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With the publication of the 38th volume of the Archae-
ological Survey of Alberta Occasional Paper Series, the 
third since its revival in 2016, the series is into “the swing 
of things.” This volume offers a diverse array of high quali-
ty papers from contributors with academic, consulting, and 
government backgrounds, reflecting our broad-based com-
munity of practice.

This volume is dedicated to the memory of a dear mem-
ber of that community, Milton J. Wright. As noted by Jack 
Brink in his dedication, Milt was a much-loved member 
of the Archaeological Survey of Alberta (ASA) from the 
early 1980s until 1995. Milt studied and worked across 
this country making important contributions to archae-
ology and, latterly, forging partnerships with Indigenous 
nations on behalf of the Government of British Columbia. 
During his time at the ASA, Milt contributed four papers 
to the Occasional Paper Series, including overviews of 
several field seasons at Head-Smashed-In Buffalo Jump, 
a place near and dear to his heart. Always an innovative 
archaeologist with diverse interests, the range of topics in 
this volume is a fitting tribute.

Stone artifacts dominate the archaeological record in 
Alberta. So-called “diagnostic” artifacts tend to get the 
attention, for good reason, but important insights also 
come from the study of lithic raw materials. In the fourth 
installment in a series, Kristensen and colleagues discuss 
a silicified lignite called Knife River Flint (KRF) that 
originates in North Dakota and appears in archaeological 
sites across Alberta. Complementing the identification of 
toolstone materials, Allan offers an analytical approach 
to better understand stone tool manufacturing behaviour 
through the study of debitage platform characteristics.

Artistic and spiritual expressions are rare and signif-
icant in the archaeological record. In this issue Brink 

explores Indigenous rock art on the Glenwood Erratic, 
using sophisticated image enhancement to facilitate de-
scription of an important example of Vertical Series rock 
art on the Northern Plains. Peck and Chaput provide an 
analysis of the contents of the White Horse Cairn, one 
of the largest stone cairns in Alberta, comparing its rela-
tively large artifact assemblage with over 200 excavated 
cairns in the province. Giering provides a comprehensive 
overview of elk tooth pendants in the archaeological re-
cord of Alberta, including their distribution, methods of 
manufacture, and age and sex of the animals. Historical 
references provide insight into the use and significance of 
these unique artifacts.

New remote sensing technologies are offering amaz-
ing ways to document cultural resources and landscapes. 
Hamilton walks us through his considerable experience 
with Unmanned Aerial Vehicles, providing practical ad-
vice on what to consider and expect, and discusses a num-
ber of real-world applications at bison kill sites in Man-
itoba. Hvidberg and Dawson show the potential of 3D 
imaging techniques for documenting the vulnerable built 
environment using terrestrial LiDAR (laser scanning) and 
drone-based photogrammetry, resulting in detailed 3D 
models of the Perrenoud Homestead in southern Alberta. 
They go on to explore the challenges and opportunities in 
curating such datasets.

To round out this volume, Hudecek-Cuffe summarizes 
three years of excavation at a rare and important multi-
component site on the Snake Indian River in Jasper Na-
tional Park that contains Early, Middle, and Late Precon-
tact occupations. 

We expect this excellent volume to inspire readers to 
continue submitting papers for subsequent volumes, to 
keep this series swinging along.

Introduction
Eric R. Damkjara*

a Head, Archaeological Survey of Alberta, Alberta Culture and Tourism, 8820-112th St. NW, Edmonton, Alberta, Canada, T6G 2P8 
*contact: eric.damkjar@gov.ab.ca
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On November 15, 2017, Milt Wright died suddenly at 
the young age of 65. With his passing the archaeological 
community lost one of the early and much-loved mem-
bers of the Archaeological Survey of Alberta (ASA). 
Many younger archaeologists working in Alberta—most 
of the contributors to this volume—will not have met or 
known Milt. He left Alberta in 1995 to work in Aborig-
inal relations with the Government of B.C. But for the 
older members of the Alberta archaeological community 
Milt was an important, influential, and respected part of 
the ASA team; an association that he remained intensely 
proud of for the remainder of his life. 

Milt was born and raised in Ontario and became ac-
quainted with archaeology at an especially early age 
thanks, in part, to having an uncle (Jim Wright) who just 
happened to be one of the most prominent archaeologists 
in Canada. As early as his teens, Milt was already part of 
archaeology clubs and participating on digs. It seemed 
that he was genetically programmed to become an ar-
chaeologist. Milt completed undergraduate work in ar-
chaeology at McMaster University where he also earned 
his Master’s degree before entering the PhD program at 
Simon Fraser University. At about the same time, Jack 
Brink was looking for people to work with him on the 
very early stages of the Head-Smashed-In Buffalo Jump 
(HSIBJ) development project. By 1981 Milt was hired as 
a research archaeologist at the ASA. It was the beginning 
of a love affair for all involved. 

Development of the buffalo jump involved much land 
surface disturbance, all of which needed to be archae-
ologically inspected. During the summers of 1983 and 
1984 Milt was a member of the crews that tested and 
evaluated all areas of the site that were slated for de-
velopment. This work led to two thick volumes in the 

Manuscript Series publications of the ASA, with Milt as 
a co-author. Milt continued on with the excavations at 
HSIBJ through the summers of 1985 and 1986. By then, 
a public program of site excavation was underway, and 
research rather than impact mitigation became the focus 

Dedication: Milton (Milt) J. Wright
Jack W. Brinka*

a Royal Alberta Museum, 9810 103A Avenue, Edmonton, Alberta, Canada, T5J 0G2  
*contact: jwbrink@telus.net

Figure 1. Milt Wright at Writing-on-Stone Provincial Park (photo-
graph courtesy of Jean Hourston-Wright). 
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of the summer field work. Milt’s gregarious personality led 
him to excel at public archaeology; he was a great ambas-
sador for the Jump as well as for the Provincial Museum 
through his program, “Time Travellers,” a series of lectures 
and walking tours.

Milt also used his research time at HSIBJ to pursue top-
ics that fascinated him. Excavation of the remains of bison 
cooking from the Jump led Milt to explore the details of 
how boiling pits and different kinds of fuel (including bison 
dung) performed. His comprehensive experiments led to a 
lengthy report in one of the Manuscript Series publications, 
and also in a separate publication which he cleverly titled: 
“Le Bois De Vache: This Chip’s For You.” Thirty years later 
this work still holds up as one of the best studies of Plains 
pre-contact cooking. 

Although Milt’s background had been in the woodlands of 
Ontario, he was clearly in his element on the Great Plains. 
Milt loved the wide-open spaces, the wind and sun, the rug-
ged landscape, and the endless night skies. It is impossible 
to overstate how much fun it was to share a field camp with 
Milt. He was one of those rare magical people who manage 
to be entertaining company all the time. Milt was deeply 
committed to doing quality archaeology, yet just as passion-
ate about having fun once the digging ended. The evening 
beers would flow, Milt would sing every song ever written, 
and the crew was kept continually in stitches. Simply put: if 
you could not have fun with Milt Wright on your crew, you 
were legally dead. 

Following his fourth summer working at the Buffalo 
Jump Milt was still in a non-permanent position. By then 
he had married Jean Hourston-Wright and they were raising 
two young daughters, Caitlin and Brianna. Milt was looking 
for a full-time job, and in 1987 he successfully competed 
for a position as a staff archaeologist at the ASA. For the 
next eight years Milt served as the regional archaeologist 
for the northwest part of the province. 

Milt made many important contributions to Alberta ar-
chaeology as a regional staff member for the ASA. Chief 
among these was the contacts he made with the avocational 
community in the northwest part of the province. Milt had 
a gift for becoming quick friends with collectors and ama-
teur archaeologists. The Peace / Grand Prairie region of the 

province has some of the most extensive and undocumented 
artifact collections in all of Alberta. Milt spearheaded the 
first systematic recording of these collections. Through an 
initiative called Peace Past, Milt directed two summer stu-
dents to visit numerous collectors in the Peace country, re-
cord and photograph their artifact collections, and produce 
a written and illustrated report. More than 25 years later this 
study remains valuable and, in many cases, is still the only 
record of Peace region artifact collections. For posterity, an 
original report, photographs and negatives are curated in the 
South Peace Regional Archives, Grande Prairie. 

Milt almost single handedly created a new chapter of 
the Archaeological Society of Alberta based in the Peace / 
Grand Prairie region. Through his contacts with collectors, 
and with the help of a few key individuals including Morris 
Burroughs, Greg Donaldson, and Guy Ireland, a new chap-
ter of the Archaeological Society was incorporated on May 
25, 1990. For more than a decade this chapter initiated many 
local projects including surveys around Grande Prairie, the 
Birch Hills, Saskatoon Mountain, and chapter-led digs at 
the Trudel Cache and the Zahara site. None of this would 
have happened without Milt taking a leading role. His ex-
cavations at the 9,000 year old Saskatoon Mountain site in 
1991, a joint field school project with the University of Al-
berta, captured local interest and contributed significantly to 
an understanding of the prehistory of the Grande Prairie re-
gion. The Archaeological Society was very involved in this 
research. When the chapter dissolved in 2001, it was due, 
in no small part, no doubt, to Milt’s departure from Alberta. 

Milt was a key member of the Archaeological Survey 
of Alberta during its early-middle years. He was funny, 
outrageous, irreverent, dedicated, hard working, talented, 
resourceful, welcoming, warm, generous, and as loyal a 
friend as you could hope to have. Physically a big powerful 
man, he was more likely to crush you in a bear hug than to 
shake your hand. Most tellingly, Milt was universally liked 
by every single person who ever met him. His passing was 
commemorated by an overflow crowd of family, friends 
and colleagues in Victoria in December 2017. Although he 
had not been active in Alberta archaeology for some years, 
Milt remained a dearly loved friend to all those who had 
the pleasure to know and work with him. His contributions 
to our discipline are secure. This volume of the Occasional 
Paper series is dedicated to his memory. 

©2018 Her Majesty the Queen in Right of Alberta
OCCASIONAL PAPER NO. 38 (2018) ISBN: 978-1-4601-3817-5
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1.  The Alberta Lithic Reference Project
A lack of published references about precontact lithic 

materials (toolstones) in Alberta has led to inconsistent 
identifications. This is the fourth in a series of articles 
(Kristensen, Andrews, MacKay, Lynch Duke, Locock, 
and Ives 2016; Kristensen, Morin, Duke, Locock, 
Lakevold, Giering, and Ives 2016; Kristensen, Turney, 
Woywitka, Tsang, Gingras, Rennie, Robertson, Jones, 
Speakman, and Ives 2016) that focuses on the identifica-
tion of raw materials used to make stone tools; the cur-

rent article explores Knife River Flint (KRF) artifacts in 
Alberta. We hope these articles spur new research agen-
das and help answer questions about the province’s past.

2.  Introduction: Knife River Flint
The study of KRF artifacts and quarries has a long his-

tory in the Dakotas (Wedel 1961; Clayton et al. 1970; 
Ahler 1986; Root 1997). Crawford (1936) was the first to 
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ABSTRACT 
This article is the fourth in the Alberta Lithic Reference Project series, the goal of which is to assist the identification 
of raw materials used for precontact stone tools in the province. Each article focuses on one raw material; the current 
article discusses a silicified lignite called Knife River Flint (KRF) that originates in North Dakota and appears in 
archaeological sites across Alberta. Local materials, including chalcedony, silicified peat/petrified wood, and trans-
lucent chert, can be mistaken for KRF: we describe macroscopic and microscope qualities of these materials with an 
accompanying photograph library to assist identification. Instrumental Neutron Activation Analysis (INAA), X-ray 
diffraction analysis, and UV imaging were conducted to assess the feasibility of these methods for distinguishing KRF 
from local materials. INAA (utilizing elements determined from short-lived radionuclides) and both shortwave and 
longwave UV irradiation are of limited utility for distinguishing KRF from local chert, chalcedony, and silicified peat/
petrified wood. X-ray diffraction helps establish the mineralogy of KRF but cannot distinguish it from silicified peat/
wood, chalcedony, and chert. A combination of techniques improves the reliability of raw material identification but 
KRF so closely resembles other materials in terms of macroscopics, microscopics, and geochemistry that conclusively 
demonstrating provenance remains problematic.  

KEYWORDS
Knife River Flint (KRF), chalcedony, chert, lignite, petrified wood, silicified peat, Instrumental Neutron Activation 
Analysis (INAA), Northern Plains
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publish descriptions of KRF and its quarries. By the 1980s, 
it was estimated that 12.5 million kilograms of KRF had 
been quarried in precontact times from 29 main pits in a pri-
mary source area spanning 2000 square kilometres in Dunn 
and Mercer Counties of North Dakota (Ahler 1986:105). 
This material is thought to have been used for the produc-
tion of roughly 640 million tools/cores, examples of which 
encompass a spatial extent of 3.7 million square kilome-
tres in North America (Ahler 1986:105). Figure 1 outlines 
the primary source area and extent of naturally transported 
KRF pebbles and cobbles. The chronology of KRF utiliza-
tion in Alberta mirrors that in North Dakota, with evidence 
of relatively continuous use from Clovis to protohistoric 
times (Root 1997; Dawe 2013). 

KRF has been described as a chert (VanNest 1985), chal-
cedony (Wedel 1961:160; Evilsizer 2016), flint (Clayton 
et al. 1970; Root 1992), and silicified peat/lignite (Hick-
ey 1977). Chalcedony is fine-grained (microcrystalline to 
cryptocrystalline) quartz, and commonly has a fibrous tex-
ture at a microscopic scale. Frondel (1962:219-221) states 
of flint and chert that there is no sharp mineralogical dis-
tinction between the two, and the principal (and usually the 
only) constituent in chert and flint is chalcedonic (fibrous) 
silica consisting of randomly inter-locking grains of micro-
crystalline granular quartz. Chert is a sedimentary rock that 
usually forms through biochemical means when siliceous 
skeletal material of marine organisms dissolves and precip-

itates in beds. Chert can also form via precipitation of sili-
ca in rock voids (e.g., limestone) or by replacement, when 
silica-rich fluids percolate through organic material (like 
wood or peat) and the silica replaces carbon-based matter. 
Smith (1998) notes that, in general, chert is best applied as 
a rock term while chalcedony is better applied to miner-
alogical texture. Flint is essentially synonymous with chert 
although, in the literature, flint is often reserved for dark 
varieties of chert (Bates and Jackson 1987:114). Lignite is  
low grade coal formed from compressed peat. Therefore, 
flint, silicified peat/petrified wood, and silicified lignite are 
varieties of chert, while chalcedony is a textural variety of 
quartz that can be a major constituent of chert. The use of 
chalcedony as a term to describe a rock type is deeply im-
bedded in the literature; for the current paper, we also use 
the term chalcedony as a rock type to refer to a very uniform 
and translucent chert.    

Terminology aside, KRF is a relatively uniform, cryp-
tocrystalline, silica-rich sedimentary rock with some bed-
ding planes and plant fossils that generally do not inhib-
it high quality conchoidal fracturing (Ahler 1986). Visual 
similarities to other materials, like local chalcedony and 
chert, were noted early in descriptions of KRF (Clayton et 
al. 1970), and much attention has been paid to distinguish-
ing them (Julig et al. 1992; MacDonald 1998; Kirchmeir 
2011), although confusion remains. In Alberta, KRF can be 
mistaken for local chert, chalcedony, and silicified peat/pet-
rified wood (Kirchmeir 2011).

Wettlaufer (1955) was among the first to publish an iden-
tification of KRF in western Canada while Wormington and 
Forbis (1965) were the first to formally describe KRF in 
Alberta archaeological sites. They noted a particular abun-
dance of KRF associated with Paleoindian Period material 
(Wormington and Forbis 1965:186), and this observation 
has persisted in subsequent archaeological literature (e.g., 
Tolman 2001:104; Dawe 2013:155). A second resurgence 
of KRF in Alberta occurs during some Besant/Sonota oc-
cupations several thousand years later (Gruhn 1969; Gra-
ham 2014). The relatively continuous, if sparse, use of KRF, 
punctuated by peaks of utilization, has made this exotic ma-
terial of great interest for archaeologists in the province. 

The objectives of the current article are to build on pre-
vious attempts to distinguish KRF from local Alberta ma-
terials using microscopic, macroscopic, and UV analyses 
(Kirchmeir 2011), supplement these techniques with In-
strumental Neutron Activation Analysis (INAA) and X-ray 
diffraction (XRD), and provide a brief summary of KRF 
occurrences in Alberta. XRD indicates that the mineralo-
gy of KRF is not distinct from similar appearing materials, 

Figure 1. KRF source area and bedrock geology of North America (bed-
rock geology data from USGS 2015). The ‘major outcrop of KRF’ corre-
sponds to the primary source area noted by geologists and archaeologists 
(Clayton et al. 1970; Ahler 1986). 
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with the exception of petrified wood, and quartz crystallini-
ty indices support assertions that KRF is a fine-grained sili-
ca-dominated material that most closely resembles silicified 
peat. We conclude that INAA, using short-lived radionu-
clides, cannot effectively highlight geochemical clusters to 
distinguish KRF from materials of similar appearance. Our 
UV experiments suggest that some KRF fluoresces under 
long and shortwave radiation, as does some silicified peat 
and chalcedony. Because some KRF does not fluoresce, UV 
fluorescence alone is not a reliable indicator of the material. 
Despite identification issues, most KRF recorded in Alberta 
is likely accurately identified, particularly larger tools (as 
opposed to debitage), because of the macroscopic distinc-
tiveness of the material in large specimens, chronological/
spatial patterns of its use in Alberta’s archaeological record, 
and the simple fact that most local look-a-likes occur in 
small nodules that are unsuitable for large tool production. 

3.  Geographic distribution of KRF outcrops
The following summary of distribution and geologic ori-

gins of KRF are derived largely from Clayton et al. (1970) 
and Ahler (1986). All known natural occurrences of KRF 
are from secondary contexts because the original bedrock 
outcrops have since eroded. KRF formed within the Eocene 
age Golden Valley Formation, now largely removed by Late 
Cenozoic erosion. The primary source area spans 70 by 40 
kilometres (Figure 1) and contains all of the roughly 30 KRF 
precontact quarry site complexes (clusters of quarry pits). 
Nodules of KRF (up to 50 centimetres in diameter) harvest-
ed by precontact people in this area were likely found in 
re-worked alluvial, slopewash, and residual lag gravels of 
Pleistocene age (Clayton et al. 1970). Ahler (1986) notes 
that the surface and shallow subsurface context of nodules 
in easily excavated silts and sands (Figures 2 and 3) are one 
of the main reasons why KRF was so heavily utilized in the 
past. Beyond the primary source area, KRF occurs in cobble 
and pebble sizes in fluvial deposits, and possibly glacial-
ly-derived gravels, that span from eastern Montana down 
the Missouri River to northwest Iowa (Figure 1).  

4.  Geological origins of KRF 
Knife River Flint is thought to have formed within a hard 

siliceous bed bounded by clay, silt, sand, sandstone, and 
chert in the Golden Valley Formation that, at one time, rest-
ed above silt, sand, clay, and lignite beds of the Sentinel 
Butte Formation (Clayton et al. 1970). On the basis of pe-
trographic evidence of alternating bedding planes and flat-
tened detrital plant fossils, Clayton et al. (1970) argue that 
KRF is a silicified lignite. Hickey (1966:64-5) previously 
suggested that the hard siliceous bed was originally lignite 

Figure 2. KRF cobbles from North Dakota. Images (from top to bottom)
courtesy of Jack Ives, Scott Crawford, University of Iowa Office of the 
State Archaeologist, and the Archaeology and Historic Preservation Di-
vision, State Historical Society of North Dakota. 
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on the grounds of high carbon content, plant matter, a lack 
of detrital mineral grains, and direct proximity to unsilici-
fied lignite. Silica may have leached into underlying lignite 
from lateritic soils early in the Oligocene (silicification is a 
process whereby silica in solution fills the cavities of other 
parent materials and effectively cements grains together). 

Thorough silicification of lignite (which lacks coarse 
grains) produced a uniform, non-porous material with excel-
lent conchoidal fracturing properties. Lower grades of KRF 
do however have bedding planes that would limit knapping. 
Faint plant fossils frequently occur as milky patches in high 
quality KRF but they do not limit the material’s workability.  

Clayton et al. (1970) note that brown colour variations 
of KRF are due to fine-grained organic material. Dark and 
light brown mottling is thought to derive from the presence 
of chalcedony or agate (banded chalcedony) that has filled 
cavities within KRF. A distinct difference is noticeable be-
tween KRF cortex, which can form up to a 5 millimetre thick 
rind on nodules (Figure 2), and a thinner patina that forms 
on more recently fractured surfaces. A spectrum likely links 
the two but the younger patina generally appears to extend 
into the surfaces of KRF (VanNest 1985), while thicker and 
older cortices appear to involve accretional layers. 

The geological formation processes and subsequent ero-
sion of KRF have implications for the nature of precontact 

quarrying. KRF was harvested as isolated cobbles (not from 
bedrock outcrops), which may have enhanced its workabil-
ity; rather than having to remove material from thick beds, 
high quality KRF was available in ideally sized nodules that 
often contained amenable angles for immediate reduction. 
While all nodules were recovered from secondary contexts, 
the density of knappable KRF was often quite high. For 
example, Ahler (1986) estimated that over 18 kilograms 
of usable KRF were recovered from 1 cubic metre in the 
32DU508 KRF quarry. In addition, the in situ occurrence of 
cobbles in loose Quaternary sediments presented little bar-
rier to quarrying with precontact implements. Ahler (1986) 
estimated on the basis of disturbed sediments and limits of 
precontact digging that the 32DU508 KRF quarry contained 
roughly 234,500 kilograms of useable KRF. 

KRF quarry pits are on average 6 metres in diameter by 
1 metre deep with a maximum diameter of about 20 metres 
and maximum depth of approximately 2 metres (Clayton et 
al. 1970) (Figure 4). Within the roughly 30 recorded quarry 
pit complexes, the density of individual pits can approach 
7500 pits per square kilometer (75 pits per hectare). Clay-
ton et al. (1970) analyzed pit density via aerial photographs 
and combined these data with geological field research to 
estimate that 28,000 cubic metres of KRF have been quar-
ried in precontact times, making it one of the most heavily 
utilized stones from a defined localized area in precontact 
North America. 

Figure 3. KRF nodules are most commonly found in eroded secondary contexts in which angular to sub-rounded cobbles have been transported short 
distances from bedrock outcrops that no longer exist. Left and top right image courtesy of David McDonald. Bottom right image courtesy of the Ar-
chaeology and Historic Preservation Division, State Historical Society of North Dakota.
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5. Identification of Knife River Flint

5.1 Macroscopic features of Knife River Flint
Knife River Flint is described as a very dark brown, fine-

grained, and translucent stone that often exhibits diffuse 
mottling (Clayton et al. 1970; Ahler 1986:3). A distinctive 
feature in most specimens is the presence of lenticular and 
opaque yellow to white splotches from 1 to 10 millimetres 
in diameter (Figure 5). The colour is commonly referred to 
as “root beer-”, “beer bottle-” or “coffee-” brown (Clark 
1984:175; Ahler 1986:3; Gregg 1987). We note that while 
these colour varieties may be most prevalent in the Dako-
tas, artifacts described as KRF in Alberta often sit at the 
lighter colour end of the KRF spectrum. That is, Alberta 
KRF artifacts retain the characteristic splotches but are of-
ten ‘honey-brown’ (Figures 6 and 7). Colour varies with 
transmitted light, which is closely related to thickness, so 
Alberta artifacts may appear lighter on average because a 

greater proportion of KRF in the province occurs as highly 
curated tools or late stage reduction debris. Related to this 
is the description of low quality KRF having visible irreg-
ular bedding planes and detrital plant debris (Gregg 1987), 
which is relatively rare in Alberta specimens classified as 
KRF, presumably because low quality KRF was not trans-
ported to the province.

Unmodified nodules of KRF are often dull in lustre while 
freshly fractured surfaces tend to be waxy (Clayton et al. 
1970). This may relate to patination processes or human 
handling (VanNest 1985). KRF develops a distinctive white 
patina, typically from 0.3-0.7 millimetres thick (Figure 8), 
that imparts a waxy lustre. It is thought to be a subtractive 
process of desilicification influenced by water and tempera-
ture (as they relate to the solubility of silica). Because of 
the influence of local conditions on patinas (e.g., soil pH), 
attempts to assign rough chronologies to specimens from 
multiple sites on the basis of patina development have been 
of limited success. When Cody Complex projectile points 
(e.g., Scottsbluff and Alberta) of KRF are encountered in 
Alberta, it is common that one side is heavily patinated, 
while the other remains unpatinated, suggesting that orien-
tation in the ground has a strong influence on patina devel-
opment (Figure 8). 

Cortex is rarely found on Alberta KRF artifacts but, when 
present, is cream to white in colour and can be a few mil-
limetres thick. In the Dakotas, cortex commonly contains 
plant fossils, which led early geologists to suggest that the 
material was a silicified peat or lignite (Clayton et al. 1970).

Although raw KRF is of sufficiently high quality for flint-
knapping, some specimens bear evidence of heat treatment, 
presumably to improve flaking characteristics (Ahler 1983). 
Heat-treatment in the range of 225-250 degrees Celsius in-
creases lustre (or makes it more greasy in lustre), decreases 
translucency, exaggerates ripple marks, and tends to pro-
duce darker browns and blacks with reddened cortex (Root 
1992:26). We note that KRF nodules can turn milky grey 
with heat treatment, and overheating can turn artifacts light 
grey or black. 

5.2 Microscopic features of Knife River Flint
Under magnifications of 10-50X, KRF appears uniform 

and translucent with well-preserved impact fracture scars 
produced during flintknapping (Figures 6 and 7). The or-
ganic origins of KRF are detected most clearly under high 
powers of magnification and in thin section where parallel 
layers are visible (Figure 9). Interspersed among layers are 
occasional faint traces of plant microfossils.  

Figure 4. LiDAR maps (a type of radar imagery that removes vegetation) 
of KRF quarry pits in Dunn County, North Dakota (LiDAR data courte-
sy of the North Dakota Geological Survey, 2017). The ‘pock marks’ are 
predominantly precontact quarry pits.  
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Figure 5. A representative sample of Knife River Flint projectile points from Alberta (specimens 1-4 are from the Smith-Swainson collection in central 
Alberta). Specimen 1, H72.7.721 from FeOw-1 (Royal Alberta Museum, Edmonton, Alberta); Specimen 2, H72.7.680 from FeOw-1 (Royal Alberta 
Museum, Edmonton, Alberta); Specimen 3, H72.7.677 from FeOw-1 (Royal Alberta Museum, Edmonton, Alberta); Specimen 4, H72.7.666 from 
FeOw-1 (Royal Alberta Museum, Edmonton, Alberta); Specimen 5, uncatalogued from private collection in central Alberta (courtesy of Jack Ives). 

Figure 6. A KRF corner-notched point from the Smith-Swainson col-
lection (H72.7.676) from FeOw-1 (Royal Alberta Museum, Edmonton, 
Alberta). The material is uniform and translucent. KRF preserves clear 
remnants of flake terminations and impact scars. Beneath the surface are 
white or cream discolourations that may be plant microfossil remnants.  

Figure 7. A KRF corner-notched specimen from the Smith-Swainson 
collection (4.72.716) from FeOw-1 (Royal Alberta Museum, Edmon-
ton, Alberta). KRF varies from dark brown to orange brown and blonde 
(Ahler 1986). Most KRF artifacts in Alberta are between light brown and 
‘root beer brown’. 
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5.3 Similar materials to Knife River Flint
On a macroscopic level, KRF can closely resemble local 

chert and chalcedony (Figures 10 to 12). Chert nodules that 
formed via precipitation lack the bedding planes visible in 
KRF. Chert that formed via sedimentation may have visible 
planes but is generally opaque, as are many of the Montana 
cherts, which can otherwise resemble the mottling of KRF 
(Figure 10).

Archaeologists in Alberta have noted a visual overlap 
of KRF and Hand Hills Chert/Agate (HHC/A) found in 
pebbles and cobbles east of Drumheller in central Alberta 
(Kirchmeir 2011). Despite archaeological interest (Kirch-
meir 2011), there is very little evidence that the scattered 
lag chert/agate gravels in Hand Hills were utilized. Existing 
raw material nodules are generally quite small and friable 
while archaeological sites in the Hand Hills themselves are 
dominated by non-chert/agate materials (e.g., quartzite). 
Kirchmeir (2011) notes that HHC/A does not fracture as 
uniformly, and lacks the edge translucency, of KRF. This 
is confirmed by thin section analysis of HHC/A (Figure 
9). Because of the limited utility of HHC/A, we argue that 
the likelihood of misidentifying KRF artifacts as HHC/A 

or vice versa is very low. However, Pleistocene gravels in 
many of Alberta’s valleys contain chert cobbles and while 
the percentage of those that are uniform, translucent, and 
brown is exceedingly small, it is likely that particularly 
small debitage of local chert could be mistaken for KRF. 

Chalcedony (properly a mineral species but used here for 
the sake of convention to refer to a very uniform and trans-
lucent chert) can be distinguished under microscope by a 
distinctive fibrous crystal structure that imparts a waxy lus-
tre (Figures 11 and 12). This is particularly visible in thin 
section under cross polarized light (Figure 9). However, we 
concur with Kirchmeir (2011:89) who suggests that up to 
half of the brown chalcedony flakes in Alberta may be mis-
identified as KRF because of a reliance on misleading mac-
roscopic qualities. Even microscopic examination of small 
debitage can fail to yield diagnostic traits to distinguish be-
tween local brown chalcedony and KRF.  

Petrified wood is quite a common toolstone in Alberta and 
can be mistaken at a glance for KRF, especially if flakes are 
thin. However, petrified wood has regularly, and relatively 
widely, spaced bands or wood grain orientations represent-
ing former tree growth rings (Figures 13 and 14). Preserved 

Figure 8. A comparison of patination in Paleoindian Period material from northern Alberta. Specimens 1 and 2, uncatalogued from private collection 
near Boyle (courtesy of Don Alexander); Specimens 3, 7, and 8, uncatalogued from private collection near Westlock (courtesy of Max Weise); Spec-
imens 4 and 6, uncatalogued from private collection near Neerlandia (courtesy of Russell Fisher); Specimen 5, 68.17.19 from the Peace River area, 
Peace River Museum.
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Figure 9. Thin section comparisons under normal (left) and cross polar-
ized light (right). The top two specimens (A and B) are raw KRF from 
North Dakota quarries. Specimen C is petrified wood, D is silicified peat, 
E is Hand Hills Chert/Agate, and F is chalcedony. Note the faint bedding 
planes of KRF most visible in cross polarized light. Bedding planes of 
petrified wood are regularly spaced while those of silicified peat are ir-
regular (the circular feature in specimen D may be a plant stem).  

Figure 10. A Montana chert corner-notched point (no catalogue number) 
from the June Picotte collection near Medicine Hat, southeast Alberta. 
Chert is generally opaque and often bears fossil inclusions or impurities.  

Figure 11. A small corner-notched specimen of brown chalcedony (no 
catalogue number) from the Amy Zelmer collection near Nanton in 
southern Alberta (courtesy of Cam Gardner). Chalcedony often has a 
distinctly waxy lustre with a higher degree of translucency than KRF.  

Figure 12. A chalcedony triangular point blade (no catalogue number) 
from the June Picotte collection near Medicine Hat, southeast Alberta. 
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growth rings seemingly influenced flintknapping because 
petrified wood artifacts are more commonly riddled with 
step fractured flakes, while the uniformity of KRF produced 
near ubiquitous feather terminations of flakes. Across the 
province, petrified wood is rarely as uniform or transparent 
as KRF. KRF has characteristically random orientations of 
organic material in comparison to the parallel patterns of 
petrified wood visible under microscope.

Silicified peat also occurs in Alberta and is perhaps the 
most difficult material to distinguish from KRF. Based on 
our experience with brown, silicified peat, it is generally 
opaque and lacks the large, diffuse white splotches of KRF 
(Figure 15). However, local silicified peat can exhibit band-
ing patterns, plant fossil remnants, and degrees of grain-size 
uniformity that so closely mimics KRF that geochemical 
means may be the only way to differentiate them.

Beyond Alberta, flint from South Dakota’s Black Hills 
resembles KRF but can be distinguished by texture, appear-
ance, and different patinas (Frison 1982:176). Little has 
been published about distinguishing features so it is possi-
ble that artifacts in Alberta made of Black Hills flint could 
be mistaken for KRF. Julig et al. (1992) noted that Hud-
son Bay Lowland Chert in Ontario can be indistinguishable 
from KRF. Other materials that could be confused for KRF 
include Antelope Chert and Rainy Butte Silicified Wood in 
the Dakotas (Ahler 1977; Loendorf et al. 1984). Figures 5 
to 16 will hopefully assist the determination of raw material 
types. It should be cautioned that, because of the variability 
of KRF and similar appearing materials, confident assign-
ments of some specimens may not be possible using macro-
scopic and microscopic methods. 

5.4 Ultraviolet Light Program 

5.4.1 Methodology
Toolstones have been subjected to ultraviolet (UV) light 

analyses with the assertion that KRF fluoresces in a unique 
way (MacDonald 1998; Kirchmeir 2011; Evilsizer 2016). 
According to shortwave UV analyses performed by Kirch-
meir (2011), unmodified KRF cobbles with cortex fluoresce 
orange, flake scars on cobbles fluoresce yellowish-grey, and 
some patinated surfaces fluoresce orange while fresh flakes 
fluoresce light yellowish-grey, and heat-treated KRF fluo-
resces white. Kirchmeir noted that chalcedony, Hand Hills 
Chert/Agate, and silicified wood were essentially non-fluo-
rescent although differences in fluorescence could be subtle. 
Trials to identify KRF among similar appearing materials 
yielded success rates as high as 94% when UV irradiation, 
macroscopic, and microscopic characteristics were exam-
ined in combination (Kirchmeir 2011).

Figure 13. A small petrified wood side-notched point (no catalogue num-
ber) from the June Picotte collection, southeast Alberta. Petrified wood 
is distinguished by the regularity of internal planes (annual growth rings) 
that impart a platy structure and often produce step fractures.  

Figure 14. A petrified wood side-notched point (no catalogue number) 
from the June Picotte collection near Medicine Hat, southeast Alberta. 

Figure 15. A silicified peat side-notched point (no catalogue number) 
from the June Picotte collection. Silicified peat can be distinguished from 
petrified wood by the irregularity of fossil inclusions (which can also 
occur in KRF). Silicified peat is more opaque compared to KRF.  
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Published photographs of UV fluorescence of KRF are 
rare; to illuminate the potential utility of this method for dis-
tinguishing KRF from other materials, we performed a small 
UV experiment on projectile points representing a range of 
time periods from Alberta (the Royal Alberta Museum and 
private collections), natural cobbles of KRF from North Da-
kota quarries, and natural cobbles of chert and silicified peat 
from Alberta. Approximately 50 KRF specimens (based on 
the identification of characteristic splotches, texture, patina, 
translucency, bedding planes, and colour) were selected for 
analysis, and at least 15 of each of the other lithic materi-
als were analyzed. A large number of points were selected 
from the Smith-Swainson collection (FeOw-1, FeOw-2, 
and FeOw-3) where an unusually high proportion (roughly 
three quarters) of projectile points (over 150) are made of 
KRF. The chosen KRF specimens represent light and dark 
colour variations and several specimens are either patinated 
or partially covered by cortex. 

A handheld UV lamp capable of emitting shortwave (260 
nanometres) and longwave radiation (310-400 nanometres) 
was used to illuminate specimens on a matte black surface 
in a dark room. A Pentax digital SLR camera was used for 
imaging in both artificial visible (‘normal’) and UV light 
(images unfiltered). Our efforts focused on assessing rel-
ative fluorescence of different materials and the range of 

variation exhibited by the same material type. The colour 
and intensity of fluorescence was recorded when specimens 
were exposed to UV shortwave and longwave radiation. 
Fluorescence under both forms of radiation produced es-
sentially the same colour, but longwave radiation was more 
vibrant and better highlighted differences in raw materials, 
so all UV images in the following figures represent long-
wave UV exposure.  

5.4.2 Ultraviolet Light Results and Significance
Results suggest that KRF fluorescence ranges from high 

to low intensity and from vibrant orange, orange-yellow, 
yellow-grey, to black or no fluorescence. The spread of 
KRF fluorescence observed in our analyses is presented in 
Figure 17. The upper three rows of artifacts represent high 
to moderate orange fluorescence with subsequent rows rep-
resenting progressively lower intensities and a shift to more 
yellow-grey colouration. The artifacts in the bottom row 
are essentially non-fluorescent. While a portion of KRF is 
non-fluorescent (roughly 15 percent), some degree of fluo-
rescence was typical of KRF and the orange to orange-yel-
low colouration was the most common (roughly 70 percent). 

Figure 18 depicts the fluorescence of non-KRF materi-
als. Chert and petrified wood fluoresce the least (HHC/A 

Figure 16. Microscope images of the variabilities of Knife River Flint and similar appearing materials.
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did not fluoresce). Silicified peat artifacts were selected on 
the assumption that KRF grades into silicified peat, with 
the primary distinguishing features of silicified peat being a 
more cloudy, opaque appearance with stronger evidence of 
bedding planes. Owing to the presumed similarity in forma-
tion processes and parent materials, silicified peat emitted a 
comparable range of fluorescence to KRF (roughly 80 per-
cent of silicified peat fluoresced orange or orange-yellow). 
Chalcedony had the greatest variety of fluorescence (colour 
and intensity) including a vibrant orange similar to KRF. 

Cobbles in Figure 19 highlight the variability of fluores-
cence within specimens of KRF, silicified peat, and chert 
and the effect of weathering. KRF flakes in the upper pan-
el of Figure 19 were chipped off of the adjacent piece and 
clearly show a cross-sectional progression from a weath-
ered orange surface to a non-fluorescent core. Larger cob-
bles of KRF and silicified peat also show intense orange flu-
orescence on weathered surfaces relative to non-fluorescent 
interiors. In contrast, the chert cobble in Figure 19 is weath-
ered on all sides and exhibits only minor fluorescence. 

Figure 17. A comparison of KRF flint projectile points from Alberta under artificial visible (‘normal’) light (left) and 
longwave UV light (right).
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Two KRF artifacts in the left central panel of Figure 20 
retain portions of cortex. The inverse is observed in these 
specimens compared to natural cobbles: the cortex is 
non-fluorescent and the flaked portions display a vibrant 
orange. Patina on the Alberta point in the uppermost left 

panel of Figure 20 appears to obscure a moderate orange 
fluorescence that appears on the unpatinated side of the arti-
fact. The relationship between degree of weathering, patina/
cortex, and intensity of KRF fluorescence therefore appears 
to be variable. 

Figure 18. A comparison of projectile points in Alberta made of materials resembling KRF under artificial visible (‘normal’) light (left) and 
longwave UV light (right). Preliminary results suggest that silicified peat and chalcedony can fluoresce in a manner similar to that of KRF. 
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Inherent geochemical and/or microfossil variability of 
raw materials may contribute to inconsistent fluorescence 
within the same specimen, such as the orange patches in the 
lower corners of artifacts in the left central panel of Figure 
20. The notched KRF point in the right panel of Figure 20 

is highly fluorescent but contains variable patches of fluo-
rescence related to white inclusions that are characteristic of 
KRF. This exaggerated fluorescence may be similar to the 
UV processes that enhance banding patterns, like those of 
petrified wood (Figure 18).  

Figure 19. Nodules of KRF from quarries in Dunn County display widely variable fluorescence patterns, even within specimens (top six images). A 
nodule of silicified peat from Alberta appears to contain plant fossils that fluoresce while a chert nodule from southern Alberta displays very mild fluo-
rescence that appears to be related to its cortex. 
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In summary, UV irradiation can be a valuable supplement 
to macroscopic and microscopic features for KRF identi-
fication, but it should not be a standalone technique. We 
reiterate observations by Kirchmeir (2011) concerning the 
utility of fluorescence; however, we note greater variability 
in fluorescence patterns. KRF and similar appearing materi-
als, particularly chalcedony and silicified peat, can similarly 
fluorescence while great variation exists between KRF ar-
tifacts and within specimens. Weathering (patinas vs. corti-
ces) should also be considered when performing UV analy-
ses as these can enhance or obscure fluorescence.  

5.5 X-ray diffraction program

5.5.1 Methodology
X-ray diffraction was performed to compare minerologies 

of six specimens including: 1) KRF from a North Dakota 

quarry; 2) patinated KRF from a North Dakota quarry; 3) 
chalcedony from Alberta; 4) Hand Hills Chert/Agate from 
Alberta; 5) petrified wood from Alberta; and 6) silicified 
peat from Alberta. X-ray diffraction patterns were acquired 
on finely powdered samples using Bragg-Brentano parafo-
cussing reflection geometry with a Rigaku Ultima IV θ-θ 
diffractometer that has a goniometer radius of 285 milli-
metres and a Co X-ray source (Kα 1.78899 Å) operated at 
38 kilovolts and 38 milliamperes. A fixed divergence slit of 
0.67 degrees, and a 10 millimetre height limiting slit were 
used in the path of the incident beam. Soller slits of 5 de-
grees, an anti-scatter slit of 2 degrees, and an iron-foil filter 
were used in the path of the diffracted signal. The detector 
was a 1D silicon strip (D/tex Ultra). Each diffraction scan 
was run from 5 to 90 degrees 2θ in continuous mode with a 
step size of 0.02 degrees 2θ, and a count time of 0.6 seconds 
per step. The diffraction patterns were interpreted with the 

Figure 20. KRF displays a wide spectrum of fluorescence under longwave UV light. Preliminary results suggest that patination hinders fluorescence 
(top left images). The set of artifacts of KRF at middle left display distinct internal variability of fluorescence with some small patches that glow orange. 
The specimen at right exhibits a particularly strong fluorescence linked to its cream mottling or splotches. 
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use of the software package JADE (version 9.5.1, produced 
by MDI) and both the ICSD 2015 database (FIZ Karlsruhe) 
and the PDF-2 Release 2013 database (ICDD). Quartz crys-
tallinity indices (mainly a measure of crystallite size of the 
quartz) were generated following procedures of Murata 
and Norman (1976) and compensated for the use of cobalt 
X-radiation (rather than copper X-radiation). Raw materials 
with high quartz-crystallinity indices (approaching the pro-
cedural maximum of 10) are generally dominated by larg-
er crystallites while low crystallinity indices (approaching 
zero) indicate very small crystallites. 

5.5.2 X-ray diffraction results and significance
XRD patterns of KRF indicate that it is dominated by 

cryptocrystalline quartz with minor amounts of moganite, 
as are the silicified peat, Hand Hills Chert/Agate, and chal-
cedony (Figure 21). The mineralogy of KRF is not distinct 
from similar appearing materials, with the exception of pet-
rified wood that appears to lack moganite. Quartz crystal-
linity indices support assertions that KRF is a fine-grained 
silica-dominated material, which explains its workability, 
although it is not as fine-grained as local chert or chalced-
ony. Quartz-rich materials with extremely low crystallinity 
fracture in a predictable fashion because of the unhindered 
transmission of conchoidal impact waves. However, artifact 
edges of these materials tend to be relatively brittle (like 
obsidian), which requires more regular maintenance and/or 
limits the repeated utility of tools to low impact tasks. In gen-
eral, materials with high quartz crystallinity indices (such as 
quartzite), are predictably more difficult to flintknap, but the 
edges are more durable and can sustain high impacts, hence 
the use of these materials in tools for tasks like chopping, 
grinding, and butchering (e.g., Frison 2004:59). While sam-
ple sizes are quite small, KRF may exhibit a comfortable 
medium: the material’s microscopic structure is sufficiently 
fine-grained to permit predictable flintknapping but coarse 
enough to impart a degree of stability to the working edg-
es of tools when compared to chert/obsidian on one hand 
(fine-grained but brittle) and quartzites (coarse-grained but 
durable) on the other.   

The quartz crystallinity index values of KRF most closely 
resemble those of silicified peat (Figure 21). A comparison 
of patina-dominated and unpatinated KRF samples does not 
reveal significant differences although unpatinated KRF has 
a slightly smaller crystallite size; however, this difference is 
within the uncertainty of measurements. Preliminary results 
support previous evidence (VanNest 1985) that patination 
does not alter KRF mineralogy and occurs via desilicifica-
tion (as opposed to the addition of a new material composed 
of different minerals).   

5.6 Instrumental Neutron Activation Analysis  
program 

5.6.1 Methodology
Previous research indicates that Neutron Activation Anal-

ysis (NAA) may be a productive avenue to pinpoint a dis-
tinct geochemical signature of KRF in comparison to lo-
cal materials (Christensen 1991; Julig et al. 1992). INAA, 
employing short-lived radionuclides, was used to analyze a 
suite of 40 siliceous samples, including: 1) ten samples from 
North Dakota KRF quarries (four different quarries); 2) ten 
samples of what we conclude are KRF flakes from private 
collections in southern Alberta (based on macroscopic and 
microscopic qualities); 3) five samples of chert (including 
three samples of Hand Hills Chert/Agate and two samples 
of local brown chert collected from the Calgary area); 4) 
five samples of petrified wood (from five different speci-
mens from Alberta); 5) five samples of silicified peat (from 
five different specimens from Alberta); and, 6) five samples 
of chalcedony (from five different cobbles from Alberta). 
Sample sizes are admittedly small but the current INAA 
contribution is intended to be a pilot program for possible 
further work, perhaps utilizing additional elements deter-
mined via their long-lived radionuclides. That is, we hoped 

Figure 21. Artificially stacked XRD diffraction patterns of KRF and sim-
ilar appearing materials. Crystallinity index values (K) are in brackets.  
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that promising results might stimulate future work with ex-
panded samples and associated sample variabilities.  

Samples were washed in deionized water, air dried, and 
accurately weighed into individual 1.5 millilitre polyeth-
ylene irradiation vials that had been soaked in dilute HNO3 
and rinsed multiple times in deionized water before being 
dried. Analyzed samples ranged in mass from 0.5360 to 
1.3184 grams. The samples were irradiated sequentially in 
the University of Alberta SLOWPOKE Nuclear Reactor for 
240 seconds at a nominal thermal neutron flux of 5 x 1011 

n cm-2 s-1. The induced sample radioactivity was measured 
twice following the end of irradiation. Initially, following a 
timed decay period (typically 12 minutes), each sample was 
counted for 240 seconds in zero dead-time counting mode 
at a sample-to-detector distance of 10 centimetres using a 
40 percent relative efficiency ORTEC FX-Profile hyper-
pure Ge detector with carbon window (FWHM of 1.81 KeV 
for the 1332.5 KeV full energy peak of 60Co). Following a 
timed total decay period of between 31 - 38 minutes each 
sample was recounted for a further 240 seconds (live-time) 
at a sample-to-detector distance of 1 centimetre utilizing a 
22 percent relative efficiency ORTEC hyperpure Ge detec-
tor (FWHM of 1.95 KeV for the 1332.5 KeV full energy 
peak of 60Co) in open geometry.  Utilizing the described 
analysis protocol it was possible to detect and quantify Si, 
U, V, Ca, Mn, Na, K, and Ba in the majority of the siliceous 
samples. Additional elements, including Cl, Br, I, Dy, and 
Eu, for example, were detected in a few samples but too 
infrequently to be useful for material discrimination. Ele-
ment quantification was performed by the semi-absolute 
comparator method of NAA (Bergerioux et al. 1979) using 
standard reference materials of known composition (e.g., 
NIST 1633a, fly ash; NRCan BCSS-1, marine sediment) 
analyzed under the same conditions and at the same time 
as the siliceous samples in this study.  For those elements 
not quantifiable their detection limits were calculated fol-
lowing Currie (1968). Analysis of three empty sample vials 
(blanks) together with the study samples showed the vials 
to contain negligible amounts of quantified elements. Due 
to lack of sensitivity silicon (Si), and hence silica (SiO2), is 
rarely quantified using INAA. However, in this study, be-
cause of the highly siliceous nature of the samples it was 
possible to quantify the Si (and hence silica) content of the 
samples using the fast neutron reaction 29Si(n,p)29Al. Ali-
quots of Brazilian Corinto quartz (Santos et al. 2014) were 
used as comparator standards for the quantification of Si, 
and hence silica, in the study samples. Determination of Al 
in geological samples via the 27Al(n,γ)28Al reaction is typi-
cally routine by INAA. However, in samples with large Si/
Al ratios, i.e., such as the highly siliceous samples of this 
study, the use of 28Al to quantify Al via the (n,γ) reaction 

suffers from a nuclear transmutational interference from Si 
via the fast neutron reaction, 28Si(n,p)28Al. Correction for 
this Si to Al interference in the study samples resulted in 
large analytical uncertainties in the Al data (because of the 
very large sample Si/Al ratios). Consequently, Al concentra-
tion data are not reported here. However, the Al data were 
utilized to assess the extent of the fast neutron interference 
27Al(n,α)24Na, on the determination of Na via the thermal 
neutron reaction 23Na(n,γ)24Na and, while not significant, 
have been applied to the Na results listed in Table 1.    

5.6.2 Instrumental Neutron Activation Analysis 
results and significance
The INAA results for Si, U, V, Ca, Mn, Na, K, and Ba ul-

timately proved ineffective at distinguishing raw materials 
because of the paucity of trace impurities (due to the highly 
siliceous nature of the samples) in all specimens and a lack 
of unique geochemical signatures among the remaining el-
ements detected using INAA and short-lived radionuclides. 
Figure 22 and Table 1 help demonstrate that the overlap of 
elements among and within sample types was too great for 
INAA (using short-lived radionuclides) to be a viable tool 
to differentiate KRF from local raw materials. Geochemical 
overlaps are likely to increase as sample sizes expand to 
encompass more variability within raw materials. It appears 
that the formation processes of KRF, petrified wood, silici-
fied peat, and chert/chalcedony are not particularly condu-
cive to the generation of unique geochemical signatures.   

In comparison to other studies, our results support the 
work of Christensen (1991), who concluded that there was 
too much element variability detected through NAA to dis-
tinguish KRF from other materials of similar appearance in 
the Dakotas. His results did however suggest potential for 
detecting unique geochemical signatures of specific quar-
ries of KRF in the primary source area. While the ability to 
tell one KRF quarry from another is of interpretive value in 
the Dakotas, Alberta archaeologists are generally more con-
cerned with distinguishing KRF from local materials. 

Julig et al. (1992) relied on Al and Si percentages by 
weight as quantified by INAA to differentiate KRF from lo-
cal materials in the Great Lakes region of Ontario. As noted 
above, Al suffers a nuclear interference from Si in INAA, 
which, if not corrected for, will give spurious Al results. We 
therefore conclude that, despite Julig et al.’s (1992) reported 
success of separating local and KRF materials on the basis 
of Si and Al data, we are not convinced that INAA using 
short-lived radionuclides can be relied on in isolation to 
provide positive identifications of  KRF, particularly when 
uncorrected Si and Al percentages by weight are relied on.       
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5.7 Identification Summary 
We present above macroscopic, microscopic, mineralog-

ical, and geochemical comparisons of KRF, chert, chalced-
ony, silicified/petrified wood, and silicified peat. All of the 
results support (or at least fail to refute) the assignment of 
KRF as a silicified lignite; however, the process of silicify-
ing an organic-derived sediment (lignite) is not favourable 
to the creation of a specific mineralogical or geochemical 
signature that can be used to differentiate KRF from oth-
er raw materials that are also dominated by silica. X-ray 
diffraction, INAA, and UV analyses can be informative 
concerning the composition of KRF but, in this instance, 
did not yield promising results for provenance studies. As 
a result, archaeologists are left largely to macroscopic and 
microscopic qualities to identify KRF. Fortunately, large 
specimens of KRF (over 2 centimetres in diameter) gen-

erally display a suite of characteristics rarely exhibited in 
conjunction in non-KRF materials. In addition to the colour 
ranges mentioned above, these characteristics include high 
levels of translucency, bedding planes, plant microfossils 
and white splotches (internal mottling), patination, a uni-
form matrix, notably high levels of feather terminations 
from flaking, and excellent preservation of features asso-
ciated with conchoidal fracturing (ripples). Unfortunately, 
debitage and small tools often lack sufficient identifying 
attributes to assign them to a specific raw material type: 
attempts to label debitage as KRF in Alberta should be 
used with caution. We argue that this caution already has 
been exercised by archaeologists in the province, and that 
the majority of identifications of KRF in Alberta likely are 
accurate because they are based on large specimens and a 
combination of the variables outlined above.      

Figure 22. INAA bi-plot results. No distinct geochemical clusters emerged to confidently differentiate KRF from materials with similar appearance.   
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6.  Archaeological significance of KRF
If KRF occurred only sporadically in Alberta archaeolog-

ical assemblages, it would be consistent with “down-the-
line” forms of long distance trade; however, the number of 
archaeological sites in the province with KRF is relatively 
high (Figure 23). A total of 242 archaeological site forms 

mention KRF in the assemblage with an estimated 200-300 
additional sites that contain KRF that is not mentioned on 
site forms. Of note, roughly 70% of private collections of 
projectile points from the Montana border to central Alber-
ta also contain KRF (based on approximately 140 private 
collections observed by the authors and those listed in Boag 

Table 1. INAA results in micrograms per gram (µg/g) with the exception of Si reported as weight percentage (wt%). ND=not determined.

ID Sample 
Material Mn ± 1σ U ± 1σ Na ± 1σ Ba ± 1σ Ca ± 1σ V ± 1σ K ± 1σ SiO2 

wt% ± 1σ

1 KRF cobble 0.23 0.01 1.95 0.07 246 2 58 5 403 41 1.32 0.09 296 26 96.5 2.0

2 KRF cobble 0.51 0.02 1.35 0.05 184 2 36 3 507 48 2.14 0.12 229 23 89.2 1.9

3 KRF cobble 0.46 0.02 1.43 0.05 269 3 108 9 546 43 1.39 0.10 363 29 93.6 1.8

4 KRF cobble 1.60 0.10 2.02 0.07 386 4 161 13 619 74 1.36 0.14 448 43 ND  

5 KRF cobble 0.22 0.01 2.55 0.09 264 3 88 7 438 48 1.44 0.12 295 29 98.3 2.2

6 KRF cobble 0.39 0.01 1.71 0.05 96 1 8 2 99 20 1.94 0.11 105 14 96.9 2.0

7 KRF cobble 0.45 0.02 2.03 0.06 78 1 10 2 55 16 4.22 0.18 89 14 93.9 1.9

8 KRF cobble 0.90 0.03 4.66 0.13 169 2 12 2 102 28 ≤ 0.33 131 26 90.1 2.4

9 KRF cobble 0.64 0.02 1.09 0.05 148 2 18 2 113 28 ≤ 0.29  105 17 97.3 2.3

10 KRF cobble 3.05 0.12 1.39 0.05 140 2 15 2 58 58 ≤ 0.25  170 21 96.6 2.1

11 KRF debitage 1.38 0.04 10.6 0.3 185 2 77 7 139 25 0.74 0.09 220 23 95.6 2.0

12 KRF debitage 0.61 0.02 1.55 0.05 139 2 30 3 134 27 0.97 0.10 193 23 98.2 2.2

13 KRF debitage 0.88 0.03 6.86 0.19 117 2 22 2 148 29 1.53 0.11 119 16 101.7 2.2

14 KRF debitage 1.59 0.04 7.85 0.21 104 2 27 3 113 25 1.61 0.12 139 19 103.0 2.2

15 KRF debitage 8.32 0.26 3.17 0.09 160 2 8 2 221 34 2.06 0.13 217 24 99.4 2.2

16 KRF debitage 0.86 0.03 2.67 0.10 199 3 38 4 201 39 0.76 0.11 220 26 99.2 2.4

17 KRF debitage 0.96 0.03 1.26 0.05 156 2 18 2 86 22 0.31 0.09 150 18 99.8 2.1

18 KRF debitage 1.55 0.04 6.12 0.17 147 2 84 7 176 31 1.39 0.12 182 22 97.5 2.2

19 KRF debitage 0.72 0.02 6.28 0.17 99 1 ≤ 6  133 24 0.69 0.09 157 18 93.0 2.0

20 KRF debitage 6.74 0.16 0.21 0.03 159 2 191 16 164 28 55 2 93 24 95.7 2.2

21 Chert 1.24 0.03 2.56 0.07 175 2 35 3 167 27 0.70 0.08 166 20 96.0 1.9

22 Chert 110 2 8.07 0.22 137 2 179 15 109 23 8.75 0.31 ≤ 99  101.4 2.2

23 Chert (HHC/A) 7.85 0.17 7.00 0.19 63 1 326 27 845 50 1.12 0.08 82 18 88.8 1.8

24 Chert (HHC/A) 9.97 0.22 6.00 0.16 62 1 462 38 1750 80 1.81 0.11 83 20 95.7 1.9

25 Chert (HHC/A) 10.3 0.2 11.4 0.3 96 2 575 47 1170 90 1.10 0.14 ≤ 95  101.9 2.6

26 Petrified Wood 16.7 0.4 20.6 0.5 80 1 36 4 259 37 2.90 0.15 49 14 94.1 2.0

27 Petrified Wood 72.8 1.6 0.24 0.03 15 1 233 20 115 26 1.31 0.13 ≤ 198  102.1 2.3

28 Petrified Wood 0.55 0.02 8.05 0.22 59 1 75 6 103 24 0.68 0.09 59 12 100.3 2.2

29 Petrified Wood 0.71 0.02 9.81 0.26 41 1 98 8 143 28 ≤ 0.24  41 12 97.7 2.1

30 Petrified Wood 22.4 0.5 1.39 0.06 71 1 190 16 349 45 4.18 0.19 ≤ 114  100.6 2.3

31 Silicified Peat 1.93 0.05 2.51 0.08 149 2 28 3 135 29 0.79 0.09 323 32 99.6 2.2

32 Silicified Peat 57.5 1.3 1.03 0.05 58 1 958 78 110 23 0.45 0.08 ≤ 198  98.3 2.2

33 Silicified Peat 54.3 1.2 0.64 0.06 97 2 1750 140 677 61 5.89 0.24 ≤ 168  96.7 2.2

34 Silicified Peat 11.7 0.3 0.74 0.04 70 1 1480 120 330 47 0.82 0.10 ≤ 80  97.1 2.2

35 Silicified Peat 12.5 0.3 1.36 0.05 83 1 840 68 122 25 1.31 0.10 ≤ 74  97.4 2.0

36 Chalcedony 1.94 0.05 2.98 0.09 493 5 ≤ 3  55 17 ≤ 0.24  415 37 99.8 2.1

37 Chalcedony 1.19 0.03 9.17 0.25 38 1 6 2 74 19 ≤ 0.23  112 18 96.7 2.1

38 Chalcedony 12.3 0.3 1.32 0.05 46 1 7 2 133 25 7.16 0.26 145 29 98.3 2.1

39 Chalcedony 1.16 0.03 0.18 0.02 48 1 4 1 60 15 ≤ 0.20  59 11 95.5 1.8

40 Chalcedony 1.18 0.07 5.58 0.15 167 2 ≤ 4  ≤ 47  3.99 0.18 57 15 104.7 2.2
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1989; Hjermstad 1991; Wood 1991; and Wood et al. 1993). 
The Alberta archaeological site with KRF that is most dis-
tant from quarries in North Dakota (near Peace River in the 
northwest) is approximately 1500 kilometres from Dunn 
County, while the Alberta site with KRF that is closest to 
North Dakota is 600 kilometres distant. The average dis-
tance of Alberta sites with KRF from quarries in North Da-
kota is 858 kilometres.  

An isopleth map of the density of recorded sites with KRF 
mentioned in site forms (Figure 24) displays some intriguing 
structure suggesting stronger connections than simply trad-
ing. Knife River Flint find hot spots in the greater Calgary 
and Edmonton regions, as well as east central and southeast 
Alberta, may result from greater modern regulatory activity 
and consequent site discovery and excavation (work related 
to cultural resource management in highway and pipeline 
projects). In the case of the Calgary cluster, the density may 
also relate to a precontact tendency to focus overwintering 
activities in river valleys and foothills, combined with the 
proximity to pathways connected to significant mountain 
passes (important trade routes). 

In general, high densities of KRF occur along major riv-
ers in Alberta, hinting at the usage of these corridors to 
transport, raw or finished KRF materials. This could be 
used to suggest long distance boat transport but the jour-
ney upriver to Alberta (which would involve several long 
portages from the Missouri to Saskatchewan drainages and 
movement along particularly sinuous waterways) is un-
likely (see Henderson 1996) , especially given the lack of 
evidence in Alberta of boat usage for long distance travel 
(both archaeological and historic evidence). Furthermore, 
generally high densities of precontact sites occur along 
rivers, irrespective of KRF occurrence. While the distribu-
tion of KRF sites may appear to be related to the modern 
aspen parkland ecozone that stretches from central Alber-
ta through Saskatchewan and Manitoba into central North 
Dakota (Figure 24), it seems likely that KRF distribution 
during the Paleoindian Period relates to glacial lake shores, 
and in particular, various iterations of Glacial Lake Agassiz 
(Teller and Yang 2014). These shorelines, and the result-
ing attraction to relatively newly exposed glacial lake beds, 
could have witnessed cycles of pedestrian movement from 
the Missouri River in the southeast to the northwest into 
central and southern Alberta. Northwest-southeast trending 
glacial lake shores that spanned western Canada may have 
established a boundary of human movement revealed by 
KRF in Paleoindian Period assemblages of Saskatchewan, 
Alberta, and northeast British Columbia.   

Figure 24. Density isopleth map of KRF sites in Alberta. The parkland 
ecoregion is highlighted in red while the primary source area of KRF in 
North Dakota is depicted in orange.   

Figure 23. Map of Alberta archaeological sites with KRF mentioned in 
site forms (as of August, 2017). At right are sites mentioned in text.   
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There is notable temporal variability in the prominence 
of KRF usage by precontact people in Alberta. The earliest 
instances of KRF use occur with fluted points from central 
Alberta (Brink 2015) (Figure 25). While the fluted point 
interval over most of North America saw the widespread 
movement of exotic raw materials over considerable dis-
tances, raw material use in the Ice-Free Corridor region that 
Alberta then comprised was markedly different. Knife River 
Flint and obsidian are two exotics most readily recognized 
for use in fluted points elsewhere, yet those raw materials 
comprise less than 2 percent of projectile points used during 
Alberta’s fluted point era (Ives 2006; Ives et al. 2013). In 
contrast, the vast majority of Alberta fluted point toolstones 
are quartzites, mudstones, siltstones, pyrometamorphics, 
and chert that were regionally available within the province 
(Gryba 1988, 2001; Ives 2006; Ives et al. 2013).

Folsom technology is present in Alberta, ranging from the 
Montana border to the province’s northwest corner (Dawe 
1997). Folsom points comprise less than ten percent of flut-
ed points in the province and KRF is absent among Folsom 
examples. This is in contrast to Saskatchewan, where 32.5 
percent of all fluted points are made of KRF (Hall 2009). 
Recognizable Folsom points make up 26 percent of the Sas-
katchewan fluted points, and 50 percent of them are made of 
KRF. Geography is likely a key factor: in an era when logis-
tical and residential mobility may have remained noticeably 
greater than following periods (e.g., Surovell 2000; Ellis 
2011), southern Saskatchewan was perhaps better connect-
ed to the heartland of the Folsom world.  Raw material use 
in the Agate Basin and Hell Gap Periods in western Cana-

da is not well documented, but it appears that in Alberta, 
slightly higher percentages of projectile points during these 
periods (compared to Folsom) are of KRF (~6-8 percent) 
(Benders 2010).

Building on Wormington and Forbis (1965:186), Dawe 
(2013) quantified the earliest example of truly prominent 
use of KRF in Alberta. In an extensive database for Cody 
Complex materials (Cody knives, Alberta, Scottsbluff, and 
Eden points with reliable information on raw materials in 
475 cases), he found that 28.2 percent of Cody materials 
were KRF, with some categories (Alberta points and Cody 
knives) exceeding 40 percent KRF (examples in Figure 25). 
Remarkably, one or two out of every four Cody diagnostic 
encountered in Alberta is made of KRF. In some instances, 
distances are extreme: Cody Complex diagnostics of KRF 
have been recovered in the Oil Sands region of northeast 
Alberta, in northwest Alberta, and even in northeast British 
Columbia, at distances in excess of 1500 kilometres in a 
direct line to the source area (Ives 2015). 

Because most of these examples came from surface col-
lections, we cannot determine if accompanying parts of 
Cody-era assemblages have similarly high frequencies of 
this toolstone. Tolman (2001:106) documented an appar-
ent cache of Cody-era materials at the Wally’s Beach site 
(DhPg-8, near Cardston in southern Alberta) consisting of 
two Alberta points, four endscrapers, three larger and bro-
ken flakes, and three small flakes, all of KRF, suggesting 
that more Paleoindian Period tools than simply points were 
moving widely. The presence of KRF items with social/

Figure 25. Specimens 1 and 2, KRF eccentrics recovered from Wally’s Beach (DhPg-8), H99.22-1000 and H99.22-1001, Royal Alberta Museum 
(images courtesy of Shayne Tolman); Specimen 3, A large eared biface of KRF from near Innisfail in south central Alberta, uncatalogued specimen in 
private collection (images courtesy of Eugene Gryba); Specimen 4, KRF Clovis point, H13.57, from central Alberta, Royal Alberta Museum (images 
courtesy of Bob Dawe); Specimens 5 and 6, Cody knives from northern Alberta, 968.95, Barrhead Museum, and uncatalogued specimen in private 
collection near Westlock. 
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spiritual significance has also been found at DhPg-8 and 
near Innisfail (Figure 25). The Wally’s Beach site is more 
than 800 kilometres from the North Dakota source. An addi-
tional cache was noted by Cam Gardner in southern Alberta 
(and officially recorded by the current authors as EgPa-54) 
where 25 KRF preforms of appropriate size for Paleoindian 
Period points were found in close proximity (Figure 26).  

Entire assemblages of Cody Complex stone tools likely 
did not contain the same high proportion of KRF as appears 
in projectile points, particularly in sites at great distances 
from the Dakotas. The predominance of KRF amongst Cody 
diagnostics is remarkable nevertheless and stands in distinct 
contrast with contemporary late Paleoindian Period assem-
blages in the United States, where both point styles and raw 
material use were becoming progressively more regional-
ized. Splawinski (2014:91) documented similar trends in 
raw material use for Saskatchewan, where 48.2 percent of 
all Cody Complex diagnostics were made of KRF.

An intriguing pattern of raw material use emerged much 
later in precontact times as well. It is sometimes stated 
that a high degree of KRF use is characteristic of the Be-
sant Period in western Canada (e.g., Walde 2006:300) but 
most Besant raw material selection was highly regionalized 
(Peck 2011). That said, a handful of Besant, and immedi-
ately prior to Besant-era, sites in Alberta and Saskatchewan 
feature high proportions of KRF. These sites are associat-
ed with productive bison kills (either pounds or use of un-
dulating terrain for communal hunting), with collections 
that in most cases result from systematic excavation. This 
particular pattern is well illustrated at the Fincastle site 
(DlOx-5) near Taber (Figure 23) where a significant bison 
kill is connected with an assemblage in which 74.5 percent 

of lithic material (totalling 3616 artifacts) is KRF (Bubel 
2014). Projectile points strongly resemble Besant and Sono-
ta forms and the site is dated at roughly 2,500 radiocarbon 
years of age (Varsakis 2006; Bubel 2014). Note that of the 
118 projectile points found at DlOx-5, 97 are of KRF (82.2 
percent). Furthermore, the similarly aged Muhlbach site 
(FbPf-1), where 54 percent of the debitage and 85 percent 
of projectile points are KRF (Gruhn 1969; Graham 2014), 
and Smith-Swainson sites (FeOw-1, FeOw-2, and FeOw-3), 
where 73 percent of the 152 projectile points are KRF (Var-
sakis 2006), are roughly 1000 km in a direct line from the 
North Dakota sources (Figure 23), implying some type of 
particularly direct relationship with the source area (Vickers 
1994:13; Walde et al. 1995:19). In all of these cases, it is not 
simply the projectile points that reflect the pattern—whole 
assemblages have a high proportion of KRF, leaving one to 
wonder precisely how and why the pattern emerged.

Cody and Besant anomalies in KRF use illustrate sig-
nificant subjects in western Canadian research. The Cody 
Complex on the Northern Plains may reflect a last echo of 
the Paleoindian Period, in which high quality raw materials, 
aesthetically and functionally superlative stone and osseous 
tool manufacture, and a successful large game hunting strat-
egy that still included extinct bison chronospecies, persist-
ed. Trading partnerships, gaming, rite of passage, epic voy-
aging, ceremonially significant travel, or highly exogamous 
social arrangements, could all promote extensive raw mate-
rial movement over the vast distances involved; whatever 
the process, it is clear that social mechanisms must have 
been at play (cf. Ives et al. 2014; Ives 2015; Amick 2017). 

Fincastle and other Besant era sites featuring high degrees 
of KRF suggest other social dimensions. Blackfoot ceremo-

Figure 26. Cache of KRF preforms from EgPa-54 (specimens uncatalogued and housed in private collection) (courtesy of Cam Gardner).
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nialist Narcisse Blood expressed exasperation that archae-
ologists would immediately jump to the conclusion that the 
high proportion of KRF in these few sites resulted from hu-
man migration: more significant to him was a special rela-
tionship preserved in oral history that existed between Nits-
itapii (Blackfoot) and Middle Missouri village peoples (the 
Mandan and Hidatsa). Blackfoot peoples saw the Middle 
Missouri villagers as significant allies and trading partners; 
they also received through formal transfer important cere-
monial precepts from this region. There are genuine simi-
larities between Alberta Besant and Sonota assemblages to 
those in North and South Dakota. Projectile point forms are 
virtually indistinguishable, the earliest though rare traces 
of northern Plains pottery resemble some Sonota instanc-
es, and a high proportion of KRF usage is also true of key 
Sonota sites including Boundary, Alkire, Swiftbird, Grover 
Hand, and Arpan burial mounds and associated Stelzer site 
(Gruhn 1969; Neuman 1975; Graham 2014). In this era, 
Hopewell influences spread widely. It therefore seems con-
ceivable that anomalously high proportions of KRF use in 
occasional Besant sites may have resulted from trade and 
interaction between people in Alberta/Saskatchewan and 
those who practiced mortuary ceremonies at the Missouri 
River Sonota sites rather than migration. These intriguing 
patterns of KRF use are worth continued debate and deserve 
further exploration by Canadian archaeologists, the pursuit 
of which will benefit greatly from better understandings of 
how to discriminate KRF from similar appearing materials.

7.  Concluding statements
Microscopic, macroscopic, and archaeometric techniques 

support the assertion that Knife River Flint is a silicified lig-
nite. Because of the similarity in formation processes, KRF 
can be visually indistinguishable from silicified peat and 
chalcedony. In general, KRF varies from blonde to dark (cof-
fee) brown, has high translucency, visible bedding planes, 
plant microfossils and white splotches (internal mottling), 
patination, a uniform matrix, common feather terminations 
of flakes, and excellent preservation of features associated 
with conchoidal fracturing (ripples). UV irradiation is not 
a reliable stand-alone technique to distinguish KRF from 
other materials but it can be used among a suite of mac-
roscopic, microscopic, and geochemical tools to identify 
raw materials. INAA using short-lived radionuclides was 
unable to identify distinct geochemical signatures to dif-
ferentiate KRF from local materials in Alberta. These chal-
lenges aside, accurate identification of raw materials is an 
important baseline task that can strengthen reconstructions 
of significant patterns in KRF utilization through Alberta’s 
precontact archaeological record.  
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Testing debitage typologies with statistical analysis: Experimental 
inferences upon archaeological material from FaPx-1, a sub-alpine hunting 
camp in the Alberta Rockies
Timothy E. Allana*

a Department of Anthropology, University of British Columbia, 6303 NW Marine Drive, Vancouver, British Columbia, Canada, 
V6T 1Z1   
*contact: t.allan@alumni.ubc.ca

1.  Introduction
In this paper I evaluate different methods of stone tool 

debitage analysis in order to more effectively separate 
assemblages into reduction behaviors and infer prefer-
ences in the modes of lithic reduction. Experimental re-
sults are applied to the Hummingbird Creek archaeolog-
ical site, FaPx-1, located in a sub-alpine region of west 
central Alberta. I argue that using platform dimensions 
and platform type are statistically viable alternatives for 
inferring reduction behaviors occurring at a site, and 

may be more interpretively powerful than previously es-
tablished methods based largely on cortex amount and 
dorsal scar count.

Stone production debris (debitage) is the most com-
mon artifact type found at precontact archaeological 
sites in North America. There is a staggering amount of 
literature on debitage analysis and many published meth-
ods on how to address questions in precontact behavior 
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ABSTRACT 
Stone production debris (debitage) is the most common artifact type found at archaeological sites in North America. 
A significant time investment is required to catalogue debitage from large assemblages. Conventional thought holds 
that, because lithic tool manufacture is reductive, the attributes of flake size and cortex amount will decrease through-
out production while dorsal flake scars increase. Dorsal scar count is an attribute commonly used to infer trends in an 
assemblage; however, the statistical significance of dorsal scars as a measure of lithic production stage has not been 
addressed adequately. Cortex amount is also used to deduce lithic reduction stages; however, I argue that this may not 
represent behavioral patterns as meaningfully as platform morphology. Alternative approaches distinguish flake types 
based on platform morphology, with an argument that hammer types leave behind diagnostic flake platforms. In this 
paper, I statistically analyze an experimental assemblage of flakes from three different hammer types (hard hammer, 
soft hammer, and pressure flakes) to test if platform dimensions are diagnostic of hammer types and,  therefore, are 
a useful attribute for debitage analysis. I then compare platform dimensions of the experimentally controlled groups 
with those of an archaeological assemblage from Hummingbird Creek in sub-alpine western Alberta, Canada. I test if 
dorsal scar counts of complete flakes are statistically different between hammer types in the experimental assemblage. 
Results indicate that hammer types produce different platform dimensions and that platform types can be used to dif-
ferentiate flakes and reduction strategies in an archaeological sample where cortex amount does not.  
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based on data derived from debitage assemblages. Andref-
sky (2005) synthesizes much of the published literature into 
common approaches to infer production stages of debitage 
using flake attributes of cortex amount, size class, and dor-
sal scars (see Sullivan and Rozen 1985; Ahler 1989; Magne 
1989; Scott 1991; Bradbury and Carr 2004). The use of these 
attributes is based on the premise that lithic production is a 
reductive process, where cortex amount and size class will 
decrease and dorsal scars will increase as the parent piece is 
worked. Cortex amount is often used to distinguish between 
primary, secondary, and tertiary flakes, and is called the tri-
ple cortex method (Andrefsky 2005). Fish (1978) notes that 
there can be great discrepancies between observers when 
evaluating cortex amount. In addition, the range of cortex 
amount corresponding to certain flake types differs in the 
literature, making it difficult to compare assemblages cata-
logued by different researchers. Furthermore, it is not alto-
gether clear if tertiary flakes are in fact produced after sec-
ondary flakes or if it is merely the cortex amount on these 
two classes that differs. Hence, a behaviorally meaningful 
relevance of the triple cortex method is lacking. 

Analyses of load typologies attempt to determine the ap-
plication or mode of force to produce flakes based on plat-
form attributes and some subjective assessments (Hayden 
and Hutchings 1989), which can reveal behavioral differ-
ences of high interpretive value (Andrefsky 2005). The key 
purpose here is to detect discrete behaviors that occurred at 
a site: distinguishing behavioral preferences in tool produc-
tion can assist in the classification of site function and, in 
turn, help infer precontact land-use and logistical mobility. 
In this paper, I propose that platform dimensions are indica-
tive of hard hammer, soft hammer, and pressure flake reduc-
tion that can represent distinct behavioral decisions of  knap-
pers that are more reliable and informative than inferences 
of stages of reduction. I test if platform dimensions and dor-
sal scars are significantly different between hammer types 
(hard hammer, soft hammer, and pressure flakes), based on 
flakes produced experimentally. I then assess debitage from 
archaeological site FaPx-1, where the proportions of flake 
types inform reconstructions of ancient behavior. 

2. Background: The Hummingbird Creek site 
FaPx-1, discovered in 2009 by members of the Archaeo-

logical Survey of Alberta, is located on a high terrace above 
the confluence of the South Ram River and Hummingbird 
Creek, in the central Rockies of Alberta. A total of 10 square 
metres of excavations, conducted in 2011, 2012 and 2017, 
yielded approximately 1,400 lithic artifacts, faunal remains, 
and several hearth features from stratigraphically separated 
occupations (see Table 1). Stratified precontact sites are rare 

in alpine and subalpine regions, so FaPx-1 presents an op-
portunity to make inferences of precontact hunter-gatherer 
behaviour with excellent chronological control. 

The lower occupations, levels E and G, are separated by 
a thick deposit of Bridge River tephra, dated to 2,360 BP 
(Clague et al. 1995). Tephra was collected during excavation 
and identified at the University of Alberta, Department of 
Earth Sciences (UA 1555-13). Much of the material culture 
from level G resides in a slight depression near the southern 
edge of a terrace. The debitage, tools, faunal remains, and 
hearth features were deposited in fine silts overlaid on fluvi-
ally deposited gravel and rounded cobbles. These fine silts 
follow a 2-metre wide, north-south depression along the site. 
Given the stratigraphy, this depression is likely a remnant 
streambed from the Early Holocene, when the South Ram 
River level was much higher. The river has since incised 
down to its present level, abandoning the channel high on 
the terrace. Indigenous people likely selected this location 
for a hunting camp around 2,500 years ago (represented in 
level G) where the remnant streambed would have provided 
cover for hunters observing the South Ram valley below 
(Figure 1). After the deposition of Bridge River tephra, this 
channel was partially filled, and perhaps the cover it pro-
vided previously was diminished. This change in micro-to-
pography, and possibly the associated vegetation, may have 
caused the site to be less desirable for a hunting camp; a 
possible change in function as represented by a change in 
proportion of flake types before and after the tephra deposit 
is investigated below. 

3. Methods 

3.1. Platform assignment
Load typologies attempt to identify flakes based on the 

size and shape of their platform (Hayden and Hutchings 
1989). “Flake” is defined here as a single unit of debitage 
with an identifiable platform (or point of hammer impact), 

Table 1. Dates and flake proportions of FaPx-1 from the initial cataloguing.

Level (total 
lithics)

AMS 14C age 
(BP)

Calibrated 
Age (µ) BPb Lab No.

D (771) 1010 +20 935 UCIAMS 101904 (charcoal)

E
(44)

2,355 +20 2,360 UCIAMS 101868 (charcoal)

2,390 +15 2,400 UCIAMS 101875 (charcoal)

Bridge River 
tephraa 2,360 UA 1555-13

G (153) 2,425 +15 2,450 UCIAMS 67158 (charcoal) 

a Clague et al. 1995.
b Calibrated using Intcal13 (Reimer et al. 2013) and Oxcal 4.3 (Bronk 2009).
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while debitage without platforms is described here as shat-
ter. Hard hammer flakes can be identified by their wide and 
flat platform, and a platform angle at roughly 90 degrees to 
the overall flake profile. Hard hammer flakes typically have 
distinctive bulbs and display eraillure scars more often than 
other types. Soft hammer flakes have a narrow platform, 
typically with a jagged or uneven platform surface, and with 
a platform angle at 45 degrees relative to the flake profile. 
Soft hammer flakes sometimes have a ‘platform lip’ repre-
sentative of the antler billet absorbing some of the shock of 
the blow. Pressure flakes have similar characteristics of soft 
hammer flakes, just at a much smaller scale. I differentiate 
pressure flakes from soft hammer flakes at FaPx-1 on the 
basis of size: complete flakes smaller than 10 millimetres 
with soft hammer platforms are classified as pressure flakes. 
Shatter is defined as undiagnostic pieces of debitage that 
do not exhibit platforms. I separate shatter into two cate-
gories: blocky shatter and flake shatter. Blocky shatter is 
typically cubical or angular, has virtually no characteristics 
of flaking, and is likely produced from the over-application 
of force on raw nodules. However, blocky shatter can also 
be produced from natural forces, such as frost-spalling, fire, 
and erosion, where pieces can break preferentially along 

planes of weakness leaving blocky debris. Flake shatter in-
cludes medial and terminal portions of flakes. Flake shatter 
is likely produced throughout the manufacturing process, 
but also is a product of taphonomic processes on debris. 
Separating debitage in this way can quickly discriminate 
between diagnostic flakes and shatter to reduce time that is 
spent on debitage with low interpretive value. Flakes from 
FaPx-1 were classified according to platform morphology 
and I also recorded number of dorsal scars, cortex amount, 
and weight. 

3.2. Flint-knapping experiment 

Forty-three hard hammer flakes, 45 soft hammer flakes, 
and 30 pressure flakes from experimental flint-knapping 
were analyzed. I collected all debris from an experienced 
flint-knapper (Nick Waber) who was producing dart-sized 
projectile points, as well as more expedient tools and bifac-
es. A quartzite hammerstone was used for initial core reduc-
tion, an antler billet was used for thinning flake blanks into 
bifaces, and an antler tine was used to finish edges and to 
produce notches. Obsidian, siltstone, and basalt cores were 
used in this experiment. During the experiment, the knapper 

Figure 1. Location of FaPx-1 (left). Visible area from FaPx-1 (right) based on QGIS view shed analyses using 5-metre LiDAR digital elevation data. 
The areas visible from FaPx-1 are in red.
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used each hammer type during lithic production; when the 
knapper was about to transition to another hammer type, 
production was stopped and debris from that hammer type 
was collected. I attempted here to replicate a flintknapper 
leaving behind debris at an archaeological site, where each 
application of force type (hard hammer, soft hammer, ant-
ler tine) corresponds with an activity in the lithic reduction 
process.  

Platforms were measured to the nearest hundredth of a 
millimetre with digital calipers. Statistical analysis was 
done using IBM-SPSS including Shapiro-Wilk tests of nor-
mality and non-parametric Kruskal-Wallis tests of statistical 
difference on platform length, platform thickness, and dor-
sal scar counts between flake types. Results of these anal-
yses are used to determine if the flake attributes are truly 
reflective of being derived from different hammer types and 
can be used to discriminate flake types. 

3.3 Triple cortex method

Lastly, I apply the triple cortex method to the experimen-
tal assemblage and FaPx-1 and compare results with those 
of the load typology (platform assignment). Cortex is de-
termined via visual inspection of an artifact, over the total 
surface area of the flake. Primary flakes are generally iden-
tified as having greater than 50% cortex, secondary flakes 
1-49%, and tertiary flakes as 0% cortex. These designations 
all generally refer to early (primary), middle (secondary), 
and late (tertiary) stage reduction events. 

4. Results 

4.1. Statistical analysis 
Boxplots of metric data from the experimental samples 

indicate that the center and spread of flake groups differs 
using platform length and platform thickness; however, the 
center and spread of dorsal scars appears very similar be-
tween all groups (Figure 3). Dorsal scars of soft hammer 
flakes and pressure flakes are nearly identical in center and 
spread (mean=2.67; first quartile=2; third quartile=3).

4.1.1. Test for normality
To determine if parametric or non-parametric tests are 

needed for assessments of statistically significant differenc-
es between the experimental flakes, it must be determined if 

Figure 2. Examples of complete flake types from the FaPx-1 assemblage. Hard hammer flake at left (catalogue number 1180); soft hammer flake at 
center (584); and pressure flake at right (754). Arrows point to the platform of the flake. Scale bar is 1 centimetre.

Figure 3. Boxplots of complete flake attributes in experimental sample. 
Blue = hard hammer flakes, red = soft hammer flakes, black = pressure 
flakes. Numbers indicate median values.
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all groups are normally distributed. Shapiro-Wilk tests for 
normality were conducted on flake types by platform length, 
platform thickness, and dorsal scars. The null hypothesis 
for the Shapiro-Wilk test of normality (H0) is that the val-
ues are normally distributed, and the alternative hypothesis 
(H1) is that the values are not normally distributed. For the 
Shapiro-Wilk test of platform length, all groups rejected the 
null hypothesis, indicating that all attribute groups are not 
normally distributed, therefore statistical difference must be 
determined with a non-parametric test (Table 2). For plat-
form thickness (Table 3), hard hammer flakes and pressure 
flakes are normally distributed but soft hammer flakes are 
not; therefore, a non-parametric test is still needed to test 
statistical difference of flake types with this attribute. For 
dorsal scars, all flake groups were not normally distributed 
(Table 4), so non-parametric tests of difference will be used 
for these attributes as well. 

4.1.2. Tests of statistical difference 
I use a Kruskal-Wallis test of statistical difference on the 

experimental assemblage, where the null hypothesis (H0) is 
that there is no difference between all flake groups of a sin-
gle attribute, and the alternative hypothesis (H1) is that the 
flake groups are significantly different, and as a result are 
likely derived from different populations. The results of the 
Kruskal-Wallis test for platform length was 98.245 (with 
df=2; and p=.000) rejecting the null hypothesis; platform 
thickness was 87.966 (with df=2; and p=.000) rejecting the 
null hypothesis; and dorsal scars was .395 (with df=1; and 

p=.530) retaining the null hypothesis (Table 5). The results 
of the Kruskal-Wallis tests indicate that the flake groups are 
statistically different using platform length and thickness at-
tributes; however, I did not find statistical differences in the 
number of dorsal scars between the experimental activities 
(hard hammer, soft hammer and pressure flaking).  

4.1.3. Linear relationship 
I explore the relationship between dorsal scars and flake 

weight, to test if higher counts of dorsal scars are reflective 
of later reduction stages. A simple linear regression on a 
scatterplot of dorsal scars versus weight indicates that R2 
= 0.0153 (Figure 4); there is no relationship between dorsal 
scars and flake weight. If higher counts of dorsal scars are 
representative of later stages of reductive lithic production 
(Magne 1989), a negative relationship would be expected 
where larger (in this case heavier) flakes would be more 
likely to have fewer dorsal scars. The regression results 
are not strong enough to make any definitive conclusion; 
however, I consider the results reflective of a counteracting 
principle: although smaller flakes are likely to be from a 
later stage of reduction (and have more dorsal scars) only 
so many scars can fit on such small flakes. 

Results of tests of statistical difference indicate that plat-
form length and thickness are different between flake types 
while results of the Kruskal-Wallis test indicate that dorsal 
scars are not statistically different between flake groups. 
This result promotes the premise that platform dimensions 
are diagnostic of flake hammer type. I plot platform dimen-
sions below using a scatterplot and 90% confidence ellipses 
to assess the catalogued debitage from FaPx-1.  

Table 2. Test for normality results for platform length. 

Flake Type
Kolmogorov-Smirnov Shapiro-Wilk

Statistic df Sig. Statistic df Sig.

Hard hammer .154 43 .012 .823 43 .000

Soft hammer .185 45 .001 .846 45 .000

Pressure flake .283 30 .000 .796 30 .000

Table 3. Test for normality results for platform thickness. 

Flake Type
Kolmogorov-Smirnov Shapiro-Wilk

Statistic df Sig. Statistic df Sig.

Hard hammer .116 43 .166 .965 43 .212

Soft hammer .140 45 .028 .912 45 .002

Pressure flake .099 30 .200 .957 30 .265

Table 4. Test for normality results for dorsal scars. 

Flake Type
Kolmogorov-Smirnov Shapiro-Wilk

Statistic df Sig. Statistic df Sig.

Hard hammer .248 43 .000 .904 43 .002

Soft hammer .232 45 .000 .885 45 .000

Pressure flakes .270 30 .000 .808 30 .000

Table 5. Results of the Kruskal-Wallis test 

Length Thickness Dorsal Scars

Chi-Square 98.245 87.966 1.005

df 2 2 2

Asymp. Sig. .000 .000 .605

Figure 4. Scatterplot of complete flakes dorsal scars (count) vs. weight 
(g). R2 value (0.0153) across all flake groups. 
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4.2 Application to the FaPx-1 assemblage 
The results of the Mann-Whitney U tests indicate that 

platform length and platform thickness of the three flake 
groups in the experimental study are all statistically dif-
ferent. Since the experimental flake groups can be distin-
guished with statistical significance via the use of platform 
metrics, I use platform morphology to differentiate flake 
types in an archaeological assemblage. The complete flakes 
from FaPx-1 were catalogued according to the general mor-
phologies of hard hammer, soft hammer, and pressure flake 
platforms. An intriguing trend occurs in both levels D and 
E (Table 6), where pressure flakes are by far the most com-
mon flake type in these levels and soft hammer flakes are 
the most common in level G. In all three levels, hard ham-
mer flakes are the least common flake type. I compare the 
catalogued flake platform dimensions here from the three 
distinct occupations of FaPx-1; Level D (Figure 5), Level 
E (Figure 6), and Level G (Figure 7). Comparing each of 
the levels with the experimental assemblage data, it is clear 
that the morphological assignment generally fits well with 
the ranges of experimental platform dimensions. However, 
especially within the hard hammer group, platform dimen-
sions of the morphologically assigned flakes fall outside the 
ranges of experimental flakes. 

If the triple cortex method is used, the debitage types from 
occupations of FaPx-1 occur in similar proportions. Since 
the vast majority of flakes have 0 percent cortex (77 per-
cent level D; 78 percent level E; 80 percent level G) these 
would traditionally be classified as tertiary flakes (Figure 
8). The proportions of secondary flakes are also very similar 
between the levels (20 percent level D; 20 percent level E; 
20 percent level G). Finally, if cortex amount is used to dif-
ferentiate flake types, primary flakes also occur in very sim-
ilar proportions (3 percent level D; 2 percent level E; 0 per-
cent level G). The triple cortex method also highlights how 
few flakes represent primary production (flakes with great-
er than 50 percent cortex). Since the proportions of cortex 
amount are so similar between the levels within the primary, 
secondary and tertiary flake classes, little if any anomalous 
trends between the levels can be identified. The triple cortex 
method highlights that predominantly late-stage production 
took place in all three occupations.

5. Discussion 
The results of the Kruskal-Wallis tests indicate that plat-

form length and platform thickness measurements are dif-
ferent between flakes of three hammer types, hard hammer 
(hammerstone), soft hammer (antler billet) and pressure 
flakes (antler tine). I suspect that the differences are caused 
by the transfer of kinetic energy from the hammer to the 
parent piece, establishing a threshold of size for a particu-
lar hammer type. The cause of the size differences in flake 
types must be further explored, but the statistical tests here 
demonstrate that hammerstones, antler billets, and tines all 
produce statistically differently sized platforms in the ex-
perimental sample. Dorsal scars are not statistically differ-
ent between flake types, and there is no linear relationship 
between dorsal scars and flake weight. The dorsal scar attri-
bute when measured at many archaeological sites in Alberta 
does not appear to be reflective of stages of lithic reduction. 
I also found that identifying flakes using the triple cortex 
method fails to reveal differences between the three occu-
pation levels in the FaPx-1 assemblage, whereas identifying 
flakes via platform morphology did. 

Identifying flakes by platform type informs reconstruc-
tions of flint-knapping activities at FaPx-1. The flakes of 
level D and E display a clear preference for pressure flak-
ing, with moderate amounts of soft hammer flaking, and 
relatively low proportions of hard hammer flaking. Alter-
natively, the flake proportions from level G indicate a clear 
preference for soft hammer flaking, with moderate amounts 
of pressure flaking, and very low amounts of hard hammer 
flakes. It is important to note that this change occurs after a 
thick deposit of Bridge River tephra. This indicates that the 
inhabitants of FaPx-1 may have focused their activities on 
thinning worked pieces with some light retouch during the 
level G occupation; then, after tephra deposition, there was 
more emphasis on simply retouching edges and only mod-
erate occurrences of thinning using a soft hammer (antler 
billet). I interpret the focus on soft hammer and pressure 
flaking throughout the site’s occupation as indicative of 
a small hunting camp, where hunter-gathers would refur-
bish and refine tools in preparation for upcoming hunting 
activities. It is also important to note that this distinction 
occurring in level G would not have been highlighted if the 
triple cortex method was used, since virtually all three flake 
classes occurred in similar proportions in the three respec-
tive levels. I consider primary flakes to be synonymous with 
hard hammer flakes: this category would be under-repre-
sented if the triple cortex method is used alone. 

I interpret the change in flake proportions from Levels D 
and E to Level G to reflect a change in site function. The 

Table 6. Observed flake proportions from FaPx-1 (percent of diagnostic flakes in 
level are in brackets)

Level (n of 
diagnostic 
flakes)

Hard 
hammer

Soft 
hammer

Pressure 
flake

Flake 
shatter

Blocky 
shatter

D (241) 31 (12.9) 84 (34.9) 126 (52.2) 404 189

E (26) 1 (3.8) 6 (23.0) 19 (73.0) 4 5

G (56) 6 (10.7) 34 (60.7) 16 (28.6) 47 23
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Figure 5. Platform metrics from FaPx-1 assemblage, Level D. Black = pressure flakes, red = soft ham-
mer flakes, blue = hard hammer flakes.

Figure 6. Platform metrics from FaPx-1 assemblage, Level E. Black = pressure flakes, red = soft ham-
mer flakes, blue = hard hammer flakes.

Figure 7. Platform metrics from FaPx-1 assemblage, Level G. Black = pressure flakes, red = soft ham-
mer flakes, blue = hard hammer flakes.
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proportions of diagnostic flakes (hard hammer, soft ham-
mer, pressure flakes) represent distinct decisions made by 
the inhabitants of FaPx-1. The tephra deposition was unusu-
ally thick (roughly 10 centimetres) considering that tephra 
deposits in lakes in central and eastern B.C. are no more 
than a few centimetres (Mathewes and Westgate 1980; Rea-
soner and Healy 1986). Given this significant depth, tephra 
likely accumulated in the remnant streambed after a rapid 
snow melt, however confirmation requires further analysis. 
The change in lithic reduction practices after this deposition 
could reflect regional effects on human populations of the 
Bridge River tephra fall or local effects of an ash bed on 
the habitability of a landform. Significant tephra deposits in 
Alberta are known to cause increase fire susceptibility, alter 
habitats, and stimulate changes in human land use patterns 
(Oetelaar and Beaudoin 2016). Perhaps the differences in 
the proportions of flake types indicated here are a result of 
adapting to new ecological conditions after the Bridge Riv-
er tephra deposition or altering land use because the ash bed 
made the landform less suitable for longer term occupation. 
The radiocarbon dates of level E indicate that FaPx-1 was 
occupied immediately after tephra deposition (Table 1) but 
the inferred changes in reduction practices may imply a 
change in site function. 

Analyses indicate that platform dimension of flakes pro-
duced experimentally are statistically different. However, I 
found that there is overlap of platform dimensions of each 
hammer type in the experimental assemblage, and flake 
types from the archaeological assemblage do not conform 
to these experimental assemblage dimensions exactly. 
However, identifying flakes by platform morphology, i.e., 
also considering relative platform to flake angle, presence 

of a platform lip, and platform size relative to flake size, 
is productive. These attributes ought to be tested in similar 
ways to the analyses of platform dimensions here. Despite 
overlap between the platform types, identifying flakes by 
platform morphology highlighted a detectable difference in 
behaviours between occupations at FaPx-1 where identifi-
cations via cortex and scar count did not. 

6. Conclusion 

An analysis of flakes produced by hammerstone, antler 
billet and antler tine indicates that these technologies pro-
duce platforms of statistically different dimensions. I use 
platform morphology to differentiate flakes from an archae-
ological site (FaPx-1) in west central Alberta. Analysis of 
debitage from FaPx-1 indicates that a change in flake type 
proportions occurs before and after deposition of Bridge 
River tephra (2,360 BP), which may have affected the mi-
crotopography and/or local plant and animal populations 
and thus potentially the function of the site for ancient 
people. The effects of Bridge River tephra on ecology and 
human activity represented at archaeological sites in this re-
gion require further study. Before the tephra deposit, soft 
hammer flakes are the most common flake category, while 
after the tephra, pressure flakes are most common. I infer 
here that before the tephra, the site was used mostly as a 
hunting camp, where tools were lightly refurbished and 
retouched before and after harvesting game. After the ash, 
the site was used on a shorter-term basis to sharpen tools, 
leaving behind much higher proportions of pressure flakes. 
Identifying flakes by platform type is key to inferring the 
activities occurring at FaPx-1. 

Figure 8. Cortex amount of complete flakes from FaPx-1. 
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Time is often a limiting factor in the analysis of large 
assemblages from archaeological sites. I present here a 
method of quickly differentiating flakes based on platform 
dimensions. This method, supported here by statistical dif-
ferences between flake types, may be more valuable and 
time-effective than previously established procedures that 
rely on cortex amount and dorsal scar count. Statistical 
analysis is a powerful tool in archaeological research and 
this study indicates that platform dimensions are a useful 
attribute in making inferences about stone tool manufacture 
and site use. Precontact archaeological assemblages are of-
ten dominated by lithic debris; frequently, debris is the only 
artifact type found at precontact sites. Improving methods 
of lithic debris analysis can save time in cataloguing large 
assemblages (by sorting pieces bearing diagnostic platforms 
from shatter) and focus on attributes with more interpretive 
value for inferring behavior, rather than infer stages of lithic 
manufacture based on attributes that may not be reflective 
of reduction events or human behavior.  
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Colony near the town of Glenwood (Figure 1). The cir-
cumstances sounded extreme: Indigenous rock art im-
ages were said to have been systematically destroyed 
through the use of strong acids, a power washer, and 
a rock bore or drill hammer (Archaeology News Net-
work 2012). Furthermore, the claims for the dramatic 
obliteration of Indigenous art were given greater weight 
because they were being made by a member of an Al-
berta First Nations community. The RCMP were sent to 
investigate. The story exploded in the media, garnering 
television, radio, and print coverage on local, regional, 
and national levels. It was a major, multi-day story in 
the National Post, one of Canada’s national newspapers 
(https://nationalpost.com/news/canada/alberta-aborigi-
nal-rock-etchings-defaced-with-drill-power-washer-ac-
id). Comparisons to the Taliban destruction of Buddha 
statues were made. The press issued statements such as 

1. Introduction
A large, once tranquil, glacial erratic rock located near 

the town of Glenwood, Alberta, rocketed to its 15 min-
utes of fame in the autumn of 2012. Previously unrecord-
ed as any kind of archaeological site or historic resource, 
the Glenwood Erratic achieved national prominence 
overnight based on claims of severe and intentional de-
struction of Indigenous rock art images said to be located 
on the boulder. This paper traces that story, presents an 
alternate interpretation of the claim for vandalism, and 
reports on the discovery of new rock art at the Glenwood 
Erratic—not vandalized and not where it was originally 
claimed to have been. 

2. Background
In September of 2012, I was informed of vandalism 

of rock art on a glacial erratic located on a Hutterite 

ABSTRACT 

The Vertical Series type of Indigenous rock art is found at only a handful of sites across the northern Great Plains. 
Discovery of a new site is therefore significant. In 2012 the Glenwood Erratic (DiPi-42) in southwestern Alberta was 
reported to Alberta Culture as a heavily vandalized rock art site. Inspection, however, revealed no rock art where orig-
inally specified. Instead, previously unknown rock art was found on many surfaces of the erratic, all of which is faint 
and challenging to describe. Most are simply areas where ochre had been smeared on the rock face, but a few possible 
human figures are noted. One clear array of Vertical Series rock art is present, consisting of two parallel columns of 
geometric motifs, most of which are small triangles. The age of the artwork is estimated at between 500 to 1,000 years 
before present. The identity of the cultural group responsible is unknown. Although a relatively small site, DiPi-42 
adds to the important sample of Vertical Series rock art on the Northern Plains.  
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the rock was “covered with aboriginal carvings and imag-
es” and these had been “obliterated” (Archaeology News 
Network 2012). According to accounts, perpetrators, clear-
ly several of them, must have come under cover of darkness 
equipped with a large truck, a power generator, a pressure 
washer with at least a 100-litre water tank, containers of 
strong acid or other industrial chemicals, a power rock drill 
and bits, ladder, lights, and so forth (Archaeology News 
Network 2012). How all this was accomplished near a well-
used road close to a Hutterite colony headquarters was not 
explained. As this was a possible contravention of the Al-
berta Historical Resources Act, and as I was located nearby 
with an archaeology crew, I was asked to inspect the site 
and report. 

The claim for intentional vandalism of the Glenwood Er-
ratic was based entirely on purported rock art occurring on 
the top (up-facing) surface of the erratic (Figure 2). My crew 
thoroughly inspected the entire upper surface of the rock, 
including on hands and knees. This surface is essentially 
flat and roughly square in plan view. It was easily examined. 
No evidence of rock art on this surface was discovered. Fur-
thermore, there was no obvious evidence that ancient, faded 
petroglyphs or pictographs had ever been present. The top 

of the rock surface was extensively photographed. We did 
not have on-site access to the colour enhancement applica-
tion DStretch, which can aid significantly in recognition of 
red and other colour pigments (Harman 2015), however we 
did have DStretch on computers in our camp. Photographs 
of the upper rock surface were examined with DStretch and 
no evidence of red pigment was detected. We did note sev-
eral small, red stained areas of rock (Figure 3) that were 
evidence of oxidation likely caused by small fires, or pos-
sibly natural occurrences of iron in the Gog quartzite, of 
which the erratic is composed. The erratic is occasionally 
climbed by locals and by boulderers, and small fires may 
be lit on top. Claims of the use of acid on the rock surface 
likely stemmed from numerous black stained areas that we 
inspected (Figure 3). These were uniformly low areas of the 
rock that collected water and where dark lichen once lived 
and subsequently had died and eroded away. Dark patches 
of living lichen are also seen on the modern rock surface. 

There was indeed intentional damage inflicted on parts 
of the upper surface of the Glenwood Erratic. This dam-
age consisted of a number of ~3-centimetre diameter core 
holes drilled several centimetres into the surface of the rock 
(Figure 3). Following our inspection, subsequent research 

Figure 1. Location of the Glenwood Erratic rock art site (DiPi-42) in southwestern Alberta, on a Hutterite Colony south of the Waterton River, about 
8 km northeast of the town of Glenwood. Image source: Google Earth.
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by Culture and Tourism staff confirmed that the Glenwood 
Erratic was one of several that had been studied by the ge-
ologist Lionel Jackson as part of his larger study of the so-
called Foothills Erratics Train (FET) (Stalker 1956; Jack-
son et al. 1997). Jackson’s research included taking core 
samples from select specimens of the Erratics Train, with 
Glenwood being one of them (identified as “Erratic B”). 
The scars from coring the rock are clearly visible, as were 

loose rock chips, and these were pictured in media reports 
from across Canada. However, we saw no evidence that the 
coring episode, conducted in the mid-1990s, caused damage 
to any Indigenous rock art. One possible incised alphabetic 
letter was noted on the top surface of the rock. What ap-
peared to be the letter “W” was seen on the up-facing sur-
face, but it was unclear if this was actual graffiti or simply 
natural grooves in the rock. 

As a result of our inspection, the RCMP issued a state-
ment that there was no evidence of a crime, the media soon 
lost interest, and the Glenwood story faded from public con-
sciousness. However, during our September 2012 inspec-
tion we walked the circumference of the erratic, inspecting 
all of the vertical faces from a ground-level perspective. 
In so doing we noted areas of rock that appeared to have 
red staining. This led to a fairly extensive photographic 
documentation of the sides of the erratic and subsequent 
DStretch analysis of these images. Close inspection of these 
images revealed faint though indisputable rock art in a num-
ber of places. Rock art at the Glenwood Erratic is of the 
tradition known as Vertical Series (Sundstrom 1984, 1987, 
2004; Keyser and Klassen 2001; Klassen 2003), one of the 
rarest and most poorly understood of all rock art traditions 
found on the Great Plains. Although it does not appear that 
any rock art was vandalized at the erratic, the attention di-
rected at the site led to the discovery of a new member of 
a rare rock art tradition, and an important addition to the 
Alberta site data file. 

Figure 2. View of the Glenwood Erratic boulder looking northeast. The south face is at the right, the broken, angular southwest face is at left.

Figure 3. Seen in the foreground are core-holes drilled in the Glenwood 
Erratic by Jackson et al. (1997) as part of a Foothills Erratics Train study. 
Dark stained rock around the core-holes are from black lichen that stained 
the rock. Wendy Unfreed inspects a red stain that could be natural iron 
content or discolouration from small fires lit by local climbers. 
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3. The site
The Glenwood Erratic is essentially a single massive 

boulder that is roughly square but with rounded corners, 
sheer sides, and a flat top. It has fairly smooth, easily-de-
fined south-, east-, and north-facing sides to the rock, but 
the west face is broken and angular with large rocks littering 
the ground. This is especially true of the southwest corner 
of the west face where the broken surfaces essentially form 
a fifth side to the boulder (Figure 2). The erratic ranges be-
tween 5 to 6 metres in height, and measures approximately 
7 metres on an east-west axis and 6 metres on a north-south 
axis. Though smaller than Okotoks and the Airdrie erratics, 
the huge boulder is certainly one of the largest erratics in 
the FET, possibly the third largest of all. The rock sits in the 
middle of a flat, ploughed field on the Riverside Hutterite 
Colony located approximately 8 kilometres northeast of the 
town of Glenwood and 3 kilometres due south of the colony 
buildings, which are situated on the south side of the Water-
ton River (Figure 1). Prior to 2012, it does not appear that 
any archaeologist had visited the Glenwood Erratic and no 
sites had been reported in the immediate area. 

The Glenwood Erratic is part of the Foothills Erratics 
Train, so named by Stalker (1956). This is a roughly linear 
string of quartzite boulders that trend northwest to southeast, 
beginning in the Athabasca River valley where it exits Jas-
per National Park, and terminating just south of the Alberta/
Montana border (Stalker 1956; Jackson et al. 1997). Like all 
rocks of the FET, the Glenwood Erratic is Gog Formation 
quartzite, which originated as a massive rockfall onto the 
Athabasca Glacier in the area of Mount Edith Cavell (Gadd 
1995). The payload of Gog quartzite travelled on top of the 
Athabasca Glacier as it moved out of the mountains and butt-
ed up against the immense continental glaciers to the east of 
the mountains. This collision deflected the Athabasca Gla-
cier south along the foothills. As the deflected valley glacier 
churned its way south towards the Montana border, parts of 
its rocky payload were dropped on the land forming a linear 
“train”. It is thought that this happened during the last glacial 
episode, the Late Wisconsin, probably sometime after 17,000 
years ago (Jackson et al. 1997). The net result was that there 
was a massive debris of fist-size to house-size rocks scat-
tered across southwestern Alberta waiting to greet the first 
Indigenous occupants of the province. These early residents 
recognized that the boulders—propped up on level prairies 
completely devoid of bedrock, and perched on the sides and 
tops of hills—were utterly foreign to all the natural elements 
of the surrounding landscape. Accordingly, many large boul-
ders of the Foothills Erratics Train were treated with special 
reverence by the Indigenous residents, as they still are today 
(Bosch 2000; B. First Rider, personal communication 2017). 

4. Rock art at the Glenwood Erratic
Most rock art observed at Glenwood was found on the 

vertical faces of the single, large erratic boulder. A few in-
stances were noted where red pigment was seen on hori-
zontal, down-facing surfaces, specifically, the bottoms of 
small overhanging ledges that protect other rock art on the 
vertical walls. All rock art is made from red pigment paint-
ed on the rock surfaces, presumably red ochre made from 
hematite with a base of animal fat. The paint was applied 
in a thick paste form, not as a liquid paint. The paintings 
are made with thick lines indicative of having been painted 
with fingers rather than with brushes. However, a few fine 
lines were noted that suggested use of a brush. No humanly 
created carvings or peckings were observed, and such are 
rare at Alberta erratics likely due to the hardness of the Gog 
Formation quartzite (7.0 on the Mohs scale). Note, how-
ever, that one of the Pine Coulee reservoir rock art sites, 
EaPk-214, consists of pecked human figures on a quartzite 
boulder from the FET (Fedirchuk 1991). 

Following discovery of pigment in 2012, I returned to 
the site in 2018 for more comprehensive recording. A com-
plete surface inspection, including the use of DStretch on 
all vertical surfaces of the Glenwood Erratic, led to the 
identification of seven panels of rock art at DiPi-42 (Fig-
ure 4). This number is not definitive. Identification of hu-
manly made markings at Glenwood is very challenging due 
to two factors. First, essentially all of the rock art at the 

Figure 4. Plot of the locations and numbers of identified rock art panels 
at DiPi-42.
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site is extremely faint. It can barely be seen with the naked 
eye, and has mostly been identified through the use of co-
lour enhancing software. The faintness is presumably due to 
weathering of the pigment over time. Second, Gog quartzite 
has a great amount of iron content, and when this iron is ex-
posed on the rock surface it oxidizes to a reddish-brown co-
lour. Under enhancement using DStretch, natural iron in the 
rock can look virtually identical to red ochre. In many cases 
the arrangement and distribution of iron stains is key to dis-
tinguishing it from humanly applied pigment; iron tends to 
form along cleavage planes and cracks in rock, producing 
linear and ordered patterns that contrast with the humanly 
applied pigment. However, there are a number of instances 
at Glenwood where it was extremely difficult to separate 
natural iron stains from red ochre, and another researcher 
might conclude that there are more or fewer panels of rock 
art than reported here. Henceforth, in this paper only photo-
graphs modified with DStretch are used. 

The rock art at the Glenwood Erratic is especially frus-
trating to identify and describe. As noted, the ochre is very 
faint. So much so that even with enhancement it is difficult 
to describe what is seen other than to note that traces of red 
pigment seem to be present. In several cases (noted below) 
traces of pigment appear to have once formed distinct im-
ages—that is, intentional shapes as opposed to areas where 
ochre has simply been smeared on the rock. Such apparent 
forms include simple short lines, circles, and boxes. But 
in the great majority of cases these shapes are barely dis-
cernable, leading to tentative identifications. The majority 
of ochre found at Glenwood can be described as “smears”. 
Hands covered in ochre were rubbed on parts of the erratic 
walls, leading to amorphous painted areas showing scat-
tered red colouring but lacking any definable shapes. The 
broad smearing of red ochre on glacial erratics by Indige-
nous artists is a common occurrence in Alberta and is seen 
at sites including Okotoks (EePm-3), Stavely (EaPk-61), 
and Airdrie (EhPl-2) (Keyser and Klassen 2001:161; Klas-
sen 2003:167; Brink 2014). 

Applied pigment is found on most sides of the Glenwood 
Erratic. The due-south-facing wall of the erratic is the only 
one lacking any pigment; an interesting omission given 
that rock art at the Okotoks and Airdrie erratics is confined 
almost exclusively to the south faces (Brink 2014, 2018). 
Rock art panels were numbered 1 through 7 beginning on 
the southeast corner of the erratic and continuing counter-
clockwise around the rock (Figure 4). Panel 1 is located on 
the southeast corner of the boulder; Panels 2 and 3 on the 
east face; Panel 4 on the northeast corner; Panel 5 on the 
north face; Panel 6 on the west face, and Panel 7 lies in the 
broken, angular transition between the west and south faces. 

4.1 Panel 1
Panel 1 at DiPi-42 is located at the southeast corner of 

the erratic and consists of a broad area of smeared ochre 
extending from about 1.0 metre to 2.5 metres above ground 
surface and about 2.0 metres across, left to right (Figure 5). 
It is fully exposed to the elements. Note that splotches of 
paint are scattered to the left, right, and bottom of Panel 1 
but that a horizontal bedding plane at the top forms a bound-
ary to the upper distribution of the paint. While much of the 
paint looks to have been simply spread by the palm of the 
hand over the rock, there are a few places where hints of 
drawn images can be detected. Figure 6 enlarges the lower 
portion of Figure 5. An arrow at the left side of Figure 6 
points to a rectangular “box-like” structure made with fine, 
straight lines. There are faint signs that a figure of some 
sort may have existed at the left side of this box. An arrow 
at the right side of Figure 6 points to a small, distinct trian-
gle measuring about 2 centimetres on the long axis. Some 
of the smearing at Panel 1 almost retains traces of finger 
swipes, such as at the far right of Figure 5, though no clear 

Figure 5. Panel 1 at DiPi-42 showing ochre smears on the southeast end 
of the erratic. Note reddish-purple iron stains underneath ochre at top left 
and lower right.
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hand prints or finger marks can be identified. Placement of 
the paint on this projecting end of the erratic is an inten-
tional positioning of colour on a protruding surface; a com-
mon occurrence at rock art glacial erratics in Alberta (Brink 
2014, 2018). 

4.2 Panel 2 
Panel 2 is located on the east face of the erratic, beginning 

about 2 metres north of the southeast corner and continu-
ing sporadically for another 2 metres. Traces of ochre are 
found from about 1 to 2 metres above ground. The panel 
has only faint traces of pigment, found on a rock surface 
that shows evidence of frequent spalling (Figure 7). Natu-
ral iron in the rock is apparent at this location, and closely 
mimics the appearance of ochre. However, there are several 
instances of red colour that indicate human application. In 
Figure 7, ochre is seen in several horizontal bands along the 
right side. The arrow at left points to a long, vertical line 
with a curved top and bottom, the latter curving back up in 
a U-shape to end with a flare of paint out to the right side, 
resembling a fishhook or a giant capital letter “G”. This is 
an unnatural configuration of red that is inconsistent with 

iron staining. An inverted “V” at the upper centre of Fig-
ure 7 is likewise unlike natural iron stains. The ochre colour 
of the “G” and “V” figures is different from that of the ad-
jacent iron and indicates that both smearing and painting of 
individual characters was done at this location but are now 
mostly indistinct. One is left with the currently unprovable 
impression that there were once a number of small, distinct 
figures painted at Panel 2. 

4.3 Panel 3 
Panel 3 has the most significant and most extensive rock 

art at site DiPi-42. Figure 8 shows all of Panel 3. It is locat-
ed on the east surface of the erratic, beginning about 1 me-
tre north of Panel 2, with rock art located between 0.5 to 
2 metres above ground, and horizontally over a distance of 
1.5 metres. The majority of the pigment is recessed from 
the main rock face, situated underneath a diagonally slop-
ing rock ledge. This protective ledge terminates at the upper 
left side of Figure 8, where it can be seen that water is free 
to run over the exposed ochre, depositing a brownish layer 
of sediment. I have identified five areas of Panel 3 (A–E), 
discussed in turn (Figure 8). 

Figure 6. Close up of lower portion of Panel 1, DiPi-42 showing rectangular “box” and possible figure at centre left, and triangle at far right centre. 
Scale bar = 10 cm.
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Panel 3A is the exposed, outside edge of the ledge that 
lies above most of the rock art at Panel 3. This rounded edge 
has been rubbed with red ochre over a distance of about 
70 centimetres (Figure 8). It appears to have been smeared 
with hands, consistent with the other applications at the site. 
There does not appear to be any pigment on the down-fac-
ing surface of the ledge at Panel 3. 

Panel 3B is the left edge of the panel, where it has been 
washed with water and covered with a mineral deposit (Fig-
ure 9). Deposition of a mineral wash over rock art placed 
on Gog quartzite has also been noted at the Okotoks Erratic 
(Brink 2014). Noteworthy at 3B is that erosion and spalling 
are evident along the left edge, where it appears that thick 
layers of ochre have been removed (see above and below 
the label “B” in Figure 8). It looks as though a substantive 
amount of ochre had once been present but has been trun-
cated by weathering and repeated spalling, and covered with 
mineral wash. Spalling is characteristic of most of Panel 3, 
especially seen as roughly circular detachments of rock, 
leaving behind areas devoid of ochre in the midst of the 

panel. We can only guess at what has been lost at Panel 3B, 
but it appears there were more discrete figures painted here, 
and it was not simply a smeared area. This is based on the 
fact that what appear to be lines of ochre (though lacking 
pattern) are visible through the mineral wash, which you 
would not get with smearing. Plus, immediately to the right 
of 3B are very distinct characters (Panel 3C), and likely 
more specific figures below (Panel 3D), further suggesting 
that formed shapes were also drawn at 3B.

Panel 3C consists of ochre stains tucked up under the di-
agonal ledge with some distinctive elements discernable 
(Figure 9). Just below the ledge are two painted figures that 
resemble English letters. Higher up is a “W”-like figure, 
with the left side more visible than the right (Figure 9). Just 
below and right of this is a figure resembling a capital let-
ter “A”. It is composed of two converging diagonal lines, 
drawn parallel to the ledge rock, with a thick “cap” across 
the top of the converged lines, and a red line connecting the 
two lines drawn midway along their length (Figure 9). The 
capital “A” is about 10 centimetres in largest dimension. 

Figure 7. Panel 2 at DiPi-42. Red lines across top, including inverted 
“V”, are natural iron. Red across the centre is believed to be ochre. Scale 
bar = 10 cm. 

Figure 8. Panel 3 at DiPi-42 showing the five lettered subdivisions of 
the Panel.
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Symbols similar to the English alphabet are common at Ver-
tical Series (VS) rock art sites and will be discussed below. 
Pigment located immediately below the two “letter”-like 
symbols shows no decipherable pattern and could be eroded 
specific figures or simply additional smearing. 

Part D of Panel 3 is below area 3C and consists of two 
roughly round figures (Figure 9). Both are faded, eroded, 
and damaged by pock marks from spalling. However, they 
may have originally been two similar figures, though this is 
entirely speculative. What can be said about the figures is 
that both certainly had round, solidly-painted central bod-
ies; there is enough pigment remaining to confirm this. The 
figure on the left appears more complete. It appears to have 
two thick, vertical lines extending several centimetres from 
the bottom of the round body. This image could be the re-
mains of an anthropomorph, with the thick lines extending 
from below the round body being legs. The overall shape is 
reminiscent of the common Plains motif known as a shield 
bearing warrior (Keyser 1977). If there was a head above 
the body it can no longer be discerned. No other features of 
a human body are apparent. That this figure may have been 

an anthropomorph is highly tenuous, and even more so for 
the round body to the right of it, which does not have a clear 
set of “legs”. What does seem clear is that the two round 
figures at Panel 3D, like the “alphabet letters” above them 
(Panel 3C), were originally specifically formed shapes and 
not simply broad smears of ochre. 

Panel 3E is the most significant rock art at the Glenwood 
Erratic. A vertical array of repetitive symbols is located on 
the east face of the boulder to the lower right side of Pan-
el 3, placed between 0.5 metres and 1.1 metres above sur-
face (Figures 9 and 10). The small red ochre images fit the 
classic definition of VS rock art from the northern Plains of 
North America: that is, vertically arranged lines of repetitive 
geometric symbols that in themselves have no obvious pic-
torial meaning but were part of a symbolic communication 
system (Connor and Connor 1971; Sundstrom 1987; Keyser 

Figure 9. Areas C and D (from Figure 11) at Panel 3, DiPi-42. Scale 
bar = 10 cm.

Figure 10. Close up of Panel 3E at DiPi-42 showing two parallel, verti-
cally arranged rows of geometric symbols.
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and Klassen 2001). The images from Panel 3E will be pre-
sented and illustrated, and later discussed in terms of their 
context within the Northern Plains VS rock art tradition. 

The VS rock art at Panel 3E consists of two columns of 
vertically aligned symbols (Figure 10). The left column is 
about 35 centimetres long, the right 45 centimetres, with 
about 5 centimetres of space between the two columns. 
Each column has both single and paired symbols. Counting 
the number of symbols present is hampered by the obscure 
nature of several figures. At least 15 characters can be dis-
cerned, 5 in the left column and roughly 10 in the right. It 
is impossible to know what orientation had meaning to the 
original artist(s). Were the columns “read” top to bottom, 
bottom to top? Was meaning achieved from the horizontal 
placement of symbols in rows rather than columns? These 
questions are not likely answerable. 

All figures are very small, none more than a few centime-
tres long. Starting at the top left, the first symbol resembles 
a backwards capital “F” (Figure 10). It has a short vertical 
line with a hook to the left at the top and another in the mid-
dle of the vertical line. Below this is a symbol that can be 
interpreted in several ways. In one view it resembles a cap-
ital letter “J”. The letter is formed by a horizontal line at the 
top, a vertical line intersecting the horizontal line, and at the 
bottom of this, a left-skewed diagonal hook. A second pos-
sible interpretation of this motif is that there is a faint corre-
sponding diagonal hook at the bottom of the lower right side 
of the vertical line as well as on the left side, which would 
turn this into a down-pointing arrow with a slash off to the 
left side at the top. 

The next symbol down on the left is the most common 
motif at DiPi-42; small, paired triangular shapes (Fig-
ure 10). Though not extremely clear here, it appears that 
two triangles are placed next to each other and touching. 
The apex of the triangle to the right is pointed upward and 
shows a feature common to most of the other triangles—a 
small bar of ochre extending a centimetre beyond the apex 
of the triangle, like a “nipple”. This is the only triangle at 
the panel that points upward. The symbol touching this on 
the left is clearly another triangle, and though faint, seems 
to have the apex pointing downward and with a “nipple” at 
the end of the apex. Below the triangles is a gap of about 
8 centimetres and then a symbol resembling what seems 
more clearly described as a capital letter “J”. This has a 
curved horizontal line across the top of the vertical bar and 
quite a pronounced swoop to the hook at the bottom left 
side of the “J”. This figure shows no signs of a second hook 
off to the right side of the vertical line, as suggested for the 
second figure down in this column, making it less likely that 

the fourth figure in the column is a down-pointing arrow. 
Below the “J” is a squiggly, indistinct stain of ochre that 
very likely had a distinct shape at one time but this shape 
can no longer be determined. 

The right hand column of Panel 3E begins with a symbol 
directly across from the backwards “F” that on first inspec-
tion looks like a large letter “V” or possibly two “V”s or a 
“W”. However, on closer examination I suspect that this is 
another set of down-pointing triangles, but with the top line 
and the right side poorly preserved (Figure 10). If correctly 
interpreted, these are the largest of the paired triangles, and 
note that at least on the left side, the apex of the triangle 
has a distinct “nipple” extending beyond the triangle just as 
seen with the triangles located in the same column directly 
below. The next three symbols down on the right side col-
umn are more sets of paired triangles. All are fairly clear, 
small, touching at the top corners, apex pointing down, and 
(when clear enough to state) with “nipples” pointing down 
from the apex. Below the fourth set of triangles is what I 
think is yet another set of paired triangles, only less dis-
tinct. They are fainter, and both seem slightly less pointed 
than the triangles above. The one on the left is clearer, the 
right side less so. There is no sign of a “nipple” with either 
triangle.

Finally, at the bottom of the right hand column, and lack-
ing any corresponding figure in the left side column, is what 
appears to be a small oval of ochre. This oval is slightly 
taller than wide. It could be a single triangle, only with more 
rounded lines, not unlike the paired figures directly above. 
There is more ochre in the Panel 3E area. In Figure 10, dif-
fuse stains can be seen above the metre stick at the juncture 
of the overhanging ledge and the rock wall, and on the side 
wall of rock at the far lower right.

4.4 Panel 4 
At the very northeast corner of the erratic is a dished out 

hollow that projects out at the top and is concave below, 
similar to a half-shell (Figure 11). Panel 4 consists of ochre 
applied around the projecting upper edges as well as in the 
concave region below. Pigment is found from between 1 to 
2 metres above ground surface and over a horizontal span 
of about 1.25 metres. Ochre has been applied heavily to the 
two most prominent projections on the curved upper surface 
above the concavity, separated by about 20 centimetres (Fig-
ure 11). Inside the concavity there is more ochre that seems 
to have been smeared on. However, there also seem to be 
faint indications of once distinct figures. There are a few 
individual lines, occasionally connecting, but not forming 
anything readily identifiable. The arrow in Figure 11 points 
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to one such instance—a figure that could be described as 
a box, a ring, a “#” sign, or other symbol. My suspicion is 
that there were several formed figures once painted in the 
concavity, but greater resolution will be required to discern 
them. 

4.5 Panel 5
Panel 5 is on the relatively flat, north face of the erratic, 

roughly in the middle of the face. Rock art is found be-
tween about 1.5 and 2.25 metres above ground and span-
ning 1.25 metres across. The panel is reminiscent of Pan-
el 2 in that it consists of only faint markings on a relatively 
flat face where it appears that there were once a number of 
distinct figures drawn but now are largely obscure. Pan-
el 5 has an abundance of orange lichen, which shows as 
bright red under DStretch. Lichen covers ochre in a num-
ber of places, but elsewhere a fainter red can be detect-
ed as ochre, sometimes in places where lichen has now 
died. In Figure 12, arrows on the left side point to faint red 
stains interpreted as ochre. Both of these markings appear 
to have been drawn figures at one time, not smears. Some 
30 to 40 centimetres above and slightly right of the scale 

are several more figures, pointed to with arrows on the 
right side of the photograph (see Figure 12, insert). The 
lower arrow points to a symbol shaped like a capital letter 
“R”. A thin red line trails horizontally through this in both 
directions, however I’m not convinced this isn’t a natural 
iron stain. Other smudges of ochre surround the “R” fig-
ure. About 10 centimetres above the “R” is a clear zig-zag 
line, extending horizontally in each direction through a 
thicker smudge of ochre that looks somewhat star-shaped, 
but may just be extra ochre added to a projecting point of 
rock. The zig-zag line is at least 20 centimetres long but 
was incompletely captured by photography. The “R”-like 
symbol and the zig-zag line confirm that humanly applied 
ochre is definitely present, lending credence to the propo-
sition that the other faint traces on Panel 5 are also applied 
ochre. 

4.6 Panel 6 
Panel 6 is located on the west face of the erratic, with pig-

ment placed between about 1.5 to 2.5 metres above ground 
and horizontally over a distance of about 2 metres (Fig-
ure 13). The panel is located in a recessed area of rugged, 
broken rock that is sheltered by two separate overhangs, one 
protecting ochre on the north side (left in Figure 13) and 
another overhang protecting ochre on the south side. With-
in the recessed area on the west face, pigment was placed 
on two concave surfaces, to the left and right sides of Fig-
ure 13. Ochre is also seen on the narrow ceilings directly 
above both overhangs. There is an abundance of natural 
iron staining in the Panel 6 vicinity. This is especially true 
along the left side of Figure 13 and through the mid-central 
part of the photograph where some relatively straight lines 
of red colour suggest natural deposition rather than human-
ly applied pigment. Yet there is also clear humanly applied 
ochre, and some red colouring whose origin is uncertain. 
Most or all of the red colouring to the right side of Figure 
13 is applied red ochre. 

Arrows on the left of Figure 13 point to natural iron stains. 
Red colour above these are believed to be ochre smears. 
Likewise, there is ochre on the two down-facing ceilings in 
Figure 13, although individual lines in these locations sug-
gest that formed figures, rather than smeared ochre, may 
have been present. The smeared sections, like others at the 
site, were seemingly applied with a broad palm and without 
noticeable finger smears or streaks. Arrows to the right side 
of Figure 13 point to three instances of humanly applied 
pigment. The top two are large, oval patches of pigment 
located on similar-sized lobes of rock just under the ceil-
ing (Figure 14). These may have just been smeared areas, 
or may have once had a more specific form. The patch on 

Figure 11. Panel 4 located on the northeast corner of DiPi-42. Scale 
bar = 10 cm.
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Figure 12. Panel 5 at DiPi-42. Main photo shows the middle of the north face of the erratic. Arrows at left 
point to faint ochre marks. Arrows at right point to ochre enlarged in inset (above), capital “R” letter and 
above that, a zig zag line. Scale bar = 10 cm.

Figure 13. Panel 6 at DiPi-42. Smears of red ochre on west-facing wall of boulder. Note pigment on ceilings 
above both left and right sides. Arrows at left point to natural iron colour in the rock; arrows at right point to 
ochre figures discussed in text. Scale bar = 10 cm.
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the left appears to have one or several vertical lines placed 
above a circular blob of pigment with unpainted spaces of 
rock between the vertical extensions. It somewhat resem-
bles a giant handprint, though is way out of scale to be such. 
Nothing definitive about these two pigment splotches can 
be said except that they appear to be cultural and may have 
once been distinct shapes. Spalling of rock chunks has left 
divots lacking pigment. 

Finally, Panel 6 has one image that could be a represen-
tational figure. Located immediately below the two pig-
ment clusters seen in Figure 14 is a single ochre painting 
that bears resemblance to an anthropomorph (Figure 15). 
Paint cover is sparse and flaked in places, but this figure 
could be a vertically aligned human, with a head at the top 
(in the dark area of rock), a slightly rounded and solidly 
painted torso, with a waist and two slightly tapering solid 
legs. A nub of what may have been a left arm (seen from the 
viewer’s perspective) extends from the left shoulder, and 
alongside the right leg is a red mark that could have been 
something held in the right hand. An isolated dot of paint is 
placed where a right arm would have existed. This interpre-
tation is highly speculative. However, it is indisputable that 
this is a humanly produced figure consisting of a rounded 
solid body of ochre with two distinctly painted, vertically 
aligned lines of pigment. It is a more carefully, intentionally 
painted image and is clearly not part of general smearing of 
ochre.

Figure 14. Two oval painted areas at Panel 6 of DiPi-42. Note also lines of ochre on the ceiling above.

Figure 15. Possible anthropomorphic figure from Panel 6, DiPi-42. Scale 
bar = 10 cm.
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4.6 Panel 7
The final designated panel at DiPi-42 is composed of 

two adjacent parts located a few decimetres apart. They are 
found on a south-southwest-facing wall of the erratic, locat-
ed around a south corner of rock from Panel 6. The ochre 
is high at Panel 7, with the right hand (east) component be-
ing 3.0 metres above surface, and the left side (west) being 
some 2.8 metres above surface. The eastern part consists 
primarily of an intensely rubbed, pointed projection of rock 
that shines bright with red (Figure 16). This continues the 
tradition of preferential painting of projections of glacial 
erratics in Alberta. Just below this projection there is addi-
tional ochre smeared on a smaller nub of rock. There is also 
much iron stained rock on this portion of the erratic, close-
ly resembling red ochre, such that identification of cultural 
modification has been carefully evaluated.

About 20 centimetres below and 20 centimetres west of 
the ochre-rubbed projection is a short, narrow rock ledge 
that runs horizontally for about 60 centimetres and creates a 
protective overhang about 10 centimetres deep (Figure 17). 
Rock art is found on the outer lip of the overhang as well 

as tucked underneath the narrow ceiling. Running parallel 
along the exposed outer lip of the overhang is a slightly 
wavy horizontal line of ochre (Figure 17). It is about 40 cen-
timetres long, following almost all of the overhang lip. Per-
haps noteworthy is that to the west (left) side of this wavy 
line there is a thicker blob of ochre, rubbed on a very slight 
projection, not unlike the thicker splash of ochre that is seen 
on the left side of the zig-zag line in Panel 5 (see Figure 12). 

Underneath the overhang are a series of painted geometric 
symbols. Though again hard to see and describe clearly, there 
is no doubt these figures were once distinctly drawn designs, 
painted with fingers, and not smears of ochre (Figure 17). 
Left of centre (Figure 17A) are two figures that appear as 
elongated bodies of ochre painted on a slight diagonal. They 
are about 7 centimetres long and 3 centimetres wide. The 
upper body appears fully painted, the lower one may only 
be outlined, but the ochre may have weathered from the cen-
tral portion. Both appear to have one or two projecting lines 
extending to the right of the bodies, each a few centimetres 
long. Note that there may be a single down-pointing trian-
gle, with a trailing line attached at the right side, located 
immediately under the overhang (Figure 17B). 

The central figure under the overhang is the most complex 
individual image found at DiPi-42. It is a vertically aligned, 
geometric form consisting of a single 8-centimetre-long ver-
tical line crossed with a number of short horizontal stokes 
(Figure 17C). The short cross lines are between 3 centime-
tres and 1 centimetre long, the first occurring 1 centimetre 
above the bottom of the vertical line. Five horizontal lines 
clearly cross the vertical line, and likely a sixth, counting 
a very short stub of a line in the centre. The bottom two 
horizontal lines, and the short stub, cross the vertical line at 
right angles. The fourth line up, however, seems to have a 
slight upward curve to the left side of the vertical line, and 
on the right side may in fact curve completely around and 
re-cross the vertical line, although this is far from clear. If 
so, the fifth line up is not a separate cross line. At the top 
of the vertical line is a 5-centimetre-long line that angles 
downward to the right side, following the same angle as the 
fifth cross line directly below. 

Directly right of the central design is a group of painted 
figures (Figure 17D), only the first of which can be readi-
ly identified. It is a small oval, some 4 centimetres tall and 
3 centimetres wide. To the right of this is a design that likely 
was a single figure, such as a box or hashtag, but can no 
longer be clearly discerned. Similarly, further right are four 
more ochre markings that could be simply finger marks, or 
they may have been part of specific designs. If finger marks, 
they are among the very few tentatively identified at DiPi-42.

Figure 16. Eastern component of Panel 7 at DiPi-42, with rock projec-
tion rubbed with ochre. Western component underneath overhang begins 
just below scale bar. Scale bar = 10 cm.
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5. Vertical Series rock art on the Northwestern Plains
Vertical Series (VS) rock art has been known for near-

ly four decades, and yet of all types of rock art from the 
Northern Plains it remains by far the most mysterious, enig-
matic, intriguing, and rare (Keyser and Klassen 2001:281; 
Greer and Greer 2004; Sundstrom 2004). Much of the early 
history and background on VS rock art has been present-
ed by Greer and Greer (2004), Keyser and Klassen (2001), 
and Sundstrom (1984, 1987, 2004) and will not be repeated 
here. It was once regarded as a Style of Northern Plains rock 
art; it was elevated to a Tradition by Keyser and Klassen 
(2001), and that designation is used here. 

Only a few dozen VS sites are known, mostly from Mon-
tana, some of them small sites with few images, some ques-
tionable as to their placement within the VS category (Greer 

and Greer 2004; Keyser et al. 2012). A few sites have been 
recorded in northern Wyoming and western South Dakota 
(Sundstrom 2004). The sample is achingly small. Klassen’s 
(2003) synthesis of Alberta rock art identified three likely 
VS sites in Alberta: the Okotoks Erratic (EePm-3), Carstairs 
Coulee (EjPm-6), and the possibility of a panel in the Writ-
ing-on-Stone region (DgOw-27). Since that date, a definite 
VS panel has been identified at the main rock art site at 
Writing-on-Stone, DgOv-2 (M. Turney, personal communi-
cation 2016), but has not yet been published. Brink (2018) 
identified two small, paired triangles at the Airdrie Erratic, 
an otherwise classic Foothills Abstract site, but I regard this 
as too minor an inclusion to warrant asserting that VS rock 
art is present at Airdrie. With the three sites identified by 
Klassen (2003), and the new Writing-on-Stone discovery, 
the addition of DiPi-42 brings the total to five VS rock art 
sites in Alberta.

Figure 17. Panel 7 at DiPi-42. Wavy ochre line above overhang, painted figures underneath. Inset at bottom attempts greater clarity of key design fig-
ures. Letters A–D point to motifs discussed in the text. Scale bar = 10 cm.
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There is no question that the rock art found on the Glen-
wood Erratic fits squarely and comfortably within the VS 
category, and conversely does not fit within any other de-
fined style for the Northern Plains. Vertical Series rock art 
is characterized by the use of repetitive geometric symbols, 
often, though not always, placed in columns and/or rows 
in both vertical and horizontal arrangements (Sundstrom 
1984, 1987, 2004; Keyser and Klassen 2001). Key to the 
identification of this tradition is that symbols are non-rep-
resentational in form; they are geometric shapes that do not 
directly depict people, places, or things. They are visual 
codes for specific ideas (Sundstrom 1987:3). A valuable 
clarification provided by Keyser and Klassen (2001:291) 
discusses the various components of “picture writing”, 
where “pictograms” are clear depictions of real things that 
exist in the real world, and “ideograms” are abstract im-
ages that bear no formal resemblance to what they mean 
to the population that can interpret them. For example, the 
pictogram of a woman’s outline used on bathroom doors 
uses an image that resembles the real object it is address-
ing, while the red octagon of a stop sign is an ideogram, 
a geometric shape that has come to mean stop only for 
those who have learned the rules of the symbolic system. 
Deducing the meaning of the geometric symbols typically 
requires inside cultural knowledge; it cannot be extrapo-
lated from simple observation of the shapes or from com-
parison with known Plains art forms such as ledger books, 
robe art, and winter counts. This means that the chances of 
understanding what was being communicated by rows of 
geometric symbols are slim indeed, though not hopeless. 
Vertical Series rock art is unique on the Northern Plains, 
possibly in North America, as an Indigenous development 
of a means of symbolic communication that was almost 
totally symbolic and abstract in nature, not relying on pic-
torial linkages between the featured designs and the objects 
(and ideas) represented (Keyser and Klassen 2001; Klassen 
2003; Sundstrom 2004). 

Nothing in rock art is ever absolutely clear, and this is es-
pecially true of VS imagery. Sundstrom (1984, 1987, 2004) 
has written the most on VS rock art, and she argues that 
indeed some of the apparent geometric symbols do repre-
sent real-world entities (or have evolved from pictograms of 
them), such as stars, moons, and meat drying racks, and this 
seems likely to be correct for symbols such as “+” marks, 
circles, and certain style boxes. But Sundstrom and all oth-
er rock art researchers acknowledge that the great majority 
of symbols found in VS rock art do not have any apparent 
corollary in a tradition of pictogram artwork, and are best 
regarded as a rudimentary ideographic writing system com-
posed of geometric symbols that were likely shared among 
those familiar with the rules (syntax) of the “language” 

(Sundstrom 1984, 1987, 2004). It seems likely that the sym-
bols used in widely dispersed VS sites were not idiosyncrat-
ic inventions known only to the artist, but rather part of a 
shared vocabulary that could be interpreted by at least a seg-
ment of the relevant society, such as ceremonial leaders or 
religious specialists. With sites found in western South Da-
kota and a thousand kilometres away in southern Alberta, 
it seems unlikely that a single tribal group was responsible 
for all VS rock art. The distance between sites and the simi-
larity of many shared symbols begs several questions: were 
inter-tribal specialists able to “read” the geometric symbols 
across the Northern Plains; were the meanings of specific 
symbols unique to different tribal groups; were various trib-
al groups aware of the existence of similar styles of sym-
bolic communication being employed by their neighbours? 
We are a long way from answering these and similar vexing 
questions about VS rock art. But even the discovery of a 
single—albeit relatively small—new site in Alberta adds to 
our interpretive powers. 

6. Discussion
Depending on the accuracy of the interpretations of ochre 

found on the Glenwood Erratic, several aspects of the imag-
ery found at DiPi-42 may not conform with the designation 
of a classic VS rock art site. First, a number of panels at 
DiPi-42 are said to be the result of broad smearing of ochre 
over the rock face. This is seen faintly in several small ar-
eas, but is most distinctly seen at Panels 1 and 4 (see Fig-
ures 5 and 11) where there can be little doubt that smearing 
of ochre produced the broadly diffuse distribution of red 
pigment we see today. Widespread smearing of pigment on 
a rock surface is a characteristic of the Foothills Abstract 
Tradition of rock art on the Northern Plains, not of the VS 
Tradition (Keyser and Klassen 2001; Klassen 2003). Yet 
smearing is not unknown at other VS sites. It is especially 
common at the Okotoks Erratic, where substantive areas 
of the boulder surfaces have been smeared with ochre de-
spite the site having many of the hallmarks of a “classic” 
VS rock art site (Keyser and Klassen 2001; Klassen 2003; 
Brink 2014, 2017). Smearing does not appear to be present 
at the other major Alberta VS site, Carstairs Coulee (Brink 
2017), and is rare or absent from Montana and South Da-
kota VS sites (Greer and Greer 2004; Sundstrom 2004). It 
is possible that several traditions of making rock art trans-
pired at sites like Okotoks and Glenwood; it is also possible 
that we have not yet recognized that ochre smearing may 
be a fully legitimate component of at least some VS sites, 
especially those in Alberta. Keyser and Klassen (2001:291) 
note that Alberta VS sites “display several unique designs 
and show distinct variations in the way some designs are 
arranged”. 
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A second way that DiPi-42 may not fit the classic defini-
tion of a VS site is that there may be present at the site, rep-
resentational images—as opposed to geometrics—that de-
pict real-world things in pictogram form. Several have been 
suggested at Glenwood, none in my opinion are beyond 
doubt. Panel 3 has several round-body figures that could 
have once been anthropomorphs (see Figure 9). Panel 6 has 
the round-bodied figure with two protruding “legs”, also 
a possible anthropomorph (see Figure 15). Beyond these, 
however, no other images at DiPi-42 bespeak of depicted 
objects, although admittedly most of the non-smeared draw-
ings are so faint as to stifle clear description. Many “lines” 
have been noted for which no organizing detail can be 
provided. Several ovals are present, possibly representing 
“moons”. Keyser et al. (2012:73) argue that what had long 
been described as a series of rectilinear lines and “boxes” at 
a site in Atherton Canyon, Montana, is in fact an anthropo-
morph. As noted above, Sundstrom (1987:16) believes that 
some South Dakota VS sites have representational objects 
depicted, such as meat-drying racks. Alberta sites have a 
few definite depictions of real-world objects. Okotoks has 
at least two certain (tiny) thunderbirds, many hand prints, 
one unquestionable bear claw, and almost certainly one or 
several anthropomorphs (Keyser and Klassen 2001; Brink 
2014, 2017). Carstairs Coulee has several convincing bird 
motifs and one or several depictions of human hands or bear 
claws (Brink 2017). So, as with smearing being present at 
VS sites, the presence of some representational art at VS 
sites means either that we redefine the tradition to include 
a broader range of elements, or we accept that sites have 
experienced multiple instances of rock art expression as en-
acted, presumably, by different cultural groups likely over 
a broader period of time. Given that major boulders of the 
Foothills Erratics Train have been a prominent feature on the 
landscape to every Indigenous group that has ever occupied 
Alberta, it is entirely reasonable to believe that some erratics 
have been revisited for centuries, if not millennia, with suc-
cessive groups contributing rock art relevant to their culture. 

These instances aside, the majority of the designs found at 
DiPi-42 are fully in keeping with what has been defined as 
“classic” VS rock art. This is seen most clearly at Panels 3C 
and 3E. Panel 3C has several symbols that strongly resem-
ble letters from the English alphabet (“W” and “A”, see Fig-
ure 9). For reasons unknown, letter-like geometric designs 
are among the single most common design elements found 
at VS rock art sites across the Northern Plains. They are 
often not in the correct orientation as English letters (back-
wards, flipped on sides, upside down), and they seldom are 
exact replicas of the English versions, yet they are close 
enough formally that researchers have used the alphabet 
analogy to describe designs found over thousands of square 

kilometres. Most commonly seen are the “letters” I, H, L, 
U, C, E, T, and variations of these are known from sites 
in South Dakota, Montana, Wyoming, and Alberta (Sund-
strom1987; Keyser and Klassen 2001:285; Greer and Greer 
2004; Brink 2017). Noteworthy, virtually every known ex-
ample in rock art is a capital letter, none are lower case. 
Panel 3C at DiPi-42 adds the forms “A” and “W” to this list. 
Panel 3E adds what has been described as a capital “J” and 
a backward capital “F” as well as another “W” or possibly 
two “V”s or two triangles. Symbols closely resembling the 
“A”, “W”, and capital “J”s in several alternate orientations 
are clearly seen at Carstairs Coulee (Brink 2017). 

In terms of the founding definition of the style, Panel 3E 
is the most classic of the VS art. It presents the textbook ex-
ample of vertically arranged, multiple columns of repeated 
geometric symbols (see Figure 10). Identifiable motifs are 
limited to paired triangles, letter-like symbols, and a single 
circle or oval at the bottom. Triangles are most common, the 
number present depending on how many obscure symbols 
are accepted as triangles, from a minimum of eight to a maxi-
mum of 13. Nearly all triangles are very small, no more than 
a few centimetres on a side, always paired or in clusters, and 
typically equilateral and down-pointing. Triangles are also 
among the single most common design elements recorded 
at Plains VS sites (Sundstrom 1984, 1987; Keyser and Klas-
sen 2001:285). Sundstrom (1984:Figure 3) illustrates a site 
from South Dakota that has over 100 small (<5 centimetres) 
triangles, nearly all down-pointing, clustered together, of-
ten with edges touching. She even refers to this pattern as 
the “triangular Vertical Series” (Sundstrom 1984:70). None 
of them have the downward extending projection (“nip-
ple”) seen on the Glenwood triangles. However, Sundstrom 
(2004:Figure 14.7 #10) illustrates a triangle style from the 
Black Hills that has a similar downward projection. Al-
though faintly depicted, a reassessment of the Airdrie Errat-
ic noted two small, paired triangles (Brink 2018). The rings 
or ovals seen at Panels 3E and 7D, DiPi-42, are common 
to the majority of VS sites from across the Plains. They are 
often interpreted as “moons” or as the time represented by a 
moon (Sundstrom 2004:174). Triangles, on the other hand, 
have no suggested meaning. 

The zig-zag red line at Panel 5 (see Figure 12) is some-
what unusual at VS sites, in that the majority of figures tend 
to employ straight lines drawn at right angles (see Sund-
strom 2004:Figure 14.7). However, wavy lines are known, 
such as from the Black Hills (Sundstrom 1984:Figure 84), 
and an especially similar wavy line is seen at Little Sheep 
Creek in Montana (Greer and Greer 2004). The capital let-
ter “R” at Panel 5 adds a new member of the alphabet to 
Alberta VS rock art. 
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The final non-representational geometric figures from 
DiPi-42 are seen at Panel 7. From a line of designs below 
the slight overhang, the only readily identified element is 
an oval or ring (see Figure 17D). These are among the most 
common motifs seen in all VS sites, and as noted, may de-
note moons or months. There are variations on these, how-
ever, such as at Carstairs Coulee where many red circles 
have a thick “tab” of paint attached to the bottom ring of 
the circle (Brink 2017). It seems unlikely that these too are 
moons. Several other lines at Panel 7, as well as symbols 
too obscure to describe, may simply be finger swipes. The 
central, complex image under the overhang is the most in-
triguing (see Figure 17C). The single vertical line crossed 
by several horizontal lines is unlike anything else found at 
Glenwood. No meaning for this design comes to mind, al-
though some similarity to generic feathered staffs of North-
ern Plains rock art is noted (Keyser 1977). Lines in various 
orientations with crossed lines (at right angles or diagonal) 
are not uncommon in VS rock art. Sundstrom (1987:7–10) 
illustrates several sites from Wyoming that have “feath-
ered”-like lines as well as several “lattice-like” complex-
es of vertical and horizontal lines. The site of Little Sheep 
Creek in Montana (Greer and Greer 2004) has a straight 
vertical line crossed with about a dozen short, horizontal 
lines, similar to Glenwood in some respects, except that the 
cross lines at Little Sheep Creek are at right angles to the 
vertical line, not tipped at a downward angle as are the top 
cross lines at Glenwood. The Alberta site of Mystic Cave 
(EcPm-1), a typical Foothills Abstract site, has several 
feathered staffs that look similar only in that the very top 
slash of pigment angles sharply down to the right side, as 
at Glenwood. The meaning of the complex line feature at 
Panel 7 is unknown. 

The age of VS rock art is particularly hard to estimate. 
Most rock art has recognizable images that can assist in age 
determination: bows, arrows, lances, shields, guns, horses. 
Vertical Series rock art lacks these, offering only intrinsi-
cally obscure, timeless, geometric symbols. Sundstrom’s 
(1984, 1987) early work with VS led her to believe it was all 
very late; Protohistoric, even Historic in time. The next ma-
jor treatment of the subject came from Keyser and Klassen 
(2001) who largely agreed that VS rock art was of recent 
creation. Working only with Montana sites, Greer and Greer 
(2004) disagreed. Using such factors as degree of weath-
ering, type of paint, super-positioning of later art work, 
build-up of mineral layers, and seriation analysis, they ar-
gue that VS was much older, possibly dating to Middle Ar-
chaic times and certainly as old as Late Archaic (Greer and 
Greer 2004). This puts the art at between 4,000 and 2,000 
years old. More recent work at the single VS site at Ather-
ton Canyon, Montana, (Keyser et al. 2012:215) has led the 

researchers to postulate that one panel could well date to 
the later Archaic Period, perhaps 2,400 years before pres-
ent. Candidly stating what most archaeologists would like 
to say, but don’t have the nerve to, the authors simply assert 
“it looks old” (Keyser et al. 2012:215). 

Rock art at DiPi-42 is of unknown age. Nowhere at the 
site is ochre well preserved, as might be expected if the 
paintings dated to very late Precontact or Contact times. In 
many places ochre is severely weathered and is barely per-
ceptible, especially on fully exposed vertical walls. A num-
ber of panels at DiPi-42 are partially protected and ochre 
is somewhat better preserved. In several places, such as 
Panel 3B (Figure 9), considerable mineral deposit has built 
up over top of ochre, suggesting some antiquity. In short, 
there is nothing at Glenwood to suggest the images are rel-
atively recent, as in dating to the last century or two, and 
there is some evidence that the images have been in place 
for a protracted period of time. To hazard a guess, I suspect 
an age between 500 to 1,000 years is reasonable to account 
for the weathering and mineral deposition seen at the site. 
It is likewise impossible to assess how long or short a time 
span transpired during which rock art was made at DiPi-42. 
Undoubtedly, multiple visits to the site were made by Indig-
enous artists. But whether this spanned years, decades, or 
centuries is currently unknown. 

7. Conclusion
The Glenwood Erratic, DiPi-42, turned out not to be a 

badly vandalized rock art site. Damage to the quartzite er-
ratic was done by way of extracting rock cores for use in 
radiometric dating. This occurred only on the top of the er-
ratic where a dedicated search failed to reveal any indica-
tion of Indigenous pictographs or petroglyphs. Other claims 
for physical damage to the rock were explained through 
natural processes. Accordingly, accusations of intentional 
site disturbance were dismissed. However, inspection of the 
erratic revealed traces of red pigment suspected to be Indig-
enous rock art, all located on the vertical sides of the rock. 
Through photographic enhancement using DStretch, these 
suspicions were confirmed and the site has been designated 
DiPi-42. 

Rock art at Glenwood is faint, not currently abundant, and 
very difficult to precisely describe. Even using DStretch, 
traces of red pigment are only faintly visible and difficult 
to quantify. In many cases it can only be said that “there 
appears to be something present” at a specific location, but 
description of what that is remains vague. The situation is 
exacerbated by an abundance of natural iron in the erratic 
that often shows up as nearly identical to red ochre when 
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DStretch is employed. Weathering of the erratic has caused 
an abundance of spalling of surface chunks of quartzite, and 
flowing water has deposited mineral layers occasionally 
overtop of ochre. DiPi-42 is a rock art site that is very frus-
trating to describe, let alone interpret, because of erosion 
and deposition patterns. The age of the imagery is unknown, 
but does not appear to be recent and is likely at least centu-
ries old. 

Humanly made images include symbols best described 
as similar to letters of the English alphabet including “W”, 
“A”, backward “F”, “J”, “R”, and possibly “O”, unless this 
represents a ring or circle. Several areas of the rock were 
smeared with ochre, apparently using palms of the hand. 
Hand prints are absent, and finger marks are rare or absent. 
Several projections of rock were rubbed with ochre. Trian-
gles are most common at DiPi-42, with at least eight and 
possibly 13 being observed. They are almost uniformly very 
small in size, down-pointing, paired at the upper corner 
angle, and have a short “nipple” projection that extends a 
centimeter beyond the apex. Several figures could be box-
es, squares, circles, or hashtags but are too faint to discern. 
The most complex symbol is a single vertical line crossed 
with multiple horizontal lines, including one or two at the 
top that angle diagonally downward. A clear zig-zag line 
is noted, as is a slightly wavy line. At least three red ochre 
occurrences are distinctly round in shape, two with possi-
ble “legs” protruding from the bottom of the round surface, 
raising the prospect that these are anthropomorphs. These 
are the only designs at the site that could be considered rep-
resentational figures. 

Despite the vagaries of imagery at DiPi-42, the site clear-
ly fits what has been defined as the Vertical Series rock art 
tradition. In particular, the vertically aligned, paired col-
umns of geometric symbols at Panel 3E are textbook rock 
art from VS sites. Most importantly, these establish the use 
of a written form of symbolic communication at DiPi-42, 
an event of considerable significance in Precontact Plains 
society. Given the scarcity of these sites, not just in Alberta 
but from across the Northern Plains, identification of any 
new VS site is an important event. Hopefully, further ad-
vances in pigment detection and colour enhancement will 
shed additional light on some of the frustratingly obscure 
designs at DiPi-42. 
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While archaeological applications of UAVs appear 
in the literature (Miller 1980; Verhoeven 2009; Fernán-
dez-Hernandez et al. 2015), there has been comparative-
ly slow acceptance of them as routine field investigative 
tools in North America. This likely reflects diverse fac-
tors including:

1. angst over cost and capacity of consumer and profes-
sional grade UAVs,

2. uncertainty whether or not UAV-derived aerial im-
agery has utility where monumental architecture and 
earthworks are rare and/or where vegetation impedes 
site visibility,

3. limited information about mapping protocols using 
visible light sensors (conventional RGB cameras) 
versus other sensors (e.g., near-infrared, thermal, 
multi-spectral, LiDAR),

1. Introduction
My experiments with the archaeological application 

of Unmanned Aerial Vehicles (UAVs or drones) began 
in 2015 with evaluations of photographic output (see 
Hamilton and Stephenson 2017), and then amplifica-
tion of interpretative insight through image processing 
(see Hamilton 2017). This paper focuses upon bison 
kill and processing sites in southwest Manitoba and 
explains how UAV photography, photogrammetry, and 
other remote sensing strategies offer improvements over 
conventional mapping methods. Methodological consid-
erations, strengths and limitations of UAV-assisted site 
mapping, and relative cost-effectiveness for both applied 
and academic research are addressed. This is a necessary 
prelude for considering how specific landscapes were ac-
tively selected and manipulated during communal bison 
hunting, and how remotely sensed data aid consideration 
of such localities as ‘cultural landscapes.’

ABSTRACT 

Unmanned Aerial Vehicles (UAVs), coupled with semi-autonomous flight planning and image processing software, 
offer new options for archaeological mapping. At issue is how such images compare to conventional cartography gen-
erated through ground survey or other aerial platforms. This includes consideration of data precision, resolution and 
interpretability, strengths and weaknesses of consumer-grade UAVs, and whether or not they are cost-effective tools 
for site characterization. Several communal bison kill sites in southwest Manitoba offer case studies to address how 
remote sensing methods enhance site interpretation and enable consideration of such places as cultural landscapes. 

KEYWORDS
Communal bison hunting, Northern Plains archaeology, Unmanned Aerial Vehicles, UAVs, drones, photogrammetry, 
LiDAR, remote sensing, cultural landscapes

More than pretty pictures: Drones, bison kills, and considerations of 
cultural landscapes
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4. limited information about how to operationalize UAV 
mapping, and issues of image resolution, precision, and 
accuracy,

5. concern over legal liability when using UAVs for com-
mercial or research purposes,

6. the normal lag associated with the experimental applica-
tion of new technology, results presentation, and eventu-
al formal publication,

7. difficulty publishing colour and 3D imagery in conven-
tional academic journals that still rely on grey-scale 
graphics,

8. limited understanding of the cost-effectiveness and im-
proved data quality deriving from UAV aerial imagery, 

9. limited experimentation with value-added outputs asso-
ciated with computerized photogrammetry and GIS-aid-
ed analyses.

Some of the issues affecting use of UAVs in archaeolog-
ical research are addressed in the following discussion of 
UAV photo-mapping of pre-contact bison kill sites in com-
parison to conventional cartographic representations.

2. Drone Basics
While archaeological utilization of remotely controlled 

aerial vehicles dates back several decades (Miller 1980; 
Schönherr 2001; Skarlatos et al. 2004), the recent and rapid 
development of micro-electronics has had a revolutionary 
impact (e.g., Herrmann et al. 2018; Megarry et al. 2018; 
Singh and Frazier 2018). Particularly important is technol-
ogy transfer to support equipment intended for a consumer 
market. A variety of options now exist for retail purchase.

UAVs fall into three categories: 1) multi-rotor, 2) fixed 
wing, and 3) hybrid vertical take-off and landing (VTOL) 
fixed wing craft. Each offers advantages and disadvantages, 
and they vary in ease of use and cost to purchase and oper-
ate. Multi-rotor machines enable vertical take-off and land-
ing but have comparatively limited flight endurance. Fixed 
wing aircraft have better flight endurance but are more chal-
lenging to fly and require large open areas to take off and 
land. Newly emergent VTOL drones are fixed wing aircraft 
capable of vertical take-off and landing, but are currently 
rare and expensive. 

While increasingly sophisticated UAVs and sensors are 
appearing to serve emerging consumer and professional 
markets, many archaeological applications can be addressed 
with ‘prosumer’ multi-rotor UAVs equipped with ‘visible 
light’ digital cameras. As UAVs equipped with near-infra-
red, thermal, multispectral and LiDAR sensors become 

more readily available and affordable, they will become 
broadly applied. Indeed, the rapid development and general 
application of both satellite and low elevation remote sens-
ing methods is significantly transforming standard archae-
ological training and practise (e.g., Nikolakopoulos et al. 
2017; Kreij et al. 2018; Murray et al. 2018).

While many UAV models are available, the largest glob-
al market share for consumer drones is controlled by the 
manufacturer DJI. The drone employed in this study is a 
now-obsolete DJI Phantom 3 Advanced machine that re-
placed a Blade 350 QX3 that I crashed through pilot error. 
Before the crash, we had already determined that the Blade 
had limited archaeological utility, but the release of the DJI 
Phantom 3 and 4 models addressed most shortcomings and 
represented a substantive improvement in flight control, 
communication range and reliability, image quality, and te-
lemetry. Subsequent improvements include better camera 
quality and battery endurance, plus collision-avoidance sen-
sors. As with all emerging technology, innovation results in 
rapid obsolescence and consumer hesitation in anticipation 
of the next iteration. While this is inescapable, I find that 
the currently used (but no longer marketed) drone remains 
effective for archaeological mapping.

Beyond the initial drone purchase, mapping operations 
require a tablet, extra Lithium Polymer (LiPo) batteries, 
spare propellers, miniSD cards, lens filters, cleaning materi-
als, carrying cases, and software. As a cautionary note, LiPo 
batteries are potentially volatile, and require care in storage, 
recharge and transport. I store the batteries in fire-resistant 
bags housed in a metal ammunition box. In the event of a 
LiPo battery fire, only a Class D fire extinguisher or a buck-
et of sand is effective. Such batteries also require special 
consideration when transported on aircraft. 

Consumer-grade UAVs of sufficient quality to aid archae-
ological research currently range in price between $1,000 
and $3,000 CDN, with professional grade machines cost-
ing considerably more. Using UAVs for research requires 
additional capital and time investment for liability insur-
ance, UAV ground school training, and pilot certification. 
The latter relate to Transport Canada regulations for UAV 
commercial and research operations (see Canadian Aviation 
Regulations 2018) and represent rapidly evolving (and con-
fusing) circumstances beyond the scope of this paper. 

Multi-rotor UAVs, with vertical take off and landing ca-
pacity, have particular archaeological utility. They can hov-
er in place, feature highly responsive camera gimbals, and 
are equipped with a compass, accelerometers, gyroscopes, 
Global Positioning System (GPS), and sophisticated ra-
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dio-communications. While stable and versatile, such UAVs 
are constrained by a battery life that limits practical flight 
time to 15 to 30 minutes. Flight endurance is also negatively 
affected by temperature, weather, and wind conditions. 

Two-way communications between the UAV and the 
ground controller are facilitated through a video touch 
screen (i.e., smart phone or tablet). This enables pilot-con-
trol, still and video image control, and review of ‘real time’ 
telemetry information. This apparent ease of use can con-
tribute to a false sense of security, countered by periodic 
panic deriving from information overload and inexplicable 
equipment/software failure during flight. UAV pilots must 
be attentive and ready to take corrective measures in case of 
emergency, with additional spotters monitoring the sky for 
hazards, weather conditions, and other aircraft. The painful 
reality is that mishaps occur, and drone operators need train-
ing, practise, and certification to fly safely, responsibly, and 
legally within a rapidly evolving regulatory environment. 
These issues represent a significant impediment to routine 
implementation of UAV photography into archaeological 
research.

Archaeologically relevant aerial output can include 
oblique angle photographs and video, scaled site plans, 
Digital Elevation Models (DEMs), and 3D images. While 
aerial imagery is freely available through Google Earth and 
Bing (among others), or through satellite subscription ser-
vices, they offer highly variable resolution, and can be af-
fected by cloud or snow cover. The greatest advantage of 
UAV-derived photography is its high resolution, and the 
ability to collect images at user-specified times and under 
optimal conditions. Such circumstances might include the 
following:

1. image collection under the best conditions for photo-
grammetry (overcast days with minimal shadows), and 
with appropriate image overlap and elevation,

2. early spring or late fall flights to minimize deciduous 
vegetation cover and maximize ground exposure,

3. spring collection of high-resolution multi-spectral im-
agery (i.e., NDVI or Normalized Differential Vegetative 
Index processing) in search of buried archaeological 
features within cultivated fields via differential growth 
of newly germinated crops. Similar output might be 
achieved during drought periods, after fires, or with the 
use of near-infrared and thermal sensors,

4. oblique angle light during sunny mornings or evenings 
to reveal subtle anthropogenic landforms defined by 
shadows,

5. near-future UAV application of LiDAR sensors to gen-
erate high-resolution elevation models of surfaces below 

forest cover, and perhaps also as platforms for near-sur-
face geophysical sensors.

Higher resolution and more accessible remote sensing 
data has also become available from satellites and manned 
aircraft. While Google Earth image resolution varies wide-
ly, such freely available images have sharply improved, par-
ticularly in urban areas. This counters some of the advan-
tages of user-collected UAV imagery. For example, Figure 
1 includes satellite and UAV images of archaeological sites 
within the Lakehead University campus in Thunder Bay, 
Ontario. The 2014 Google Earth imagery has insufficient 
resolution for archaeological purposes, but a UAV flight at 
60 metre elevation (Figure 1) offers improved resolution 
and interpretability. The 2016 Google Earth image features 
resolution nearly as good as that from the UAV (Figure 1). 
In this situation, the UAV may not offer sufficiently im-
proved resolution over satellite imagery to justify the flight. 
That said, few rural or remote areas of Canada offer this 
quality of satellite imagery, demonstrating the enduring im-
portance of UAVs. 

Digital cameras mounted on UAVs range from fixed focus 
sensors (8 to 20 megabyte), through to digital SLR cameras 
with much higher image size. Images in the range of 8 to 
12 megabyte are adequate for most archaeological mapping 
applications, but this is tempered by the effects of ‘fish-eye’ 
and other distortion. Image-processing software can cor-
rect distortions but this can be time consuming when flight 
operations can produce hundreds of images. UAV camer-
as with comparatively narrow fields of view minimize this 
distortion, precluding the need for image correction. Fig-
ure 2 illustrates Blade drone imagery with a 15 megabyte 
wide-angle lens; parking lot lines illustrate the severe image 
distortion that is compounded by a camera gimbal that did 
not achieve a full downward (nadir) orientation. The lower 
image in Figure 2 is a soccer field taken with the DJI Phan-
tom 3; the chalk lines marking the field edge are straight and 
form right angles in the photograph, negating the need for 
image processing.

While oblique angle aerial photography is effective for 
generating site overview and orientation images, a more 
significant archaeological value of aerial imagery is plan 
view photography to support site map production. This in-
volves collecting multiple overlapping images taken in na-
dir orientation. Photogrammetric processing results in new 
derived information that includes mosaics that seamlessly 
stitch individual images together, Digital Elevation Mod-
els (DEMs) representing relief change, and 3D models that 
can be viewed from multiple viewpoints. I have been using 
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Figure 1. Comparison of UAV and Google Earth imagery.

web-based Maps Made Easy ( https://www.mapsmadeeasy.
com), but colleagues with photogrammetry expertise (e.g., 
AgiSoft Photoscan, http://www.agisoft.com) urge in-house 
data processing to generate user-specified output. However 
this can require expensive software licences and the exper-
tise to use it, coupled with significant computer processing 
capacity. All of the photogrammetric imagery discussed 
here were generated by Maps Made Easy and have proven 
sufficient. 

If the original UAV imagery includes a Cartesian coordi-
nate (embedded EXIF tag), the photogrammetric output can 
be georeferenced and orthorectified. While the GPS receiv-
er aboard the UAV employed here has precision within 2-5 
metres, after photogrammetric processing, the output seems 
to exhibit cartographic precision of 1 metre or better. This 
precision is a factor of the degree of image overlap and the 
number of common points identified by software. I have not 
yet confirmed cartographic precision using surveyed ground 
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Figure 2. Lens distortion effects.

control points, but images provided below illustrate the 
close convergence between UAV and georeferenced satel-
lite imagery. Such georeferenced UAV images permit direct 
integration of drone output into Google Earth (KMZ files), 
or as raster images (Geo-TIFF) within GIS software. These 
data can then be integrated with other geospatial data and 
field-collected thematic information. Once integrated into 
GIS projects, the photogrammetric products can be further 
processed to emphasize features of interest, or subjected to 
contouring, viewshed analysis, and other operations. Exam-
ples of these processing options are offered below.

Collecting appropriate imagery for photogrammetric 
processing is facilitated by slow flights at a constant ele-
vation and significant overlap between adjacent images. 
Depending upon drone elevation and lighting conditions, 
slow flights minimize ‘motion blur’ that degrades image 
resolution and interpretability. During mapping missions at 
40 metres elevation, I usually fly at 2 metres per second. 

This generates comparatively sharp imagery with resolution 
of 1.7 centimetres per pixel. Flights at 60 metres elevation 
have been flown at 4 metres per second with good results. 
Higher elevation flights allow faster speeds (without signifi-
cant motion blur), enabling larger aerial coverage with few-
er batteries required, but with somewhat poorer image res-
olution (e.g., 2.6 centimetres/pixel at 60 metres elevation). 
In situations of forest cover, higher elevation flights (e.g., 
60 to 90 metres) might be required to facilitate computer 
identification of sufficient common points between adjacent 
overlapping images to enable image mosaic production. 
Such missions are also complicated by variable tree canopy 
height that confuses the software in its search for common 
points. Flight planning decisions reflect a balance between 
these and other considerations, and are often conditioned 
by mapping objectives, the vegetation ground cover, light-
ing conditions, and the size of ground features one seeks to 
document. 

In light of the relatively short flight endurance of multi-ro-
tor UAVs, mapping of larger areas (i.e., greater than 1,000 
square metres) can be problematic, particularly if better 
resolution is sought through low elevation flights. Manual 
image collection requires that the pilot position the craft in 
the right location and altitude using the flight controller and 
telemetry information. The area of interest then has to be 
systematically traversed, with the pilot estimating when to 
take photographs to ensure appropriate overlap. This man-
ual process consumes valuable battery time, is error prone, 
and is unrealistic for mapping larger areas. This issue is re-
solved by using semi-autonomous flight planning software. 
Several products are available (e.g., DroneDeploy, Pix4D, 
DJI GS Pro, among others), but I have been using MapPilot 
with good results (http://www.dronesmadeeasy.com). Most 
such planning software operates on the tablet used with the 
flight controller. 

Figure 3A illustrates a mock flight plan over World War I 
training trenches located at Camp Hughes National Historic 
Site, Manitoba. With an internet connection, the MapPilot 
user plans the mission by identifying the area of interest us-
ing Google Earth imagery for reference (Figure 3A). Menus 
around the screen margins allow specification of flight con-
ditions (elevation, speed, percent image overlap, etc.), and 
touch gestures define the area of interest (defined by yellow 
dots at the corners of an orange flight area in Figure 3A). 
The software uses the flight parameters to identify paral-
lel flight transects within the flight area (Figure 3A) that 
can be adjusted to optimize efficiency and lighting condi-
tions. The Camp Hughes flight plan mapped slightly over 
5 hectares with 75 percent image overlap, and represents 
4.6 kilometres of flight transects defined by white or grey 
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lines (Figure 3A). The flight elevation is specified as 40 me-
tres, with a speed of 2 metres/second. This results in a flight 
of about 40 minutes, requiring 3 batteries to generate 271 
images (1.35 gigabytes on the miniSD card). The grey and 
white lines estimate the extent of UAV coverage before a 
battery change is required. Upon completion of the plan, 
both the flight plan parameters and the underlying Google 
Earth scene are saved to the tablet for later use during the 
actual flight mission. 

Figure 3. Examples of semi-autonomous flight plans.

Upon arrival at the site and after pre-flight preparations 
and compass calibration, the flight plan is uploaded from 
the tablet to the UAV, whereupon it automatically launch-
es and flies to the appropriate elevation and start point. It 
then flies the specified transects, taking pictures at intervals 
to achieve the image overlap set in the flight plan. Since 
the UAV automatically receives a pre-programmed se-

ries of ‘instructions’ how to undertake the flight transects 
within the specified area of interest, there is little battery 
power wasted, thereby maximizing effective flight time. If 
the flight area is too large to complete with one battery, the 
UAV will continue until the battery reaches a pre-set per-
centage of battery depletion. It then records the ‘mission 
pause’ location, flies back to the launch point where the pi-
lot can land and shut down the UAV, replace the battery, and 
then re-launch it to resume the mission at the ‘pause’ point. 
While the UAV appears to be ‘flying itself,’ the pilot must 
monitor the UAV and its operation constantly in order to 
take over manual control quickly in the event of software or 
hardware malfunctions, a ‘flyaway,’ or emergency circum-
stances that might force interruption of the flight (e.g., the 
approach of a manned aircraft).

Figure 3B is a screen capture of a multi-battery flight 
undertaken near Thunder Bay to illustrate the telemetry in-
formation provided. The launch point (purple dot) is auto-
matically adjusted to reflect the actual take-off point, with 
the red triangle representing the location and orientation 
of the UAV during the mission. A semi-transparent green 
rectangle marks the area viewed by the camera, with black 
dots along the flight lines marking where images were tak-
en (Figure 3B). The inset image within the flight window 
provides ‘real time’ video of what the viewfinder is observ-
ing, coupled with the camera exposure settings (Figure 3B). 
The pilot uses this information and neighbouring displays 
to monitor flight progress including telemetry information 
reporting distance and bearing of the UAV relative to the 
ground control station, the rate of battery depletion, and es-
timated time to flight completion. It also reports ‘motion 
blur’ to suggest image quality relative to the light condi-
tions and UAV speed. In Figure 3B, the unacceptably high 
motion blur (22.0 centimetres) is highlighted red, and it oc-
curred because the drone was flying back to the launch point 
at high speed upon mission completion. While this array of 
telemetry information can be confusing, if an experienced 
pilot is constantly monitoring it, the crash risk is significant-
ly reduced. 

When considering UAVs, one should ask if the research 
output ‘return’ is worth the investment relative to the costs 
of alternative methods of data collection and processing. 
While the utility of UAV output varies from flight to flight, 
my evaluations reveal significant savings in field and labo-
ratory time for mapping operations, coupled with sharply 
improved data quality. UAV imagery is indeed cost-effec-
tive. This general introduction is now followed by a series 
of case studies of communal bison kill sites that demon-
strate the utility of UAV imagery. 
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3. The archaeology of communal bison kill sites
Communal mass hunting of bison has a long history in 

the Great Plains (Verbicky-Todd 1984; Speth 2017). While 
diverse methods were used, it always involved coordinated 
and purposeful use of the landscape to entice or drive ani-
mals into a trap (either prepared or natural). Bison jumps 
are the best known, and involved driving animals over cliffs 
to be killed or incapacitated by the fall. Hunting success 
required adroit use of landscape features, such as bedrock 
cliffs associated with grassy uplands from which animals 
were driven into drive lanes (Brink 2008). These lanes con-
sist of converging lines of spaced cairns with their apex 
at the trap, and were composed of piles of rock or dried 
dung, clumps of brush, tree limbs festooned with stream-
ers, or wood fencing. Frequently people would lie in wait 
behind the cairns to frighten animals back into the lane if 
they sought to escape between the cairns (Verbicky-Todd 
1984). The landscapes leading up to bison kills often fea-
ture gently rising ground that limits the animals’ view of 
the actual entrapment/jump area. While bison jumps often 
feature abrupt breaks in slope over which the animals were 
driven, other methods involved less dramatic landscape fea-
tures such as incised stream valleys, or entrapment within 
sloughs, mires, sand dunes, snow drifts, coulees, or gullies 
(Speth 2017). They occasionally also feature wood corrals 
or pounds to contain the animals until they could be killed. 
Sometimes the role of the surrounding landscape is readi-
ly evident, while in other cases, the important features are 
subtle, obscured by vegetation, or obliterated by landscape 
transformation.

Undertaking communal bison hunting required coordi-
nation of a work force to construct or repair the facility, 
search for bison, entice them into drive lanes, and to exe-
cute the kill. Upon success, equally coordinated work forces 
were needed to butcher animals on kill floors and remove 
carcass portions to processing areas for the final stages of 
butchering. This culminated in the drying of meat, fat ren-
dering, bone smashing and boiling to recover marrow and 
grease, and processing of sinew, hides, bladders, brains and 
other products. These staged communal activities are well 
documented in the literature (see for example, Lowie 1909; 
Denig 1930; Ewers 1949; Kehoe and Swanson 1967; Kehoe 
1973; Frison 1970, 1973, 1991; Mandelbaum 1979; Reeves 
1983; Hamilton and Nicholson 2006; Walde 2006; Brink 
2008). The events involved socio-political, economic, and 
spiritual coordination to complement more individualistic 
and opportunistic bison hunting strategies, and were calcu-
lated to generate large food surpluses that enabled extra-fa-
milial social and spiritual integration and the exchange of 
information and material throughout larger societies. Ef-

fective mapping of sites and their surroundings significant-
ly advances our understanding of how people integrated 
knowledge of bison behaviour with the physical landscape 
to further this social enterprise (Speth 2017). This also en-
ables us to more effectively consider them as ‘cultural land-
scapes’ imbued with social meaning.

4. Mapping bison kill sites: Conventional data 
and context

I here offer cartographic models of landscapes associated 
with communal bison entrapment that include traditional 
modes of site documentation as well as output from satel-
lites, manned aircraft, and UAVs. At one level, this reviews 
new technologies, but more fundamentally it explores how 
digital analytic visualization aids interpretation. 

Archaeological site mapping is complicated by the scale, 
resolution, and precision of available cartography, and can 
require collection of more appropriate spatial data. Stan-
dardized Canadian maps derive from aerial photography 
conducted on behalf of the National Topographic Survey 
(NTS). While some flights date back to the 1920s, system-
atic coverage accelerated after the late 1940s and 1950s, 
resulting in the familiar 1:50,000 and 1:250,000 paper 
topographic maps. These legacy maps are often the basis of 
electronic maps and GIS shapefiles, especially in rural and 
remote Canada. This can be problematic since the original 
information derives from photogrammetric interpretation of 
stereo-paired aerial photographs with horizontal accuracy 
of between 25 and 125 metres in rural and isolated areas, 
and vertical resolution represented by 25 to 100 feet (10 to 
30 metre) contour intervals. This information can be sup-
plemented with derived information that includes digital el-
evation and slope models available from Natural Resources 
Canada (https://www.nrcan.gc.ca/earth-sciences/geogra-
phy/topographic-information/free-data-geogratis/11042). 
However, these data are often too generalized for archae-
ological purposes and can incorrectly represent landforms. 
Even hand-held GPS units are now capable of 2 to 5 me-
tre resolution, resulting in generation of waypoints that are 
more precise than the maps upon which they are plotted.

These issues often require the collection of additional 
spatial information via sketch maps or plans created using 
theodolites, total stations, differentially corrected and Re-
al-Time Kinematic (RTK) GPS units, and environmental 
laser scanners. Such maps offer significant improvements, 
but represent a major data-acquisition investment that can 
still remain inadequate for representing past ecological 
conditions. Collecting useful environmental proxy informa-
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tion might involve geoarchaeological and archaeobotanical 
sampling, or the interpretation of historic maps. These data 
are often at a regional scale, and site interpretation is affect-
ed by spatial and temporal scale and resolution.

All archaeologists grapple with these issues, and there is 
no single solution to the research problems being addressed. 
Methodological choices reflect local circumstances, avail-
able budget, staff, time, equipment, and data quality. It is 
also driven by the nature of current vegetation cover, and 
changing sedimentary and hydrological conditions that ob-
scure interpretative resolution. In the past this has almost 
always required laborious collection of ground control in-
formation. Deriving in part from collaborations with Dr. 
B.A. Nicholson (Brandon University) and others, I offer 
case studies below of experimentation with mapping and 
remote sensing methods to expedite information collection 
and interpretation. 

5. Bison kill and processing sites
The sites considered here are in southwest Manitoba and 

date to the Late Pre-contact Period (Figure 4). Small-scale 
maps of site localities have utility for exploring some vari-
ables but have limited value when addressing sites and their 
surroundings. Furthermore, no landscape remains ecologi-
cally static; its nature and bio-productivity varies with the 
season, in response to long-term climatic fluctuations, and 
from short-term factors (precipitation, temperature, fire, 
disease, predation, etc.). Geoarchaeological and ecologi-
cal modelling of past conditions relies heavily upon proxy 
indicators (e.g., pollen profiles) that are often ‘coarse’ in 
temporal and spatial resolution. While recognizing the 
implications of this variability, my colleagues and I have 
found that 19th and early 20th Century maps have utility 
in modelling Late Pre-contact ecological conditions despite 
recent ecological transformation (Hamilton and Nicholson 
1999; Boyd et al. 2006; Hamilton et al. 2006; Wiseman et 
al. 2006). 

Figure 4. Bison kill sites in southwest Manitoba.
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E. T. Seaton’s 1905 vegetative thematic map of late 19th 
century southern Manitoba documented a mosaic of mixed 
and short-grass prairie dotted with forest created by relief, 
surface water, and other conditions (see Warkentin and 
Ruggles 1970:457). While anthropogenic disruptions were 
already at work at the time, the map intuitively captures 
some of the variables affecting the ecological patchiness of 
pre-homestead times. Since it was too small-scale to aid in-
terpretation of individual archaeological sites, we turned to 
the Dominion Land Survey plans and field notes. Shortly af-
ter Canada’s purchase of Rupert’s Land in 1870, surveyors 
undertook legal subdivision prior to homestead settlement. 
They systematically laid out a mile-by-mile township grid 
across the agricultural west, documented the landscape in-
tercepted by the survey grid lines, and often reported relief, 
vegetation cover, hydrology and soil texture, and cultural 
features such as trails and pre-existing farm holdings. While 
the centre of each one square mile block remained a void, 
the information recorded around the section boundaries is 
often informative of the landscape conditions of that time. 
Example maps are provided below to aid interpretation of 
some sites. 

While the bison kill sites presented here are comparative-
ly recent (1200 to 400 years ago), interpretation is plagued 
by uncertainty. A common problem is the need to develop 
an appropriate context (e.g., spatial, ecological, seasonal, 
cultural) to aid interpretation, which requires a large library 
of illustrations to properly address. I argue that new tech-
nologies can significantly aid visualisation, while modes of 
web-based dissemination of large numbers of colour im-
ages (employed here) can address this problem. The first 
three sites represent bison kills investigated in the 1970s 
and mapped using now obsolete methods. These data are 
supplemented with more recent remotely sensed data to ad-
dress how it might augment, verify, or challenge the origi-
nal interpretations.

5.1 Gompf Site 
This site (DkMd-3) is within rolling prairie uplands over-

looking the north top brink of the Assiniboine River valley 
(Figures 4 and 5). Dr. E. Leigh Syms investigated it in 1976 
and 1977 with test excavations within an undisturbed gully, 
and controlled surface collection of the surrounding culti-
vated field (Hamilton et al. 2007). Mapping was originally 
limited to 1:50,000 topographic maps and sketch plans, but 
is here supplemented with new maps derived from mod-
ern data (Figure 5). The latter includes downloaded NTS 
shapefiles (watercourses, roads, contour lines, etc.) and a 
‘hillshade’ visualization image (Figure 5A). The NTS data 

are electronic versions of information found on paper maps, 
while the ‘hillshade’ derives from interpolation of widely 
spaced elevation points. These data provide a general geo-
graphic context of the locality, with its rolling upland prairie 
and the deeply incised Assiniboine River valley. It does not 
capture cartographic detail important for site interpretation, 
specifically the localized wetlands and subtle relief of the 
surrounding prairie. Some of that detail is evident in Figure 
5B that integrates the NTS shapefile information with pro-
vincial government orthophotography. Google Earth imag-
ery is available, but provides resolution no better than the 
orthophotograph. 

The 2 metre resolution orthophotograph (Figure 5B) illus-
trates the agricultural field and Hatfield family house yard, 
with uncultivated (water-saturated) gullies including one 
where Syms’ test excavations revealed a dense bone bed 
with small side-notched projectile points (interpreted as the 
primary kill area). The surrounding knolls and swales yield-
ed sporadic concentrations of smashed bison bone, fire-bro-
ken rock, Blackduck pottery, as well as lithic debitage and 
tools (Figure 5B). Artifacts on the knolls are thought to 
represent camps and processing areas surrounding the wet 
gully that was used for bison entrapment, perhaps as a mire 
trap (Hamilton et al. 2007). 

Two UAV flights were conducted at 60 metres elevation 
before spring cultivation (2.6 centimetre/pixel resolution). 
Photogrammetric image processing led to a mosaic (Figure 
6A), a DEM (Figure 6B), and various other map products. 
Figure 6 includes small-scale versions overlaid on a Goo-
gle Earth scene, with image C being a KMZ format image 
uploaded into Google Earth. All three maps illustrate the 
comparatively precise spatial placement of the UAV image 
mosaics. The DEM (Figure 6B) is rendered as a semi-trans-
parent overlay to reveal the underlying satellite image. The 
original georeferenced mosaic is 408 by 360 centimetres in 
size, and requires 213.1 megabytes of storage space. 

The orthophotography in Figure 5B offers comparatively 
good ‘meso-scale’ documentation but is insufficient to re-
veal the knolls and erosion channels draining towards the 
gully that are evident in the UAV mosaic (Figure 6A). Such 
detail has utility for artifact distribution analyses, or to de-
termine visibility of the trap from the surrounding area. A 
small-scale version of the DEM is presented in Figure 6B, 
but because of the way it was processed, it is insufficient 
to represent important topographic details. This is because 
the elevation variation that was detected is greater than the 
available colour palette within the DEM. In order to aug-
ment interpretative value, further image processing is re-
quired.



62

Hamilton / Archaeological Survey of Alberta Occasional Paper 38 (2018) 53–91

The UAV photogrammetric output includes large-scale 
georeferenced raster images (Geo-Tiffs) that can be upload-
ed into a Geographic Information System (GIS) to be over-
laid upon other data, or subjected to processing and analy-
sis. Figure 7 illustrates the true DEM, a dense distribution 
of elevation points that have been interpolated to represent 
continuous relief change symbolized in a colour spectrum 
from dark blue (low elevation) to red (high elevation).  

The calculated elevation in Figure 7 ranges from 421.65 
to 443.07 metres. Since visible light photography does not 
penetrate the closed tree canopy, the original photogram-
metric processing incorrectly interpreted that canopy as a 
‘ground surface’ and calculated its elevation. This false re-
lief ‘uses up’ much of the available colour spectrum, leav-
ing insufficient colour to effectively represent the undulat-

ing ground surface of the field surrounding the kill zone. 
Using GIS software, the DEM was modified to focus on 
the elevation range between 422 and 433 metres (Figure 7) 
(thereby suppressing higher relief representing the tree can-
opy of the Hatfield shelterbelt). The elevation values from 
ca. 433 to 443 metres were grouped together and assigned 
red, thereby allowing the colour range (red-orange, yellow, 
green and blue) to represent the low knolls draining into 
gullies that in turn drain into the poorly drained bison kill 
zone (Figure 7). This allows more effective representation 
of landscape features of archaeological interest.

To further improve analytic clarity, GIS software was 
used to calculate contour lines (25 centimetre interval) that 
were also overlaid on the image mosaic presented in the 
inset map (Figure 7). Within the limits imposed by visible 

Figure 5. Overview of the Gompf Site.
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light photography and photogrammetry, the UAV flights en-
abled a mosaic image and elevation model with far higher 
resolution (and more accuracy) than is evident in NTS data 
(Figure 5). Figure 7 offers a more faithful representation of 
drainage, including the gully containing the kill zone. The 
encampment and processing areas on the nearby knolls are 
only visible in the orthophotograph as light brown eroded 
areas (most detectable in spring after cultivation). Hindsight 
suggests the primary limitation with the UAV data (Figure 
7) is that its spatial extent is too modest to sufficiently rep-
resent the surrounding landscape to address the visibility 
of the entrapment area from various directions. The Gompf 
Site shortcomings could have been addressed with a flight 
at a higher elevation, or a multi-battery mission. 

While similar data could have been collected using con-
ventional optical or laser survey instruments, the UAV 
flights were conducted in less than two hours of field time, 
with upload, data processing, and final GIS data processing 
taking no more than six hours. Site mapping is not only far 
faster than with conventional survey instruments, but the 
resultant data is much denser and of higher resolution. Since 
the UAV map products are georeferenced, they can also aid 
artifact spatial analysis. For example, Syms’ original con-
trolled surface collection could be represented as a thematic 
overlay to demonstrate the artifact patterns relative to the 
knolls. Surface collected artifact distributions recorded by 
hand-held GPS can also be integrated with the detailed ele-
vation models to enable rapid multi-iterative interpretation 

Figure 6. Small-scale UAV maps of the Gompf Site.
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of the site locality. For preliminary site reconnaissance and 
assessment of ‘open sites’, the efficiency of spatial analysis 
utilizing UAV-derived maps is obvious.

5.2 Stott Site 
This site (DlMa-1) is on the north wall of the deeply in-

cised Assiniboine River valley west of Brandon (Figures 4 
and 8). The Stott Burial Mound and portions of the valley 
wall were originally investigated by MacNeish (1954), with 
subsequent test excavation at various locations by Watrall 
(1976), Saylor (1976), Tisdale (1978), Syms et al. (1979), 
Hamilton et al. (1981), Baderstcher et al. (1987), and oth-

ers. The site is a large and repeatedly used bison kill where 
animals were gathered on the upper rolling prairie level, 
and then driven over the top brink of the valley wall to be 
trapped in pounds along it (see Figure 8). 

The valley wall is now mantled by dense aspen-oak for-
est, with cultivated lands on the top prairie level and in the 
valley bottom (Figure 8). This map incorporates shapefiles, 
orthophotographs and hillshade data representing the salient 
landscape and vegetative features, albeit at a scale and res-
olution insufficient for comprehensive archaeological inter-
pretation. Figure 9 amalgamates shapefiles with a version of 
the 1881 Dominion Land Survey map of the locality, with 
red dashed lines representing the estimated extent of archae-

Figure 7. Contour mapping of the Gompf Site UAV output.
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ological deposition in the site locality. It indicates that the 
Little Saskatchewan and the north-facing Assiniboine River 
valley walls were forested prior to homestead settlement, in 
contrast to the south-facing valley wall (Figures 8 and 9). 
Since springs periodically break out of the valley wall, it 
is likely that some forest vegetation occurred on the north 
bank in earlier times, which would have supported pound 
construction. Test excavation revealed dense archaeological 
deposits on narrow valley wall terraces that likely repre-
sent pounds, processing areas and habitation camps, but the 

available 1:50,000 mapping is inadequate to represent them 
(Figure 8 inset map). 

Since the published maps available in 1979 were inade-
quate, Hamilton et al. (1981) produced a topographic map 
of a portion of Zone F at the site (Figure 10A). This con-
textualized the excavations relative to the narrow terraces 
periodically bisected by erosional gullies. Figure 10B is 
a section of the orthophotograph overlaid with NTS con-
tour lines (orange) to illustrate current forest cover and the 

Figure 8. Overview of the Stott Site.
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coarse resolution NTS relief mapping. The yellow lines de-
fine relief interpreted using LiDAR data, described shortly. 
While the labour-intensive theodolite mapping significantly 
aided interpretation of Zone F, it was unrealistic to address 
the entire site (see Figure 9). Given the site size and dense 
forest cover, UAV mapping is also not feasible. However, 
LiDAR coverage of the Assiniboine valley wall is avail-

able from a Manitoba government web site (https://mli2.
gov.mb.ca/dems/index_external_lidar.html). This radar-de-
rived imagery penetrates forest cover to document ground 
relief beneath, and when presented as 1 metre contour lines 
(Figure 10B yellow lines), reveals the narrow terraces along 
the valley wall that were also detected and mapped using 
the theodolite. The LiDAR information is available for the 

Figure 9. The Stott Site locality illustrated in the 1881 DLS township plan.
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whole site (in contrast to the theodolite map) (Figure 11). 
Freely accessible LiDAR data are limited in most of Can-
ada, a serious impediment for archaeologists working in 
rural or remote regions. In situations of sites under closed 
forest canopy, UAV mapping is not currently viable, forc-

ing continued reliance on ground survey mapping methods 
until LiDAR-equipped drones become readily available. 
Nonetheless, while labour-intensive to generate, the inter-
pretative consistency apparent in Figure 10 demonstrates 
that older methods and legacy data have continued utility.

Figure 10. Comparison of theodolite mapping with LiDAR and NTS output.
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5.3 Brockinton Site 
This stratified bison kill site (DhMg-7) is on the east bank 

of Souris River south of Melita (Figures 4 and 12). It was 
initially investigated by Syms in the early 1970s, and yield-
ed dense stratified layers of bison bone with associated pro-
jectile points and small pits containing vertically-oriented 
bison bones (Syms 1977). The latter are tentatively inter-

preted as bison pound post-holes. Subsequent inspection by 
Brownlee (Manitoba Museum) revealed significantly more 
bank erosion, with newly exposed cutbanks yielding more 
diverse artifact assemblages. He speculates that these areas 
may reflect processing and encampment zones downstream 
from Syms’ excavation of the kill zone.

Figure 11. LiDAR and NTS mapping of the Stott Site.
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Figure 12 illustrates the site using conventional NTS, or-
thophotography and hillshade electronic data. It is sufficient 
to reveal the general site context, with rolling prairie be-
tween the current Souris River and a former river channel 
from which bison were likely gathered and driven towards 
the trap. Since the valley was somewhat protected from 
prairie fires in the pre-contact past, intermittent forest likely 
mantled the valley wall and floodplain. Syms proposed that 
as the animals approached the valley wall, they were direct-
ed towards gullies draining down the valley wall, and into 
pounds built along the forested base of slope and floodplain. 
Syms focused on salvage excavation and documentation of 
the proposed pound area, and produced a scaled sketch map 
of the valley wall bisected by a series of gullies draining 

towards the kill zone (Figure 13). At issue here is whether 
or not remotely sensed data confirms this sketch map.

Figure 14A includes a LiDAR-derived elevation model 
integrated with the standard NTS shapefiles. It reveals de-
tails not evident in the original NTS data, specifically the 
rolling prairie upland with the incised Souris River channel 
containing old river courses. The NTS contour lines (orange 
lines reflecting legacy data in feet above sea level) capture 
the general valley configuration, but not the topographic de-
tail important for site interpretation. The inset detail map 
(Figure 14B) represents the LiDAR elevation model of the 
valley wall processed to produce contour lines at 1 metre 
intervals. The NTS contour lines (orange) are too coarse to 

Figure 12. Overview of the Brockinton Site.
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capture the erosional gullies that bisect the valley wall. In 
contrast, LiDAR measures relief in detail sufficient to rep-
resent the valley wall and its associated gullies. 

Prior to gaining access to LiDAR imagery, a UAV flight 
was undertaken in fall, 2016 (before all the leaves had fall-
en) at 40 metres elevation with 80 percent image overlap (15 
minute flight). Photogrammetric processing was completed 
within 3 hours. The image mosaic and DEM are present-
ed in Figures 15 and 16; Syms’ sketch map was re-scaled, 
re-oriented and manually overlaid on top of the UAV out-
put, revealing the excellent accuracy of the sketch plan. 

UAV data from the Brockinton site were also re-processed 
to more effectively represent relief with colour and contour 
lines (Figure 17), and then the LiDAR data were added to 
check the UAV representation of the valley wall and low-
er flood plain (Figure 18). This reveals ‘false relief’ within 
the UAV data (purple contour lines) deriving from misin-

terpretation of reflected water ripples on the Souris River 
and the closed forest canopy along the valley wall. Howev-
er, remarkable consistency is observed in gaps in the forest 
canopy, and where the grass-covered upper valley wall is 
exposed. While the absolute elevation calculated by the Li-
DAR (black isoclines) and UAV photogrammetry (purple 
isoclines) diverge (Figure 18), the relative relief is consis-
tent. The constrained aerial coverage from the UAV flight 
does present interpretative limitations compared to the more 
expansive LiDAR coverage. But since comparatively little 
LiDAR data is currently available to archaeologists, map 
data collected using UAVs offers a viable alternative even 
in situations of modest forest cover.

During the 1990s and early 2000s Nicholson and Hamilton 
investigated several sites in the Lauder Sandhills and  Tiger 
Hills (Nicholson et al. 2006). Two bison kill and processing 
sites are reviewed here to highlight topographic mapping 
and palaeoecological reconstruction issues. These methods 
were advanced for their time, but quite labour-intensive. 
Methodological review in comparison to more recent in-
vestigation using new methods offers insight regarding data 
interpretability and cost-effectiveness of acquisition. 

Figure 13. Sketch plan of Brockinton Site.

Figure 14. LiDAR mapping of the Brockinton Site.
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Figure 15. Brockinton Site UAV mosaic plan overlaid with Syms’ sketch map.

Figure 16. Brockinton Site UAV digital elevation model overlaid with Syms’ map.
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Figure 17. Brockinton Site UAV contour map with re-coloured DEM.
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Figure 18. Comparison of Brockinton Site contour map produced by LiDAR and UAV photogrammetry.
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5.4 Jackson Site 
The Jackson Site (DiMe-17) is in the Lauder Sandhills 

(Figure 4) and was discovered by avocational archaeolo-
gists after municipal road construction bisected it and the 
nearby Duthie Site (DiMe-16). These and neighbouring 
sites were investigated through the middle and late 1990s 
(Hamilton and Nicholson 1999). They are located within 
stabilized sand dunes now mantled with a mix of aspen-oak 
forest and short grass prairie. The nearest permanent water 
source is the Souris River, some 5 kilometres away, but the 

area is within the Oak Lake Aquifer, with evidence of for-
mer wetlands dotting the landscape (Figure 19). These sites 
are far removed from mapped contemporary water sourc-
es, and upon first examination defied conventional wisdom 
about pre-contact settlement choice. Archaeological inves-
tigations were evaluative and focused on surface collection, 
shovel testing, and small-scale 1 metre square excavations. 
The Duthie Site yielded Plains Woodland pottery and some 
non-local lithic materials that suggested distant cultural ori-
gins, while the Jackson Site yielded Late Woodland (Black-
duck) materials.

Figure 19. The Oak Lake Aquifer with the Lauder Sandhills study area.
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To address the unexpected site locations, Hamilton and 
Nicholson (1999) undertook palaeoenvironmental contex-
tualization using alternative mapping methods (early dif-
ferential GPS, theodolite, and laser level), reviewed 1885 
Dominion Land Survey maps, and undertook thematic map-
ping of relict wetland vegetation and sediment character-
istics. This suggested significant ecological transformation 
since the homestead settlement period. The 1885 Dominion 
Survey Township plan (Figure 20) revealed the pre-home-
stead situation, characterized by an expansive area of sta-
bilized sand dunes dotted with wetlands and forest groves 
surrounded by open grassland. In effect, the area was an 
‘ecological island’ sustained by groundwater within the 
Oak Lake Aquifer (Figure 19). This ground water was at 
or near surface in low areas, and supported relatively sta-
ble wetlands fringed with trees that reduced wind veloci-
ty and allowed aeolian sediment accumulation along the 

windward sides. This protected the wetland/forest micro-
habitats from desiccation and prairie fires, and supported 
diverse (and seasonally-shifting) plants and animals. As 
these wetland/sand dune microhabitats developed, some 
coalesced to form comparatively expansive forest groves 
(Figure 20). We proposed that the warm sandy soils associ-
ated with the forest groves offered an attractive habitat for 
forager-farmers (such as Plains Woodland occupants of the 
Duthie Site) (Nicholson et al. 2002). We also suggested that 
the forest-wetland ‘oases’ surrounded by grassland offered 
attractive winter habitat for bison and hunter-gatherers who 
preyed upon them (see also Hamilton et al. 2006). This of-
fered an explanation for the placement of the Jackson site. 

Test excavation at the Jackson Site revealed dispersed 
artifacts within a forest grove that contains humid mead-
ows surrounded by stabilized sand dunes (see inset in Fig-

Figure 20. The 1885 Dominion Township plan for the Lauder Sandhills study area.
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ure 19). None of this detail was evident in maps available 
at the time, and required extensive large-scale mapping to 
portray (topography, soil stratigraphy, and relict wetland 
vegetation). We proposed that localized meadows formerly 
contained ground water at or near the surface on the basis 
of iron oxide ‘flame structures’ (ground water trans-evap-
oration zones) observed in shovel test pits, coupled with 
now-dead water-loving willow trees around the meadow 
margins. Given the resources of the time, we captured these 
variables in a thematic map (Figure 21) that represented to-
pography with 25 centimetre contour lines and former wet-
lands with associated willow brush as blue and green zones, 
respectively. The yields of unidentifiable bone (predomi-

nately large ungulate) from 50 centimetre wide shovel tests 
are represented with red choropleth dots. The topography 
and environmental proxy indicators suggested that local-
ized wetlands surrounded a low sandy knoll, all surrounded 
by rolling stabilized sand dunes. Given the configuration of 
former wetlands around the central knoll, it was somewhat 
protected from prairie fires and likely retained forest cover. 
The central knoll yielded comparatively modest quantities 
of bone fragments, but also more diverse artifact classes 
suggestive of encampment debris. In contrast, shovel test 
pits in the wetland/meadow areas to the west and the north 
yield greater quantities of bone (with varying degrees of 
smashing). Faunal analysis was suggestive of cold season 
occupation (Playford  2001, 2010, 2015).

Shovel test pit exploration also revealed a dense, localized 
deposit of larger bison bone fragments (associated predom-
inately with projectile points and fire broken rock) within a 
small hollow at the north (windward) side of the site (Figure 
21). Based on winter inspection, this windward edge of the 
forest grove still accumulates considerable snow, therefore, 
the kill site may be a snow-drift trap with the associated 
encampment upon a low knoll in the midst of a forest grove. 
Refitted projectile point fragments (Belsham 2003) suggest 
that the kill and camp zones are contemporaneous. The wet-
land immediately west of the knoll yielded concentrations 
of predominately large ungulate bone interpreted as a waste 
disposal zone. 

The Jackson site investigation occurred before the avail-
ability of suitable satellite, LiDAR, or UAV imagery. LiDAR 
is the only remote sensing method capable of penetrating 
the dense forest canopy to enable topographic mapping, but 
the site falls outside where such imagery is freely available 
in Manitoba. Until such data becomes available, the only 
effective way of generating suitable information involves 
manual brush clearing and conventional topographic data, 
shovel test pit excavation, and relict vegetation mapping. 
Most of the interpretative information collected at the Jack-
son Site derives from ‘on the ground’ inspection that would 
not be possible using remote sensing methods. This empha-
sizes the continued importance of conventional proxy infor-
mation and field validation of remotely sensed data. While 
the 1990s effort was analytically effective, it required con-
siderable time and labour conducted as part of an academic 
project over several years. Given that such circumstances 
are becoming increasingly rare in Canadian archaeology, 
more efficient methods are required. The Hokanson Site 
investigation that occurred about a decade later (discussed 
below) demonstrates advantages of integrating remotely 
sensed data into such landscape analyses.

Figure 21. Test pit recoveries from the Jackson Site.
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5.5 Hokanson Site 
This site (DiLv-29) was discovered by Marlyn Hokan-

son and investigated by Hamilton between 2000 and 2002 
(Hamilton et al. 2007). It is located along the Tiger Hills 
End Moraine about 5 kilometres north of Pelican Lake, one 
of a series of lakes occupying an ancient glacial meltwater 
spillway (Figures 4 and 22). The site consists of two parts: a 
bone bed/kill zone (‘a’ on Figure 22B and C) along the edge 
of a wetland, and a nearby processing and encampment area 
(‘b’ on Figure 22B and C) at the base of a forested hillside. 
Initial site interpretation was frustrated by the poor quality 

of existing maps, thereby requiring supplemental map pro-
duction. Figure 22A is a hillshade model overlaid with the 
standard NTS shapefiles, while inset B is a colour orthopho-
tograph with the published 10 metre contour lines. Figure 
22C is a DEM derived from NTS data. These maps per-
petuate errors in the original air photo interpretations and 
misrepresent relevant landforms. They suggest that the site 
locality is along a gentle northeast-facing hillside defined 
by yellow/orange shading, and with the apex marked by a 
480 metre contour line (Figure 22C). This sharply diverges 
from interpretation after ground inspection.

Figure 22. Overview of the Hokanson Site.
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Figure 23 is an annotated orthophotograph of local re-
lief observed during fieldwork. The site is actually located 
within a wetland-dotted valley found between two roughly 
parallel ridges. Patches of lighter coloured soil in Figure 23 
mark where erosion has exposed calcareous subsoil. Black 
dashed lines define localized wetlands, while those areas 
with open water are shaded blue. Hachure lines symbolize 
major breaks in slope. 

Initial ground inspection revealed a dense bone bed along 
a wetland at the base of Ridge A (either a pound or mire 
trap) (‘a’ on Figure 23). The encampment is at the base of 
the north-facing slope of Ridge B, and was likely forested 
in the past because of protective wetlands. It is possible that 

these two localities were repeatedly used, but the vast ma-
jority of the materials suggest Late Pre-contact occupation. 

Following analogies inspired by Paul Kane’s mid-1800s 
painting of a Plains Cree bison pound (Figure 24B), we 
proposed that bison were driven southwest up the gentle 
northeast slope of Ridge A (red arrow in Figure 23). As 
they neared the apex, they were stampeded over the top and 
down into the valley below. Cairns may once have defined 
drive lanes that directed animals into the trap that might 
have been a wooden bison pound (or corral) built along 
the margins of the slough. Alternatively, the animals might 
have been driven into willow thickets encircling the wet-
land, thereby miring them until killed by waiting hunters. 

Figure 23. Annotated orthophotograph of  the Hokanson Site.
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Our initial efforts at interpretation relied upon photographs 
to imagine a ‘bison eye view’ of the approach to the kill 
zone from various positions within the cultivated field (ex-
ample in Figure 24A looking southwest towards Ridge A 
with the camera position indicated with a yellow triangle in 
Figure 25). From this perspective, the horizon merges with 
the more distant Ridge B. The intervening valley containing 
the kill and encampment zones remains invisible below the 

horizon until one climbs the northeast side of Ridge A to 
within 10 metres of its apex. Support for this scenario relied 
heavily upon analogy, sketch maps, and photographs, while 
the flawed published topographic maps were not consistent 
with our field interpretations. To address this problem, we 
undertook extensive ground survey, first with conventional 
theodolite-based mapping, and then using differential GPS 
(dGPS) and a Total Station. 

Figure 24. Interpretation of Hokanson Site operation. Image B is “A Buffalo Pound, Plains Cree” from the Fort Carlton 
region, North Saskatchewan River by Paul Kane (ROM 912.1.33).
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In 2001 Dr. Dion Wiseman (Brandon University) con-
ducted extensive dGPS data collection in the open culti-
vated fields, with additional Total Station mapping on the 
densely forested Ridge B (Figure 25A, B). This generated 
hundreds of elevation points over an extensive area sur-
rounding the kill zone in order to model the trap operation. 
Hamilton used these data points to construct a DEM using 
GIS (Figure 25C). Finally, the DEM was transformed into a 

‘wireframe’ model upon which the georeferenced orthopho-
tograph was draped to produce a 3D model (Figure 25D). 
Within the limits of early 2000s microcomputer-based GIS 
software, this model could be rotated to view approaches 
to the kill zone from different perspectives and elevations. 
While visually effective, it was less analytically useful than 
hoped, sparking renewed interest in site modeling using Li-
DAR and UAV imagery.

Figure 25. 2001 GPS and GIS modelling of Hokanson Site.
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In the spring of 2016 and again in 2017, UAV flights at 40 
metres elevation were conducted at the Hokanson Site (Fig-
ure 26). The flight area is defined by a red polygon in Figure 
26A, along with scaled down versions of the photomosaic 
(Figure 26B) and DEM (Figure 26C). Following protocols 
outlined earlier, photogrammetric output was coloured and 
contoured (0.25 metre intervals). While not included here, 
the original theodolite-derived topographic maps of the kill 
and camp/processing areas are generally consistent with  

UAV results. However, theodolite mapping required con-
siderable field and lab time, and represents a much smaller 
area of coverage. The importance of data collection and pro-
cessing efficiencies gained using UAVs and photogramme-
try cannot be overstated, particularly since most Canadian 
archaeology is now done through Cultural Resource Man-
agement with constraints on time and labour investment; in 
these contexts, high-resolution remote sensing output offers 
strategic advantages over conventional mapping.

Figure 26. Overview of UAV mapping of Hokanson Site.
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The Hokanson site locality was also considered using Li-
DAR data rendered as a colour elevation model at 1 metre 
intervals (Figure 27). It effectively represents key landscape 
features thought to be important to operate the bison kill, 
and is sufficiently expansive to represent the site’s broader 
geographic context. LiDAR data allow simultaneous con-
sideration of site detail and geographically expansive ap-
proaches to the kill zone. While not subjected to viewshed 
analysis, it is technically feasible, and such analytic meth-
ods are introduced with the Toews Site discussion below. 

LiDAR is ushering a transformation in landscape analy-
ses. However, it is expensive, not universally available, and 
much of what is available is currently proprietary. At issue 
is whether or not UAV-derived data offers an alternative of 

comparable quality. Figure 28A includes LiDAR imagery 
(at 1 metre contour intervals), with an inset (Figure 28B) 
of UAV output (0.25 metre contour interval). Due to cir-
cumstances of the UAV flight, the absolute elevation of the 
unlabelled contour lines differ from those in Figure 28A, 
but the ‘relative’ relief trend is consistent. Dramatic diver-
gences between the maps near the camp zone (‘b’ in Figure 
28) reflect penetration of the LiDAR signal through the for-
est canopy to represent true ground relief while the UAV 
output represents the forest canopy elevation. This remains 
problematic until LiDAR-equipped UAVs are more afford-
able and feasible. Given that the ground is fully exposed in 
the cultivated field, the LiDAR and UAV elevation mod-
els consistently represent Ridge A and the subtle ridges and 
swales at right angles to the slope. Of particular note is the 

Figure 27. Comparison of NTS and LiDAR mapping of Hokanson Site.
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swale marked with the arrow (Figure 28). Consistent with 
observations at the Brockinton Site (Figure 18), these mi-
nor undulations might have had strategic value in directing 
bison downslope and into the trap (‘a’ in Figure 28). These 
minor landscape features are readily apparent in the low el-
evation UAV data (0.25 metre contour intervals), but less so 
in LiDAR imagery (1 metre intervals). The LiDAR contour 
lines are deliberately coarser resolution in order to offer bet-
ter interpretative clarity over the larger surface area. While 
the LiDAR data presented here offers extraordinary value 
for site interpretation, it was heavily processed to make it 
more manageable and accessible for internet download. As 
a consequence, elevation values are calculated at 1 metre 

intervals; dense and high-resolution relief modelling com-
pared to other published data. However, the photogrammet-
ric output from low elevation UAV flights generates a much 
denser elevation point cloud that can be used to detect sub-
tle landscape features. While this is not as important for the 
landscape modelling considered here, greater data density 
offers strategic analytic value when considering anthropo-
genic landscape features such as burial mounds, earthworks, 
building remains and other subtle features of archaeological 
interest. At sites with minimal vegetation cover, UAV-de-
rived elevation models may actually show more detail than 
those derived from LiDAR. This issue is addressed more 
fully in the context of the Toews Site.

Figure 28. Comparison of LiDAR and UAV mapping of Hokanson Site.
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5.6 Toews Site
This site (DkMg-4) is near Pipestone Creek in southwest 

Manitoba (Figures 4 and 29) and was first reported in the 
1980s (Kroker 1985) and again in 2012 (Fread 2012), both 
during evaluative surveys of proposed pipelines. Since the 
Toews Site is immediately outside the pipeline construction 
zone, it has not been subjected to subsurface archaeological 
investigation. The comparatively intact native grass prairie 
contains minimally disturbed drive lanes and other stone 
features, with a bison kill thought to be located at the apex 
of converging drive lanes (Figure 29).

Figure 29 offers a regional overview using conventional 
NTS and orthophotographic data. Pipestone Creek mean-
ders within a larger valley of probable glacio-fluvial origin, 

and the Toews Site overlooks the valley from prairie up-
lands. These uplands are stony, with steep-sided hills and 
ridges, small wetlands, and brush stands. These landscape 
features are important for site interpretation but are not ev-
ident in Figure 29 with its 10 metre interval contours. The 
inset in Figure 29 is annotated with white dashed lines to 
mark the drive lanes with ‘A’ being the likely kill location 
within a forest grove at the north base of a hill. 

The UAV mapped both the drive lanes and an extensive 
area around them (ca. 12 hectares). This tested the UAV’s 
operational capacity to simultaneously produce a detailed 
map of the drive lanes while also extensively documenting 
surrounding hills and ridges to explore how the landscape 
was utilized in communal bison hunting. 

Figure 29. Overview of the Toews Site.
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The flight was on a windless day before the emergence 
of leaves with some snow in protected areas. No LiDAR 
imagery is available, but the comparatively open vegetation 
cover makes it ideal for UAV documentation. Four batteries 
were required for the 37-minute mission flown at 60 metres 
elevation. Image resolution is 2.6 centimetres per pixel with 
80 percent overlap between adjacent images. This generat-
ed superior surface detail compared to the orthophotograph 
(2 metre resolution) or Google Earth imagery. Figure 30A is 
an orthophotograph of the drive lane area overlaid with 0.25 
metre interval contour lines from the UAV flight. Figure 
30B illustrates the same area using the UAV mosaic image 
coupled with contours, which, because of the superior res-
olution, enables detection of surface rocks and drive lanes. 

While the UAV imagery allows detection and analysis 
of surface features that are often difficult to detect during 
walking transects, its greatest value is capturing the site’s 
broader topographic and hydrological context. Figure 31 
is the DEM of the flight area. The localized forest groves 
are defined by abrupt relief change. The detail inset offers 
a view of the drive lanes on top of Hill A (Figure 31). High 
resolution imagery over such an expansive area produces 
maps with significant electronic storage requirements (530 
megabytes with the mosaic image being 410 by 865 centi-
metres). In order to print this image on a manageable paper 
size, it must be reduced to the point that the details are ob-
scured. The full-size imagery is also memory-intensive to 
manipulate in GIS software.

Figure 30. Comparison of Google Earth and UAV map resolution.
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Figure 31 includes the sole NTS contour line for the sur-
vey area, and reveals how poorly the conventional data 
represents hills and ridges important for site interpretation. 
These localized uplands dominate the site locality and ob-
scure the Pipestone Creek valley when viewed from the 
southwest. They are generally steep-sided and impede travel 
with one exception being the long gentle slope up the south-
west side of Hill A, with the drive lanes at its apex (Figure 
31). The high-resolution image mosaic also facilitates de-

tection and interpretation of small water-filled potholes and 
water-saturated zones surrounded by brush, and at least one 
intermittent stream draining northwards towards Pipestone 
Creek valley (Figure 31). The north side of Hill A and the 
wetland at its base are mantled with trees from which an in-
termittent stream emerges. This supports interpretations by 
Kroker (1985) and Fread (2012) that bison where driven up 
Hill A to drive lanes that channelled them towards the steep 
north slope where they tumbled down to a pound at its base. 

Figure 31. UAV digital elevation model of the Toews Site.
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The rugged local relief of the Toews Site is emphasized in 
Figure 32 that overlays 0.25 metre contours upon the DEM. 
The inset is a section of the UAV orthomosaic, illustrating 
the drive lanes with the same contours. Between 15 and 17 
metres of local relief characterize the steep-sided hills. This 
significantly impedes sight lines and offered multiple plac-
es with good cover from which to ambush animals. Some 
plausible routes into a confined killing ground are indicated 
as white dashed lines (Figure 32), suggesting possible lo-
cations of other kills. But the converging stone drive lanes 
across Hill A indicate the most obvious entrapment route. 

Reg Nelson (Lakehead University Department of Geogra-
phy) conducted a preliminary viewshed analysis to explore 
bison entrapment routes at the Toews Site (Figure 33). For 
illustrative purposes Hamilton proposed a single viewing 
point (the green dot on the southwest slope of Hill A). This 
point was assigned 1.2 metres elevation above the ground 

surface to mimic the height of a bison’s eyes. From this van-
tage point, the software was instructed to colour all visible 
areas orange and invisible areas blue. Much of the locali-
ty is not readily visible from the green dot, with the most 
visible travel route being up the gentle southwest slope of 
Hill A (Figure 33). This ‘visible’ zone ends at the south top 
brink of the slope that coincides with the ‘open’ end of the 
stone drive lanes. If bison were directed northeast up the 
gentlest grade of Hill A, they likely were stampeded as they 
approached the apex, channelled over the broad hilltop be-
tween the drive lanes, and then over the steep north hillside 
into a trap at its base. The steep flanks of nearby hills would 
have appeared more challenging as escape routes while the 
gaps between the hills and ridges are obscured from view. 
The obvious next step in such analysis is evaluation of mul-
tiple viewing points to identify other possible travel routes 
and ambush locations, and then subject such areas to sur-
face inspection and subsurface testing. 

Figure 32. UAV contour map of the Toews Site with possible bison drive routes.
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6. Summary and conclusion
While remotely controlled aircraft have long been used 

to collect archaeological photographs, recent technological 
developments of UAVs, coupled with photogrammetry soft-
ware, offer revolutionary mapping opportunities. Relatively 
few North American archaeologists have published UAV 
results but this will change as output quality becomes better 
known, more people gain flight training and certification, 
and as value-added image processing and analysis becomes 
routine. This paper furthers this process through explana-
tions of drone basics, data acquisition methods, and recent 
image analyses at Manitoba communal bison hunting sites. 

Early efforts demonstrated that UAV image acquisition of-
fers significant time and cost savings over conventional site 
mapping. Using semi-autonomous flights, up to 12 hectares 
were mapped in less than 45 minutes, with photogrammetric 
processing resulting in high-resolution image mosaics and 
dense 3D point clouds. Further data processing can lead to 

Figure 33. Viewshed analysis of the Toews Site.

precise elevation models, contour maps, and 3D renderings. 
In ideal situations (open sites with minimal vegetation), 
UAV-derived elevation models are consistent with those 
produced with LiDAR (see Figures 18 and 28). Indeed, data 
density deriving from UAV flights can exceed that produced 
by LiDAR. For example, the LiDAR data used here were 
processed to generate one elevation point per square metre. 
UAV data density at the Toews Site produced between 2 to 
10 elevation points per square metre in sparsely vegetated 
areas. Such data density might appear as ‘overkill’ when 
only general landscape configurations are sought. However, 
when considering output illustrated in Figures 30, 31 and 
32, densely distributed elevation points were important to 
document the rock alignments making up the drive lanes on 
Hill A. Similar experiments with UAV mapping at Brandon 
House 4 (Hamilton 2017) also exceeds the available LiDAR 
output, and demonstrate how subtle anthropogenic features 
can be more comprehensively delineated with UAV than is 
possible with the available LiDAR data.
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Given the automated processing of UAV data, production 
of finished topographic maps are expeditiously generated 
and can be integrated with other geomatic data. Over the 
past three decades I mapped several of the sites discussed 
here using conventional methods. Re-investigation using 
UAV and LiDAR demonstrates that what took weeks of 
work can now be accomplished within hours. The output 
meets and usually exceeds the quality generated using old-
er methods except in situations of very dense forest cover 
when LiDAR imagery is not available. Such timely produc-
tion of better-quality maps has obvious advantages for both 
academic and applied archaeologists. 

UAV mapping can also address geographic areas beyond 
the practical limits of conventional survey methods. Several 
flights discussed here exceed 5 hectares (50,000 square me-
tres), enabling extensive landscape representation. While 
we have long used conventional maps, aerial photographs, 
and satellite images for site contextualization, UAV pho-
tography enables more comprehensive analysis because of 
improved data resolution. Computer processing also allows 
multiple iterations to produce optimal results. This includes 
detection of subtle relief, variation in vegetation, and also 
viewshed analyses (see Figure 33). Multi-battery UAV 
flights permit data collection over extensive areas, but there 
is a practical limit to safe operations. This can be problem-
atic when documenting expansive landscapes to aid inter-
pretation of communal bison driving tactics. LiDAR offers 
a valuable alternative since it provides high resolution relief 
modelling over large areas. However, LiDAR is not widely 
available in Canada, is expensive, and is often proprietary. 
Photomapping using UAVs offers a cost-effective ‘stop-
gap’ until LiDAR collected from manned aircraft is readily 
available, or when such sensors can be affordably mounted 
on UAVs with greater flight duration.

UAV photography and photogrammetry can be compli-
cated, and routine integration is tempered by hidden consid-
erations discussed in this paper. This includes training, cer-
tification, insurance, auxiliary equipment, crashes, repairs, 
augmented computer software and processing capacity, and 
the learning curve associated with image processing. For 
example, UAV photogrammetry is vulnerable to ‘false re-
lief’ errors from vegetative canopies interpreted as ground 
surfaces.  Other interpretative errors have been detected that 
relate to lighting conditions and insufficient common points 
being identified during photogrammetric processing.

High-resolution aerial imagery, whether deriving from 
UAVs or LiDAR, can document subtle landscape charac-
teristics over large areas, permit new types of analyses, and 
enable interaction with 3D renderings. When I began exper-

imentation with UAVs, I assumed that the greatest utility 
would be in efficient illustration of archaeological features 
and landscapes first detected through ground-based inves-
tigation. After learning about and experimenting with pho-
togrammetry, image processing and GIS data querying, I 
have realized that such output enables new approaches to 
analytic visualization. That is, exploratory examination of 
high-resolution remotely sensed data can detect patterns 
that might be otherwise ‘invisible’ through ground inspec-
tion (e.g., Figure 33 and Hamilton 2017). This is expedit-
ed by time-efficient collection and processing of digital 
data, and ready integration of diverse information using 
increasingly powerful computers and software. This allows 
multi-iterative exploration at different scales of resolution, 
perspectives and orientations, and consideration under dif-
ferent temporal and cultural conditions. Such analysis still 
requires validation through ground inspection and subsur-
face testing. What is important is that remotely sensed data 
become valuable tools for initial site characterization and 
for development of more strategic and non-invasive ground 
sampling strategies. I conclude by addressing how such 
data collection, management and interpretative approaches 
might revolutionize how we think about archaeological sites 
and the broader landscapes within which they area found.

Notions of culturally mediated landscapes have tradition-
ally addressed those exhibiting significant human modifi-
cation (e.g., Sauer 1925). More recent re-thinking of cul-
tural landscapes defines them as ‘the combined works of 
nature and of man’ (see Knapp and Ashmore 1999; UNES-
CO World Heritage Centre 2003; Rössler 2006; Taylor and 
Lennon 2011), while Indigenous perspectives integrate eco-
nomic, spiritual, and biographical values to ascribe meaning 
to places (Buggey 1999). Parks Canada (1994:119) broadly 
defines cultural landscapes as ‘any geographic area modi-
fied, influenced or given special cultural meaning by people’. 
While such all-encompassing definitions make virtually all 
landscapes ‘cultural’, this might be appropriate when con-
sidering the geographic context of archaeological sites. The 
challenge in North America becomes one of documenting 
landscapes in ways that allow us to more fully comprehend 
and account for Indigenous perspectives and landscape use. 
While gaining insight from Indigenous knowledge holders 
is the most credible and culturally sensitive approach, the 
knowledge embedded in many archaeological sites may 
be severed from modern community members. Instead, 
archaeologists might elicit insight through ethnographic 
analogy, palaeoecological reconstruction, and comprehen-
sive cartographic modelling such as that explored here. To 
this end, high resolution spatial information derived from 
remote sensing offers new tools for multi-iterative digital 
exploration and landscape interpretation. 
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ABSTRACT 
Twelve elk tooth pendants from Alberta are examined here for sex, age, and method of manufacturing the pierce 
hole. Ethnographic and historic records are used to place the collection in context and understand the significance of 
elk ivories on the Northern Plains. Elk canine teeth were highly valued by Plains First Nations people for thousands 
of years. The teeth were carved and polished into pendant beads used in large numbers to adorn clothing for women 
and girls. Elk have only two canines and were not killed in large numbers like bison, therefore, collecting one or two 
hundred teeth to decorate a dress required great hunting skill. Elk ivories represented wealth, prestige, love, and long 
life. In the 1890s, First Nations people had limited access to elk but the tooth pendants were so important that they 
carved imitations out of bone and continued to decorate clothing with them. 
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1. Introduction
Elk (Cervus canadensis) are an important animal to 

First Nations people and have been for millennia. Elk 
remains are found in archaeological sites across Alberta 
and elk are depicted in rock art as petroglyphs at Writ-
ing-On-Stone Provincial Park (Figure 1) and as a picto-
graph at Grotto Canyon (Keyser and Klassen 2017). The 
shape and size of the body and antlers in rock art tells us 
these figures are elk. Their appearance in rock art and 
the skill with which they are carved and painted shows 
the importance of this animal to First Nations. Elk were 
hunted for food, their hide was used for clothing, their 
antlers were made into a variety of tools, and their eye 
teeth were shaped and polished into pendant beads used 
to decorate clothing (Grinnell 1892; Kidd 1986; Wissler 
1986). All elk have two upper canine or eye teeth. Some-
times called ivories, these teeth are vestigial tusks and 
are actual ivory. This paper describes how morphologi-
cal criteria was employed to determine the sex and age of 
decorative elk canine teeth found at archaeological sites 

in Alberta. This is followed by a brief discussion of the 
value of elk ivories and their use by First Nations people 
into the Historic Period, including the use of bone imita-
tion elk teeth on two Blackfoot dresses.

2. Elk tooth pendants from Alberta 
I was able to examine 12 elk teeth for this study, 10 

from the archaeology collection at the Royal Alber-
ta Museum (RAM), and two from the collection of the 
Gem of the West Museum in Coaldale Alberta. Five 
teeth come from archaeological contexts, four are from 
the published Elk Point burial (Baldwin 1978), and three 
are from private collections. The teeth have been found 
at sites in southern and central Alberta (Figure 2), but 
to my knowledge, elk ivories have yet to be found at 
archaeological sites in the northern parts of the province. 
The five pendants from archaeological contexts and the 
two from the Gem of the West Museum all have pierce 
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holes, while the four from Elk Point and one from a pri-
vate collection at the RAM, do not (Figure 3). The pendants 
range in date from 2540 BP to 150 BP (see Table 1), based 
on associated radiocarbon dated material and archaeolog-
ical find contexts, indicating that the use of elk teeth for 
ornaments is an ancient practice. 

3. Sexing and aging elk canines
Greer and Yeager (1967:408–417) of the Montana Fish 

and Game Department published a method for identifying 
sex and age of elk based on ivories. They collected eye teeth 
for each of the age classes of males and females as a refer-
ence series. By comparing teeth to this reference collection, 
age categories and sex can be assigned quickly and reliably. 

Figure 2. Map of elk tooth pendant sites in Alberta.

Figure 1. Elk petroglyph DgOv-2.
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Figure 3. Elk tooth pendants from Alberta.

Table 1. Elk ivories in Alberta.

Figure Catalogue Number Sex Age of Animal Date Weight (g)
Diameter of 

pierce hole (mm) Shape of pierce hole

Fig. 3:1 DjPm-115:76919 f 2.5–3.5 1100-200 years old  
(Dau 1997)

2.19 3.941 cylindrical hole, possible red ochre

Fig. 3:2 H69.3.1070 GaPb-3 f 3.5 150 years old  
(Smythe 1968)

2.58 1.673 cylindrical

Fig. 3:3 EgPn-430:29673 m 2.5 200 years old  
(Vivian et al. 2005)

2.38 4.508 cylindrical hole, but drilled a a slight angle

Fig. 3:4 H68.18.152 m 5.5–6.5 n/a 3.06 n/a n/a

Fig. 3:5 FlOr-1:108 f 5.5–6.5 218–208 years old  
(Baldwin 1978)

1.74 n/a n/a

Fig. 3:6 FlOr-1:10 f 5.5–6.5 218–208 years old  
(Baldwin 1978)

1.81 n/a n/a

Fig. 3:7 DlOw-45:15 m 2.5–3.5 n/a 6 3 biconical, drilled from both sides, ridge remains in 
the middle

Fig. 3:8 DlOw-45:16 m 2.5–3.5 n/a 4 3 biconical, drilled from both sides, ridge remains in 
the middle

Fig. 3:9 DlPd-3:831 f 3.5 540 ± 134 BP  
(S-2038; Vickers 1987)

1.9 3.28 biconical, drill from both sides, ridge remains in 
the middle, drilled at a slight angle

Fig. 3:10 DjPm-116:2229232 f 5.5–6.5 2590 ± 100 BP 
(AECV #1234C; 
Landals 1993)

2.1 4.692 cylindrical hole

Fig. 3:11 FlOr-1:106 m 2.5 218–208 years old  
(Baldwin 1978)

4.11 n/a n/a

Fig. 3:12 FlOr-1:109 m 2.5 218–208 years old 
(Baldwin 1978)

4.09 n/a n/a
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Figure 4. Male vs. female elk teeth.

3.1 Determining sex
Male and female teeth are quite different from each other. 

Male teeth are larger and heavier than female teeth (Greer 
and Yeager 1967). The male root is nearly square while that 
of the female is rectangular or elongated and V-shaped (Fig-
ure 4). In males, the width of the root end exceeds half the 
maximum width of the crown, while in females, the root end 
is less than half the width of the crown. Male teeth generally 
have a triangular crown while in females, it is rhomboid. In 
the lingual, or tongue side view, male teeth have a gentle an-
gle at the join between the root and the crown,while females 
have a sharper one (Greer and Yeager 1967:412). Based on 
these criteria, six of the specimens in this study are identi-
fied as female (Figure 3:1, 2, 5, 6, 9, 10)—they are smaller, 
weigh less, have rhomboid shaped crowns, sharp angles at 
the join between the root and the crown, and a narrow root. 
Six are male (Figure 3:3, 4, 7, 8, 11, 12)—they are larger, 
weigh more, have triangular shaped crowns, a gentle angle 
at the join between the root and the crown, and a wide root 
(Table 1). 

3.2 Age of females
Several characteristics inform the age determination 

of female teeth. Firstly, the wear on the crown, as well as 
the length of the root and crown, in relation to the over-
all length, indicate relative age (Greer and Yeager 1967). 
In general, wear on the crown increases with age, and both 
the root and the crown get smaller as the animal ages. Also, 
the apex of the tooth gradually closes as the animal ages and 
grooving around the base of the crown, where it meets the 
root, increases with age (Greer and Yeager 1967:413–416). 
However, when the tooth has been shaped, polished, and 
pierced, many of these features are less obvious. 

GaPb-3:1070 (Figure 3:2) is a female tooth determined to 
be from an animal 3.5 years old, and has many of its natural 
features still visible. The apex of the tooth is still open and 
looks hollow inside. The length of the root is more than half 
the length of the entire tooth. A substantial part of the crown 
remains—the wear on it is quite light. When comparing 
this tooth with two other female specimens, FlOr-1:10 and 
FlOr-1:108 (Figure 3:5, 6), the aging characteristics become 
apparent. In the latter teeth, the apex is completely closed 
and the crown is considerably worn down to about one third 
of the total length of the tooth. There is also a groove around 
the base of the crown of these two teeth, something that 
becomes more prominent with age. Based on these charac-
teristics, FlOr-1:10 and FlOr-1:108 were determined to be 
from animals 5.5–6.5 years old. 

Some of the female tooth pendants are highly polished 
and modified (Figure 3:1, 9, 10); the division between the 
crown and the root has been smoothed out and polished and 
the line separating these two parts is no longer visible. As 
well, the apex of each of these female teeth appears to have 
been removed and the top part of the root has been rounded 
and then pierced. Despite these modifications the age of the 
specimens can still be determined from the size and wear of 
the crown. 

Based on these criteria, three teeth belong to females 2.5-
3.5 years old and three belong to females 5.5–6.5 years old  
(Table 1).

3.3 Age of males
Wear on the crown is also an indicator of age for male 

teeth. The crown has a triangular shape in a young bull 
and wears to an angle as the animal ages (Greer and Yea-
ger 1967). Once the enamel of the crown is worn through, 
concentric buff and tan coloured rings can be seen. As with 
female teeth, the apex of the male tooth also gradually clos-
es with age, but the sides of the apex may close before the 
space in between, creating a crescent shape. The length of 
the root and crown in relation to the overall length is also 
important. The more worn the crown the older the animal is. 

Most of the male teeth in this study (Figure 3:3, 7, 8, 11, 
12) are from young bulls, 2.5–3.5 years old. The crowns 
on these specimens are only slightly worn to an angle 
and the apices have not yet completely closed. Specimen 
H68.18.152 (Figure 3:4) however, appears to be from a 
much older bull, 5.5–6.5 years old. The crown is worn to 
an angle and the sides of the apex are closed. Tan coloured 
rings can be seen on the surface of the crown indicating 
considerable wear. 
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Compared to the female specimens, the male teeth are less 
heavily modified as, on each tooth, the line between the root 
and crown is still visible, as is the apex. EgPn-430:29673 
(Figure 3:3) has the most modification of the male teeth as 
both the line between the crown and the root, as well as the 
apex, have been smoothed. This is visible despite the disco-
louration of the tooth. 

The application of these morphological criteria to the 
Alberta specimens suggests that five teeth belong to males 
2.5–3.5 years old and one tooth is from a male 5.5–6.5 years 
old. 

4. Pierce holes
Seven of the 12 tooth pendants are perforated. Examina-

tion of the pierce holes gives information about the type 
of tool and the method used to create them. All the pierce 
holes appear to have been made with a stone tool, likely a 
tapered drill, except for one, which may have been made 
with a metal tool. A metal tool can be thinner and smoother 
than a stone drill which is thicker and has an uneven surface 
of flakes scars from its manufacture.

DlPd-3:831 (Figure 5:C, D) has a hole that is at an angle, 
indicating that the tool used to make it was held at an angle, 
not perpendicular to the surface. The hole is also biconical, 
with a slight ridge around the centre of the interior of the 
hole, indicating that the hole was worked from both sides 
with a stone drill, likely tapered. (Wood 1957:382; Adams 
2002:214). This tooth also has an incision across the root 
on both sides of the hole. Perhaps this is where the pendant 
was tied onto a garment and the incision is the result of wear 
from material used to attach it to a garment. The incision is 
not clean but slightly irregular. 

A male tooth, EgPn-430:29673 (Figure 5:G, H), has a hole 
similar to that of DlPd-3:831 (Figure 5:C, D). The drilling 
tool was held at an angle and there is a ridge indicating that 
the hole was made from both sides.

The two teeth, DlOw-45:15 and DlOw-45:16 (Figure 5:A, 
B), also have holes with a very slight ridge in the centre and 
appear to have been made by stone tools. These holes are 
perpendicular to the tooth and do not appear to have been 
drilled at an angle. Perhaps this indicates a different way of 
holding the tooth while making the hole, than in the previ-
ous examples.

A female tooth, DjPm-115:76919 (Figure 5:E), has a very 
large hole that is highly polished. Any ridges and evidence of 
manufacture were worn off in the polishing of the pendant. 

Another female tooth, GaPb-3:1070 (Figure 5:F), has a very 
small hole that is straight and cylindrical and the diameter of 
the hole is the same on both sides of the tooth. The small di-
ameter and the precise cylindrical shape of this hole, as well 
as the fact that it was found at a fur trade fort (Fort White 
Earth), suggests that it was likely made with a metal tool. 

Occasionally, elk teeth are found in burials (Wood 
1967:382) and are unperforated (Figure 3:5,6,11,12).

5. Summary of analyses of elk tooth pendants 
Using Greer and Yeagers’ 1967 study, the sexing and age-

ing of elk eye teeth is quite reliable. Their size and shape 
make the female and male teeth distinct from each other 

Figure 5. Microscope images of tooth pendant pierce holes. The scale 
bars in images A, B, C, F, G, and H are 1 mm long and the scale bars in 
images D and E are 2 mm long. 
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and the wear that occurs with age allows for a determination 
of the age of the animal. Seven of the 12 teeth have pierce 
holes. Six were made with a stone drill and are cylindrical or 
bi-conical with an interior ridge showing drilling from both 
sides. One was made with a small metal tool as the hole has 
a small diameter and no interior ridge and was found at a 
Fur Trade fort. The drilling of the holes suggests that there 
were various ways of approaching the manufacture of the 
hole, such as holding the drill perpendicular to the tooth or 
at an angle. These methods create differently shaped pierce 
holes (d’Errico and Vanhaeren 2017:219).

6. Historic references
What is the evidence for how these pendants were used 

in Alberta? Several early written accounts mention elk 
teeth and describe their value and importance. Grinnell 
(1913:240) discusses elk teeth and marriage arrangements 
of the Blackfoot: 

A chief’s daughter would already have plenty of good 
clothing, but if the girl lacks anything, it is furnished. 
Her dress is made of antelope skin, white as snow, and 
perhaps ornamented with two or three hundred elk 
tushes. … Elk tushes were highly prized, and were used 
for ornamenting women’s dresses. A gown profusely 
decorated with them was worth two good horses. 

Grinnell (1892:197) also notes that elk teeth were some-
times used for necklaces and bracelets.

Maximilian (1843:249) also discusses women’s clothing: 

… it is a long leather shirt, coming down to their feet, 
bound round the waist with a girdle, and is often orna-
mented with many rows of elks’ teeth, bright buttons 
and glass beads. … The girls are dressed in the same 
manner as the women, and their dresses are general-
ly ornamented with elks’ teeth, for which the Indians 
pay a high price.

Mandelbaum (1940:209) also notes the importance of elk 
teeth: 

Necklaces were made of buffalo teeth, elk tusks, or 
bearclaws strung on sinew. Women’s dresses were 
often ornamented with elk tusks and bearclaws in 
conjunction with a good deal of quillwork, beadwork, 
and some painting.

Wissler and Duvall (1908:84) document an Elk Woman 
story of the Piegan in which a very powerful elk is angry 

with his wife and wishes to kill her with a medicine song. 
When he tries, she uses her power to turn into a woman 
and knock over a tree with a hooking motion of her head. 
The song she sang was, “My wristlets are elk-teeth; they are 
powerful.” The Elk Woman figure and the power the teeth 
give her, shows the connection to women and the spiritual 
power of the teeth.

Densmore (1918:176) noted that because elk ivories are 
so durable, the Lakota equate them with long life. Loen-
dorf (2010) connects the representations of elk ivories with 
love medicine among the Crow, and states that elk teeth are 
symbols of enduring love, therefore clothing with elk ivory 
pendants symbolized eternal love for the wearer. 

It is clear from these references that elk teeth were ma-
terially and spiritually very valuable to First Nations peo-
ple, especially since one dress decorated with them could 
be “worth two good horses” (Grinell 1892:197). Elk were 
not killed in mass numbers in pounds or jumps like bison. 
Elk do not gather in such large numbers as bison and there 
are no known mass elk kill sites in Alberta. Many individual 
kills would be required to collect enough teeth to decorate 
a dress. Therefore, to acquire 200–300 teeth for a garment 
required great hunting skill and time. Perhaps the teeth were 
also traded in order to amass enough. 

By the early 1890s, First Nations people were confined 
to reserves. At this same time there were severe population 
declines of game animals, including elk. However, the im-
portance of dresses decorated with elk teeth persisted. They 
were special garments reserved for ceremonies and celebra-
tions and they continued to be made, but in the absence of 
available game, people carved imitations of elk teeth from 
bone, as evidenced by specimens at the Royal Alberta Mu-
seum.

The Blackfoot people have always communicated im-
portant information through clothing. From a distance, a 
Blackfoot person could be identified by their style of dress. 
Colour, pattern, and trim conveyed information such as an 
individual’s status, family affiliation, or special relation-
ships with certain animals (Wissler 1986). These garments 
were more than beautiful clothing. They embodied and ex-
pressed values and spiritual beliefs at the core of Blackfoot 
life (Berry, personal communication 2017). 

7. Imitation pendants
The Royal Alberta Museum’s Indigenous Studies pro-

gram is fortunate to have two Blackfoot dresses decorated 
with imitation elk teeth. By looking at these dresses I had 
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the opportunity to understand how elk teeth were used and 
what they were meant to communicate. I was also able to 
compare the imitation teeth to real teeth to see what char-
acteristics were important and copied in the imitations. Did 
they copy male or female teeth? Did they imitate the aging 
characteristics such as an angled crown?

One of the dresses is a young girl’s dress (H88.94.127; 
Figure 6), for a child of five or six years old, made in the 
1890s. It may have been made for a minipoka, a child who 
becomes involved in ceremonies at a young age. Someone 
spent many hours carving 189 imitation elk ivories and sew-
ing them onto her dress. Elk teeth represent wealth, pres-
tige, and hunting skills. Elk ivories also symbolize long life 
as they remain long after the other parts of the animal have 
decayed (Loendorf 2010). An elk tooth dress was a won-
derful gift for a child to wish them a long and healthy life. 
When the girl wore this dress, all who saw her would know 
the honour and love her family had for her and exactly what 
was her status in the family. The majority of the teeth on 

this dress have been carved to look like young male teeth, as 
they are large and have a square root and a triangular crown. 
About 10 out of the 189 teeth look like female teeth.

The second dress is a woman’s dress (H89.220.150; Fig-
ure 7). It is Blackfoot and made of hide but the age is un-
known. It is decorated with over 400 imitation elk teeth. 
Like the child’s dress, the vast majority look like young male 
teeth (Figure 8). They have triangular crowns, square roots, 
and some have wear angles on the crown (Figure 8:1). One 
tooth looks female (Figure 8:2) with an elongated V-shaped 
root and a rhomboid crown. Many of the teeth on this dress 
have a thick, red, paste-like substance smeared over the area 
of the pierce hole, that may be ochre. 

Why are the imitation teeth on both dresses predominate-
ly male? The root of the male tooth is square and would be 
simpler to carve than a female tooth whose root is narrow-
er and V-shaped. Male teeth are also larger, more visible, 
and take up more room on the garment. Fewer imitations 

Figure 6. Blackfoot child’s dress, H88.94.127.
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Figure 8. Imitation elk teeth on H89.220.150.

Figure 7. Blackfoot woman’s dress, H89.220.150.
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would need to be carved to fill the garment and larger teeth 
look more impressive. All cancellous tissue has been care-
fully removed from the bone on all the imitations so the 
artifact has a good resemblance to an actual elk tooth (Wood 
1957:382).

One of the archaeological specimens, DjPm-115:76919 
(Figure 3:1), has a very clean ivory colour with not much 
patina. A photo of the pierce hole of this tooth, enhanced 
through the colour enhancement program DStretch, re-
veals traces of a red substance inside and around the edges 
of the pierce hole (Figure 9). Perhaps this is the same red 
paste (possibly ochre) that appears on the woman’s dress, 
H89.220.150. It is important to note that the brown patina 
that naturally forms on the teeth shows up as a red colour 
when enhanced in DStretch, so a positive identification of 
ochre application is hard to make.

8. Discussion
The archaeological specimens are both male and female 

teeth, so both were clearly valuable. With only 12 teeth in 
the sample it is difficult to say what gender and age of tooth 
might have been preferred, if any. However, the two Black-
foot dress are decorated with imitations that most resemble 
younger adult male teeth. Perhaps these were preferred due 
to their size and visibility. The oldest tooth found in Alberta 
dates to 2590 BP (AECV #1234C; Landals 1993) indicating 
the antiquity of the value and use of elk teeth. Elk ivories 
communicated status, wealth, long life, honour and love, as 
well as power. In Blackfoot culture the pendants are strong-
ly associated with women and used to created magnificent 

dresses with hundreds of teeth. The story of Elk Woman 
confirms this strong association with women (Wissler and 
Duvall 1908:84). 

The two elk tooth dresses decorated with bone imitations 
show us the importance and persistence of the spiritual and 
cultural value of elk teeth when the real teeth were not avail-
able. The carving of these imitations was a difficult and time 
consuming task. More than just decorative pendants, these 
ivories, real or imitation, represent something much larger 
and communicate a message both about the individual who 
wore them, their place in their community, and their culture. 

9. Acknowledgements
I would like to express my gratitude to Dr. Susan Berry, 

Head of Anthropology and Indigenous Studies (retired) at 
the RAM for giving me access to the elk tooth dresses and 
discussing her ideas about them with me. She generously 
shared with me material she had developed on the child’s 
elk tooth dress for display. Thanks to Todd Kristenson for 
creating many of the plates and for helpful comments. 
Thanks also to my colleagues at the RAM, Chris Jass, Bob 
Dawe, and Kristine Fedyniak for discussing various aspects 
of my research with me. Their perspective and comments 
were very helpful.

10. References
Adams, J.L. 2002. Ground Stone Analysis: A Technological Approach. 

University of Utah Press, Salt Lake City, Utah.
Baldwin, S.J. 1978. The Elk Point Burial. Occasional Paper 11. Archaeo-

logical Survey of Alberta, Edmonton, Alberta.
Berry, Susan, Dr. . Personal communication, August, 2017.
Dau, B.J. 1997. Oldman River Dam Prehistoric Archaeology Mitigation 

Program Technical Series No. 3 Stone Features Study. ASA Permits 
88-034, 89-042, 90-018. Permit 90-018. Unpublished report on file, 
Archaeological Survey of Alberta, Edmonton, Alberta.

Densmore, F. 1918. Teton Sioux Music. Bureau of American Ethnology, 
Bulletin 61. Smithsonian Institution, Washington, D.C.

d’Errico, F., and M. Vanhaeren. 2002. Criteria for identifying Red Deer 
(Cervus elaphus) age and sex from their canines. Application to the 
study of Upper Palaeolithic and Mesolithic ornaments. Journal of Ar-
chaeological Science 29:211–232.

Greer, K.R., and H.W. Yeager. 1967. Sex and age indications from up-
per canine teeth of elk (Wapiti). The Journal of Wildlife Management 
31:408–417.

Grinnell, G.B. 1892. Blackfoot Lodge Tales: The Story of a Prairie Peo-
ple. Scribner, New York.

Keyser, J.D., and M.A. Klassen. 2007. Plains Indian Rock Art. Univer-
sity of Washington Press, Seattle, Washington, and UBC Press, Van-
couver, British Columbia. 

Figure 9. Pierce hole of DjPm-115:76919, enhanced with DStretch. 



Giering / Archaeological Survey of Alberta Occasional Paper 38 (2018) 92–101

101

Kidd, K.E. 1986. Blackfoot Ethnography. Manuscript Series 8. Archaeo-
logical Survey of Alberta, Edmonton, Alberta. 

Landals, A. 1993. Oldman River Dam archaeological Mitigation Pro-
gramme Kill Sites Study. ASA Permits 88-038, 89-032, 90-027. 
CRM 109. Unpublished report on file, Archaeological Survey of Al-
berta, Edmonton, Alberta. 

Loendorf, L.L. 2010. Crow Indian elk-love medicine and rock art in 
Montana and Wyoming. In: Seeing and Knowing: Rock Art With and 
Without Ethnography, edited by G. Blundell, C. Chippindale, and 
B. Smith , pp. 139–147. Wits University Press, Johannesburg, South 
Africa.

Mandelbaum, D.G. 1940. The Plains Cree. Vol. XXXVII, Part II. An-
thropological Papers of the American Museum of Natural History. 
American Museum of Natural History, New York.

Maximilian, Prince of Wied. 1843. Travels in the Interior of North Amer-
ica. Translated by H. Evans Lloyd. Ackermann and Co., London. 

Smythe, T. 1968. Thematic Study of the Fur Trade in the Canadian West: 
1670-1870. CRM 280. Report on file, Archaeological Survey of Al-
berta, Edmonton, Alberta.

Vickers, R.J. 1987. Final Report 1980 Archaeological Excavations at the 
Ross Site (DlPd-3). Permit 80-103. Unpublished report on file, Ar-
chaeological Survey of Alberta, Edmonton, Alberta.

Vivian, B.C., A. Dow, and B.O.K. Reeves. 2005. Historic Resource 
Conservancy Excavation EgPn-430. Vol. 2. Area Six. Final Report. 
Permit 03-097. Unpublished report on file, Archaeological Survey of 
Alberta, Edmonton, Alberta.

Wissler, C. 1986. A Blackfoot Source Book: Papers by Clark Wissler, 
edited by D.H. Thomas. Garland Publishing, New York.

Wissler, C., and D.C. Duvall. 1908. Mythology of the Blackfoot Indians. 
Vol. II, Part 1. Anthropological Papers of the American Museum of 
Natural History, American Museum of Natural History, New York. 

Wood, R.W. 1957. Perforated elk teeth: A functional and historical anal-
ysis. American Antiquity 22(4):381–387.

©2018 Her Majesty the Queen in Right of Alberta
OCCASIONAL PAPER NO. 38 (2018) ISBN: 978-1-4601-3817-5



ABSTRACT 

During the summers of 1996, 1997, and 1998, the University of Alberta’s Department of Anthropology held their 
archaeology field school in Jasper National Park in partnership with Parks Canada. The field school’s primary goal 
was to continue the excavation program that had been initiated by Parks Canada at a stratified site on the north ter-
race of the Snake Indian River valley. The one metre of aeolian silts covering the terrace at this site (243R) contained 
evidence of five cultural components. The upper occupation is characterized by fire-broken rock and hearth features 
while middle and lower occupations consist of lithic debitage and several discrete lithic work stations. Radiocarbon 
dates and recovered projectile points suggest that occupations occurred during the Early, Middle, and Late Precon-
tact Periods. The preliminary results from site 243R excavations provide the basis for a much-needed occupational 
sequence for Jasper National Park.
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1. Introduction
The first systematic archaeological investigations in 

Jasper National Park were undertaken in the early 1970s 
by Jack Elliott (1970, 1971), with the goal being the pro-
duction of an inventory of Indigenous precontact sites 
and historic sites in the park. Results of this archaeo-
logical inventory were later reported and analyzed by 
Anderson and Reeves (1975). Prior to this inventory, 
very little archaeological work had been completed in 
the park, with most archaeology being limited to brief in-
spections of specific sites by professional archaeologists 
and to artifact collecting by local residents (Anderson 
and Reeves 1975:3). Since this first systematic work in 
the 1970s, the majority of archaeological investigations 
in Jasper National Park have primarily involved archae-
ological resource impact assessments conducted prior to 

development projects related to railroad, road, building, 
and pipeline construction (Francis 1996). One major ar-
chaeological research project within the park, however, 
has made valuable contributions to an understanding of 
the precontact occupational sequence of the Jasper Na-
tional Park area, and this project is discussed here.

In 1995, after discovering cultural material eroding 
from the terrace edge along the north side of the Snake 
Indian River in Jasper National Park, Parks Canada 
began the Snake Indian River Threatened Sites Proj-
ect (Francis and Hudecek-Cuffe 1996:8). Slope wash, 
along with wind erosion, was removing lithic material 
and bone fragments from stratified deposits all along the 
bench-like terrace. After preliminary excavation at one 

Site 243R (FgQm-59): A stratified campsite on the Snake Indian River in 
Jasper National Park, Alberta
Caroline Hudecek-Cuffea*

a Archaeological Survey of Alberta, Alberta Culture and Tourism, 8820-112th St. NW, Edmonton, Alberta, Canada, T6G 2P8 
*corresponding author: caroline.hudecek-cuffe@gov.ab.ca
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of these locales (designated as site 243R), Parks Canada 
archaeologists identified several spatially discrete archaeo-
logical components within the deeply stratified aeolian silts. 

In 1996, a partnership was created between Parks Cana-
da and the University of Alberta with the primary intent of 
having the Department of Anthropology’s archaeology field 
school hosted by Jasper National Park. Given the stratified 
nature of site 243R and its threatened status, it was suggest-
ed that the field school conduct its primary archaeological 
training activities at site 243R, continuing the work begun 
by Parks archaeologists in 1995. As a result, the University 
of Alberta’s archaeology field school (Anthropology 398) 
spent three summers (1996, 1997, and 1998) excavating 
and recording the archaeological deposits at site 243R (Hu-
decek-Cuffe 1997, 1998, 2000; Mathews 1997; Sandgathe 
1998, 1999). In total, 43 undergraduate students complet-
ed the course. The author, also the instructor of the course, 
was assisted in the field by University of Alberta graduate 
students, Darcy Mathews, Dennis Sandgathe, and Alberto 
Musacchio; by Parks Canada archaeologist Peter Francis, 
who advised and provided recommendations for the field 

school; and by Rod Wallace, Cultural Resource Officer for 
Jasper National Park, who helped with logistical matters.

2. Site environment
Site 243R (FgQm-59) is located on the eastern end of a 

terrace landform on the north bank of the Snake Indian Riv-
er, approximately 50 metres above the river (Figures 1 and 
2). The deposits of the terrace consist of an approximate 
120–150-centimetre mantle of aeolian silts (which contain 
the cultural components identified at the site) deposited on a 
layer of fluvio-lacustrine silty clay and basal glacial till. The 
site is bordered on its north by the steeply inclined slope of 
a high ridge running north of, and parallel to, the terrace 
landform (Figure 3). The southern boundary of the site is 
delineated by a series of erosional facies, from which lithic 
flakes and core fragments, fire-broken rock, and bone scrap 
were eroding (Figure 4). Grasses, kinnikinnik (bear berry), 
and crawling juniper form the major vegetation cover at the 
site, with intermittent wolf willow, buffaloberry, spruce, 
and poplar. In areas of the site, especially along the erosion-
al facies, the vegetation cover is not continuous.

Figure 1. View looking east along Snake Indian River, with site 243R located in the far distance (at arrow).
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3. Methods
The three-year field school program involved the exca-

vation of 24 one-by-one-metre units, or, as referred to in 
Parks Canada terminology, operations. For the initial year 
of the field school project, units were arranged in a “T”-
shape checkerboard pattern aligned east-west and north-
south across the terrace area. This arrangement allowed 
for a broad coverage across the landform and a continuous 
stratigraphic profile across portions of the site area. In the 

following seasons, additional units were set up adjacent to 
some of the more productive units. As well, a few units were 
placed further away from the edge of the landform terrace to 
determine how far the cultural deposits extended (Figure 5). 

The Parks Canada system of excavation was followed in 
order to remain consistent with the format first used in 1995 
at the site by Parks archaeologist Peter Francis (see detailed 
description in Hudecek-Cuffe 2000:35–36). Each level was 
excavated using trowels, and all sediment was screened 
through 6.35-millimetre (1/4-inch) mesh screen. A sample 
of sediment from three units was screened through a series 
of fine sieves, the finest mesh being 1-millimetre. This fine 
screening was undertaken for three reasons: to gain a bet-
ter idea of the silt/sand fraction for sediment/grain analysis; 
to recover any possible microdebitage that was being lost 
through the 6.35-millimetre mesh screen; and to recover 
small ecofacts such as plant remains, faunal material, and 
charcoal. 

All artifacts found in situ were recorded using three-point 
provenience. This method was chosen not only for teaching 
purposes, but also because precise plotting of artifact loca-
tions would provide valuable information for future studies 
relating to spatial analysis, refitting, and would help deter-
mine occupation events. Sediment column samples were 
also obtained from a few units for grain size analysis (Mu-
sacchio 1998).

Of the 24 units excavated over three seasons, 20 were ex-
cavated to sterile deposits and of those 20, 12 were dug to 
glacial till, in order to gain a more complete picture of the 
stratigraphic profile and lower non-cultural deposits across 
the terrace area.

Figure 2. Topographic map showing location of site 243R.

Figure 3. View looking down at site 243R from high ridge, with site 
excavations at arrow.

Figure 4. Erosional escarpment at site 243R from which bone, fire-bro-
ken rock, and lithic flakes are eroding.
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4. Natural stratigraphy
Given the rare nature of site 243R, special attention was 

paid to the natural stratigraphy and depositional history. In 
addition to the examination of excavation unit profiles, sev-
eral test pits were excavated along the ridge slope imme-
diately north of the site. As well, exposures and cuts along 
the Snake Indian River valley were examined to learn more 
about the area’s geomorphology and glacial and post-glacial 
history (Musacchio 1998).

The approximately one metre of silt deposited at the site 
is of aeolian origin. These silt deposits, which are present 
immediately beneath the sod, are differentiated primarily by 
colour and partially by grain size (Figure 6). The different 
colours are most likely the result of soil formation process-
es, but may also be the result of different source areas for 
the aeolian silts or changing vegetative communities at the 
site. For the most part, across the portion of the terrace that 
has been tested, the upper 30 to 40 centimetres of the profile 
is characterized by mixed and complex stratigraphy, as the 
deposits appear to be pedoturbated. The lower sediments 

Figure 5. 243R Site Map showing location of excavation units for 1996, 1997, and 1998.

Figure 6. Operation 425 North wall profile, exhibiting stratified aeolian 
silt deposits at site 243R. 
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are better differentiated and well-stratified, and consist of 
sequences of relatively undisturbed loess or aeolian depos-
its with no obvious evidence of pedoturbation.

In these lower deposits, two distinctive, reddish silt strata 
(labelled Upper Red/Red I at approximately 45–55 centime-
tres below surface and Lower Red/Red II at approximately 
90–100 centimetres below surface) have been identified in 
several of the profiles across the site area. These reddish 
horizons represent remnants of palaeosols. The major con-
centrations of lithics occur immediately above, and to some 
degree within, both red layers. In many of the stratigraph-
ic profiles, beneath the lower red palaeosol, the silts grade 
into an olive-coloured loess. These sediments represent re-
worked rock flour from glacial till that was deposited im-
mediately after glacial ice retreated from the area and ex-
posed non-vegetated sediments that were easily transported. 
Below this till-derived loess strata, some of the units re-
vealed an olive-coloured fluvio-lacustrine clay. The deposi-
tion of this clay may have occurred when the river became 
dammed by paraglacial sediments, resulting in local pond-
ing, stagnation of the river edges, and thus deposition of the 
clay. Immediately beneath this clay deposit is glacial till, 
which begins at approximately 120–145 centimetres below 
surface in the units that were excavated to till. 

Understanding not only the natural stratigraphy at site 
243R, but also its relationship to the cultural stratigraphy 
of site deposits, was a major concern during all three sea-
sons of the field school. While in most of the units the two 
distinctive, reddish silt strata were identified, the remaining 
silt layers are difficult to correlate and trace from unit to unit 
because of the variability in colour of silt strata, the unifor-
mity in the general nature of the silt deposits, the tendency 
for upper levels to be rather complex and mixed, and the 
distance between units and walls being profiled.

5. Cultural stratigraphy
Analyses of the results from the three seasons of field 

school work at the site suggest at least five cultural compo-
nents are present within site deposits (Figure 7). Radiocar-
bon dates obtained from charcoal samples have provided a 
foundation for establishing a temporal framework for the 
multiple occupations evident at the site (Table 1). As well, 
the recovery of a few projectile point bases, although not 
obviously relatable to known diagnostics, provide some es-
timation of age ranges for occupation events at site 243R. 

5.1 Component I

The earliest component (Component I) identified at the 
site is represented by a few artifacts recovered from strata 

immediately above glacial deposits. These artifacts, recov-
ered from Operation 560, include a basally-thinned, fine-
grained quartzite point base (Figure 8) that was recovered 
in situ within the B horizon of the lowest palaeosol (Low-
er Red/Red II) at approximately 117 centimetres below 

Figure 7. Site 243R composite profile. 

Figure 8. Basally-thinned point base recovered from Operation 560, 
Component I (illustration courtesy of Dennis Sandgathe).
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surface. The Red II stratum in Operation 560 was situat-
ed above the olive loess stratum which in turn graded into 
glacial till at approximately 143 centimetres below surface 
(Figure 9). A few pieces of debitage were recovered from 
the same level (115–120 centimetres depth below datum 
or DBD) as the point base. Fine screening of the sediment 
immediately below the point base yielded a single piece of 
debitage. Several small flecks of charcoal (some root-like 
in appearance) at the same depth of the point base, but not 
in direct association with it, yielded AMS uncalibrated ra-
diocarbon dates of 8840±40 years BP (CAMS 41241) and 
8410±80 years BP (TO-6848). 

Current geomorphological and geologic information sug-
gests that these dates are likely within the correct age range, 
providing a minimum age for the deposits. Palaeoenviron-
mental data for the region indicate that during this time pe-
riod, around 8000 years BP, the climate was overall warmer 
and moister, which would have encouraged soil formation 
(see detailed discussion in Musacchio 1998:260-261); con-
sequently, human occupation of the site area would have 
also been favoured. Therefore, it is estimated that this low-
est palaeosol began forming around 8,000 years ago, and 
may have been characterized by a relatively stable surface 
for several thousand years. 

It should be noted, however, that these radiocarbon dates 
do not directly date the lanceolate point base, but rather ad-
dress the period of soil formation. The charcoal from the 
B horizon could relate to a possible forest/root burn event 

Lab Number Component Material Depth below
datum (cm)

Uncali-
brated

Age

CAMS 41241 Component I Charcoal 121-122 8840±40

TO-6848 Component I Charcoal 121-122 8410±80

CAMS 54053 Component II Charcoal
(hearth)

95-100 4890±50

CAMS 54055 Component II Charcoal 104.8 3310±50

CAMS 54056 Component II Charcoal 90-91 280±50

CAMS 54054 Component III Charcoal 79 5460±50

BGS 1926 Component IV Charcoal 53 1753±125

BGS 2031 Component IV Charcoal 63-69.5 2648±80

BGS 2033 Component IV Charcoal 69-75.5 2590±85

Table 1. Radiocarbon dates from Site 243R. CAMS=Lawrence Livermore, TO=IsoTrace Uni-
versity of Toronto, BGS=Brock University Earth Sciences. 

Figure 9. Site 243R, Operation 560 west wall showing provenience of 
basally-thinned point base. 
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during the life of that soil. The point base was most likely 
deposited prior to the formation of the soil, since it appears 
well into the B horizon of the palaeosol and not the A hori-
zon, which would have been the modern surface at the time. 
An age for the point base of pre-8800 years BP corresponds, 
as well, with the general morphology of the lanceolate point 
base (Hudecek-Cuffe 1998:Plate 68), which is suggestive 
of Early Precontact Llano varieties with an estimated age 
range of 10,000–11,000 years BP (see Sandgathe 1998:370–
371 for detailed discussion). Indeed, basally-thinned points 
roughly comparable to the 243R specimen have been re-
covered from buried contexts at Charlie Lake Cave (HbRf-
39) in northeastern British Columbia (Fladmark et al. 1988) 
and at the Sibbald Creek site (EgPr-2) in the foothills west 
of Calgary (Gryba 1983). These specimens came from the 
base of the cultural sequences at both sites, with radiocarbon 
dates for the component at Charlie Lake Cave averaging ap-
proximately 10,500 years BP, supporting the considerable 
age of these basally-thinned specimens (Peck 2011:48–49).

While the recovery of a basally-thinned specimen from 
site 243R is indicative of considerable age for these deep-
est deposits, unfortunately, there was no additional cultural 
material recovered that could be definitively associated with 
this earliest component at the site. A small cobble spheroid 
was collected from an adjacent unit at 101–105 centimetres 
DBD, but its component affiliation is uncertain; moreover, 
the spheroid may or may not be cultural (Figure 10). 

5.2 Component II
The second component defined for site 243R is repre-

sented by those artifact concentrations and features present 
in the lowest palaeosol (Palaeosol 5), primarily within the 
A horizon, and, in some cases, extending into the B hori-
zon (Figure 7). These deposits were deliberately separated 
from the Component I deposits (the basally-thinned point 
base and associated flakes in the B horizon of the lowest 
palaeosol) for two reasons. First, even though some of the 
Component II artifacts are found within the B horizon of the 
lowest palaeosol, as were the Component I artifacts, those 
Component II artifact concentrations in the B horizon ex-
tended only into the upper portions of the B horizon, and 
actually began in the A horizon. Second, the Component I 
artifacts were isolated finds solely within the B horizon, and 
the morphology of the point base is suggestive of a much 
earlier Palaeoindian component.

This second component defined for site 243R is well 
represented in the deposits of most of the units along the 
southeast and central portion of the tested area on the land-
form. Component II was by far the most productive identi-
fied in the site profile and is dominated by concentrations 
of silicified siltstone and silicified mudstone debitage. No 
significant concentrations of fire-broken rock were identi-
fied in association with this component, but a single hearth 
feature (Feature 10) was identified in association with a 
lithic work station in Operation 374 (Figures 11 and 12). 
Many of these lithic concentrations are 10–20 centimetres 
thick and may actually represent several overlapping occu-
pation events. While these lithic concentrations were almost 
entirely dominated by silicified siltstones and mudstones, 
a discrete concentration of siltstone in Operation 372 may 
represent a single reduction episode of this material. Cores 
and flakes ranging from small retouch flakes and bifacial 
reduction flakes to larger primary decortication flakes, core 
rejuvenation flakes, and several blade-like flakes, have been 
identified in the assemblages associated with Component II. 
Clearly a wide range of reduction activities was occurring at 
the site during this time.

Several of these concentrations of artifacts associated 
with this component have been identified as discrete lithic 
work stations. For example, in Operation 434, at 80–85 cen-
timetres DBD, a large cobble anvil and two smaller ham-
merstones were found in association with numerous flakes 
and cores (Figure 13). Several flakes from this concentra-
tion were refit in the course of an honours thesis project 
by University of Alberta student Catherine Geekie (Geekie 
1998). In a nearby unit, Operation 498, a large cobble anvil 
and numerous associated flakes were recovered at 88 cen-

Figure 10. Small cobble spheroid recovered from 101–105 centimetres 
DBD, site 243R. 
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Figure 11. Planview of Feature 10, hearth and lithic concentration at 90–95 centimetres 
DBD, Component II, site 243R. 

Figure 12. Component II flake concentration associated with Feature 10 
at 95 centimetres DBD, Operation 374, site 243R.

Figure 13. Component II discrete work station at 85 centimetres DBD, 
Operation 434, site 243R.
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timetres DBD, and an anvil and hammerstone were recov-
ered in association with a few pieces of debitage at 93–97 
centimetres DBD. Also in this operation at approximately 
91–94 centimetres DBD, a discrete concentration of chal-
cedony retouch pressure flakes was identified, suggestive 
of a single reduction episode, likely resharpening of a tool.

Operation 374 revealed a silicified mudstone/siltstone 
debitage concentration from 75–100 centimetres DBD, 
with the upper portion of the concentration associated with 
three quartz crystal flakes and a hammerstone, while the 
lower portion from 90–100 centimetres was discretely con-
centrated around the hearth feature noted above (Feature 
10), and was associated with two quartz crystal debitage, 
three bifaces, and numerous bifacial reduction flakes. An 
uncalibrated AMS radiocarbon date of 4890±50 years BP 
(CAMS 54053) was obtained on charcoal recovered from 
fine screening hearth sediments.

Another radiocarbon date for Component II deposits was 
obtained from charcoal collected from a dark-stained area 
between the A and B horizons of the lowest palaeosol in 
Operation 312. The uncalibrated AMS date obtained was 
3310±50 years BP (CAMS 54055), which is considerably 
younger than the date obtained for the lithic work station 
in Operation 374, and younger than the estimates for the 
age range of the lowest palaeosol (8000–4000 years BP). It 
is possible that the charcoal collected from Operation 312 
was either contaminated or dates a more recent event, such 
as root burn associated with a more recent forest fire event.

Other Component II lithic concentrations were less sug-
gestive of discrete lithic work stations, but nonetheless, 
were characterized by high numbers of debitage. In the 
more north-central area of the tested portion of the site, a 
silicified mudstone/siltstone debitage concentration associ-
ated with several blade-like flakes (Figure 14) was identi-
fied in Operation 443 from 75–85 centimetres DBD. In Op-
eration 373, the concentration was dominated by silicified 
mudstone debitage and was very discrete. Refitting studies 
of this debitage concentration undertaken by undergraduate 
student Tammy Robinson yielded several refits and conjoins 
(Robinson 1999). Most of the identified refits were less than 
4 centimetres in vertical displacement, with the majority 
around 0–2 centimetres vertical displacement, suggesting 
that, on average, vertical displacement was relatively limit-
ed. Refitting studies have been very informative with regard 
to the degree and nature of artifact movement within site 
deposits; however, it must be cautioned that these studies 
have focused on small samples of lithic material from areas 
as limited as a suboperation (50 centimetres x 50 centime-
tres) and operation (1 metre x 1 metre).

In Operation 900, a concentration of debitage was asso-
ciated with two scrapers, one of which was quartz crystal 
(Figure 15). Charcoal collected in association with this lithic 
concentration (85–95 centimetres DBD) returned an uncal-
ibrated radiocarbon age of only 280±50 years BP (CAMS 
54056), but the date is considered to be much too recent for 
this component. The charcoal was possibly contaminated or 
dates a very recent burning event. 

These work stations and lithic concentrations are likely the 
result of multiple occupations over a period of time, rather 
than the result of a single occupation event. This interpre-
tation is based on the fact that some of these concentrations 

Figure 14. Blade-like flakes recovered from site 243R, Component II 
(illustration courtesy of Dennis Sandgathe).

Figure 15. Scrapers from Component II, Operation 900, site 243R.
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extended from the A horizon into the B horizon, while oth-
ers were restricted to the upper part of the A horizon. Also, 
the refitting study undertaken by Robinson (1999) did not 
identify any refits between the lithic concentration in Oper-
ation 373 and the work station in adjacent Operation 374. 
The lack of refits and the fact that Operation 373 debitage 
was concentrated in the A horizon of the lowest palaeosol, 
whereas the Operation 374 work station associated with 
the hearth was present in the lower A horizon and upper B 
horizon of the lowest palaeosol, suggest that these knapping 
events occurred at different times. 

5.3 Component III
The third component has been identified in association 

with the palaeosol (Palaeosol 4) located immediately above 
the lowest palaeosol in site deposits (Figure 7). Palaeosol 
4 is, in some units, represented by an immature A/B hori-
zon, whereas in others, by an accretionary soil, which is 
a buried soil that has become thicker than normal because 
soil burial occurs at such a slow process that soil forma-

tion keeps pace with sedimentation (Holliday 2004:91-94). 
Component III is well represented in the deposits of units 
located in the central portion of the main excavation area 
and may be represented in some of the units in the north-
ern tested areas. This component appears to be a bit more 
discrete and concentrated in its location across the site and 
was very productive, being dominated by concentrations of 
silicified siltstone and silicified mudstone debitage. A dis-
crete work station of debitage associated with numerous 
bifacial reduction flakes and several cobble tools (possible 
anvils and hammerstones) was identified in Operation 437 
at 75–80 centimetres DBD (Figure 16). It was confined to 
Suboperations B and C of Operation 437, which are the two 
suboperations that directly adjoin to Operation 432. Not 
surprisingly, this debitage concentration/work station ex-
tended into Suboperations A and B of Operation 432, and 
in that unit, yielded over 1,500 pieces of debitage. Directly 
to the south of Operation 437, Operation 436 also yielded a 
significant concentration of debitage at the same depth, and 
this is no doubt a continuation of this work station identified 
in Operations 437 and 432. 

Figure 16. Component III lithic work station at 79 centimetres DBD, Operation 437, site 243R.



112

Hudecek-Cuffe / Archaeological Survey of Alberta Occasional Paper 38 (2018) 102-119

A radiocarbon date was obtained for charcoal collected 
from within the Component III lithic concentration in Oper-
ation 437 at 79 centimetres DBD. The resulting uncalibrated 
date was 5460±50 years BP (CAMS 54054) and, other than 
the two dates obtained in association with the Paleoindian 
point base in Operation 560, it is the oldest date for site de-
posits. However, the work station in Operation 437 is clear-
ly in the palaeosol above the lowest palaeosol, whereas the 
work station in Operation 374 is within the lowest palaeosol 
and yielded an associated radiocarbon date that was several 
hundred years more recent (4890±50 years BP). Therefore, 
the date obtained for the Operation 437 work station is be-
lieved to be contaminated and too old, or alternatively, 5500 
years BP is the correct age range for Component III depos-
its, and the date obtained for the Operation 374 work sta-
tion (4900 years BP) is the one that is incorrect and actually 
dates a more recent event such as root burn.

In the more northern portions of the site area, concentra-
tions of silicified mudstone/siltstone debitage were recov-
ered in Operations 425 and 484, and these may be associat-
ed with the Component III deposits as well. Also associated 
with Component III and the accretionary soil directly above 
the lowest palaeosol were fragments of what appears to be 
an antler tip in Operation 312 at 87 centimetres DBD. This 
artifact may have been part of a knapping tool. There is no 
evidence of polishing on the tip, so it is possible that the ant-
ler may have been used as a billet, rather than as a pressure 
tool. In Operation 556, a quartzite scraper and two large 
bifaces recovered from 78–82 centimetres DBD may be as-
sociated with the lower B horizon of the palaeosol directly 
above the lowest palaeosol, and thus tentatively assigned to 
Component III.

5.4 Component IV
The fourth component has been identified in association 

with the palaeosol (Palaeosol 3) located immediately above 
the palaeosol (immature/accretionary soil) that is locat-
ed above the lowest palaeosol in site deposits (Figure 7). 
Component IV is primarily represented in the deposits of 
the southeastern-most units and in a few units along the 
north-central portion of the tested area of the site. The most 
prominent characteristics of this component include a dis-
tinct concentration of red ochre, discrete concentrations of 
quartz crystal, a few hearth and fire-broken rock features, 
and a concentration of silicified mudstone/siltstone deb-
itage. The red ochre concentration was most localized in 
Operation 310 at 55–70 centimetres DBD, but a few red 
ochre flakes were present in adjacent operations. This con-
centration is unique to the site and likely represents a single 
reduction episode of this material.

Discrete quartz crystal debitage concentrations are also 
assigned to this component. In Operation 370, several small 
quartz crystal flakes and shatter, along with one larger 
quartz crystal flake, were recovered from 48–55 centimetres 
DBD. This quartz crystal concentration likely correlates to 
the quartz crystal concentrations identified in Operation 373 
and Operation 374. The quartz crystal flakes in Operation 
373 were recovered from within a charcoal/ash concentra-
tion identified as a hearth feature (Feature 8) and thus, the 
reduction event represented by the quartz crystal debitage 
may be directly associated with that feature.

Also within this component were several concentrations 
of fire-broken rock, the first appearance of fire-broken rock 
in the cultural sequence at the site. In Operation 900, a 
fire-broken rock concentration (Feature 7; Figure 17) was 
associated with a few red ochre flakes, connecting it with 
the distinct red ochre debitage concentration identified in 
Operation 310 and adjacent units. Additional fire-broken 
rock concentrations were identified in units adjacent to 
Operation 900. A large flat quartzite cobble, similar to one 
identified in association with Feature 7 in Operation 900, 
was collected from Operation 312. These large flat cobbles 
may have served similar functions (i.e., for smashing bone 
and/or for use in bipolar lithic reduction). 

The appearance of significant fire-broken rock features 
within Component IV can, to some degree, be considered 
a relative time marker, given that the earliest evidence for 
large amounts of fire-broken rock in the Alberta archaeolog-
ical record occurs around 4900 to 4500 years BP with the 
Estevan Phase (Peck 2011:450). Combine the appearance 
of abundant fire-broken rock with the earliest occurrence of 
mauls in Alberta sites around this same time, and the record 
suggests that stone boiling and the extraction of grease from 

Figure 17. Component IV fire-broken rock concentration (Feature 7) at 
59–60 centimetres DBD, Operation 900, site 243R.
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bone for preserving meat was becoming a common activity 
during the Middle Precontact Period (Peck 2011:450). In-
deed, as noted by Meyers and Roe (2010) in their analysis 
of excavations at the Upper Lovett campsite (FgQf-16) and 
their synopsis of the precontact culture history of the foot-
hills of west-central Alberta, Early and Early Middle Pre-
contact Period occupations in many areas of the foothills 
are less often associated with processing or other technolo-
gies that produce large amounts of fire-broken rock.

Also associated with Component IV at site 243R was a 
distinct concentration of debitage identified at 43–53 cen-
timetres DBD in Operation 374 with associated fire-broken 
rock and the base of a late Middle Precontact projectile 
point. This lithic debitage concentration consisted primarily 
of silicified siltstone along with smaller amounts of quartz 
crystal debitage.

The only bone recovered in association with Component 
IV included decaying bone fragments associated with Fea-
ture 7, a few bone fragments associated with Feature 8, tiny 
non-identifiable bone fragments recovered through flotation 
of a sediment sample associated with a concentration of 
charcoal from Operation 374 at 65 centimetres DBD, and 
possible calcined bone recovered from Operation 489.

It appears that the occupation events associated with 
Component IV, at least in the southeastern portion of the site 
area, are characterized by discrete reduction episodes of red 
ochre and quartz crystal, and the use of hearth and fire-bro-
ken rock features. The presence of quartz crystal and red 
ochre debitage in association with the hearth and fire-bro-
ken rock features, and the fact that the units containing these 
deposits are clustered in a small, discrete area of the site, all 
suggest that the remains of these activities represent a single 
event or closely related occupation events. Moreover, the 
identification of fire-broken rock features in the assemblage 
at this time period signals an apparent shift in the use of 
this landform. Whereas earlier visits to the terrace centred 
primarily upon lithic reduction, those visits made during 
Component IV times seem to represent a broader range of 
activities, including food processing.

Moving toward the northern portion of the tested area, 
Component IV deposits are recognized in two adjacent 
units, Operations 425 and 381. Both are characterized by 
silicified mudstone/siltstone debitage concentrations and 
are associated with several projectile points. In Operation 
381, at 64–72 centimetres DBD, in addition to silicified 
mudstone/siltstone debitage, two quartz crystal flakes were 
recovered, as well as a discrete concentration of dark gray 
quartzite debitage and a lanceolate-shaped projectile point 

base. In Operation 425, associated with silicified mudstone/
siltstone debitage at 65–70 centimetres DBD were three 
projectile points, including a large siltstone corner-notched 
point (Figure 18a), a quartzite side-notched point (Figure 
18b), and a crudely shaped point fragment (Figure 18c). 
The points are not obviously relatable to known diagnos-
tics, but given their size and form of notching, they pro-
vide a suggested age of Middle Precontact times (Sandgathe 
1998). Although the recovered points from site 243R do not 
compare well with Middle Precontact point types from the 
Northern Plains sequence, they share some similarities to 
Middle Precontact specimens recovered from northern and 
Eastern Slopes sites such as Charlie Lake Cave (HbRf-39; 
Driver et al. 1996:273), the Smoky site (GaQs-1; Brink 
and Dawe 1986), and the Grande Cache Lake site (FlQs-
30; Brink and Dawe 1986). While the Middle Precontact 
specimens from Charlie Lake Cave were recovered from 
components dating to 7000 to 4000 years BP, the specimens 
from the Smoky and Grande Cache Lake sites come from 
deposits ranging in age from 5000 to 1500 years BP.   

In addition to the projectile points recovered in associa-
tion with this component, radiocarbon dates also provide 
some indication of the age range for these occupations of 
Component IV. The upper occupations of this component 
may be dated to approximately 1700 years BP, as suggest-
ed by a radiocarbon-dated charcoal sample from the upper 
stratigraphic limits defined for the component (uncalibrated 
age of 1753±125 years BP; BGS 1926). The sample is not 
directly associated with the eastern or northern units exhib-
iting evidence for Component IV, but is, according to the 
unit’s profile, associated with Palaeosol 3. The lower strati-
graphic levels of this component are bracketed by radiocar-

Figure 18. Component IV projectile points recovered from 65–70 centi-
metres DBD, Operation 425, site 243R.
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bon dates obtained from samples ranging from 63–69 cen-
timetres DBD from within the C horizon of Palaeosol 3 and 
the top of Palaeosol 4 in Operation 374. These uncalibrated 
dates include 2648±80 (BGS 2031) and 2590±85 years BP 
(BGS 2033). The only date directly associated with Compo-
nent IV activities is that obtained for a sample of charcoal 
recovered from the fine screening of Feature 8 hearth fill, 
which yielded an uncalibrated radiocarbon date of 3140±50 
years BP (CAMS 54052).

5.5 Component V
The upper-most component is represented by several 

occupation events that occurred around or more recently 
than 700 to 500 years BP, as indicated by radiocarbon-dat-
ed samples. It is associated with the two upper palaeosols 
(Palaeosols 1 and 2) located immediately beneath the sod 
layer (Figure 7) and is primarily represented in the deposits 
of units along the southern and western portion of the tested 
area and along the north-central area of the site.

Component V is defined primarily by fire-broken rock 
concentrations and hearth features, and lacks evidence for 
significant lithic reduction activities. A concentration of 
fire-broken rock (Feature 1) located in Operation 496 at 
20–30 centimetres DBD is likely directly associated with 
a concentration of fire-broken rock in an adjacent unit, Op-
eration 498, at the same depth within the upper portions of 
the first palaeosol. There was no delineation of any pit, nor 
were artifacts found in direct association with these discrete 
fire-broken rock concentrations. Two additional fire-broken 
rock concentrations were identified in Operation 381 (Fea-
ture 9) and Operation 484 (Feature 5), both within the A 
horizon of the second palaeosol (Figures 19 and 20). Very 
little cultural material was found in direct association with 
either feature. A large flat cobble was associated with Fea-
ture 5, and the charcoal associated with Feature 9 may relate 
to root burn from a recent forest burn.

Hearth features assigned to this upper component include 
Feature 3 in Operation 560 (Figure 21) and Feature 2 in 
Operation 372. The hearth in Operation 560 was slightly 
basin-shaped and associated with a single quartzite flake. 
The hearth in Operation 372 was suggestive of a surface 
hearth, and was closely associated stratigraphically with a 
charcoal sample from that unit that yielded an uncalibrated 
radiocarbon date of 473±90 years BP (BGS 1925). In an 
adjacent unit, Operation 374, at the same depth, charcoal 
pieces, charcoal-stained areas, and diffuse ash pockets were 
present, associated with a single piece of fire-broken rock 
and a small cobble. A charcoal sample from 30–31 centime-
tres DBD, which yielded an uncalibrated radiocarbon date 

of 445±145 years BP (BGS 1924), closely corresponds with 
the age obtained from the sample from Operation 372.

Another radiocarbon date derived from a charcoal sample 
collected from within the stratigraphic limits of the upper 
component was obtained from Operation 437. Within this 
operation, a few fire-broken rock specimens were recovered 
in the upper portion of the profile and charcoal concentra-
tions at 10–30 centimetres DBD were encountered. A char-
coal sample from 15–19 centimetres DBD in association 
with two pieces of fire-broken rock yielded an uncalibrated 
radiocarbon date of 780±120 years BP (BGS 2032). This 
date is older than those listed above, even though it was de-

Figure 19. Component V fire-broken rock concentration (Feature 9) at 40 
centimetres DBD, Operation 381, site 243R.

Figure 20. Component V fire-broken rock concentration (Feature 5), Op-
eration 484, site 243R.
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rived from material slightly higher (ca. 10–20 centimetres) 
in the profile. However, it should be noted that a fire-broken 
rock specimen at 7 centimetres DBD in Operation 437 fit 
together with two fire-broken rock fragments from lower in 
the operation’s profile at 19–25 centimetres DBD. It is there-
fore possible that the upper portion of this profile, as char-
acteristic of other units across the site, is disturbed to some 
degree by pedoturbation; thus, the radiocarbon dates may 
be accurate but the position of the samples within the profile 
may not be entirely chronologically sequential. Moreover, it 
is possible that these particular fire-broken rock specimens 
in the upper portion of Operation 437 are the result of nat-
ural processes (forest burn), rather than cultural activities.

The lack of associated artifacts with these features of 
Component V and the lack of artifacts from throughout the 
upper 40 centimetres of the profile of all operations may 
indicate spatially-restricted, short-term occupation events 
or activities focused on food processing activities leaving 
few remains. Alternatively, it is possible that further testing 
across the terrace may reveal additional activity areas with 
much higher concentrations of lithic material associated 
with this component.

5.6 Summary of the cultural stratigraphy
The vertical distribution of artifacts and features and the 

correlation of these concentrations with palaeosols have as-
sisted with the identification of distinct occupations with-

in multiple components at site 243R. With the addition of 
radiocarbon dates, site chronology and occupation events 
are becoming better defined and more detailed. The inter-
pretation of components, however, is far from conclusive 
given the complexity of the natural stratigraphy at the site, 
the difficulty in correlating strata between units that are not 
contiguous, the occurrence of artifact concentrations and 
features at varying and overlapping levels across the land-
form, and the few radiocarbon dates that are problematic. 
The calibrated radiocarbon dates for site 243R (Figure 22) 
demonstrate that overall, the component dates are general-
ly in sequential order with the exception of a few outliers: 
specifically the Component III date (CAMS 54054), which 
is slightly older than the oldest Component II date; and the 
very young Component II date (CAMS 54056), which like-
ly represents a more recent burn event that penetrated older 
sediments. These discrepancies in the stratigraphic context 
of some of the radiocarbon dates may be related to the fact 
that only two charcoal samples were collected from defini-
tive cultural features, while the remainder were loose char-
coal in general association with artifact concentrations and 
thus relate to burning events of unknown origin.

The evidence, nevertheless, indicates a very complex oc-
cupational sequence for the site. Activities evident in the 
upper occupations appear to have been centred upon food 
processing and possibly bone grease-rendering, whereas the 
middle and lower occupations tend to be characterized pri-
marily by lithic tool production and modification, possibly 

Figure 21. Component V hearth (Feature 3), Operation 560, site 243R.
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representing more short-term occupations. The lack of fau-
nal material at site 243R, though, may present a potential-
ly biased view of the extent of various activities occurring 
over time. As in most archaeological sites in the mountains, 
poor bone preservation results in less detailed information 
relating to food acquisition and food processing activities.

A preliminary consideration of the projectile point data 
suggests that general comparisons to the Northern Plains 
cultural historical sequence seem to be unsuitable, and that 
more comparable sequences and cultural linkages can be 
found in the Northern Foothills. As Meyers and Roe (2010) 
point out, the uncritical use of culture chronologies from the 

Figure 22. Graph illustrating calibrated radiocarbon dates for all components, site 243R (Bronk Ramsay 2017).
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Plains to understand the forested Foothills of west-central 
Alberta can be misleading. Indeed, the cultural sequence 
evident at, and materials recovered from site 243R exhib-
it more general similarities with archaeological material 
recovered from sites such as the Upper Lovett multicom-
ponent campsite (FgQf-16), located approximately 80 kilo-
metres to the east along the Lovett River in the foothills of 
west-central Alberta. At FgQf-16, as at site 243R, although 
the greater part of the material culture recovered during 
excavations under permit 06-459 related to workshop ac-
tivities, its location across a high terrace overlooking the 
Lovett River clearly indicates that its primary purpose was 
a campsite (Meyer and Roe 2010). The limited amount of 
fire-broken rock recovered from FgQf-16 was all associ-
ated with later occupations, again similar to the pattern at 
site 243R. The majority of cultural material from the Upper 
Lovett campsite related to early Middle Precontact occupa-
tions of the region, with points sharing gross morphological 
similarities with the large side-notched Mummy Cave va-
rieties, but most stylistically comparable to Gowen points 
from Saskatchewan (Meyer and Roe 2010).

While the Component IV projectile points identified at 
site 243R are clearly large, side-notched, Middle Precon-
tact points, their morphology is not definitively comparable 
to well-defined diagnostic types or to the specimens from 
FgQf-16. Despite this uncertainty in point classification, 
material derived from site 243R excavations can be add-
ed to a growing body of archaeological information that 
is serving to establish a more comprehensive and detailed 
regional precontact culture history sequence for the Rocky 
Mountains and foothills of west-central Alberta, as present-
ed by Meyer and Roe (2010). The completion of a large 
block excavation at the site would most definitely assist in 
developing more definitive conclusions and clarification 
concerning occupation events at site 243R, and in provid-
ing data for more detailed comparative studies on a regional 
level.  

6. Summary
The University of Alberta archaeology field school held 

in Jasper National Park involved not only teaching students 
the basic techniques of archaeological field work, but also 
completion of important archaeological work for the park. 
This work included the excavation of a threatened precon-
tact site located along the Snake Indian River. Analysis of 
the results of the three field seasons has confirmed that site 
243R is a well-stratified, multiple-occupation locale with 
cultural deposits representing short-term seasonal camps, 
ranging in age from approximately 500 years to possibly 
9,000 years old. 

The environment and landscape of this area along the 
Snake Indian River, as for all montane regions including 
Jasper National Park (see Kearney 1981; Luckman and Ke-
arney 1986; Beaudoin and King 1990), would have changed 
considerably over the past 9,000 years, beginning with the 
drainage of early proglacial lakes that would have notably 
affected intermontane travel and trade, followed by long-
term and short-term fluctuations in temperature and humid-
ity. These fluctuations between warm/dry conditions and 
cooler/wetter conditions would have brought about cor-
responding shifts in the tree line. More specifically, with 
warmer, drier times, the area would likely see more open 
forests with more widespread montane grasslands, increased 
erosion and aeolian activity, and the resultant expansion of 
the range of bison and other more grassland-adapted game. 
Conversely, colder, wetter conditions would result in the 
expansion of forests, lowering of the tree line, and reduc-
tion of montane grasslands. We can assume that there were 
corresponding changes in occupation, settlement patterns, 
and use of this landscape by precontact peoples as well, in 
response to these environmental changes. 

The earliest period of occupation at site 243R was likely 
characterized by very short-term non-intensive use of the 
site by highly mobile groups of people utilizing a location 
that was ideal for searching for game and other resources. 
Middle and later occupations are represented by more in-
tensive use of the landform, with more prolonged stays and 
a wider variety of camp activities. These visits may reflect 
more extended stays of resident groups or shorter stops by 
precontact groups during seasonal travel between higher 
and lower valleys. It is clear, however, that this terrace land-
form overlooking the Snake Indian River was a favoured 
spot to which precontact peoples returned repeatedly over 
thousands of years. Given that well-stratified sites are rare 
in the mountain parks, site 243R has provided a valuable 
foundation for helping further define the cultural historical 
sequence of Jasper National Park. 
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1. Project purpose: heritage at risk
Heritage sites throughout the world are threatened by 

various environmental, political, and social factors in-
cluding effects of climate change and human-caused 
destruction (Taboroff 2000:71; McKercher and Du Cros 
2002; Dawson et al. 2013:147; National Trust for Canada 
2018). In Alberta, two recent and dramatic climatic events 
have placed many heritage sites at risk. During the sum-
mer of 2013, floods in southern Alberta destroyed many 
historic and pre-contact sites situated along the Bow and 
Elbow rivers (Government of Alberta 2014; Unfreed and 
Macdonald 2017). Likewise, the Fort McMurray wild-
fires of 2016 threatened heritage sites associated with the 
beginnings of the oil and gas energy sector in Alberta, 
such as the heritage park at Fort McMurray (White 2017). 
With studies indicating increasing climatic instability and 

disasters in the future, these types of risks to Alberta her-
itage sites are likely to increase (Dumanski et al. 2015; 
Boulanger et al. 2017; Wotton et al. 2017).

In addition to such natural disturbances, vandalism and 
development pose near constant threats to many provin-
cial heritage sites. From graffiti carved into and painted 
over pre-contact rock art panels at the Okotoks Erratic 
(Brink 2014), to the destruction by fire of buildings that 
hold historic links to Indian residential schools such as 
Red Crow College (Saskiw 2015), vandalism is a grow-
ing threat to many heritage sites within the province. 
Globally, it has been estimated that over half of interna-
tionally designated world heritage sites are currently at 
risk from development factors (UNESCO 2017). Within 
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Canada, development related risks to heritage often stem 
from neglect, due to a shortage of resources for repair and 
high upkeep costs, as well as from safety concerns, such as 
when a collapsing structure poses a danger to persons or 
adjacent property (National Trust for Canada 2018).

In our project we aim to investigate how reality capture 
technologies (laser scanning, photogrammetry) can be 
used to document and, ultimately, manage heritage at risk 
in Alberta. As a representation of our collective cultural 
identities, built heritage plays an important role in commu-
nicating historic events of significance to the public. For 
Alberta, heritage sites, such as the Perrenoud Homestead, 
are the physical manifestations of key events and people in 
the province’s history. Using reality capture technologies to 
document these places is an effective and engaging way of 
capturing and preserving Alberta’s past. By way of illustra-
tion, laser scanning allows for the collection of accurate and 
highly detailed data sets that can be used to create “as built” 
site plans and photorealistic 3D models (Pavlidis et al. 
2007). These assets can be effectively integrated into a vari-
ety of risk management strategies such as mitigation, mon-
itoring, and relocation. To illustrate this process, we use the 
Perrenoud Homestead Provincial Historic Resource (PHR) 
as a primary case study and examine the applications and 
implications of reality capture technologies in the docu-
mentation and relocation of this site. We argue that digitally 
capturing heritage sites that would otherwise be lost or in-
accessible allows heritage managers and the public contin-
ued access to them. However, because the whole is always 
greater than the sum of its parts, virtual replicas of heritage 
resources that have been removed/relocated need to be tied 
to the broader context of the sites from which they were 
captured. Augmented reality and the scanning of entire sites 
represent two possible methods for achieving this.

2. Case study: Perrenoud Homestead
The Perrenoud Homestead is located just north of the town 

of Cochrane in southwest Alberta. Designated as a PHR in 
1992, the site is composed of two residences situated on 4.5 
hectares of land. The first of these is an 1890s log home-
stead with a 1902 extension (Stan-Barton 1990:31; Parks 
Canada 2018; Figure 1). In 1910, a larger two-story home, 
featuring a hipped roof and wrapping verandah, replaced 
the log homestead as the primary residence on the prop-
erty (Stan-Barton 1990:31; Parks Canada 2018). The site 
also features various outbuildings and machinery, such as 
a blacksmith shop, granaries, a sawmill, and a cattle chute.

The heritage value of the Perrenoud Homestead lies with-
in its ties to early ranching operations in Alberta in the 1880s 

and 1890s. The land on which the homestead is located was 
originally part of a massive grazing lease granted in the ear-
ly 1880s to the Cochrane Ranche Company (Stan-Barton 
1990:32; Brado 2004:60; Parks Canada 2018). When that 
lease land became open for homesteading, it attracted many 
settlers to the area, including Charles Perrenoud. Born in 
France in 1863 and trained as a jeweller, Perrenoud came 
to western Canada in 1886 to set up a ranching operation 
(Stan-Barton 1990:32; Parks Canada 2018). In 1888, he was 
joined by his brother Earnest, and together they amassed 
a herd of over 1,900 saddle and work horses, including 
Hackneys, Berman Coach horses, Clydesdales, and Shires 
(Stan-Barton 1990:31; Parks Canada 2018). 

The original homestead, or “bachelor’s shack,” was con-
structed by the Perrenoud brothers using wood, likely sourced 
from stands of popular, spruce, and pine located in the near-
by Grand Valley (The Perrenoud Homestead 2018). The logs 
were double-notched and were chinked to stop drafts. While 
the chinking material had since disappeared on the home-
stead, materials common in Alberta at the time included 
moss, small sticks, rags, and plaster covered over in mud or 
clay (Stan-Barton 1990:50–51; The Perrenoud Homestead 
2018). Construction of the bachelor’s shack portion of the 
homestead began in the summer of 1889 and was complet-
ed in 1890. An extension protruding to the south was added 
in the same building fashion in 1902 (Stan-Barton 1990:32; 
Parks Canada 2018). Charles Perrenoud lived in this home-
stead with his wife Laura and their three children until 1910 
when he hired the Chapman Brothers in Cochrane to con-
struct the larger home, which was built on the same property 
in the American Foursquare architectural style (Stan-Barton 

Figure 1. Historic photograph from the Glenbow Archives of the Perre-
noud Ranch ca. 1904. Credit: Charles Perrenoud Ranch, Cochrane area, 
Alberta. Image number NA-1130-2, Glenbow Archives online database. 
Calgary, Alberta.
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1990:37). In April of 1929, Charles Perrenoud died, where-
upon his eldest son George took over the ranch and the prop-
erty (Stan-Barton 1990:35). Upon George’s death in 1981, 
the ranch was donated to the Province of Alberta to be devel-
oped as an historic site (Stan-Barton 1990:35).

In recent years, the original homestead started to col-
lapse, which was most noticeable in the 1902 extension 
where the roof and most of the walls had slumped in on 
the structure (Figure 2). While still standing, the original 

portion of the homestead exhibited a distinct lean and had 
been braced with various wooden beams along its northern 
wall (Figures 3 and 4). Due to the state of the structure, the 
homestead was deemed unsafe and unfeasible to restore on-
site. Reality capture methods (terrestrial laser scanning and 
aerial photogrammetry) were employed to fully document 
the heritage buildings prior to dismantling the Perrenoud 
Homestead in July of 2017. The structure was taken apart in 
sections and the original material was placed in storage for 
the future rebuilding of the homestead. 

Figure 2. Photograph of the Perrenoud Homestead, June 2017.

Figure 3. The bracing along the northern wall of the homestead, June 2017. Figure 4. The collapsed front door of 
the 1902 extension to the homestead, 
June 2017.
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3. Methods
Our goals were to digitally capture and record the then 

current state of the homestead, as well as to provide doc-
umentation during the disassembly process. To do this, we 
used two different types of reality capture technologies. 
The first method employed was drone-based photogramme-
try using images captured by a DJI Phantom 4 drone. The 
drone was set to fly an automated grid over the site area, at 
a height of 30 metres above ground, with a camera angle 
of 70 degrees, creating an image overlap of 90%. The re-
sulting 302 calibrated images captured during the drone’s 
flight were then processed using Pix4D software, in which 
photographs are triangulated together, based on common 
markers, to determine where points lie in three-dimensional 
space (Vallet et al. 2011:2). When processed together across 
the site, this generates a 3D model of the study area. While 
we used laser scanning to document each stage of the dis-
mantling process over several days, drone data was collect-
ed over one day to document the homestead while it was 
still intact. 

The second method employed was terrestrial laser scan-
ning (TLS) using a Z+F 5010x scanner. This scanner oper-
ates through light detection and ranging (LiDAR), whereby 
it emits pulses of lasers that are then reflected back to the 
scanner and read by a sensor that records each pulse point 
and its associated GPS location (Devereux 2005:650). The 
resulting data are called point clouds. In this method of data 
capture, paddles are used as stationary targets that the Z+F 
software uses to register scans together during processing; 
each scan location must have no less than three paddles vis-
ible to the scanner for this purpose. Along with an internal 
GPS, the scanner has a 360-degree camera that takes pano-
sphere photographs for each scanning location. These pho-
tographs are later used to detect RGB colour values for each 
point in the point cloud data, in order to produce realistic 
looking models. 

We used TLS to record the Perrenoud Homestead while it 
was still intact, as well as during the week-long disassembly 
process. Overall, our team scanned the site on six different 
days in June and July, 2017. For each day of documenta-
tion, the homestead was recorded using between eight and 
11 scanning locations positioned to obtain the most compre-
hensive data set of the homestead (Figure 5). On July 25th, 
an additional three scanning locations were added inside the 
homestead to capture the interior of the structure. 

After the in-field documentation, we completed initial 
data processing with the Z+F Laser Control scanner soft-
ware, version 8.9.0.19607. We then registered the differ-

ent scans to assemble them into a single point cloud with 
sub-millimeter accuracy (Rabbani et al. 2007:335). A rough 
registration was completed in the field to ensure that all of 
the structure had been captured. A fine registration was then 
performed back in the office using Z+F Laser Control soft-
ware. The registration process is typically completed auto-
matically within the laser control program, which can detect 
Z+F specific targets within the scanning data. In instances 
where automatic detection is problematic, such as when a 
target might have fallen and/or shifted its position between 
scans, registration can be done manually by picking the tar-
gets to which each scan needs to be aligned. Finally, the 
point cloud data are processed into 3D models (Figures 5 
and 6). For the TLS data, this was done using Autodesk 
ReCap and its scan-to-mesh service (Autodesk 2018). Ad-
ditionally, models exported from Autodesk ReCap can be 
saved in different file formats for use in a variety of other 
3D software, such as Rhino and Autodesk 3dxMax.

4. Relocation as a means to manage heritage risks
Relocation, as a method for managing risk to heritage 

sites, involves bringing a building or structure from an area 
of high risk to a location with either less risk or easier access, 
to implement other management efforts (Faulkner 2004:55; 
Gregory 2008:112). This can be done by moving the entire 
structure, or by dismantling it, moving the pieces, and reas-
sembling the built heritage elsewhere (Faulkner 2004:55). 
The latter method is commonly used for log buildings, as 
their construction allows them to be easily taken apart with 
minimal damage to the structure (Faulkner 2004:55), and 
was the method employed for the relocation of the Perre-
noud Homestead. 

The relocation of heritage resources can be an effective 
risk management tool and it is commonly used within Can-
ada and around the world. However, according to the Burra 
Charter produced by the International Council on Monu-
ments and Sites (ICOMOS), relocation of a heritage site 
is acceptable if it is the only practical means to ensure its 
survival, due to the fact that the physical location of a heri-
tage site is part of its cultural significance (Heritage Victo-
ria 2007; Gregory 2008:112). At the Perrenoud Homestead, 
only the original homestead was relocated even though there 
are several other associated buildings at the site. As seen in 
Figures 5 and 6, the resulting TLS models produced from 
the documentation of the homestead, show the structure in 
isolation from other surviving buildings associated with the 
homestead. While the scanner did capture portions of these 
surrounding buildings, they were removed from the point 
cloud to provide an unobstructed model of the homestead, 
and to reduce file sizes to make the models necessarily more 
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Figure 5. A sequence of 3D TLS models illustrating the day-by-day dismantling of the Perrenoud Homestead.

Figure 6. 3D TLS model of the Perrenoud Homestead, accessible at the Digitally Preserving Alberta’s Diverse Cultural Heritage (Dawson 2017) web-
site at https://preserve.ucalgary.ca/sites/perrenoud-homestead/. 
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manageable. In doing so, however, some of the site’s cultur-
al context is ultimately lost within these models. 

The physical environment of the Perrenoud Ranch has 
also been affected by the relocation process (see Figures 7 
and 8). The log homestead was centrally located on the 
property, but since its removal in 2017, the footprint of the 
homestead has been outlined with wooden boards and filled 
with sand and gravel. With an interpretive sign about the 
building still present and the central location of the structure 
on the farm property, this empty space significantly alters 
a visitor’s experience of the physical site of the Perrenoud 
Homestead. 

The importance of preserving physical structures at heri-
tage sites, when feasible, cannot be understated. Yet, mov-
ing a building from its original location may be a necessary 
step in preserving it. In the case of the Perrenoud Home-
stead, relocation efforts and digital scanning resulted in the 
creation of two different versions of the site. In the virtual 
realm, the digitized “copy” of the isolated homestead ex-
ists in absentia of the surrounding outbuildings and 1910 
residence. In the physical world, the outbuildings and 1910 
residence exist in the absence of the homestead. The result-
ing paradox is that the disassociation of the homestead from 
the surrounding site, for the purpose of preservation, could 
impact how it is experienced by visitors online.

Figure 7. The location of the Perrenoud Homestead before disassembly of the structure, June 2017. 

Figure 8. The location of the Perrenoud Homestead, removed from site with its footprint outlined on the ground, April 2018. 
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5. Curating digital heritage

The data collected at the Perrenoud Homestead are in-
cluded with data from other heritage sites in the digital 
archive, Digitally Preserving Alberta’s Diverse Cultur-
al Heritage (Dawson 2017), which can be accessed at 
https://preserve.ucalgary.ca/. The overall aim of this online 
archive is to provide a central repository for Alberta heritage 
information that will include, not only interactive versions 
of TLS scans, but also associated modern and historic pho-
tographs, maps of site locations, historical information, and 
the documentation processes implemented at each location. 
The archive includes historic sites related to different facets 
of the multicultural settlement history of the province, as 
well as pre-contact First Nations sites. 

On the Perrenoud Homestead page of the archive, there 
is an interactive video of the TLS scan, a write up about the 
history of the site in the context of the broader ranching set-
tlement of Alberta, a gallery containing historic and modern 
photographs, a map of the site location, a description of the 
capture techniques, videos of TLS models, and a full set 
of downloadable point cloud data from the initial day of 
scanning at the site (Dawson 2017). In the process of dig-
itizing the Perrenoud site and disseminating the collected 
information online, we have altered both the experience of 
visiting the homestead and accessibility to the site during 
its relocation.

5.1 The visitor experience
Prior to this project being conducted, those who wished 

to visit the Perrenoud Homestead would have had the expe-
rience of driving through the Alberta foothills to reach the 
site, seeing the landscape surrounded by local horse ranches 
with the Rocky Mountains in the background, and walking 
through the homestead, outbuildings, and ranching house. 
This experience has been transformed by the removal of the 
original ranch house. The structure can now be accessed 
only virtually through our online archive. Thus, understand-
ing how digital heritage is created and how it transforms the 
way visitors experience the Perrenoud ranch and its heri-
tage, have emerged as important considerations. 

To what extent does the virtual experience of the Perre-
noud site, via the digital archive, diminish or alter its signifi-
cance in the eyes of the visitor? This is directly related to de-
cisions about what aspects of the site are scanned, and what 
is left out. For example, time constraints on the scheduling 
of the disassembly process prevented us from scanning all 
the buildings at the site. Therefore, the original homestead 
became the sole focus of the site’s project page within the 

archive. Conversely, visitors to the physical site can view 
everything but the original homestead. These distinct ex-
periences are, in effect, two sides of the same coin, demon-
strating that the “virtual” is inevitably tied to the “actual” 
when digital documentation is used in heritage research.

We currently lack a firm grasp of how visitors experience 
heritage when they encounter it online. Studies of digital 
public archaeology coming out of the United Kingdom and 
Canada have suggested that researchers and heritage man-
agers often do not understand what this public engagement 
aspect looks like (Bonacchi and Moshenska 2015). Thus, it 
is especially important for us to consider how the virtual and 
the physical come together to communicate key messages 
of significance to the public. Currently, our archive and the 
remaining physical site each present an incomplete experi-
ence for visitors. We need to explore ways to bridge this gap, 
such as repatriating the digital version of the homestead to 
the actual site. Using augmented reality (the interactive ex-
perience in which computer-generated objects are brought 
into a real-world environment), visitors with a mobile device 
(smartphone, tablet) could access the 3D model of the home-
stead that is georeferenced to the gravel pad marking its for-
mer location. Likewise, we could expand the digital data in 
our archive to include additional buildings found at the site. 

5.2 Digital accessibility 
While the current digital version of the Perrenoud Home-

stead provides a somewhat incomplete picture of the entire 
site, it nevertheless renders the homestead accessible while 
the original remains in storage. Consequently, digitally cap-
turing heritage buildings—especially those slated for relo-
cation—is a useful way to ensure that they remain accessi-
ble to both heritage managers and the public.  

Despite the challenges of bringing together the virtual 
and the actual, we see many opportunities for digital her-
itage preservation in Alberta. According to the Survey of 
Albertans on Culture (Advanis 2017), the number of Al-
bertans who get information about heritage sites online has 
increased from 56.1% in 2016 to 62.4% in 2017. More than 
ever before, Albertans are using the internet as a source of 
information for heritage sites. Currently, there is a greater 
quantity of interpretive and educational information found 
in our digital heritage archive (Dawson 2017) than is con-
tained within the signage at the physical site of the Perre-
noud Homestead, giving value to the digital version of the 
homestead as a tool for learning about Alberta heritage. 
Additionally, the online version increases international ac-
cessibility to the site dramatically: not only does a webpage 
allow visitors to the Perrenoud Homestead to access infor-
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mation 24 hours a day, but its geographical reach is global. 
Sharing the Perrenoud Homestead online allows Albertans, 
Canadians, and those from other countries who may not 
have the means to easily travel to the physical location of 
the site, to view and learn about it. While projects are still 
in the process of being added to the archive, the website has 
received over 5,500 hits since opening to the public in 2017, 
with views coming from as far away as Denmark. 

As built heritage is an important representation of Alber-
ta’s story, people, and identity, we believe that everyone 
should be able to easily view and learn about these places. 
Online sharing allows anyone access to the heritage resourc-
es and the values and stories they represent (Poria et al. 
2004:19). As more heritage sites are recorded and added 
to the archive, we hope that visitation to the website will 
continue to grow and that it can be used by a wide audience 
as an important resource for learning about many aspects 
of Alberta’s history. The caveat, of course, is that we need 
to remain aware that the buildings we capture digitally are 
parts of a larger whole, and that the absence of associated 
buildings can potentially alter how a visitor experiences and 
understands it.

6. Conclusion
The necessary dismantling of a log structure associated 

with historic ranching in southern Alberta has provided us 
with a case study for the application of reality capture tech-
nologies in managing provincial heritage sites. TLS and 
drone-photogrammetry at the Perrenoud Homestead Provin-
cial Historic Resource have demonstrated that these techni-
eques provide a rapid and reliable way of recording at-risk 
sites before disassembly. The interactive 3D models result-
ing from the documentation of the Perrenoud Homestead, 
and shared through the online archive, Digitally Preserving 
Alberta’s Diverse Cultural Heritage (Dawson 2017), allow 
global access to this heritage resource that would have oth-
erwise been impossible. This is a prime example of how 
these methods can maintain, and even increase, public ac-
cessibility to heritage resources disturbed by relocation, or 
lost due to human and/or environmental factors. However, 
online models and repositories provide much different user 
experiences than physical site visitation. This case study 
highlights the need for heritage practitioners to reflect on 
how the virtual relates to the actual, and to explore new ways 
of bringing these two realms together. We have suggested 
augmented reality and scanning entire sites when possible 
as two potential solutions. Until such time as the Perrenoud 
Homestead is reconstructed, its digital replica will serve as 
a viable substitute for communicating its significance as a 
heritage resource to the general public.
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1. Introduction
The White Horse Lake cairn (EeOo-1) is in south-

eastern Alberta, about 74 kilometres north of Medi-
cine Hat and 34 kilometres west of the Saskatchewan 
border, on Canadian Forces Base Suffield (Figure 1). 
The cairn was first recorded by William (Bill) Byrne 
in 1971 and excavated in 1975 by John H. Brumley 
(Brumley and Willis 1976, 1977). The cairn is on the 
highest hilltop immediately north of White Horse Lake 
(Figure 2), about 2 kilometres away and over 50 metres 
higher in elevation. To the south, on the most promi-
nent upland directly across from the lake, are the Dark 
Horse and the Lone Antelope medicine wheels. Locat-
ed about 12 kilometres to the south-southeast, on the 
most prominent hill in the entire area, is British Block 
medicine wheel.

The cairn was initially recorded as being about 3.1 me-
tres east-west by 4.5 metres north-south and about 
1.2 metres high (Figure 3) with steep sides, a rounded 
top, and surrounded by brush. The absence of an encir-
cling ring of stone indicates it is not a medicine wheel, 
although a number of stone circles/tipi rings were noted 
in the immediate vicinity. In the intervening years, the 
cairn rocks have become more dispersed and now cover 
an area about 5.5 metres east-west by 5.5 metres north-
south.

This paper discusses the background, excavation tech-
niques, recovered materials, analysis, and interpretation 
of the White Horse Lake cairn. In addition, the large size 
of the cairn begs a comparison to others in the province. 

ABSTRACT 
The White Horse Lake cairn (EeOo-1) is located on Canadian Forces Base Suffield, southeastern Alberta. The cairn 
is about 3.1 metres east-west by 4.5 metres north-south by 1.2 metres high. Partial excavation in 1975 yielded 2,142 
artifacts, with diagnostics and radiocarbon dates suggesting an Old Women’s Phase affiliation. Comparisons to other 
cairns in southern Alberta suggest it is amongst the largest and most productive cairns known. Currently, about 3,500 
sites in Alberta are described as containing cairns, out of a total inventory of about 40,000 sites. Records indicate that 
226 cairns from 156 sites have been excavated. The majority contained either no cultural items (n = 97; 42.9%), less 
than nine items (n = 70, 31%), or between 10 and 20 items (n = 18, 8%). Only a few cairns (n = 17, 7.5%) produced 
more than 50 specimens. A GIS spatial analysis suggests there is potential patterning in cairn use on the Alberta 
plains. Significantly, only a single excavated cairn, the exceptionally large cairn at Grassy Lake, has produced hu-
man bone.
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The findings from White Horse Lake cairn are measured 
against excavated cairns recorded in the Archaeological Sur-
vey of Alberta Archaeological Site Data Inventory. These 
comparisons include size, contents, and age, as well as in-
terpretation of the data. GIS is used to synthesize this infor-
mation and provide a possible distribution pattern for cairns 
based on the size and content of the excavated cairns. 

2. Background
Byrne first recorded White Horse Lake cairn in 1971 

during an exploration of the Suffield Military Reserve (now 
Canadian Forces Base Suffield; Alberta Archaeological Site 
Data Inventory Form – EeOo-1). Byrne’s 1971 reconnais-
sance work was followed by an extensive series of field pro-
grams during the summers of 1972 through 1975 (Brumley 

and Willis 1976, 1977), including excavation of the west 
half of the White Horse Lake cairn in 1975 (Brumley and 
Willis 1976, 1977). These programs were supported by gov-
ernment agencies, including the Archaeological Survey of 
Canada, National Museum of Man, Department of Defence, 
Alberta Department of Environment, and the Alberta Pro-
vincial Museum and Archives.

3. Excavation technique
Brumley excavated 17 mostly contiguous 1 metre units in 

the west half of the cairn (Figure 4), using a 1-x-1-metre grid 
oriented north-south. All horizontal measurements at the 
site are relative to the northeast corner of the grid (0 south 
and 0 west) and the northeast corner of each 1-x-1-metre 
unit. (Figure 5). All vertical measurements were recorded 

Figure 1. The location of White Horse Lake cairn (red dot) on the Cana-
dian Forces Base Suffield (area demarked by blue line) in southeastern 
Alberta.

Figure 2. Aerial view of White Horse Lake cairn (centre), facing south 
with White Horse Lake in the background (courtesy of Royal Alberta 
Museum).

Figure 3. View of White Horse Lake cairn, facing southwest. White 
Horse Lake is visible in the left, centre.
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and catalogued in centimetres below surface (cmBS), with 
the exception of a few “surface” artifacts found among 
cairn rocks (Figure 6). The five “surface” recovered items 
included a hammerstone from the cairn itself, and, from the 
cairn rocks, a large mammal rib fragment associated with 
a whitetail deer bone, a piece of shatter, and an artifact 
(which has subsequently been misplaced). No other mate-
rial was recovered from the cairn rocks above the surface; 
all other material was recovered below the surface of the 
ground (Figure 6). Ultimately, all the material was assigned 
to one of five stratigraphic levels: surface, 0–10 cmBS, 
10–20 cmBS, 20–85 cmBS, and a small cache of items in a 
pit beneath the cairn at 50–85 cmBS. Excavation proceeded 
with sediment being sifted through a ¼-inch (6-mm) mesh.

4. Recovered materials
A total of 2,142 specimens was recovered, including 47 

stone tools, 593 pieces of debitage, 1,450 faunal remains, 
three pieces of wood, and four historic items. Only about half 
the faunal remains are considered to be of cultural origin. 

Forty-six specimens have been misplaced from the collec-
tion and are not included in the following analysis (Table 1).

4.1 Stone tools
Twenty-one of the 47 stone tools are cores—14 multi-di-

rectional cores, one uni-directional core, and six bipolar 
pebble cores. Additionally, there is one hammerstone, five 
bifaces, one uniface, two piece esquillées, six retouched 
flakes, one scraper, and 10 projectile points. All but one of 
the cores are very small (> 61 g) and are thought to represent 
“exhausted” artifacts. The two small piece esquillées have 
heavily battered ends and may also represent exhausted bi-
polar cores. The hammerstone is the largest and heaviest ar-
tifact in the collection. A single thumbnail scraper is partic-
ularly small, having been re-worked to an almost unusable 
length measuring 3.01 centimetres across the working end, 
but only 1.62 centimetres in length. Of the cutting tools, all 
five bifaces and the single uniface are fragmentary. All six 
retouched items are made from small flakes or small pieces 
of shatter.

Figure 4. Schematic planview of the excavation at White Horse Lake 
cairn.

Figure 5. Panoramic view of the excavation at White Horse Lake cairn 
(Note: slight distortion of the lower left part of the image as this is two 
images spliced together). Trowel (left centre) points right or north (cour-
tesy of Royal Alberta Museum).

Figure 6. Profile of White Horse Lake cairn illustrating the cairn rocks 
that correlate to the modern surface with sediment and cairn rocks exist-
ing below this modern surface (BS). Only a few artifacts were recovered 
in the cairn rocks. Most artifacts were recovered in the sediments below 
the cairn or BS (courtesy of Royal Alberta Museum).
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Lastly, 10 projectile points were recovered (see Figure 7). 
The two most deeply buried specimens are dart point frag-
ments. A basal fragment (Fs44:1), recovered at 27 cmBS, 
is very similar to Mummy Cave (ca. 7300 to 6700 BP) 
specimens from the Stampede site (see, Peck 2011:135, 
Plate 11c). Specimen Fs179:1 is a blade fragment found 
between 20–85 cmBS. Given its fragmentary state, it is 
difficult to relate it to known specimens. Similarly, its as-
signed depth of recovery over quite a wide range, limits its 
stratigraphic usefulness, except to say, it is comparatively 
deep. Both of these points were manufactured on silicified 
siltstone.

Specimen Fs30:1 is a Late Side-notched point made on 
white chert, likely from the Cayley Series of the Old Wom-
en’s Phase, recovered at 18 cmBS. A possible point preform 
or biface (Fs38:1a and b) made of quartzite was recovered 
at 14 cmBS, and consisted of two refitted pieces (from the 
same excavation unit). It is not considered to be temporal-
ly diagnostic. Another Late Side-notched point (Fs187:1) 
made on grey chert, was recovered at 12–17 cmBS. Again, 
it falls within the range of variation of the Cayley Series 
points. Two points, Fs189:1 and Fs138:1 (Figure 7), were 
recovered between 10–20 cmBS. The former is a base frag-
ment made on white chert, while the latter is a complete 

specimen made on brown chert; both specimens fall with-
in the range of variation of the Cayley Series. Two spec-
imens were recovered from the uppermost sediments at 
0–10 cmBS. Specimen Fs186:1 is a lateral margin of a dart 
point made on yellow chert, too small to accurately assign 
cultural affiliation. Fs185:1 is a corner-notch portion of a 
Late Side-notched point, also too fragmentary to assign cul-
tural affiliation, but it is the sole artifact manufactured on 
obsidian.

4.2 Debitage 
A total of 593 pieces of lithic debitage were recovered 

from the cairn, including nine primary flakes, 49 secondary 
flakes, 93 tertiary flakes, and 442 pieces of shatter (Table 2). 
Chert flakes are particularly small as they represent cortex 
removal on pebble cherts. Raw materials are dominated by 
chert (50.1%) and quartzite (27.0%), with quartz, chalced-
ony, and other silicified materials being less than 8% each 
(see Table 3). The average size of lithics in the cairn is quite 
small (2.69 g).

4.3 Fauna
Bone fragments (n = 1,450) make up about two thirds of 

the items recovered from the cairn. However, about half 

Table 1. Artifacts recovered by unit, EeOo-1.
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Figure 7. Schematic representation of the depth (in centimetres) of recovery of diagnostic artifacts, EeOo-1. The schematic is oriented such that the 
north end of the cairn is to the left while the south end of the cairn is to the right. Artifact scale is in centimetres.

Table 2. Lithic debitage by material type, EeOo-1.

Debitage

Lithic Material primary secondary tertiary shatter
total

n %
chert 3 20 57 217 297 50.1
quartzite 2 18 17 123 160 27.0
quartz 2 9 2 33 46 7.8
chalcedony   12 4 16 2.7
silicified siltstone 2 2 3 28 35 5.9
silicified wood   1 34 35 5.9
silcified mudstone   1 3 4 0.7
total 9 49 93 442 593 100.0
mean weight (g) 5.99 5.28 0.38 2.82 2.69
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the bone fragments are likely not of cultural origin. It is in-
ferred that the remains of ground squirrels (n = 516), rabbit 
(n = 32), vole (n = 19), pika (n = 5), fish (n = 6), and most of 
the unidentified small mammals (n = 179), made their way 
into the cairn owing to the nesting habits of these animals 
and/or were dropped by raptors. Bone elements likely de-
posited in the cairn by cultural agency include bison (n = 5), 
deer (n = 7), other large mammal bones (n = 384), and un-
identified mammal bones (n = 288). Bone elements from a 
weasel (n = 1) and some birds (n = 8) are more difficult to 
convincingly establish as having been placed within the 
cairn by humans; however, the isolated nature of the ele-
ments (compared to almost complete skeletons of ground 
squirrels) suggests intentional placement. The mean weight 
of the bone fragments that were likely placed in the cairn by 
human agency is only 0.93 grams.

4.4 Wood 
Three pieces of wood were recovered from the cairn, two 

of which are burned. All were found in the upper 10 centi-
metres of the cairn and are from different 1-x-1-metre units.

4.5 Historic items 
Two seed beads, recovered from Unit 5s 4w at depths of 

13 and 18 cmBS, are medium blue in color with diame-
ters of 4.77 millimetres and 4.88 millimetres, respective-
ly. The other historic item from the cairn is a button from 
Unit 4s 4w at a depth of 17 cmBS (see Figure 7). 

5. Patterning
There were five “surface” recovered items—one, a ham-

merstone, recovered from the cairn itself, and four from the 
cairn rocks: a large mammal rib fragment associated with a 
whitetail deer bone, a piece of shatter, and an artifact which 
was subsequently misplaced. 

5.1 Artifact distribution by unit
The distribution of artifacts by unit is presented in Ta-

ble 1. There is no obvious patterning apart from a signif-
icant concentration of items in Unit 4s 4w, thought to be 
the centre of the cairn. Interestingly, the small pit under the 
cairn is situated about a metre east of the physical centre of 
the cairn.

5.2 Artifact distribution by depth
The distribution of artifacts by depth is presented in Ta-

ble 3. The vast majority of artifacts (1,703) were found 
in the upper two 10-centimetre excavation levels (roughly 
852 artifacts/level), while only 407 artifacts were recov-
ered in the next level (20–85 cmBS, which is more prop-
erly six and a half 10-centimetre levels with roughly 63 
artifacts/level). In addition, a small pit below the cairn 
(50–85 cmBS) produced 20 artifacts. This distribution in-
dicates that the vast majority (79.6%) of the material was 
clearly placed within the upper levels of the cairn rather 
than under it.

6. Chronology
Diagnostic artifacts and radiocarbon dates further refine 

our understanding of depositional history at the cairn. Fig-
ure 7 illustrates the vertical relationship between temporally 
significant artifacts and radiocarbon dates. 

Dart base fragment, Fs44:1, at 27 cmBS, is very similar 
to Mummy Cave specimens (ca. 7200 BP) from the Stam-
pede site (see Peck 2011:135, Plate 11c), while dart blade 
fragment, Fs179:1, at 20–85 cmBS, probably dates to the 
Late Middle Period, sometime prior to ca. 1500 BP. These 
artifacts represent the earliest identifiable activities at the 
site, presumably deposited on the former hilltop surface, 
predating the cairn.

Table 3. Artifacts recovered by level, EeOo-1.
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unknown 4                  3  7

Surface   1     1         1 2  5

0–10 27 2 16 4 9 0 0 189 169 58 127 3 0 3 3 24 26 209 17 1 887

10–20 14 1 7 1 7 0 4 190 136 59 90 3 4 0 4 22 59 194 18 3 816

20–85 1 2 9 1 3 1 1 137 64 62 71 2 2 0 2 3 4 35 7 0 407

hole 50–85 0 0 0 0 0 0 0 0 14 0 0 0 0 0 0 0 4 2 0 0 20

Total 46 5 32 7 19 1 5 516 384 179 288 8 6 3 9 49 93 441 47 4 2,142
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A small pit under the cairn, identified between 50 and 
85 cmBS, may provide a further upper limit to the cairn’s 
age. Presumably the pit was dug through the aforemen-
tioned surface containing the dart points and, subsequent-
ly, overlying sediment accumulated along with cairn rocks. 
Twenty artifacts were recovered from the pit, including 
three bone fragments that produced an extracted collagen 
date of 500 ± 30 BP (Beta-458472, δ13C = −19.5‰). It can-
not be determined if some cairn rocks were in place at this 
time but it is notable that the pit is situated about 1 metre off 
centre, relative to the cairn’s final form. 

All other diagnostic artifacts and radiocarbon dates were 
stratigraphically above the darts and pit feature (i.e., above 
20 cmBS) and firmly associated with the cairn. A Late Side-
notched point (Fs30:1), recovered from 18 cmBS, is consis-
tent with an extracted collagen date of 240 ± 30 BP from a 
large mammal long bone shaft fragment from the same depth 
(Beta-458476, δ13C = −18.6‰). Three additional Late Side-
notched points were recovered from 12–17 cmBS (Fs187:1) 
and 10–20 cmBS (Fs189:1 and Fs138:1). A second radiocar-
bon date of 100 ± 30 BP is again based on collagen extracted 
from a large mammal long bone shaft fragment recovered 
from 13 cmBS (Beta-458473, δ13C = −19.1‰). Potential-
ly contemporaneous with that date, were a metal button 
(Fs71:1), found at a depth of 17 cmBS, and two medium 
blue seed beads recovered from depths of 13 and 18 cmBS. 
Two more diagnostic artifacts were recovered from the up-
permost sediments at 0–10 cmBS—a dart point fragment 
(Fs186:1) and a Late Side-notched point (Fs185:1). 

A modern livestock ear tag, found amongst the surface 
rocks of the cairn, is noteworthy only inasmuch as it sug-
gests the cairn had not been recently disturbed at the time 
of excavation.

In summary, with the exception of the fragmentary dart 
point in the upper layer (which could have been curated), 
the temporally diagnostic artifacts and radiocarbon dates 
conform to stratigraphic expectations. The dart points are 
the deepest and oldest, having been found below 20 cmBS. 
The pit at 50–80 cmBS dates to 500 BP and presumably 
predates the placement of overlying cairn rocks, providing 
a reasonable maximum age for the cairn. The diagnostic 
material above 20 cmBS includes Late Side-notched points 
falling within the range of variation for the Cayley Series 
of the Old Women’s Phase (ca. 1100–250 BP) and the 
Proto-historic Old Women’s Phase (ca. 250–200 BP) (see 
Meyer 1988; Walde et al. 1995; Peck and Ives 2001). Two 
bones at the same depth were radiocarbon dated to ca. 240 
and 100 BP. It should be noted that a curiosity of radiocar-
bon dating is that the last few hundred years produce un-
reliable dates. This phenomenon is a product of fluctations 

of atmospheric C14 created by solar activity; this produces 
calibration curves for recent periods such that a single date 
can span 1650-1950 AD (Hua 2009). Thus, while the dates 
are consistent with the Proto-historic Period Old Women’s 
Phase, the radiocarbon dates fall within this time period but 
lack precision. The only historic items, the two seed beads 
and the button, are also in these most recent levels. Thus, 
the cairn appears to have been used over the latter half of 
the Old Women’s Phase and into the Proto-historic period.

7. Other excavated cairns in southern Alberta
To provide a context to interpret the White Horse Lake 

cairn, site data at the Archaeological Survey of Alberta were 
examined for records of other cairns that have been exca-
vated. There are over 40,000 archaeological sites recorded 
in Alberta with about 3,500 described as containing cairns. 
However, only 313 cairns from 183 sites have been exca-
vated (excluding medicine wheels with cairns). If historic 
cairns, drive lines, and alignments are removed from this 
sample, a total of 226 cairns from 156 sites have been exca-
vated—a sufficient sample size to make some basic obser-
vations about this common feature type. 

It is important to note that some cairns have been only  
partially excavated (e.g., White Horse cairn), while others 
are fully excavated (e.g., Grassy Lake cairn: DlOv-1): cairn 
contents presented below are as found, not adjusted for the 
extent of excavation. Accordingly, in the following analy-
sis, the contents of partially excavated cairns will be under-
represented, including some cairns listed as containing no 
artifacts. 

7.1 Cairn size
The majority of cairns are relatively small (Figure 8) with 

156 (69%) being 3 square metres or less in area and 195 
(86%) being 5 square metres or less in area. Still, there are 
a considerable number of large cairns at 6 square metres 
or larger in area (n = 32, 14%; Figure 8). Figure 9 displays 
north-south and east-west dimensions, indicating no appar-
ent preferred orientation for elongated cairns. Again, the 
vast majority are small, with dimensions most commonly 
falling between 1 metre and 2 metres in area. The White 
Horse Lake cairn, at 4.5 metres by 3.1 metres in area, is 
amongst the largest cairns known in Alberta. The largest 
cairn, the Grassy Lake cairn (DlOv-1), likely has had its 
size exaggerated from potting activity (see Forbis 1960). 

7.2 Cairn contents
Figure 10 shows the 226 excavated cairns (excluding the 

White Horse Lake cairn) by the number of items recovered. 
A total of 97 cairns (42.9%) contained no artifacts. Cairns 
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producing fewer than nine artifacts (n = 70, 31%) or be-
tween 10 and 20 items per cairn (n = 18, 8%) account for the 
vast majority of cairns producing cultural material, reflect-
ing a strong tendency for few artifacts to be encountered 
during excavation. A total of 14 excavated cairns (6.2%) 
yielded 70 artifacts or more (Figures 10 and 11c). As noted 
above, the fact that some cairns were only partially exca-
vated, was not taken into consideration when making these 
calculations.

Figures 11a through 11c depict the contents of the 129 
cairns containing artifacts in terms of fire-broken rock, fau-
na, debitage, cores, and lithic tools. Of these, 108 (83.7%) 
produced lithic artifacts, 36 (27.9%) produced fire-broken 
rock, 65 (50.4%) produced fauna, four (3.1%) produced 
pottery sherds, and three (2.3%) produced historic materi-
al. More rare items recovered include an Iniskim and fossil 
tendon (DjOp-37), a bivalve fossil shell (EgPm-93), ste-
atite and catlinite pipe fragments (DlOv-1), and grinding 
tools with evidence of choke cherry and Saskatoon berries 
(EgPn-612). 

A few cairns contain solely bone fragments, possibly 
representing deadfall traps (see “Cairn function” below), 
or substantial amounts of fire-broken rock (e.g., EdPh-3, 
EfOo-34, EfPk-25, C26), possibly misinterpreted as pits. 
Still, most cairns exhibit a combination of artifact cate-
gories, the variety being generally commensurate with as-
semblage size. The eight largest cairns (EjPb-14, DlOv-1, 
EfOp-109, EeOo-187, DjOp-37, DlPd-13, FaOr-13, and 
EhPm-22) collectively include examples of artifacts from 
each of the categories and often exhibit very diverse items 
from within each category (e.g., Grassy Lake cairn).

The White Horse Lake cairn, which produced 2,142 items, 
dwarfs these assemblages, despite being only half excavated 
and with 753 items thought to be non-cultural. The Grassy 
Lake cairn (DlOv-1) likely would have had a substantially 
larger number of associated artifacts, were it not for looting 
and the failure to report on mundane finds, such as debitage 
and faunal materials; it contained more lithic tools than any 
other cairn, and seems to be the only cairn that rivals the 
White Horse Lake cairn in cairn size, assemblage size, and 
diversity of contents. Included in the Grassy Lake cairn as-
semblage are a few fragments of human skeletal material 
(Forbis 1960), but it is the only excavated cairn in Alberta 
to have contained human remains.

7.3 Cairns and chronology
Very few cairns have been radiocarbon dated or found 

to contain diagnostic artifacts. Six radiocarbon dates on 

Figure 9. North-south length versus east-west length (m) of excavated 
cairns (n = 227). The halo around the points signifies increasing counts of 
cairns of that dimension. The line represents the trend of scatter plot. The 
yellow point represents EeOm-1.

Figure 10. Count of number of cairns by artifact count.

Figure 8. Count of number of cairns (n = 226) by size in square metres. 
EeOo-1 is 13.95 m2 and would fit in this bar chart below the arrow (upper 
right).
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bone from six separate cairns, from five sites, are listed 
in Table 4. Two radiocarbon dates from DjPm-24 suggest 
a Late Bracken to early Besant Phase age (ca. 2100 BP), 
the radiocarbon date from EeOr-63 suggests an Avonlea 
Phase age (ca. 1350–1100 BP), while the other three sites, 
DkOu-13, EfOo-147, and FaOq-125, exhibit radiocarbon 
dates contemporary with the Old Women’s Phase. 

Diagnostic artifacts also show a tendency towards Old 
Women’s Phase affiliation. The Grassy Lake cairn (DlOv-1) 
produced numerous Cayley Series points and an ammonite 
(possibly an Iniskim) associated with the Old Women’s 
Phase (see Peck 2002), as well as a trade bead tying the 
use of the cairn to the Historic Period. EbOq-5, EcOt-13, 
EdOr-70, and FaOr-12 all produced Late Side-notched 
points that fit well within the variation of the Cayley Series 
point of the Old Women’s Phase. DjOp-37 produced an am-
monite, possibly an Iniskim, again indicating an association 
with the Old Women’s Phase. 

A few cairns include a more diverse assemblage of di-
agnostic artifacts, possibly indicative of a longer period 
of use. EdOq-23 produced Pelican Lake/Bracken points 
in addition to Cayley Series points and a brass bell with 
a stone as a clapper. Perhaps most interesting is EcOr-34, 
which produced Oxbow (ca. 4500–4100 BP), McKean 
(ca. 4200–3500 BP), Avonlea (1350–1100 BP), and Cayley 
Series points (1100–250 BP). At EfOx-64, a Sonota point 
(ca. 1500–1350 BP), manufactured on Knife River Flint, 
was found on the surface about 1 metre outside the cairn, 
suggesting a possible association. While these earlier arti-
fact associations are intriguing and may indicate long-term 
use of cairns, it is fair to state that the Old Women’s Phase, 
ca. 1100 to 250 BP, and likely the continued use into the 
Proto-Historic Period by the Old Women’s Phase (ca. 250–
200 BP), dominate the dated assemblages from cairns, con-
sistent with what was found at the White Horse Lake cairn.

7.4 Cairn function
Archaeological research into the function of cairns on the 

northern plains is limited. Researchers often rely on ethno-
graphic analogy and ethnohistoric documents, but, with so 
few accounts of cairns in historic journals or ethnological 
documents, the archaeological record constitutes an import-
ant supplement to historic observations regarding possible 
cairn purpose or function. Proposed functions for cairns in-
clude caches, lookouts, deadfall traps, markers, ceremonial 
purposes, and burials. 

Matthew Cocking provides one of the earliest eth-
nohistoric accounts of a cairn on the northern plains.                                   

Figure 11a. Material culture (< 3 artifacts) recovered from individual 
cairns in terms of fire-broken rock (FBR), fauna, debitage, cores, and 
lithic tools.

Figure 11b. Material culture (> 3 but < 20 artifacts) recovered from indi-
vidual cairns in terms of fire-broken rock (FBR), fauna, debitage, cores, 
and lithic tools.

Figure 11c. Material culture (> 20 artifacts) recovered from individual 
cairns in terms of fire-broken rock, fauna, debitage, cores, and lithic tools. 
Note: EhPm-22 data was truncated for the purpose of presentation; num-
ber of items: 441 (367 FBR, not shown). Also note the vertical axis scale 
change from the previous two graphs, again for presentation purposes.
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While on the plains, west of Eagle Hill in 1772, Cocking 
stated: 

Country very barren. Saw several Stone heaps on the 
tops of the high hills; which the Natives say were 
gathered by the Archithinue Native, who used to 
lie behind these heaps, reconnoitering the Country 
round … [Burpee 1908:108]. 

Years later, in 1809, Peter Fidler observed rock piles on the 
banks of the South Saskatchewan River, stating: 

… a steep bank & rather wet just above where we 
stopt, & drift wood & rather stony where we put up at 
3P.M. … several old Traps up the bank made of Stone, 
for killing small foxes made by Indians, many years 
ago … [Johnson 1967:257].

In 1874, Dawson (1993) three times referred to “indian 
graves” but in only one instance were bones observed. Yet 
he later stated: “Told by one of the scouts that many if not 
most of stone heaps which we have taken for graves are 
remains of deadfalls for wolves etc …” (Turner 1968:20).

Wissler (1910:38–41) describes a deadfall trap that would 
have left remnants in the archaeological record, not unlike 
a cairn. He stated,

The wolf, fox and coyote were taken in a kind of 
deadfall, as their strong teeth sometimes released 
them from snares. One end of a pole was supported 
by an upright resting loosely upon a similar horizontal 
pole lying on the ground. Under the lower end of the 

upright was thrust the end of the bait stick. A covering 
of sticks rested upon the long supported pole and the 
whole was weighted with stones. As the trap was used 
only in winter, snow was spread over the top [Wissler 
1910:39]. 

Archaeological consideration of cairn function on the 
northern plains is limited. In Montana, Malouf (1962a:1–5) 
provided an early opinion that, while many people believe 
that cairns mark burials, they in fact, mark places of offer-
ing to “keep in the good graces of the many spirits which 
inhabited the land.” He later amended his opinion to include 
bison drive lanes as another prominent reason for the pro-
duction of cairns (Malouf 1962b:21). 

More locally, Adams (1976:94–96), working on the Low-
er Red Deer River, observed that cairns were very common 
features and felt that they existed in such a range of envi-
ronmental and contextual situations that a single function 
would not likely account for all the features. He defined four 
basic forms of cairns: 1) small ovals about 0.5 to 1.5 metres 
in diameter, alone or in groups, possibly used as location 
markers or cache pits; 2) large circular cairns on prominent 
hill tops; 3) small cairns in inconspicuous locations, often 
in small groups; and 4) elongate cairns 5 to 50 metres long 
and 1 metre wide. 

Similarly, Brumley (1972:96–97) suggested utilitarian 
functions such as caches, rather than grave markers, for the 
vast majority of small cairns found on Suffield Military Re-
serve (now, Canadian Forces Base Suffield). Brumley and 
Saylor (1979) excavated a cairn (EeOr-63) containing stone 
cobbles and bone on the base. Using ethnographic analo-

Table 4. Chronological information from excavated cairns in southern Alberta.

Site Lab Sample ID Material Type Radiocarbon date (BP) δ13C (‰) Diagnostic

DjOp-37, C3  ammonite

DjPm-24, C2 AECV #1243C bone 2000 ± 90 −17.5  

DjPm-24, C3 AECV # 1244C bone 1850 ± 100 −18.6  

DkOu-13, C2 Beta 19807 bone collagen 670 ± 60 −18.38  

DlOv-1  Cayley Series, ammonite, trade beads

EbOq-5  Cayley Series point

EcOr-34  Oxbow, McKean, Avonlea, Cayley Series

EcOt-18  Late Side-notched

EdOq-23  Pelican Lake/Bracken, Cayley Series, brass bell

EdOr-70  Cayley Series point

EeOr-63 RL-1129 bone 1320 ± 120 −20.0

EfOo-147, C3 Beta-263891 bone 950 ± 40 −17.9  

EfOx-64  Sonota point (1 m NE of cairn)

FaOq-125, C2 Beta 290630 bone 370 ± 30 −18.5  

FaOr-12  Cayley Series
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gy, they suggested that the archaeological remains repre-
sented a cobble feature consisting of bait (archaeologically 
recovered bone) inside a deadfall trap. Bone from the site 
provided collagen dated to 1320 ± 120 BP (Table 4). During 
work in Forty Mile Coulee, Dau and Brumley (1987) re-
corded and tested numerous cairns. At DkOu-13, two of 21 
cairns were tested, with Cairn 1 containing no cultural ma-
terial and Cairn 2 producing numerous bones. Collagen in 
bone from Cairn 2 was radiocarbon dated to 670 ± 60 BP 
(Table 4). The relationship of the bone and dispersed cob-
bles, again suggested a possible animal trap to the exca-
vators. Nicholson (1985) excavated a cairn near Brandon, 
Manitoba—the Kain Cache (DlLw-12). It produced a mass 
of organic material with bone fragments, a possible bone 
tool, and nine lithic flakes. Bone collagen was radiocarbon 
dated to 480 ± 100 BP (SFU-73, δ13C = −17.9‰; Nicholson 
1985:175). Nicholson proposed that the feature represented 
a meat cache. 

In trying to unravel cairn function, Dau and Brumley 
(1987:18) suggested that: 1) cairns associated with stone 
circles are structurally different from cairns not associated 
with stone circles; and 2) cultural material associated with 
cairns in habitation sites is significantly different in nature 
and density from cultural material associated with cairns in 
non-habitation sites. Their excavations at Forty Mile Cou-
lee confirmed hypothesis 1, showing a slight tendency for 
cairns associated with stone circle sites to be smaller and 
less well-defined than cairns not associated with stone cir-
cles. However, the very small, or entirely absent, artifact 
assemblages precluded assessment of hypothesis 2. Simi-
larly, Damkjar (1996:85) suggested cairns at the Cranford 
site (DlPb-13) consisted of three configurations: 1) isolated; 
2) clusters; and 3) alignments. However, he was relatively 
mute about the function of the cairns, despite substantial 
excavation (Damkjar 1996:142–146). 

Recently, Brink et al. (2003:209–217) provided a summa-
ry of cairns and cairn function on the northern plains. Sim-
ilarly, Rennie and Lahren (2004) developed an annotated 
bibliography of cairn references with a world-wide focus. 
These studies are summaries, rather than syntheses or prob-
lem-oriented studies, and will not be re-summarized here. 
However, it can be stated that ethnohistoric observation and 
archaeological inference mostly support the diverse and pri-
marily utilitarian functions suggested above.

Still, White Horse Lake cairn remains somewhat enigmat-
ic. While it contained utilitarian artifacts similar to other ex-
cavated cairns, it is amongst the largest and most productive 
cairns known, suggesting an atypical function. The assem-
blage size is more comparable to known medicine wheel 

excavations, such as Majorville medicine wheel and cairn 
(Calder 1977) and British Block medicine wheel and cairn 
(Forbis 1970). However, assemblages from medicine wheel 
cairns included artifacts with clear non-utilitarian functions, 
such as amulets, Iniskim, pipes, and red ochre, along with 
the more utilitarian artifacts. These non-utilitarian items 
would seem to indicate a different level of ceremonial sig-
nificance to the cairn function. While such non-utilitarian 
artifacts of possible ceremonial significance were not recov-
ered from the White Horse Lake cairn, like medicine wheel 
cairns, it is located on a local height of land, is large in size, 
and produced a large and reasonably diverse assemblage of 
artifacts. It is a stretch to suggest the absence of possible 
ceremonial artifacts could be due to sampling error, espe-
cially given that half the feature was excavated. More likely, 
the material recovered is indicative of a different form of 
ceremonial significance at the White Horse Lake cairn.

8. Cairn spatial patterning
In an attempt to provide a larger context within which 

to interpret the cairn data, a preliminary investigation was 
conducted to explore spatial relationships of the 227 exca-
vated cairns using GIS, focusing on variability in artifact 
density. The data derived from the sample suggest that areas 
of high artifact density occur in environments such as fes-
cue, lowlands, or foothills, which generally coincide with 
indigenous over-wintering sites (Figure 12). Other areas of 
moderate to high artifact density include areas in the central 
plains, along or at the junctions of rivers, again common 
over-wintering areas. Areas of low artifact density are more 
often located in mixed-grass plains environments, with 
some low artifact density cairns reaching into areas of fes-
cue. These areas are not traditionally occupied during the 
cold winter months, so, many of these cairns can be associ-
ated with activities over the summer.

To better understand these findings, a ratio of total exca-
vation size to total cairn size was calculated. Cairns in the 
foothills or over-wintering areas, where artifact density is 
greatest, are shown to be either partially excavated or fully 
excavated, with less common cases including excavation of 
the surrounding area. In contrast, many more cairns across 
the plains include excavations of the cairn and surrounding 
area (or “over” excavated), while artifact density remains 
low. This may reflect a bias in excavation practices between 
fescue and foothill cairns in comparison to cairns located 
on the plains. However, this cannot be properly ascertained 
without an in-depth review of excavation reports for each 
cairn listed, as excavation practices are also influenced by 
anticipated impact, developer budget, and Archaeological 
Survey of Alberta requirements. Another possible explana-
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tion is that the sample may represent an inherent bias in 
the spatial data, relative to the locations of excavated cairns 
in Alberta, as compared to those that have been surveyed 
but not excavated. This is likely to occur in the data due 
to the influences of development and construction, which 
necessitate cairn excavation and result in predictable spatial 
patterns. 

To summarise the findings of the spatial analysis, Fig-
ure 12 shows that cairns associated with high artifact den-
sity generally correlate with locations of over-wintering 
areas around the periphery of the Plains. These tend to be 
the most productive cairns in terms of artifacts recovered. 
However, when we look at the ratio of the size of cairn to 
the size of the excavation, we see that out of all the cairns 
excavated, the most productive cairns are the least likely 
to have the surrounding area also excavated. Rather, they 
have a tendency to be only partially excavated. This is in 
contrast to cairns located in the central Plains, where more 
cairns are fully excavated, often including excavation of the 
surrounding area, while artifact densities are lower. These 

patterns are further validated because the data do not ap-
pear to be influenced by artificial spatial patterns caused by 
mitigative projects relative to development. These results 
suggest the potential for regional differences in cairn use, 
but caution is warranted due to the small sample and limited 
data available for the study. This dataset inherently reflects 
the archaeological bias that is defined by where industry 
wants to develop, where industry is allowed to develop, 
the archaeological requirements set by the Archaeological 
Survey of Alberta, and the idiosyncratic recording differ-
ences of archaeologists. It would be unwise, therefore, to 
completely adhere to this as a pattern that will hold true for 
the entire region. Rather, this is the pattern that has resulted 
from the data currently available, and is a starting point for 
further investigation. 

9. Conclusion
White Horse Lake cairn is an isolated cairn on a relatively 

prominent landform. The stone feature is amongst the larg-
est stand-alone cairns known in the province. Excavation of 

Figure 12. Spatial patterning of stone cairns across Alberta. Note areas of high artifact densities (denoted by red areas of the isopleth layer) that coincide 
with the excavation size relative to cairn size (represented by circles of various colour and size). Inset map shows areas of statistically significant cairn 
clustering, also shown on as a grid on the main map.
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the western half of the cairn produced a substantial artifact 
assemblage that has no equivalent in the known archaeo-
logical record in Alberta. While the majority of cairns in Al-
berta are small (less than 2 x 2 metres in area) and produced 
few artifacts (< 20), a few cairns are of substantial size and 
have produced large and diverse assemblages. Utilitarian 
functions can account for some of the cairns but many of 
the cairns lack a utilitarian explanation. 

Interestingly, the two largest cairns in the province, White 
Horse Lake cairn and Grassy Lake cairn, are located on 
prominent land forms. However, they differ substantial-
ly in that Grassy Lake cairn produced a number of clearly 
ceremonial items, while White Horse Lake cairn produced 
a utilitarian assemblage. This difference is also seen in 
the other excavated cairns; some produce assemblages of 
strictly bone or fire-broken rock, considered utilitarian in 
function, while other cairns have produced ammonites and 
fossils, more explicitly ceremonial in nature. Studies have 
hinted that there may be some basic patterns with regards to 
cairns associated with stone circle sites compared to those 
cairns outside such sites. This study suggests that cairns, 
on a large geographic scale, may exhibit a pattern of being 
more productive on the plains-periphery compared to the 
plains-proper. Regardless, it is the subtle differences be-
tween cairn form, content, location, and age that needs to be 
pursued to illuminate their function. A more thorough study 
that takes into account cairn form, age, and distribution, 
both within sites and across the landscape, will be needed 
before a substantive understanding of cairns is established. 
Similarly, this brief analysis of White Horse Lake cairn 
does not fully explore the information within the excavated 
material recovered and further work is recommended.
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