gibson 2017; Gibson and Damkjar 
2015). Further work on his project could prove valuable in 
mitigating some of the challenges discussed in this paper.
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