
Edited by Robin Woywitka

Back on thE hoRsE: 
REcEnt dEvElopmEnts in aRchaEological 

and palaEontological REsEaRch in alBERta

occasional papER no. 36

2016

a R c h a E o l o g i c a l  s U R v E Y
o F  a l B E R ta



Archaeological Survey of Alberta Occasional Paper Series

The Archaeological Survey of Alberta Occasional Paper series was established in 1976 as a 
means of disseminating information to archaeological specialists in Alberta. The series is comprised 
mainly of annual review volumes that detail select projects carried out within the province. Edited 
thematic volumes are also a part of the series. The series was discontinued from 1994 to 2015, and 
was re-established in 2016. Annual Review volumes are published each spring and are intended to 
compile the highlights of the multitude of cultural resource management (CRM), avocational, and 
academic archaeological projects completed during the previous year.The publication schedule of 
edited thematic volumes are predicated on demand and available resources. Potential themes can be 
forwarded to the Archaeological Survey for consideration at any time. All volumes are available free 
of charge on the Archaeological Survey of Alberta Publications webpage: http://culture.alberta.ca/
heritage-and-museums/programs-and-services/archaeological-survey/publications/. 

Authors interested in submitting a paper can access manuscript guidelines at the publications 
webpage noted above. Manuscripts should focus discussion on archaeological sites, materials, 
records, and/or methods broadly related to Alberta archaeology. The target readership is people 
with a general interst in Alberta archaeology, including professional archaeologists, avocational 
archaeologists, and post secondary students. We encourage first-time writers, such as graduate 
students, to consider the Occasional Paper Series as a venue. Inquiries and manuscript submissions 
should be forwarded to the Head of the Archaeological Survey of Alberta. 

Back on the horse: Recent developments in 
archaeological and palaeontological research in Alberta
ARCHAEOlOgICAl SuRvEy Of AlBERTA
OCCASIOnAl PAPER nO. 36 (2016)



Credits

Back on the horse: Recent developments in 
archaeological and palaeontological research in Alberta
ARCHAEOlOgICAl SuRvEy Of AlBERTA
OCCASIOnAl PAPER nO. 36 (2016)  ISBn: 978-1-4601-3162-6

Editor
Robin Woywitka Cultural Land Use Analyst, Archaeological Survey of Alberta

Editorial Board
Todd Kristensen Northern Archaeologist, Archaeological Survey of Alberta
Martina Purdon Head, Regulatory Approvals and Information Management, Archaeological 

Survey of Alberta
Eric Damkjar Head, Archaeological Survey of Alberta
Alwynne Beaudoin Head Curator, Earth Sciences, and Curator, Quaternary Environments, Royal 

Alberta Museum
Darryl Bereziuk Director, Archaeology, Archaeological Survey of Alberta

Copy Editor
gabriella Prager Points West Heritage Consulting Ltd.
Sheila Macdonald Regulatory Approvals and Information Coordinator, Archaeological Survey of 

Alberta

Cover Illustration
Amanda Dow AMEC Foster Wheeler

Graphic Design and Layout
nathan vandriel Graphic Designer, Historic Sites and Museums, Alberta Culture and Tourism
Robin Woywitka Cultural Land Use Analyst, Archaeological Survey of Alberta
Todd Kristensen Northern Archaeologist, Archaeological Survey of Alberta
Martina Purdon Head, Regulatory Approvals and Information Management, Archaeological 

Survey of Alberta
Andrew lints Department of Anthropology, University of Alberta
Thomas Borreson GIS Assistant, Archaeological Survey of Alberta

©2016 Her Majesty the Queen in Right of Alberta
The Archaeological Survey of Alberta, its employees and contractors make no warranty, guarantee or representation, express or 

implied, or assume any legal liability regarding the correctness, accuracy, completeness or reliability of this publication. Any references to 
propietary software and/or any of proprietary data formats do not constitute endorsement by the Archaeological Survey of Alberta of any 

manufacturer’s product.  All rights reserved. for personal use. not to be used for resale or promotional purposes.



occasional papER no. 36

a R c h a E o l o g i c a l  s U R v E Y
o F  a l B E R ta

Introduction i
Darryl A. Bereziuk

Calcined bone radiocarbon dates from the 
mineable oil sands region, northeastern 
Alberta

1

Robin Woywitka 

An AMS radiocarbon age for the 
pathological vertebra of a bison from near 
Pibroch, north central Alberta

9

Jack W. Ives, Robert Dawe, and Reid Graham

new radiocarbon dates for early use of 
Head-Smashed-In Buffalo Jump

14

Jack Brink

A summary of Alberta archaeology sites, 
1992-2015

19

Courtney Lakevold

The Smuland Creek site and implications 
for Palaeoindian site prospection in the 
Peace Region of northwestern Alberta

25

Darryl A. Bereziuk

A collaborative undertaking to excavate 
and reinter a historic burial (fgOw-2) 
near viking, central Alberta

37

Caroline Hudecek-Cuffe and Aaron Wilson

Archaeological investigations at fort 
vermilion: Inside, outside and further 
afield

46

Heinz W. Pyszczyk

Development and early results of the 
Spatial Data Standards for Archaeological 
Survey and Excavation in Alberta

67

Colleen Haukaas and J. Jeffrey Werner

More than meat: Residue analysis results 
of mauls in Alberta

77

Kristine Fedyniak and Karen L. Giering

The Blackfoot Medicine Wheel Project 86
Allan Pard, John Wolf Child, Clarence Wolf 
Leg, Blair First Rider, Kathy Brewer and 
Trevor R. Peck

Tertiary Hills Clinker in Alberta: A 
partially fused vesicular toolstone from 
the Mackenzie basin of northwest 
Territories, Canada

100

Todd J. Kristensen, Thomas D. Andrews, Glen 
MacKay, Sean C. Lynch, M. John M. Duke, 
Andrew J. Locock, and John W. Ives

Pre-contact jade in Alberta: the 
geochemistry, mineralogy and 
archaeological significance of nephrite 
ground stool tools

113

Todd J. Kristensen, Jesse Morin, M. John M. 
Duke, Andrew J. Locock, Courtney Lakevold, 
Karen Giering, and John W. Ives

Beaver River Sandstone: A silicified 
toolstone from northeast Alberta, Canada

136

Todd J. Kristensen, Michael Turney, Robin 
Woywitka, Brian Tsang, Murray Gingras, 
Patrick Rennie, Elizabeth Robertson, Travis 
Jones, Jeff Speakman, and John W. Ives

geochemical characterization of 
tephra deposits at archaeological and 
palaeoenvironmental sites across 
south-central Alberta and southwest 
Saskatchewan

154

Britta J. L. Jensen and Alwynne B. Beaudoin

Reconstructing the Highwood River’s 
Holocene palaeoecology: Assessment of 
organic-rich alluvial samples collected 
following the 2013 flood event

161

Matthew S. Bolton and Alwynne B. Beaudoin

new records of late Quaternary Bison 
from southern Alberta, and comments on 
significance of Holocene faunal remains

169

Christopher N. Jass, Timothy E. Allan, Lisa 
Bohach, Brian Vivian, and Jennifer Austen

looking forward: flood recovery and the 
next issue of the Occasional Paper Series

174

Wendy Unfreed

Contents



i

Introduction
Darryl Bereziuka*
a Director, Archaeological Survey of Alberta, Alberta Culture and Tourism, 8820-112th St. NW, Edmonton, Alberta, Canada, T6G 2P8
*contact: darryl.bereziuk@gov.ab.ca

Back on the horse: Recent developments in 
archaeological and palaeontological research in Alberta
ARChAEoloGICAl SuRvEy of AlBERTA
oCCASIoNAl PAPER No. 36

We are very pleased to introduce the 36th volume of 
the Archaeological Survey of Alberta occasional Paper 
series. In light of the 22 years that have passed since 
the last edition, the release is overdue. however, the 
timing is auspicious given that it commemorates the 40th 
anniversary of the final stage of passage of Alberta’s 
Historical Resources Act in 1976 and publication of the 
1st volume in this series, Archaeology in Alberta 1975, 
under the guidance of J. M. Quigg and W. J. Byrne.

The Archaeological Survey of Alberta occasional 
Paper series was established in 1976 as a means of 
disseminating information about archaeology in Alberta. 
The series included annual reviews of projects carried 
out within the province, edited thematic volumes, and 
monographs. The principal thrust of the series was to 
publish basic scientific papers on current topics in Alberta 
archaeology in an unrestrictive, quick-print format. 
The original volumes, referred to widely as the Blue 
Book series, enjoyed unquestionable popularity among 
practitioners and enthusiasts of Alberta archaeology. 
The series was discontinued in 1994 and copies of 
existing volumes became increasingly difficult to obtain. 
This problem was addressed in 2014 when all previous 
editions were digitized and made available online. 

The revival of the series commemorates the legacy 
of this tradition through the publication of short articles 
on topics related to Alberta archaeology aimed at a 
wide audience including professional archaeologists, 
avocational archaeologists, and informed enthusiasts. 
The primary focus will be upon the publication of the 
annual review of Alberta archaeology. In addition, 
thematic edited volumes will be released in response 
to specific initiatives or topics of interest. Submitted 
manuscripts are anticipated to cover a wide range of 
topics that present new information, methods, results, or 
interpretations about Alberta archaeology in short article 

format. Despite some continued traditions, the revived 
series heralds some changes. Each new volume will now 
be offered as a free online publication with the capacity 
for on-demand printing. In addition, less emphasis will 
be placed on the presentation of long-format monographs 
given our desire to minimize overlap with the occasional 
Papers of the Archaeological Society of Alberta (Gold 
Series) publications.

This first volume is a series of manuscripts authored, 
in whole or part, by past and present staff of the 
Archaeological Survey of Alberta and Royal Alberta 
Museum. I would like to extend my sincerest gratitude 
to these individuals and their collaborators for the time 
and attention devoted to creating these high-calibre 
contributions. I would also like to acknowledge the 
tireless efforts of our editorial team and, in particular, 
the sustained vision of Robin Woywitka, that resulted 
in our successful revival of the iconic Blue Book series. 
Planning is already underway on the first thematic volume 
that will focus on Alberta’s program to address impacts 
to archaeological resources from southern Alberta’s 
devastating floods of 2013. Finally, a call for papers will 
soon be issued to solicit contributions for the upcoming 
edition of the annual review of Alberta archaeology.

Success of the Blue Book series over the long term 
will be reliant upon collective efforts and individual 
commitments. I sincerely encourage all archaeologists 
in Alberta to submit contributions to the annual review 
and edited thematic volumes. It is important that we 
focus a portion of our efforts to initiatives that improve 
communications and strengthen relationships within 
our archaeological community. We hope the Blue Book 
series serves as an ongoing venue to share our rich 
archaeological record, as well as innovative methods and 
dialogues to inform the protection of Alberta’s past. 
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Calcined bone radiocarbon dates from the mineable oil sands region, 
northeastern Alberta
Robin Woywitkaa*
a Archaeological Survey of Alberta, Alberta Culture and Tourism, 8820-112th St. NW, Edmonton, Alberta, Canada, T6G 2P8
*contact: robin.woywitka@gov.ab.ca

1.  Introduction
The mineable oil sands region (MOSR) hosts one 

of the densest concentrations of archaeological sites 
in the boreal forest region of Alberta. Most of these 
sites are characterized by intense utilization of Beaver 
River Sandstone (BRS), a lithic raw material sourced 
from the Quarry of the Ancestors and Beaver River 
Quarry site complexes on the Athabasca River, roughly                          
60 kilometres north of Fort McMurray, Alberta                   
(Figure 1). Millions of artifacts have been recovered 
from sites in the mineable oil sands, and Reeves et al. (in 
press) have proposed a culture history for the area based 
on diagnostic tools. Unfortunately, acidic soil conditions 
at most sites contributes to rapid breakdown of organic 
material, limiting opportunities for radiocarbon dating. 
To date, only one projectile point has been recovered in 

association with dateable material (Roskowski-Nuttall 
2015). The Reeves et al. (in press) culture history has a 
limited temporal reliability until more dates are recovered 
in association with diagnostic tools. 

Although this appears to be a somewhat dire situation 
for chronological studies, several calcined bone 
assemblages from the region have been radiocarbon 
dated. These samples hold considerable potential to shed 
light on the timing of human occupation of the area. 
This paper clarifies the reliability of using calcined bone 
ages to date archaeological sites in the boreal forest, 
reports 33 dates from cultural resource management 
(CRM) projects, and briefly discusses the dates in an 
archaeological and regulatory context.

Back on the horse: Recent developments in 
archaeological and palaeontological research in Alberta
ARCHAEOLOGICAL SURVEY OF ALBERTA
OCCASIONAL PAPER NO. 36

ABSTRACT 
The majority of radiocarbon dates from archaeological sites in the mineable oil sands region of northeastern Alberta 
have been obtained from calcined (i.e., cremated) bone samples. A lingering question about these dates has been 
whether the calcination of the bone samples was the result of burning in prehistoric campfires or naturally occurring 
forest fires.  Literature review shows that forest fires rarely maintain residence times at sufficiently high temperatures 
to produce calcined bone, whereas campfires often do. This indicates that calcined bones from archaeological contexts 
are likely the result of human burning, and radiocarbon analyses of these samples are representative of site age. Bone 
dates from 25 archaeological sites in the mineable oil sands region of northeastern Alberta are compiled and calibrated 
to calendar ages. Occupations from ca. 8000 cal yr BP to the recent past are evident, with a particular concentration 
ca. 3000 to 1500 cal yr BP. These results show that calcined bone ages are an important source of chronological 
information in northern Alberta, and best practices for the collection of samples in the boreal forest are presented.

KEYWORDS
calcine, bone, radiocarbon, oil sands, boreal forest, prehistoric, campfire, forest fire
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Van Strydonck 2009). Calcined bone dating is generally 
accepted as a reliable technique (Lanting et al. 2001). 
However, recent work has shown that carbon from fire fuel 
may contaminate samples (Snoeck et al. 2014). This issue 
can affect dates obtained from fuels with inbuilt ages such 
as old wood, coal or peat. Branch wood fires used in human 
campfires will have minimal effect on ages because the 
wood will be of similar age to the animal remains being 
burned (Snoeck et al. 2014).  

2.1 Mode of calcination – humans or forest fire?
A key question concerning calcined bone found in 

archaeological sites is whether it was cremated in a natural 
fire or human induced campfire. Bone calcination requires 
heating at very high temperatures for extended periods of 
time. Campfires are known to burn hot enough and long 
enough to calcine bones (Shipman et al. 1984; David 1990; 
Stiner et al. 1995). David’s (1990) campfire experiments 
showed that calcination did not commence until bone was 
heated for 25 minutes in an 840 degree Celsius fire. Bones 
exposed to lower temperatures for shorter periods were 
charred but not calcined (David 1990). 

While surface temperatures above 600 degrees Celsius 
occur in forest fires (Bailey and Anderson 1980; David 1990; 
Buenger 2003), temperature gradients vary widely through 
time and space (Baily and Anderson 1980; Alexander 1982; 
Úbeda et al. 2009). Average temperatures closer to 400 
to 500 degrees Celsius are more common in boreal forest 
conditions (Smith and Sparling 1966; Bailey and Anderson 
1980; Buenger 2003), with peak temperatures occurring in 
isolated areas of very heavy fuel load like slash piles (refuse 
piles from logging) or underneath burning logs (David 
1990; Buenger 2003). Residence time at these maximum 
temperatures is usually brief, ranging from 20 seconds 
(Buenger 2003) to three minutes (David 1990).

These data suggest that, although wildfires may reach 
temperatures in excess of 600 degrees Celsius, average  
temperatures are far lower, and residence time at peak 
temperatures is sporadic and brief. It is unlikely, therefore, 
that wildfire exposure would induce bone calcination. It 
appears safe to concur with David’s conclusion: 

…whilst natural conditions will regularly carbonise bones, 
they will rarely calcine them. When large proportions of the 
surface area of a bone are calcined, one can safely infer 
(anthropogenic) prolonged fires under high temperatures 
(David 1990).

Researchers (de Graaf 1961; Stiner et al. 1995; Bennett 
1999; Aldeias et al. 2016) have observed that buried bone 
can be altered by anthropogenic surface fires ignited after 

2.  Radiocarbon dating of calcined bone
Calcined bone (also referred to as cremated bone or 

bone ash) is created when a bone is heated to very high 
temperatures (>600 degrees Celsius according to Lanting 
et al. 2001). At these temperatures, organic bone collagen 
is burned away, and apatite portions of bone recrystallize 
into larger, stronger crystals that contain small proportions 
of carbonate.

This “structural carbonate” (Lanting et al. 2001:249) is 
related to blood bicarbonate, and is derived largely from 
the carbohydrates, fats, and excess protein in the animals’ 
diet, making it an ideal material for radiocarbon dating. The 
recrystallization also makes calcined bone more resistant 
to decay, and lessens contamination by dissolved inorganic 
carbon in ground water. However, charred or incompletely 
calcined bone may retain a weaker crystalline structure, 
and can be contaminated by exogenous carbon (Van 
Strydonck et al. 2009). Because of this, bone dates from 
structural carbon should be derived from bones that have 
been thoroughly calcined, and burned or charred bone dates 
should be obtained from collagen, if possible. 

Several archaeological studies have cross dated calcined 
bone ages with charcoal and collagen ages and found good 
agreement (cf., Lanting et al. 2001; Naysmith et al. 2007; 

Figure 1. Location of the mineable oil sands region.
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deposition. Subsurface thermal alterations in these studies 
are variable and dependent on sediment matrix and depth 
(Bennett 1999; Aldeias et al. 2016). Aldeias et al. (2016) 
found that only bones at shallow depth (< 3 cm) were 
calcined by surface fires. Unfortunately, it is difficult to 
determine if thermal alterations were introduced pre-burial 
or post-burial, based on bone characteristics alone. It is 
possible that a shallowly buried, naturally deposited bone 
could have been heated by a subsequent campfire unrelated 
to human processing of the bone. Regardless, post-
deposition calcination by campfire indicates that humans 
had a role in altering the bone, even though it might have 
been unintentional. In this situation, the calcination will 
post date the death of the animal, and a radiocarbon age 
would give the maximum possible age of the burning event.

 Given that most bone samples in the MOSR are recovered 
in association with food-processing artifacts and are usually 
buried deeper than 3 centimetres, the dates recovered from 
calcined bone are most likely representative of direct human 
alteration that occurred around the time of death of the 
animal. As with all radiocarbon dates, it is imperative that 
sample selection is carried out with careful consideration of 
geological context, ensuring reservoir effects are accounted 
for and performing pre-treatments to remove contaminate 
carbon. In the MOSR, where massive deposits dominate, 
it is best to recover bone samples from as small an area as 
possible to minimize the likelihood of mixing specimens 
from different horizontal and vertical components of the 
site and, therefore, from different events in time.   

3.  Methods
Although bone samples were drawn from 15 different 

projects over five years (2007-2012), one lab performed 
all of the radiocarbon analyses (Beta Analytic, Miami, 
Florida, USA). After physically removing any rootlets or 
other visually identifiable contaminants, Beta Analytic 
uses chemical pre-treatments presented in Lanting et al. 
(2001): a sodium hypochlorite solution is used to remove 
organic material, acetic acid is used to remove more 
soluble carbonates like calcite and adsorbed carbonates, 
as well as the less crystalline components of apatite. The 
pretreated sample is powdered, and CO2 is produced by 
reaction with oversaturated phosphoric acid. The CO2 is 
then cryogenically trapped in a vacuum extraction system, 
purified, and converted to graphite, which is then measured 
by Accelerator Mass Spectrometry (AMS; Lanting et al, 
2001). AMS ages were calibrated using the OxCal v4.2 
software, which references the IntCal13 radiocarbon age 
calibration curve (Reimer et al. 2013).

4.  MOSR Bone Dates
A total of 34 non-modern bone dates have been reported 

from 25 sites in the MOSR (Table 1; Figure 2). The majority 
of the dates were obtained from calcined bone (n=28). All 
samples were recovered in association with lithic artifacts 
in buried contexts; therefore, the dates presented here are 
assumed to represent intentional processing of animal bone 
in campfires. The ages range from 8100 to 539 cal yr BP, 

Table 1. Radiocarbon ages from bone samples in the mineable oil sands region.

Site Lab No. Material 13C/12C (o/oo) Conventional 
Radiocarbon 
Age (14C yr BP)

One Sigma 
Calibrated 
Age Range 
(cal yr BP)

Permit Reference 

HhOu-113 Beta-333309 Calcined bone -23.1 7250±30 8155 to 8011 12-234 Roskowski et al. 2015

HhOu-70 Beta-248279 Calcined bone -15.6 1650±140 1693 to 1561 07-219 Roskowski et al 2008

HhOv-156 Beta-312092 Calcined bone -23.7 3990±30 4514 to 4422 11-167 Roskowski & Netzel 2012

HhOv-16 TO-1439 Soil organics Not reported 1240±60 1262 to 1086 88-032 Head & Van Dyke 1990

HhOv-245 Beta-229413 Calcined bone -24 500±40 542 to 508 06-376 Wickham and Graham 2009

HhOv-256 Beta-239181 Charcoal -25.5 4750±40 5583 to 5336 06-376 Wickham 2010

HhOv-350 Not reported Calcined bone Not reported 2430±40 2679 to 2360 10-093 Bryant et al 2011

HhOv-350 Not reported Calcined bone Not reported 2490±40 2715 to 2493 10-093 Bryant et al 2011

HhOv-351 Beta-295837 Calcined bone -25.5 1910±30 1883 to 1824 10-148 Roskowski & Netzel 2011b

HhOv-384 Beta-278392 Calcined bone -24.2 2750±40 2875 to 2785 10-093 Bryant et al 2011

HhOv-384 Beta-248280 Calcined bone -21.7 2930±40 3156 to 3005 07-280 Woywitka & Younie 2008

HhOv-387 Beta-278392 Calcined bone -26.1 1860±40 1862 to 1735 10-093 Bryant et al 2011

HhOv-387 Beta-248281 Calcined bone -22.2 1900±40 1898 to 1745 07-280 Woywitka & Younie 2008

HhOv-449 Beta-229415 Charcoal -26.7 680±40 675 to 565 06-376 Wickham 2010

HhOv-506 Beta-312095 Calcined bone -24.4 2870±30 3059 to 2952 11-070 Roskowski & Netzel 2015
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Site Lab No. Material 13C/12C (o/oo) Conventional 
Radiocarbon 
Age (14C yr BP)

One Sigma 
Calibrated 
Age Range 
(cal yr BP)

Permit Reference 

HhOv-506 Beta-312096 Bone collagen -20.4 550±30 625 to 530 11-070 Roskowski & Netzel 2015

HhOv-508 Beta-298152 Calcined bone -24.8 5660±40 6486 to 6405 11-070 Roskowski & Netzel 2015

HhOv-520 Beta-312098 Calcined bone -24.4 5260±40 6174 to 5941 11-167 Roskowski & Netzel 2012

HhOv-528 Beta-340825 Calcined bone -25.9 1070±30 1045 to 934 12-085 Turney 2014

HhOv-528 Beta-340826 Calcined bone -26.2 1080±30 1050 to 955 12-085 Turney 2014

HhOv-528 Beta-340827 Calcined bone -26.2 1080±30 1050 to 955 12-085 Turney 2014

HhOv-528 Beta-340830 Charred material -24.6 570±30 631 to 539 12-085 Turney 2014

HhOv-528 Beta-340828 Calcined bone -23.1 6090±40 7005 to 6891 12-085 Turney 2014

HhOv-528 Beta-340829 Bone collagen -22.1 1260±30 1260 to 1170 12-085 Turney 2014

HhOv-73 Beta-7839 Charcoal (bulk) Not reported 1340±40 4808 to 4237 83-053 LeBlanc & Ives 1986

HhOv-87 Beta-277702 Calcined bone -25.8 2020±40 2041 to 1927 09-168 Roskowski & Netzel 2011a

HhOw-20 Beta-244942 Calcined bone -23 1670±40 1616 to 1532 07-393 Youell et al. 2009

HhOw-45 Beta-255737 Calcined bone -23.3 2320±40 2362 to 2211 08-208 Boland et al. 2009

HhOw-46 Beta-255739 Calcined bone -25 1980±40 1986 to 1890 08-208 Boland et al. 2009

HhOx-18 Beta-255742 Calcined bone -22.4 2080±40 2112 to 1998 08-166 Kjorlein et al. 2009

HiOv-46 Beta-258073 Calcined bone -23.1 2270±40 2345 to 2183 08-163 Woywitka et al. 2009

HiOv-70 Beta-258075 Calcined bone -23 1710±40 1708 to 1401 08-163 Woywitka et al. 2009

HkOv-100 Beta-337912 Calcined bone -25.6 2000±30 1989 to1904 12-157 Foster 2013

HkOv-92 Beta-337911 Calcined bone -20.9 1100±30 1053 to 966 12-157 Foster 2013

Table 1. (continued)

Figure 2. Radiocarbon date calibration curve plot of MOSR bone samples. 
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with a cluster of 15 dates in the period between 3500 and 
1500 cal yr BP. 

Of the five sites that yielded multiple dates, only           
HhOv-506 and HhOv-528 had ages that did not overlap, 
indicating that multiple occupations have been preserved at 
these two sites (Figure 3). HhOv-506 was been occupied 
at least three times: the oldest dated occupation occurs 

around 3000 cal yr BP, with repeated occupations around                                
500 yr BP, and again during the past 200 years (Figure 3).

HhOv-528 has a wider gap between dated occupations, 
with the first occurring around 7000 cal yr BP, and the next 
1000 cal yr BP. A third occupation centred around 500 yr BP 
slightly overlaps this second occupation (Figure 4).

Figure 3. Radiocarbon dates from sites with multiple occupations. 
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Only one date was associated with a diagnostic tool. A 
side-notched point from HhOu-113 with morphological 
similarity to early Beaver River Complex specimens 
classified by Reeves et al. (in press) was found in association 
with a small calcined bone feature that yielded a date of 8160 
to 8090 cal yr BP (Roskowski-Nuttall 2015; Beta-333309; 
Table 1). This currently represents the only diagnostic tool 
recovered in association with datable material in the MOSR.

5.  Discussion and conclusion
A review of calcined bone dates from the MOSR region 

shows that the area was occupied from the early Holocene 
through to the present (Figure 2), and that at least two sites 
have two separate dated components. The association of a 
ca. 8000 cal yr BP age with a Beaver River Complex side- 
notched point provides the first dated test of Reeves et al. (in 
press) typological chronology (Roskowski-Nuttall 2015).  
The age pre-dates the 7500 cal yr BP onset of the Beaver 
River Complex proposed by Reeves et al. (in press), but this 
still represents good agreement with the typology estimate.  

The cluster of ages between 3500 and 1500 cal yr BP is 
interesting, as is the lack of dates prior to 3500 cal yr BP.  
The latter may be due to preservation issues, with older bone 
more likely to have fully decayed. However, the drop in the 
number of dates before 3500 cal yr BP is quite abrupt and 
may be indicative of other preservation or cultural factors. 
The drop off in ages post-1500 cal yr BP is not readily 
explained. It would be expected that bone from this time 
period would be even better preserved than pre-1500 cal yr 
BP samples, so preservation is less likely to be the cause. This 
incongruity provides good fodder for additional research: 
Is the lack of more recent ages a function of prehistoric 
demography, sample bias, or taphonomic processes?  Does 
neoglaciation play a role? A more detailed analysis of the 
depositional context and spatiotemporal distribution of the 
dates is underway at the Archaeological Survey of Alberta 
to help answer these questions.    

Archaeologists working in this region should become 
familiar with the appearance of calcined bone in the field 
and follow best practices when collecting samples. In the 
CRM literature reviewed in this study, reporting of in-field 
sampling procedures was variable. Some samples clearly 
came from discrete, small spatial clusters that are most 
likely to represent unmixed collections (Roskowski 2015; 
Roskowski and Netzel 2012); however, collection methods 
were generalized or undocumented in the majority of cases. 
For this study, it was assumed that best practices were 
followed in the field, and that mixed samples would have 

been avoided or reported if they had been used. This is a 
shaky assumption; it is important that future reporting fully 
describe radiocarbon sample collection methods. Reports 
should include detailed descriptions and mapping of the 
horizontal and vertical distribution of the samples collected, 
and provide clear representation of the depositional context 
through sediment description, photographs, and profile 
drawings. A single fragment should be used for dating if 
possible (must weigh a minimum of 1 to 4 grams). Multiple 
fragments should be used only if the samples come from 
a discrete feature or concentration that is unlikely to have 
been mixed by post-depositional processes. Samples from 
clearly separated horizontal or vertical components of a site 
should never be dated together.

Calcined bone radiocarbon ages have proven an important 
chronological tool in the MOSR. This usefulness should 
extend throughout the boreal forest, where it is notoriously 
difficult to obtain ages for archaeological sites. As more 
samples are collected, and more dates are returned, a more 
concise chronological framework will emerge for the 
northern part of the Province.
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An AMS radiocarbon age for the pathological vertebra of a bison from 
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ABSTRACT 
For a number of years, the Royal Alberta Museum displayed a seventh cervical bison vertebra from north central 
Alberta that exhibited a severe pathology resulting from a humanly inflicted wound. We make a detailed description 
of this specimen and the embedded projectile point fragment that caused the pathology to form. The vertebra was 
sampled and yielded an Oxford Radiocarbon Accelerator Unit date of 1702±25 14C yr BP, with a calibrated 2σ (95.4%) 
range of AD 255 to AD 401.  

KEyWORDS
AMS, radiocarbon, bison, pathology, wound, archaeology

1.  Introduction
In the summer of 1987, Mr. Bill Vaughn collected an 

unusual specimen from a location described as 4 miles 
(6.4 kilometres) west of Pibroch, a hamlet just to the 
north of Westlock, Alberta (Figure 1). The specimen 
(P.89.3.1) was donated to the Quaternary palaeontology 
program of what was then the Provincial Museum of 
Alberta (today the Royal Alberta Museum). It is not 
known if the vertebra came from an archaeological 
site, or if it occurred naturally as an isolated find. This 
remarkable specimen has not been described in detail, 
and its age was unknown. We illustrate the specimen 
here, make inferences about the wound and healing that 
followed, and report the radiocarbon age of the vertebra.

2.  Description and analysis
The Pibroch specimen is the seventh cervical vertebra 

from a bison, made unusual by the fact that the right 
lateral portion of the vertebra was normal, but the left 
side of the vertebra had been badly deformed with a 

pathology. The pathology consisted of a massive osseous 
growth affecting the left transverse process. Embedded 
in the deformed process area was the mid-section of a 
quartzite projectile point. Photographs of the specimen 
are presented in Figure 2 (a and b). A Computerized 
Tomography (CT) scan image of the vertebra (Figure 2c), 
shows the projectile point fragment and its orientation 
more clearly. Figure 3a presents a clear view of the 
distal (tip) and proximal portions of the projectile point 
fragment, while Figure 3b is a CT scan image oriented 
so that the projectile point can be seen in cross-section.

This wound to the C7 vertebra was created by a shot 
inflicted to the neck of the bison, perhaps originally 
intended for the heart and lung kill zone located between 
the sternum and thoracic vertebrae and the forelimb 
and the scapula. The current orientation of the blade 
fragment is obliquely angled up and rearward, but this 
is unlikely to be the angle that the projectile trajectory 
would have followed. The left transverse process was 

Back on the horse: Recent developments in 
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Figure 1. Approximate location of the Pibroch vertebra find spot, and nearby archaeological sites.

Figure 2. a) Anterior view of the Pibroch vertebra, with the pathological transverse process to the right of the vertebral body; b) posterior view of the 
Pibroch vertebra, with the pathological transverse process to the left of the vertebral body: the arrow to left indicates point fragment, while the arrow to 
right indicates a fossa, perhaps a foramen, on the vertebra’s left pedicle; c) a CT scan image showing the projectile point embedded with the pathological 
bone, as indicated by the arrow.
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Figure 3. a) Oblique ventral image of the Pibroch vertebra, allowing a view of the proximal and distal portions of the projectile point fragment in the 
bone mass; b) CT scan image oriented so that the projectile point fragment is visible in cross-section.

broken, and it could be that the projectile struck the left 
transverse process and deflected downward. In that case, 
the original angle of penetration for the projectile point 
would have been from somewhat above or in the same 
plane as the unfortunate animal. With respect to the latter 
alternative, we must bear in mind that the shaft of a dart 
will flex when delivered with an atlatl (particularly as it 
leaves the atlatl), such that a horizontally thrown dart could 
be bending downward at impact. The hunter attacking the 
animal may have been above it, either because of elevated 
terrain or because the animal itself was down. It is also 
possible that the wound was inflicted laterally in such a 
way that the hafted projectile swung forward, breaking the 
left transverse process, after which bone fragments and the 
broken projectile point sagged downward and remained 
near the vertebra; ossification would then have followed.

The proximal portion (base) of the embedded point 
fragment is missing and appears to have snapped off at the 
distal margin of a shoulder on one side, carrying through 
to the blade edge distal to a shoulder or notch on the 
opposite blade edge. At its most proximal edge, the point 
is 5.4 millimetres thick.  The approximate dimensions of 
the embedded fragment are provided in Figure 4. The tip 
of the projectile point is also missing from the embedded 
fragment. There is a fossa (perhaps a foramen) on the 
vertebra’s left pedicle (midway between the neural arch and 
the pathological area) that is not mirrored on the opposite 

Figure 4. Approximate dimensions of the embedded projectile point in 
the Pibroch C7 vertebra.

pedicle, but there is no indication that this unusual feature 
is connected with the wound (see arrow in Figure 2b). 
Frison (2004:112) described a similar wound, in that case 
to the centrum of a mature female bison’s thoracic vertebra, 
inflicted with a Yonkee projectile point. There is a projectile 
point fragment embedded in the centrum of a vertebra from 
the Stelzer site (39DW242)  in South Dakota, a very large 
campsite contemporaneous with several nearby Sonota 
burial mounds (Figure 5; Graham 2014).

Despite the severity of the injury, this bison survived 
the attack. The subsequent, compensatory healing created 
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an osseous mass in place of the normal lateral process. A 
bony callus of this size would likely have taken years to 
form around the injury site. The right pre-zygapophyseal 
articular process (facet) has a pronounced curvature and is 1 
centimetre (22.5%) narrower than the left, and comparably 
flat, facet—the wound may have caused this bison to favor 
one side when turning its neck.

3.  Radiocarbon age
Because the projectile point fragment was relatively 

broad, it seemed important to determine the precise age of 
the specimen, in case it might reflect an Early Prehistoric 
Period occurrence. Accordingly, we extracted a bone 
sample suitable for AMS dating that returned a date of                  
1702±25 14C years BP, with a calibrated 2σ (95.4%) range of 
AD 255 to AD 401 (OxA-27088; calibration with IntCal13, 
Reimer et al. 2013). As is evident in Figure 6, the intercept 
for this radiocarbon date strikes a relative plateau in the 
calibration curve, creating a comparatively broad date range 
(calibrated in IntCal13, Reimer et al. 2013). As such, the 
vertebra falls late in the Middle Prehistoric Period, prior to 
the transition to the Late Prehistoric Period. The δ13C value 
was -20.37, consistent with northern Plains results for bison 
(e.g., Chisholm et al. 1986; Graham 2014).  

There is too little of the projectile point to infer what 
type it might have been, but contemporaneous projectile 
styles are consistent with the embedded fragment (see the 
example in Figure 7). Fully formed Besant and Sonota-era 
points, such as we see at sites like Muhlbach and Smith-
Swainson in Alberta or Stelzer in South Dakota, have 
broad blades consistent with what we see in the Pibroch 
specimen (Graham 2014). Taltheilei points in this age 
range would also be capable of yielding a point mid-section 

of the dimensions evident in the Pibroch specimen; such 
points do occur in the Parkland-southern Boreal Forest 
region. It would seem unlikely that the projectile point 
involved Avonlea weaponry. The inferred neck width and 
the thickness of the fragment are consistent with atlatl or 
spearthrower technology, or even thrusting spear use, rather 
than bow and arrow technology.

Figure 5. A projectile point embedded in the centrum of a vertebra from 
the Stelzer site (39DW242), a Sonota campsite in South Dakota, of 
similar age to the Pibroch specimen.

Figure 6. Calibration curve values for OxA-27088, the AMS radiocarbon 
age for the Pibroch vertebra.

4.  Conclusions
The Pibroch find involved the seventh cervical vertebra 

from a bison that had been severely wounded by a quartzite 
dart tip most likely delivered from an atlatl or spearthrower; 
despite severe deformation of the vertebra, the animal 
survived the attack, with subsequent healing resulting in 
a massive bony callus that would take some time to form. 
The Pibroch vertebra entered the Royal Alberta Museum 
as a single specimen, and it is not known if it came from 
an archaeological site (suggesting that the animal was later 
successfully hunted), or if it comprises an isolated discovery 
following from the subsequent natural death of the bison. 
The vertebra has been dated (OxA-27088) to 1702±25 14C 
yr BP (AD 255 to AD 401). 

Figure 7. a) A white quartzite projectile point from the Smith-Swainson 
site, central Alberta; b) oblique lateral view of the embedded Pibroch 
projectile point in cross-section.



13

Ives et al. / Archaeological Survey of Alberta Occasional Paper 36 (2016) 9-13

Brink (2008:156-159) describes at some length the 
measures many northern Plains First Nations ancestors took 
to ensure that bison did not escape from a communal kill 
- primarily so that escaping bison could not affect future 
hunting strategies of the same type by communicating it 
to other bison. Of course, a previously hazed animal might 
well be reluctant to be maneuvered in such a way for a 
second time. Whether a communal hunting strategy could 
have been involved here is also unknown, but however the 
Pibroch animal came to be wounded, it was clearly “one 
that got away.”

Projectile points embedded in bones are relatively rare, 
and instances where animals were wounded but survived 
an attack are much rarer still. This rarity perhaps inhibits 
systematic reporting (other than anecdotal references). 
Nevertheless, we do see value in providing documentation 
of such instances, and encourage their reporting. Systematic 
descriptions would enhance the potential for assessing 
the seasonal or migratory behavior of animals such as 
bison, and with sufficient sample sizes, can help achieve 
better understandings of intended target areas employed 
in dispatching prey animals (e.g., Heizer 1968; Losey and 
Yang 2007; Nikolsky and Pitulko 2013:4194).
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ABSTRACT 
Three new radiocarbon dates were obtained from the oldest deposits at Head-Smashed-In Buffalo Jump (DkPj-1), in 
southern Alberta in an effort to more accurately bracket the earliest utlization of this significant site. This paper reports 
on those dates (all in excess of 5000 years BP) and places the early use of the site by Mummy Cave complex cultures 
in a broader chronological context of bison jump use on the Great Plains.  

KEyWoRDS
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1.  Introduction
Head-Smashed-In Buffalo Jump (HSIBJ, DkPj-1) is 

anomalous. The earliest use of the site dates to a time 
when there was no other buffalo jump in use on the 
Great Plains was being used. For more than 40 years the 
earliest use of the site was based on two fairly similar 
radiocarbon dates, and the end of this initial use was 
based on two quite different dates. Given the importance 
of this World Heritage Site, especially of the earliest use 
of this site, three new radiocarbon dates were obtained 
from the oldest deposits at HSIBJ. This paper reports 
on those dates and places the early use of the site in a 
broader chronological context of bison jumping on the 
Great Plains.

2.  Background
Head-Smashed-In Buffalo Jump, in southwestern 

Alberta (Figure 1), was excavated in 1965 and 1966 by 
Reeves, and in 1972 by Reeves with assistance from 
Mike Quigg (Reeves 1978, 1983). Reeves excavated at 
two separate locations below the sandstone cliff, termed 
the north and south kill sites (Figure 2). The dig at the 
south end of the kill site reached the staggering depth of 
28-30 feet below surface (8.5-9 metres). At this depth 
Reeves recovered butchered bison bones and Bitterroot/

Salmon River-style projectile points which he assigned to 
the Mummy Cave complex (Reeves 1978). At the south 
kill excavation Reeves identified 16 cultural layers, with 
#16 being the deepest and oldest. This layer was further 
separated into layers 16a, b, and c, with 16c being the 
deepest. Reeves submitted a single radiocarbon sample 
from layer 16c, which yielded a date of 3450±300 BC 
(GSC 803). In this paper I first report Reeves’ dates as he 
did, but then  convert his BC dates to years BP by simply 
adding 2000 years, all dates are uncalibrated unless 
noted. The top of the Mummy Cave occupation at the 
south end of the site, layer 16a, produced a radiocarbon 
date of 2100±100 BC (GAK-1416) (Reeves 1978:167). 
These dates imply that makers of Bitterroot/Salmon 
River points used the jump, at least at the south kill, for 
more than 1300 years. 

Excavations at the north end of the HSIBJ kill site 
exhibited much the same stratigraphic and chronological 
record, the major difference being that a north-trending 
tilt to the underlying bedrock brought the earliest deposits 
at the jump much closer to the surface than was the case 
at the south end. Reeves encountered Mummy Cave 
complex materials at the north end at a mere 8.5-11 feet 
(2.6-3.3 metres) below surface. The deepest excavation 
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at the north end was unit 10, which was further divided into 
layers a, b, c, and d, with 10d being the deepest. Reeves 
obtained two radiocarbon dates for the Mummy Cave 
occupation at the north end, a sample from 10d returned a 
date of 3710±100 BC (Rl 334) (5710 yr BP), and a sample 
from 10a, the top of the Mummy Cave deposits, yielded a 
date of 3130±120 BC (Rl 333) (Reeves 1978:162). These 
dates suggest that Mummy Cave complex people used the 
jump for about 600 years, that is, some 700 years less than 
the dates suggested from the south excavation. 

The earliest dated use of HSIBJ, that of about 5700 yr BP, 
is significant. The antiquity of forcing buffalo over cliffs on 
the Great Plains is unclear. For many years some researchers 
believed that the oldest buffalo jump was Bonfire Shelter, 
located in Texas (Dibble and lorrain  1968). The site is 
firmly dated at ca. 10,000 yr BP, but its status as a jump 
is disputed. Some (Byerly et al. 2005, 2007) argue that the 
bones found in a rock shelter at the base of a high cliff were 
brought there from kills made below the shelter. others 
(Bement 2007) defend the original interpretation that 
animals were driven over the top of the cliff.  This matter is 
currently unresolved. 

Temporally, the next candidate for the oldest buffalo jump 
is the site of Butternut Creek in northern Kansas (Hofman 
2010). The site has been explored only minimally however, Figure 1. location of Head-Smashed-In Buffalo Jump (DkPj-1), 

Alberta.

Figure 2. Head-Smashed-In Buffalo Jump, Alberta. The north kill site area circled at the far right, the circle to the left of that is the south kill. 
Photograph courtesy of Head-Smashed-In Buffalo Jump.
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a complete Allen point was found in a bison bone bed 
located at the base of a tall bluff along Butternut Creek. 
Hofman obtained a radiocarbon date of about 9000 yr BP 
from the bone bed. The cursory nature of investigations  
to date prevents researchers from stating with certainty 
that the bone bed is the result of a bison jump, although 
this seems the most likely explanation (J. Hofman, e-mail 
communication, 2016). 

If either Bonfire or Butternut are indeed buffalo jumps, 
then they are the oldest currently known. If they are not, 
then HSIBJ is the oldest. The date of about ~5700 yr BP is 
significant, not just because it comes next after Bonfire and 
Butternut, but also because no other jump is known to have 
been in use at this time. Indeed, based on current evidence, 
after the early use of HSIBJ no other jump was used for a 
thousand years, or possibly longer. 

Two recent summaries of bison hunting on the northern 
plains  point to the anomalous situation of HSIBJ (Bamforth 
2011; Brink 2017). Both authors note that no other bison 
jump dates to this time period, and the early use of HSIBJ 
conflicts with the overall pattern of intensified use of pounds 
and jumps only after about 3000 yr BP (Bamforth 2011). 
Kornfeld et al. (2010:254) also single out the unusually early 
use of HSIBJ, although they incorrectly report this date as 
7600 yr BP (see also Walker [2016] for a recent review of 
bison kills on the Great Plains). The date for the beginning 
of buffalo jumping at HSIBJ is important for a number of 
reasons, yet for more than four decades it has been based on 
only a few radiocarbon dates that were obtained long before 
AMS dates were available. 

3.  New basal dates for HSIBJ
All faunal material recovered during the Reeves 

excavations is stored at the Royal Alberta Museum in 
Edmonton. Since bones were the primary organic material 
recovered from the excavations, these were selected for 
obtaining additional radiocarbon dates. using notes, maps, 
and published reports from Reeves (1978), a review was 
made of the deepest levels of the site so as to acquire 
datable material that should reflect initial use of the jump. 
Samples are small in these deepest levels: not wanting to 
destroy valuable faunal pieces, we attempted to select 
the least diagnostic scraps. As noted above, the deepest 
cultural deposits from the south kill were in level 16 of 
Reeves’ excavations. From a bag labelled 16X we selected a 
midsection of a humerus weighing 56.2 grams. The deepest 
level at the north kill was level 10. From level 10d (the 
deepest) we selected a midsection of a metatarsal weighing 
33.0 grams, and from level 10c a rib body fragment 

weighing 18.5 grams.  All bones were identified as Bison 
bison. All dates are on bone collagen extracted with alkali 
using standard procedures employed by Beta Analytic. All 
dates were corrected for isotopic fractionation. 

The three new radiocarbon dates support the Middle Pre-
Contact Period use of the jump as first reported by Reeves 
(1978). All three dates are in excess of 5000 yr BP and thus 
fall within the accepted time range for the middle to latter 
part of the Mummy Cave period (Peck 2011). Interestingly, 
the oldest date we obtained (5780 yr BP) was from deepest 
layer of the north kill, in the deepest layer of the Mummy 
Cave material, which is where Reeves also recorded the 
oldest age for the site (5710 yr BP). The two dates are 
nearly identical. our second date from this same area, 5470 
yr BP, was from the second deepest Mummy Cave level at 
the north kill, 10c. Reeves (1978) did not date this layer 
but he did date the top of level 10, youngest Mummy Cave, 
at  5130 yr BP. Stratigraphically, the dates fit perfectly; this 
suggests that Mummy Cave complex people used HSIBJ 
for a period of about 700 years from about 5800 to around 
5100 14C yr BP.  

The single new radiocarbon date from the south kill is the 
youngest of the three at 5010 14C yr BP. Reeves’ dates on 
Mummy Cave from this portion of the site were likewise 
younger than at the north end. He dated initial Mummy Cave 
at ca. 5450 yr BP and terminal Mummy Cave at ca. 4100 yr 
BP (Reeves 1978). unfortunately, it is not possible to state 
precisely to which of Reeves’ layers of level 16 (a, b, and c) 
our sample from a bag labeled 16X is directly comparable 
to. However, the new date is clearly closer to Reeves’ 
initial Mummy Cave. The implications regarding terminal 
Mummy Cave will be discussed below. Consistently earlier 
dates from the deepest levels of the north kill may indicate 
that this part of the HSIBJ kill site was in fact the earliest 
portion of the cliff to be used as a kill site, and that some 
hundreds of years later the more southern part of the cliff 
was incorporated.

Table 1. Radiocarbon dates from DkPj-1, Head-Smashed-In Buffalo 
Jump, dating the earliest use of the site.

Beta 
Lab #

Ref # Weight 
(g)

Material d13C Conven-
tional 
Age yr 
BP

Mean 
Calibr-
ated 
Age cal 
yr BP

396503 DkPjl-X16 56.18 Bone 
Collagen

-19.0 o/oo 5010±30  5762

396502 DkPjl-10d 33 Bone 
Collagen

-19.0 o/oo 5780±30  6581

396501 DkPjl-10c 18.35 Bone 
Collagen

-18.9 o/oo 5470±30  6266
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We can be confident that HSIBJ was being used as a 
buffalo jump as much as 6500 cal yr BP, at a time when 
no other known jump was in use. Why this one site came 
into use at such an early date when nearly all other sites 
date to several thousand years later is not known, but may 
relate to arguments presented by Brink (2008) that HSIBJ 
has all the components that make it a nearly perfect location 
and configuration for bringing herds of bison to the cliff. If 
some place had to be the mother of all jumps, HSIBJ had the 
requisite components.

4.  The gap
Subsequent to the Mummy Cave period use of the jump, 

HSIBJ was abandoned for a period of time. Reeves (1978, 
1983) speculates that this may be due to the arrival of new 
people in the region who did not possess the knowledge 
and techniques of driving bison over cliffs. The timing 
and duration of the gap in use of HSIBJ is uncertain due 
to two conflicting radiocarbon dates obtained by Reeves. 
As reported above, the south excavation date suggests 
Mummy Cave lasted until about 4100 yr BP, while terminal 
Mummy Cave is dated at the north end at about 5100 yr 
BP. This thousand year difference is unexplained. The next 
unambiguous use of the jump is associated with makers of 
Pelican lake points beginning ca. 1090±120 BC (3090 yr 
BP; GAK 1475) (Reeves 1978:162). If Reeves’ date for 
terminal Mummy Cave use of the site from the north end 
(5100 yr BP) is correct then there is a gap of some 2000 
years where the site was not used. If the terminal Mummy 
Cave date from the south end (4100 yr BP) is correct, then 
the hiatus in site use is about 1000 years.

A resumption of use of Head-Smashed-In Buffalo Jump 
during Pelican Lake times, some 3000 years ago, fits with 
the overall scheme of bison jump use on the northern 
Plains in that this date places HSIBJ at the early cusp of the 
intensification of communal bison hunting that appears in 
this region around 2500 years ago (Bamforth 2011; Reeves 
1990; Walker 2016). Head-Smashed-In is still an outlier 
in that resumption of use of the site dating to 3090 years 
BP date is earlier than initial use of most other buffalo 
jumps. Whatever the date, early resumption of bison jump 
use at HSIBJ should not come as a surprise given that 
the site already established that it is prone to early use by 
knowledgeable communal bison hunters. The three new 
radiocarbon dates reported here do not address the end of 
Mummy Cave use of HSIBJ, nor the duration of the gap in 
the use of the jump. Additional dating of relevant deposits 
is required to address this issue. 

5.  Discussion
New radiocarbon dates from the lowest levels of the kill 

site at HSIBJ confirm Reeves’ (1978) statement that the site 
was first used in excess of 6000 years ago. Two new dates 
pertain to use of the north kill by Mummy Cave complex 
cultures. one new date from the deepest level (10d) of the 
north kill (5780 yr BP) is nearly identical to Reeves’ date 
for the same layer. A second new date from the layer (10c) 
just above the deepest layer is a few hundred years younger 
(5470 yr BP) than the oldest date and a few hundred years 
older than Reeves’ date for the uppermost Mummy Cave 
(5130 yr BP, level 10a). A single new date of 5010 yr BP from 
the south kill area cannot be directly compared to Reeves’ 
dates because it was not associated with an alphabetic layer 
of level 16, but the sample originates from level 16 and is 
similar to Reeves’ date of 5450 yr BP for initial Mummy 
Cave use of the south kill. 

Noteworthy is that both Reeves’ dates and those reported 
here indicate the earliest use of HSIBJ may have taken place 
at the north kill location. While the difference is not great, 
perhaps 250 years, it is a consistent trend. The distance 
between the two kill locations is only about 80 metres. 
Butchering of carcasses that piled up at either location may 
well have spread across the length of the bedrock bench that 
holds the kill deposits. As such, it is difficult to state with 
certainty that the two areas Reeves excavated were discrete 
kill locations. Still, consistently early dates from the north 
area suggest that the development of a drive complex 
leading to a cliff edge at HSIBJ may have first targeted 
bringing animals to the more northern portion of the cliff. 

Dates for cultural use of the site are far from numerous 
enough or precise enough to address the question of 
periodicity of site use; however, there are now four dates 
from the deepest part of the north kill. The dates are in 
stratigraphic and chronological order: from bottom to top 
they are 5780, 5710, 5470 and 5130 yr BP. These four dates 
span a depth of from about 2.4 to 3.3 metres below surface 
in level 10 of the north kill, and span a period of 650 years. 
Frequent kill events, such as seasonal or yearly, would not 
be discernable by radiocarbon analysis. Many kill events 
could be compressed into the four radiocarbon dates from 
level 10 of the north kill. Still, the span of 650 years in less 
than 1 metre of deposit suggests that kills might not have 
been especially frequent. Perhaps they were generational 
events.

How long the site was used by makers of Mummy Cave 
projectile points is not yet fully understood. It may have 
been as long as 2000 years, spanning roughly 5800 to 3800 



18

Brink / Archaeological Survey of Alberta Occasional Paper 36 (2016) 14-18

yr BP, based on Reeves’ (1978) dates and the three new 
dates. Alternatively, using just the dates from the north kill, 
it could have been as short as ~750 years. Subsequently, 
the site was abandoned. We can only speculate as to why 
this happened, but Reeves (1978) is likely correct when he 
says that new people–makers of McKean Complex points 
–arrived in the region. These people did not know how to 
operate the jump, or did not care to. 

These results are significant additions to the history 
of bison killing on the northern Plains. As noted above, 
HSIBJ is already one of the oldest buffalo jumps known. 
Early use of the jump has been an enigma to Plains scholars 
(Bamforth 2011). Three new dates in excess of 5000 yr 
BP unquestionably establish the early age of bison killing 
events at HSIBJ. 

Resumption of bison jump use about ~3100 years ago 
at HSIBJ is early but not out of line with the initiation of 
other jumps on the northern Plains. As currently known, the 
next oldest jump after HSIBJ is the Kobold site in central 
Montana (Frison 1970). That site is a definite jump where 
several different cliffs were used multiple times. It is dated 
to roughly about 3000 years old (Kornfeld et al. 2010:257). 
The use of wooden corrals (pounds) appears earlier, though 
not as early as initial use of the jump at HSIBJ (Brink 2017; 
Walker 2016). The earliest known use of trapping bison in 
pounds is at the Scoggin site in Wyoming and dates to about 
5200 yr BP (lobdell 1974; Niven and Hill 1998). Head-
Smashed-In Buffalo Jump continues to stand out as one of 
the most exceptional sites on the northern Plains.
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AbSTrACT 
A total of 16,775 archaeological sites were recorded in Alberta between 1992 and 2015, making up 40% of known 
sites in the province. Another 8594 sites were revisited during the same time period. New discoveries, either through 
initial recording or excavation from 1992 to 2015, have contributed significantly to the archaeological record of 
Alberta. Some of the most notable sites recorded or excavated between 1992 and 2015 are summarized in this article. 
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1.  Introduction
In the 24 years since the last occasional paper was 

released, Alberta archaeologists have been busy: 
between 1992 and 2015, 16,775 new sites were recorded 
and 8594 sites were revisited1 (Figure 1). on average, 
698 new sites were recorded and 358 previously known 
sites were revisited per year. The sites recorded since 
1992 account for over 40% of the total known sites in 
Alberta. The remaining 60% were recorded between 
1973 and 1991 or were recorded prior to 1973 and were 
documented in records transferred to the Archaeological 
Survey of Alberta from the Glenbow Museum and 
Archives, the University of Calgary, and the University 
of Alberta when the Survey was created. The number of  
archaeological permits issued from 1992 to 2015 (Figure 
2) is 7205 with a peak from 2004-2008 (the record for 
most permits in one year is 733 in 2006). 

The most new sites recorded in a single project since 
1992 occurred in 2007 when 199 archaeological sites and 
400 historic structures were recorded during a historic 
resources impact assessment for a coal gasification 
project southeast of Edmonton (Graham et al. 2010). The 
resulting report comprised 4950 pages in six volumes! 

While many of Alberta’s most significant sites were 

recorded prior to 1992 (60 of 88 archaeological sites with a 
Historic Resource Value of 1), some very important finds 
in the last 24 years have greatly expanded our knowledge 
of Alberta’s past. The following list represents some of 
the most notable sites discovered or researched since 
1991 (Figure 3). Each site has been assigned a Historic 
Resource Value (HRV) that indicates site significance. 
HRV 1 sites are the most significant and are designated 
under the Historical Resources Act as Provincial Historic 
Resources. HRV 2 sites are also quite significant and 
are designated as Municipal or registered Historic 
Resources. HRV 3 sites are significant and contain 
historic resources that will likely require avoidance by 
development. HrV 4 sites contain historic resources that 
may require avoidance or assessment. HrV 0 sites are the 
least significant and usually there are no further concerns 
with development or other disturbances impacting them. 
Sites on federal land are not assigned Historic resource 
Values because they do not fall under the jurisdiction of 
Alberta’s Historical Resource Act.

back on the horse: recent developments in 
archaeological and palaeontological research in Alberta
ArCHAEoLoGICAL SUrVEy oF ALbErTA
oCCASIoNAL PAPEr No. 36

1Site information in this paper was compiled from the Alberta Archaeological 
Sites Inventory as of June, 2016. references are not provided to all permit 
reports pertaining to a specific site or complex of sites mentioned in the paper 
because this would be cumbersome but major reports and references are 
included for those interested in further research. 
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points and high quantities of Knife river Flint from North 
dakota. The presence of several bone upright features is 
also unique. This site became the location of the University 
of Lethbridge field school in 2004, 2007, and 2012.

2.3 Writing-on-Stone Provincial Park 
Inventories carried out between 1992 and 2015 in Writing-

on-Stone Provincial Park have yielded dozens of rock art 
sites in the do major borden block (see Klassen 2003). 
This culturally rich landscape contains a wealth of rock art 
that can tell us a great deal about local inhabitants. Most of 
these rock art sites have an HrV 3. Work is ongoing within 
the Park to ensure the preservation and protection of rock 
art panels. A UNESCo World Heritage Site nomination is 
currently being compiled for Writing-on-Stone. 

2.4 DhPg-8 – Wally’s Beach 
The Wally’s beach site, recorded 1998, has an HrV 

of 3. Wally’s beach provides evidence for some of the 
earliest human occupation in Alberta (radiocarbon dated 
to approximately 13,300 yrs bP). Finds include Early 
Prehistoric/Paleoindian projectile points and tools, and the 
site contains direct evidence of people hunting the now 
extinct North American horse and camel (Kooyman et al. 
2002). Mammoth tracks have also been observed here.

2.5 DkPi-2 – Junction site 
This site has an HrV of 3. recorded in the 1960s, major 

excavations have taken place at the Junction Site over the 
last 25 years (Unfreed 1993; Soucey and ball 2013). A total 
of 758 square metres of excavation, plus numerous shovel, 
backhoe and auger tests, were completed in 1991, 1992, 
2005, 2011, and 2015. These studies have proven the Junction 
site to be one of the largest and most dense old Women’s 
phase campsites in Alberta. The 1991/1992 excavations 
alone yielded 1,255,009 artifacts and numerous hearths, 
roasting pits, boiling pits, and stone circle features. The site 
is multicomponent and shows use from approximately 900 
yrs bP to present, with protohistoric and historic artifacts 
also recovered. Modern farms are still active in the area.

2.6 EfOp-403 – Barnett antelope drive 
This site has an HrV of 3. The barnett antelope drive, 

recorded in 2006, consists of a V-shaped pair of converging 
stone drive lanes that end at a steep drop down to the lower 
prairie (brink 2013). The drive lanes are fairly solid, with 
rocks placed next to each other with little or no space in 
between. due to the relatively small size of the drive lane 
system, the site is interpreted to be an antelope kill site. 
Sites of this type are extremely rare on the Northern Plains, 
making the Barnett site particularly significant.

Figure 1. Sites recorded and revisited in Alberta from 1992 to 2015.

Figure 2. Archaeological permits issued in Alberta from 1992 to 2015.

2.  Southern Alberta 
This area includes borden blocks do, dP, Eo, EP, EQ.

2.1 DjOn-26 – Stampede site 
This site has an HrV of 3. The Stampede site was 

discovered in 1971 and is a deep, stratified, multicomponent 
campsite located in Cypress Hills Provincial Park in 
southeastern Alberta (Vivian et al. 2008; Meyer et al. 2009). 
The site was excavated in the 1970s and from 2000-2005 by 
the University of Calgary and by archaeological consultants 
in 2007 and 2008. Over 25 components have been identified, 
from depths of 10 centimetres to 6 metres below surface, 
making it one of the deepest multi-component sites in 
Alberta. The site has revealed artifacts as old as 8000 yr bP.

2.2 DlOx-5 – Fincastle kill site 
recorded in 2003, the Fincastle kill site has an HrV of 

4. At this location, bison were stalked and ambushed while 
watering in marshy land among sand dunes (Varsakis 
2006). Excavations revealed one of the earliest occurrences 
of besant/Sonota groups in the northwest Great Plains, as 
evidenced by an abundance of besant/Sonota projectile 



21

Lakevold / Archaeological Survey of Alberta Occasional Paper 36 (2016) 19-24

Figure 3. Locations of notable archaeological sites recorded and/or 
excavated between 1992 and 2015 and borden blocks that, to date, do 
not have any recorded sites. 

2.7 EkOp-41 – Misty Hills quarry 
This site has an HrV of 3. Located in the Misty Hills 

southwest of Consort in east central Alberta, this quarry 
and workshop site includes very high densities of naturally 
occurring pebbles and small cobbles of black chert and 
variously coloured quartzites (Hanna et al. 2011). The 
site was discovered in 2010 during survey ahead of a 
transmission line development when consultants identified 
over 130 blowouts bearing cultural materials, some 
containing several hundred artifacts. The density of artifacts 
and its use as a quarry makes Misty Hills an important site 
for understanding raw material procurement.

2.8 EkOr-8 – Consort Pebble Chert Quarry
The Consort Pebble Chert Quarry site was recorded in 

1999 and has an HrV of 3. This quarry site, also located 
south of Consort, is characterized by approximately 300 
depressions of varying sizes and depths (Steuber 2009). 
In this area, large quantities of pebble chert were found in 
ground exposures and subsurface deposits. Hundreds of 
pebble chert artifacts were observed in the area, as were a 

few stone features such as cairns and stone arcs. This unique 
landscape, with its large number of depressions, and the 
site’s use as a quarry make it important for understanding 
raw material procurement practices in this region.

2.9 EePf-1 – Cluny fortified village 
The Cluny village is a Late Prehistoric period fortified 

site located in the bow river valley on the Siksika First 
Nation reserve (Walde 2008). This type of village site is 
common in the Middle Missouri region in North dakota, 
but is the only site of this kind known in Alberta. This site 
may represent a migration of people from the south into the 
Canadian Plains. The many features at the site include pits 
and trenches; artifacts include beads, pottery, lithics, and 
faunal remains. Since 2009, Cluny has been the location of 
a University of Calgary field school, and public archaeology 
programs have been run in conjunction with the field school.

2.10 EgPn-700 – Everblue Springs 
The Everblue Springs site has an HrV of 4. The site was 

discovered in 2005 and excavated in 2006 (Vivian 2007; 
Vivian et al. 2011). Although relatively small in extent, this 
multicomponent bison kill site is significant due to its age. 
The work at this site revealed a Lusk projectile point, the 
presence of artifacts below Mazama Ash, and radiocarbon 
dates of 7430±70 yr bP and 7820±50 yr bP. bison kill sites 
of this age are rare in southern Alberta.

2.11 EhPu-1 – Lake Minnewanka
due to Parks Canada’s concern that this important 

site could be lost to erosion, excavation at the Lake 
Minnewanka site in banff National Park took place in 1993 
and again from 1997-2001 (as part of a Ph.d. program). 
Excavations revealed 26 occupations, including eight 
stratified occupation floors radiocarbon dated as early as 
11,300 to 13,150 yr bP (Landals 2008). Artifacts associated 
with these floors included mountain sheep remains, hearths, 
ochre, blade-like flakes, and other lithic debitage. This site 
provides evidence of people hunting sheep in alpine areas 
during the cold and dry younger dryas period (12,900-
11,700 yr bP) and is an extremely important piece of the 
puzzle in understanding early human occupation of Alberta.

2.12 EkPu-3 to 9 – James Pass 
This site group has an HrV of 3. The James Pass meadow 

site complex is located in a high subalpine grassland on the 
eastern slopes of west central Alberta (beaudoin et al. 1996). 
Collectors alerted the Archaeological Survey of Alberta to a 
broken fluted point discovered in a vehicle track. The Survey 
targeted James Pass for exploration under the First Albertans 
project. The site area was surface inspected and shovel 
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tested in 1991, and EkPu-8 (Twin Pines) was revisited and 
excavated in 1996. Excavations revealed a multicomponent 
campsite with several diagnostic artifacts indicating site use 
from 7700-5300 yr bP. below these artifacts, bison bone 
was recovered in association with a lanceolate spear point. 
The bone was dated to 9750±80 yr bP (10,800-11,320 cal yr 
bP). Like Lake Minnewanka, James Pass shows early use 
of foothills and alpine regions of western Alberta.

2.13 Medicine wheels
Seven medicine wheels have been recorded since 1991. 

(The Alberta Archaeological Site Inventory includes records 
for a total of 65 medicine wheel sites.) Medicine wheels 
are significant because of the ceremonial nature of the sites 
and their importance to First Nations. This site type is also 
unique to the Plains. The seven medicine wheels recorded 
since 1991 all have Historic resource values of 3 and 
include: dioo-74 - Living Springs, recorded 2002 (Green 
2003; Vivian et al. 2008); Ebom-16 - burke’s, recorded 
2000 (dau 2000; de Guzman 2008); Eeor-122 - Wyn, 
recorded 2008 (Hanna 2009); Efox-28 - Thunder, recorded 
2003 (Hanna 2003); Egoo-4 - Acadia Valley, recorded 2007; 
Egoq-8 - Stammers, recorded 2004 (Vivian et al. 2008; and 
EcPp-25 - Highwood, recorded 1992 (Vivian et al. 2008).

3. Central Alberta 
This region includes major borden blocks Fo, FP, FQ.

3.1 FaOm-1 – Bodo bison skulls 
This multicomponent HrV 3 site was discovered in 1995 

ahead of oil and gas development in east central Alberta. 
The bodo camp and kill site yielded thousands of lithic 
tools, debitage, faunal remains, and pottery (Gibson et al. 
1998). Additional work revealed neighbouring sites rich 
in artifacts. Now called the bodo Locality, this area is one 
of the largest and most well-preserved sites in Alberta and 
represents Late Prehistoric occupations where people hunted 
bison with pounds and camped, likely in winter, where they 
could access shelter and wood from treed areas. These sites 
were excavated by a University of Alberta field school from 
2002-2008. A public archaeology program was developed 
and continues today. Thousands of visitors - from local to 
international - have visited the bodo site.

3.2 FdOt-31 & 32 – Hardisty bison pound  
This site complex has an HrV of 3. This multicomponent 

bison pound and associated campsite are on the edge of battle 
river near Hardisty. The sites were discovered in 2008/2009 
in advance of oil and gas development. Excavations in 
2008, 2009, 2013, and 2014 yielded thousands of artifacts 

spanning the prehistoric period (Moors et al. 2010a, 2010b). 
These sites represent bison pound and campsite activities 
in east central Alberta, and they also contain pottery. The 
discoveries of the Hardisty and bodo sites have contributed 
much to the archaeological record of east central Alberta.

3.3 FdPe-1 – Buffalo Lake Métis Settlement 
This HrV 1 site is one of a few known examples of 

Métis overwintering sites on the Canadian Plains (doll and 
Kidd 1976). The unique site was excavated in the 1970s 
and yielded hundreds of lithics, faunal remains, ceramics, 
beads, and metal. renewed interest in Métis lifeways 
resulted in more excavation in 2014 as part of a University 
of Alberta field school. In addition to excavation, extensive 
and detailed mapping of the site was completed, resulting in 
an accurate record of feature locations and site layout.

3.4 FfPv-1 to 9 – Brazeau Reservoir
This complex of sites has an HrV of 4. Surveys during 

2014 and 2015 at brazeau reservoir revealed an area rich 
in artifacts that span the Early, Middle and Late Prehistoric 
periods. discoveries include Paleoindian projectile points, 
horse teeth, and thousands of pieces of lithic debitage. The 
brazeau reservoir site area is reminiscent of Wally’s beach 
at St. Mary reservoir and has the potential to tell us a great 
deal about the early occupation of this region of Alberta.

3.5 FiPp-33 – Ahai Mneh 
Ahai Mneh is a prehistoric campsite located on Lake 

Wabamun and is one of only a few undisturbed prehistoric 
sites in the area (Fedirchuk 1979; Soucey et al. 2009). 
Material remains show evidence of occupation for 8000 
years. The site was excavated by consultants in 2008 and 
was further excavated as part of a University of Alberta field 
school in 2010 and 2012. It has an HrV of 3.

3.6 FjPi-63 – Rossdale 
This site has an HrV of 3. due to ongoing development 

in Edmonton’s river valley, many archaeological projects 
have taken place in the rossdale area since 1993. Most 
projects involved monitoring development activities, but 
some required testing or excavation. Recovered finds span 
Early Prehistoric to Historic Periods. Sections of palisade 
walls from a HbC or NWC fort were discovered, as were 
many prehistoric and historic artifacts. This site has been an 
important area for people throughout Alberta’s history.

4. Northern Alberta 
This large region includes major borden blocks Go, GP, 

GQ, Ho, HP, HQ, Io, IP, IQ.
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4.1 HhOv-various – Quarry of the Ancestors 
Several archaeological sites in borden block Hhov in 

the oil sands region of northeastern Alberta make up the 
Quarry of the Ancestors. They have been given Historic 
resource values of 1, 3 and 4. This area was used heavily 
in the past and is the main source of the raw material 
beaver river Sandstone (brS), which is found at many 
sites in northeastern Alberta and into Saskatchewan. The 
area surrounding this quarry is rich with brS workshops 
and campsites (Fedirchuk et al. in press). The discovery of 
these sites in 2003 and subsequent investigations have shed 
considerable light on the importance of this quarry and the 
richness of the archaeological record in the oil sands region.

4.2 HiOv-89 – Little Pond microblade site
Little Pond is an HrV 4 site recorded in 2000 and excavated 

in 2005. The site yielded an abundance of microblades 
and a variety of raw material types, including beaver 
river Sandstone, chert, quartzite, Northern Quartzite, and 
siltstone (Woywitka and younie 2007; younie 2008). This 
site, along with others in the northern part of the province, 
provides evidence that microblade technology (common in 
the yukon and Alaska) extended into northern Alberta.

4.3 IaQf-1 – Fort Vermilion 
This site has an HrV of 3. The exact location of this early 

fur trade fort was unknown for nearly two centuries but was 
confirmed after searches along the Peace River in 1999 and 
2000. Excavations were carried out in 2001, 2002, 2004, 
2009, 2013, 2014, and 2016 (Pyszczyk 2002, 2015, this 
volume). IaQf-2 is another fur trade fort just 130 metres 
away; both the Northwest Company and the Hudson’s bay 
Company built forts at this location. The Fort Vermilion site 
is important for understanding the early fur trade in northern 
Alberta, and it is at great risk of erosion damage due to its 
location on the banks of the Peace river.

5. Conclusion
While Alberta’s archaeological record has expanded a 

great deal in the last 24 years, we have a long way to go. of 
the 3438 borden blocks in the province, 44% (1520) have 
no recorded archaeological sites (Figure 3). The majority 
of these empty blocks are located in northern Alberta, but 
patches and loners are scattered across the province. Some 
blocks have a single site or a handful of sites, but others 
have hundreds of sites recorded within their approximately 
200 square kilometre area. borden block EgPn (overlapping 
the west side of Calgary) currently holds the record, with a 
whopping 769 sites recorded within its boundaries. Hhov, 
in the oil sands region of northeastern Alberta, has the 
second highest number of recorded sites, currently at 550. 
of course, the level of development that has taken place in 

these areas has played a large part in how many sites have 
been recorded. With an annual average of about a dozen 
first-site recordings in a block, it looks like we still have 
at least 125 more years to go before we have full coverage 
across the province. Now, go fill in those Borden blocks!
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The Smuland Creek site and implications for Palaeoindian site prospection 
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ABSTRACT 
Cultural resource management (CRM) survey of a proposed pipeline corridor stretching across uplands to the southeast 
of Grande Prairie resulted in the discovery of the Smuland Creek site (GdQn-1). Preliminary subsurface testing at the 
site yielded the proximal portion of a basally thinned (fluted) projectile point and a graver artifact, both diagnostic of 
earliest prehistoric times in the Peace Region of Alberta and British Columbia. The elevation of the site lies within 
the range of strandline features associated with the uppermost and earliest levels of Glacial Lake Peace (Bessborough 
Phase). Further survey in the immediate area resulted in the identification of an upland beach ridge that yielded 
additional evidence for prehistoric occupation but no diagnostic artifacts. Previous archaeological research in the 
Peace Region has recognized potential associations between Palaeoindian sites and younger phases of Glacial Lake 
Peace development (Clayhurst Phase). The new discoveries present preliminary evidence for early human presence in 
the region that may be associated with older, upland glacial lake features. The merits of this hypothesis are examined 
and the implications for Palaeoindian site prospection in the Peace Region are discussed. 
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Peace Region, fluted, Palaeoindian, Glacial Lake Peace, Alberta, Cultural Resource Management

1.  Introduction and background
The area of focus for this paper is the Peace Region of 

northwestern Alberta and northeastern British Columbia 
i (Figure 1). The area forms part of the Western Canadian 
Interior Plains lying east of the Cordillera Region (i.e., 
Rocky Mountains). The area is commonly referred to as 
an environmental oasis since vast portions of the region 
display aspen parkland isolates that are completely 
surrounded by closed boreal forest ecosystems 
(Strong and Leggat 1981). Associated with the unique 
environmental characteristics of the area are large open 
grasslands commonly noted by early European explorers 
visiting the region. Much of the area is situated within a 
vast glacial lake basin known as the Peace River Lowland. 
The clay and silt-rich glaciolacustrine sediments and flat 
topographic conditions of these lowlands are extensively 
used today for agriculture.

The Peace Region has received considerable attention 
from archaeologists searching for early sites associated 
with the initial peopling of the Americas. one of the 
major reasons for this is that the region is situated 
along south-central portions of the postulated “ice free 
corridor” which has represented one of the most popular 
and enduring theories describing migration routes for 
early humans entering southern portions of the continent.

1This article is reprinted with full permissions following original 
publication in the Russian edited volume as cited below. Aside from the minor 
editorial adjustments and the addition of Figures 9 and 10, the manuscript is 
reproduced without change from the previously published version.

Bereziuk, D. A. 2001. The Smuland Creek site and implications for 
Palaeoindian site prospection in the Peace Region of Northwestern Alberta. In. 
Sovremeniye Problemiy Evraziyskovo Paleolitovedeniya (Modern Problems 
in the Eurasian Palaeolithic), edited by A.P. Derevianko and G.I. Medvedev, 
pp. 382-402. Institute of Archaeology and Ethnography, Novosibirsk, Russia.
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the Northern Plains (Frison 1978) as well as a distinctive 
basally thinned, deeply concave-based triangular projectile 
point type that has been referred to as the late northern 
fluted or “stubby” fluted point (e.g., Fladmark et al. 1988; 
Figure 3).

In addition, LeBlanc and Wright (1990) have reported 
several macroblades identified within collections from 

Research into the existence and viability of the ice free 
corridor as a postulated early migration route has intensified 
over the last decade. It has been suggested that portions of 
the central corridor may have been closed during the last 
glacial maximum around 18,000 yr BP (Mathews 1980; 
Dyke and Prest 1987). however, even if the corridor existed 
in its entirety during the last glacial advance, it has been 
argued that the area was not likely capable of supporting 
human populations until at least 14,000 yr BP (Mandryk 
1990). These arguments, in association with the discovery 
of increasingly earlier sites to the south of the Laurentide 
ice sheet, have resulted in changing views of the role of 
the corridor in the peopling of the Americas which in turn 
has led to the active investigation of alternative routes and 
time periods for the initial entry of human populations into 
the continent (Fladmark 1979; Gruhn 1994). Following 
similar reasoning, an increasingly popular notion is that the 
Peace Region was initially populated by Early Prehistoric 
populations originating from areas to the south of the ice 
sheet (Fladmark et al. 1988; Wilson 1989). If not associated 
with the initial peopling of the continent, the Peace Region 
may instead represent a contact zone during late Wisconsinan 
times between human groups from both northern and 
southern areas, long separated by glacial barriers and harsh 
climatic conditions of the last glacial maximum.

Previous research has firmly established the existence 
of the Fluted Point Tradition within the prehistoric 
archaeological record of the Peace Region of northwestern 
Alberta and northeastern British Columbia (Fladmark 1981; 
Fladmark et al. 1988; Gryba 1988, Wilson 1989; Figure 2). 
These assemblages include projectile points that compare 
closely to the Clovis and Folsom complexes described for 

Figure 1. Location of nine contiguous NTS 1:250,000 Map Sheet areas 
that encompass the Peace Region within Alberta and British Columbia, 
Canada.

Figure 2. Fluted point and macroblade site locations across nine 
contiguous NTS 1:250,000 Map Sheet areas that encompass the Peace 
Region. Note the location of the Smuland Creek site and site GdQm-2.

Figure 3. Early Prehistoric projectile point styles attributed to the Fluted 
Point Tradition in the Peace Region (ca. 11,500 to 10,000 years BP).
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the Peace Region. The macroblades exhibit metric and 
technological similarities to Clovis artifacts from the 
Blackwater Draw site in New Mexico. They also note 
the potential association of these surface finds with early 
landforms associated with Glacial Lake Peace. Following 
this reasoning, and the fact that a macroblade tradition is 
absent from succeeding prehistoric populations in Alberta, 
they reason that this macroblade technology may also be 
associated with Early Prehistoric occupation of the region.

Despite the ample representation of diagnostic fluted 
or basally thinned projectile points within archaeological 
collections of the Peace Region, efforts to construct a 
detailed culture-historical framework have been hampered 
by the lack of datable and well-stratified sites. To date, 
the Charlie Lake Cave site (hbRf-39) near Fort St. John 
in British Columbia (Figure 2) represents the only well-
dated component of the Fluted Point Tradition in the Peace 
Region. The site is dated at approximately 10,500 yr BP 
(Fladmark et al. 1988).

In the Alberta portion of the Peace Region, no 
archaeological sites containing fluted point assemblages 
have been discovered in datable contexts. In fact, all 
fluted points from this area are known either from poorly 
documented private artifact collections or have been surface 
collected from disturbed contexts. In addition, most of these 
projectile points were recovered from agricultural contexts 
within the clay-rich, glacial lake basin situated at elevations 
below 700 metres above sea level (a.s.l.). In Alberta, notable 
exceptions to these lowlands sites are several fluted points 
recovered from the Saddle and Birch Hills (Gryba 1988; 
Wright 1988; Beaudoin et al. 1996) as well as the Smuland 
Creek site located within uplands to the south of Grande 
Prairie (Figure 2).

During the last glacial maximum between 22,000 and 
18,000 yr BP, the entire Peace Region was overridden by 
Laurentide Ice (Liverman 1989). At its maximum extent, the 
ice sheet reached beyond the Fort St. John area. According 
to Liverman (1989), the Laurentide ice sheets in the Peace 
Region are thought to have been fairly thin and flowed 
uphill to the southwest against the regional topographic 
gradient. Estimates for the commencement of deglaciation 
are variable, but it is certain that the Laurentide ice sheet 
was in retreat some time between 18,000 and 14,000 yr BP 
(Dyke and Prest 1987; Catto and Mandryk 1990).

Given the regional topography of the Peace Region, 
the wasting of such large volumes of ice resulted in the 
formation of a series of vast glacial lakes along the margins 
of the retreating ice front. This series of lakes is known 
collectively as Glacial Lake Peace. Mathews (1978, 1980) 
originally identified the existence of a number of stages 

in the downdraining of Glacial Lake Peace through the 
examination of glaciolacustrine deposits and associated 
strandline features within the Peace Region. More recently, 
Liverman (1989, 1991) has investigated the development 
of Glacial Lake Peace in the Grande Prairie area and has 
identified two major phases of early lake development (i.e., 
the Bessborough and Clayhurst Phases). unfortunately, the 
chronology of Glacial Lake Peace development is still poorly 
understood. Chronological estimates for the formation and 
downdrainage of the early stages of Glacial Lake Peace vary 
between 15,000 and 10,000 yr BP (Mathews 1978; LeBlanc 
and Wright 1990).

The earliest Bessborough Phase is characterized by 
strandlines that lie between 840 and 805 metres a.s.l. in the 
Grande Prairie area (Liverman 1991; Figure 4). The outlet 
for this lake is thought to be a large spillway located to the 
southeast of Grande Prairie at Pass Creek. The presence 
of strandline features at intervening elevations in the 
Grande Prairie area suggests that the observed shorelines 
of the Bessborough Phase resulted from the continual 
downcutting of the Pass Creek Spillway immediately 
following deglaciation. Strandlines associated with the 
Bessborough Phase are found only to the south of the 
Saddle hills suggesting that Laurentide ice occupied a 
position directly north of these uplands. Since the complete 
disappearance of Laurentide ice from the Saddle hills is 
estimated to have taken place before 12,000 yr BP (Liverman 
1991), the formation of the Bessborough stage of Glacial 
Lake Peace is likely to have occurred prior to this time. 
Liverman (1989:300) indicates that the poor development 
of strandlines associated with this phase suggests that the 
Bessborough lake level was not stable for any substantial 
period of time. he interprets the sediments preserved in the 
lake as showing a very brief period of existence along the 
order of several hundred years. As previously suggested by 
Wright (1988), this may have contributed to low levels of 
biological productivity within this phase of Glacial Lake 
Peace.

The younger Clayhurst phase is characterized by 
strandlines that lie between 710 and 655 metres a.s.l. 
in the Grande Prairie area (Liverman 1991; Figure 5). 
The absence of strandlines between the lowest beach 
ridges known for the Bessborough Phase and the highest 
known for the Clayhurst Phase suggest that the transition 
between these two lake levels was the result of catastrophic 
downdrainage. This is thought to have resulted from the 
opening of the Iroquois Lake Spillway along the northern 
margin of the Swan hills. Strandlines associated with the 
Clayhurst Phase of Glacial Lake Peace are found on both 
sides of the Saddle hills, indicating that the glacial ice had 
retreated far to the north and northeast by this time. The 
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Figure 4. The Bessborough Phase of Glacial Lake Peace across nine contiguous NTS 
1:250,000 Map Sheet areas that encompass the Peace Region.

Figure 5. The Clayhurst Phase of Glacial Lake Peace across nine contiguous NTS 1:250,000 
Map Sheet areas that encompass the Peace Region.
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Clayhurst Phase is thought to have been longer lived than 
the earlier Bessborough Phase which may have contributed 
to higher levels of biological productivity during this time 
period. The Clayhurst Phase was followed by a number of 
smaller lake stages that occupied the major river valleys of 
the Peace Region.

Glacial Lake Peace would have covered vast portions 
of the Peace River Lowlands immediately following 
deglaciation, effectively limiting the habitable landscapes 
available to pioneering human populations. An examination 
of the late glacial vegetation and climate within southern 
portions of the postulated ice free corridor indicates that 
by at least 14,000 yr BP the morphology of the corridor 
and ameliorating climatic conditions would have changed 
sufficiently to support increasingly viable flora and fauna, 
including the possibility for human presence (Mandryk 
1990). If human populations entered the region during the 
critical 14,000 to 11,000 yr BP interval, their occupations are 
likely to have been associated with either the Bessborough 
or Clayhurst Phases of Glacial Lake Peace. however, since 
the earliest and only dated presence of the Fluted Point 
Tradition in the Peace Region is approximately 10,500 yr 
BP from Charlie Lake Cave, this hypothesis remains far 
from demonstrated.

Given the potential association between early phases of 
proglacial lake development and initial human occupation 
of the area, in conjunction with isolated finds of fluted 
points and macroblades within upland contexts, many 
archaeologists have recognized the potential of upland 
areas for preserving evidence of the earliest prehistoric 
occupation within the Peace Region (LeBlanc and Wright 
1990; Beaudoin and Wright 1993). The question remains 
unanswered whether these upland sites were utilized 
during the period of existence of early phases of Glacial 
Lake Peace or whether they were occupied long after their 
disappearance from the landscape.

2.  Survey methods
The Simonette-Wapiti pipeline extends approximately 

125 kilometres across upland areas to the south-southeast 
of Grande Prairie (Figure 2). The pipeline route is situated 
upon terrain that forms the elevated southern margin of 
the vast glacial lake basin of the Peace River Lowland. 
Theoretically, this area should contain evidence of shoreline 
features associated with the uppermost and earliest 
Bessborough Phase of Glacial Lake Peace.

The field survey of the Simonette-Wapiti pipeline was 
conducted in accordance with a predictive model that 
attempted to isolate landforms that exhibit potential 

for containing evidence of prehistoric occupation. 
The assessment involved the evaluation of previously 
recorded sites, coupled with information from models of 
settlement patterns (derived from ethnographic and historic 
information), as well as local topographic, hydrological and 
biogeoclimatic features of the region.

As is customary in most CRM predictive models, those 
portions of the pipeline that cross extant water courses or 
natural meadows were recognized as high potential areas 
for containing archaeological sites. The problem with the 
method is that it considers only modern physiographic and 
hydrological information in its assessment of archaeological 
potential. As a result, the model exhibits reduced efficiency 
for predicting site settings within drastically different 
landscapes of the distant past. This problem is compounded 
when attempting to locate sites dating to Late Pleistocene 
and Early holocene times since, for most areas, the 
environmental and geographical data needed to model this 
complex phenomenon do not exist. This is particularly true 
of the immediate postglacial time period when landscapes 
were drastically changing as a result of ameliorating climatic 
conditions and associated glacial retreat.

For this reason, the field survey of the Simonette/Wapiti 
Pipeline focused not only upon river and creek crossings 
but also upon elevational ranges of known glacial lake 
strandlines in the Grande Prairie area. The focus of survey 
in these upland areas was the purposeful search for glacial 
lake strandlines and associated archaeological materials.

3.  Results and discussion
The survey strategy resulted in the discovery of four 

new archaeological sites situated along the pipeline route 
between the Smoky and Latornell Rivers. Two of these 
sites, the Smuland Creek site (GdQn-1) and site GdQm-2 
are of interest to discussions of Early Prehistoric occupation 
of the Peace Region (Figure 6). The Smuland Creek site 
(GdQn-1) and site GdQm-2 are located at elevations of 
805 and 830 metres a.s.l., respectively. The elevation of 
these sites lie within the range of elevations of the highest 
Glacial Lake Peace strandlines recorded to the north and 
west of Grande Prairie along the southern margins of the 
Saddle and Birch hills and also along the southern margin 
of Saskatoon Mountain (Liverman 1991). The sites are 
located upon terrain that is transitional between rolling 
uplands to the south and the Peace River Lowlands to the 
north. The location of the sites within this transitional zone 
is further demonstrated by the southern limit of mapped 
glaciolacustrine sedimentary deposits that trends directly 
through the area (Andriashek 2001).
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Figure 6. Location of the Smuland Creek site and site GdQm-2 along the Simonette-
Wapiti pipeline.

Figure 7. Sketch map of the Smuland Creek site. Note the location of 
positive and negative shovel tests and the proposed pipeline corridor.
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The Smuland Creek site is situated directly southwest of 
the Forestry Trunk Road, approximately 1 kilometre south 
of the Latornell River and 2 kilometres north of Misery 
Mountain (Figure 6). The Forestry Trunk Road proceeds 
down the northern face of Misery Mountain along a distinct 
ridge feature that terminates just north of the site. This 
ridge feature would have provided a natural transportation 
corridor between the Peace River Lowlands and this 
southern upland area and may have represented a peninsular 
feature within early phases of Glacial Lake Peace. The site 
is situated along remaining portions of a southwest-facing 
terrace feature that overlooks a small, unnamed tributary of 
Smuland Creek (Figure 7).

The Smuland Creek site is a subsurface prehistoric lithic 
scatter. A total of 41 shovel tests were excavated at the site, 
and nine produced prehistoric archaeological materials 
(Figure 7). In keeping with the objectives of the CRM 
investigation, subsurface testing was kept to a minimum. 
Shovel tests were excavated upon a 5 metre grid in order to 
define the site dimensions while minimally disturbing the 
archaeological deposits. All artifacts were recovered from 
upper sections of the sedimentary profile within the top 15 
centimetres of mineral sediment. For this reason, the site 
lacks well-stratified cultural deposits.

The density of archaeological materials appears to be 
low, as indicated by the checkerboard pattern of positive 
shovel tests across the site, and by the small number of 
artifacts discovered within the positive shovel tests. The 
site encompasses an area of approximately 60 metres by 
25 metres. It is likely that the construction of several roads 
directly north of the Smuland Creek site disturbed portions 
of the original site area. however, most of the existing site 
area remains undisturbed with the exception of a narrow 
treeless corridor running north-south across portions of the 
flat northwestern terrace. The exact nature of this disturbance 
is unknown but it does not appear to have greatly affected 
existing sediments in this area.

The artifact assemblage is small and consists of one 
large quartzite projectile point fragment, one black chert 
unifacially-flaked graver tool made on a flake and ten lithic 
debitage flakes.

The large lanceolate projectile point base was constructed 
from a honey-coloured quartzite lithic raw material and 
displays intensive basal thinning (fluting), a concave basal 
margin, excurvate lateral margins and heavy lateral and basal 
edge grinding. These stylistic features are characteristic of 
projectile points belonging to the Fluted Point Tradition of 
the Early Prehistoric period. This culture-historical tradition 
represents the best evidence currently known for the earliest 
human occupation of Western Canada (Gryba 1988). The 

basal projectile point fragment also exhibits a semi-circular 
tortional break along one lateral margin that may be the 
result of an impact fracture.

The Peace Region projectile points that have been 
assigned to the Fluted Point Tradition display a tremendous 
range of variability (Figure 8). The variability inherent in 
the Peace Region fluted point assemblages is immediately 
recognizable in stylistic characteristics such as the form and 
intensity of basal thinning (fluting),  degree of concavity of 
the basal margin and the amount of resharpening. haynes 
(1982) observes similar stylistic variability in Clovis 
projectile points discovered in western regions of the 
united States, most notably the great variation observed 
among eight Clovis points found in association with a single 
mammoth skeleton at Naco, Arizona.

The late northern fluted or stubby fluted point type, 
represented by specimens from Charlie Lake Cave in British 
Columbia and the Matlock Site in Alberta (Figure 8), is 
characterized by numerous basal thinning flakes, deeply 
concave basal margins and extensive resharpening. The 
Smuland Creek site projectile point lies within the range 
of morphological variability demonstrated in Fluted Point 
assemblages of the Peace Region. however, the specimen 
is most unlike the stubby fluted point type. Instead, the 
projectile point displays morphological similarities with 
basally-thinned examples from other regions of Alberta 
(most notably the Christensen Phase projectile points from 
the Banff region [Fedje 1996]) that would fit comfortably 
within series of Clovis points from the northern plains 
(Frison 1978).

The unifacially flaked graver tool was discovered 
within a shovel test located approximately 30 metres to 
the west of the projectile point. These simple graver tools 
are commonly found in association with Early Prehistoric 
sites within the united States and Canada. Similar graver 
tools were discovered within Palaeoindian levels at Sibbald 
Creek in Alberta. In addition, Fladmark (1981) noted the 
association of gravers and fluted points within the surface 
collected assemblage of the Bedier site situated in the Fort 
St. John region of British Columbia. As with the Smuland 
Creek site, the Bedier site assemblage is potentially mixed 
and may not represent a single occupation.

Given the previous association of these tool types within 
various other early archaeological assemblages, it seems 
reasonable to suggest that both the fluted projectile point 
and graver tool are associated with Early Prehistoric 
occupations of the site. These artifacts were recovered from 
opposite ends of the distribution of artifacts at Smuland 
Creek. This suggests that the Early Prehistoric component 
extends across the entire site area.
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Of additional significance is a debitage flake made from 
a white, vesicular fused material. Preliminary observation 
suggests that this raw material represents Tertiary hills 
Clinker deposits reported by Cinq-Mars (1973) from the 
Keele River region of the Northwest Territories and later 
identified in northern Albertan archaeological sites by Ives 
and hardy (1983). It is possible that other “white chert” 
artifacts reported from archaeological sites in the vicinity of 
the proposed pipeline (e.g., GeQo-1 located 11 kilometres 
northwest of the Smuland Creek site along Patterson Creek) 
represent the Tertiary hills Clinker lithic raw material.
As with all artifacts recovered from Smuland Creek, the 
compressed cultural stratigraphy leads to difficulties in 
conclusively demonstrating association of this exotic raw 
material with the Early Prehistoric component of the site.

A 1 by 1 metre evaluative unit was excavated along the 
east-west base line over top of the shovel test that produced 
the projectile point. Unfortunately, no further archaeological 
materials were recovered. Despite the negative results, 
information was obtained about the stratigraphic context 

of the site deposits (Figure 9). The basal unit consists of 
a poorly sorted, gravelly diamicton that was encountered 
between 70 and 110 centimetres below the surface. The 
disconformity between the diamicton deposit and overlying 

Figure 8. The Smuland Creek Site projectile point in comparison with fluted points from the Peace Region of Alberta and British Columbia.

Figure 9. Stratigraphic profile of the Smuland Creek site. Note the 
location of samples obtained for particle size analysis.
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post-glacial sediment is sharp. Above this disconformity 
was observed a thick, relatively well-sorted and massive 
sedimentary unit that extends from the basal diamicton to 
the top of the sedimentary profile. A gray Luvosolic soil has 
developed within upper portions of this sedimentary unit.

To facilitate particle size analysis, a sediment column 
sample was obtained from the eastern profile wall. A total 
of six samples were examined. Analysis of the sediment 
revealed a relatively homogenous silty loam to silty clay 
loam texture across the sedimentary unit (Figure 10). A high 
percentage of silt-sized particles and an absence of particles 
larger than fine to very fine sand was noted throughout the 
sedimentary unit. Slight textural changes include a slight 
rise in clay content and the elimination of sand-sized 
particles proceeding down the sedimentary profile.

The analysis suggests that the majority of sediments 
situated above diamicton at the Smuland Creek site represent 
glaciolacustrine deposits. This is expected considering the 
location of the site along the southern margin of the glacial 
lake basin and its elevation below the highest recorded 
strandlines of Glacial Lake Peace. As observed elsewhere 
in upland setting of the Grande Prairie area (Liverman 
1991), the ice proximal glaciolacustrine sediments probably 
represent a short period of deposition immediately following 
deglaciation. Since the site is situated in an upland setting 
away from a major river valley, the sediment supply from 
sources other than the ice front would be minimal.

An increase in sand-sized particles within the top 15 
centimetres of mineral sediment may indicate post-glacial 
reworking of the upper portions of this sedimentary unit by 
early wave action and later by aeolian or fluvial processes 
during the post-glacial time period.

Archaeological deposits at the site are compressed 
within the top 15 centimetres at the top of this glacio-

lacustrine sedimentary column. For this reason, and the 
associated difficulties of obtaining radiocarbon dates from 
such sedimentary contexts, it is not presently possible to 
demonstrate a firm association between this early occupation 
and early Bessborough Phase shorelines of Glacial Lake 
Peace.

The potential for association of archaeological sites 
with early glacial lake shorelines in the area is further 
demonstrated by the discovery of GdQm-2. The site is 
situated at an elevation of 830 metres a.s.l., approximately 
25 metres in elevation above Smuland Creek site. The site  
sits on a linear terrace feature situated along upper portions 
of a north-northwest facing upland ridge approximately 
one kilometre to the east-southeast of the Latornell River 
valley. The terrace feature is relatively flat and extends over 
200 metres to the east of the site along the northern margin 
of the pipeline right-of-way. The terrain slopes steeply 
downward from the site area providing uninterrupted views 
to the north along the Latornell River watershed.

The general morphology of this upland terrace, together 
with the presence of well-sorted, massive medium to 
coarse-grained sand and lag gravel deposits within shovel 
tests and the disturbed right-of-way, suggest that this feature 
may represent a remnant strand line of Glacial Lake Peace. 
This hypothesis is supported by the elevation of the ridge 
at 830 metres a.s.l. which closely matches elevations of 
the highest Glacial Lake Peace strand lines recorded to the 
north of Grande Prairie (Liverman 1991). In addition, no 
geomorphological evidence was noted that would support 
alternative processes responsible for the formation of this 
linear terrace feature. The terrace is continuous over a 
significant distance, therefore was not formed as a result 
of colluvial slumping events along the northern margin of 
the ridge. In addition, no evidence for modern or ancient 
drainage systems was observed in the immediate site area. 
Furthermore, the ridge does not represent the margin of a 
smaller, closed drainage basin that may have resulted in the 
formation of the terrace by more isolated lacustrine wave 
action at some later time during the postglacial time period. 
The evidence strongly suggests that the extensive terrace 
feature represents an early strand line of Glacial Lake Peace.

Site GdQm-2 is represented by a small, partially disturbed 
surface and subsurface scatter of lithic materials. Artifacts 
were recovered as surface finds and within positive shovel 
tests, trending in an east to west direction along the existing 
terrace edge. Twenty-five shovel tests were excavated at 
the site, of which only three proved positive for prehistoric 
artifacts. All cultural materials were confined to the top 
20 centimetres of mineral sediment. Thus, the cultural 
stratigraphy at this site is also compressed.

Figure 10. Results of particle size analysis conducted on six sediment 
samples from the eastern profile of evaluative unit 1.
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The lithic assemblage is small and includes one pink 
quartzite biface fragment, three small quartzite cobble cores, 
and 24 quartzite debitage flakes and shatter. Another core 
of poor quality metamorphic raw material was discovered 
within intact deposits in association with the quartzite biface 
fragment and numerous quartzite flakes. No diagnostic 
artifacts were recovered from GdQm-2.

The CRM objectives of this investigation prevented an 
intensive examination of the archaeological and geological 
deposits at GdQm-2. Shovel tests were excavated upon a 
5 metre grid in order to define the site dimensions while 
minimally disturbing the archaeological deposits. Further 
intensive subsurface testing and geomorphological 
examination is required to obtain chronological and 
stratigraphic evidence that would conclusively demonstrate 
the association of this landform with Bessborough Phase 
shorelines of Glacial Lake Peace. of equal importance and 
difficulty would be the chronological association of the 
archaeological site with this ancient shoreline. It is clear 
that such a strandline feature could have been used at any 
time during the post-glacial time period.

4.  Conclusions
Despite a long history of archaeological investigation 

in the Peace Region of Alberta and British Columbia, the 
inventory of Early Prehistoric sites and, more specifically, 
those belonging to the Fluted Point Tradition, remains very 
small. This observation is compounded when considering 
the even smaller number of sites discovered within 
undisturbed archaeological contexts. The paucity of early 
assemblages may be related to the small number and size 
of human groups that populated the region during the Late 
Pleistocene time period. It has also been suggested that 
current methods of archaeological site prospection and 
predictive modeling in the Peace Region tend to consider 
only modern physiographic and hydrological information. 
The reduced efficiency of these survey methods and models 
for predicting site settings within drastically different 
landscapes of the Late Pleistocene may also contribute to 
the low discovery rate of archaeological sites belonging to 
the Fluted Point Tradition.

The CRM survey of the Simonette/Wapiti pipeline 
focused not only upon river and creek crossings but also 
on elevational ranges of known glacial lake strandlines in 
the Grande Prairie area. The purposeful search for glacial 
lake strandlines and associated archaeological materials 
proved successful in the discovery of the Smuland Creek 
site (GdQn-1). Preliminary testing at the site resulted in 
the recovery of a small artifact assemblage representative 
of the Fluted Point Tradition. The site represents the first 

undisturbed component of the Fluted Point Tradition 
discovered within Alberta portions of the Peace Region. 
The compressed cultural stratigraphy at the site leads to 
difficulties in obtaining chronometric dates for the Early 
Prehistoric occupation and in demonstrating discrete 
prehistoric occupations. however, the Smuland Creek site 
has not received intensive excavation. It is possible that 
datable hearth features exist within archaeological deposits 
at the site.

The projectile point recovered from the Smuland Creek 
site falls within the range of variability of the fluted point 
examples known from the Peace Region. however, the point 
base bears the least resemblance to the deeply concave-
based and extensively resharpened late northern fluted or 
stubby fluted points represented at sites such as Charlie Lake 
Cave. Instead, the projectile point shares morphological 
similarities with basally-thinned examples from other 
regions of Alberta (most notably, the Christensen Phase 
projectile points from the Banff region [Fedje 1996]) that 
compare more closely to classic Clovis fluted points from 
the northern plains (Frison 1978). The inadequate sample 
sizes and undated nature of fluted point assemblages from 
the Peace Region debilitate culture-historical interpretations 
of the observed typological variability.

The geographic location of the Smuland Creek site 
demonstrates the use by Early Prehistoric human groups 
of upland areas situated to the south of the Peace River 
Lowlands. The elevation of the Smuland Creek Site lies 
within the range of elevations of the highest glacial lake 
strandlines recorded in the Grande Prairie area. What 
remains to be demonstrated is the exact timing of these 
upland occupations and their potential association with 
early shorelines of Glacial Lake Peace.

The evidence is lacking to conclusively demonstrate the 
association of the Smuland Creek site and site GdQm-2 
with early Bessborough Phase shorelines of Glacial Lake 
Peace. The possibility for such an association is weakly 
supported by the natural and cultural stratigraphy at the 
Smuland Creek site, which displays an Early Prehistoric 
archaeological component situated within the uppermost 
portions of a glaciolacustrine sedimentary unit. In addition, 
the GdQm-2 site has been identified along a potential 
strandline feature of the Bessborough Phase of Glacial Lake 
Peace. on the other hand, it is certain that the landforms 
upon which these sites are located would have provided 
attractive locations for Early Prehistoric occupation long 
after the downdrainage of Glacial Lake Peace. The majority 
of fluted point occurrences in the region were recovered 
from areas situated in the bottom of the glacial lake basin 
at elevations below 700 metres a.s.l. This demonstrates the 
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presence of the Fluted Point Tradition in the Peace Region 
following the major downdrainage events of Glacial Lake 
Peace. Furthermore, it is not presently known whether the 
short-lived and catastrophic nature of the Bessborough 
Phase of Glacial Lake Peace and the unstable environmental 
conditions associated with the immediate post-glacial 
time period were amenable to early human occupation of 
the region. Future detailed excavation at these and other 
sites may provide the archaeological, geological and 
chronometric information required to sufficiently address 
these questions.

Clearly, not enough is known about the timing of glacial 
lake formation and the initial peopling of the Peace Region 
to rule out their possible association. This is particularly the 
case for the critical time period between 14,000 and 11,000 
yrs BP when access to the Peace Region was available to 
populations from both the north and south. It is possible that 
early populations entered the region at a time when early 
stages of Glacial Lake Peace were still in existence. For this 
reason, it would be advisable to direct future archaeological 
surveys in the region to focus also upon upland areas with 
elevations closely associated with the early margins of 
Glacial Lake Peace. This practice would facilitate mapping 
of the successive strandline features of Glacial Lake Peace 
and may lead to the discovery of additional, potentially 
stratified, Early Prehistoric sites.
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AbSTrACT 
In late summer of 2015, human remains were exposed by a badger digging into gopher holes in a cultivated field 
near Viking, Alberta. After the Office of the Chief Medical Examiner (OCME) determined that the human remains 
were historic in nature, the management of the human remains and burial site was handed over to the Historic 
Resources Management Branch (HRMB) of Alberta Culture and Tourism. HRMB staff worked collaboratively with 
representatives from the Confederacy of Treaty 6 First Nations, Treaty 7 Management Corporation, the landowner, 
the OCME, and the RCMP to determine the most appropriate approach for dealing with this burial. Because there 
was potential for further disturbance from badger activity, it was decided that the remainder of the burial should 
be removed and reburied in a new protected location. The archaeological excavation of the burial occurred in mid-
October and the reburial ceremony took place a week later. based on a brief analysis of the bones and associated 
artifacts, it was determined that the individual was likely a 13 to 14 year old Aboriginal female who died as early as 
the 1830s. Metal buttons, brass rings, a thimble, and over 4000 beads of various styles and sizes were buried with her. 

KEyWOrdS
burial, human remains, Aboriginal, excavation

1. Introduction
In late summer of 2015, the remains of an Aboriginal 

individual of historic age were exposed by a badger 
digging into gopher holes in the middle of a cultivated 
field near Viking, Alberta. Because of the historic nature 
of the remains, the management of the burial became the 
responsibility of the Historic Resources Management 
Branch (HRMB) of Alberta Culture and Tourism. This 
paper reviews the innovative process in which HRMB 
staff worked collaboratively with representatives from 
the Confederacy of Treaty 6 First Nations, Treaty 7 
Management Corporation, the landowner, the Office of 
the Chief Medical Examiner (OCME), and the RCMP 
to determine the most appropriate methods for dealing 
with this historic Aboriginal burial. The results of the 
excavation of the burial along with the preliminary 

interpretations arising from a brief analysis of the 
skeletal remains and associated cultural material are also 
presented. 

2. Preliminary findings and Aboriginal 
involvement

In late August 2015, landowner Brian Rozmahel 
encountered a human skull, arm bones, ribs, and a glass 
bead in sediment dug up by a badger in the middle of 
one of his cultivated fields. He immediately contacted 
the Viking detachment of the RCMP. After determining 
that the remains did not represent a crime scene, the 
RCMP referred the case to the OCME. In consultation 
with University of Alberta forensic anthropologist 
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Early in the process, HRMB staff contacted The 
Confederacy of Treaty 6 First Nations and the Treaty 7 
Management Corporation to apprise them of the burial 
discovery, to ensure their involvement, and to include the 
participation of elders who could provide the necessary 
cultural guidance. At the request of the elders, a pipe 
ceremony honouring the individual whose burial had been 
disturbed was held at the site of the original burial prior to 
any formal excavations. Present at this ceremony were the 
landowners, elders, Confederacy of Treaty 6 First Nations 
staff, and HRMB staff. The following week, the elders 
visited the OCME to hold a smudging ceremony, since the 
human remains that had already been exposed by the badger 
were being stored there until reburial could occur.

3. Excavation of the burial
As winter was fast approaching, the primary goal was 

to remove and reinter the body before the cold and snow 
arrived, and before the badger had further opportunity 
to disturb the burial. As soon as logistics and schedules 
allowed, the archaeological excavation of the burial 
occurred over a 5-day period in mid-October. A small 
specialized team consisting of two archaeologists from 
the Archaeological Survey, a forensic anthropologist, a 
forensic anthropology student, and staff from the Aboriginal 
Heritage section excavated and recorded the historic burial 
under archaeological research permit 15-172. 

because the land had been under cultivation for 
nearly 100 years and there were no obvious topographic 
landmarks or significant relief in the area, there were no 
observable indications of a burial being present in the area. 
Consequently, the exact location and orientation of the 
burial was not known. Prior to any archaeological work, we 
set up a grid of 10 by 10 metres across the area that had been 
extensively disturbed by badger and gopher burrowing. 
This grid was used to facilitate systematic sweepings with a 
metal detector. Previously recovered metal buttons and rings 
that were collected by the RCMP and later by HRMB staff 
during the preliminary site visit, served as benchmarks for 
metal detector hits. The metal detecting work confirmed that 
the burial material was originating from the most northerly 
located badger hole. Consequently, a 2 by 3 metre block 
of 1 by 1 metre excavation units was set up, encompassing 
this primary badger hole and the highest number of metal 
detector hits (Figure 2).

We followed standard excavation methods, with the 
upper 15-20 centimetres of sediment (known to include 
the plough zone) removed by shovel shaving. All sediment 
was screened through 6 millimetre screen mesh, and in 
cases where seed beads were being encountered within 

Pamela Mayne Correia, the OCME concluded that the 
human remains were historic in nature and were likely 
of an Aboriginal person. The management of the human 
remains and burial site was subsequently handed over to 
the HRMB and, because a portion of the burial had already 
been disturbed and further disturbance from badger activity 
was likely, it was decided that the remainder of the burial 
should be removed and reburied in a location that would not 
be disturbed by agricultural activity or future development. 
The landowners, Brian and Dolores Rozmahel, generously 
offered such a location on their land for the reburial.

 Staff members from HRMB were instrumental in 
coordinating the removal and reburial of these historic 
human remains. Aaron Wilson, Aboriginal Consultation 
Advisor with the Aboriginal Heritage section of HRMB, 
took the lead on coordinating the project, working with 
representatives from the Confederacy of Treaty 6 First 
Nations, Treaty 7 Management Corporation, the landowner, 
the OCME, the RCMP, and forensic anthropologist Pamela 
Mayne Correia. Staff archaeologists from the Archaeological 
Survey section of the HRMB, Caroline Hudecek-Cuffe 
and Wendy Unfreed, were responsible for organizing the 
archaeological recovery and recording of the remains prior 
to their reburial at the new location.

In early September, HRMB staff and forensic 
anthropologist Pamela Mayne Correia made a preliminary 
visit to the site, which was assigned borden number FgOw-
2, to assess the site and collect any additional human and 
cultural material that had been exposed by the ongoing 
badger activity (Figure 1). This visit confirmed earlier 
interpretations. The associated cultural material, which 
included seed beads, metal buttons, and brass finger rings, 
were fur trade era artifacts from the early 19th century, 
and the skeletal remains most likely represented a young 
Aboriginal individual. Up to that point, the collected skeletal 
material was primarily from the upper portion of the body; 
therefore, it was assumed that the majority of the skeleton 
was still buried and remained intact.

Figure 1. Preliminary visit to FgOw-2 to assess the site and screen the 
badger spoil.
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the compacted badger spoil material on top of the ground 
surface, screening was done with finer 3 millimetre mesh 
screens (Figure 3). Once the upper disturbed deposits were 
removed, excavations proceeded more carefully, using a 
combination of shovel shaving and trowelling, in attempts 
to reveal the location of the remaining portions of the burial.

After a day and a half of preliminary excavation, following 
a maze of badger and gopher holes, we discovered the 
location of the intact burial remains. We decided to follow 
one particular badger hole that extended downward and, 
in the process, exposed several articulated vertebrae. Just 
minutes following this discovery, Aboriginal Heritage staff 
and Treaty 6 elders arrived on site to view the progress 
of the excavations and to see the reburial location. The 
elders blessed and smudged the excavation crew and the 
individual whose burial had just been located. Following 
these ceremonies, the elders were shown the proposed new 
burial site on the Rozmahel property. They agreed that this 
locale, in an area next to a treed wetland and not far from 
where the original remains were identified, would be a 
suitable location.

After a day of meticulous excavation with trowels and 
brushes, we exposed the remainder of the intact portion of the 
skeleton. We carefully recorded it and all cultural material 
associated with the body. Sediment surrounding the skeletal 
material was screened using the finer mesh screens. Almost 
the entire skeleton was recovered (including the elements 
that had been kicked out by the badger), with the exception 
of a few smaller elements. The fourth day of the project 
was allocated to the careful removal of the remains and the 
screening of all sediment immediately beneath the burial to 
ensure the recovery of all associated cultural material.

The excavation and removal of the burial revealed the 
following sediment profile: compacted badger spoil ranging 
from 1 to 4 centimetres in thickness on the ground surface 
in the vicinity of the main badger hole, underlain by a 
disturbed plough zone of dark grayish brown silty clay, to 
approximately 15-20 centimetres below surface (bs). The 
plough zone was underlain by a hard, light yellowish brown 
clay to about 50-55 centimetres bs, interspersed with lenses 
of calcium carbonate deposits in lower portions of the 
profile. Beneath this thick clay layer, sediments transitioned 
to a light gray and looser silty clay, with the inclusion of 
higher amounts of small pebbles/rocks (Figure 4). The 
burial was situated at approximately 35-45 centimetres bs, 
within the compact yellowish brown clay layer. 

4. Analysis of the skeletal remains and associated 
material culture

Following the excavation and removal of the remaining 
undisturbed portion of the skeleton, all material was 
transported to the OCME, where a more detailed analysis 
was undertaken by forensic anthropologist Pamela Mayne 
Correia. She determined that the remains represented a 
single individual, 13 to 14 years old, most likely female 
and likely of Aboriginal ancestry. The skeleton was nearly 

Figure 2. Excavation block at FgOw-2, initial excavations in progress.

Figure 3. Screening of sediments during FgOw-2 excavations.

Figure 4. Sediment Profile, South wall Unit 10N 51E, site FgOw-2.
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complete but was missing cervical vertebrae I, II, and VII, 
thoracic vertebra I, the right ischium, the upper left central 
incisor, lower right premolars and incisors, numerous manal 
and pedal phalanges and their epiphyses, ten carpals, and 
parts of several ribs. badger and other small rodent activity 
likely contributed to the loss of these elements (Mayne 
Correia 2016). Both identifications of female and Aboriginal 
are tentative, given the age of the individual and the fact 
that characteristic morphologies for determining sex and 
ancestry are not clearly developed in pubescent individuals. 
The determination of age, however, is more definitive. 
dental eruption is consistent with an individual over the 
age of 12, and epiphyseal closure indicates an individual 
between the ages of 13 and 14 years. based upon the length 
of the femur, the height of this individual is estimated at 
161.3 centimetres (5 feet 3 inches) (Mayne Correia 2016). 

Analysis of the skeletal remains also revealed evidence 
of cavitation in some of the vertebral elements and bilateral 
erosion on the humeral heads, suggesting that she may have 
been suffering from brucellosis (Mayne Correia 2016). 
Brucellosis, also known as “Malta fever”, “Mediterranean 
fever”, or “undulant fever,” is an infectious disease caused 
by bacteria spread from animals to humans, primarily by 
direct contact with an infected animal or by ingestion of 
food products (e.g., unpasteurized milk or soft cheeses) from 
an infected animal (Corbel 2006). In humans, brucellosis 
presents as a chronic infection of the lungs and other 
organs; typically, the individual will experience repetitive 
fevers, sweating, and joint and muscle pain. It is difficult to 
determine if the pathological condition of brucellosis led to 
death in this case, but it is quite clear that this individual’s 
quality of life would have been impacted by the recurrent 
debilitating symptoms associated with this condition.

We could complete only a cursory analysis of the grave 
goods because these were placed with the skeletal remains 
in the pine box for reburial within a short time following the 
exhumation. The cultural items are consistent with items of 
personal adornment from the early 1800s frequently used 
by Aboriginal people participating in the fur trade. Just 
over 4500 glass monochrome spherical seed beads were 
identified. The vast majority of these beads were white, with 
only 57 turquoise specimens. The only turquoise seed beads 
identified in situ were concentrated in the area of the left 
wrist in association with white seed beads, suggesting their 
inclusion in a bracelet of some kind. White seed beads were 
identified in situ around the pelvic area, often embedded in 
a fibrous light brown fabric-like material, and were present 
along the length of the left forearm and around the lower part 
of the humerus in several intact rows, possibly representing 
some sort of arm band.

As per Kidd and Kidd’s (1970) classification system, 
approximately 70% of  small beads found in association with 
the Viking burial are seed beads (less than 2.5 millimetres in 
diameter), while the remaining 30% are pony beads (2.0 to 
4.0 millimetres) (Figure 5). during the fur trade, glass beads, 
in particular seed and pony beads, were important trade items 
used by First Nations. This importance is supported by their 
recovery from such key sites as Fort George/buckingham 
House (Kidd 1971), dunvegan (drouin and Green 2009), 
Rocky Mountain House, and the associated Seafort Burials 
(Skinner 1971, 1972; Steer and lutick 1980). 

In addition to the high number of tiny seed beads 
identified, larger glass fur trade beads were also recovered. 
These included six large barrel-shaped turquoise beads (two 
of which were found in situ around the neck area), ten white 
medium-sized spherical beads (four of which were found 
in situ around the neck area), a single blue medium-sized 
spherical bead, and two small amber-coloured translucent 
hexagonal-shaped faceted beads (Figures 6 and 7). The 
discovery of many of these unique beads in the neck 
area strongly suggests that they were part of an elaborate 
necklace or adorned some sort of bodice or cape.

Figure 5. Sample of seed and pony fur trade beads from the Viking 
burial, FgOw-2.

Figure 6. Larger glass fur trade beads identified in association with the 
Viking burial, FgOw-2.
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Along with the variety of glass fur trade beads, we 
identified 31 metal buttons (Figure 8). All except one, which 
was slightly larger, were identical in shape and style: flat and 
round, no markings, with a single shank or metal loop for 
attachment, and likely manufactured from a brass or copper 
alloy. The majority still had remnants of a thick black felt-
like fabric attached to their backs around the shank. 

While some of these buttons were recovered from the 
badger spoil, the ones identified in situ with the intact portion 
of the skeleton tended to be concentrated in the torso area. 
Five buttons closely aligned in a row were uncovered along 
the edge of the left arm, near the distal end of the humerus, 
suggestive of buttons on a cuff or coat. Metal buttons of 
a very similar style were excavated from the North West 
Company post of Fort George occupied from 1792 to 1800 
(Kidd 1971). Similar buttons were also associated with Fort 
dunvegan burials assigned to an earlier period of the fort 
between 1805 and the 1830s (drouin and Green 2009:50). 

Given the identification of a high number of brass buttons 
associated with the Viking burial, they may have been part 

of a military-style coat. during gift-giving ceremonies in 
the fur trade era, European traders often presented chiefs 
and Aboriginal leaders with numerous items in recognition 
of their social status and role as leaders. These gifts 
established trust and the intimacy necessary for trade to 
occur and often included, at a minimum, a coat (e.g., Figure 
9), but could also include a hat, feather, gorget, shirt, and 
leggings (Willmott and brownlee 2010). 

It is also possible that the buttons found at FgOw-2 may 
have been adornment on some other type of clothing. For 
example, Wissler (1910:128) noted for the blackfoot, 
that belts worn by women were often covered with many 
brass buttons, which was the only form of belt decoration 
in former years and “… as the buttons were costly, such a 
belt was a luxury indeed.” Whatever piece of clothing the 
buttons were decorating, the number identified (n=31) is 
unusually high as compared to other historic burials (e.g., 
dunvegan and Seafort), suggesting some level of status for 
the Viking individual.

Additional cultural material we found at the Viking burial 
included eight plain brass finger rings, a unique coiled brass 
ring, and a thimble. The plain finger rings consisted of 
single brass bands with flat inner surfaces and convex outer 
surfaces. Five of the finger rings were recovered from the 

Figure 7. Small faceted glass fur trade beads identified in association 
with the Viking burial, FgOw-2.

Figure 8. Sample of brass buttons identified in association with the 
Viking burial, FgOw-2.

Figure 9. david Seenum, Cree, wearing chief’s coat, ca. 1890s 
(courtesy of the Glenbow Archives NA-4212-28).
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badger spoil, while three were found still positioned on a 
proximal phalanx. Similar plain brass rings were recovered 
from Fort George (Kidd 1971:165) and found in burials at 
the Seafort site (Steer and lutick 1980). 

The coiled brass ring consisted of almost four complete 
coils of round wire with tapered ends (Figure 10). This 
ring was similar to historic-era gun worms, corkscrew-like 
devices used to clean the barrel of guns. Gun worms were 
often traded at fur trade posts along with guns and gun flints 
(Innis 2001:320). Coiled rings comparable to the Viking 
specimen were associated with a burial found eroding out of 
a gully that flows into the Rosebud River valley, southwest 
of Drumheller (Pyszczyk et al. 1990). That burial was of 
a 12-year-old individual of Aboriginal ancestry and the 
associated coiled rings were part of an elaborate necklace 
that included a large shell gorget, two brass buttons, and 
double-faceted dark navy blue and black glass trade beads 
(Pyszczyk et al. 1990:50). Given that the majority of 
cultural material recovered in association with the Viking 
burial consisted of items of adornment (beads and rings), 
it is possible that the coiled piece represented a gun worm 
wire that had been modified into some form of adornment, 
such as a finger ring or part of a necklace.

The brass thimble from the Viking burial was found 
in situ near the left first rib, close to the proximal end of 
the left humerus and left clavicle. Several white medium-
sized spherical beads, along with two large barrel-shaped 
turquoise glass beads, were close to the thimble. The 
thimble was relatively small, with a slightly expanding rim 
around the finger aperture and a pattern of closely spaced 
dots impressed on the outside, above the rim (Figure 11). 

Numerous similar brass thimbles were recovered from 
Fort George (Kidd 1971:171), although the majority of those 
specimens had perforated tops and were likely attached to 
garments or used as some form of adornment. Archival 
photographs and ethnographic collections provide several 
examples illustrating the use of thimbles by blackfoot 

and Cree peoples for trimming or adorning garments 
(Figure 12). The top of the Viking thimble did not appear 
to be perforated, although there was significant corrosion 
across the top portion of the thimble, possibly concealing a 
perforation. Given that the thimble was found near the neck 
area in association with the larger turquoise and white glass 
beads, it is possible that it was part of a necklace or adorned 
a cape or bodice. 

Figure 10. Coiled brass ring identified in association with the Viking 
burial, FgOw-2.

Figure 11. Brass thimble and glass fur trade bead identified in association 
with the Viking burial, FgOw-2.

Figure 12. blackfoot dress, H89.220.149 (ca. 1910), with thimbles strung 
on the fringe (image courtesy of the Royal Alberta Museum; garment 
from non-burial context).
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5. The reburial ceremony and reconciliation
Following the systematic excavation and brief analyses of 

the recovered skeletal and cultural materials, all the human 
remains and associated personal effects were reinterred at 
the selected spot on the Rozmahel property. The reburial 
ceremony for this interment was held the week following 
the excavations (Figure 13). With cultural direction from 
the Treaty 6 elders, the remains were placed in a simple pine 
casket with all associated beads, rings, and buttons put in 
the same position where the items were found on or near the 
individual during the excavations. Present at the ceremony 
were Aboriginal elders and ceremonialists, as well as 
regional Chief of the Assembly of First Nations Craig 
Mackinaw, the Assistant Medical Examiner, landowners 
and family and friends, members of the RCMP, HRMB staff, 
and the crew involved in the excavation and analysis of the 
remains. before the casket was lowered into the ground, a 
pipe ceremony was held to bless the site and to honour the 
young girl.

For many people, the reburial ceremony represented the 
culmination of a true act of reconciliation: Aboriginal and 
non-Aboriginal communities cooperating and supporting 
each other to ensure that this young Aboriginal girl was 
placed to rest with as much respect and compassion as 
shown by those who buried her almost 200 years ago. 
We can only speculate as to who this individual was and 
why she was buried in this location, so far from common 
cultural use localities such as major watercourses, trails, 
landmarks, known archaeological sites, fur trade posts, or 
high topographic points. It is evident that she was travelling 
with a group of people when she died, and her companions 
buried her in a very careful and respectful manner. Given 
the temporal indicators of the cultural material associated 
with the grave, the burial likely occurred during the early 

1800s at a time when the fur trade was becoming more 
firmly established within Alberta, and within the time 
frame identified by most Alberta archaeologists as the 
Protohistoric period. 

As typically defined (Byrne 1973; Vickers 1986; Pyszczyk 
1997; Peck 2011), the Protohistoric period begins with the 
acquisition of the horse by Northern Plains Aboriginal 
groups around A.D. 1730-40. It is characterized by the 
addition of European trade goods to late Precontact Old 
Women’s phase material culture. The period terminates 
with the arrival of the North West Mounted Police in A.D. 
1874. It is generally agreed that during the later portion 
of the late Precontact and the early Protohistoric periods, 
the blackfoot occupied the Parkland region of central 
Alberta and western Saskatchewan (brink 1986). Historic 
documents of early explorers and fur traders tend to support 
this belief, suggesting that at around A.d. 1700, the area 
to the south of the North Saskatchewan river and north of 
the battle river, which includes the area encompassing site 
FgOw-2, was located within the territory occupied by the 
Blackfoot (Ray 1974; Brink 1986; Magne et al. 1987). It 
should be noted, however, that the Viking area was located 
close to the territories of other Aboriginal groups: beaver 
groups occupied boreal forests to the north and Cree groups 
occupied a broad expanse of territory to the north and east 
extending all the way to what is now the province of Ontario. 
Given the disruption caused by the introduction of the horse 
and guns, the spread of disease, and the westward movements 
of Aboriginal groups acting as Middlemen or serving as 
provisioners for fur trade posts, territorial boundaries were 
not fixed and inflexible. The new economic opportunities 
presented by the fur trade, the introduction of the horse, 
increased conflict, competition and warfare, and epidemics 
of diseases such as smallpox, all acted to significantly and 
continually modify cultural boundaries across the prairies 
and parkland areas of Alberta and Saskatchewan. The 
resulting inability to definitively assign cultural affiliation 
to this individual whose burial was found near Viking was 
recognized by the many Aboriginal elders, ceremonialists, 
and representatives from the Confederacy of Treaty 6 First 
Nations and Treaty 7 Management Corporation involved 
in the entire excavation and reburial process, and made 
apparent by their repeated and respectful reference to this 
individual as “our ancestor” and “our grandmother.” 

because the original grave of this young Aboriginal 
woman had been disturbed, those who were involved in 
the excavation and reburial made every effort to make 
sure that proper cultural protocol and ceremonies were 
followed. While she died so young and in her final years 
suffered from the unpleasant effects of brucellosis, it is the 
hope of everyone involved that her spirit is at peace and she 

Figure 13. reburial Ceremony (photograph courtesy of Gary Chen, 
HRMB).
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somehow knows that, nearly 200 years after her death, she 
brought together Aboriginal and non-Aboriginal people, 
local and non-local people, researchers and ceremonialists, 
and has become a symbol of true reconciliation, respect, 
and collaboration.

6. Postscript: A spring feast
The traditional feast that is customarily held in association 

with an Aboriginal burial could not be held at the time 
of the reburial ceremony due to the timing and weather 
conditions; therefore, the formal feast to celebrate this 
young girl’s life was postponed until the spring of 2016. 
Almost eight months after the excavation and reburial, a 
traditional feast and pipe ceremony was held at the reburial 
site in commemoration of the young Aboriginal girl whose 
grave had been disturbed. The pipe ceremony was led by 
Cecil Crier from Samson Cree Nation. In attendance were 
elders and representatives from the Confederacy of Treaty 
6 First Nations, the Treaty 7 Management Corporation, the 
Métis Nation of Alberta (MNA), and from numerous other 
First Nations communities, including Paul First Nation, 
Saddle lake First Nation, Ermineskin Cree Nation, louis 
bull Tribe, Samson Cree Nation, the blood tribe, and 
Stoney Bighorn, clearly reflecting the significance of this 
event. Also present were Regional Chief Craig Mackinaw, 
Chief Kurt buffalo of Samson Cree Nation, Chair of the 
Confederacy’s Elders Council John Ermineskin, President 
of MNA Region 2 Karen Collins, MLA Dr. Richard 
Starke, Viking Mayor David Zayonce, and Tanya Kappo 
(representing the office of the Honourable Richard Feehan, 
Minister of Indigenous Relations). Other participants in 
the feast included the landowners and their family and 
friends, residents from the town of Viking, HRMB staff 
and the forensic anthropologists who were involved in the 
excavation and reburial, and representatives from the RCMP. 
As a gesture of appreciation and gratitude, the Confederacy 
of Treaty 6 First Nations offered a gift to the Rozmahels 
for the kindness and respect they offered to this young girl 
by allowing her to be reburied in a safe location on their 
property (Figure 14). A Pendleton blanket, a painting by a 
young Aboriginal artist, and a letter of appreciation from 
Grand Chief Tony Alexis on behalf of all Treaty 6 First 
Nations were presented to the family (Figure 15). 

The feast was a fitting celebration of an exceptional and 
unique event, one that undoubtedly can provide a model 
for future collaboration with regard to the discovery of 
Aboriginal burials, as well as offer a basis for respectful 
understanding and consultation with regard to overall issues 
concerning the management of historic resources.
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AbsTRACT 
Archaeological investigations at the Northwest Company/Hudson’s bay Company Fort Vermilion I (ca.1798-1830) 
started in 1999. This paper summarizes some of our major findings and results of the 2004-2014 excavations. Those 
results indicate that the site is stratified in places, as it was flooded at least once, during its 30-year history. A fine 
screening experiment in 2014 not only recovered more artifacts but also showed bias towards the selection of certain 
artifacts, especially in certain glass trade bead colors. We found that the very large depressions on the site were barely 
discernible with the use of LiDAR imagery, but we did locate another large historic depression near the site with 
this method. Also, the constant rebuilding at the site created difficulties in obtaining accurate building construction 
information although excavation of at least two hearths was informative. We have now found three palisaded sides 
of the fort and at least two north palisades. Our investigations also reveal that the site stands dangerously close to the 
edge of the Peace River and has already been affected by the river erosion. This paper concludes with a discussion 
about what future work should be done both inside and outside the fort, and perhaps further afield.  

KeyWORDs
Northwest Company (NWC), Hudson’s bay Company (HbC), Fort Vermilion, Peace River, log building 
construction, stratigraphy, fur trade, First Nations, Métis, French Canadians, english, scottish, Iroquois

1.  Introduction
The purpose of this article is to describe and summarize 

recent archaeological investigations at the Northwest 
Company/Hudson’s bay Company Fort Vermilion I 
(ca.1798-1830). Since I have already written extensively 
about our work at this fort up to 2002 (Pyszczyk 2015),  
I focus on the results from 2004 onwards (which include 
the 2004, 2009, 2013 and 2014 field seasons). I conclude 
by briefly describing plans for future research at this 
northern Alberta fur trade post.          

2.  A short history of Fort Vermilion and region
To better orient the readers and provide a solid historic 

context for this article, I will first include a short history 

of this post, its inhabitants, and its role in the larger 
fur trade operations of northern Alberta. More detailed 
information on all these topics can be found in Pyszczyk 
(2002, 2015).  

2.1 The fur trade comes west 
In 1778, the American trader Peter Pond journeyed 

up the Clearwater River and entered the Athabasca 
River. He established a small fur trade post below Lake 
Athabasca. Pond opened up what was to become one 
of the richest fur trade regions in North America. His 
total return in furs during that first winter was so large 
that he was forced to cache parts of it until his return 
the next year (Smythe 1968). Soon after Pond’s inland 

back on the horse: Recent developments in 
archaeological and palaeontological research in Alberta
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by the early 1800s, the HbC also had established posts 
along Lake Athabasca and by 1802, had ventured up the 
Peace River as far as the present community of Fort 
Vermilion. However, through often ruthless trade tactics 
the NWC dominated the fur trade along the Peace River, 
and the HbC was often forced to withdraw their trade from 
the region. For the next 20 or more years, the two fur trade 
companies battled for supremacy. Judging by profit returns 
from the region, the NWC prevailed. Finally, the two fur 
trade companies amalgamated in 1821 to form the HbC, 
which controlled most of the central and northern Alberta 
fur trade for the rest of the 19th century.

2.2 The first Fort Vermilion (IaQf-1) 
The first Fort Vermilion, also known as LaFleur’s Post, 

named after its French Canadian builder Jean baptiste 
LaFleur, was one of the many posts the NWC built along the 
Peace River as it advanced west. LaFleur was born in 1754 
in Lachine, Quebec.  In 1786, the NWC hired LaFleur for 
service along the Peace River. He may have also been one 
of Pond’s canoe men when he journeyed into the Athabasca 
region in 1778. He was chosen by Charles boyer to winter 
at NWC boyer’s Post (1788-1792) located near the present 
community of Fort Vermilion.  

In 1798, Jean baptiste built the LaFleur’s Post, located 
approximately 63 kilometres (39 miles) upstream from 
present day community of Fort Vermilion. This post 
was also sometimes called upper Fort Vermilion. There 
is never any mention of why it was called “vermilion” 
although some local people claim that there are vermilion 
pigment sources in the region which we have yet to find. 
It was a strategic post for the NWC (and later the HbC) 
in the central Peace Region until the HbC moved the fort 
to today’s Fort Vermilion, between 1828 and 1830. Jean 
baptiste LaFleur lived at this post until 1806. He continued 
working as interpreter for the NWC until 1821 when the 
two companies merged. LaFleur retired to Canada in 1826 
(HbCA b.239/g/2, 55). Many of his descendants still live in 
the region today.

The post, whether occupied by the NWC or the HbC, 
was never a very grandiose affair – a fact supported by the 
few documents and the archaeological record. It was small 
and contained a few structures used to carry out the trade, 
house the men and their families, and store furs, meat and 
vegetables from the extensive gardens that surrounded 
it. The gardens were vital for survival of the inhabitants, 
as noted by sir george simpson, who visited the post in 
1821: “The N.W. Co. (who evince great ability in all their 
plans and arrangements and avail in every advantage the 
Country affords) derive great benefit from this source, at 

excursions, eastern Canadian entrepreneurs realized that 
not only did the Athabasca River and Peace River drainages 
hold a wealth of furs, but by establishing more direct trade 
relations with First Nations people in these regions they 
gained a distinct logistical advantage over the Hudson’s 
bay Company (HbC) who were reluctant to move their 
operations inland from Hudson bay. 

by 1788, the fur trade along the Athabasca River and 
Peace River began in earnest. The newly formed Northwest 
Company (NWC), composed of a consortium of eastern 
Canadians, established a series of fur trade posts along 
Lake Athabasca and eventually in the Fort Vermilion - High 
Level region along the Peace River (Figure 1). The new 
company’s chief investors, or partners, participated directly 
in the trade, leading their men inland to construct and live 
at their western posts. In so doing, the new company was 
copying the method of going to the trade, rather than having 
Aboriginal people come to them, from the French who 
had cut off the HbC’s trade along the saskatchewan River 
drainage system 40 years earlier. by the 1790s, the NWC 
reached the Rocky Mountains with their line of fur trade 
posts on the Peace River. The HbC had no choice but to 
follow and compete directly with the eastern Canadians in 
the interior of western Canada. 

Figure 1. Location of Fort Vermilion and other fur trade posts along the 
lower Peace River in Alberta.
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Dunvegan, Vermilion & Fort de Pinnette they have extensive 
gardens, which are of the most essential importance to 
them” (simpson 1938:379). And later in 1828 Archibald 
McDonald of the NWC wrote: “They seem to have good 
gardens here, in potatoes and barley” (McDonald 1872:14). 

The fort is located on the lower river terrace very near the 
edge of the Peace River (Figure 2). There is not one historic 
statement about the size or configuration of the post, but our 
investigations show that it was roughly 30 metres (east-west) 
by 40+ metres (north-south). It was palisaded but, based 
on our discovery of very shallow footer trenches in which 
the wooden pickets were placed (Figure 3), the palisades 
may have only been about 2 metres high at most and served 
more as solid fences than major defensive works. There is 
one reference by Colin Campbell, chief clerk at the fort for 
the HbC, to the men constructing new palisades in 1827: 
“the men have been employed at our gardens erecting new 
Pickets around the Fort” (HbCA b.224/a/3). by the end of 
our investigations in 2014, we had found at least two north 
fort walls and there could be more. Apparently new walls 
were not always placed in the same spot as former walls.

There are very few historic descriptions of the post  and 
its location prior to 1821.  In 1804 David Thompson often 
stayed at the post during his extensive travels on the Peace 
River. In 1804, he noted that the post was approximately 27 
kilometres (17 miles) down river from the mouth of the Keg 
River on the “right bank” (PAC, Mg19, A8, Vol VI:224). 
In 1821, after the HbC and NWC amalgamated, the HbC 
occupied the old NWC fort. The fort remained the principal 
trading establishment in the central Peace River region. Due 
to unrest by the beaver Indians further upriver in the Fort 
st. John’s area in 1823, the HbC had closed all their posts 
along the Peace River by 1826, except Fort Vermilion (and 
then by 1828 began to open them again as tensions between 
parties eased). 

3.  Discovery and recovery techniques
We archaeologists spend a good deal of time testing 

new technologies and methods to find sites, deal with site 
stratigraphy, or improve the recovery of artifacts, faunal 
and botanical remains from the archaeological record. We 
grappled with a few of these issues at Fort Vermilion over 
the years, often with mixed results.

3.1 LiDAR imagery
In 2012 we obtained aerial LiDAR imagery from both 

the Fort Vermilion I site and the NWC Aspin House (1792-
1798) located further down river from our site (Figure 4). 
We wanted to see whether this method, which can measure 

distance to a target by illuminating the target with a laser 
light, could detect the surface remains of our site. The 
technology is used to make high-resolution contour maps, 
stripping away the ground vegetation and leaving only bare 
ground contours, but we wondered if it had a high enough 
resolution to find the many surface features, composed of 
depressions and mounds, present at Fort Vermilion.  The 
results of these investigations are mixed. Figure 4 shows 
both the vegetated Fort Vermilion site (upper panel) and the 
LiDAR image of the site (lower panel). The larger circle 
marks the location of the site, while the other two circles 

Figure 2. Aerial view of the location of Fort Vermilion I (IaQf-1) near the 
edge of the Peace River.

Figure 3. Cross section of the narrow and shallow north palisade footer 
trench, Fort Vermilion.
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mark other anomalies. One very large depression does 
show up in the LiDAR image but, if one did not know in 
advance where the site was located, these features might 
be overlooked and interpreted as being part of the natural 
landscape. We did find another very large depression 
southwest of the Fort Vermilion site (Figure 4), which I will 
discuss later in this work.

3.2. Experimenting with artifact recovery techniques
In 2014, Alwynne beaudoin and her team from the Royal 

Alberta Museum (RAM) took bulk soil samples from 
various site features (hearths, cellar and pit fill) in hopes of 
recovering botanical remains. The results of that analysis 
are not yet completed, thus not reported here. We also ran 
a fine-screening experiment (running matrix through a 
2-millimetre mesh) using soil matrix recovered from one of 
the cellars that contained a high frequency of artifacts and, 
presumably, also many small artifacts and faunal remains. 
We wanted to see just how biased our returns were from 
just excavating and screening our matrix through a standard 
6-millimetre screen. The cellar 1-metre unit was divided 
into four quadrats. One quadrat for each 5-centimetre level 
was chosen for fine screening, while matrix from the other 
three quadrats simply went through the normal excavation 
process and through a 6-millimetre mesh screen. We did this 
for 10 5-centimetre levels. I focus here on only the glass 
bead results. 

The results of bead recovery frequencies (Table 1) 
indicate that the fine-screened sample from the combined 
10 excavated levels recovered roughly two-thirds of all the 
glass beads, most of which were seed beads much smaller 
than 6 millimetres (often 3 to 4 millimetres in diameter), 
even though it represented only one-quarter of the unit. 
secondly, we found that there was bias in the recovery of 
the white-colored seed beads, which were less frequent in 
the fine screen sample than in the standard screen sample 
(Figure 5). In other words, because they were more visible 
they were found more often when excavating. These results 
stand in stark contrast to a similar study undertaken by 
bundy et al. (2003) who found that seed bead color ratios 
in the fine and standard screen samples were similar. It is 
uncertain at this time why our results differ from theirs, 
since there are numerous potential variables that may have 
been different at each site (such as excavation methods, 
personnel, soil color and composition) that could affect the 
results. 

Figure 4. Aerial view of forest over Fort Vermilion (top) and LiDAR 
imagery of the site surface without vegetation (bottom).

Method Frequency Percent

Normal 46 64.6

Fine screen 84 35.4

3.3 Grappling with site stratigraphy
 “grappling” is a good word to describe our work on 

the site’s stratigraphy and the sometimes contradictory 
results we obtained. The site sits on the first river terrace or 
floodplain, and periodic flooding over the many centuries 

Table 1. Results of glass seed bead recovery 
from fine screening and standard screening 
methods, Fort Vermilion..
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has laid down layers of silts of variable thicknesses. These 
activities lead to the accumulation of palesols or at least 
buried dark organic soil Ah horizons observable when we 
dig down into the terrace. Figure 6 shows the natural silt 
and Ah layers in a unit that we excavated outside the fort in 
2009. In 1822, Colin Campbell stated that: “The water has 
rose to such a height that the only spot above water is our 
dwelling House and we are obliged to go about in Canoes – 
all our gardens are entirely under water” (HbCA b.224/a/2). 
Based on his description, this was a major flooding event 
which would have laid down a sufficient layer of river 
silt on the terrace and fort site to potential covering any 
earlier occupation. And, this flood occurred at a time in the 
history of the fort when a new company occupied the fort, 
potentially separating the NWC occupation from the HbC 
occupation. so we wondered: is that separation discernable 
in the archaeological record and can we use it to investigate 
the site in discrete cultural layers?

Trying to find the answer to that question has plagued us 
for many years and continues to do so to this day. We have 
recorded the stratigraphy carefully and tried to separate these 
flooding events from one another. After 2002, we began 
excavating in 5-centimetre layers instead of 10-centimetre 
levels as we had done previously. We excavated areas 
outside the fort to get a better idea of flooding events in an 
unoccupied area. In some areas of the site, we find clear 
evidence of stratigraphy with artifacts appearing above and 
below flood and silts (Figure 7). In unit 78, there is a well 
formed anthrosol (culturally made soil horizon) at about 25 
to 30 centimetres and then another one appearing between 
45 to 50 centimetres below ground surface (bs), with a layer 
of silt in between. The wood in the foreground is a building 
sill that rests on silt 50 centimetre bs. 

but, in other areas there is only a thick layer of cultural 
“goo” where many years of walking and trampling have 
created a thick homogenous anthrosol seemingly obliterating 
all flooding evidence (Figure 8). And what is perhaps equally 
frustrating is that the areas that have good clear stratigraphy 
have a very low artifact yield, likely because they were 
not used much, while areas of high activity around and in 
buildings have high artifact yields but poor stratigraphic 
resolution. Finally, to compound the problem, even where 
there is clear vertical separation of layers, trying to dig those 
layers naturally would be a monumental undertaking and 
not for the inexperienced. Unfortunately, I cannot expand 
further on this topic here and readers are referred to my 
other reports which go into considerably more detail on the 
site’s stratigraphy (Pyszczyk 2002, 2015:94-95). 

Another potential way of dealing with site stratigraphy 
and superposition is to determine depths and positions of 
historic horizons on which some of the building features 
were constructed.  For example, two major north palisade 
footer trenches most likely represent individual building 

Figure 5. Glass trade bead frequencies and color ratios from fine 
screening and standard screening recoveries, IaQf-1.

Figure 6. North wall of unit 42, IaQf-1 showing the natural stratigraphy 
outside the fort showing the numerous well defined flooding layers.

Figure 7. east wall of unit 78 showing distinct cultural layers (anthrosols) 
separated by river silts, IaQf-1.



51

Pyszczyk / Archaeological Survey of Alberta Occasional Paper 36 (2016) 46-66

to lose 
y o u r 
C h e v y 
t r u c k 
in), the 
layout of 

Figure 8. Profile of wall near living quarters showing the gray mass of an anthrosol where artifacts, silts and organic matter 
have been trampled and compacted into a thick layer, obliterating any clear stratigraphy. 

Figure 9. The depth and historic horizons of two north palisade footer trenches, IaQf-1.

episodes at different periods of the fort’s existence – one 
replacing the other at a certain point in time. One of those 
palisades connects to the west palisade and the other one 
has yet to connect to anything. When we look at the depth 
of where the palisade footer trench starts for both north 
palisades (Figure 9), it is evident that the second northern-
most trench (pictured at right) is slightly closer to the present 
ground surface than the one further south. This difference in 

depth suggests that the southern-most trench is the older of 
the two, with the top starting at least 10 centimetres deeper 
beneath the present ground surface than the northern-most 
trench. With careful examination of where other features 
(such as base stones for hearths, building sills and other 
structural features) occur, we can perhaps refine stratigraphy 
somewhat or at least state if one building or structural 
feature is older or younger than the other one.  
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Figure 10. Our small drone with a goPro mounted camera.

Figure 11. High aerial view of IaQf-1 beside the Peace River taken with 
the drone and goPro camera.

Figure 12. Aerial view of our field camp across the river captured by the 
drone.

3.4 The drone
In 2014 we used a drone equipped with a small ‘goPro’ 

camera to take aerial shots of the site (Figure 10). getting 
good vertical imagery of archaeological sites and features 
has been a long standing problem in archaeology. Most 
of the time, this small flyer worked quite well and we got 
some spectacular shots of the site, site features, and of our 
camp (Figures 11 and 12), but, all new technology has its 
drawbacks, and this one is no exception. Because the drone 
relies on a gPs system for control, it became unruly at 
times because we were located in a deep river valley and 
occasionally lost satellite reception. When this happened, 
the drone would fly uncontrollably through the woods but,  
thankfully, not into the nearby Peace River.  Well, back to 
the drawing board.   

4.  Inside the fort

4.1 IaQf-1 site excavation plan and grid layout
The site grid is slightly off present day magnetic north 

(~350°) (Figure 13). units have been laid out and numbered 
in chronological order over the years. In total we have 
excavated approximately 86 square metres, both inside 
and outside known fort walls. given that the fort interior 
alone might be over 1200 square metres, our sample thus 
far is slightly less than 7 percent of the total area. Most 
excavations occurred after 2002 (Figure 13). For example, 
in 2014, with a large crew and one month in the field, we 
excavated approximately 41 square metres, which is about 
48 percent of the total area excavated to date. The positioning 
of our excavation units has been primarily judgemental, 
focusing on those areas of the site that would give us vital 
information about its structure size, building construction, 
and proximity to the terrace edge, with particular emphasis 
on those areas of the site in imminent danger from erosion. 
As Figure 13 indicates the east palisade is dangerously 
close to the terrace edge, which has receded over the last 15 
years, and the south end may already be lost. by 2114, the 
terrace may be close to the center of the site. There are plans 
to combine both a random and judgemental excavation plan 
to ensure that the eventual sample is not biased (Pyszczyk 
2015:405).

4.2 Buildings and layout
Extensive searches at the HBC archives have produced no 

maps of the layout of the post or any detailed descriptions 
or lists of functions of the buildings that once stood in it. 
What we know about the size and layout of buildings comes 
primarily from our archaeological investigations over the 
last 18 years. based on the surface evidence, which includes 
mounds and depressions (some of the latter are large enough 
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buildings and structures is not very uniform and does 
not resemble the common u-shaped fort with buildings 
surrounding a central courtyard and usually facing the river 
(Figure 13). Instead, there is a row of buildings running in an 
east-west direction near the north end of the fort and another 
row of buildings near the west end of the fort, running a 
north-south (also slightly angled off our grid). Most of these 
buildings contained cellars and fireplaces, suggesting they 
were the living quarters for the company men and their 
families. The fort’s configuration currently then is an “L”-
shape with the courtyard facing the river. As far as we know, 
it was palisaded on at least three sides. (We still have not 
found the south palisade.) It is possible that another row 
of buildings runs east-west at the south end of the “L,” but 
without cellars or hearths and chimneys, thereby, leaving no 
visible surface imprint (as storage buildings or tool sheds 
would not have cellars) (Figure 13). Our investigations in 
this area have been very preliminary, and we cannot rule out 
this possibility.  

4.3 Building size and construction details
One of the primary aims of any archaeological investigation 

of fur trade posts is to obtain as much information as possible  
about the fort buildings and layout. How big were they, and 

how were they partitioned? How were they built, and what 
function(s) did they perform? Who and how many people 
lived in them? Thus far, we have not been able to acquire 
this baseline data about many of the buildings for a number 
of reasons. First, the historic horizon is buried under 30 to 
40 centimetres of river silt; therefore, large amounts of earth 
must be moved before cultural remains are exposed. And, 
large areas have to be opened to really understand building 
construction and layout. Initially that was not our objective. 
Instead, we wanted to explore a large area of the site in 
order to understand the overall site layout. second, the post 
was occupied for 30 years, first by the NWC and then by the 
HbC. Palisades and buildings were probably torn down and 
rebuilt by both companies, causing considerable complexity 
in interpreting the structural remains.

evidence of this process is provided when, in 1822 
Colin Campbell, then in charge of the fort, remarked that 
the men were covering the new store roof with pine bark 
(HbCA b.224/e/1). He further states on May 11, 1822 
that: “Four men who are gone up to Isle aux [Saurow] to 
raft down a House from there, for the purpose of repairing 
our store…” (HbCA b.224/e/1). On May 14th, he goes 
on: “The men arrived with the timber from above and all 

Figure 13. surface map of mounds and depressions, grid and unit layout, and possible building locations and palisades at 
IaQf-1.
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hands employed in taking down the old store and clearing 
away to erect it a new” (HbCA b.224/e/1). His last remark 
strongly suggests that the new building was built in the 
same area as the old one. It is very evident that the HbC 
carried out considerable repairs and rebuilding when they 
took over the old fort. In the early years of investigations 
we examined the east-west line of shallow depressions 
which we thought represented a row of buildings. In 2013 
and 2014, we extensively excavated in this area (Figure 14). 
We  have found a confusion of building remains, cellars and 
possible privy depressions which certainly represent more 
than one building construction episode. Excavations in the 
cellar depressions suggest that they were filled and reused 
many times, and there is evidence of one pit being dug into 
another pit that was filled with garbage and debris. These 
pits contained a very interesting array of artifacts and faunal 
remains, such as a complete iron adze, and beaver bones 
(Figures 15 and 16). Evidence also indicates fireplaces had 
been removed from the old buildings (Figure 17). Suffice it 
to say that trying to determine building size and construction 
details in this particular area is proving to be a very difficult 
endeavor.   

In those places where we could make sense of the 
construction evidence, we found that buildings were of 
log construction, but we have not yet determined if the 
companies were using the post-in-ground construction 
method of the period or some other vertical log construction 
technique. The French Canadian method of piece-on-piece 
construction was most common at these early posts built 

Figure 14. General view of excavations at the north row of buildings, 
IaQf-1.

Figure 15. Large iron adze found in the cellar/pit 
of the north dwellings at IaQf-1.

Figure 16. beaver bones, whose meat and fat 
provided good nutrition, discarded at the bottom 
of a cellar/pit feature, IaQf-1.

Figure 17. Remnants (fire-cracked rocks and ash) of an old hearth in the 
north line of dwellings.
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each side separated by a row of stones (Figure 21) providing 
heat for two separate rooms in the building. This double 
hearth contained a copper kettle lid in one of the fire boxes, 
that was either lost or forgotten when the site was abandoned 
(Figure 22). The partially excavated hearth may have fit into 
one of the corners of a dwelling (Figure 23). 

along both the Peace and North saskatchewan Rivers. At 
the Boyer River post that we excavated 1988, the building 
sill was separated by a vertical post placed in a pit in the 
ground (Figure 18). At the HbC’s Nottingham House, a 
combination of post-in-ground and possibly post-on-sill log 
construction was used to erect building walls. When either 
method were used, vertical posts were placed at building 
corners (either in a pit or on a foundation log) and along the 
walls and then horizontal timbers were infilled to construct 
the walls. The method seems to have switched from post 
in ground to post-on-sill sometime after 1830 in Alberta 
(Pyszczyk 1992). We did find building sills and possible 
joists in some areas that we excavated, however. In one 
instance we chased a sill for nearly 5 metres and still did 
not find evidence of vertical post-in-ground construction 
(Figure 19). It will take considerably more effort to retrieve 
more details of wall construction and building partitioning 
for many parts of this site.    

Thus far, we have uncovered two complete hearths (one in 
2004, one in 2014) and partially excavated a third hearth in 
2014 (Figures 20-22). Hearths are visible as mounds on the 
ground surface which are formed when both the chimney, 
made of logs and mud, and the base stones eventually 
collapse. The base of the hearth is made of three to four 
courses of large stones which are mortared together with a 
clay/silt mixture to form a U-shape (for a single hearth), or 
an H-shape (for a double hearth). The hearth contains a clay 
firebox and generally is placed along one of the building 
walls (Figure 20). Hearths can be double, with a firebox at 

Figure 18. building sill and vertical post remains, boyer River post, 
downstream from Fort Vermilion (from Pyszczyk 1993).

Figure 19. Two views of building sill or foundation log, north row 
buildings, IaQf-1. A tree root runs right along the sill remains.
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Figure 20. Double hearth exposed in southern end of the fort, IaQf-1.

Figure 21. single u-shaped hearth in the south end of the fort, IaQf-1.

Figure 22. Possible corner hearth at IaQf-1 showing fallen rocks, possible 
building sill and thick ash layer in the unit wall.

Figure 23. Complete copper kettle lid found in the firebox of the double 
fireplace, IaQf-1.

Trying to determine building cellar size and construction 
method also turned out to be a process of futility in the north 
set of building remains because of the constant rebuilding 
and infilling. We did not find any cellar cribbing but that may 
have been destroyed by the rebuilding and tearing down of 
these features. Or, as was the case at other fur trade posts of 
the period, such as Nottingham House, cellars were simply 
crude holes in the ground underneath the floor boards (if 
there were any) containing neither flooring nor cribbing but 
were sufficient to keep meat and vegetables cool. In 2014, 
we examined a depression just in front of a fireplace inside 
a dwelling, in the southern area of the fort. We hoped that 
this area of the site was not as rebuilt and disturbed as the 
north area and that more construction details of cellars 
would be preserved. This turned out not to be the case. We 
sectioned the depression and found no structural remains 
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and determined it also had been filled with debris similar 
to other depressions we had investigated (Figure 24). That 
depression turned out to be quite shallow for a cellar. There 
are still two unexcavated enormous depressions that may not 
have been filled in prior to abandonment. These probably 
offer the best chance of finding preserved structural data if 
it exists. The large south depression certainly was beneath 
a dwelling since the double fireplace sits close to its edge 
on the west side, and we have found the east sill of this 
building on the other side. It appears to have been a building 
of substantial proportions and quite possibly housed the 
chief clerk or trader and his family.   

4.4. The people and their way of life
The NWC did not keep records, or perhaps lost them, 

so little is known about the names or the lives of the fort 
personnel prior to 1821. Some HBC documents do exist that 
give information about the fort inhabitants for at least a few 
years of its operation. I have compiled a set of names and 
information about the health and the lives of these people 
elsewhere (Pyszczyk 2015:59-83). I repeat some of that 
information here as context in which to interpret both the 
structural remains and some of the artifacts found at the 
site. Table 2 contains the list of some of the men who lived 
and worked at the fort after 1821. This list also shows some 
general information about fort personnel and the type of 
work each man did to help operate the fort and carry out the 
trade in northern Alberta. Most of these men performed the 
labour at the post over the winter and moved the furs east 
in the spring and brought back the trade goods west in the 
fall in the canoe brigades. They often also fulfilled multiple 
roles as carpenters, hunters, and other trade skills at the post 
since it was of insufficient size to have individual tradesmen.  
There were interpreters, such as Jean b. LaFleur, and later 

Louis Landrie and Francois Hoole for the HbC. These men 
were vital for the trade to be carried out. The clerks and 
chief trader made up the officer group at the fort (Table 2). 
even after 1821, the HbC kept on many French Canadians 
who came out with the NWC to work at the Peace River 
posts. All these men were paid according to their skill level 
and occupation - labourers receiving the lowest wages, 
clerks and traders the highest wages.

The population of the fort was never very large, ranging 
from a maximum of 36 individuals in the winter to as low as 
10 people in the summer months when most of the men went 
east with the canoe brigades (Pyszczyk 2015:62).  Many of 
the men had families who lived with them at the forts (Table 
3). The women were either of First Nations descent (in the 
early period) or of Métis descent (during later times), and 
they contributed considerably to the operation of the fort 
and the conduct of the trade. There were also substantial 
numbers of children (Table 4). At any given time there 
was a considerable ethnic mixture, consisting of English, 
scottish, French Canadian, First Nations and Métis people, 
living and working together at the fort. The power positions 
were almost always filled by the English and Scottish clerks 
and traders and rarely did French Canadians or Metis move 
into those higher ranks (Pyszczyk 1987).    

4.5  Material culture
The material culture recovered from Fort Vermilion 

represents goods and tools necessary to construct and repair 
the fort, goods to carry out the trade, and the personal 
belongings of the fort residents, which often reflect the 
diversity of ethic backgrounds, gender, and economic 
standing of the fort. We found an array of iron nails, pintles, 
and metal strapping for the doors of buildings (Figure 25). 
Typically, hand-forged nails would have been made from 
nail rod by the fort smithy. However, we know that the post 
had no blacksmith because Colin Campbell begged the 
Company to send him a blacksmith but it never did. We 
have not found any evidence that a blacksmith shop existed 
at the fort, so the origin of these nails is somewhat baffling. 
It is possible that they were made at the larger forts that had 
a blacksmith, such as Fort Chipewyan, and then shipped to 
Fort Vermilion. It is clear from comparing the amount of 
metal building materials at these northern posts to the more 
southern-based posts, that the northern posts generally used 
less metal materials to build their posts, likely because of 
the weight of the material and length of the supply lines 
(Pyszczyk 2015). 

Trade goods were an integral part of the material culture 
at these posts necessary to acquire both furs and provisions 
from First Nations and freemen who lived in the region. 

Figure 24. section of a pit/depression that might have been a cellar in 
front of the U-shaped fireplace.
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NAME Place of Birth Date 
of 
Birth

Date 
of 
Death

Age District Position Ethnic

Campbell, Colin New Johnstown, ON c.1787 1853 66 Athabasca/Peace Clerk-Chief Trader Canadian/u. Canada

beauchemin, Joseph ? ? ? ? Athabasca ? French Canadian

beauchemin, Michelle ? ? ? ? Athabasca ? French Canadian

bouchard, Olivier La Prairie 1794 ? Athabasca/Columbia steersman French Canadian

belhumeur, Louis berthier, QC 1799 ? ? Athabasca Middleman French Canadian

Cataphaar, Antoine Riviere du Chien 1795 1840 45 Athabasca Middleman ?

Charbonneau, Jean baptiste boucherville 1795 1882 87 Athabasca/Others bowsman French Canadian

Constantin, Joseph ? ? ? ? Athabasca ? French Canadian

Dupuis, Leon Constant QC 1798 ? ? Athabasca Canoeman French Canadian

errand, Jean baptiste ? ? ? ? Athabasca ? ?

Faries, Hugh Montreal 1779 1852 73 Athabasca Chief Trader Canadian

Finalayson, Duncan Dingwall 1795 1862 67 Athabasca/Others Chief Trader english/scottish

Francour, Jean baptiste yamaska, Quebec 1797 ? ? Athabasca Canoeman French Canadian

Fraser, Paul ? ? ? ? Athabasca Clerk ?

gibonteau, P. ? ? ? ? Athabasca Canoeman French Canadian

gibron, Louis ? ? ? ? Athabasca ? French Canadian

grigoni, Igna ? ? ? ? Athabasca engage ?

Hoole, Francois st. boniface, Red River 1798 1885 87 Athabasca/MacK Interpreter Metis/Native

Lamprant, Joseph Machiche [QC] 1798 ? ? Athabasca Middleman French Canadian

Landrie, Louis ? 1797 ? ? Athabasca Interpreter Metis/Native

La Fleur, Jean baptiste ? ? ? ? Athabasca Labourer French Canadian

LaPointe, Joseph ? ? ? ? Athabasca Canoeman French Canadian

Lariviere, Francois L’assomption 1797 ? ? Athabasca/MacK Middleman French Canadian

Leith, William A. Firth, Orkney 1767 ? ? Athabasca Canoeman Orkney

Marois, Pierre ? ? ? ? Athabasca engage French Canadian?

Piche(r), Francois ? 1798 ? ? Athabasca bowsman/steersman Metis/Native

Ross, David Maskinongé ? ? ? Athabasca/Others guide ?

Roy, Joseph ? ? ? ? Athabasca Clerk French Canadian?

sinclair, William sr. Lyking, sandwick 1766 1818 52 Athabasca/Others Interpreter/Labourer Orkney

Stewart, Alexander - 1780 1840 60 Athabasca/Others Clerk/Trader -

Tourangeau, Jean baptiste Montreal 1803 ? ? Athabasca Middleman/guide Metis

Table 2. List of men employed by the HbC at Fort Vermilion in, their place of birth, age, occupations and ethnic backgrounds.

NAME 1822-1823 1826-1827 1827-1828 Age (at 
that date)

Marital Status at 
Fort Vermilion

Campbell, Colin present present present 44-50 yes

Roy, Joseph present - - ? no

Landrie, Louis present present present 25-31 yes

grigoni, Igna present - - ? yes

beauchemin, Joseph present - - ? no

beauchemin, Michelle present - - ? no

??, Michel present - - ? no

Constantin, Joseph present - - ? no

Cataphaar, Antoine present - present 27-33 no

errand, Jean baptiste present present present ? yes

Table 3. List of men and their marital status at Fort Vermilion.
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Many of these goods, such as tobacco, alcohol, glass beads, 
guns, and assorted clothing were also bought at the company 
stores by the fort personnel. A review of fort records shows 
what Francois Hoole and Joseph Lamprant, for example, 
bought in 1827 for their families while living at the fort. 
some of these articles enter the archaeological record of 
the fort and give us a glimpse of the variety of goods the 
companies brought west for the trade and the employees. 
Among the most common articles are glass beads of assorted 

colours, number in the thousands (Figure 26). They were not 
only in great demand for trade to First Nations and Métis 
but also were bought by the Company men for their wives 
to make decorative garments. some items, such as the trade 
silver items, were brought by the NWC who commissioned 
Quebec silversmiths to make silver trade items for use in the 
west (Figure 27). Often this silver was snipped into smaller 
pieces at the fort to make articles of adornment.    

NAME 1822-1823 1826-1827 1827-1828 Age (at 
that date)

Marital Status at 
Fort Vermilion

Lamprant, Joseph present present present 24-30 yes

Piche(r), Francois present - - 24-30 yes

gibran, Louis present - - ? no

La Pointe, Joseph present - - ? no

Dupuis, Leon present - - 24-30 no

gibonteau, P. present - - ? no

Francour, Jean baptiste present - - 25-31 no

Roy, Jean baptiste present - - ? no

Fraser, Paul resent present - ? yes

Hoole, Francois present - - 24-30 no

Marois, Pierre present - - yes yes

Table 3. (continued)

YEAR/NAME Wife Ethnicity Girls Boys TOTAL

1822-1823

Campbell, Colin elizabeth Metis 1 1 4

Landrie, Louis yes - - - 2

grigoni, Inga yes - - - 2

Piche, Francois yes - 1 - 3

errand, Jean baptiste yes - 1 - 3

1826-1827

Campbell, Colin yes - 5 - 7

Fraser, Paul yes - - - 2

Landrie, Louis yes - 1 1 4

Lamprant, Joseph yes - - - 2

Marois, Pierre yes - - 1 3

errand, Jean baptiste yes - - - 2

1827-1828

Campbell, Colin yes - 6 - 8

Fraser, Paul - - 1 - 2

errand, Jean baptiste yes - - - 2

Landrie, Louis yes - 1 1 4

Lamprant, Joseph yes - - - 2

Marois, Pierre yes - 1 - 3

Table 4. List of men and their family members at Fort Vermilion in 1822-23, 1826-27, 1827-28.
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Figure 26. An assortment of small glass trade beads found at Fort 
Vermilion.

Figure 25. Ironworks found at IaQf-1: iron hand-forged nails (top); 
pintle used to hang a door (middle); and, metal door strapping 
(bottom).

Figure 27. Fragments of trade silver used for adornment, IaQf-1.
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Perhaps the most interesting of the many of the personal 
objects we have found over the years at these early northern 
posts are the items that speak strongly to ethnic and gender 
affiliations and to the complexity and diversity of groups 
of people present. The small silver cross of Lorraine with 
the maker’s mark initials stamped on it (Figure 28), and 
a Jew’s harp, (not to mention the log building techniques 
used) represent the strong French Canadian presence at 
these posts. The Scottish and English officers enjoyed 
more spacious living arrangements, with better quality 
construction and specific room partitioning, while smaller 
cabins, sometimes with dirt floors and holes for cellars were 
for labourers. This speaks to the inequality that existed 
even at this small, remote post. The locally made bone and 
shell pendants, various colored beads and some utilitarian 
tools such as a snowshoe netting needle (Figure 29) all 
reflect the very strong First Nations presence at the site 
and particularily the women who used these tools in their 
everyday work and activities at the fort.  

Figure 28. small silver cross of Lorraine.

Figure 29. Locally made bone objects from IaQf-1. bone pendant with 
scalloped edge (top); highly polished snowshoe netting needle (bottom).

We found some surprising and mysterious articles, some 
of which are difficult to identity. There are highly decorated 
bone objects (Figure 30), the function and affiliation of 
which remain unknown. We found several platform stone 
pipes, which are common in eastern Canada along the st. 
Lawrence River, but which have also been found in domestic 
contexts at Vermilion and other posts (Figure 31). Their 
origins and ethnic affiliation are also somewhat baffling, 
but we think they were brought out by French Canadians 
or Iroquois working for the NWC (Pyszczyk 1988, 2015).        

5.  Outside the fort 
We assumed that all buildings, with the exception of 

stables, would be located within fort palisade walls. That 
turned out not to be the case, or we have an even larger post 
than originally thought (and there exists yet another palisade 
even further north), and we have not found all palisades yet. Figure 30. bone objects of unknown function, IaQf-1.
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5.1 North building structure
In 2009, we excavated a number of units further north of 

the site in an attempt to examine the natural stratigraphy of 
the river terrace. To our surprise, building structural remains 
appeared at least 3 metres north of the north palisade wall 
(Figure 32). because our investigations are still preliminary, 
we do not know the size or configuration of this structure, 
which had no visible surface evidence, or its possible 
function. The HbC did have stables, but documents seem 
to suggest they were much further away from the fort than 
this structure. Another possibility is that this structure post-
dates the fort occupation since the local freemen population 
remained in the general region when the fort was moved 
downriver in 1830.

5.2 Southwest structure and footer trenches
In 2014, the site was completely cleared of brush, and 

the old dangerous trees (ready to fall on people below) 
were removed (Figure 33). Afterwards, we could clearly 
see the ground surface contours, which yielded a few 
more surprises. Another depression was located outside 
the southwest corner of the fort. We could also discern 

shallow linear trenches running east-west and north-south, 
which upon excavation, turned out to be footer trenches for 
palisades (Figure 34). At some forts that I have visited, such 
as the 1792-1798 NWC Aspin House downriver from our 
site, these trenches were still quite deep and visible even 
in the dense bush. but not so in the case of Fort Vermilion.

5.3 West depressions
During our initial mapping of surface features at the site 

in 1999, we found a series of five to six depressions about 
30 metres west of the fort. These ranged between 1 and 
2 metres in diameter and .5 metres deep, and sometimes 
overlapped one another (Figure 13 and 35). based on their 
surface configuration, these features could be privies, trash 
pits, cellars, or possibly burials (according to the HbC 
documents, a cemetery does exist somewhere near the fort). 
In 2014, we began to investigate a few of these features in 
hopes of identifying their function and retrieving an artifact 
and faunal sample from them. Although we did not finish 

Figure 31. stone platform tobacco pipe bowls (top) and a base (bottom), 
IaQf-1.

Figure 32. structural remains, north of the north palisade, IaQf-1. Large 
wooden timber in the foreground and a small piece of wood running 
beneath it at a right angle.

Figure 33. The Fort Vermilion site before (left) and after bush removal 
and tree cutting (right).
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excavating them, the upper portions were filled with refuse 
containing ash, faunal remains and some artifacts (Figure 
35). Their function is still not clear, but they appear to be 
most likely privies and/or trash pits that had been re-dug. 
We plan to complete our excavations of these features at 
some future date. 

There is a mysterious large depression on an old river 
channel bank west of the site, which we found in 2004. It 
looked like a cellar depression, and we thought it might 
have been an outbuilding related to the fort or perhaps 
related to a later occupation after the fort was abandoned. In 
2009, we investigated this feature by placing a long linear 
trench (Figure 36) near it which we thought would catch any 
building structural remains, recover artifacts, and possibly 
intercept the west palisade which we still had not found at 
that point. The feature also seemed to be on higher ground 
than the surrounding area; according to Colin Campbell 
when the river flooded in 1826, his house was the only one 
not flooded. 

We found absolutely no structural remains and very few 
artifacts, and careful measurement of the height of this 
feature relaive to the rest of the fort surface revealed that 
it is not any higher. The artifacts we did find suggest that 
the feature was contemporaneous to the fort occupation but 
what exactly it was we were looking at is still a mystery. 
Furthermore, the feature is definitely outside the fort because 
we eventually found the west palisade which turned out to 
be over 30 metres east of it.  

Figure 34. Cross section showing outline of the west palisade footer 
trench, IaQf-1.

Figure 35. Excavation and sectioning of pits/privies west of the fort.
Figure 36. Bob Dawe excavating near a large depression on the banks of 
an old meander channel west of the fort.
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6.  Conclusion
As this brief synopsis of previous work at the site has 

demonstrated, there are still many issues and questions 
that need to be answered about this fort. This is a particular 
concern since the site sits precariously close to the river 
terrace edge and is eroding away every year (Figure 37). 
The east palisade is approximately 5 metres from the edge 
(Figure 13), and we have already lost some fort remains 
(a stone hearth) that were lying by the water’s edge when 
we first arrived in 1999 (Figure 13). If this site were to 
slide into the Peace River tomorrow, we would not have 
sufficient evidence about its configuration, how it was built 
and how its inhabitants lived.   

It is not just the inside of the fort that needs further 
investigation but also those features outside its confines 
which are still a mystery. As mentioned earlier, LiDAR 
survey picked up a very large depression located about 
500 metres southwest of the fort (Figure 4). In 2014, eric 

Damkjar, Archaeological survey of Alberta and bob Dawe, 
Royal Alberta Museum, located the feature. They believe 
it is likely man-made but whether it is related to the fort, 
post-dates it or belongs to a rival trader or one of those 
freeman families that Colin Campbell lists in his journals is 
presently unknown. This feature should be more thoroughly 
investigated and tested.

Aside from investigating these features, perhaps we 
should further expand our research design to include 
more examination of the history and archaeology of the 
surrounding populations. If we are to write a regional 
history eventually, our investigations have to be more all-
encompassing, both spatially and temporally. While the fort 
was an important component of that history, so were the 
people who lived outside it in the region.  There are two 
aspects to this work that are both necessary and interesting: 
1) investigations including shovel testing of the upper river 
terraces near the fort; 2) research of the Métis freemen 
that were possibly living in the region when the fort was 
occupied. The first part would be aimed at identifying if 
a prehistoric component exists nearby and in part derives 
from a statement made by Colin Campbell in 1822: “The 
advantages of this place are very few over any other except 
that it is that ground is tilled for our gardens and being a 
critical place for the Natives to bring in their find.” (HBCA 
b.224/e/1). The last part of Campbell’s statement begs the 
question of whether this particular spot on the Peace River 
had a long and extensive use by First Nations people, or if 
it became important only once europeans began to build 
along the Peace River. Extensive shovel testing on the river 
terraces may eventually help answer that question. Many of 
the early forts were placed in those areas where there was 
a prior high native presence and land use (Pyszczyk 2015).    

The second part, that of beginning to investigate how 
the local population of freemen lived in the area, involves 
finding those early period (pre-1830) cabin sites in the 
region. From the HbC documents, we know that freemen 
regularly came to the fort to trade and consisted of both 
Métis and Iroquois who settled in the area after the two 
companies amalgamated in 1821 (Table 5). We even know 
the names of these people (as listed in Table 5) but not the 
goods that they bought from the company stores. We have 
debt lists of what the company men, including Métis such as 
Francois Hoole, bought at the stores, but there are no similar 
lists of goods bought by the freemen who lived outside 
the fort walls.  Furthermore, we have no idea where those 
freemen lived and how long they stayed after the post was 
closed. This is an avenue of research that is very important 
but it may turn out to be like looking for a needle in about 
ten haystacks. The area is large, the bush is dense, bears are 
plentiful and the bugs and rose bushes bite!  

Figure 37. The river terrace beside IaQf-1 eroding away year by year and 
exposing archaeological deposits.
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The intriguing aspect of this avenue of research is that 
the settlement of Carcajou, located approximately 27 
kilometres upriver from Fort Vermilion has a long history 
as a primary Metis area. Furthermore, the east boundary of 
Métis settlement Number One (Paddle Prairie), established 
in 1950s for the Métis by the Province of Alberta, butts 
right up against the Fort Vermilion site. I doubt that this 
is a coincidence. The Métis probably had a long history of 
land use in that area which led to the official designation 
of that settlement. During our cursory drive along the west 
bank upriver on the Métis settlement one afternoon in 2014 
we observed an open pine forest, high terraces over the 
river and some very good places for settlement. And, we 
also know from the many forts in Alberta, including Fort 
Vermilion II downriver, that the freemen would often settle 
close to the fort, so perhaps finding those sites may not be 
as elusive as we think.  In fact, we may have already done 
so with that large depression located southwest of the Fort 
Vermilion site.  

This project, from its inception, has taken us on a 
remarkable journey towards a better understanding of our 

northern history and what it means to the people of the 
region. by engaging members of the local community with 
their own history, instead of simply recording it, both its 
meaning and value are certainly enhanced. We have had the 
direct descendants of Jean baptiste LaFleur visit the site, 
and we hope in the future that others will step forward to 
help us investigate it as they have in the past. The site is 
dangerously close to the edge of the Peace River, and with 
the rate of erosion that we have witnessed over nearly the 
last 20 years suggests it may soon succumb to the river. The 
Peace River is not a very predictable waterway and in times 
of raging floods, has been known destroy many metres of 
river terrace in mere hours. While we may not be able to 
save the entire site, at least we should attempt to obtain a 
sample before we lose it outright.   

Interpreting and writing about history from a materialist 
perspective leads to insights about the everyday life of the 
inhabitants not always attainable with any other evidence.  
However, by combining both the documentary and 
archaeological record that history becomes richer and more 
complete than with only one or the other type of evidence. 
For large segments of time there is no documentary 
record of this fur trade post and we are left with only an 
archaeological record that has preserved some facets of this 
fort, its construction and the lives of its people. Details about 
First Nations and Freemen ways of life in the surrounding 
area, further afield, presently remains even more elusive. 
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AbSTrACT 
In this paper, we outline the history of the use of spatial data at the Archaeological Survey of Alberta. Prior to 
2005, spatial information was recorded on paper from numerous sources, which made the review of archaeological 
assessments and development impacts arduous and imprecise. In the last ten years, the Archaeological Survey of 
Alberta digitized information from several decades using Geographic Information System technology and in 2014 
released the Spatial Data Standards for Survey and Excavation. This document provided requirements and standards for 
submission of spatial data from consulting archaeologists and other researchers working in Alberta. As a result, spatial 
data are now integral to the management of historic resources at the Archaeological Survey of Alberta. In addition, a 
rich and detailed database of archaeological spatial data is available to researchers and government employees. We 
present a short case study that makes use of the spatial database to explore the archaeological methods used in Alberta 
and compares the results between Alberta’s Green (forested) and White (settled and non-forested) areas.
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Alberta archaeology, Geographic Information System, spatial data, Cultural resources Management, archaeological 
field methods

1. Introduction
Spatial data play a major role in the day-to-day and 

long-term management of historic resources at the 
Archaeological Survey of Alberta (the Survey), Alberta 
Culture and Tourism. Although spatial archaeological 
information was once recorded on paper maps, the 
Survey now records and maintains records digitally 
using Geographic Information System (GIS) technology. 
As of 2014, detailed spatial records are submitted by 
archaeological consultants and other researchers with 
final report materials for each archaeological permit, as 
outlined in the Spatial Data Standards for Archaeological 
Survey and Excavation, commonly called the Spatial 
Data Standards (SDS). In effect, the Survey now has the 
beginnings of a rich dataset that illustrates archaeological 

survey and subsurface investigation in the province. 
Though the data are limited at this time, it is already 
possible to elucidate regional trends in archaeological 
survey and testing methods in the province. In this paper, 
we will outline the development of the spatial databases 
maintained at the Survey. We provide one case study that 
uses spatial data compliant with SDS (SDS submissions) 
for Historic resources Impact Assessments (HrIAs) to 
learn about archaeological survey and testing methods 
used in the province’s different ecological zones 
(Alberta’s southern White area and northern forested 
Green area) and explore the relationship of survey and 
testing methods to the number of new archaeological sites 
discovered. The results of the case study are preliminary, 
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archaeological and palaeontological research in Alberta
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added on an ongoing basis upon report submission. At the 
time of writing, the pre-2014 spatial dataset includes data 
for 7753 archaeological permits.

3.  Spatial Data Standards for Archaeological 
Survey and Excavation

In 2012, the staff of the Survey began development of 
a more accurate and comprehensive spatial dataset. The 
Spatial Data Standards for Archaeological Survey and 
Excavation (Government of Alberta 2014) applied to all 
archaeological permits issued after April 30, 2014. Spatial 
data submissions complaint with these standards are now 
required for all archaeological permit types, including 
HrIAs, Historic resources Impact Mitigation (HrIM), or 
other types of archaeological projects carried out under a 
permit, including baseline surveys and research programs. 
Whereas the previous data were mapped post-hoc by 
Survey staff using any available report materials, the SDS 
submissions are created by archaeological consultants and 
researchers based on their field notes and observations. 

3.1 Components of the Spatial Data Standards for 
Archaeological Survey and Excavation

The SDS submissions consist of two datasets: project 
areas and subsurface inspections (figure 1).

3.1.1 Project areas
The project areas is a polygon dataset that includes three 

fields: permit, boundary type, and subtype. The boundary 
type refers to either the development footprint or the ground 
survey. for the majority of projects, the development 
footprint represents the full extent of development on 
the ground. for permits including excavation only, the 
development footprint instead represents the portion of 
the site that will be impacted by development. The ground 
survey boundary represents all areas assessed by pedestrian 
(including ATv) survey, and/or any areas excavated in 
HrIM projects or monitored during construction monitoring 
projects. 

3.1.2 Subsurface inspection
The subsurface inspection dataset is a point dataset 

illustrating the specific location of subsurface tests 
and sediment exposures recorded under a permit. The 
required fields include the permit number, inspection 
name, inspection type (shovel tests, subsurface exposures, 
backhoe tests, excavation block centroids, and monitoring), 
result, number of artifacts observed, borden number of the 
associated site (if applicable), size (for excavation blocks in 
square metres) and depth (metres).

but demonstrate the value of the SDS submissions for 
research, planning and protocol development at the Survey.

2.  Early spatial data management at the 
Archaeological Survey 

Management of spatial information at the Survey was 
very different before 2005 than after that date. It changed 
even more significantly in 2014.

2.1 Spatial data to 2005
The Survey did not use GIS technologies until the mid-

2000s. Although GIS and geospatial data processing has 
been used in archaeology since the 1970s, the technology 
was not fully realized in many areas until the 2000s (Ebert 
2004). Prior to the early 2000s the majority of spatial 
information at the Survey was captured from paper maps 
spread among thousands of permit reports and other sources, 
and then hand-drawn onto paper maps for the purpose of 
archaeological site management and regulatory reviews. This 
management system was imprecise and arduous to manage, 
given that thousands of developments and tens of thousands 
of archaeological sites were managed under this system. 
Without precise, easily accessible spatial information, the 
everyday regulation of developments and sites could be time 
consuming, and the ability to synthesize information for 
long-term research and planning endeavours was limited. 
The Survey began using GIS to record archaeological site 
data in 2003 and archaeological permit footprints in 2005 to 
assist in the day-to-day regulatory operations and for long-
term record-keeping. 

2.2 2005 to 2014
The Survey maintains a spatial dataset of archaeological 

permits issued prior to March 2014, which was digitized 
from paper reports. The dataset consists of polygons 
(closed shapes) separated into two types: project footprint 
and ground survey. The project footprint represents the 
development assessed under the permit, whereas the ground 
survey illustrates the areas traversed and/or tested on the 
ground. This dataset represents permits from 1972 to the 
first three months of 2014. As a result, the methods and 
materials used to create it varied considerably. reports from 
earlier permits did not always include sufficient illustrative 
materials to allow precise mapping of either developments 
or surveyed areas. Thankfully, many archaeological 
permit report submissions from the late 2000s and 2010s 
contained detailed spatial information, which allowed for 
considerably more precise mapping. The majority of the 
data in this dataset were mapped by staff of the Survey 
between 2005 and 2006, after which new records were 
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Figure 1. Sample project areas and subsurface inspection dataset schematics (upper panel) with attribute data for the subsurface inspection dataset 
(lower panel) from the Spatial Data Standards for Survey and Excavation (Government of Alberta 2014).
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3.1.3 SDS submission and processing
Datasets are submitted by permit holders through 

the Historic resource Management branch’s (HrMb) 
application submission website, online Permitting and 
Clearance (oPaC), at the time of a report submission. 
The SDS submissions are reviewed by Survey staff for 
compliance with the Spatial Data Standards, as well as 
consistency between the spatial data and the text and 
illustrative materials in the associated archaeological permit 
reports. When acceptable submissions are received, Survey 
staff members add the submissions to a master database. 
The datasets are then available for HrMb staff use during 
review of the permit report and the Historic resources (Hr) 
Application for the related development and for review of 
other proposed development in the vicinity. furthermore, 
the master dataset is made available online to consultants 
or researchers who have signed appropriate confidentiality 
agreements. 

Survey staff members verify SDS submissions after 
the HrMb evaluation of the archaeological permit report 
and approval of the Hr Application are complete.  They 
also periodically review the master database for errors 
and inconsistencies. Currently, the Survey dedicates 
approximately 100-150 hours of work per week spread 
among six employees to the management of SDS 
submissions. The majority of time is spent in day-to day 
review of submissions, management and upkeep of the 
database and network infrastructure

3.1.4 SDS applications at the Archaeological Survey
The SDS submissions are used for several purposes at 

the Survey. first, they are used in day-to-day regulatory 
review of archaeological reports and Hr applications. 
In reviewing a permit report for a mitigative project, the 
Survey must determine if the development lands were 
assessed adequately under the requirements stated in the 
Historical Resources Act (Province of Alberta 2000) and 
the Archaeological and Palaeontological research Permit 
regulation (Province of Alberta 2002). Secondly, the SDS 
submissions allow the Survey staff to evaluate the extent 
and location of ground survey and subsurface testing in 
relation to the development area. The subsurface inspection 
attribute information also informs the reviewer as to the 
depth and amount of any cultural materials located during 
the assessment.  Thirdly, in reviewing Hr applications 
for new developments (e.g., roads, well pads), staff of 
the Survey (and other sections of the Historic resources 
Management branch) can query the SDS master database 
and pre-SDS spatial data to determine if the development 
lands have been reviewed for historic resources (using the 
Development footprint boundaries), and if the lands have 

been previously assessed for archaeology (using the Ground 
Survey boundaries). Similarly, the SDS master database is 
used when reviewing proposals for archaeological field 
work, in applications for archaeological mitigative permits 
or statements of justification for archaeological field work. 
Whereas this process previously involved searching through 
various paper maps, project files, and permit reports, the 
same information can now be searched and compiled much 
more efficiently using GIS technologies. 

3.1.5  Spatial Data Standards: results after two 
years

between April 2014 and August 2016, the Survey 
received SDS submissions for 368 archaeological permits. 
The majority (n=359) of submissions are the product of 
mitigative permits issued to address potential impacts 
resulting from developments, and the remainder (n=8) 
are the result of research permits. from the 368 datasets 
submitted by August 2016, there were a total of 359 
Development footprint boundaries and 368 Ground 
Survey boundaries (Table 1). There were 63,753 subsurface 
inspection points in total. The vast majority of subsurface 
inspection points were shovel tests, whereas exposures, 
backhoe tests, excavation block centroids, and monitoring 
areas made up less than 12% of the subsurface snspection 
datasets (Table 1).

4.  Case study: methods in Alberta historical 
resource impact assessments – ground 
survey, shovel testing, and archaeological site 
identification as reported in the Spatial Data 
Standards

4.1 Background
Although the number of submissions received to date is 

limited, the data available do allow for some preliminary 
exploration and assessment. As spatial representations of 
archaeological practice, the SDS submissions can provide 

Table 1. SDS submissions: project areas and subsurface inspections 
dataset.

Project Areas Datasets Subsurface Inspections Datasets

boundary Type Total 
Submissions

Subsurface 
Inspection Subtype Total Number % Total 

Submissions

Development 
footprint 359 Shovel Test 56721 89%

Ground Survey 368 Exposure 5863 9%

backhoe Test 686 1%

Excavation block 
Centroid 

Monitoring

384 1%

99 0.2%

Total 
Individual 
Submissions

368 Total Subsurface 
Inspection Points 63753 100%
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valuable insight into current archaeological methods in 
Alberta. This reflection is important to ensure that the 
methods used can locate archaeological resources effectively 
and efficiently and without excessive or unnecessary 
disturbance or cost (Krakker et. al 1983). Cultural resource 
management (CrM) in general can provide excellent data 
for archaeological research, but limited time and monetary 
resources and difficulty accessing data in CRM reports 
(‘grey literature’) frequently hinder these efforts (Epp and 
Spurling1984, McGimsey 2004). The SDS submissions, by 
contrast, are well suited to the needs of researchers, as they 
comprise many projects from separate archaeologists and 
archaeological companies in a consistent data format.

In this small case study, we examined two assessment 
methods used in CrM archaeology: ground survey and 
shovel testing. first, we chose ground survey as a means 
to explore the survey sampling techniques used in Alberta 
CrM. Although complete coverage of a development 
footprint may be ideal to ensure complete avoidance of 
historic resources, such coverage is rarely feasible. Instead, 
archaeologists are encouraged to employ judgmental 
survey techniques based on experience, knowledge of the 
area, and a developed research design (Alberta Culture and 
Multiculturalism 1989). In comparing the Ground Survey 
boundaries provided with the Spatial Data Submissions, it 
is possible to determine the extent of judgemental sampling 
in ground survey in Alberta CrM. Second, we assessed 
shovel tests in the subsurface inspections datasets of the 
SDS submissions to learn about shovel testing intensity in 
Alberta CrM. The adequacy of shovel testing programs, or 
programs relying on small (generally 40 x 40 centimetre) 
excavated pits to detect buried cultural materials, has been 
debated, (at times, feverishly) for decades (lightfoot 1986, 
Nance and ball 1986; Shott 1985, 1989), but remains a 
major component of CrM archaeology. Indeed, shovel tests 
make up 89% of the subsurface inspection points submitted 
to the Archaeological Survey at the time of writing. finally, 
we explored two means of assessing the success of ground 
survey and shovel tests in the dataset. We examined  the 
percentage of positive shovel tests (those that identified 
cultural materials), as well as the total number of sites 
identified under each permit. Although identifying sites 
(new and revisited) is one major goal of an HrIA program, 
it is not meant to be the sole measure of the adequacy of a 
ground survey or shovel testing program. Site identification 
was chosen in this study because it is readily available in 
the SDS submissions and other records kept by the Survey.

Since the data are spatial in nature, it is possible to begin 
assessing regional variation in archaeological methods. Most 
broadly, Alberta is separated into two environmental areas: 
the Green area and the White area. The Green area is the 

forested, crown-owned lands in most of northern Alberta and 
the foothills of the western provincial boundaries, whereas 
the White area is the freehold settled and agricultural lands 
in the central, southern, and Peace river regions. Given 
the land-use and ecological variations between Alberta’s 
southern plains and northern boreal forest, archaeological 
field methods and conditions also vary. While Alberta 
archaeologists frequently discuss different field methods 
and expected results in the Green and White areas, there has 
been little opportunity to synthesize methods and results in 
the two areas for comparison.

4.2  Data and methods
In this case study, we used a limited sample of SDS 

submissions. The sample included only projects for which 
the permit nature was solely HrIA. This project type is 
an assessment program intended to determine the impact 
potential of a development project on archaeological sites, 
including known sites that are revisited or new sites recorded 
during the assessment, and to make recommendations to 
mitigate anticipated impacts as outlined in the Guidelines 
for Archaeological Permit Holders in Alberta (Alberta 
Culture and Multiculturalism 1989). Permits issued for other 
research types (e.g., mitigation, post-impact assessment, 
monitoring, etc.) were not included in this dataset, nor were 
non-mitigative (i.e., pure research) permits. other data from 
records at the Survey (permit nature, number of identified 
new and revisited sites) were also used to supplement the 
SDS sample dataset. Projects were assigned to the Green 
or White areas depending on their location in the forested 
(Green) or settled, plains (White) regions of the province. 

The sample dataset of HrIA projects reported in Alberta 
between April 2014 and August 2016 included 299 total 
projects – 179 in the White area, and 120 in the Green area – 
consisting of a sum area of 26,620 hectares (ha) of surveyed 
land. A number of statistical analyses were performed in 
this study to assess significant trends and patterns in the 
data. As the majority of data used in this analysis were non-
normally distributed, median values are reported instead of 
means. The median provides a truer indication of central 
tendency than the mean when data are strongly skewed or 
feature significant outliers, as was often the case in this 
study. Nonparametric statistics were used for the same 
reason. Tests such as the Mann Whitney U are less powerful 
than their parametric counterparts, but have less stringent 
requirements, such as normality. All tests were performed 
with a standard alpha score of .05. 

first, we assessed the percentage of the total development 
area that was surveyed for each project. Since about a third 
of projects (n=101) were surveyed beyond the boundaries of 
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the development area there were numerous cases with values 
in excess of 100 percent. for the purpose of calculating and 
comparing measures of central tendency, all values greater 
than 100 percent were truncated to equal 100 percent. 
A Mann Whitney U test was used to test for a significant 
difference between the median scores of the Green area and 
the White area. The test operates by comparing the value 
of a single case to each case in the opposite group, one at a 
time, and recording the number of match-ups in which the 
selected value was the greater of the two. This process is 
repeated for each case in the group to produce a U-score 
from which a p-value is derived. If the p-value exceeds a 
pre-determined threshold of .05 the difference is determined 
to be significant. The median number of hectares surveyed 
per project and the median project area was also compared 
across areas with this test to add further explanatory detail. 

Secondly, we investigated the practice of shovel testing 
in the province. The sample HrIA dataset included a total 
of 51,670 shovel tests (figure 2). of these, 36,267 were 
located in the Green area and 15,403 in the White area. 
However, to measure shovel test intensity while controlling 
for the effects of differences in project size, a new variable 
was created by dividing the number of shovel tests by the 
size of the surveyed area, expressed in hectares (ST/ha). A 
Mann Whitney U test was then applied to this new variable. 
We were also interested to see if there was a difference in 
the effectiveness of shovel testing in the Green versus the 
White area. To do so, the median proportion of positive to 
total shovel tests in each area was statistically compared 
using a Mann Whitney U test. 

lastly, the number of new sites discovered was 
investigated with respect to several variables. A total of 498 
new sites were discovered in Alberta during this period. 
of these sites, 204 were found in the White area and 294 
in the Green area. As the number of new sites discovered 
was found to be positively associated with the number of 
revisits, cases that had been revisited were excluded from 
the analyses, leaving 183 cases. once permits with revisits 
were excluded it was shown that 80 and 177 new sites were 
found in the White and Green areas, respectively. To test 
whether this difference was significant, we compared the 
median number of sites discovered by permit, to control 
for increased archaeological activity in the Green area. 
We also tested the association between total shovel testing 
and site detection, as well as shovel testing intensity and 
site detection using a Spearman’s rank order Correlation. 
A Spearman’s Correlation is often considered to be the 
nonparametric version of the Pearson’s Product Moment 
Correlation, and is practicable even when applied to ordinal 
or non-normal data. It is useful for determining whether or 

not two ordinal or continuous variables are associated with 
one another, that is, if one variable increases does the other 
increase or decrease accordingly.

4.3 Results and discussion
4.3.1 Ground survey
The results of the ground survey analysis are presented 

first. Once corrected for coverage greater than 100 percent, 
the provincial median coverage was determined to be 66.5 
percent. Using a Mann Whitney U test, we found that surveys 
conducted in the White area covered a significantly greater 
percentage of the development footprint (median=91.6%) 
than those carried out in the Green area (median=31.8%; 
U=6775, n=299, p=<0.0001; figure 3). on the other hand, 
surveyors in the Green area covered much more ground in 
terms of absolute hectares – a median of 28.8 ha/project 
in the Green area compared to 9.4 ha/project in the White 
area (U=7007, n=299, p=<0.0001). These differences in 
survey coverage may be at least partially explained by 
the greater size of projects carried out in the Green area, 
which tended to be larger than those in the White area by a 
factor of approximately 6.4 (U=6312, n=299, p=<0.0001; 
figure 4). Survey projects in the Green area were thus often 
larger, involved travelling a greater number of hectares, but 
frequently covered a smaller fraction of the development 
area.

4.3.2 Shovel tests
In the White area, the median number of shovel tests/

ha was 3.4, while in the Green area it was 2.8 ST/ha. 
The provincial median was found to be 3.2 ST/ha. our 
primary finding was that median shovel testing intensity 
was not significantly different between areas when projects 
were standardized for size (U=10,534, n=299, p=0.841). 
furthermore, the success rate of shovel testing did not 
vary appreciably between areas. In the White area, a mean 
of 3.0 percent of shovel tests were reported to be positive, 
while 1.5 percent of Green area shovel tests yielded cultural 
materials. 

4.3.3 Site detection
A cursory inspection of total sites showed that the 

majority of new sites were recorded in the Green area. 
Nevertheless, a comparison of the number of new sites 
discovered by permit was carried out to negate the effect 
of the greater number of permits held in the green area. The 
results revealed that a median of 0.8 new sites per permit 
were discovered in the White area while 2.1 new sites per 
permit were discovered in the Green area. This difference 
was found to be statistically nonsignificant (U=3670.5, 
n=183, p=0.11). 
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Figure 2. Positive and negative shovel tests in the Green and White areas in a sample case study of historic resources impact 
assessment data submitted between April 2014 and August 2016.
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We also hypothesized that shovel testing would be an 
important factor in the detection of new sites. Predictably, 
the total number of shovel tests per permit was found to 
be positively associated using a Spearman’s rank order 
Correlation with the number of new sites discovered in 
both areas (rs =0.472, n=183, p=<0.0001). In addition, we 
reasoned that a greater number of shovel tests per hectare 

(shovel test intensity) would be similarly associated with 
the number of new sites discovered. In actuality, a non-
significant negative correlation between these variables 
was observed (rs =-0.0113, n=183, p=0.127). It is possible 
that a lack of significance in this instance is the product of 
diverse survey objectives and strategies that are not fully 
captured by the data available. for example, it is expected 
that clusters of shovel tests will be excavated following site 
discovery. Alternatively, some sites can be located without 
subsurface testing due to being visible from the surface 
(e.g., stone features, historic dwellings). It may also have 
to do with differences in site prevalence, which is difficult 
to enumerate precisely and was not taken into consideration 
during this case study. A comparison of shovel testing 
intensity between HrIAs where sites were discovered or 
revisited and HrIAs where no sites were discovered or 
revisited will likely shed light on the relationship between 
shovel testing intensity and site location, however, the SDS 
database does not yet have enough data to conduct this 
analysis.  

4.4  Summary of case study
In summary, projects in the Green area were larger, with 

surveyors walking a greater number of total hectares, but 
covering a smaller percentage of the project areas than 
surveyors in the White area. A greater number of sites 
were discovered in the Green area; although, this outcome 

Figure 3. Median percentage of development footprint surveyed in a 
sample case study of historic resources impact assessment data .

Figure 4. Median development footprint size (ha) and ground survey size (ha) in a sample case study of historic resources impact assessment data .



75

Haukaas and Werner / Archaeological Survey of Alberta Occasional Paper 36 (2016) 67-76

seems to be more closely related to the larger size of Green 
area projects than to specific survey practices. A lack of 
significant difference between the median numbers of sites 
discovered per permit in each area would seem to support 
this notion. furthermore, as median shovel testing intensity 
was not found to be different between the areas, it is also 
unlikely to have played a role in the differential rates of site 
discovery. Surprisingly, increased shovel test intensity was 
not positively correlated with the discovery of more sites 
in either area. This is not to say that overall shovel testing 
does not play a major role in site detection as demonstrated 
above. The non-significant results reported here are likely 
related to important differences in survey objectives and 
strategies that are not well parsed in this dataset. It is also 
possible that differences in occupational density and land-
use patterns in the past contribute to this current trend in 
the spatial data. lastly, shovel testing appears to be equally 
effective in both the Green and White areas. Namely, the 
proportion of positive shovel tests to total shovel tests was 
found to be similar.

5.  Conclusion
The results analysis of the first two years of the SDS 

submissions are promising. As a regulatory body, the 
Survey relies on detailed knowledge of survey and testing 
methods and coverage to inform management decisions. 
Consequently, detailed spatial records of archaeological 
assessments have become integral to regulatory review 
processes in the Survey, including the review of applications 
for Archaeological research Permits and Archaeological 
Mitigative research Permits and the evaluations of the 
associated final reports, as well as HR applications for new 
developments. 

In addition to being an invaluable regulatory tool, the SDS 
submissions have demonstrated potential beyond day-to-day 
management decisions at the Survey. The data can provide 
baseline information about field methods representing the 
work synthesized from dozens of archaeologists and CrM 
companies working in all parts of the province. In the 
future, comparisons of methods and results in more refined 
environmental areas may elucidate patterns and trends in 
the use of archaeological methods, as well as the success of 
those methods (e.g., how and where sites are located). This 
undoubtedly will result in valuable additions to regional 
archaeological knowledge and will contribute to effective 
management of historic resources during land-use planning 
endeavors. As the database grows, we can start to address 
issues more specifically: Are methods different in the Green 
and White areas? Do we need more or less intense testing in 
any areas? Do results vary depending on the extent of pre-
field scoping (e.g., identifying target landforms)? Do results 

vary depending on the development type, development shape 
(e.g., long, rectangular pipeline footprints versus square 
oil sands lease footprints) and extent of ground surface 
disturbance? How does the experience of the archaeologist 
influence testing methods and results? Many of these 
questions have been explored at regional and company-
specific levels (Blaikie-Birkigt 2015, Blaikie-Birkigt and 
Hood 2015), but the SDS database will allow for a broader 
geographic and corporate focus, encompassing the results 
of dozens of archaeologists in different ecological zones 
and landform types in all parts of the province.

Ultimately, the SDS submissions have limitations. The 
justifications of field methods are not necessarily reflected 
in the data - the SDS submissions show the areas that were 
assessed but do not provide details about the resources 
(previous archaeological studies, historic maps, or liDAr 
imagery used for landform selection ) and reasoning used 
in determining which lands to include or exclude from 
the study. There is also undoubtedly variation in the ways 
that data are recorded and presented between the CrM 
companies practicing in Alberta, although this is part of a 
larger concern regarding standardization that is beyond the 
scope of the SDS submissions. Nevertheless, we feel that 
the first two years have shown that the SDS have been a 
success and will be an integral part of historic resources 
management moving forward.
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AbsTRACT 
Mauls are a grooved ground stone tool found at archaeological sites in central and southern Alberta. Rarely studied 
as a valid tool category, the most commonly assumed function of mauls is the processing of bone and meat. They 
are often assumed to be of Late Prehistoric date. We summarize a systematic study of mauls in Alberta and focus 
on those associated with datable artifacts or radiocarbon dates. We submitted these mauls for starch grain or lipid 
residue analysis, the results of which show mauls were used for more than pounding meat and bone. This evidence is 
supported by ethnographic literature. 

KEyWoRds
maul, residue, starch, lipid, plants, seeds

1. Introduction
A grooved maul is a stone cobble with a groove pecked 

out around the mid portion that was used to attach a 
wooden handle. The maul in Figure 1 is a reproduction 
demonstrating what a maul looks like with a handle 
attached. Writing of the blackfoot, Grinnell (1913:200) 
provided a good description of hafting, uses, and types 
of mauls: “The handles of mauls and war clubs were 
usually made of green sticks fitted as closely as possible 
into a groove made in the stone, the whole being bound 
together by a covering of hide put on green, tightly 
fitted and strongly sewed. This, as it shrank in drying, 
bound the different parts of the implement together in the 
strongest possible manner”. In an earlier account of the 
blackfoot, Grinnell (1892:200) wrote: “The hammers 
were of two sorts: one quite heavy, almost like a sledge-
hammer or maul, and with a short handle: the other much 
lighter, and with a longer, more limber handle. This last 
was used by men in war as a mace or war club, while the 
heavier hammer was used by women as an axe to break 
up fallen trees for firewood; as a hammer to drive tent-
pins into the ground, to kill disabled animals, or to break 

up heavy bones for the marrow they contained.” Wissler 
(1986:22) wrote, on the basis of his ethnographic work 
with the blackfoot in the early 1900s, that mauls were 
used to pound chokecherries, break bones to obtain 
marrow and pound dried meat to make pemmican. 

Mauls were necessary for a variety of daily tasks. 
However, there is evidence that they were also used 
in ceremony. In a story about the old Man, Grinnell 
described old Man’s attempts to doctor a child back 
to life. old Man instructs two women to sit near the 
doorway facing each other. “Each one held a puk-sah-
tchis, [a maul] with which she was to beat in time to the 
singing” (Grinnell 1892:163).

Grooved mauls without their handles are commonly 
found on archaeological site surfaces. Roughly 159 sites 
in Alberta contain mauls, based on a review of site forms 
in 2016. Mauls are frequently found by landowners, but 
few have been identified in archaeological excavations. 
When found, they are rarely studied in detail, and, in the 
past, have been largely ignored in archaeological reports.
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there is no other evidence, such as plants and other organic 
materials that degrade quickly in Alberta soils. 

2. Study summary
using criteria adapted from Adams (2002), we evaluated 

59 mauls recovered through historical resource management 
projects and housed at the Royal Alberta Museum. Fifty 
three observations/measurements were taken on each maul, 
consisting of general morphological characteristics such 
as weight, length, thickness, shape, manufacturing, groove 
metrics, primary use wear, and secondary uses.

2.1. Terms defined
Figure 3 depicts the common features of a maul. The groove 

divides the maul into two polls, the distal and proximal. The 
top and bottom of the maul may be identifiable, if there is 
a gap in the groove that indicates the bottom. If the bottom 
can be identified, then the left and right sides are obvious. 

Mauls are often assumed to be a tool of the Late Prehistoric, 
used primarily in the processing of meat and bone and the 
production of pemmican. In 1965, Wormington and Forbis 
wrote that “Most of the grooved mauls are thought to occur 
late in the prehistoric sequence. Large numbers of such 
specimens are found throughout the southern portions of 
the Province” (1965:107). While mauls are very numerous 
in the Late Prehistoric period, they are also found at sites 
with Middle Prehistoric representations, including Mummy 
Cave (EgPn-480), Pelican Lake (diPn-20, EhPo-78) and 
besant (EgPn-11, djPl-13). In his report on the Fletcher 
site (djow-1), Forbis (1968:2) stated that a grooved maul 
fragment (Figure 2) was recovered from the bone bed of the 
Fletcher site (djow-1), which he suggestd is 10,000-11,000 
years old and definitely dating from before the Altithermal 
period (7000 yr bP). Forbis acknowledged that mauls were 
generally considered post-Altithermal in age (1968:6-7). 
b.o.K. Reeves was present during these excavations and 
confirmed that the maul came from the Paleoindian bone 
bed (Reeves, personal communication, 2014). Perhaps 
mauls found on the surface that have been assumed to be 
Late Prehistoric are in fact from an earlier period. Wissler 
documented an “informant [who] indicated she found the 
stone for her maul already grooved and had never heard of 
anyone shaping or grooving the stone. Instead, they found 
them at old campsites” (Wissler 1986:22). 

The durability of mauls would allow them to be used over 
and over, possibly for hundreds or even thousands of years. 
such re-use may prevent us from discovering the period in 
which they were created. The lack of style change over the 
millennia also contributes to our inability to definitively 
date them. The few mauls that have been recovered in 
context offer the opportunity to test assumptions about this 
necessary and valuable ground stone tool. Testing mauls for 
residues allows us to detect materials processed for which 

Figure 1. Maul hafted into handle, Royal Alberta Museum. Figure 2. Maul from the Fletcher site (Forbis 1968).

Figure 3. Physical Characteristics of a maul, Royal Alberta Museum.
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use wear is generally visible on the end of the distal and 
sometimes the proximal poll, indicated by areas flattened or 
battered from impact. The sides of the distal and proximal 
polls can exhibit secondary use wear, such as could result 
from anvil use in bi-polar lithic reduction. 

Within our sample, we were able to identify five basic 
shape groups of mauls. ovate mauls have an oval outline 
or ovoid shape (i.e., egg-like). small ovate mauls are less 
than 100 millimetres long and 800 grams in weight. shaped 
mauls have a groove and both polls have been pecked and 
ground into a specific shape, some of which are conical or 
ovate. Flat and wide mauls are similar to an axe but a groove 
is pecked and ground and they lack the sharp flaked end of 
an axe. There is also a group of irregular shaped mauls that 
lack symmetry and are typically large chunky rocks with a 
groove but no additional modification.

2.2. Raw materials
The majority of the mauls of identifiable raw material (59 

percent) are of quartzite (Figure 4). Quartzite is an ideal 
material for grooved mauls because it is hard yet workable 
and very common in Alberta where it occurs as cobbles of 
ovoid shape ideally suited for mauls. The only modification 
needed is the creation of a groove, although that is no small 
task. odell (2003:76) documented an example of a man 
working continuously 3-5 days to complete a ground stone 
axe by pecking off fine granules and grinding edges with 
sandstone, water, and clay. Pecking/grinding a deep groove 
on a large cobble would likely take a similar amount of time. 
once the tool is made, it can last for several generations.

While quartzite was clearly preferred and available, 
other raw materials were also used (Figure 4). Mauls in the 
sample are also made of granite, amphibolite,  basalt, and 
sandstone. All the materials are found in Alberta. No mauls 
made of exotic raw materials have been found to date.

2.3 Residue analysis
Of the 59 mauls in our study, 12 had sufficient 

archaeological context and association with datable artifacts 
or radiocarbon dates to be good candidates for residue 
testing; nine were selected for analysis (Figures 5 and 6 
and Table 1). We chose specimens from excavated contexts 
because the residues on these artifacts have experienced 
less weathering and transport than those found in surface 
contexts. The distal ends of the mauls tend to exhibit 
more use, making them better targets locations for residue 
analysis. In cases where the distal poll is missing, the 
proximal poll was tested (Figure 6). starch grain analysis 
was purchased from sonia Zarillo at the university of 
Calgary and PaleoResearch Institue in Golden, Colorado. 
Lipid analysis for other mauls was purchased from Mary 
Malainey and Timothy Figol at brandon university in 
brandon, Manitoba. some of the mauls were also tested for 
phytoliths and protein residues by PaleoResearch Institute 
but the results for these were negative. Table 1 summarizes 
the results of the residue analysis. 

Figure 4. Raw material types of recorded mauls in Alberta. Figure 5. Map of sites discussed.
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Figure 6. Mauls tested for residue , Royal Alberta Museum and Todd Kristensen.

Table 1. summary of residue analysis results. u of C = university of Calgary, bu = brandon university.

Borden Number Date Residue Results Lab/Researcher

EgPn-111:15, 67 besant
1480+/-70 bP
(Beta-127231, δ13 19.3o/
oo)

#15 Zarillo: 8 starch grains, 3 diagnostic maize, 4 possible maize, 1 
Hordeae tribe starch.
#67 yost: three very small starch grains whose shape and size are 
consistent with those found in grass seeds, esp. smaller cool season grass 
taxa that are dominate in this area such as Festuca (fescue) and Koleria 
(Junegrass). 

sonia Zarillo (uC)
Chad yost, PaleoResearch Institute, 
Golden Colorado

dkPi-2:214192 Late Prehistoric
910+/-70 bP (AECv-
1635C δ13 24.5o/oo)

778 starch grains. 65% were maize, 30% possible maize, 3% n=23 
Hordeae grass tribe, 1% n=9 Polygonum  (knotweed) root starches, 2.8 
% n=22 starch grains that could not be identified.

sonia Zarillo (uC)

EhPn-56:121 Late Prehistoric
310+/-70 bP (beta-
176505, δ13 21.0o/oo)

159 starch granules present. 47% n=75 identified as Zea mays, 42% 
n=67 possible maize, Hordeae (wild barley) tribe 3%, 7.5% could not be 
identified.

sonia Zarillo (uC)

EjPk-3:910 Late Prehistoric, 
associated with side-
notched projectile point

starch - a single angular grain consistent with those found in some 
stipoideae (stipa, Achnatherum, oryzopsis (Indian Rice Grass) and 
Pooideae (Elymus (Giant wild Rye), Horeum, Agropyron, etc.)

Chad yost, PaleoResearch Institute, 
Golden Colorado

dkPi-2:215520 Late Prehistoric
430+/-70bP (AECv-
1838C, δ13 -19.5o/oo) to 
840+/-70bP (AECv-
1641C, δ13 -19.2o/oo)

Identification: large Herbivore and Plant OR Bone marrow, with low fat 
content plants; Animal and Plant origin confirmed.

Mary Malainey and Timothy Figol (bu)

EhPo-78:3127 Pelican Lake, associated 
with Pelican Lake 
projectile points

Identification: moderate-high fat content food combined with Low Fat 
content plants; Animal and Plant origin confirmed, conifer products 
present.

Mary Malainey and Timothy Figol (bu)

EePk-286:46 undetermined Identification: low fat content plants with animal products; Plant and 
Animal origin confirmed, conifer products present.

Mary Malainey and Timothy Figol (bu)
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3. Starch grain snalysis 
our hypothesis was that mauls used to process starchy 

plants might have traces of these plants left behind on their 
working surfaces. We used analysis of starch grain residues 
to test whether plant remnants were preserved on the mauls.

3.1. Starch grain analysis methods
The starch grain analysis process involves removing 

starch grains of plants from a tool through a series of 
washes using an ultrasonic toothbrush or sonic bath to 
help dislodge particles. The resulting liquid containing the 
starch particles goes through several stages of washing and 
drying.  Preserved particles are placed under a microscope 
for identification (Zarillo 2009:2-3; Yost 2010:2; Perry and 
Quigg 2011). Four mauls were tested for starch grains, and 
one broken maul was tested by two different labs. 

3.2. Starch grain residue results
The maul from EgPn-111 is an ovate maul made of dark 

gray basalt. The distal poll is missing and the proximal poll 
is broken into five fragments. The maul shows secondary 
use as an anvil, possibly for bi-polar reduction. The maul 
is associated with a bone collagen radiocarbon date of 
1480±70 14C yr BP (Beta-127231, δ13 19.3o/oo), placing it 
in the besant period. This maul was located northwest of 
the main bone bed of this single event bison kill site. The 
majority of the fauna at the site was bison (Bison bison) but 
Cervid  (elk), Canis sp. (dog/wolf/coyote) and Odecoileus 
sp. (deer) were also present. No plant or seed material was 
recovered (Head et al. 2002).

one fragment of the proximal poll (#67) was sent to 
PaleoResearch Institute and one (#15) to sonia Zarillo at 
the university of Calgary for starch grain residue testing. 
The starch grain analysis performed by Zarillo yielded 
Zea mays (corn) and Hordeae (wild barley). Zarillo is not 
confident of the origin of the maize grains detected on this 
maul because there were only eight starch grains recovered 
but is confident that the source was not lab contamination. 
The maize results are somewhat surprising since the maul 

is dated to the besant period, which is very early evidence 
for the use of maize in Alberta. Zarillo recommends ruling 
out all sources of contamination since the maul’s recovery 
before accepting the results (Zarillo 2009:14-15).  It is clear 
that the results from this maul do not represent conclusive 
evidence of maize use during the besant. 

The starch grain analysis performed by PaleoResearch 
Institute on a different fragment of the maul (EgPn-111:67) 
found a single aggregate of at least three very small starch 
grains adhering to a small mass of organic matter possibly 
containing some charred material. The shape and size of 
the grains are consistent with grass seeds such as Festuca 
(fescue) and Koeleria (Junegrass) (yost 2010). This suggests 
the maul was used at some point to pound grass seeds. The 
low number of starch grains may be attributed to the age 
of the tool, the lack of preservation of the distal primary 
working end of the maul and depositional circumstances. 
both tests recovered a low number of starch grains from this 
maul, possibly because only the proximal non-working end 
was preserved. However, both fragments of the poll showed 
plant use.

dkPi-2:214192 is an ovate, small, complete maul made 
of very light tan quartzite from the Junction bison kill 
and campsite. It is associated with a radiocarbon date of 
910±70 14C yr BP (AECV-1635C δ13 24.5o/oo) obtained 
from a bison humerus.The maul was found in a locality 
of oxidized sediment and ash concentrations which also 
included some fragmented bone and fire broken rock. A 
large variety of fauna was recovered from the site including 
Bison bison (bison), Alces  (moose), Antilocapra americana 
(pronghorn), a large variety of other medium and small 
mammals, birds, and fish. No plant or seed material was 
recovered from this site (unfreed 1993).

dkPi-2:214192 was sent to Zarillo for starch analysis 
which yielded 778 starch grains. she determined that Zea 
mays (corn) made up 65% of the sample, and an additional 
30% were possible maize. Hordeae (wild barley) and 
Polygonum (knotweed) root starches were also present on 
the maul. Knotweed root was known to have been boiled 

Borden Number Date Residue Results Lab/Researcher

EePk-256:3 undetermined Identification: such high levels of medium chain fatty acids are consistent 
with the presence of  low fat  content plants, such as plant roots, greens 
and certain berries. Traces of animal products and plant seeds are present.

Mary Malainey and Timothy Figol (bu)

djPl-13:7143 besant
1610+/-90 bP, (AECv-
758C),C13/C12 ratio 
19.0o/oo - 1590+/-80 bP 
(AECv-1361C), C13/
C12 ratio 18.3o/oo

Identification: low fat content plants, medium fat content animals, and 
medium fat content plant seeds.The presence of animal products is more 
strongly indicated. Freshwater fish, terrapin, Rabdotus snail and late 
winter fat-depleted elk are examples of medium fat content animal foods.

Mary Malainey and Timothy Figol (bu)

Table 1. (continued)
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and then dried or roasted and pounded into flour. Some 
grains show damage consistent with dry milling indicated 
by fissures radiating from the centre of the granule (Zarillo 
2009:12).

EhPn-56:121 has a conical shaped proximal end and 
an ovate distal end. It is made of very dark gray quartzite 
and is half preserved lengthwise. It was found close to a 
hearth, 20-40 centimetres below the surface at this multi-
component campsite.  A bone collagen sample dated to 
310±70 14C yr BP (Beta-176505, δ13 21.0o/oo) places this 
maul in the Late Prehistoric period. Fauna recovered from 
the site included bison, unidentified large ungulate limb and 
mammalian scrap. No plant or seed material was recovered 
from this site (Murphy 2003).

This maul was sent to Zarillo for analysis which yielded 
159 starch grains. Zarillo identified possible Zea mays 
(corn) and Hordeae (wild barley). some starch grains could 
not be identified but were consistent with the Poaceae 
(grass) family. some maize granules showed evidence of 
dry milling (Zarillo 2009:7). 

EjPk-3:910 is an ovate maul with only the proximal poll 
represented. It is made of light orange and brown sandstone. 
It likely dates to the Late Prehistoric period due to the 
presence of an associated side-notched projectile point. 
The maul was found between the remains of two boiling 
pits, suggesting it was likely used as a boiling stone, which 
may be why it is broken. Fauna found include Bison bison 
(bison), Canidae (dog/wolf/coyote), Rodentia (rodents), 
ungulate and unidentified Mammalia. No plant or seed 
material was recovered at this site (Moravetz 2005).

This maul was submitted to PaleoResearch Institute for 
analysis. yost found starch grains consistent with grass seed 
such as stipa (spear grass), Achnatherum (needle grass), 
Oryzopsis (rice grass), Elymus (wild rye), Hordeum (wild 
barley) and Agropyron (wheatgrass) (yost 2010:5). 

4. Lipid residue analysis 
Lipid analysis is a method of extracting and identifying 

fatty acid residues on artifacts recovered from archaeological 
sites. Fatty acids are the major constituents of fats and oils 
and are insoluble in water. The ratios of different fatty acids  
are compared to those of known groups of food plants and 
animals

4.1. Lipid analysis methods
Lipid residue is extracted by washing the surface of 

the artifact with chloroform and methanol. The liquid is 
evaporated and the resulting residue is analysed using gas 

chromatography and mass spectrometry.

Lipid analysis can detect “clear differences in the fatty 
acid composition of large mammal fat, large herbivore 
meat, fish, plant roots, greens and berries/seeds/nuts …” 
(Malainey and Figol 2010:4). The reader is referred to 
Malainey (1997, 2007) and Malainey et al. 1999a, 1999b) 
for detailed procedural descriptions of lipid residue analysis. 

4.2. Lipid analysis results
dkPi-2:215520 is an ovate maul made of quartzite. The 

sides of the polls and the ends of this maul show evidence 
of secondary use as an anvil stone. This maul, excavated 
from a depth of 82-94 centimetres below surface, was found 
at the Junction site in southern Alberta. The level is dated 
from  430±70 14C yr BP (AECV-1838C, δ13 -19.5o/oo) to 
840±70 14C yr BP (AECV-1641C, δ13 -19.2o/oo). A large 
variety of fauna was excavated from the site including Bison 
bison (bison), Alces (moose), Antilocapridae (antelope), 
a large variety of medium and small mammals, birds, and 
fish. In the area where the maul was located, 58 percent of 
the faunal material had been modified in some way. This 
material consists of bone bead waste, cut bone, polished 
bone, cut and perforated shell, polished teeth, antler tines, 
perforators, bone wedges, bone awls, a flesher, and cut rib 
shafts (unfreed 1993).

Malainey (Malainey and Figol 2010) found residue on 
dkPi-2:215520 that could represent two assemblages of 
fatty acids . It could be from large herbivore bone marrow or 
fatty meat and low fat plants such as root greens and certain 
berries. Alternatively, the residue signal could be produced 
by lean herbivore meat combined with medium or higher fat 
content plant materials such as seeds. both animal and plant 
lipids were confirmed.

EhPo-78:3127 is the third oldest maul found in Alberta. 
The site is a Middle Prehistoric Pelican Lake campsite. The 
maul is ovate in shape and made of light reddish brown 
quartzite. It exhibits pitting characteristic of secondary 
use as an anvil. The maul was recovered from a depth of 
70 centimetres below the ground surface, in association 
with some highly fragmented and calcined bison bones. 
These bones have been attributed to intense butchering and 
breakage for marrow and grease extraction (de Guzman 
2008). This excavation unit and level also contained three 
Pelican Lake projectile points. The generally accepted date 
ranges for Pelican Lake occupations is 3600-2100 yr bP 
(bubel et al. 2012: 62).

Lipid analysis (Malainey and Figol 2010) of this maul 
found residues of fatty meat of medium–sized mammals 
(such as beaver), certain seeds, and birds such as grouse in 
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addition to low fat plant material such as roots greens  and 
certain berries as well as conifer. 

EePk-286:46 is a quartzite maul, ovate in shape. It was 
recovered by a backhoe 50 centimetres below the ground 
surface at a buried campsite. Scatters of bone, fire broken 
rock and a few stone tools were excavated. There are no 
radiocarbon dates or associated datable point styles. The 
depth at which the maul was found may indicate some 
antiquity (vivian 2016) and made the maul a candidate for 
testing.  

Lipid analysis (Malainey and Figol 2010) of this maul 
recovered low fat plant lipids such as roots, greens, certain 
berries and medium fat content plant food such as maize or 
medium fat content animal foods such as freshwater fish 
and fat depleted elk. Conifer residue was also identified, 
likely from pine or spruce resin (Malainey and Figol 2010).

EePk-256:3 is an ovate maul made of fine grained 
quartzite. It exhibits secondary use as an anvil. The maul 
was collected from an  erosional exposure. The remains at 
the site consisted of two components with dense scatters of 
faunal remains and fire broken rock, with immature bison 
in each component. A buried stone circle occurred in the 
upper component. No age or cultural affiliation could be 
determined for the site  (vivian 2015).

High levels of medium chain fatty acids were discovered 
during residue analysis (Malainey and Figol 2016). These 
high levels are consistent with the presence of low fat content 
plant parts, such as plant roots, greens and certain berries. 
This strongly suggests that the maul was primarily used to 
process plant material. only traces of animal products and 
plant seeds were present (Malainey and Figol 2016). 

DjPl-13:7143 is a complete ovate maul made of fine-
grained quartzite. There is some secondary pitting 
suggesting use as an anvil. It was recovered from a besant 
living floor with a date range of 1610±90 years BP, (AECV-
758C,13C/12C ratio 19.0o/oo) to 1590±80 years bP (AECv-
1361C, 13C/12C ratio 18.3o/oo). both dates are from bison 
bone collagen (Van Dyke et al. 1992:2). This floor is 
associated with several features and high artifact densities 
including net sinkers, fire broken rock, lithic tools including 
drills, hammerstones, projectile points and debitage. Eighty 
three percent of the faunal material recovered during the 
1990 excavation was bison. No fish remains were recovered 
during initial  excavations (van dyke et al. 1992). during an 
earlier excavation, similar cultural material was excavated 
from the site, and two fish bones were found (Van Dyke et 
al. 1990).

Residue analysis detected low fat content plants, medium 
fat content animals, and medium fat content plant seeds. 

Freshwater fish, terrapin, Rabdotus snail and late winter 
fat-depleted elk are possible examples. The presence of 
animal products is more strongly indicated than on previous 
specimens (Malainey and Figol 2016). 

5. Discussion
The residue analysis produced some unexpected results. 

Two Late Period mauls, one from the Junction site (dkPi-2) 
and one from EhPn-56 had high amounts of Zea mays(corn) 
starch grains. Zarillo determined that these results were 
not surprising given the maize starch recovered from other 
artifacts in Alberta, saskatchewan, and Manitoba. It appears 
that there was some trade of maize onto the Northwestern 
Plains during pre-contact times, likely originating from the 
Middle Missouri (Zarillo 2009:14).

Although maize starch grains have been identified in 
recent years on both stone tools and pottery fragments 
found in Alberta, it is not clear where the maize may have 
originated or in what form it is coming into Alberta. If there 
was robust trade in maize, kernels or cobs of corn should 
show up in the archaeological record. To our knowledge, 
there have been no corn cobs or corn kernels recovered 
from any excavation in Alberta. Was the corn already 
ground when it was traded or was it coming in only in small 
quantities? The mauls with maize starch also had evidence 
of other starches, suggesting that maize was combined with 
other foods. 

There was a wide variety of prairie grass seed starches 
present on all the mauls tested for starch residue. They 
were identified as Festuca (fescue), Koeleria (junegrass), 
Hordeae (wild barley), Polygonum (knotweed), Stipoideae 
(spear grass, needle grass, rice grass), and Pooideae (wild 
rye and wheatgrass). since they were recovered from cracks 
and crevices of working surfaces of the mauls, it is clear that 
grass seed was being pounded and ground using these tools. 
The identification of these different types of starchy plants 
expands our view of the types and variety of foods utilized 
by First Nations people in Alberta during the prehistoric 
period. Mauls were clearly being used to process more than 
just bone and meat. 

A passage from Wissler supports this evidence. He noted 
that the blackfoot consumed a considerable amount of 
vegetable food, often compounded with the flesh of buffalo 
or deer (Wissler 1986:20). unfortunately, Wissler does not 
describe the types of plants eaten.

There is evidence as well that some plants were used in 
food processing. Kuhnlein and Turner indicate many grasses 
were not eaten but used in food preparation (Kuhnlein and 
Turner 1991:98-99). For example, food storage involved 
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placement of dried grasses between layers of dried berries 
and other foods. It is reasonable then that grass seeds might 
have been included when chokecherries or saskatoon 
berries were pounded in the production of pemmican. of 
the blackfoot, Grinnell documented the use of grass stalks 
to line roasting pits (Grinnell 1892:718-719). our review 
of ethnographic literature, while not exhaustive, does show 
evidence of grass being utilized in food production by the 
blackfoot. All of the mauls tested for starch grains had 
evidence of grass processing. This suggests that whether 
being deliberately harvested for consumption or used in 
the processing and storage of food, grasses were used by 
Aboriginal people.

Lipid analysis results show more residues than just large 
herbivores and bone marrow, although those are present, for 
example on dkPi-2:215520. The results also show low fat 
plants and seeds as possible sources of the lipids as well as 
smaller mammals and fish. 

Medium fat content foods were found on djPl-13:7143. 
Examples of this type of fat are freshwater fish, terrapin, 
Rabdotus snail and late winter, fat-depleted elk. since two 
fish bones, and stone netsinkers were also recovered from 
DjPl-13, it is possible that freshwater fish were processed 
with this maul. There is ethnographic evidence that fish 
were sometimes made into pemmican. While travelling 
towards Lake Winnipeg, Hind reported that he obtained 
dried fish that was pounded and mixed with sturgeon oil 
(Hind 1971:487). site djPl-13 is located just north of the 
forks of the Oldman and Castle Rivers, on the first terrace 
above the flood plain. Therefore, fish were available to the 
people camping on this terrace.

Conifer residue on two mauls, EhPo-78:3127 and EePk-
286:46, may be explained by the recorded blackfoot practice 
of mixing animal marrow and back-fat with pulverized 
fragments of sub-alpine fir cones, which was then served 
as a confection and digestive aid (Hellson and Gadd 1974). 

Three of the five mauls tested for lipids had both plant 
and animal lipids confirmed (DkPi-2:215520, EePk-286:46, 
EhPo-78:3127), while a fourth maul (EePk-256:3) showed 
primarily plant lipids, and the fifth maul (DjPl-13:7143) had 
a much stronger presence of animal fats.

6. Conclusion
our review of archaeological occurrences of mauls in 

Alberta indicates that they were present as early as 9000 
yr bP at the Fletcher site, as well as in the Mummy Cave, 
Pelican Lake and besant periods. Mauls found on the surface 
should not be assumed to be of late prehistoric date. Even 

mauls from sites with secure late prehistoric dates may have 
been made in earlier periods, but continued to be used due 
to their durability and curation over time. Their lack of style 
change over time constrains our ability to date the period in 
which they were made.

A large range of plant and animal foods was found on the 
mauls analyzed in this study. because plant foods degrade 
so quickly, residue analysis is one of the few ways to detect 
them in early sites. It is evident from the residue analysis 
that different types of plant and animal foods were often 
combined during preparation and cooking. This idea is 
supported by comments from Wissler (Wissler 1986:20) and 
Grinnell (Grinnell 1892:718-719). These results challenge 
the assumption that mauls were used primarily for making 
pemmican and breaking bones, although this was clearly 
done as well. Mauls were an all-purpose tool used to process 
various types of animal and plant material. They provide a 
rich source of data about organic materials used by First 
Nations that cannot be detected in any other way. 
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ABSTRACT 
Medicine wheels are ceremonially significant boulder structures built on the plains by First Nations people. The 
Archaeological Survey of Alberta, recognizing the significance of medicine wheels to First Nations, commissioned 
inventories on provincially and federally owned lands to fully document their locations and statuses in an effort to 
provide stronger protection to these important sites. Currently, there are 46 known medicine wheels on these lands. The 
Blackfoot Medicine Wheel Project addressed remaining unassessed lands in Alberta for medicine wheels: southern 
Alberta’s Blackfoot Reserves. Six previously known medicine wheels were revisited, one of which was found to have 
been destroyed. Five additional medicine wheels, known from oral tradition, could not be verified on the ground.

KEyWORdS
medicine wheels, Blackfoot, oral tradition, Alberta

1. Introduction
Medicine wheels are ceremonially significant 

boulder structures built by First Nations people. The 
Archaeological Survey of Alberta (Survey), within 
the Ministry of Culture and Tourism, Government of 
Alberta, has long recognized the significance of medicine 
wheels to First Nations. In recent years, in an effort to 
provide stronger protection to these important sites, the 
Survey commissioned inventories of medicine wheels 
on provincially owned lands (Archaeological Research 
Permits 07-353 and 08-354) and federally owned lands 
(Archaeological Research Permit 13-058) to document 
fully their locations and statuses. Currently, there 
are 46 known medicine wheels on these lands. Upon 
completion of these projects, the only lands remaining to 
be assessed for such sites were the Blackfoot Reserves 
of southern Alberta. These lands were the subject of the 
2013 Blackfoot Medicine Wheel Project. 

This project teamed Blair First Rider and Trevor 
Peck of the Heritage division of Alberta Culture and 
Tourism with elders of the Apatohsipikani (Northern 
Peigan), Siksika (Blackfoot), and Kainai (Blood/Many 
Leaders) to assess the targeted land base for medicine 
wheels. Elders from each of the aforementioned peoples 
provided guidance on all aspects of the project. The 
respected elders included Allan Pard (Apatohsipikani), 
John Wolf Child (Kainai), and Clarence Wolf Leg 
(Siksika). Importantly, Kathy Brewer (elder from the 
Amsskaapipikani [Southern Peigan]) served as translator 
and project coordinator. Blair First Rider, an Aboriginal 
Consultation Advisor with the Aboriginal Heritage 
Section of Alberta Culture and Tourism and Kainai elder, 
was instrumental in establishing relationships between 
all of the individuals involved in the project.  

Back on the horse: Recent developments in 
archaeological and palaeontological research in Alberta
ArchAeologIcAl Survey oF AlBerTA
occASIoNAl PAPer No. 36

1We dedicate this shared knowledge to the memory of our friend and 
respected elder, Allan Pard.
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3. Methods
The Blackfoot Medicine Wheel Project consisted of three 

basic parts: 1) a site visit with the elders, 2) a revisit to map 
and photo-document each site, and 3) report production. 
To initiate the project, Blair First Rider and Kathy Brewer 
assembled a team of respected elders to participate in the 
project. Kathy Brewer then developed a schedule of events 
for the team and arranged for access to many of the lands. 

Site visits were structured to relocate the sites and 
gather basic information from the elders about each site. 
Between June 23 and 27, 2013, the team conducted field 
work on the Kainai Reserve. At this time, we visited Ski-
mátsis (Steel), Makoyepuk (Wolf child), Nitapinaw, Péta-
poka (Eagle Child), and Many Spotted Horses Medicine 
Wheels. On July 29 and 30, the team surveyed the Siksika 
Reserve but failed to relocate the Crowfoot Creek Medicine 
Wheel. On August 24, Clarence Wolf Leg and Trevor Peck 
returned to the Siksika Reserve and relocated the Crowfoot 
Creek Medicine Wheel. On August 25, the team met at the 
Amsskaapipikani Reserve; however, no sites were visited.

In late September, Trevor Peck and Kathy Brewer returned 
to each site, often accompanied by one or more of the 
elders, for the purpose of documentation. documentation 
included recording each site’s current condition by mapping 
and photographing the site. Maps were created using two 
baselines placed perpendicular to each other. Chains were 
laid along the baselines to create a grid over the entire site. 
A 1 by 1 metre mapping grid, with lines at 10 centimetre 
intervals, was placed using the chain-created grid. This 
process produced relatively accurate maps of the surface 
expression of the features. GPS points were taken at select 
locations on the feature to secure it in space. As well, a series 
of photographs were taken of each feature from a number 

The team revisited six known medicine wheels on the 
Reserves - Crowfoot Creek, Ski-mátsis (Steel), Makoyepuk 
(Wolf child), Nitapinaw, Péta-poka (eagle child), and Many 
Spotted Horses Medicine Wheels - and gathered information 
about these sites. In addition, the team attempted to gather 
information about five other medicine wheels mentioned in 
oral tradition and recorded in the literature: Bad Head, Little 
Medicine Pipe, Mékai-sto (red crow), running Wolf, and 
Many Horses. 

2. Background
Medicine wheels fall within a category of features known 

as petroforms - shapes made with boulders or cobbles on 
the prairie surface - that includes effigies, stone circles/
tipi rings, vision quests, stone cairns, and stone alignments 
(Thorpe 1982). Medicine wheels are rare and known to 
occur across the Northern Plains. Most are located in 
Alberta, Saskatchewan, and Montana, but some have been 
recorded in Wyoming, North Dakota, and South Dakota. 
despite interest from the public and an obvious connection 
to First Nations people, medicine wheels are not a well 
understood phenomenon. 

The term “medicine wheel” was first coined in reference 
to the Big Horn Medicine Wheel, located atop Medicine 
Mountain near Sheridan, Wyoming (Grinnell 1922, Sims 
1903, Brumley 1988:1). various definitions have been 
presented to distinguish medicine wheels from other 
surface petroforms (Kehoe 1954:133, Wedel 1961:266, 
Forbis 1970:27, Calder 1977:200); however, Brumley’s        
(1988:2-3) definition of medicine wheels has become the 
accepted standard and is used here. Medicine wheels are: 

1) largely constructed of unmodified natural stone, 
possibly with some earth intentionally incorporated into the 
central cairn and/or, 

2) a combination of a least two of a) a prominent, central 
stone cairn, b) one or more concentric stone rings and/or c) 
two or more stone lines radiation outward from a central 
point or margin of a stone ring, and/or, 

3) often are associated with other stone structures 
including stone circles, effigies, and cairn (Brumley 1988:2-
3). 

In addition, Brumley (1988:3) noted that a combination 
of two or more of the aforementioned components appear 
in several medicine wheels. Thus, he developed eight 
Subgroups of medicine wheels based on groupings that 
appeared to be culturally significant (Figure 1). 

Figure 1. Brumley’s (1988) medicine wheel classification scheme. upper 
Row, left to right is Subgroup 1-4; Lower Row, left to right is Subgroup 
5-8 (adapted from Brumley 1988).
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of angles both at ground level and from a “bird’s eye view” 
using an extension handle of a few metres.  

The final part of the project was writing the report. A draft 
manuscript was produced with numerous ‘questions’ left for 
Kathy Brewer to address. Most of these questions related 
to knowledge that only the elders could supply. The elders’ 
responses were incorporated in to a final report; this paper 
provides an abbreviated version of the report.  

4. Results
In providing results, this section is divided into two parts: 

Archaeological Sites and Oral History.

4.1. Archaeological sites
Of Brumley’s (1988) eight possible subgroups of medicine 

wheel types, only Subgroup 3 and Subgroup 4 medicine 
wheels were encountered during this project (Figure 1). The 
Nitapinaw Medicine Wheel is interpreted as a Subgroup 
3 medicine wheel, while the Crowfoot Creek, Ski-mátsis 
(Steel), Makoyepuk (Wolf child), Péta-poka (eagle child), 
and Many Spotted Horses Medicine Wheels are interpreted 
as belonging to Subgroup 4. The following discussion 
provides more information on both of these subgroups.

Subgroup 3 medicine wheels consist of a prominent 
central cairn with two or more stone lines (“spokes”) 
extending outward in various directions (Brumley 1988:31). 
Following Kehoe (1954:134), Brumley cited observations 
made by John McLean in 1880 at Fort Macleod in 
southwestern Alberta about a Subgroup 3 medicine wheel 
being constructed:

This historic passage provides observations that link 
the Peigan directly to a feature which can be observed 
archaeologically, that being Brumley’s Subgroup 3 
medicine wheel. At present, we know of no other historical 
reference to the construction of such features. As such, 
Subgroup 3 medicine wheels can be considered diagnostic 
of the Nitsitapii (Blackfoot speaking people) (vickers and 
Peck 2009). like Brumley (1988) and vickers and Peck 
(2009), we conclude that these features provide a direct 
link between the historic Nitsitapii and the prehistoric 
Old Women’s Phase. The Old Women’s Phase is generally 
believed to represent the material culture of people ancestral 
to the Blackfoot. Figure 2 illustrates the distribution of 
Subgroup 3 medicine wheels (modified from Brumley 
1988:34; vickers and Peck 2009:482). 

Subgroup 4 medicine wheels  were defined by Brumley 
(1988:39) as a stone circle the size of a tipi ring with two 
or more radiating stone lines. In the early 1980s, Brumley 
(1985) excavated the Ellis Medicine Wheel (EcOp-4) 
on the Suffield Military reserve in southeastern Alberta. 
Excavation within the tipi ring or stone circle forming the 
medicine wheel produced 66 fragments of human bone. 
An analysis of the remains suggested a single, adult-aged 
male had been placed east of the central hearth area of the 

When a great chief or warrior died a lodge was 
placed over him, and when this was thrown 
down by the wind, the body of the deceased 
was laid upon the ground, and a cairn of stones 
erected over it. There is a cairn called by the 
Indians the “gamblers’ cairn,” near the store 
of I.g. Baker, in the town of Macleod. Several 
years ago a Piegan camp of Indians located on 
this spot was attacked with small-pox, and the 
disease proved so fatal that fifty dead lodges 
were left standing. Among those who died was 
Aikûtce; i.e., the Gambler, head chief of the 
Piegan tribe. His people placed a lodge over 
him, and when that had been blown down by 
the western winds, he was reverently laid upon 
the ground and the cairn of stones erected. The 
original cairn was three or four feet in diameter, 
with rows of stones between forty and fifty feet 
each in length, leading to the cairn (MacLean 
1896:579)

Figure 2. distribution of Subtype 3 medicine wheels in relation to the 
Old Women’s Phase, which is believed to represent the material culture 
of the ancestral Blackfoot (adapted from vickers and Peck 2009).
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lodge (Brumley 1985:164). Other material found at the 
site included four projectile points consistent with an Old 
Women’s Phase cultural ascription. A radiocarbon date - 
450±160 14C yr BP (Beta-8948) - obtained on a stake from 
within the medicine wheel also supports an Old Women’s 
Phase cultural ascription. Brumley concluded that Subgroup 
4 medicine wheels provide a direct link between the 
historic Nitsitapii (especially the Kainai) and the prehistoric 
Old Women’s Phase. Figure 3 illustrates the relationship 
between known Subgroup 4 medicine wheels and the Old 
Women’s Phase. 

4.1.1. Sti-Mátsis, Steel, Fire Steel (DiPg-10)
The Sti-mátsis (Steel, Fire, whetstone) Medicine Wheel is 

a memorial to Sti-mátsis (Steel, literally Fire Steel), a great 
Blood warrior. The site is located on the Plume farm about 5 
kilometres north of Spring Coulee and about 0.5 kilometres 
from the St. Mary’s River. The Steel Medicine Wheel is 
on land owned by Wayne Plume, son of Steel. The current 
caretaker of the land on which the site is located is Wayne’s 
nephew, Jim Plume. 

As a ceremonialist, both Steel and his wife were well-
known to the people of the Blood Reserve. As members 
of the Horn Society, they were well respected people. The 

1863 Blood tribe pay-sheet records indicate that he was born 
in 1833. Chief Red Crow’s Uncle, Pinukwiim or See From 
Afar, led a group of men down to Mexico; on their journey 
they ran into the Mandan people and their earth lodges. 
This visit with the Mandan people proved to be fruitful 
as they were given sacred items to bring home with them. 
Pinukwiim was given a pipe that is called the ‘different 
People Pipe,’ and his wife was given a sacred head dress. 
The head dress is still used today in the Motoki Society of 
the Blood people and the pipe was later transferred to Steel; 
it is still used today in the Horn Society.

Previous Work. The site was originally recorded by Hugh 
dempsey (1956). The site has not been revisited since, 
although it has been referred to by Brumley (1988) and 
vogt (1990). Dempsey (1956) provided a large amount of 
invaluable information including the observation: “The 
most interesting ‘medicine wheel,’ from all aspects, is 
the memorial to Steel, a great Blood Warrior. It is of the 
most classic design and the fact that it was constructed in 
1940, probably makes it the most recent and last such stone 
maker.” dempsey also provided a schematic map of the site 
(Figure 4). 

Current Study. The site was situated much as dempsey 
(1956:178, Figure 1, 180-181) had described. The medicine 
wheel was said to be south of Sti-mátsis (Steel’s) home, 
which still stands on a lower terrace to the south of the 
current Plume Home. The medicine wheel began as a large 
tipi ring placed for a gathering of the Horns Society. 

The medicine wheel was found to be much like dempsey’s 
(1956:178, Figure 1) schematic image had portrayed it 
(Figure 4), although there are some important differences. 
The original spokes have been truncated by agricultural 
practices (Figue 4). dempsey (1956:178, Figure 1) indicated 
that each of the four spokes extend 30 feet. At present, the 
longest remaining spoke is the eastern spoke, which is 4.5 
metres or about 13 feet long. In addition, the remaining 
spokes are not the straight lines of single stones dempsey 
depicted, but are rather less straight and composed of less 
regularly spaced stones. The tipi ring, depicted by dempsey 
as a perfect circle, now is more flattened on the northwestern 
side. dempsey (1956:178) indicated that 77 stones were 
used in the tipi ring. We counted 81 stones, but four of those 
could be considered the first stones of a spoke. The two 
hearth features are less regular than portrayed by dempsey, 
and they are located slightly more to the east. dempsey 
(1956:178) observed 14 stones in each of the hearths. We 
observed 12 stones in the western hearth and ten stones in 
the eastern hearth, although we made no attempt to excavate 
in areas where a stone appeared to be absent. Interestingly, 
the hearth stones were all relatively long, cylindrical, dark 

Figure 3. The distribution of Subgroup 4 medicine wheels relative to the 
Old Women’s Phase, which is believed to represent the material culture 
of the ancestral Blackfoot (adapted from vickers and Peck 2009).
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cobbles while the tipi ring and spoke cobbles were more 
rounded ‘generic’ glacial cobbles. Lastly, dempsey 
(1956:178, Figure 1) noted that larger stones flanked three 
foot entrance. These stones appear to have remained roughly 
in place, although the original 3-foot entrance now is closer 
to 5 feet, indicating that some movement occurred.

Significance. The Sti-mátsis (Steel) Medicine Wheel is 
one of 14 known Subgroup 4 medicine wheels in Alberta, 
with only four possible such structures known to existing  
outside Alberta. Importantly, this medicine wheel can be 
connected to a known historical figure - Sti-mátsis (Steel, 
Fire Steel) and, as dempsey (1956:180) noted, it was 
constructed in 1940, likely making it the most recent and 
last such stone maker.

4.1.2. Makoyepuk, Wolf Child (DiPi-2)
The Makoyepuk (Wolf Child) Medicine Wheel is a 

memorial monument to Makoyepuk, a Kainai Chief. The site 
is located 8 kilometres east of Glenwood and 10 kilometres 
south of Standoff on the east edge of Bullhorn Coulee, which 
contains a tributary creek to Layton Creek, itself a tributary 
to the Belly River. The Makoyepuk Medicine Wheel is 
located in the Farm Four area of the Blood Reserve on lands 
formerly owned by Guy Wolf Child, son of Makoyepuk.

Makoyepuk, or Wolf Child, was known to his family 

and the community at large as John Epps (Hungry Wolf 
1977:273). Makoyepuk was remembered as a warrior who 
went on raids and raiding parties that went out to steal 
horses from the Blackfoot’s traditional enemies.

John Wolf Child (elder in this project), who is the great 
nephew of the late Makoyepuk, remembers stories of his 
great uncle Makoyepuk as they were shared with his father, 
the late Albert Wolf Child, who was a cousin of Guy Wolf 
Child. Like his father, Guy was a member of the Horn 
Society on the Blood Reserve.

Makoyepuk was unique in character and was recognized 
in the community because of the topknot he wore in his 
hair and his fine features. The topknot was adorned with 
a variety of feathers, some given to him for protection and 
others picked up in his travels in the Blackfoot Confederacy. 

Previous Work. The site was initially recorded by 
dempsey on June 2, 1961. He placed the site on the east 
edge of Bullhorn Coulee on the Blood Reserve across from 
Mrs. Alice Wolf Child’s home. He described the site as 
consisting of an “…outside circle of small stones about 18 
feet in diameter. Inside circle of large stones about 8 ft. in 
diameter. depression of about 18” within the circles with 
whole area covered with buckbrush” (dempsey 1961). To 
accompany this description, dempsey provided a sketch of 
the site (Figure 5). 

Figure 4. The Sti-mátsis (Steel, Fire Steel) Medicine Wheel. The panel on the left is adapted from dempsey’s (1956:178; Figure 1) map. The right 
panel shows the map produced during the current study. The inset photograph shows the current site condition, facing south; the red dashed line is just 
outside the stone circle of the medicine wheel.



91

Pard et al. / Archaeological Survey of Alberta Occasional Paper 36 (2016) 86-99

In 1976, Walde (1976:39-40) produced a surveyed map 
of the site. At that time he noted that cultivation to the 
east of the site had removed one spoke, originally 9 feet 
long in dempsey’s 1961 map. Walde also noted numerous 
rectangular depressions immediately to the west of the 
medicine wheel and suggested that they may be burials. 
These are the only documented visits to the site (dempsey 
1961; Walde 1976, 1977).

Current Study. The originally reported site location was 
confirmed by numerous landmarks including the coulee, the 
nearby depressions, and the orientation of the fence-line, 
but the site itself was not relocated. There is little doubt 
that it has had been destroyed by cultivation (Figure 5). A 
comprehensive search of the western part of the site failed 
to find any rocks remaining in situ. 

Significance. The Wolf Child Medicine Wheel was one 
of 14 known Subgroup 4 medicine wheels in Alberta. 
There is substantial evidence to suggest these structures 
commemorate significant individuals in the ancestral 
Blackfoot community. Its destruction is a great loss.

4.1.3. Nitapinaw (DjPf-23)
The Nitapinaw, or perhaps Nita-pinn-awa, Medicine 

Wheel can be translated as “the real chief.” The site is located 

on the prairie upland on the north side of a coulee, near its 
eastern tip, on the west side Oldman River, southwest of 
Lethbridge. The site is on lands formerly owned by Alan 
Shade and family. despite substantial inquires by Kathy 
Brewer into the name and nature of the medicine wheel, 
little information was obtained.

Previous Work. The site was initially recorded as part of 
an Oldman River Basin Reservoir Study; however, Quigg 
(1975:70) did not record the medicine wheel feature at 
that time. In 1984, conaty and Tailfeathers (1985:47-51) 
revisited the site and recorded the medicine wheel, along 
with 100 stone circles, possible drive lines, historic graves, 
and surface scatters. The medicine wheel was not discussed 
specifically; however, a sketch map and a photograph were 
included in the report (Figure 6).

Current Study. The site was relocated on the prominent 
point of land in the very southeast part of the site area. The 
medicine wheel is on the valley uplands along the north 
side of a coulee near the easternmost point of the prominent 
upland. Conaty and Tailfeather’s sketched the medicine 
wheel in the shape of a cross (Figure 6). The map produced 
by the current study suggests the medicine wheel is not 
a ‘true’ cross but more of an “x-shaped” structure with a 
bulky middle central cairn (Figure 6). 

Figure 5. The Makoyepuk (Wolf Child) Medicine Wheel. The panel on the left is adapted from dempsey’s 1961 map (dempsey 1961). The upper right 
panel shows the medicine wheel when it was intact (Glenbow C224-1). The lower right panel shows scattered stones of the disturbed medicine wheel 
and the impact of cultivation on the site observed during the current study.
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In essence, the medicine wheel consists of a low central 
cairn from which four spokes radiate. The central cairn 
is about 2 metres east-west by 1.4 metres north-south. 
The eastern, northeastern spoke is about 2.5 metres, the 
northern, northwestern is about 3.3 metres long, the western, 
southwestern spoke is 2.2 metres long, and the southern, 
southeastern spoke is 2.7 metres long. No cultural material 
was found associated with the medicine wheel. In the course 
of their surveys, Conaty and Tailfeathers (1985) and Quigg 
(1975) noted numerous stone circles and cairns; however, 
recording these additional features was not within the scope 
of the current project, so they are not reported here.

Significance. The Nitapinaw Medicine Wheel consists 
of a low central cairn with four radiating spokes. This is 
a Subgroup 3 medicine wheel. Ethnographic evidence 
(Brumley 1988:31; vickers and Peck 2009:481-483) 
has been used to suggest this form of medicine wheels 
represents memorials to great Blackfoot chiefs or warriors. 
The Nitpinaw is one of four known in Alberta; another six 
Subgroup 3 medicine wheels are known in Saskatchewan; 
and one Subgroup 3 medicine wheel is known just across 
the border in Montana (vickers and Peck 2009:481-483). 

4.1.4. Péta-Poka, Eagle Child (DjPh-20)
The Eagle Child Medicine wheel is a memorial to Eagle 

child (Péta-poka). The site is located on the Kainai reserve 
about 2.4 kilometres west of the St. Paul’s School, formerly 
St. Paul’s Anglican Church, about 50 metres west of Eagle 
Child’s residence. The residence has collapsed and little 
remains of the structure, but the medicine wheel is still 
largely intact. The land is currently owned by Merle (Joey) 
Mountain Horse.

Péta-poka, or eagle child, was a member of the one Spot 
clan on the Blood reserve. Born in 1856, Péta-poka lived 
with his family in the traditional territory of the Blackfoot 
confederacy. When he was 21, Péta-poka and his family 
were present at the signing of Treaty 7.

At the signing of Treaty 7 in 1877, members of the Blood 
Tribe had not yet been assigned individual treaty numbers. 
About 28 years later, treaty numbers were assigned to the 
heads of households and their respective family members. 
As was the tradition then, some men had several wives and 
families all living together. From the available information, 
it appears that Péta-poka had at least two wives, and children 
from both spouses, living with him at the time. Péta-poka 
and his family were then assigned Treaty Number 12. 
Accordingly:

- his first wife’s name was yellow Buffalo Stone Woman. 
Information indicated that she was 34 years of age. With 

Figure 6. The Nitapinaw Medicine Wheel. The panel on the left and photogaph are adapted from conaty and Tailfeathers (1985:49). The right panel 
shows the map created during the current study.
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this union they had one son whose name was Tom Eagle 
Child, age 14.

- His second wife’s name was Killed Last, aged 45. With 
this union they had one son who was known as Stabbed On 
Short, 20 years old.

In Kathy Brewer’s interview with Martin eagle child, 
grandson of Péta-poka, he recalled that his grandfather did 
have two wives and children with both wives. Martin stated 
that later on in his life, Martin met more of his grandfather’s 
children who were living on the Blackfeet Reserve. He 
laughed and stated that, because his grandfather was so 
good looking, he had children on other Reserves including 
some in the United States. 

Previous Work. The site was initially reported by dempsey 
(1956:180) (Figure 7). dempsey stated: 

Current Study. The site is situated as dempsey (1956:180) 
described; however, the Eagle Child residence had long 
since collapsed. The site has undergone impacts, likely 
from grazing cattle. The stone circle is largely intact but 
the spokes, which were short to begin with, are almost non-
existent.

The medicine wheel consists of a stone circle about 
4 metres across or 13 feet, composed of 49 cobbles (see 
Figure 7). dempsey originally recorded the site as 12 feet 
across with 54 cobbles. No hearth is currently visible; 
however, a depression about 40 x 40 x 5 centimetres, where 
a hearth would have been situated, was observed; dempsey 
(1956:180) did not make mention of a depression. There are 
also remnants of spokes at roughly the cardinal directions; 

the northern spoke consists of four stones; the eastern spoke 
appears to be absent (with one possible stone), the south 
spoke consist of four stones; and the western spoke consist 
of three stones. This is different from dempsey’s (1956:180) 
counts of six, seven, six, and four stones, respectively. 
dempsey (1956:180) even considered that the spokes may 
have been disturbed by cattle back in the 1950s, with their 
lengths ranging from 4 to 6 feet (Figure 7).  

Significance. The Péta-poka (eagle child) Medicine 
Wheel is one of 14 known Subgroup 4 medicine wheels 
in Alberta, with only an additional four more known 
outside of Alberta (vickers and Peck 2009:483-485). More 
importantly, the medicine wheel can be connected to a 
known historical figure: Péta-poka (eagle child). 

4.1.5. Aka-Kitsipimi-ota, Many Spotted Horses 
(DkPf -1)

The Many Spotted Horses Medicine Wheel is a memorial 
to the noted Blood war chief Many Spotted Horses. The site 
is located on the Kainai Reserve on Weasel Fat’s Bottom, 
a floodplain on the south side of the oldman river, east of 
Hwy 509 just before it crosses the Oldman. The original 
memorial apparently was destroyed but re-marked by the 
Blood in the 1960s. The site location is commonly known 
to the Blood Tribe members as “Weasel Fat Bottom,” lands 
considered to be community property.

Aka-kitsipimi-ota, Many Spotted Horses, was said 
to have been a great warrior and a rich man in material 
possessions and was acknowledged as Chief of the Many 
Fat horses Band. In 1855 he signed a peace treaty for his 
people. Because of his wealth and many feats against his 
enemies, he was permitted to own a 30 buffalo skin tipi. 
This honour was bestowed to only a limited few who had 
committed a brave deed and were known to have performed 
great service to their people and family. This tipi had two 
doorways and two fireplaces, and was split into two sections 
when moved. His wealth was also evident in the material 
possessions that he owned, proving to his people that he 
was capable of being their leader at the time. The North 
West Mounted Police note that in 1877 at the signing of 
Treaty 7, Many Spotted Horses had 300 pinot horses, 10 
wives, and 31 children.

descendants of Many Spotted Horses would include 
Heavy Shields, Eagle Tail Feathers, Hind Bull, and other 
families. The Many Spotted Horses Medicine Wheel is still 
very important and is utilized by the Blood Tribe, as well 
as other First Nations people from the other local tribes. As 
a result of a resurgence of traditional Blackfoot customs, 
vision quests to the site and offerings are still being made, 
as was evident in the site visit in the summer of 2014.

…the Eagle Child wheel…was constructed 
in 1931 after this man’s death. It is located 
about 150 feet west of his house on the Blood 
Reserve, and about ½ miles south-west of St. 
Paul’s Anglican School. The tipi ring portion 
is 12 feet in diameter and contains 54 field 
stones ranging from four to 12 inches in 
diameter. There are no hearth stones. When 
examined in the summer of 1955, the north 
and south lines contained six stones, the 
east line seven stones and the west line four 
stones. All extended in lines four to six feet 
in length and, by the spaces, would appear to 
have been disturbed by cattle or horses. 

According to available information, Eagle 
Child had lived in the house, but moved to 
his tipi shortly before his death in 1931. The 
radiating lines were set in place by Francis 
Eagle Child following his father’s death.
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Previous Work. very little is known about the Many 
Spotted Horses Medicine Wheel. dempsey (1956:179) 
noted that: “…Many Spotted Horses, a noted Blood 
war chief who died in 1884, had a ‘medicine wheel’ on 
the Blood Reserve near Whoop-Up. A search revealed 
only the chief’s tipi ring, but the stones of his ‘medicine 
wheel’ which were at an inaccessible point on Weasel Fat’s 
Bottom, had reportedly been scattered. local Indians had 
replaced the stones as much as possible, but it was felt 
that this interference limited the usefulness of this wheel 
for comparative study.” Two previous maps of the site are 
available: one by Walde (1976) and another by the Alberta 
Archaeological Association, Lethbridge Centre in 1971 (for 
the former see Figure 8). 

Current Study. On June 26, 2014, John Wolf Child led 
Allan Pard, Clarence Wolf Leg, Blair First Rider, Kathy 

Brewer, and Trevor Peck to the Many Spotted Horses 
Medicine Wheel. As it became apparent that it was actively 
being used, the decision was made to not disrupt the 
activities at the site by attempting to map it, knowing that 
surveyed maps of the site already exist on file (Figure 8).

In place of re-surveying the site, notes were taken about 
deviations between the existing site map and the current 
state of the site. The entire feature was observed to be intact 
and more-or-less as illustrated in the surveyed maps, with 
one exception. At the easternmost hearth, a focal point 
for placing modern offerings, many of the rocks used in 
the construction of the hearth have been moved for the 
placement of items such as tobacco, eagle feathers in leather 
pouches, and blankets. The site is currently enclosed within 
a fence; in this sense, it is protected (Figure 8). 

Figure 7. Péta-Poka (eagle child) Medicine Wheel. Sketch map from the current study on the left. historic photo of the medicine wheel facing north 
(upper right, Glenbow C222-1). Photo of the medicine wheel taken during the current study (lower right); red line is just outside the stone circle.
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Significance. The active use of the site is slowly altering 
it, which is not necessarily a bad thing. The original state 
of the site has been documented. The Blackfoot Medicine 
Wheel Project has provided an update on its status. Further, 
the site is a re-marking of the original medicine wheel. 
As dempsey (1956:179) initially reported, its status as a 
reconstructed medicine wheel limits the usefulness of the 
feature for comparative purposes.

4.1.6. Crowfoot Creek (EePe-26)
The Crowfoot Creek Medicine Wheel is located near the 

southwest corner of a high terrace at a point 44 metres north 
of the bluff edge. A cattle trail is 23.5 metres to the south 
and leads down slope to a ford crossing Crowfoot Creek. 
Crowfoot Creek Medicine Wheel is about 200 metres to the 
west of the creek. The terrace on which the site is located 
is flat with panoramic views of crowfoot creek to the west 

and southwest and Bow valley to the south.

Previous Work. The site was recorded initially by Reeves 
and Shortt (1994) and has not been revisited since. Reeves 
and Shortt (1994) described the medicine wheel as consisting 
of four component parts: 1) an inner cairn, 2) a ring, 3) 
spokes, and 4) terminal outer cairns at the end of the spokes 
(Figure 8). The initial report indicated there was ‘a central 
cairn surrounded by a series of cobbles forming a ring. The 
stone circle or ‘tipi ring’ surrounding the cairn was not a 
perfect circle, with measurements of 3.75 metres along its 
N-S axis and 4.2 metres along its e-W axis. A total of seven 
“spokes” or “arms” extended from the stone circle. Each of 
these spokes varied in length, shape, and compass-bearing, 
and ended in a “terminal” cairn at the outer extremity of the 
arm (Reeves and Shortt 1994). 

 Current Study. The site was found to be largely as described 
by Reeves and Shortt (1994). The central “cairn” appeared 

Figure 8. Aka-Kitsipimi-ota (Many Spotted horses) Medicine Wheel. Map modified from Walde (1976) on left. Archaeological Survey of Alberta 
photo upper right (date unknown), and photograph taken during current study, lower right.
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more like a central stone circle/hearth. The original map 
is relatively accurate as a schematic illustration; however, 
exact rock locations and counts were not entirely correct. 
Reeves and Shortt’s (1994:150) map has been reproduced 
in this report (Figure 9).

The attempt to remap the site was not successful for two 
reasons: 1) the site was found to be essentially intact as it 
was mapped by Reeves and Shortt (see Figure 2, Reeves 
and Shortt 1994:150), and 2) the program had run out of 
field time and other commitments were infringing on the 
team’s ability to remain in the field. As noted above, reeves 
and Shortt’s (1994:150) map has been reproduced in this 
report for reference (Figure 9).

In interpreting the site, reeves and Shortt (1994:39) 
suggested it had certain affinities to both Subgroups 4 and 
7 medicine wheels. Observations made during the current 
study tend to disagree with Reeves and Shortt’s (1994:39) 
assessment of the site as a Subgroup 7 medicine wheel. 
Subgroup 7 medicine wheels consist of a prominent central 
stone cairn surrounded by a stone ring with two or more 
stone lines extend outward from the margins of the stone 
ring. Reeves and Shortt (1994:39) noted that the cairn was 
not prominent (in fact it may be a hearth) and the surrounding 
stone circle is much smaller at the Crowfoot Creek site than 
at other Subgroup 7 sites. 

Reeves and Shortt (1994:39) also suggested that the 
medicine wheel was similar to Subgroup 4 medicine wheels. 
Subgroup 4 sites consist of a stone ring the size of a tipi 
ring with two or more stone lines extending outward from 
its margins.  The Crowfoot Creek site displays exactly this 
layout. Subgroup 4 medicine wheels also have small stone 
circles/hearths in the central of the tipi ring and the stone 
lines/spokes often have terminal cairns. In addition, almost 
all Subgroup 4 medicine wheels sites are surrounded by 
associated stone circles/tipi rings. These five features (i.e., 
tipi ring-sized circle, stone lines/spokes extend outward 
from the margins of the tipi rings, central hearth, terminal 
cairns, and association with other stone circles/tipi rings) 
all suggest that the Crowfoot Creek Medicine Wheel is a 
Subgroup 4 medicine wheel (Figure 9). 

Significance. Reeves and Shortt (1994:40) stated “the 
Crowfoot Creek Medicine Wheel is a rare and unique 
cultural resource.” The current team strongly agrees with 
this this assessment. The Crowfoot Creek Medicine Wheel 
is one of 14 known Subgroup 4 medicine wheels in Alberta, 
with only four  more known outside of Alberta (vickers and 
Peck 2009:483-485).

 4.2 Oral Traditions

This section discusses medicine wheels that were noted 
from oral tradition and recorded in the literature but have 
not been physically relocated. None of the medicine wheels 
mentioned in this section were relocated by the current 
study; however, they are discussed briefly here because the 
potential exists for them to be found. 

Figure 9. crowfoot creek Medicine Wheel. Map modified from reeves 
and Shortt (1994), top. Photograph taken during current study, bottom.
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4.2.1. Bad Head

dempsey (1956:179) mentioned that there may be a 
medicine wheel on Arrowwood Creek on the Siksika 
Reserve. He stated: “One Gun knew of two wheels which 
he claimed were intact on the North Blackfoot reserve 
[Siksika], east of Calgary. He said that ‘at Blackfoot Crossing 
there is one for Little Medicine Pipe, a Blackfoot who died 
in the smallpox epidemic of 1869-70, and on Arrowwood 
Creek is one for Bad Head, a Blood Chief.’” The Blackfoot 
Medicine Wheel Project team, led by Clarence Wolf Leg, 
briefly surveyed along the east side of Arrowwood creek 
but did not relocate the site. This survey was not exhaustive, 
however, and much ground remains to be covered. Kathy 
Brewer discussed the Bad Head Medicine Wheel with 
Herman yellow Old Woman of the Siksika. He indicated 
that the elders of the past said they had seen only parts of the 
medicine wheel at the time the Bow river Irrigation District 
flooded the site. It is possible that the Bad head Medicine 
Wheel has been destroyed as a result of the construction of 
the Bow River irrigation canal.

4.2.2. Little Medicine Pipe
dempsey (1956:179) also noted the possibility of a 

second medicine wheel on the Siksika Reserve. Again he 
stated: “One Gun knew of two wheels which he claimed 
were intact on the North Blackfoot reserve [Siksika], east 
of Calgary. He said that ‘at Blackfoot Crossing there is 
one for Little Medicine Pipe, a Blackfoot who died in the 
smallpox epidemic of 1869-70, and on Arrowwood Creek is 
one for Bad Head, a Blood Chief.’”  As with the Bad Head 
Medicine Wheel, this medicine wheel was not relocated. 

4.2.3. Many Horses
ewers (1955:287) briefly referred to a death lodge 

prepared for Many Horses. Many Horses and his wife 
were murdered by the Atsina (gros ventre) in 1866. The 
remaining family members erected a death lodge for the 
horse-wealthy leader. However, it is unclear if this lodge 
had radiating spokes; the offerings apparently included the 
execution of ten of his favourite horses (Ewers 1955:287). 
The location of the death lodge is not mentioned but might 
be determined to some degree given that before erecting 
the lodge the Amsskaapipikani [Peigan] retaliated against 
the Atsina. Calf Looking, father of Lazy Boy, oversaw the 
distribution of Many Horses wealth. There may be enough 
information to indicate the general location of the lodge. 
Further research is required.  

4.2.4. Mékai-Sto (Red Crow)
red crow was a highly influential Blood chief of the 

Blackfoot from 1879 to his death. He died on August 28, 

1900, on the banks of the St. Mary (dempsey 1956:179, 
Kehoe 1954:133). Chief Red Crow was born in 1830 to the 
Fish eater clan. In his early life red crow was known as a 
distinguished warrior and leader who went on raids against 
the crows, cree, Assiniboin, Shoshone, and Nez Perce 
Tribes. Red Crow was the son of Black Bear (father) and 
Handsome Woman (mother). His father was also a great 
Chief of the Blood Tribe in the 1800s. 

The evidence for a medicine wheel to memorialize 
Red Crow comes from dempsey (1956:179-180, see also 
dempsey 1994:14). He stated: 

Of the three markers [referring to the Steel, Eagle 
Child, and Red Crow medicine wheel], Red Crow’s 
is the earliest. It was made immediately following 
his death on August 28, 1900. Red Crow was head 
chief of the tribe from 1870 until his death and 
was one of the most influential men in the nation. 
An elderly informant, Mrs. Bruised Head, who 
was present at the event, provided the following 
description of his medicine wheel:

I was staying at red crow’s tipi at the 
time. He went across the river to round up 
his horses and, when he didn’t return, his 
wife, Long Time Singer, went to look for 
him. She found him laying [sic] on the gravel 
at the edge of the river. I saw her crying and 
we knew what had happened. We all went 
across with Red Crow’s wagon and brought 
his body over. Both religious denominations 
were at the funeral, together with many 
white people. When it was finished, we 
started to move camp. But before we left, 
we place the markers on the four sides of his 
tipi ring. Red Crow had used pegs on his tipi, 
but also had stone between them. When the 
lodge was removed, the circle of stones was 
incomplete, so we took rocks from other tipi 
rings and completed it. Then we placed the 
four radiating lines. There was no ceremony; 
several of us in the family did it because it 
was the custom as far back as the days when 
we used dogs; they were just the marks of a 
warrior chief.

After this, we left the camp site. That 
night, Bull Horn, a minor chief, camped in 
the next bottom. He had not heard about Red 
crow’s death. Next morning he went to the 
camp site and when he saw the marks around 
Red Crow’s tipi ring he began crying, for he 
knew that Red Crow was dead.
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harry Mills, a Kainai, noted that the Mékai-sto (red 
Crow) Medicine Wheel had been covered up or washed 
away some time before the early 1950s owing to its location 
along the banks of the Belly River [sic., St. Mary River] 
(Kehoe 1954:133). With authority, dempsey (1994:13) 
confirmed that red crow’s last camping place, having 
been marked with a complete circle and radiating lines, 
disappeared under the St. Mary irrigation dam in the 1950s 
and, although inundated, may still be intact to this day.

4.2.5. Running Wolf
Harry Mills also mentioned another medicine wheel on 

the Kainai Reserve. He stated:  “There is another one for 
Running Wolf to mark the place where he died at the Belly 
Buttes. It’s not far from the Sun Dance ground, so I could 
show it to you if you were at the next Sun dance” (Kehoe 
1954:133).

5. Conclusions
The Blackfoot Medicine Wheel Project team revisited the 

six known medicine wheels, Crowfoot Creek, Sti-mátsis 
(Steel), Makoyepuk (Wolf child), Nitapinaw, Péta-poka 
(Eagle Child), and Many Spotted Horses, and gathered 
information about these sites. In addition, there were at least 
five other medicine wheels mentioned in oral tradition and 
recorded in the literature for which the team tried to gather 
information; these included Bad Head, Little Medicine Pipe, 
Mékai-sto (red crow), running Wolf, and Many horses. 

Makoyepuk (Wolf Child) is a Subgroup 4 medicine 
wheel that has been destroyed. Crowfoot Creek, Sti-mátsis 
(Steel), Péta-poka (eagle child) are three of 13 known 
Subgroup 4 medicine wheels in Alberta, with only three 
more known from Montana (vickers and Peck 2009:483-
485). Many Spotted Horses Medicine Wheel is remarking 
of a Subgroup 4 medicine wheel. Nitapinaw is one of three 
known Subgroup 3 medicine wheels in Alberta; another six 
Subgroup 3 medicine wheels are known in Saskatchewan; 
and one Subgroup 3 medicine wheel is known just across 
the border in Montana (vickers and Peck 2009: 481-483). 
These are rare and significant sites which continue to be 
impacted through the complete destruction of the site, loss 
of structural elements of degradation of their context. yet, 
there is still hope that other medicine wheel site may be 
found. Five possible medicine wheels - Bad Head, Little 
Medicine Pipe, Mékai-sto (red crow), running Wolf, 
and Many Horses - from oral tradition may exist on the 
landscape in southern Alberta.
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ABSTRACT 
This article is the first in the Alberta Lithic Reference Project series, the goal of which is to assist the identification of 
raw materials used for pre-contact stone tools in the province. Each article focuses on one raw material; the current 
article discusses a partially fused, glassy, vesicular rock that originates in Northwest Territories called Tertiary Hills 
Clinker (THC). THC appears in archaeological sites in northern and central Alberta. A suite of techniques indicates 
that it can be geochemically sourced much like obsidian. The accurate identification of THC can reveal significant 
relationships between occupants of Alberta and the Mackenzie Basin to the north.   

KEYWORDS
clinker, coal, Alberta Lithic Reference Project, porcellanite, pXRF, fused, glass

1. The Alberta Lithic Reference Project
A lack of published references about pre-contact lithic 

materials (toolstones) in Alberta has led to inconsistent 
identifications. This article is one of a series of what   
will become chapters in a stand-alone Alberta toolstone 
guide. Each article focuses on a raw material used to 
make stone tools. A helpful, easy-to-use guide will 
amplify the utility of data generated by cultural resource 
management and academic projects; we hope this spurs 
new research agendas and helps answer questions about 
the province’s past. 

2. Introduction: Tertiary Hills Clinker
Tertiary Hills Clinker (THC) is appropriate to begin 

the toolstone series because it is poorly known, easy 
to misidentify, and until recently, has eluded accurate 

geological identification. It was first noted by MacNeish 
(1954:248) who called it Keele River Obsidian owing 
to its translucent, glassy nature, and appearance in 
assemblages from the Keele River basin that drains 
the Mackenzie Mountains of Northwest Territories. 
Millar (1968) called this material ignimbrite because he 
considered it instead to be either a lithified consolidation 
or a suspension of particles and gases deposited by 
pyroclastic flows (it contains distinct vesicles or gas 
bubbles). Cinq-Mars (1973) provided the first formal 
description of the raw material and revised its name 
to Tertiary Hills Welded Tuff. The basis for this name 
change was that the Geological Survey of Canada (Yorath 
and Cook 1981), with assistance from Shuhtagot’ine 
Dene First Nations, identified an outcrop in the Tertiary 
Hills, 30 kilometres west of the Mackenzie River (Figure 
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demonstrate that THC formed through in situ combustion 
of coal seams that partially fused surrounding shale or 
mudstone. That is, the material is a proper clinker with no 
evidence of origin from a volcanic eruption. Geographic 
distributions of clinkers, formation processes, and basic 
visual characteristics of THC are provided below. This 
background information is followed by our geochemical 
and mineralogical analyses of THC, which were conducted 
to properly define this material and demonstrate that it can 
be used in lithic provenance studies. 

2.1.  Geographic distribution of THC and clinker 
outcrops

The Tertiary Hills belong to the Flint Stone Range of the 
Mackenzie Mountains. They are drained by Tertiary Creek 
and East Little Bear River (Figure 2). The recorded THC 
outcrops are 620 kilometres from the Alberta border and 1320 
kilometres from the furthest recorded southern occurrence 
of THC (near Barrhead northwest of Edmonton). By 
following major rivers, the Tertiary Hills are roughly 2100 
kilometres from north central Alberta where THC artifacts 
have been recorded in the town of Athabasca, and northeast 
of Whitecourt. This estimate is based on movement via 
Tertiary Creek to the Mackenzie River to Great Slave Lake, 
Slave River, Lake Athabasca, and Athabasca River.     

Other clinkers outcrop in a variety of settings associated 
with coal seams across North America (Grapes 2011). These 
clinkers are typically coarse grained and heterogeneous. 
The appearance of vitreous clinkers that are uniform 

1). Cinq-Mars (1973) hypothesised that it formed when 
beds of tuff (consolidated volcanic ash) flowed and were 
“welded” into fine grained silica-rich rock. He conceded 
that the material could instead be “fused” when tuffs met 
rhyolitic lava domes, dykes, or granulated breccias at the 
base of rhyolitic flows.

Donahue (1976) used the name Keele River Welded Tuff 
but Ives and Hardie (1983) maintained Cinq-Mars’ label 
when the material was first formally described in an Alberta 
context. Pokotylo and Hanks (1989) later proposed the 
name Tertiary Hills Tuffaceous Clinker for the reason that 
it appeared to have fused via combustion of neighbouring 
coal — clinkers form when naturally ignited coal seams 
bake and melt surrounding stone (Grapes 2011). Ignited 
coal seams are relatively common in the Mackenzie Basin 
and, according to oral history, Shuhtagot’ine Dene attribute 
them to burning fat that dripped down from a giant beaver 
killed by legendary culture hero Yamǫ́ria (Blondin 1990). 
Alexander Mackenzie recorded burning coal seams near the 
confluence of the Mackenzie and Great Bear Rivers as early 
as 1789 (Mackenzie 1801:95). 

We propose the name Tertiary Hills Clinker on the grounds 
of our initial X-ray diffraction (XRD), thin section analysis, 
portable X-ray fluorescence (pXRF), and Instrumental 
Neutron Activation Analysis (INAA). These analyses all 

Figure 1. THC outcrop and bedrock geology of North America. THC 
outcrops west of Mackenzie River, which flows north to the Arctic Ocean 
(bedrock geology data from USGS 2014). 

Figure 2. Four recorded outcrops of THC are in the Tertiary Hills 
(bedrock geology data from Fallas et al. 2013). 
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enough to permit flintknapping are rare. Knappable clinkers 
in the sphere of the current paper include Cape Bathurst 
Clinker near the Mackenzie Delta in Northwest Territories 
(Le Blanc 1991) and a clinker material referred to as non-
volcanic natural glass from Montana/Wyoming (Frison 
1974). A knappable clinker was recently reported (Kurtis 
Blaikie, e-mail communication, April 21, 2016) from the 
Lesser Slave Lake region of central Alberta but has yet to 
be confirmed.  

2013). Fallas (e-mail communication, December 8, 2014) 
notes that the Summit Creek Formation contains tuff beds 
but these ashes were deposited in cool conditions and have 
not been sufficiently consolidated to become a tuffaceous 
rock. The sediments in which THC formed were mudstones 
or shales (Yorath and Cook 1981). These were subsequently 
fused by combustion of adjacent coal seams. The fusion of 
these argillaceous rocks created material with a propensity 
to fracture in a conchoidal fashion and hence, produced a 
very workable toolstone. 

The formation process of clinker is archaeologically 
significant. Clinkers are generally found in dispersed and 
localized outcrops, which would predictably lead to small-
scale quarries. Although relatively little archaeological 
work has been conducted at the outcrops, preliminary data 
suggest that the quarries (LcRf-7, LcRq-7, LdRq-3, LdRr-1, 
and LdRr-2) are small and exhibit low intensity exploitation. 
Because clinker formation requires oxygen for combustion, 
high quality sources are generally limited to areas where 
coal seams and adjacent fine-grained mudstones are exposed 
at the surface. The outcrops are within forests of the Taiga 
Cordillera ecoregion (Ecosystem Classification Group 
2010:94), where surface exposures are generally minimal. 

volcanic rocks are internally consistent and readily usable 
but the use of clinkers would involve greater amounts of 
time and energy both to locate high quality outcrops and to 
reduce unusable cortex or internal seams so that high quality 
portions could be isolated. We expect small and scattered 
quarries to have high degrees of primary reduction activities 
in which large amounts of unusable cortex were removed 
(Figure 3).

Figure 3. THC cobble displaying high quality clinker, oxidized cortex, 
and seams (LcRq-7:45, Prince of Wales Northern Heritage Centre, 
Yellowknife, Northwest Territories). Photograph courtesy of Mike 
Donnelly.

2.2.  Formation of clinker 
Clinkers form through combustion of coal seams or 

bituminous sediments that leads to the geochemical 
alteration (“pyrometamorphism”) of neighbouring 
sedimentary rock (Grapes 2011:5). This pyrometamorphism 
of pre-existing rock is quite different from the formation of 
extrusive volcanic rocks produced by the rapid cooling of 
magma. Clinkers are baked and partially fused, as opposed 
to completely melted rocks called slag or paralavas (Grapes 
2011). The degree of fusion in clinkers varies depending on 
the proximity to coal seams or bituminous sediments. THC 
nodules have burnt cortex (oxidized exteriors) and internal 
seams where the host material was subject to oxidation 
and combustion (Figure 3). The characteristic vesicles of 
THC are bubbles of trapped gas produced during the partial 
fusion of the sedimentary rocks.  

2.3.  How to identify THC
Tertiary Hills Clinker varies in colour from white to grey, 

and can also be light brown, red, and purple (Figures 4-6). 
Artifacts are typically made of the highest quality clinker, 
which is white or light grey (Figure 7). Laminar bands 
and minute red oxidized seams are common. THC varies 
from translucent to opaque, and characteristically contains 
vesicles. The vesicles impart a frosted glass texture with a 
vitreous to glimmering lustre (Ives and Hardie 1983). These 
vesicles are faintly visible to the naked eye (especially 
if they are filled with dirt on an otherwise clean artifact 
surface) but are easily detected under a magnification 
of 10x-30x (Figures 8 and 9). The presence of abundant 
circular vesicles, with diameters up to 2 millimetres, is a 
key observation to help identify THC. Current repositories 
of THC include the Prince of Wales Northern Heritage 
Centre, the Archaeological Survey of Alberta, the Royal 
Alberta Museum, and the Canadian Museum of History.

THC outcrops are in the Summit Creek Formation, which 
is a Late Cretaceous to Paleocene unit that consists largely 
of sandstone interbedded with conglomerates, shales, ash 
beds, and coal (Fallas and MacLean 2013; Fallas et al. 
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 THC can resemble fine-grained quartzite or quartz 
as well as lustrous cherts or chalcedonies: Figure 10 
depicts high quality THC, while Figures 11 to 16 show  
potentially similar-looking materials with explanations 
of discriminating features. Ramah Chert (used in 
Newfoundland and Labrador) is superficially similar to THC  
and, while unlikely to appear in Alberta, is included because 
it was traded across the Arctic and may overlap with THC 

in the north. Chemically, it is relatively straightforward 
to differentiate THC from quartzite, quartz, chert, or 
chalcedony (discussed below). The diagnostic traits of THC 
are an abundance of vesicles and its non-crystalline nature. 
vesicles also appear in tuffaceous rocks that may outcrop in 
Alberta or were imported for tool use. However, vesicles in 
tuffaceous rocks are often elongated due to flowing while 
those in clinkers are generally circular. 

Figure 4. Grey variation of THC (LdRr-1:3, 
Prince of Wales Northern Heritage Centre, 
Yellowknife, Northwest Territories). Photograph 
courtesy of M. Donnelly.

Figure 6. Most artifacts are of white-grey THC 
(LcRq-7:38, Prince of Wales Northern Heritage 
Centre, Yellowknife, Northwest Territories). 
Photograph courtesy of M. Donnelly.

Figure 5. Purple THC (likely from LdRq-3), 
Prince of Wales Northern Heritage Centre, 
Yellowknife, Northwest Territories). Photograph 
courtesy of M. Donnelly.

Figure 7. THC artifacts. 1: 983.71.1. (Prince of Wales Northern Heritage Centre, Yellowknife, Northwest 
Territories), 2: No catalogue number (Grande Prairie Pioneer Museum, Grande Prairie, Alberta) from 
near Wembley, Alberta; 3: LgRk-2:988.67.3 (Prince of Wales Northern Heritage Centre, Yellowknife, 
Northwest Territories), 4: no catalogue number (Athabasca Archives, Athabasca, Alberta) found in 
Athabasca; 5: LbRr-1:8 (Prince of Wales Northern Heritage Centre, Yellowknife, Northwest Territories). 
Photographs of artifacts 1, 3, and 5 courtesy of Susan Irving. 
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Figure 8. Characteristic vesicles of THC as seen in a polished thin-section (HhOu-113:34372, Royal Alberta 
Museum, Edmonton, Alberta).

Figure 9. Compilation of 
microscope photographs 
illustrating THC vesicles and 
inclusions.

Figure 10. High quality THC is distinguishable from quartz or quartzite by its vesicles. Small 
black circles are dirt-filled surface vesicles (MaRe-11:1, Prince of Wales Northern Heritage 
Centre, Yellowknife, Northwest Territories). 
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Figure 11. Quartzite lacks vesicles and is angular (artifact number HcQt-
1:26, Pederson collection from the Worsley area, northwest Alberta).

Figure 12. Quartz lacks the vesicles of clinker and, like quartzite, 
typically has angular grains (no catalogue number, Stettler Town and 
Country Museum, Stettler, Alberta).

Figure 13. Cherts are generally opaque, lack vesicles, and are not as 
glossy as THC (no catalogue number, Stettler Town and Country 
Museum, Stettler, Alberta).

Figure 14. Ramah Chert (artifact from site IiCw-8, Provincial 
Archaeology Office, St. John’s, Newfoundland and Labrador).

Figure 15. Chalcedony generally lacks any visible internal structure and 
is characteristically smooth and waxy (no catalogue number, Johnston 
private collection from Oyen area, Southeast Alberta).

Figure 16. Porcellanite generally bears little resemblance to THC but 
has similar geological origins (DkPi-2:215594, Royal Alberta Museum, 
Edmonton, Alberta).
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Territories, ten purported THC artifacts from the Yukon, 
nine purported THC artifacts from Alberta, ten outcrop 
samples of non-volcanic natural glass from Montana, eight 
samples of Montana porcellanite, seven samples of Cape 
Bathurst Clinker, and 23 samples of either chert, quartzite, 
quartz, chalcedony, and siltstone. Small samples of THC 
were also analysed by instrumental neutron activation 
analysis (INAA) and X-ray diffraction (XRD). 

3.1.  Portable X-ray fluorescence analysis
In this study, XRF elemental analyses were performed 

using a Bruker AXS Tracer III-SD handheld X-ray 
fluorescence spectrometer attached to a laptop computer 
running the Bruker software S1PXRF. The Bruker AXS 
Tracer III-SD is equipped with an Rh X-ray tube and a 10 
millimetre² Silicon Drift Detector (SDD) with a resolution 
of 145 ev FWHM for 5.9 kev X-rays. The spot size of 
the X-ray excitation beam striking the sample was less 
than 10 millimetre in diameter. The pXRF was set up in 
a Bruker desktop stand and operated remotely by laptop. 
The pXRF unit was powered by an AC adapter and was 
run at an accelerating voltage and operating current of 40 
kV and 30 μA, respectively. To optimize the determination 
of the elements of interest, a Bruker AXS excitation filter 
(comprised of 0.1523 millimetre Cu, 0.0254 millimetre Ti 
and 0.3047 millimetre Al) was utilized. Data collection was 
for a 300 second live-time count period. Manganese, Fe, Zn, 
Ga, Rb, Sr, Y, Zr, and Nb were quantified via their Kα X-ray 
emissions, while Th was determined using its Lα X-rays. 
The proprietary obsidian calibration supplied by Bruker 
AXS was employed for the THC elemental determinations. 
Speakman et al. (2011) found that an obsidian calibration 
gave relatively accurate results for the analysis of ceramic 
data, which they considered reasonable given that obsidian 
and pottery are silica-rich. Given the expected elemental 
similarity between THC and obsidian, use of the obsidian 
calibration in this study seemed reasonable. Furthermore, 
pXRF analysis of a powdered sample of NIST 278 
(obsidian), NIST 2710a (soil), and the USGS rock reference 
materials RGM-2 (rhyolite), QLO-1 (quartz latite), and 
GSP-2 (granodiorite), for quality assurance purposes, gave 
results for the elements listed above in good agreement with 
their certified or recommended values.    

3.2.  Instrumental Neutron Activation Analysis
Preliminary examination of known THC material was 

carried out using instrumental neutron activation analysis 
(INAA) employing short-lived radionuclides. Samples 
weighing between 250 and 580 milligrams, were washed in 
deionized water, air dried, weighed, and individually placed 
in polyethylene irradiation vials. Samples were irradiated 

The most similar rock types to THC in Alberta and 
Montana’s archaeological record (in terms of geological 
formation processes) are likely porcellanites (Figure 16) and 
fused glass. Fused glass, also called vesicular glass or non-
volcanic natural glass (NvNG), appears to be a synonym 
for clinker although it is thought to form directly in vertical 
burning coal vents where maximum temperatures are 
reached as opposed to in beds overlying coal seams where 
THC forms (Fredlund 1976). Fused glass can be mistaken 
for obsidian because of its glassy, often black appearance 
(Fredlund 1976). Fused glass can, however, be differentiated 
by a high density of vesicles not found in obsidian. Most 
Montana fused glass is black or green although samples 
from Big Horn County in Southeast Montana, for example, 
are red, yellow, and grey (Fredlund 1976). 

Porcellanite is related to fused glass or clinker although 
it is thought to form at greater distances from coal seams or 
vents, which generally results in a less vitreous though still 
uniform partially ‘baked’ rock that fractures conchoidally. 
The term porcellanite is also used for various siliceous rocks, 
including sedimentary and volcanic rocks (Fredlund 1976), 
but is here used as a near synonym with clinker. Porcellanite 
is formally defined by Grapes (2011) as a light coloured, very 
fine grained, completely recrystallized pyrometamorphosed 
clay, marl, shale, or bauxitic lithomarge.   

Porcellanites outcrop in association with coal seams across 
eastern Montana, western North Dakota, and Wyoming 
where it can form major components of lithic assemblages 
(Fredlund 1976; Clark 1985; Ahler et al. 2002). The extent 
of non-volcanic glass is less well known but it occurs in 
Big Horn County (Fredlund 1976), Powder River County 
in Southeast Montana (Craig Lee, e-mail communication, 
March 5, 2016), and Texas (Frison 1974).  Porcellanites and 
fused glasses are sometimes called “fused shale” elsewhere 
in western North America (Hughes and Peterson 2009) and 
the label has been applied in Alberta. Fused shale is a more 
general term that can encompass porcellanites and clinkers 
although many forms of fused shale are not porcellanite or 
clinker. We suspect that many “fused shales” described in 
an Alberta context are actually Montana porcellanites but 
local fused shales do occur, for example, a red-brown, dull 
variety outcrops near Wabamun in central Alberta. Based 
on geological definitions (Grapes 2011), it appears that 
clinker, fused shale, and porcellanites can all share similar 
formation processes (e.g., coal combustion) but generally 
differ due to various parent materials and degrees of fusion. 

3. Methodology
Geochemical signatures of ten THC outcrop samples were 

compared with those of 43 THC artifacts from Northwest 
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sequentially in the University of Alberta SLOWPOKE 
Nuclear Reactor for 240 seconds at a nominal thermal neutron 
flux of 1 x 1011n cm-2 s-1. Induced sample radioactivity was 
measured twice following the end of irradiation.  Following 
a timed decay period (typically 15 minutes), each sample 
was counted for 240 seconds at a sample-to-detector 
distance of 13.5 centimetres; following a total decay 
period of ≥ 80 minutes, each sample was recounted for 600 
seconds at a sample-to-detector distance of 6 centimetres.  
All counting was performed using a 40% relative efficiency 
ORTEC FX-Profile hyperpure Ge detector with carbon 
window. Utilizing the described analysis protocol, Al, Na, 
K, Mn, Ba, Dy, and U in the THC material were detected 
and quantified. Element 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; USGS W1, diabase) 
analyzed under the same conditions as the THC samples. 

3.3.  X-ray diffraction
Three samples of Tetriary Hills Clinker (two Alberta 

artifacts and one natural outcrop piece) were analysed at the 
X-ray Diffraction Laboratory in the Department of Earth 
and Atmospheric Sciences at the University of Alberta. 
Samples were ground to a fine powder with a quartz pestle 
and mounted. X-ray diffraction patterns were acquired using 
Bragg-Brentano parafocussing reflection geometry with a 
Rigaku Ultima IV θ-θ diffractometer. This instrument has 
a Co X-ray source (Kα 1.78899 Å) and Fe filter, and it was 
operated at 38 kv and 38 mA. The detector was a 1D silicon 
strip (D/tex Ultra). Each diffraction scan was run from 5° to 
90° 2θ in continuous mode with a step size of 0.02° 2θ, and 
a count time of 0.6 seconds per step.

4. Results
Based on XRD analysis, THC is heavily dominated by 

non-crystalline material with minute amounts of quartz and 
mullite. The latter is a needle-shaped aluminosilicate mineral 
characteristic of high-temperature geologic conditions. 
Relatively high rubidium concentrations in THC outcrop 
material from Northwest Territories substantiate an original 
shale or mudstone (argillaceous) composition of the THC 
precursor. Significantly, the geochemical fingerprint of 
THC lends itself to raw material sourcing studies via pXRF 
and INAA. The speed and ease of analysing a wide range 
of sample sizes by pXRF made it the preferred method for 
this study. As in obsidian-sourcing studies, trace element 
concentrations including rubidium (Rb), strontium (Sr), 
and zirconium (Zr) are useful for differentiating THC from 
similar-appearing materials and other clinkers (Figure 17). 
Some elements exhibit considerable intra-source variability, 
which likely reflects  variable and dynamic processes of 
combustion pyrometamorphism of clinker (Table 1). 

THC, porcellanite, Cape Bathurst Clinker, and non-
volcanic natural glass all contain elevated values of 
zirconium, rubidium, strontium, yttrium, and other trace 
elements indicative of their shared coal-baked origins 
(although these elements are often elevated in volcanic 
rocks as well). Despite their proximity in some bivariate 
plots in Figures 17, porcellanite and Cape Bathurst Clinker 
are macroscopically distinct from THC (Figures 18 and 
19). Cape Bathurst Clinker is typically dark grey or blue-
grey while porcellanite is a typically an opaque grey or 
red-purple. Their inclusion in the geochemical analyses 
provides a means to assess the ability of pXRF to distinguish 
between clinkers. Surprisingly, Ti and v were not detected 
in the THC samples. Of the elements identified in this study 
only Mn was determined by both pXRF and INAA. For the 
few samples analyzed by both techniques the pXRF results 
agreed with the INAA determinations within ± 10% (1σ). 

Figure 17. Bivariate plots of pXRF results (ellipse confidence interval of 95%). Concentrations are in parts per million (ppm). 
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ID Raw Material Catalogue Number Repository Mn Fe Zn Ga Th Rb Sr Y Zr Nb
TK-1 THC outcrop (grey) LcRq-7:5 PWNHC 414 10700 97 21 18 302 26 23 113 11

TK-2 THC outcrop (grey) LdRr-1:3 PWNHC 344 34600 341 24 18 277 41 30 166 19

TK-3 THC outcrop (white) LcRq-7:42 PWNHC 356 13000 78 22 17 299 38 25 111 11

TK-4 THC outcrop (grey) LdRr-2:1 PWNHC 422 9830 130 26 18 347 8 43 144 18

TK-5 THC outcrop (grey) LcRq-7:9 PWNHC 477 10600 181 29 20 368 23 27 124 14

TK-6 THC outcrop (white) LdRr-2:5 PWNHC 413 9380 111 22 18 332 8 44 144 20

TK-7 THC outcrop (grey) LdRr-1:3 PWNHC 339 36500 384 28 16 279 35 34 181 17

TK-8 THC outcrop (white) LcRq-7:42 PWNHC 482 9700 179 26 19 342 23 24 121 11

TK-9 THC outcrop (red) H06 112:1 RAM 387 10900 137 23 16 235 29 24 140 13

TK-10 THC outcrop (purple) H06 112:2 RAM 319 8830 83 22 13 187 25 24 123 12

TK-11 THC artifact KlRs-13:309-15 PWNHC 451 8200 225 21 18 241 22 28 112 12

TK-12 THC artifact KlPp-3:25 PWNHC 382 7490 69 20 17 233 16 25 111 12

TK-13 THC artifact LgRk-2:988.67.28 PWNHC 387 7390 61 21 13 263 15 26 104 11

TK-14 THC artifact LdRo-4:10 PWNHC 356 9190 55 20 16 299 23 23 118 11

TK-15 THC artifact LgRk-2:988.67.51 PWNHC 337 7200 79 20 14 225 17 23 106 10

TK-16 THC artifact LgRf-1:1 PWNHC 375 8090 98 23 17 298 7 46 152 20

TK-17 THC artifact MaRe-5:1 PWNHC 375 8790 68 24 14 258 24 26 119 12

TK-18 THC artifact KlRs-8:1 PWNHC 412 10100 142 29 20 344 7 54 163 24

TK-19 THC artifact MaRe-11:1 PWNHC 327 8180 66 19 14 296 25 23 114 11

TK-20 THC artifact LgRf-2:2 PWNHC 375 9100 114 27 18 301 28 25 122 13

TK-21 THC artifact JhRd-9:4 PWNHC 422 9600 86 23 17 309 26 23 119 12

TK-22 THC artifact LfRq-4:140a-d PWNHC 393 9540 97 19 15 253 29 27 121 9

TK-23 THC artifact LbRr-1:1 PWNHC 398 9940 183 28 17 314 26 28 125 13

TK-24 THC artifact JhRd-3:2 PWNHC 324 8170 61 20 14 260 28 25 120 11

TK-25 THC artifact KjPo-30:1 PWNHC 369 9750 75 26 20 348 29 26 129 11

TK-26 THC artifact KlRs-20:54 PWNHC 374 9130 66 23 15 298 22 26 117 11

TK-27 THC artifact (red) KlRs-2:700 PWNHC 428 11900 73 28 18 366 28 25 132 14

TK-28 THC artifact LgRk-2:988.67.263 PWNHC 337 7520 100 19 16 242 17 25 107 11

TK-29 THC artifact LbTa-2:35 PWNHC 357 11000 110 24 17 353 32 26 126 11

TK-30 THC artifact LbTa-4:6 PWNHC 374 8350 89 22 15 294 22 26 115 12

TK-31 THC artifact KlRs-5:227 PWNHC 362 6890 74 22 14 215 16 24 109 12

TK-32 THC artifact LcRr-1:3 PWNHC 374 10160 67 21 17 315 28 25 122 12

TK-33 Quartzite artifact LhRq-1:984.61.130 PWNHC n.d. 910 29 13 n.d. 4 8 6 36 3

TK-34 THC artifact LdRo-2:42 PWNHC 385 8430 70 21 16 313 26 24 118 12

TK-35 THC artifact LcRq-5:28 PWNHC 335 10770 94 21 14 218 30 27 129 13

TK-36 THC artifact LcRq-5:36 PWNHC 355 10070 94 21 15 319 29 24 118 10

TK-37 THC artifact 01-OGL-2013 ST40 PWNHC 332 8870 55 18 15 310 25 24 117 11

TK-38 THC artifact KfTd-3:5 PWNHC 330 11600 64 22 15 278 20 24 110 11

TK-39 THC artifact No cat. # J. Fisher 206 9270 68 20 20 183 55 32 143 17

TK-40 THC artifact GbPt-11:5 RAM 318 10050 66 20 20 211 120 23 148 14

TK-41 THC artifact HhOu-113:34371-77 RAM 426 9800 96 25 16 287 21 27 121 14

TK-42 Cape Bathurst Clinker artifact ObRw-1:368 PWNHC 882 8660 70 19 11 148 76 33 166 14

TK-43 Cape Bathurst Clinker artifact ObRw-1:364 PWNHC 556 6500 59 22 11 141 75 34 169 13

TK-44 Montana Porcellanite outcrop No cat. # RAM 684 31360 69 26 10 138 84 31 177 15

TK-45 Montana Porcellanite outcrop No cat. # RAM 790 42200 121 41 14 191 96 34 203 19

TK-46 Montana Porcellanite outcrop No cat. # RAM 796 37200 86 26 12 129 97 29 144 13

TK-47 Montana Porcellanite outcrop No cat. # RAM 772 36500 81 24 11 144 98 27 147 14

Table 1. PXRF results from the analysis of natural outcrop specimens and artifacts of Tertiary Hills Clinker, and similar-looking materials. 
Concentration values are in parts per million. RAM=Royal Alberta Museum. PWNHC=Prince of Wales Northern Heritage Centre.
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ID Raw Material Catalogue Number Repository Mn Fe Zn Ga Th Rb Sr Y Zr Nb

TK-48 Montana Porcellanite outcrop No cat. # RAM 866 52100 84 30 13 123 106 34 179 15

TK-49 Quartzite artifact No cat. # J. McIntosh n.d. 960 3 6 n.d. 4 2 4 33 n.d.

TK-50 Quartzite artifact No cat. # Stettler Museum n.d. 900 3 6 n.d. 4 4 3 29 n.d.

TK-51 Quartzite artifact HcQt-1:26 K. Pederson n.d. 970 4 5 n.d. 4 1 4 79 1

TK-52 Quartzite artifact No cat. # Steinrath n.d. 1990 n.d. 6 n.d. 6 12 4 32 n.d.

TK-53 Quartz artifact No cat. # Stettler Museum n.d. 920 5 13 n.d. 3 n.d. 2 19 1

TK-54 Cathead Chert outcrop No cat. # RAM n.d. 750 n.d. 11 n.d. 4 5 2 19 1

TK-55 Swan River Chert outcrop No cat. # RAM n.d. 900 6 13 n.d. 4 1 2 29 1

TK-56 Swan River Chert artifact No cat. # Stettler Museum n.d. 860 5 6 n.d. 4 1 2 22 n.d.

TK-57 Chert artifact HcQt-1:29 K. Pederson n.d. 4630 19 13 n.d. 26 123 12 71 3

TK-58 Chert artifact No cat. # J. McIntosh n.d. 1750 4 7 n.d. 9 53 4 29 n.d.

TK-59 Chert artifact No cat. # J. McIntosh n.d. 840 6 7 n.d. 3 5 4 20 n.d.

TK-60 Ramah Chert outcrop No cat. # RAM n.d. 1780 2 7 n.d. 3 n.d. 3 23 n.d.

TK-61 Ramah Chert outcrop No cat. # RAM n.d. 2670 n.d. 6 n.d. 3 1 2 18 n.d.

TK-62 Ramah Chert outcrop No cat. # RAM n.d. 3230 6 8 n.d. 3 4 2 19 n.d.

TK-63 Chert artifact No cat. # J. McIntosh 53 13600 22 11 1 32 33 9 59 9

TK-64 Chert artifact No cat. # Stettler Museum n.d. 1120 9 9 n.d. 4 2 2 27 1

TK-65 Chalcedony artifact 2004.064.005 Brooks Museum n.d. 1000 3 8 n.d. 4 2 2 20 n.d.

TK-66 Chalcedony outcrop No cat. # Todd Kristensen n.d. 800 n.d. 10 n.d. 4 15 7 31 1

TK-67 Non-volcanic glass outcrop No cat. # RAM 239 10100 65 19 23 194 10 65 215 52

TK-68 Chalcedony outcrop 989.10.10 U of A n.d. 900 1 9 n.d. 6 3 3 22 n.d.

TK-69 Quartz artifact (crystal) KfTd-4:1 Todd Kristensen n.d. 770 1 6 n.d. 3 n.d. 2 18 n.d.

TK-70 Missing Link outcrop No cat. # RAM 43 49200 71 17 n.d. 8 16 7 182 6

TK-71 Missing Link outcrop No cat. # RAM 190 79000 115 22 2 6 20 25 269 17

Table 1. (continued)

Figure 18. Porcellanite cobble from Montana (H87.56.69, Royal Alberta 
Museum, Edmonton, Alberta). Porcellanites that dominate Montana 
asseamblages range in colour from grey to red and purple. Lusters can 
vary from dull to glossy presumably due to different degrees of fusion 
during pyrometamorphism.  

Figure 19. Cape Bathurst Clinker cobble from Northwest Territories 
(collected by Raymond Le Blanc near ObRw-1, no catalogue number, 
Royal Alberta Museum, Edmonton, Alberta). This cobble is described as 
a low quality clinker; more fused varieties of Cape Bathurst Clinker are 
generally more lustrous.
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5. Archaeological significance
THC is one of a few materials in the archaeological record 

of Alberta with a known origin to the north. Consequently, 
it can be a valuable proxy indicator of cultural relationships 
with northern peoples. It was circulated beyond Northwest 
Territories to Yukon, northeast British Columbia, and Alberta 
(Figure 20). Because it is a poorly known raw material, the 
full extent of its distribution may be much larger. 

THC does not appear to have been used more heavily 
during specific time periods in Northwest Territories but there 
are temporally informative appearances of THC in Alberta. 
Bereziuk (2001) noted a THC flake at the Smuland Creek 
site (GdQn-1) in northwest Alberta, which also produced a 
fluted point. The two artifacts are likely associated given the 
site’s location on an isolated Glacial Lake Peace strandline. 
Ives (2006) reported a large lanceolate point of THC (Figure 
21) from the Gardiner Lake Narrows site (HjPd-1) (see also 
Sims 1977; Ives and Hardie 1983). Originally described by 
Sims (1977) as Agate Basin, the point resembles forms from 
Spein Mountain, the Mesa Site, and Healy Lake in Alaska 

(Ackerman 2001; Holmes 2001; Kunz et al. 2003). It also 
strongly resembles a point with parallel collateral flaking 
from Northwest Territories ice patch site KfTe-1 (Andrews 
et al. 2012:16). Roskowski (2012) reported THC flakes 
(n=11) at HhOu-113 in northeast Alberta from a dated 
context of roughly 7000 years ago. These sites suggest 
affinities to or contact with northern peoples very early in 
Alberta’s pre-contact past. 

Figure 20. Distribution of THC and locations of archaeological sites 
in Alberta with recorded THC. 1=a private collection near Wembley, 
2=GdQn-1 (Smuland Creek), 3=GjQa-3, 4= GhPv-1, 5=GbPt-11, 
6=the Fisher collection near Barrhead, 7=Athabasca Archives specimen 
retrieved from north side of Athabasca townsite, 8=HjPd-1, 9=HkPa-4, 
10= HhOu-113 (shaded relief data from USGS 2014).

Figure 21. THC lanceolate spear tip or knife from the Gardiner Lake 
Narrows site (HjPd-1:924, Royal Alberta Museum, Edmonton, Alberta) 
recovered by Sims (1977). HjPd-1 yielded numerous tools and raw 
materials including Beaver River Sandstone and stemmed projectile 
points that Sims suggested were similar in morphology to examples from 
Northwest Territories.

Several THC artifacts are known from northern Alberta 
localities. Projectile points of THC have been identified 
in Alberta collections housed in Grande Prairie Pioneer 
Museum and the Athabasca Archives (see Figure 7). These 
resemble Shield Archaic points (roughly 3500-6000 yr BP) 
based on Gordon (1996:202). Flakes of THC have also been 
found at HkPa-4 (the Eaglenest Portage site in the Birch 
Hills of northeast Alberta), GhPv-1 (near Faust), and GjQa-3 
along Lesser Slave Lake (Le Blanc 2004:24). A broken non-
diagnostic projectile point was also found near Barrhead; 
this is currently in the Joe Fisher collection visited by Todd 
Kristensen in 2014. Lastly, an exhausted core and several 
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6. Conclusion
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ABSTRACT 
This article is the second in the Alberta Lithic Reference Project series, the goal of which is to assist the identification 
of raw materials used for pre-contact stone tools in the province. Each article focuses on one raw material; the current 
article discusses a microcrystalline, actinolite-tremolite (amphibole)-rich rock called nephrite (jade) that originates in 
British Columbia, Washington, Yukon, and Alaska. Nephrite appears in archaeological sites in northern and central 
Alberta. We provide results from a variety of non-destructive techniques (portable X-ray fluorescence, X-ray diffraction, 
and near-infrared spectrometry) to determine the geochemistry and mineralogy of nephrite ground stone celts found 
in Alberta. Portable X-ray fluorescence offers a relatively simple, rapid, and reliable means to distinguish nephrite 
from other materials of similar appearance. Visible near-infrared spectrometry provides a rapid and reliable technique 
to source nephrite back to general production areas in British Columbia. The archaeological significance of nephrite 
celts in Alberta is briefly discussed. The accurate identification of nephrite can reveal significant cultural relationships 
that involved long distance exchange of raw materials between occupants of Alberta and British Columbia.  

KEYWORDS
jade, nephrite, celts, Alberta Lithic Reference Project, serpentinite, pXRF, XRD, V-NIR, green, ground stone

1. The Alberta Lithic Reference Project
A lack of published references about pre-contact lithic 

materials (toolstones) in Alberta has led to inconsistent 
identifications. This article is one of a series of what 
will become chapters in a stand-alone Alberta toolstone 
guide. Each article focuses on a raw material used to 
make stone tools. A helpful, easy-to-use guide will 
amplify the utility of data generated by cultural resource 
management and academic projects; we hope this spurs 
new research agendas and helps answer questions about 
the province’s past.

2. Introduction: Nephrite
This article explores pre-contact jade or nephrite 

artifacts in Alberta (Figure 1). Geological work across 
Alberta has failed to identify any outcrops of nephrite 
or host serpentinite (an ultramafic rock with which 
nephrite is usually associated). The nearest nephrite 
outcrops are west of the continental divide in British 
Columbia. It is unlikely that cobbles of nephrite would 
have been glacially transported into Alberta. This article 
was therefore written to provide a preliminary formal 
attempt at identifying these exotic jade artifacts. The 
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defined as rectangular objects with a sharpened (bevelled) 
end along their short axes (Morin 2012) that were presumed 
to have been used primarily for woodworking. Celts include 
artifact types that were variously hafted such as adzes, axes, 
or chisels. Nephrite cannot be effectively knapped or flaked, 
so it was used exclusively for ground stone tools (Morin 
2015c).

The use of nephrite by pre-contact people in British 
Columbia has been studied for decades (Dawson 1887; 
Emmons 1923; Carlson 1994; Mackie 1995; Darwent 1998; 
Morin 2015a, 2015b) but the archaeological occurrence of 
nephrite in Alberta has received almost no attention. This 
may be partially due to local unfamiliarity with nephrite as 
a raw material but is also likely a result of its rarity in the 
province: the authors documented only 13 known and two 
suspected occurrences of nephrite artifacts in Alberta, all of 
which are ground stone celts that appear in the parkland and 
boreal forest regions of central and northern Alberta. For 
context, ground stone tools in Alberta are comparatively 
rare. Of the more than 40,000 archaeological sites recorded 
by the Archaeological Survey of Alberta, there are seven 

main objectives are to provide macroscopic, microscopic, 
mineralogical, and geochemical means to describe nephrite 
and to distinguish it from materials of similar appearance. 
A secondary objective is to provide a brief theory of the 
archaeological significance of these unique artifacts.

Jade is a commercial or lapidary term that refers to both 
jadeite and nephrite rocks. Almost all jade in Canada that is 
derived from bedrock and alluvial sources is of the nephrite 
variety (Leaming 1978). Nephrite is a microcrystalline to 
cryptocrystalline felted variety of tremolite-ferro-actinolite 
series amphibole (amphiboles are a large group of double-
chain silicate minerals that typically occur as fibrous or 
columnar crystals). Nephrite rock is made largely of prismatic 
to acicular amphiboles consisting of randomly oriented 
and tightly interlocked bundles of tremolite-actinolite 
crystals (Simandl et al. 2000). The mineral orientation and 
microstructure make nephrite among the toughest naturally-
occurring rock materials on earth (Bradt et al. 1973), which 
explains its preferential use in pre-contact times for ground 
stone celt production in British Columbia (Mackie 1995; 
Darwent 1998;  Morin 2012, 2015a, 2015b). Celts are here 

Figure 1. Nephrite celts recovered from Alberta. Accompanying sample numbers are included in the figure. Accession numbers, repositories, and 
associated Borden Numbers are: sample number one = Poohkay specimen from GlQl-4 (2004.7, Grande Prairie Pioneer Museum, Grande Prairie, 
Alberta); sample number two = Guilliford specimen from GcPk-4 (H09.37.1, Royal Alberta Museum, Edmonton, Alberta); sample number three = 
Veidt specimen from HbQj-3 (Bill Veidt private collection, Peace River, Alberta); sample number four = Bohn specimen from GiQs-26 (Rod Bohn 
private collection, La Glace, Alberta); sample number five = Weber specimen found near Horse Hills (no associated Borden Number) in northeast 
Edmonton (h72.7.2125, Royal Alberta Museum, Edmonton, Alberta); sample number six = tAnderson one specimen from GjQq-5 (2004.7, Grande 
Prairie Pioneer Museum, Grande Prairie, Alberta); sample number seven = Matlock specimen found near DeBolt (no associated Borden Number) in 
northwest Alberta (990.27.118.m3, Grande Prairie Pioneer Museum, Grande Prairie, Alberta); sample number eight = Craig specimen from near GfQs-
1 (Gavin Craig private collection, Wembley, Alberta); sample number nine = Eberhardt specimen from FiPn-339 near Stony Plain in central Alberta (no 
accession number, Stony Plain Multicultural Heritage Centre, Stony Plain, Alberta); Anderson two specimen probably associated with GhQr-2 (2004.7, 
Grande Prairie Pioneer Museum, Grande Prairie, Alberta). 
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recorded instances of celts and 39 adzes, only some of which 
are ground. Most of the recorded adzes were produced by 
flintknapping, as opposed to grinding, and are likely more 
properly called flaked celts, choppers, or axes. Based on 
familiarity with private collections, local museums, and a 
cursory review of site forms, we estimate that there are less 
than 60 known ground stone celts in Alberta.      

The colour of nephrite is most commonly a lustrous green 
but it can vary from black to white with yellow and brown 
varieties. It is not uncommon to observe two to three distinct 
colours on the same nephrite artifact. In western Canada, 
archaeologists have called this raw material greenstone, 
jade, nephrite, and jadeite. We suspect that it has been 
misidentified and overlooked in some of Alberta’s artifact 
assemblages. Based on materials of similar appearance, 
nephrite has probably been misidentified as black chert, 
green slate, jadeite, and possibly basalt.      

Wormington and Forbis (1965:107) were among the first 
archaeologists to formally document what were thought 
to be jade artifacts in Alberta. They noted a “jadeite celt” 
from the Hugh Bower Collection found near Red Deer (the 
authors could not relocate this specimen in the Red Deer 
Museum, which now houses the Bower Collection). Ross 
Thomson recorded a jade adze in a private collection in the 
Peace Region in 1969 (Thomson 1973 and the site form 
of GjQr-1). Forbis later documented a “jadeite or nephrite 
adze blade” near Cochrane in southern Alberta (from the 
site form of EgPp-18). In the 1980s and 1990s, jade artifacts 
were recorded in northern Alberta during mostly non-permit 
projects that were intended to document private collections 
of artifacts (Peace River Archaeological Society 1991; Le 
Blanc 2004).  

3. Methods overview
We use a variety of techniques to distinguish nephrite from 

other superficially similar lithic materials. We are specifically 
interested in the establishment of non-destructive techniques 
to preserve the integrity of artifacts under investigation. In 
particular, we believe that the speed and affordability of 
portable X-ray fluorescence (pXRF) analysis makes this 
an effective technique to quickly distinguish nephrite from, 
for example, serpentinite, fine-grained volcanics (such as 
basalt), chert, and metasedimentary rocks. More involved 
mineralogical techniques such as X-ray diffraction (XRD) 
can further help distinguish among amphibole-rich rock 
types. Near-infrared spectrometry (NIR or visible near-
infrared, V-NIR) has already proven to be a valuable non-
destructive technique for identifying thousands of nephrite 
artifacts in British Columbia (Morin 2012, 2015a), China 
(Zang et al. 2007), and jadeite artifacts in Mesoamerica 

(Curtiss 1993). Chemometric analysis of NIR spectra 
derived from nephrite artifacts, and from the sawn cores 
from which they were produced, can be used to correlate the 
finished artifacts to their centres of production (Morin 2012, 
2015b). We employ V-NIR in an attempt to link the Alberta 
nephrite celts to their probable centres of production in 
British Columbia.

4. Geographic distribution of nephrite in            
western Canada

Nephrite bedrock outcrops are recorded at more than 52 
sites in British Columbia, with an additional four known 
bedrock outcrops in Washington, three in Yukon, and one 
in Alaska (Figure 2). Nephrite also occurs in California 
and Wyoming (Leaming and Hudson 2005). The Wyoming 
occurrence is especially pertinent to archaeology in Alberta 
because of the large number of obsidian artifacts in the 
province that have been sourced to Wyoming. However, 
the lack of identifications of nephrite artifacts in lithic 
assemblages from Wyoming, suggests that pre-contact 
people did not use the local nephrite (Leaming and Hudson 
2005). 

Figure 2. Nephrite sources, serpentinite units, and bedrock geology of 
North America (bedrock geology data from USGS 2015, serpentinite 
data generated from geological unit shapefiles from the Alaska Division 
of Geological & Geophysical Surveys, 2016, Yukon Geological Survey, 
2016, British Columbia Geological Survey, 2016, and the Washington 
Geological Survey, 2016).
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Nephrite forms at fault contacts of serpentinite belts 
and mafic (magnesium- and iron-rich) to felsic (rich in 
silicon, aluminum, sodium and/or potassium) igneous rocks 
(Harlow and Sorensen 2005). These types of contacts occur 
principally in ophiolites (pieces of oceanic plate thrust or 
obducted onto continental plates), which, in North America, 
extend as a belt from Washington to Yukon; Leaming (1978) 
dubbed this the ‘Cordilleran nephrite belt’. Figure 2 outlines 
recorded serpentinite outcrops of Alaska, Yukon, British 
Columbia, and Washington. According to Dinu Pana of the 
Alberta Geological Survey (e-mail communication, March 
14, 2016), Alberta lacks any record of serpentinite bodies. 

The most common occurrence of nephrite is in the form of 
secondary sources produced by colluvial (gravity-driven), 
fluvial (river), or glacial erosion of, and transportation from, 
primary outcrops (Figure 3). These secondary sources are 
relatively numerous in Washington and British Columbia, 
which have a combined total of roughly 36 recorded 
locations (Figure 2). Undoubtedly, there are many more 
areas where nephrite cobbles have been found but not 
formally recorded. Most of the Fraser River between Bridge 
River, north of Lillooet, and just downstream of Hope can 
be considered a secondary source area. This region has 
been designated a public jade preserve (Hudson 2006:162). 
Based on pre-contact nephrite production debris (sawn 
cores and debitage), the most important sources for nephrite 
were alluvial cobbles and boulders in the vicinity of Lillooet 
and Lytton along the Fraser River (Figure 4) and further 
downstream near Hope in southwest British Columbia 
(Morin 2015b, 2016). Currently, there is no evidence that 
nephrite bedrock outcrops were exploited in pre-contact 
times. This is logical given that bedrock quarrying would 
add significant time to artifact processing compared 

Figure 3. Nephrite cobbles from British Columbia. The upper image is 
of a sawn core (G63.13.836) from the Fraser River area donated to the 
Royal Alberta Museum (the sawn face is not visible). The lower images 
are Fraser River and Dease Lake cobbles courtesy of Kirk Makepeace, 
2016 (prepared by Todd Kristensen).

Figure 4. Nephrite was most commonly recovered from alluvial fans along Fraser River, British Columbia (left). Alluvial plain cobble and boulder bed 
that typically yields high quality nephrite along Fraser River (right) (both images by Jesse Morin).



117

Kristensen et al. / Archaeological Survey of Alberta Occasional Paper 36 (2016) 113-135

with the more manageable task of working with nephrite 
cobbles (Morin 2015c, 2016). All of the sawn nephrite 
cores from British Columbia exhibit cortex suggestive of 
river transport. Alluvial cobbles tend to be of higher quality 
(internal consistency and lack of flaws) than colluvial 
cobbles closer to bedrock outcrops because rivers act as 
filters: only the most durable and uniform pieces survive 
long-distance transport along the Fraser River.  

Nephrite production centres are within traditional 
territories of Interior and Coast Salish people. The most 
intensive period of use of this material for manufacturing 
celts has been dubbed the ‘Salish Nephrite Industry’ (Morin 
2015c). Morin argues that the indigenous utilization of 
dispersed alluvial nephrite for celt production had important 
social implications because of the limited potential for 
corporate ownership and control of nephrite sources among 
Salish people. 

Sixty-five sawn nephrite cores (Figure 5) and 66 sawn 
cores used for manufacturing celts made of other raw 
materials have been recovered from the Fraser River 
drainage and Salish Sea area (Figure 6). In terms of core 
size, pebbles (4-64 mm), cobbles (64-256 mm), and boulders 
(>256 mm) were utilized for celt production. Nephrite cores 
could be more than 500 millimetres in length and up to 25 
kilograms in mass (Morin 2015b, 2016). Following major 

drainages (e.g., the Fraser River and Wapiti River), more 
than 800 kilometres of travel would have been required to 
transport artifacts from their alluvial sources and places of 
production (Lytton, Lillooet, and Hope) to archaeological 
sites in northern and central Alberta. 

5. Geological origins of nephrite
Though nephrite in different regions was formed through 

different means, British Columbia nephrite formed when 
serpentinite underwent metasomatism (the chemical 
alteration of rock by interaction with hydrothermal and 
other fluids). Magnesium-rich serpentinite reacted with a 
calcium-rich fluid associated with silicic rock such as shale, 
greywacke, argillite, or chert (Harlow and Sorenson 2005). 
This type of interaction occurs along contacts, structural 
boundaries, fractures, and/or faults. The interlocking 
microstructure that imparts such toughness to nephrite is 
thought to form by pseudomorphism (the crystallization 
of a mineral into a crystal shape foreign to that mineral) 
of serpentinite, perhaps in open cavities (Leaming 1978; 
O’Hanley 1996). This may encourage a type of growth 
called “nephritic” fibre-mat crystallization, which is the 
defining characteristic of nephrite (as opposed to crystals 
growing in particular orientations or veins).  

Figure 5. Map of Alberta archaeological sites with nephrite celts analyzed in the current study (and their associated sample 
numbers) in relation to recorded nephrite celts and sawn cores from British Columbia (data from Morin 2012). 1=GlQl-4, 
2=GcPk-4, 3=HbQj-3, 4=GiQs-26, 5=Weber specimen found near Horse Hills, 6=GjQq-5, 7=Matlock specimen found near 
De Bolt, 8=GfQs-1, 9=FiPn-339, and 10=GhQr-2.  



118

Kristensen et al. / Archaeological Survey of Alberta Occasional Paper 36 (2016) 113-135

Boulders and cobbles of nephrite were transported from 
outcrops in colluvial and fluvial deposits. In the case of the 
Lytton and Lillooet areas, such boulders and cobbles were 
concentrated on gravel bars along the Fraser River (Figure 
4) and some of its tributaries such as Bridge River and 
Coquihalla River (Morin 2015c, 2016). 

The durability of nephrite is of archaeological importance. 
Ethnohistoric and experimental research suggest that it 
takes roughly 40-100 hours to produce a single average-
sized nephrite celt through sawing, grinding, and polishing 
(Darwent 1998; Morin 2012). Larger “property” celts 
(artifacts greater than 15 centimetres long created for 
prestige as opposed to functional purposes) may have taken 
up to 1000 hours to make (Morin 2012). Because of the 
hardness of tremolite-actinolite crystals in nephrite (6.0-6.5 
on the Mohs scale), pre-contact celt production tools are 
limited to items higher on the hardness scale. Initial sawing 
probably involved quartz or agate pieces set in a wooden 
brace and used to create a groove, followed by sawing with 
a sandstone slab. Later polishing involved sandstone and/or 
gritty water (Teit 1909:473; Emmons 1923:22-24).  

6. How to identify nephrite
According to Leaming (1978), the identification of 

nephrite requires confirmation that the main amphibole 
component has a nephritic texture, which is only possible 
through microscopic study of thin sections. This is not 
feasible for archaeological studies because of its destructive 
nature. Leaming suggests that tentative identifications can 
be made through observations of colour, density (specific 
gravity, with a range of 2.95 to 3.01), hardness (Mohs 6.5), 
toughness, translucency, and lustre, several of which are 
discussed below. The next section outlines geochemical 
analyses that demonstrate that, short of identifying nephritic 
texture, a suite of techniques can narrow down the possible 
raw material types through identification of proxy indicators 
of nephrite and by ruling out other raw materials on the 
basis of geochemistry and mineralogy. 

Nephrite is most commonly “spinach-like” green (Harlow 
et al. 2014) with black, gray-green, light brown, light 
yellow, and off-white varieties. Figures 7 to 21 depict the 
variability of nephrite and other materials analyzed in this 
study, while Figures 22 and 23 compare thin sections and 

Figure 6. A representative sample of sawn nephrite cores from British Columbia. Artifact find locations are (clockwise 
from top left): Fraser River (scale approximate), Lytton (scale approximate), Lytton, Lytton, Lillooet, Lytton.  
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Figure 8. The Guilliford specimen (sample number 2) from GcPk-4 
(H09.37.1) (Royal Alberta Museum, Edmonton, Alberta).

Figure 9. The Veidt specimen (sample number three) from HbQj-3 (Bill 
Veidt private collection, Peace River, Alberta).

Figure 10. The Bohn specimen (sample number four) from GiQs-26 
(Rod Bohn private collection, La Glace, Alberta). NIR suggests that 
black spots represent chromium-bearing spinel inclusions.

Figure 11. The Weber specimen (sample number five) found near Horse 
Hills in northeast Edmonton (h72.7.2125) (Royal Alberta Museum, 
Edmonton, Alberta). No associated Borden Number.

Figure 12. The Anderson one specimen (sample number six) from GjQq-
5 (2004.7) (Grande Prairie Pioneer Museum, Grande Prairie, Alberta). 
Black spots represent chromium-bearing spinel inclusions. Note colour 
variability and presence of a ‘septum’ (the oval raised area left of centre 
that was the last piece sawn through to remove the celt from its core). 

Figure 7. The Poohkay specimen (sample number one) from GlQl-4 
(Grande Prairie Pioneer Museum, Grande Prairie, Alberta). NIR suggestst 
that light green mottling represents chromium garnet inclusions.
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Figure 14. The Craig specimen (sample number eight) from near GfQs-1 
(Gavin Craig private collection, Wembley, Alberta). 

Figure 15. The Eberhardt specimen (sample number nine) from FiPn-339 
near Stony Plain in central Alberta (Stony Plain Multicultural Heritage 
Centre, Stony Plain, Alberta). 

Figure 16. The Anderson two specimen (sample number ten) probably 
associated with GhQr-2 (2004.7) (Grande Prairie Pioneer Museum, 
Grande Prairie, Alberta). 

Figure 17. The Howard one specimen (sample number 19) from the 
Howard Collection (G61-4:2634), location unknown but probably 
Alberta (Royal Alberta Museum, Edmonton, Alberta). 

Figure 18. The Howard two specimen (sample number 11) from the 
Howard Collection (G61-4:2565), location unknown but probably 
Alberta (Royal Alberta Museum, Edmonton, Alberta).

Figure 13. The Matlock specimen (sample number seven) found near 
DeBolt in northwest Alberta (990.27.118.m3) (Grande Prairie Pioneer 
Museum, Grande Prairie, Alberta). No associated Borden Number.
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crystal growth so the overwhelming majority of pre-contact 
nephrite artifacts in North America are ground and polished 
as opposed to flaked. A half-joking geological field test for 
nephrite is to strike a suspected nephrite with a hammer: if 
the rock breaks, it is probably not nephrite, if the hammer 
breaks, it is probably nephrite. When nephrite does fracture, 
it does not display a conchoidal fracture but rather breaks in 
an irregular pattern sometimes described as “oyster shell”. 
A quick but more reliable field test is to hold a high intensity 
flashlight to the edge of a polished piece of nephrite or 
nephrite artifact: high quality nephrite will be translucent. 

Polished nephrite typically has a greasy to resinous luster 
although that can vary from dull to vitreous. For those 
interested in raw material comparisons, current repositories 

Figure 19. The Smith one (left) and Howard three specimens (right) (sample numbers 13 at left and 14 at right) from the C. P. Smith Collection (G63-
13.92), and Howard Collection (G61-4:2569), locations unknown but probably Alberta (Royal Alberta Museum, Edmonton, Alberta).

Figure 20. The Pickford one specimen (sample number 17) from the 
A. E. Pickford collection (G65-10:117) from Victoria, British Columbia 
(Royal Alberta Museum, Edmonton, Alberta).

Figure 21. The Anderson three specimen (sample number 18) probably 
associated with GhQr-2 (2004.7) (Grande Prairie Pioneer Museum, 
Grande Prairie, Alberta).

microscope images of nephrite, serpentinite, and a green 
metasedimentary rock (sample 18). Mottling is common 
and the colour can be quite variable within cobbles/boulders 
and within artifacts. The relative abundance of iron and 
graphite appears to influence general colour (Liu et al. 2011) 
while darker spots on specimens are due to opaque oxides, 
chromium-bearing spinels, and graphite. Intense emerald 
green colours are common to British Columbia nephrite 
and have been linked to Cr3+ substitution in the amphibole 
(Harlow et al. 2014). Colour change in nephrite has been 
documented through a series of heat-treating experiments 
(Morin 2012); heat-treatment has been noted in many 
nephrite celts from British Columbia (Mackie 1995). 

Nephrite generally lacks cleavage due to interlocking 
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Figure 22. Thin section comparisons under normal (left) and cross polarized light 
(right). Raw nephrite (top), raw serpentinite (middle), and metasedimentary rock 
(bottom). The lower thin section is from sample 18. 

Figure 23. Microscope images of raw nephrite (left), raw serpentinite (middle), and an 
artifact of metasedimentary rock (sample 18 at right).
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of nephrite in Alberta include the Royal Alberta Museum 
(Edmonton), the Department of Earth and Atmospheric 
Sciences at the University of Alberta (Edmonton), and the 
Department of Geoscience at the University of Calgary. 
Nephrite is relatively common in gem and mineral shops.      

6.1 Similar materials to nephrite
The materials most similar in appearance to nephrite that 

are found in archaeological contexts include serpentinite, 
semi-nephrite, chlorite-rich rocks and amphibolite. In 
many cases, macroscopic and microscopic identification 
techniques are inadequate to distinguish these materials.  
This problem motivated the current geochemical and 
mineralogical study. In particular, a black nephrite variety 
(e.g., Figure 19, sample 13) is easy to mistake for a 
metavolcanic rock or volcanic rock such as basalt (e.g., 
Figure 19, sample 14) or even black chert. The latter two 
materials can usually be distinguished to some degree 
through microscopic identification of blocky crystals, which 
are typically not visible in nephrite using less than 50X 
magnification. Nephrite crystals are usually long, narrow, 
and fibrous (‘nephritic’).

Because all nephrite artifacts in Alberta appear to 
be ground, it is pertinent to discuss distinguishing 
characteristics of potentially similar-looking ground stone 
raw materials in the province. Metasedimentary rock like 
quartzite (the most common material for stone mauls in 
Alberta), greywacke, and slate typically contain visible 
quartz crystals using a hand lens or low-power microscope 

(e.g., Figures 18 and 21). Some ground stone artifacts in 
the province are of granite or diorite (plutonic) rocks (e.g., 
Figure 17, sample 19), which clearly have visible large and 
blocky crystal growth. Sandstone was also used for mauls 
in Alberta and can be easily distinguished on the basis of 
microscopic quartz grains.    

7. PXRF, XRD, and V-NIR methods
We investigated all recorded instances of nephrite artifacts 

in  Alberta and were able to re-locate ten celts, all of which were 
borrowed for detailed analyses (Figure 1). The geochemical 
make-up of samples (unaltered surfaces of artifacts) was 
assessed by portable X-ray fluorescence (pXRF) and their 
mineralogy was investigated using X-ray diffraction (XRD) 
and visible near-infrared spectrometry (V-NIR). Nephrite is 
both macroscopically and microscopically heterogeneous 
so efforts were made to assess intra-artifact geochemical 
variability by assessing multiple surface spots on a single 
specimen. Nine ground stone tools made of what were 
initially suspected to be non-nephrite materials were also 
analysed with pXRF and XRD for comparative purposes 
(Figure 24). Note that matrix-matched reference standards 
of well-established chemical composition for nephrite and 
the non-nephrite materials analyzed here are not available, 
which limited quantitative comparisons. However, a sawn 
block of identified nephrite, and a sawn block of identified 
serpentinite were examined for comparative purposes. The 
identities of these two specimens are not in doubt, even 
though their exact compositions have not been established.

Figure 24. Comparative specimens analysed by pXRF and XRD (with accompanying sample numbers). 
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7.1 Portable XRF analysis
Energy dispersive X-ray fluorescence (EDXRF) analysis, 

utilizing two Bruker AXS Tracer III-SD portable X-ray 
fluorescence spectrometers, was used to non-destructively 
assess the elemental composition of the various artifacts 
and materials analyzed in this study. The spectrometers, 
attached to laptop computers running the Bruker software 
S1PXRF configured for laboratory bench-top use, were 
powered using AC adaptors and operated remotely from 
their respective laptops. The Tracer III-SD units utilized are 
equipped with a Rh X-ray tube and a 10 millimetre² Silicon 
Drift Detector (SDD) with a measured FWHM resolution of 
148 eV for Mn Kα X-rays. The X-ray excitation beam that 
strikes samples is elliptical in shape, approximately 8 by 6 
millimetre in size. 

Given the lack of a suite of nephrite samples of known 
composition, and the exploratory nature of this study to 
evaluate the use of non-destructive methods of analysis 
to characterize archaeological artifacts and raw materials, 
it was realized from the outset that much of the XRF data 
would likely be qualitative (or at best semi-quantitative) in 
nature. Similarly, it was expected that many of the elements 
commonly used to source obsidian (e.g., Rb, Sr, Y, Zr, Nb) 
would probably be below, or close to, the portable XRF 
detection limit in nephrite jade. It was, however, considered 
worthwhile to evaluate the use of the major and minor 

elements (e.g., Si, Ca, Fe, Mg, K, Al, Ti, Ni and Cr) (Figure 
25) for differentiating celts made from nephrite from those 
fashioned from other raw materials (e.g., fine-grained 
volcanics) based on the following rationale. Nephrite is a 
calcium magnesium iron silicate hydroxide with the general 
chemical formula Ca2(Mg,Fe)5Si8O22(OH)2. In comparison, 
serpentine is a magnesium iron silicate hydroxide with the 
generalized formula (Mg,Fe)3Si2O5(OH)4. Comparing these 
two formulae, one would expect that the analysis of the Ca-
content of a sample might be used to distinguish between 
nephrite and serpentine. Furthermore, it was hypothesized 
that non-nephrite raw materials used to fashion celts, 
e.g., fine-grained volcanics and metasediments, would be 
geochemically distinct from tremolite-ferro-actinolite-
rich rocks. That is, we expected elements such as Ti, K, 
and possibly Al might be useful indicators to differentiate 
nephrite from raw materials of similar appearance. 

Three different sets of operating conditions (i.e., 
accelerating voltage and operating current) were employed 
in the analysis of the study samples: a) 15 kV and 95 μA; 
under vacuum, with no excitation  filter, 30 second live-time 
count period, b) 15 kV and 26 μA; under vacuum, with no 
excitation filter, 120 second live-time count period, and c) 
40 kV and 30 μA; in air employing a Bruker AXS excitation 
filter (comprised of 0.1523 mm Cu, 0.0254 mm Ti and 
0.3047 mm Al), 180  or 300 second live-time count period.

Figure 25. Comparative pXRF spectra of samples 1-19. 
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The Bruker AXS software SPECTRA v5.3 was used to 
evaluate the XRF spectra of the major and minor elements 
(primarily in the 1-8 keV energy range) analyzed in the 
study. The software corrects for spectral interferences (e.g., 
overlaps, escape and sum peaks) returning fitted net X-ray 
photopeak areas. It is these net peaks areas, in particular 
those for Si, Ca, Fe, Ti, Cr and Ni, which are used in this 
study to differentiate nephrite from non-nephrite materials. 

As an initial step, sample X-ray spectra were compared 
visually (Figure 25) given the lack of matrix-matched 
standards with which to develop fully quantitative elemental 
analyses of nephrite and non-nephrite samples in this study. 

In lieu of fully quantitative elemental compositional data 
for the samples, ratios of the net peaks areas of the major 
and minor elements (e.g., Si/Ca, Fe/Ca, Fe/Ti, Fe/Ni) have 
been used to differentiate nephrite-jade from non-nephrite 
jade-like materials. Using the elemental net peak area 
ratios normalizes for possible different counting times and, 
where the characteristic elemental X-ray energies are close 
in energy (e.g., for Fe and Ni), probably reduces potential 
matrix effects. For the majority of samples a number of 
surface spots were scanned and the results were averaged 
to compensate for potential geochemical variability within 
an individual sample. For example, B.C. nephrite is known 
to contain chromium-bearing spinel and chromium-bearing 
garnet inclusions of markedly different chemistry than the 
tremolite-actinolite matrix. 

7.2 X-ray diffraction
X-ray diffraction patterns were acquired using Bragg-

Brentano parafocussing reflection geometry with a Rigaku 
Ultima IV θ-θ diffractometer that has a goniometer radius 
of 285 millimetre and a Co X-ray source (Kα 1.78899 Å) 
operated at 38 kV and 38 mA. A fixed divergence slit of 
0.67°, and a 10 millimetre height limiting slit were used in 
the path of the incident beam. Soller slits of 5°, an anti-
scatter slit of 2°, 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° 
2θ in continuous mode with a step size of 0.02° 2θ, and a 
count time of 0.6 seconds per step.

Each sample was oriented in the instrument with the use 
of a bubble-level. Generally, the longest axis of a celt was 
parallel to the floor of the instrument and perpendicular 
to the X-ray source to detector direction (Figure 26). The 
rectangular area of analysis changes in X-ray diffraction as 
a function of 2θ angle, and was measured at low angle to be 
a maximum of 12 by 30 millimetres.

The diffraction patterns were interpreted with the 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). 

Following identification of the minerals present in an 
XRD pattern, the whole-pattern fitting module in JADE 
was used to undertake Rietveld refinement (McCusker et al. 
1999; Madsen and Scarlett 2008) of the mineral proportions 
(reported in percent by weight) using a standard suite of 
parameters. The background was modelled with a fourth-
order polynomial, specimen displacement was refined as a 
function of cosθ, and a correction applied for anomalous 
scattering. The refinements were carried out to convergence. 
In contrast to the customary use of finely-powdered samples 
for XRD, the diffraction patterns were acquired from the 
(unpowdered) celts and sawn blocks; this approach has been 
successful in other studies of nephrite artifacts (Casadio et 
al. 2007; Adamo and Boccio 2013). Because the samples 
are not fine powders, and do show preferred orientation 
of crystallites, the final Rietveld fitting uncertainties were 
multiplied by a factor of five to estimate the probable errors 
in the mineral proportions. 

7.3 Visible near-infrared spectrometry
Lithic materials are typically analyzed in sourcing studies 

using XRF or similar analytical techniques that quantify 
minor and trace elements in a sample (Pollard et al. 2007). 
Instead of producing elemental concentrations, visible near-
infrared spectrometry (V-NIR) collects reflectance spectra 
measured as percent reflectance (Y-axis) of wavelength (or 
wave number) along the visible and near-infrared spectrum 
measured in nanometers (Bonnano et al. 1992; Clark et al. 
1990; Bokobza 1998; Ostrooumov 2009). The principle 
underlying V-NIR spectrometry is that many materials, 
including minerals, produce unique interpretable V-NIR 
spectra (Clark et al. 1990; Ostrooumov 2009). The minerals 
that compose nephrite produce unique interpretable V-NIR 

Figure 26. Typical sample orientation in the diffractometer. 
The X-ray source is at left, and the detector at right.
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straight-forward classification of nephrite varieties by 
rare earth minerals is unlikely to be successful. This is 
probably why no one has ever published a paper sourcing 
nephrite this way, despite its global significance. Iizukua 
and Hung (2005) and Iizukua et al. (2005) have approached 
nephrite sourcing in a similar way, but rather focused on 
the geochemistry of the inclusions on nephrite using EMPA. 
Iizuka’s exploratory work on British Columbia nephrites 
with Morin (2012) was not able to find clear separation of 
sources using this method. Z. Jing has been studying the 
geochemistry of nephrite for more than two decades (Wen 
and Jing 1992) and introduced the use of V-NIR to the 
analysis of Chinese and British Columbia nephrites. 

Here, we use multivariate statistical methods on V-NIR 
spectra to classify eight nephrite celts from Alberta to one 
of two groups of sawn cores in southwest B.C.: the Lytton-
Lillooet (Mid-Fraser) cluster (represented by 41 sawn cores 
and 105 spectra), or the Hope (or Lower Fraser) cluster 
(represented by 17 sawn cores and 33 spectra). This sample 
of nephrite cores includes 91% of all reported examples of 
this artifact type in western North America.

After selecting segments of the NIR spectrum of interest, 
spectra were scaled using the single normal variate 
transformation(SNV), and principal components analysis 
(PCA) was conducted on segments of these spectra to 

Figure 27. V-NIR stacked spectra. 

spectra that are readily distinguishable from those of other 
minerals, including non-nephritic actinolite-tremolite (Zang 
et al. 2007; Morin 2015a, 2015b). V-NIR spectrometry has 
been used in a variety of archaeological applications (Beck 
1986; Curtiss 1993; Wiseman et al. 2002; Ostromoov 2009; 
Parish 2011). 

Two major applications of V-NIR to archaeology 
include: 1) raw material identification and, 2) raw material 
qualification or classification (Kemper and Luchetta 
2003).  Raw material identification refers to assigning a 
material identity by way of comparison of spectra from a 
large database of known materials (Figure 27;Clark 1999; 
Kemper and Luchetta 2003). In earlier studies (Morin 2012, 
2015a, 2015b), V-NIR was used to identify the mineralogy 
of 2027 celts and related artifacts in southwest British 
Columbia using TerraSpec®, a portable V-NIR spectrometer 
specifically designed for collecting spectra of geological 
samples (TerraSpec® measures both V-NIR and NIR spectra 
from 350-2500 nm). V-NIR spectra derived from artifacts 
were compared to a database of 1200 rocks and minerals 
and more than 300 varieties of nephrite (i.e., a spectral 
library) to identify raw materials. Thirty of these nephrite 
samples were also analyzed using electron microprobe 
analysis (EMPA) by Y. Iizukua and were confirmed to be 
nephrite (Morin 2012:127). We used the same spectral 
library to identify the mineralogy of ten celts from central 
and northern Alberta using V-NIR spectrometry.

Raw material qualification or classification refers to 
assigning a sample of a particular material type to a sub-
group of that same material (Bokobza 1998; Kemper 
and Luchetta 2003). In previous studies (Morin 2012, 
2015b, 2016), a large sample of sawn nephrite cores from 
British Colunbia was classified into two spatial clusters 
(Lytton-Lillooet and Hope) using chemometric methods. 
Chemometrics is a specialized branch of statistics defined 
as “the extraction of chemical information using computers 
and mathematics” (Bokobza 1998:4). Chemometrics differs 
from other multivariate statistical approaches applied in 
geoarchaeology and archaeometry in that very large data 
matrices are employed – regularly thousands of variables and 
hundreds to tens of thousands of samples. Earlier research 
has demonstrated that geological nephrite sources in British 
Columbia can be differentiated using chemometrics through 
their V-NIR spectra, and that nephrite celts can be linked 
to geochemical signatures of nephrite cores (Morin 2012). 
Chemometric methods of analysis and classification of both 
the geological and archaeological nephrite are detailed in 
Morin (2012:384-450; 2015b). 

Because nephrite has a complex petrogenesis, variable 
inclusions, and considerable within-source heterogeneity, 
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reduce the number of variables from 1125 to seven principal 
components (Dunteman 1989; Jackson 1991; Beebe 
1998:83; Baxter 2006). Analyses were undertaken using 
The Unscrambler 10 software designed for chemometric 
analyses of spectral data. Linear discriminant analysis 
(LDA or MDA) was then applied to the first seven principal 
component scores for all samples. These analyses were 
undertaken using JMP statistical software. This technique 
classified each nephrite spectra from the celts to one of 
two groups of nephrite cores (note that only two groups 
were provided because these are the most archaeologically 
concentrated core production areas). Analysis of the eight 
Alberta nephrite celts was run simultaneously with a sample 
of 12 nephrite celts from southwest British Columbia to 
explore variation between groups. 

8. Portable XRF results
In keeping with its generalized formula, X-ray peaks from 

Fe, Ca and Si dominate the spectra of nephrite (Figure 28) 
with minor photopeaks from Cr, Ni, and Mn. In comparison, 
Ca is essentially absent in the X-ray spectra of analyzed 
serpentine (and the rock-type serpentinite) and Mg slightly 
more prominent compared to nephrite (Figure 28). As a 
consequence of the ‘soft’, or low energy, nature of Mg X-rays 
(1.253 keV), the intensity of the Mg X-ray photopeaks in 
Figures 25 and 28 are small in comparison to those of Fe, Ca, 
and Si. The Rh and Pd X-ray photopeaks labelled in Figures 
25 and 28 are, respectively, a consequence of scattering of 
the primary X-rays from the Rh X-ray tube and excitation of 
the Pd examination window grill of the X-ray spectrometer. 
The X-ray spectra for the known nephrite jade celts (sample 
numbers 1, 2, 4, 5, 6, 7, 8, 9 and 10; Figure 25) all show a 
very strong resemblance to the nephrite X-ray spectra (e.g., 
Figure 28) indicating that these particular celts are nephrite 
jade. In contrast, the X-ray spectra for samples 11, 12, 14, 
15, 16, 18 and 19 (Figure 25) display, to varying degrees, 
X-ray photopeaks of Ti, K and Al, and much reduced Cr and 
Ni photopeaks. The presence of K in particular is contrary 
to both nephrite jade and serpentinite. 

Table 1 lists the measured net X-ray photopeak count 
ratios for the analyzed celts and raw materials, together with 
the number of sample ”spots” analyzed, and the one sigma 
standard deviation of the photopeak count ratios. The Si/
Ca ratios for the known nephrite celts (sample numbers 1, 
2, 4, 5, 6, 7, 8, 9, and 10) are both consistent (0.39±0.01), 
display a small coefficient of variation (3.31%) and are in 
quite good agreement with the measurements of unmodified 
nephrite (0.31±0.04). In comparison, the Si/Ca ratio for 
serpentinite (61±3) is clearly distinguishable from that of 
nephrite. The Fe/Cr X-ray photopeak count ratios for many 

of the samples analyzed (both nephrite and non-nephrite) 
show large standard deviations, indicative of mineralogical 
heterogeneity of Cr-bearing minerals noted earlier. 

Figure 29 illustrates that photopeak ratios of Fe/Ti vs. 
Si/Ca largely separate the nephrite jade celts from those 
fashioned from non-nephrite material (and from serpentine) 
with the exception of sample 3. However, an accompanying 
triangular diagram in Figure 29 using (Fe/Ti)/100-(Fe/
Ni)/100-Ca/Si permits the differentiation of all the nephrite 
jade samples from the non-nephrite material (and serpentine) 
and clearly shows that samples 3 and 17, while nephrite, 
are dissimilar from the bulk of the remaining nephrite jade 
celts. This observation, based on geochemistry, is supported 
by the XRD results reported below. 

The sample trace element data (Table 2), though 
preliminary in nature, support the nephrite/non-nephrite 
material identification based on the major and minor 
X-ray photopeak ratio data. Rubidium, Zr, and Y were not 
detected in the raw nephrite sample, known nephrite celts, 
and raw serpentinite analyzed, although they were readily 
measurable in the non-nephrite samples. 

Figure 28. Comparative pXRF spectra illustrating the differences in 
calcium and magnesium between serpentine (top) and nephrite (bottom). 
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9. X-Ray Diffraction Results
The XRD results indicate that the reference nephrite 

block and samples 1, 2, 4-9, 13, and 17 are dominated 
by amphiboles of the tremolite-actinolite series (within 
two standard deviations of 90 percent tremolite-actinolite 
amphibole by weight; Table 3). In conjunction with their 

textures (Figures 1, 22) these results are consistent with 
their classification as nephrite as defined by Simandl et al. 
(2000). XRD patterns of samples 1-10 reflect their similar 
mineralogy (Figure 30; Table 3). Samples 3 and 10 have 
less amphibole (Table 3), but similar texture to the nephrite 

Figure 29. Photopeak count ratio of Fe/Ti and Si/Ca (left) and triangle plot of photopeak ratios based on pXRF (right). The dashed line in the triangular 
diagram represents a reliable cut-off to distinguish nephrite/serpentinite/semi-nephrite (below line) from non-nephrite (above line). 

ID/No. n Si/Ca  (± 1σ) Fe/Si  (± 1σ) Fe/Ca  (± 1σ) Fe/Ti  (± 1σ) Fe/Cr  (± 1σ) Fe/Ni  (± 1σ)

Nephrite 5 0.31 ± 0.04 4.63 ± 0.81 1.39 ± 0.04 356 ± 47 38 ± 9 18 ± 1

1 4 0.40 ± 0.01 3.65 ± 0.10 1.45 ± 0.01 422 ± 32 64 ± 5 17 ± 1

2 7 0.39 ± 0.01 3.92 ± 0.29 1.54 ± 0.09 349 ± 28 38 ± 9 24 ± 2

3 7 0.46 ± 0.03 6.75 ± 0.41 3.10 ± 0.03 41 ± 9 46 ± 14 115 ± 5

4 5 0.41 ± 0.02 3.75 ± 0.27 1.53 ± 0.05 509 ± 55 49 ± 16 23 ± 1

5 7 0.40 ± 0.02 4.68 ± 0.57 1.86 ± 0.27 309 ± 83 24 ± 8 20 ± 1

6 3 0.38 ± 0.02 3.75 ± 0.13 1.41 ± 0.02 374 ± 51 37 ± 15 27 ± 3

7 5 0.37 ± 0.02 3.99 ± 0.24 1.47 ± 0.07 353 ± 19 32 ± 15 19 ± 1

8 5 0.39 ± 0.01 3.81 ± 0.24 1.50 ± 0.06 320 ± 54 19 ± 10 20 ± 1

9 4 0.39 ± 0.01 3.64 ± 0.16 1.42 ± 0.03 358 ± 54 26 ± 12 23 ± 1

10 6 0.37 ± 0.03 8.71 ± 1.11 3.24 ± 0.29 418 ± 47 33 ± 18 47 ± 6

11 2 4.41 ± 0.31 5.04 ± 1.13 22.1 ± 3.4 40 ± 11 460 ± 50 137 ± 14

12 3 3.66 ± 0.32 7.56 ± 0.57 27.6 ± 0.6 30 ±  2 400 ± 22 183 ± 6

13 4 0.42 ± 0.01 4.38 ± 0.49 1.83 ± 0.15 410 ± 159 33 ± 2 23 ± 4

14 4 0.46 ± 0.07 11.6 ± 1.9 5.25 ± 0.18 22 ±  1 984 ± 129 435 ± 14

15 3 0.71 ± 0.02 8.54 ± 0.47 6.06 ± 0.44 20 ± 1 890 ± 288 265 ± 12

16 2 2.23 ± 0.08 3.53 ± 0.09 7.89 ± 0.07 35 ± 4 268 ± 6 103 ± 7

17 4 0.42 ± 0.02 4.32 ± 0.20 1.81 ± 0.03 365 ± 27 203 ± 10 133 ± 4

18 3 40 ± 10 2.92 ± 0.16 115 ± 25 26 ± 3 500 ± 9 111 ± 2

19 2 0.66 ± 0.07 10.4 ± 1.1 6.90 ± 0.08 35 ± 5 1628 ± 1351 284 ± 2

Serpentinite 3 61 ± 3 5.66 ± 0.61 343 ± 33 202 ± 35 24 ± 11 9 ± 1

ID/No. Rb Sr Zr Y

Nephrite < 2 20 < 10 < 4

1 < 2 25 < 10 < 4

2 < 2 37 < 10 < 4

3 11 434 49 12

4 < 2 23 < 10 < 4

5 < 2 30 < 10 < 4

6 < 2 37 < 10 < 4

7 < 2 13 < 10 < 4

8 < 2 16 < 10 < 4

9 < 2 27 < 10 < 4

10 < 2 28 < 10 <4

11 51 200 82 13

12 88 64 131 29

13 < 2 27 < 10 < 4

14 3 133 121 36

15 61 440 136 26

16 83 311 127 15

17 < 2 31 < 10 < 4

18 136 43 343 44

19 96 140 1060 24

Serpentinite < 2 8 < 10 < 4

Table 1. X-ray photopeak ratios from pXRF. Table 2. PXRF Rb, Sr, Zr, and Y 
results for celts and raw material 
samples of nephrite and serpentinite 
(concentrations in µg/g). 
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abundant tremolite-actinolite amphibole, the overall 
mineral assemblage can be used to help identify nephritic 
rocks. Triangular plots of the relative weight abundance of 
mica, amphibole and chlorite, and of feldspar, amphibole, 
and quartz provide useful means to distinguish nephrite 
from semi-nephrite and to distinguish nephrite from other 
raw material types including regular amphibolites or 
metavolcanics (Figure 31).

Figure 30. XRD patterns of Alberta celts, comparative specimens, raw nephrite, and raw serpentinite sample. 

Sample Identification Amphibole Chlorite White mica Plagioclase K- feldspar Quartz Other Sum

Nephrite nephrite >99 >99

1 nephrite >99 <1 100

2 nephrite 88 (7) 12 (3) 100

3 Semi-nephrite 62 (3) 6 (1) 7 (2) 23 (2) talc 3 (1) 101

4 nephrite 96 (5) 4 (2) 100

5 nephrite 78 (7) 21 (4) 99

6 nephrite >99 >99

7 nephrite 98 (5) 1 (0.5) talc 1.5 (1) 100.5

8 nephrite 98 (6) magnesite 2 (1) 100

9 nephrite 93 (6) 1 (0.5) 6 (2) 100

10 Semi-nephrite 70 (6) 25 (4) 3 (1) talc 2 (1) 100

11 metasediment 13 (3) 16 (3) 26 (3) 44 (3) 99

12 metasediment 18 (3) 24 (3) 20 (3) 38 (3) 100

13 nephrite 85 (10) 9 (3) talc 6 (2) 100

14 metavolcanic 48 (5) 36 (5) 15 (2) kaolinite 1 (1) 100

15 metasediment 20 (2) 20 (3) 22 (2) 6 (2) 15 (1) epidote 18 (2) 101

16 Not analysed

17 nephrite 92 (7) talc 8 (3) 100

18 metasediment 12 (2) 26 (2) 8 (1) 54 (2) 100

19 plutonic rock 33 (5) 16 (4) 27 (4) 14 (3) 3 (1) kaolinite 7 (3) 100

Serpentine serpentinite serpentine >99 >99

Table 3. XRD-determined mineral proportions (percent by weight). Estimated 1-sigma uncertainties are given in parentheses. 
The mineral species have been generalized in this table; the amphiboles of nephrite and semi-nephrite are of the tremolite-
actinolite series. Note that sample five falls within two standard deviations of the 90 wt% amphibole boundary used to define 
nephrite.

samples (Figures 1, 9, 16) and are referred to here as semi-
nephrite (Simandl et al. 2000; Harlow and Sorensen, 2005). 
The XRD techniques are based on the crystal structure of a 
material, not the arrangement of crystals (microstructure), 
and cannot distinguish between tremolite-actinolite that 
has, or does not have, nephritic texture. 

In addition to the examination of macroscopic and 
microscopic textures, and the XRD determination of 
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Based on quartz content and texture (Figures 18, 21, 24), 
samples 11, 12, 15, and 18 are most likely metasedimentary 
rocks (Table 3). Sample 14 has a moderate amount of quartz 
and high amphibole content consistent with a metavolcanic 
rock. The mineralogy and texture (Table 3; Figures 17, 24) of 
sample 19 is consistent with a plutonic rock. The reference 
serpentinite sample contains >99 percent serpentine.     

10. Near-infrared spectrometry results
Comparison of V-NIR spectra indicates that eight of the 

ten Alberta celts are nephrite (samples 1, 2, and 4-9), sample 
3 is smaragdite (a variety of actinolite listed in the USGS 
spectral library, that we consider effectively synonymous 
with a feldspar-bearing variety of semi-nephrite) and the 
V-NIR results for sample 10 are dominated by chlorite 
(Table 4). We note that smaragdite has fallen out of use as a 

geological term and prefer the term semi-nephrite (Harlow 
and Sorenson 2005). 

Sample 3, made of feldspar-bearing semi-nephrite, has a 
nearly identical NIR spectrum to a sample of smaragdite (in 
a spectral library derived from the U.S. Geological Survey). 
Its spectrum is also near-identical to spectra from several 
celts identified as smaragdite in Morin (2012, 2015a). The 
material is distinguishable, using V-NIR, from other celts 
identified as semi-nephrite that appeared to be composed of 
relatively pure actinolite but lacking a fully nephritic texture 
(Morin 2012, 2015a). This feldspar-bearing variety of semi-
nephrite  is a rock used for celt manufacture in interior 
northern British Columbia and on the north coast of British 
Columbia but is very rare elsewhere (Morin 2012, 2015a, 
2015b:101). The largest known assemblage of this feldspar-
bearing variety of semi-nephrite celts is McNichol Creek 

Figure 31. Triangular plot of relative weight abundance of mica, amphibole and chlorite (left). Amphibole-rich rocks including 
nephrite, semi-nephrite and amphibolite can be distinguished from other rocks. Triangular plot of relative weight abundance 
of feldspar, amphibole and quartz from XRD results (right); nephrite and semi-nephrite can be distinguished from regular 
amphibolite. 

Sample V-NIR Mineralogy Type Predicted Probability
(predicted)%

Others

1 nephrite property celt Lytton-Lillooet 88 L 0.12 

2 nephrite celt Lytton-Lillooet 63 L 0.37 

3 Smaragdite* property celt

4 Nephrite celt Lytton-Lillooet 73 L 0.27 

5 Nephrite celt Lytton-Lillooet 92 

6 Nephrite celt Lytton-Lillooet 57 L 0.43 

7 Nephrite celt bit fragment Lytton-Lillooet 94 

8 Nephrite celt Lytton-Lillooet 96 

9 Nephrite celt Lytton-Lillooet 62 L 0.38 

10 Chlorite** property celt

Table 4. Results of mineralogical classification using V-NIR and LDA classification results and 
probability scores for eight Alberta nephrite celts. *Smaragdite is better considered a variety of 
semi-nephrite as discussed above. **XRD demonstrates that this artifact contains chlorite but 
contains a higher percentage by weight of amphibole, therefore, we suggest that the term semi-
nephrite is a better descriptor.
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(GbTo-6) in Prince Rupert Harbour (Morin 2012:298). The 
Alberta semi-nephrite celt (sample 3), however, is more 
similar in form to one from Beach Grove (DgRs-1) in the 
Vancouver area (Morin 2012:286, 298). 

We note that, visually, sample 3 has several attributes 
that tentatively distinguish it from nephrite. First, it has 
relatively deep striations along its lateral margins where 
it was sawn from a core. These striations are much deeper 
than the faint scratches visible on nephrite celts. Second, 
there is a notable chip broken from the bit of sample 3. This 
chip has all the attributes of a conchoidal fracture, which 
is not characteristic of nephrite. Thus, it appears that this 
feldspar-bearing variety of semi-nephrite lacks a uniformly 
nephritic texture.  

Sample 10 is a large, chlorite-rich celt that is not 
reminiscent of celts of similar composition found in British 
Columbia to date. The colour is similar to “jade green” and 
is quite different from the colour of previously recorded 
chlorite-rich celts that dominate central British Columbia 
coast assemblages (Morin 2015a, 2015b). It is not possible 
to be certain as to the origin of this particular celt.

V-NIR spectra from eight nephrite celts were also 
classified to one of the two groups of sawn nephrite cores, 
Lytton-Lillooet or Hope, using chemometrics. Principal 
component analysis (PCA) and combinations of PC scores 
did not clearly linearly separate the Alberta sample into two 
groups, but rather yielded an asymmetric or embedded data 
structure (Tominaga 1999). Linear discriminant analysis 
(using JMP) was employed to assign membership to one 
of the two spatial groups (Table 4 and Figures 32 and 
33). The misclassification rate of the sawn cores was 25.4 
percent, slightly higher than the 22.3 percent rate previously 
obtained with a much larger dataset (Morin 2012:434). It 
should be expected then that this model would similarly 
misclassify about 25 percent of the celts with regard to their 
source regions. 

Spectra from the eight Alberta celts indicate that they 
all match the Lytton-Lillooet group (Table 4). Only one 
celt had a relatively low predicted (57%) probability of 
group assignment, and we can reasonably suggest that 
these eight nephrite celts were made in the mid-Fraser 
region of British Columbia. Twelve other nephrite celts 
from British Columbia assemblages were included in this 
V-NIR analysis for comparative purposes (from the Salish 
Sea and Lower Fraser River area) and they were classified 
to both the Lytton-Lillooet (75%) and Hope groups (25%). 
This agrees with previous results of classified nephrite celts 
in this area (Morin 2012:441-450). We are aware that the 
discriminant method forces an assignment of the Alberta 
nephrite celts to one of two well-documented nephrite 

celt production centres (Morin 2015b, 2016), and does not 
consider other production centres. However, the British 
Columbia sample includes 91 percent of reported nephrite 
cores in the province and almost certainly adequately 
represents past nephrite production areas. There may be 
an additional poorly documented nephrite celt production 
area in southeast Alaska, where two sawn cores are reported 
(Morin 2012), but based on morphology, visual attributes, 
and the statistical analysis presented here, we are confident 
that the Alberta nephrite celts were manufactured around 
Lytton/Lillooet along the Fraser River in British Columbia.

11. Summary of results
All three techniques suggest that samples 1, 2, 4-9, are 

a cohesive nephrite group. V-NIR produced a statistically 

Figure 32. Plot of PC scores for the sample of V-NIR spectra from 
nephrite celts and cores. Red circles are sawn cores from Lytton-Lillooet, 
blue triangles are sawn cores from Hope, black asterisks are the Alberta 
celts, and black squares are the B.C. celts.

Figure 33. Canonical plot of linear discriminant analysis of the seven 
PC scores from the sawn nephrite cores and celts. Red circles are Lytton-
Lillooet cores, blue triangles are Hope cores, black asterisks are Alberta 
celts, and black squares are B.C. celts.
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robust match between this group and sawn cores from 
the Lytton-Lillooet area of British Columbia. PXRF and 
XRD suggest that sample 13 is a black variety of nephrite, 
while sample 17 is an off-white variety of nephrite (similar 
to “chicken-bone” jade varieties). The XRD and V-NIR 
techniques are in agreement that sample 3 is dominated 
by amphibole minerals (over 60% actinolite-tremolite); 
the XRD and pXRF results suggest it should be classified 
as a semi-nephrite. V-NIR analysis classified this artifact 
as smaragdite, a varietal term listed in the USGS spectral 
library for an actinolite; we consider that this sample 
is better referred to as semi-nephrite. V-NIR and XRD 
are also in agreement that sample 10 is relatively rich in 
a magnesium-rich species of chlorite. It also appears 
dominated by actinolite, which, together with the pXRF 
analyses, suggests that sample 10 is a chlorite-rich semi-
nephrite. V-NIR analysis appears particularly useful for 
identifying attributes that preclude a sample from being 
nephrite (i.e., notable amounts of chlorite) but less well-
suited to identifying the mixed composition of those rocks 
(i.e., percentage by weight of actinolite versus chlorite). 

The combined techniques provide a useful approach 
to non-destructive raw material identification and 
classification. PXRF using a portable Bruker XRF analyzer 
is an inexpensive and rapid means (i.e., within minutes) of 
quickly distinguishing major raw material types (nephrite 
from non-nephrite and serpentine), which can be further 
refined through XRD. V-NIR analysis using a portable 
spectrometer and a large spectral library is similarly a 
rapid method (also within minutes) of distinguishing raw 
materials. A large V-NIR spectral library and appropriate 
chemometric software offers a means to source or correlate 
nephrite artifacts to major production locales.

12. Archaeological Significance
Well-crafted ground stone celts are rare in Alberta, and 

the few that do exist are probably not of local manufacture. 
This may relate to a markedly smaller reliance on large-
scale woodworking among Alberta First Nations like the 
Blackfoot, Dene, and Cree. Celts in British Columbia were 
primarily employed in canoe and house construction that 
involved labour-intensive carving of large softwood logs 
such as cedar. It is understandable that a similar wood-
working tradition (and associated toolkit) did not percolate 
east across the Rockies where trees are smaller, canoes were 
made of birch bark, and houses were typically skin-covered. 
Nephrite celts appear to be absent in southern Alberta. Why 
then do nephrite celts appear in small numbers in northern 
and central Alberta? 

While all of the nephrite celts fall within the range of 

celt forms from the Canadian Plateau (Morin 2015a), the 
Alberta celts are at the upper end of the spectrum of celt 
length and width when compared to those from British 
Columbia’s Canadian Plateau and Salish Sea (Figure 34). 
In particular, all of the Alberta nephrite and semi-nephrite 
celts considered here fall within a group of wide celts from 
British Columbia. Most celts from British Columbia likely 
started their use lives at this width but, when they became 
worn down and stubby, they were bisected into two narrow 
celts, which explains the bimodal distribution of celt width 
(Mackie 1995; Morin 2015c). The relatively large width of 
Alberta celts, along with their length, indicates that they 
were nowhere near exhausted and do not compare to heavily 
used and re-sharpened specimens from British Columbia.  

This large size indicates that several Alberta specimens 
may be akin to British Columbia’s “property” celts, that 
is, celts that were traded, acquired, or gifted to advertise 
prestige/power or solidify relationships. These differ from 
functional celts that were regularly used for wood-working 
and tended to be much smaller, i.e., less than 15 centimetres 
long. The acquisition of celts for prestige in Alberta may 
explain why celt size is not consistent with that predicted 
based on down-the-line trade of raw materials, that is, that 

Figure 34. Histogram of Alberta nephrite celt dimensions in relation to 
those from British Columbia celts (adapted from Morin 2015a). Each 
thin black band represents one Alberta nephrite celt. The lower histogram 
captures a bimodal distribution of celt widths that relates to the practice of 
bisecting short and worn celts to produce two smaller celts. The majority 
of examples from British Columbia are of the smaller width, suggesting 
that they were commonly used to exhaustion before discard.  
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the archaeological expressions of exotic materials will 
decrease in size with increased distance from the source. 

We hypothesize that nephrite celts in Alberta were largely 
non-utilitarian. The working edges of Alberta’s nephrite 
celts terminate in relatively sharp corners unlike, for 
example, the convex working edge common to scrapers. 
Therefore, it is unlikely that they would have been used 
for processing hides. It follows that nephrite in Alberta 
should appear at archaeological sites in socially significant 
contexts, such as graves, and at sites where people gathered 
to perform ceremonies and exchange goods. Given the 
rarity of nephrite celts in Alberta, it is certain that very few 
people actually owned one. Their exotic nature and rarity, 
combined with the impressive visual qualities of nephrite, 
probably contributed to the prestige of Alberta celt-owners. 

In terms of chronology, nephrite celt production began 
around 3500 yr BP in British Columbia and increased to 
peak productivity from 2000 to 1500 yr BP, with a smaller, 
secondary peak from 750-500 yr BP (Morin 2015a). 
Because the nephrite celts in Alberta were all recovered from 
farmers’ fields or surface disturbances, their chronology is 
unknown. It is reasonable to suggest that Alberta’s celts 
were produced and traded from British Columbia between 
3000 and 250 yr BP.    

The presence of celts in Alberta’s boreal forest and 
parklands perhaps arose from shared cultural affiliations 
with pre-contact societies in British Columbia, principally 
Athapaskan or Dene-speaking groups. Athapaskan speakers 
occupied a more-or-less continuous band across northern 
Alberta and British Columbia (Krauss and Golla 1981). A 
key event in Athapaskan language family history is thought 
to have taken place in the interval between 2000 and 1500 
years ago – the departure of Pacific Coast Athapaskan 
speakers from British Columbia (Krauss and Golla 1981; 
Ives 1990, 2003, 2010; Ives and Rice 2006). It is possible that 
ancestral Pacific Coast Athapaskan speakers were connected 
with exchange systems centring on the mid-Fraser River in 
this time range. If so, and if ancestral Canadian Dene and 
Apachean populations also existed east of the Rockies in 
the Peace Country and southern boreal forest, then nephrite 
artifacts may have spread from Mid-Fraser villages through 
trade and alliance networks that followed the dialectical 
chains typical of the Athapaskan language family. 

The absence of nephrite artifacts among ancestors of Plains 
First Nations is perhaps indicative of weaker connections 
to cultural groups across the Rocky Mountains during the 
last 3000 years. Alternatively, Plains First Nations may 
not have valued nephrite celts because they valued other 
trade items from the west, had other preferred means of 
acquiring prestige, and/or were less interested in expensive 

woodworking tools than their neighbours to the north and 
west who lived in heavily forested environments.         

13. Conclusion
PXRF, XRD, and V-NIR, when used in combination, allow 

identification of nephrite using non-destructive techniques. 
Element concentrations and mineral abundances can be 
used to develop thresholds to distinguish archaeological 
examples of nephrite from non-nephrite. PXRF and V-NIR 
are inexpensive and rapid means of differentiating major 
raw material types, which can be further refined through 
XRD. A large V-NIR library of pre-contact nephrite sawn 
cores can be used to source nephrite to major production 
locales. Because of their rarity and definitive connection 
to British Columbia, nephrite celts are significant artifacts 
in Alberta that warrant close examination to confirm raw 
material types. We argue that nephrite celts are exotic to 
Alberta and were used in pre-contact times as a measure of 
prestige or status. 
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Beaver River Sandstone: A silicified toolstone from northeast Alberta, 
Canada 

AbstrACt 
This article is the third in the Alberta Lithic Reference Project series, the goal of which is to assist the identification 
of raw materials used for pre-contact stone tools in the province. Each article focuses on one raw material; the current 
article discusses a silicified orthoquartzite sedimentary rock that originates in northeast Alberta called Beaver River 
Sandstone (BRS). BRS appears in archaeological sites in northern and central Alberta and has been traced to a number 
of small outcrops or glacially-displaced surficial deposits and two major quarries north of Fort McMurray: the Beaver 
River Quarry (HgOv-29) and Quarry of the Ancestors (a complex of roughly 80 sites). Portable X-ray fluorescence 
(pXRF) indicates that BRS can be geochemically distinguished from macroscopically similar materials that outcrop 
in Montana and appear as artifacts in southern Alberta. We offer a description of BRS and comparable Montana 
materials, a photographic library for comparative purposes, a brief summary of BRS utilization in northeast Alberta, 
and pXRF data to facilitate the accurate identification of BRS in archaeological assemblages.  

KEyWORdS
Beaver River Sandstone, silicified, Muskeg Valley Microquartzite, orthoquartzite, Tongue River Silicified Sediment, 
Alberta Lithic Reference Project, Quarry of the Ancestors, pXRF

1.  The Alberta Lithic Reference Project
A lack of published references about pre-contact lithic 

materials (toolstones) in Alberta has led to inconsistent 
identifications. This article is one of a series of what 
will become chapters in a stand-alone Alberta toolstone 
guide. Each article focuses on a raw material used to 
make stone tools. A helpful, easy-to-use guide will 
amplify the utility of data generated by cultural resource 
management and academic projects; we hope this spurs 
new research agendas and helps answer questions about 
the province’s past.

2.  Introduction: Beaver River Sandstone
Early archaeological explorations of the oil sands 

region in northeast Alberta produced prehistoric lithic 
assemblages heavily dominated by a tan/gray fine-
grained siliceous toolstone now known as Beaver River 
Sandstone (BRS). High concentrations of mainly early 
stage debitage suggested the potential presence of a 
nearby quarry. Forty years of additional survey have 
revealed a dense concentration of BRS-dominated sites 
centred on two major quarries along the Athabasca River, 
north of Fort McMurray (Figures 1 and 2).
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Figure 1. Outcrops of BRS in northeast Alberta and approximate 
location of cobble outcrops of orthoquartzite and Tongue River Silicified 
Sediment (background bedrock geology data from uSgS 2014).

Figure 2. Major outcrops of Beaver River Sandstone (Quarry of the Ancestors and Beaver River Quarry) were likely exposed 
during large scale flooding along Athabasca River shortly after deglaciation (bedrock geology data from AgS 2015). 

BRS was initially identified in sites on the west side of the 
Athabasca River near Mildred Lake and the Beaver River, 
and was referred to as grey chert or limestone (Syncrude 
1973). Subsequent studies identified the material as quartzite 
(Syncrude 1974), silicified sandstone (Fenton and ives 
1982, 1984; ives and Fenton 1983, 1985), orthoquartzitic 
microquartz-cemented siltstone (dePaoli 2005; Saxberg 
and Reeves 2005), and silicified limestone (Saxberg 2004). 
Because of these different petrographic classifications, 
several names have also been proposed for the material 
through time: Beaver creek Quartzite (Syncrude 1974); 
Beaver River Sandstone (Fenton and ives 1982, 1984; ives 
and Fenton 1983, 1985), Beaver River Silicified Sandstone, 
Muskeg Valley Silicified Limestone (Saxberg 2004), and 
Muskeg Valley Microquartz (Saxberg and Reeves 2005). 

This variation in nomenclature is tied to developments in 
the understanding of facies variation within BRS. The first 
bedrock outcrops of BRS were identified at Beaver River 
Quarry (HgOv-29), near the confluence of the Beaver and 
Athabasca Rivers. Early researchers at this site noted that 
archaeological samples from surrounding sites tended to be 
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finer grained than material from the Beaver River Quarry 
outcrop and other outcrops identified along the Athabasca 
River (donahue 1975, Reardon 1976, Fenton and ives 
1982, 1984; ives and Fenton 1983, 1985). Reardon, ives, 
and Fenton recognized that the source formation was likely 
characterized by substantial grain size variation, and that a 
finer textured source must be located in the region, possibly 
on the east side of the Athabasca River. However, because a 
fine-grained source was not then known, names that applied 
to coarser grained materials, like Beaver River Quartzite 
and Beaver River Sandstone, were adopted. 

cultural resource management work during the 1980s 
and 1990s resulted in the identification of hundreds of 
archaeological sites with BRS-dominated assemblages in 
the mineable oil sands region, mostly on the east side of the 
Athabasca River. The largest of these was the cree Burn Lake 
site complex (HhOv-16), a series of surface and subsurface 
lithic scatters located on the east rim of the Athabasca River 
valley, overlooking an oxbow lake.  Although not a source 
of BRS, the very large and diverse assemblages of fine 
grained BRS collected from the complex indicated that this 
area was significant in past seasonal rounds (ives 1993), and 
added weight to the suspicion that another quarry of finer 
grained material was nearby. during this time, Saxberg and 
Reeves (2004) constructed a typological framework for the 
oil sands region based mainly upon BRS projectile points. 

it was not until historic resource investigations were 
conducted for a limestone quarry across the Athabasca 
River from Fort MacKay in 2003 (Saxberg and Reeves 
2004, 2005) that a bedrock source of the fine-grained 
variety was finally discovered. This initial work and 
subsequent investigations (Tischer and Fedirchuk 2006) 
led to the determination of the boundaries of a significant 
BRS quarry site complex called Quarry of the Ancestors, 
which has since been designated an archaeological preserve 
(Figures 2, 3, and 4). Petrographic work associated with 
finer grained material from the Quarry of the Ancestors led 
to the microquartzite and silicified limestone nomenclatures 
for the material (Saxberg and Reeves 2005). However, BRS 
remains the most commonly used name in the literature, and 
we support its continued use. 

3.  Geographic distribution of Beaver River 
Sandstone outcrops

Artificial exposures at Beaver River Quarry and natural 
exposures on the Athabasca River valley reveal flat-lying 
Beaver River Sandstone units in the top portion of the lower 
member of the cretaceous-aged McMurray Formation 
(Fenton and ives 1982, 1984, 1990; ives and Fenton 1983, 
1985). The lower McMurray directly overlies the devonian 

Waterways Formation, and fills karst depressions on this 
surface. natural outcrops are therefore expected along the 
Athabasca River and the lower reaches of its tributaries in 
the Fort MacKay area, where lower McMurray deposits 
have been exposed by erosion or where overlying deposits 
are thin or absent (Fenton and ives 1990). Known BRS 
outcrops conform to this pattern. Beaver River Quarry is 
located in the lower reaches of Beaver River, while Quarry 
of the Ancestors is located in an area of thin overlying 
Quaternary sediment in the lower Muskeg River drainage. 
Both of these water courses are main tributaries of the 
Athabasca. HhOv-55 and other isolated outcrops have 
been observed within the Athabasca valley itself, where the 
modern river has eroded to the devonian basement (Fenton 
and ives 1982, 1984, 1990; ives and Fenton 1983, 1985). 

Figure 3. in-situ bed of BRS at Quarry of the Ancestors (photograph 
courtesy of Brian Ronaghan).

Figure 4. Outcrops of BRS at Quarry of the Ancestors (photograph 
courtesy of Brian Ronaghan).
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it is possible that smaller outcrops of BRS are glacially-
displaced surficial or lag deposits that originated from 
near-surface occurrences of the McMurray Formation. 
Additional geomorphological work is required at these 
small outcrops to confirm or deny this possibility.  Figure 
5 shows that both Beaver River Quarry and Quarry of the 
Ancestors occur in areas near the subcrop transition between 
the devonian deposits and the McMurray formation; this 
is a reflection of Beaver River Sandstone’s position in the 
lower McMurray. Areas along this subcrop transition, where 
there is minimal overlying Quaternary sediment, may hold 
potential for additional quarry sites. The clearwater River 
could also contain natural outcrops, but this area has not 
been systematically explored.

initial exposure of BRS along these valleys likely occurred 
during Late Pleistocene / Early Holocene outburst flooding 
from the northwestern arm of glacial Lake Agassiz, the 
timing and nature of which (i.e., one flood vs. multiple 
outbursts) has been debated (Smith and Fisher 1993; Lowell 
et al. 2005; Fisher 2007; Murton et al. 2010). The outcome 
of one or more floods for BRS distribution is essentially the 
same: much of the Athabasca River valley downstream of 

Fort McMurray was scoured during flood events, and this 
likely explains the near surface expressions of BRS (Figure 
5). in the heart of the outburst zone, it appears that both 
scouring and displacement of large BRS float blocks took 
place, such that BRS is available at surface locations in the 
Quarry of the Ancestors area and as cobbles, plates, and large 
boulders extending toward the Bitumont area in outburst-
related debris (gryba, in press). These localities were all 
readily accessible to prehistoric knappers. Erosion and mass 
wasting along the Athabasca River valley may have also 
periodically exposed BRS throughout the Holocene.

4.  Geological origins of Beaver River Sandstone
The McMurray Formation is a cretaceous-aged 

sedimentary deposit, representing a generally fining upward 
sequence interpreted to be a marine transgression that 
occurred as the exposed pre-cretaceous landscape of ridges 
and valleys was inundated by a rising sea from the north. 
The depositional environment of the McMurray Formation 
changed from a fluvial to an estuarine environment, and 
later to a marine embayment. carrigy (1959) informally 
distinguished these depositional environments as the lower, 
middle, and upper Members, respectively. Fenton and ives 
(1990:130-131) and Flach (1984) posited that Beaver River 
Sandstone is part of the Lower McMurray Formation (Figure 
6); this was supported by stratigraphic and petrographic 
work by Tsang (1998). Hein et al.  (2001) also agreed, 
based on the unit’s stratigraphic position, preliminary 
palynological dates, and lithologic characteristics. However, 
BRS is lithologically distinct from the bulk of the lower 
McMurray, and given the poor age constraints available, its 
lithostratigraphic affinity warrants further research.

Figure 5. Beaver River Quarry and the Quarry of the Ancestors in 
relation to devonian deposits and the McMurray Formation.

Figure 6. A north-south schematic reflecting the discontinuous nature of 
potential Beaver River Sandstone outcrops in the lower member of the 
cretaceous McMurray Formation as it overlies the Waterways Formation 
devonian deposits (adapted from Fenton and ives 1990). 
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McMurray Formation sands are poorly compacted and 
friable, generally uncemented, and bound by bitumen. The 
sands can be cemented with calcite or siderite, but this is 
uncommon. Silica cement makes the BRS a unique facies 
in the McMurray Formation. The cement is composed of 
euhedral to subhedral microcrystalline quartz crystals, 
which in turn are further in-filled with a secondary anhedral 
quartz cement (Tsang 1998). detrital grains include angular 
to subrounded quartz with < 4% hematite, tourmaline, mica, 
and unidentified opaque minerals (Figure 7). Locations 
mentioned in Figure 7 are depicted in Figure 8. 

Figure 7. Thin sections (A through d) under normal (left) and cross 
polarized light (right). A: BRS from Quarry of Ancestors (HhOv-319). 
coarse sandstone with subangular to rounded grains, poorly sorted 
with a fine cemented matrix. dark grey streaks may represent organic-
enriched zones, possibly plant-root traces. B: BRS from Beaver River 
Quarry (HgOv-29). dominantly medium grain sandstone with outsize 
granules, poorly sorted with a fine cemented matrix. Organic enriched 
zone accompanied by variations in grain-size and sorting interpreted as a 
plant-root trace. c: TRSS sample from Montana (Montana group One). 
Potentially bioturbated and plant-root modified sedimentary fabric with 
amorphous silica cement following some of those fabrics. d: upper fine to 
medium grained orthoquartzite from carter county, Montana (Montana 
group Four). Admixed sedimentary fabric is ascribed to bioturbation. 

The detrital grain size is variable, ranging from coarse 
siltstone to coarse sandstone. Some meniscate trace fossils 
(e.g., Taenidium) and open trace fossils (e.g., Scoyenia) 
occur; these trace fossils are ascribed to the activities of 
burrowing insects and insect larvae. Plant root traces are 
also visible (Figure 7).

Tsang (1998) suggested that silicification of the proto-BRS 
sediments occurred within a karst feature associated with 
silica-saturated connate water. Based on rhenium-osmium 
radiometric dating, Selby and creaser (2005) suggested 
an age of 112±5.3 Ma (million years ago) for the age of 
hydrocarbon emplacement in the McMurray Formation. in 
this scenario, placement of the hydrocarbon occurred not 
long after deposition of the McMurray sediments. Hence, 
silicification of the McMurray Formation as the origin of 
the BRS must have occurred close to the age of deposition 
of the McMurray sands and prior to hydrocarbon placement. 
considering the presence of insect-associated trace fossils 

Figure 8. Place names mentioned in text. BV: Beaverhead county, cS: 
cascade county, WL: Wheatland county, WX: Wisaux county, FA: 
Fallon county, cT: carter county.
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and root traces, we further suggest that cementation occurred 
in these topographic lows as an evaporative silcrete. That 
is, when silica-rich water evaporated, the remnant silica 
cemented the interstices of siltstone and sandstone matrices.  

5.  Identification of Beaver River Sandstone
in order to identify BRS, it is necessary to not only 

determine its specific features but also examine how it 
differs from similar materials. 

5.1 Distinguishing macroscopic features of Beaver 
River Sandstone 

BRS is an opaque dull grey to mottled tan or buff stone 
that varies from medium to fine grained in texture (Figures 
9-11). The material often has a faint sheen when viewed 
with a hand lens or microscope. Most specimens of BRS 
contain noticeably large angular quartz crystal inclusions 
in an otherwise uniformly fine-grained matrix. This is less 
noticeable in BRS from Beaver River Quarry than it is in 
BRS from Quarry of the Ancestors. The visible crystal 
inclusions generally range from 0.1 to 1 millimetre in 
diameter. Faint colour banding is visible in some specimens 
as is occasional orange iron staining (Fenton and ives 
1982). Some specimens also have black bitumen staining/
colouration. Heat-treated varieties are noticeably reddened. 
As mentioned, BRS from Beaver River Quarry is coarser 
grained than from Quarry of the Ancestors but exhibits a 
similar range of colour and mottling.  

For those interested in raw material comparisons, 
current repositories of BRS include the Royal Alberta 
Museum (Edmonton), the Archaeological Survey of 
Alberta (Edmonton), the Prince of Wales northern Heritage 
centre (yellowknife), the yukon cultural Services Branch 
(Whitehorse), and the Manitoba Museum (Winnipeg).

5.2 Similar Materials to Beaver River Sandstone
BRS can resemble tan or grey cherts (Figures 12 to 

16) and rhyolites (Figure 17). coarse-grained varieties 
of BRS can be easily mistaken for other orthoquartzites 
including a particular group of materials variously called 
Montana Silicified Sediment, Tongue River Silicified 
Sediment (TRSS), Montana orthoquartzites, and dakota 
Sandstone (gryba, in press). Figures 12 to 18 depict BRS 
and similar-looking raw materials with captions to explain 
discriminating features.

The visual overlap between BRS and Montana materials 
is uncanny and has led to misidentification. Figure 19 
compares microscopic structures of BRS from Beaver River 
Quarry and Quarry of the Ancestors with Montana TRSS 

and orthoquartzite. We initiated PXRF analyses to assess 
geochemical differences between BRS and Montana raw 
materials. An introduction to Montana toolstones is provided 
below followed by a summary of the pXRF program.

Figure 9. Outcrop cobbles from Beaver River Quarry 
(A) (Royal Alberta Museum, Edmonton, Alberta) 
coarse-grained BRS from Quarry of the Ancestors 
(B) (department of Archaeology and Anthropology, 
university of Saskatchewan, Saskatoon, Saskatchewan), 
and fine grained BRS from Quarry of the Ancestors (c) 
(department of Archaeology and Anthropology, university 
of Saskatchewan, Saskatoon, Saskatchewan).
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5.2.1 Montana TRSS/orthoquartzite
until recently, the primary source area for arenaceous 

silicified sediment (composed of fine to medium-grained 
sand cemented by silica) was believed to be southeast 
Montana, southwest north dakota, and northwest South 
dakota. This distinctive gray to tan colored, high quality 
lithic raw material was originally designated as Tongue 
River Silicified Sediment (TRSS) in reference to the 
geologic formation in which it occurs (Keyser and Fagan 
1987). Specific to Montana, TRSS is largely restricted 
to carter (cT), Fallon (FA), and Wibaux (WX) counties 
(Figure 8) and does not extend west to either the Powder or 
Tongue River Basins (clark and Fraley 1985; deaver and 
deaver 1988). it does, however, extend east as far as central 
Minnesota and north-central iowa (Bakken 1993). 

TRSS in primary geological context has not been 
identified in southeastern Montana. instead, most of this 
material occurs in the form of eroded and intermittent lag 
deposits where pebbles, cobbles, boulders, and subangular 
blocky pieces are scattered throughout the local sediments 
over a fairly large geographic area. Thus, most or all of the 
TRSS from southeastern Montana utilized in stone tool 
manufacture was probably opportunistically collected as 
the material was randomly encountered.

Figure 10. Artifacts of BRS. 1: gdOo-16:1 (possible fluted point from the duckett collection, cold Lake area, eastern Alberta); 2: HiOu-69:1 (Royal 
Alberta Museum, Edmonton, Alberta, photograph courtesy of the Royal Alberta Museum); 3: HhOv-528:409722 (Royal Alberta Museum, Edmonton, 
Alberta, photograph courtesy of Karen giering); 4: HhOv-323 (Broad bladed Eden point, Royal Alberta Museum, Edmonton, Alberta, photograph 
courtesy of nancy Saxberg); 5: HhOu-36:150 (Scottsbluff ii point, Royal Alberta Museum, Edmonton, Alberta, photography courtesy of nancy 
Saxberg). Projectile point type labels for artifact numbers 3, 4, and 5 taken from Reeves et al. 2015.

Figure 11. BRS points with mottling and large quartz crystal 
inclusions (visible as light and dark grey specks). The point at left 
is from the Alexander collection found on Flat Lake near Boyle, 
north central Alberta. The point at right is from the Stettler Town 
and country Museum, and was found near Buffalo Lake, South 
central Alberta (no catalogue numbers). Microscopic analysis 
and pXRF confirm that both points are within the variability of 
BRS from QoA/BRQ.
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Figure 12. BRS point from the Alexander collection (no catalogue 
number), found on Flat Lake near Boyle in north central Alberta. This 
point geochemically lies within the variability of group QoA/BRQ.   

Figure 13. BRS point from the Johnston collection (no catalogue number) 
found near Oyen, southeast Alberta. This point geochemically lies within 
the variability of group QoA/BRQ.   

Figure 14. Tan cherts can resemble BRS but they are generally uniform, 
fine-grained, and lack large crystals, although cherts may contain 
microfossils (no catalogue number, Johnston collection).    

Figure 15. grey cherts can resemble BRS but are often uniform, fine-
grained, and lack large crystals, although cherts may contain microfossils 
as above (dkPi-2:4535, Royal Alberta Museum, Edmonton, Alberta).   

Figure 16. This point is likely of Potters chert from Texas, which can 
resemble the mottling of BRS. it is generally fine-grained and lacks large 
crystals, although it can contain dark microfossils (collected in Texas and 
housed in the Sodbusters Archives and Museum, Strome, Alberta). 

Figure 17. glassy rhyolite can superficially resemble BRS but is generally 
coarse-grained with abundant variable-sized phenocrysts (FgPh-1, no 
catalogue number, Royal Alberta Museum, Edmonton, Alberta).   
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Over the past three decades, additional source areas of 
TRSS-like material (here called Montana orthoquartzites) 
have been identified in the central portion of Montana 
(Aaberg 1992).  As is the case for southeastern Montana, 
the central Montana sources are largely eroded deposits 
scattered over sizeable areas. However, at least three primary 
bedrock exposures have been reported. One is southeast of 
great Falls in the Stockett/centerville locality. The other is 
adjacent to the Missouri River northeast of great Falls. A 
third is in the Beaver creek headwaters of the Little Rocky 
Mountains north of Missouri River and west of Hinsdale.

The frequency with which this material occurs in 
archaeological contexts in Montana is not well established.  
The primary reason for this is because researchers have used 
a variety of descriptors including “orthoquartzite” (Brumley 
1990), “silcrete” (Murphy 2014), “silicified sediment” 
(greiser 1988), and “Kootenai Silicified Sediment” (Aaberg 
1992).  Based on a limited review of central and northern 
Montana artifact collections, and the available literature, 
TRSS-like lithic raw material was more heavily utilized by 
Avonlea groups (Figure 20) from the greater Judith Basin 
area north and east as far as Saco/Hinsdale (Figure 19) than 
by all other archaeological cultures combined (Rennie and 
Taylor 2015). 

Figure 18. TRSS can strongly resemble BRS both macroscopically and 
microscopically. geochemically analyses such as pXRF may be the only 
means to distinguish some varieties of TRSS from BRS (artifact from 
the Heron-Eden site, EeOi-11, southwest Saskatchewan). This point 
geochemically lies within Montana group One. 

Figure 19. Microscope images of fine grained Beaver River Sandstone from: A: Quarry of the Ancestors; B: coarse grained Beaver River Sandstone 
from Beaver River Quarry; c: carter county orthoquartzite (Montana group 3); d: Tongue River Silicified Sediment (Montana group 1); and E: carter 
county orthoquartzite (Montana group 4).  
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Of interest, Keyser and Fagan (1987) noted that the 
dominant period of TRSS procurement at the ESP site 
in northwestern South dakota occurred ca. A.d. 1000-
thus showing possible coeval preference for this silicified 
sediment in two distinct geographic localities.

5.3 Portable X-ray fluorescence program 
non-destructive pXRF analyses were conducted on 

36 samples of Beaver River Sandstone from Quarry of 
the Ancestors, three samples from Beaver River Quarry, 
29 samples of orthoquarzites, rhyolite, and TRSS from 
Montana: six orthoquartzite samples from Wheatland 
county, nine orthoquartzite samples from cascade 
county, four rhyolite samples from Beaverhead county, 
six orthoquartzite  samples from carter county, and four 
samples of “Montana Silicified Sediment” and TRSS from 
across Montana (Table 1). An additional 14 artifacts of 
BRS-looking material from across Alberta, Saskatchewan, 
and Montana, were analysed in this pilot project.  

5.3.1 Methods
Analyses were conducted at the university of georgia’s 

center for Applied isotope Studies (cAiS). A Bruker Tracer 

Series iii, portable X-ray fluorescence spectrometer (pXRF) 
was used for the analyses. The instrument is equipped with 
an X-ray tube consisting of a rhodium (Rh) target and a 
beryllium (Be) window. The tube is capable of reaching 
40kV at 30μA, an energy more than adequate to exceed the 
ionization potentials required to measure the trace elements 
of interest in this study. The instrument uses a silicon drift 
detector (Sdd) with a resolution of ca. 145 eV.

Prior to analysis, samples with flat, smooth areas were 
chosen as the low angle and lack of surface variation would 
produce the least amount of surface scatter upon contact 
with the X-ray beam. if a sample did not have an acceptable 
surface and/or minimum size, it was not analyzed. 

Analytical protocols employed at cAiS are summarized in 
Table 2. Each sample was analyzed for 100 seconds at 40kV 
and 30μA. A primary filter (0.006” cu, 0.001” Ti, 0.012” 
Al filter) designed to reduce background radiation within 
the mid-Z elemental range was placed in-line between the 
tube and sample. Elements measured in the study include 
manganese (Mn), iron (Fe), zinc (Zn), gallium (ga), 
rubidium (Rb), strontium (Sr), yttrium (y), zirconium (Zr), 
niobium (nb), and thorium (Th). 

Figure 20. Orthoquartzite projectile points from site 24BL101 in Montana.
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Sample 
#

Nature of 
Sample

Comments Fe Ga Rb Sr Y Zr Nb Geochemical group based on 
pXRF results

1 Artifact Eedl-11, projectile point, Eden-Heron site, SK 1504 10 6 61 24 457 37 Montana group 1

2 Artifact Eedl-11, projectile point, Eden-Heron site, SK 1336 10 6 67 17 281 28 Montana group 1

3 Artifact HgOv-29, Beaver River Quarry, nE AB 3189 10 8 8 18 433 21 QoA/BRQ

4 Artifact HhOv-66, nE AB 1259 7 6 7 14 362 16 unassigned

5 Artifact no site #, near Beaver River Quarry, nE AB 925 8 5 6 14 361 15 unassigned

6 Artifact no site #, near Beaver River Quarry, nE AB 908 10 5 6 14 371 15 unassigned

7 Artifact HhOv-319, Quarry of the Ancestors, nE AB 1133 9 5 12 24 471 24 QoA/BRQ

8 Artifact HhOv-319, Quarry of the Ancestors, nE AB 1632 7 7 13 17 375 19 QoA/BRQ

9 Artifact HhOv-319, Quarry of the Ancestors, nE AB 2486 8 6 12 28 490 29 QoA/BRQ

10 Artifact HhOv-319, Quarry of the Ancestors, nE AB 1844 10 6 16 28 480 31 QoA/BRQ

11 Artifact HhOv-319, Quarry of the Ancestors, nE AB 1882 8 6 12 23 502 26 QoA/BRQ

12 Artifact HhOv-319, Quarry of the Ancestors, nE AB 1128 12 7 12 25 522 24 QoA/BRQ

13 Artifact HhOv-319, Quarry of the Ancestors, nE AB 2209 10 7 8 25 458 26 QoA/BRQ

14 Artifact HhOv-319, Quarry of the Ancestors, nE AB 2235 11 7 8 21 517 23 QoA/BRQ

15 Artifact HhOv-319, Quarry of the Ancestors, nE AB 1288 8 5 12 26 472 28 QoA/BRQ

16 Artifact HhOv-319, Quarry of the Ancestors, nE AB 1998 11 6 8 25 514 27 QoA/BRQ

17 Artifact HhOv-319, Quarry of the Ancestors, nE AB 1136 10 6 8 20 539 23 QoA/BRQ

18 Artifact HhOv-319, Quarry of the Ancestors, nE AB 1303 9 6 8 20 534 27 QoA/BRQ

19 Artifact HhOv-319, Quarry of the Ancestors, nE AB 1171 11 6 10 21 518 27 QoA/BRQ

20 Artifact no site number, Montana 1111 9 6 74 21 356 18 Montana group 1

21 Artifact HhOv-319, Quarry of the Ancestors, nE AB 1604 9 5 11 28 503 29 QoA/BRQ

22 Artifact HhOv-319, Quarry of the Ancestors, nE AB 1305 10 7 12 27 501 30 QoA/BRQ

23 Artifact HhOv-319, Quarry of the Ancestors, nE AB 1976 9 6 19 27 443 35 QoA/BRQ

24 Artifact HhOv-319, Quarry of the Ancestors, nE AB 1423 10 7 14 26 422 28 QoA/BRQ

25 Artifact HhOv-319, Quarry of the Ancestors, nE AB 1495 14 6 8 23 558 27 QoA/BRQ

26 Artifact HhOv-319, Quarry of the Ancestors, nE AB 1730 8 6 7 22 506 25 QoA/BRQ

27 Artifact HhOv-319, Quarry of the Ancestors, nE AB 1170 11 5 9 23 562 27 QoA/BRQ

28 Artifact HhOv-319, Quarry of the Ancestors, nE AB 1395 9 6 7 21 547 23 QoA/BRQ

29 Artifact HhOv-319, Quarry of the Ancestors, nE AB 1479 12 5 9 24 584 26 QoA/BRQ

30 Artifact HhOv-319, Quarry of the Ancestors, nE AB 1857 13 4 12 24 502 30 QoA/BRQ

31 Artifact HhOv-319, Quarry of the Ancestors, nE AB 1108 11 6 8 20 544 23 QoA/BRQ

32 Artifact no site #, Johnston collection, Oyen, SE AB 37537 23 125 78 34 170 15 chert

33 Artifact HhOv-319, Quarry of the Ancestors, nE AB 6715 13 7 18 28 497 33 QoA/BRQ

34 Artifact HhOv-319, Quarry of the Ancestors, nE AB 1154 10 4 8 17 306 20 unassigned

35 Artifact no site #, Stettler Museum, c AB 1090 12 5 7 23 485 27 QoA/BRQ

36 Artifact no site #, Alexander collection, Boyle, n AB 1629 10 6 8 20 404 28 QoA/BRQ

37 Artifact no site #, Alexander collection, Boyle, n AB 1424 11 6 10 30 571 35 QoA/BRQ

38 Artifact Quarry of the Ancestors h:97.69.933, nE AB 1206 10 6 18 26 413 27 QoA/BRQ

39 Artifact HhOv-319, Quarry of the Ancestors, nE AB 1326 13 5 6 18 502 21 QoA/BRQ

40 Artifact HhOv-319, Quarry of the Ancestors, nE AB 1904 15 7 10 25 594 30 QoA/BRQ

41 Artifact HhOv-319, Quarry of the Ancestors, nE AB 1210 12 6 7 21 617 20 QoA/BRQ

42 Artifact HhOv-319, Quarry of the Ancestors, nE AB 1184 13 5 7 21 549 23 QoA/BRQ

43 Artifact HhOv-319, Quarry of the Ancestors, nE AB 2693 11 6 18 31 472 35 QoA/BRQ

44 Artifact HhOv-319, Quarry of the Ancestors, nE AB 1471 16 5 15 30 602 35 QoA/BRQ

45 Artifact HhOv-319, Quarry of the Ancestors, nE AB 2686 15 6 15 30 591 31 QoA/BRQ

Table 1. Summary of pXRF results. QoA/BRQ : Quarry of the Ancestors and Beaver River Quarry. Montana group 1:  cascade and Wheatland 
counties, Montana group 2: Beaverhead county, Montana group 3: carter county sample A, Montana group 4: carter county sample B. 
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Sample 
#

Nature of 
Sample

Comments Fe Ga Rb Sr Y Zr Nb Geochemical group based on 
pXRF results

46 Artifact HhOv-319, Quarry of the Ancestors, nE AB 2305 9 6 8 21 484 21 QoA/BRQ

47 Artifact HhOv-319, Quarry of the Ancestors, nE AB 1264 16 6 9 22 538 28 QoA/BRQ

48 geological Wheatland county, Montana 1473 13 6 91 22 435 25 Montana group 1

49 geological Wheatland county, Montana 1155 15 6 80 24 487 28 Montana group 1

50 geological Wheatland county, Montana 3041 10 6 47 20 447 23 Montana group 1

51 geological Wheatland county, Montana 3029 14 7 55 22 487 23 Montana group 1

52 geological Wheatland county, Montana 1086 11 6 38 17 428 19 Montana group 1

53 geological Wheatland county, Montana 1006 9 6 44 21 429 22 Montana group 1

54 geological carter county, Montana 9648 15 98 26 33 217 27 Montana group 3

55 geological carter county, Montana 1557 12 7 18 19 513 15 Montana group 4

56 geological carter county, Montana 936 8 4 8 17 449 12 Montana group 4

57 geological carter county, Montana 8343 18 92 22 29 192 22 Montana group 3

58 geological carter county, Montana 8915 14 85 21 29 182 21 Montana group 3

59 geological carter county, Montana 1028 8 5 9 18 445 16 Montana group 4

60 geological cascade county, Montana 1142 16 6 53 8 112 13 Montana group 1

61 geological cascade county, Montana 1182 12 6 75 7 81 11 Montana group 1

62 geological cascade county, Montana 980 9 5 49 8 95 12 Montana group 1

63 geological cascade county, Montana 37624 16 8 119 9 100 12 unassigned (cortex contamination) 

64 geological cascade county, Montana 1187 10 5 60 8 91 11 Montana group 1

65 geological cascade county, Montana 1003 11 5 67 8 89 10 Montana group 1

66 geological cascade county, Montana 1123 15 7 61 18 446 22 Montana group 1

67 geological cascade county, Montana 999 11 6 58 13 281 14 Montana group 1

68 geological cascade county, Montana 1340 14 7 86 27 490 32 Montana group 1

69 geological cascade county, Montana 1019 9 6 74 17 368 17 Montana group 1

70 geological Beaverhead county, Montana 1459 21 193 16 41 350 38 Montana group 2

71 geological Beaverhead county, Montana 1398 21 167 17 35 329 52 Montana group 2

72 geological Beaverhead county, Montana 1387 23 188 16 40 341 37 Montana group 2

73 geological Beaverhead county, Montana 1442 19 179 18 38 322 35 Montana group 2

74 geological Montana 1567 14 8 75 31 424 36 Montana group 1

75 geological Montana 1744 15 5 49 23 543 23 Montana group 1

76 geological Montana 1564 14 7 50 23 504 18 Montana group 1

77 Artifact no site #, Johnston collection, Oyen, SE AB 1775 12 7 19 34 528 28 QoA/BRQ

78 Artifact no site #, Johnston collection, Oyen, SE AB 1212 6 5 7 26 452 31 QoA/BRQ

79 Artifact Montana 1161 11 7 83 25 458 24 Montana group 1

80 Artifact FdOt-32, flake, Hardisty, E AB 2107 11 6 9 23 409 26 QoA/BRQ

81 Artifact no site #, Renynolds collection, c AB 1439 9 6 12 17 295 14 Rhyolite

82 Artifact no site #, Alexander collection, Boyle, n AB 1458 9 6 11 24 447 24 QoA/BRQ

Table 1. (continued) 

The calibration used here was originally developed for 
analysis of obsidians and other silicate rocks. The calibration 
was created using a set of obsidian standards commissioned 
from the university of Missouri Research Reactor (MuRR) 
(see Speakman and Shackley 2013). These reference 
materials consist of 40 pieces of obsidian that characterize 
a suitable range of elemental variation for most rhyolitic 
obsidians as well as the samples in this study.

Following analysis, data were tabulated in Excel. initial 
examination of the data determined that values for Mn, 
Zn, and Th were at or below detection limits in most 
samples. consequently, these elements were removed 
from the dataset. The elemental results were compared 
using Mahalanobis distance probabilities and posterior 
classifications, and visualized through principal component 
analysis.
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5.3.2 Geochemical results and significance
comparisons of trace element concentrations, including 

rubidium (Rb), strontium (Sr), yttrium (y), niobium (nb), 
and zirconium (Zr), are useful for differentiating BRS from 
similar-looking materials (Figures 21-24). Sample sizes are 
admittedly small but preliminary results depict generally 
distinct geochemical clusters: Montana group 1 consists 
of samples from cascade and Wheatland counties as well 
as several samples of Tongue River Silicified Sediment 
(TRSS) whose provenience in Montana was not known; 
Montana group 2 includes samples from Beaverhead 
county; Montana group 3 consists of three samples from 
carter county; Montana group 4 contains three additional 
samples from carter county; and the final geochemical 
cluster encompasses samples from Quarry of the Ancestors 
(QoA) and Beaver River Quarry (BRQ). Three orthoquartzite 
samples from carter county (Montana group 4) lie 
partially within the geochemical variability of BRS (e.g., 
when comparing rubidium and strontium). However, these 
carter county samples can be distinguished geochemically 
through a comparison of niobium and zirconium (Figure 
24) and do not visually overlap with BRS (macroscopically 
or microscopically).

The most macroscopically and microscopically similar 
materials to BRS (i.e., TRSS) can be clearly distinguished 
through geochemical comparisons via pXRF; all samples 
of TRSS were found to lie within Montana group 1. The 
current study indicates that Eden points from Saskatchewan 
that had been previously labeled as BRS (Linnamae and 
Johnson 1999) were in fact TRSS. A clovis point from the 
duckett site (gdOo-16; Figure 10) that has been called BRS 
may be made of TRSS from Montana or the dakotas and 
should be analysed via pXRF. 

As noted above, a sample of orthoquartzite from carter 
county (Montana group 4) is more difficult to discern 
geochemically from BRS, but is macroscopically and 
microscopically distinct. The carter county orthoquartzites 
are of a more vitreous lustre than BRS with coarse texture 
and foliation planes typical of quartzites (Figure 19). 

The matrix of the most common BRS artifacts appears 
macroscopically uniform in texture, like chert, while the 
matrix of carter county materials appears irregular like 
common metaquartzites. Lastly, the orthoquartzite samples 
that compose Montana group 4 are uniform grey and lack 
the mottling of BRS and TRSS.

The current pXRF pilot study also found that artifacts 
previously assumed to be TRSS from southern Alberta are 
BRS (including an Eden point from the Oyen area depicted 
in Figure 14). The widespread movement of BRS to southern 
Alberta should not be surprising. What is thought to be 
Knife River Flint Scottsbluff material has been recovered 
near Fort McMurray and Manning, while obsidian from the 
grande Prairie and Fort McMurray areas has been sourced 
to idaho and Wyoming.

Materials variously called Montana Silicified Sediment, 
Tongue River Silicified Sediment, and some material 
labeled as Montana orthoquartzites (those from cascade 
and Wheatland counties) all cluster geochemically 
within Montana group 1 (see Figure 23). This suggests 
either that there are distinct Montana materials that are 
not distinguishable geochemically or that materials once 
thought of as distinct are actually the same material (or at 
least related in terms of geological formation). 

in summary, we suggest that pXRF can verify if a BRS-
looking material is from northeast Alberta or Montana/
dakotas area. To date, pXRF cannot easily distinguish 
between materials from northeast Alberta and some 
orthoquartzites from carter county, Montana; however, 
if pXRF analyses narrow down the material in question 
to these two sources, basic macroscopic and microscopic 
work can lead to successful differentiation. This small 
geochemical study highlights the need for further work 
and the need to exercise caution concerning macroscopic 
identification of raw materials in Alberta regardless of their 
geographic proximity to presumed sources. 

6.  Archaeological significance of Beaver River 
Sandstone

BRS is one of the few raw materials in archaeological 
assemblages in Alberta with a known origin north of the 
great Plains and outside of the Rocky Mountains. Tracing 
the use of this material through space and time can 
therefore serve as a proxy for cultural relationships between 
inhabitants of northeastern Alberta and other regions. The 
material is also useful for studying the full breadth of the 
lithic reduction sequence from procurement to retouch, and 
for gaining understanding of lithic technologies such as heat 
treatment.  

Bruker Tracer III

Filter: 12mil. Al: 1mil. Ti: 6mil. cu (green Filter)

Energy and current: 40kV/30μA

Environment: Open air, no vacuum

calibration: 40 MuRR RM’s

Live Time (seconds): 100s

Elements Measured: Mn, Fe, Zn, ga, Rb, Sr, y, Zr, nb, Th

Table 2. cAiS protocols for analyzing trace elements in rhyolitic 
obsidians.
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6.1 Geographic distribution
BRS is one of the most archaeologically well-known 

and most heavily utilized toolstones in northern Alberta. 
Only limited attempts have been made to systematically 
map BRS artifact distribution (Blower 2008; Martindale 
2014), but they are found over a large area across northeast 
Alberta and Saskatchewan (Figure 25). As of 2016, 956 
archaeological sites in Alberta have reported BRS artifacts. 
An ongoing project has identified over 3.8 million BRS 
artifacts recovered from these sites with a combined weight 
of over 8000 kg. Although concentrated most densely 
around Quarry of the Ancestors and the Fort Hills, BRS 
is also common in the Birch Mountains, along clearwater 
River, and at La Loche in northwest Saskatchewan (Figure 

8) (Fenton and ives 1990; Korejbo 2011; Martindale 
2014). Further afield, BRS toolstone has also been visually 
identified in the archaeological assemblages of Wentzel 
Lake (conaty 1977), Slave River (Reeves et al., in press), the 
Alook site (HaPl-1) on north Wabasca Lake (Sims 1981), 
christina Lake, the duckett site and neighbouring areas near 
cold Lake (gdOo-16) (Fedirchuk and Mccullough1986), 
Barrhead (Fenton and ives 1990), Hardisty (FdOt-32), the 
grande Prairie area, the Thickwood Hills, Boyle, dry island 
Buffalo Jump (ElPf-1), Head-Smashed-in Buffalo Jump 
(dkPj-1), and Fort Macleod (dkP-2) (Ronaghan 1981) 
(see Figure 25). Preliminary scanning electron microscopy 
with energy dispersive X-ray spectroscopy (SEM/EdX) 
conducted in 2002 suggest that the specimen reported at dry 
island buffalo jump, which is a small triangular point that 
was found associated with Avonlea materials, is not BRS. 

Figure 21. Bivariate plot of pXRF results showing cluster of BRS 
material with inset depicting overlap of group 4 carter county samples 
(of rubidium and strontium levels with 95% confidence ellipses). note the 
clear separation of BRS/carter county group 4 from the three remaining 
sample groups. All specimens are raw materials.

Figure 22. Bivariate plot of pXRF results displaying distinction between 
group 4 carter county samples and BRS (with 95% confidence ellipses).

Figure 23. Bivariate plot depicting distinction of BRS and group 1 
cascade and carter county samples in relation to carter county groups 
3 and 4 (in a comparison of yttrium and strontium with 95% confidence 
ellipses).

Figure 24. Principle component Analysis depicting segregation of 
geochemical data from raw material groups.
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As noted above, geochemical testing will help verify 
whether or not other reported examples from sites across the 
province are actually BRS. This is particularly important for 
sites in central and southern Alberta. Samples of BRS have 
been sent to archaeologists in northeast British columbia, 
the Prince of Wales northern Heritage centre in northwest 
Territories and the cultural Services Branch in yukon but 
BRS artifacts have not yet been identified north or west of 
Alberta’s border.

6.2 Temporal distribution
BRS appears to have been used throughout the Holocene. 

Assuming the quarry sources were initially exposed by the 
Agassiz flood, use may extend back to the Late Pleistocene. 
infrared stimulated luminescence (iRSL) ages on eolian 
sediments that contain archaeological deposits at Quarry 
of the Ancestors indicate that the landscape was stabilized 
by about 10,000 cal yr BP, and that human occupation may 
have occurred around this time (Woywitka et al. 2013). 
Accelerated mass spectrometry (AMS) ages are available 
for 28 sites that have BRS in their assemblage (Woywitka, 
this volume). Most of these dates are from calcined bone 
found in association with lithic artifacts. The dates range in 
age from ca. 8100 to 500 cal yr BP, with the most prominent 

concentration between 3000 and 1500 cal yr BP (Woywitka, 
this volume). 

Reeves et al. (in press) have proposed a typological 
framework for northeastern Alberta, largely based 
on diagnostic artifacts fashioned from BRS. in this 
classification, items that bear resemblance to well-dated 
diagnostic artifacts from adjacent regions (mainly the great 
Plains) are assigned similar age ranges in the oil sands 
region. Thus, lanceolate spear points and cody knives are 
assigned early Holocene ages, side notched dart points are 
attributed middle to late Holocene ages, and notched arrow 
points have late Holocene ages. Although exhaustive, this 
framework is not based on direct dates from archaeological 
sites in northeast Alberta. Only one site has yielded a date 
in association with a diagnostic tool; a lanceolate point was 
recovered in association with calcined bone at HhOv-113 
that yielded an age of 7220±40 14c yr BP  (Roskowski-
nuttall 2015; Beta-333309). given the uncertainty of using 
typological form as a proxy for age in northern canada 
(Hare et al. 2004), the Reeves et al. (in press) framework 
remains speculative. it does, however, provide an early 
classification system against which future chronological 
studies can be tested.

Figure 25. Estimated distribution of Beaver River Sandstone and locations of archaeological sites with recorded Beaver River Sandstone. These sites 
were retrieved by searching Alberta site forms (as of 2015) for the terms Beaver River Sandstone, Beaver River Silicified Sandstone, Muskeg Valley 
Silicified Limestone, Muskeg Valley Metamorphosed Quartzite, and their acronyms. Records of BRS in the Eastern Slopes and in Southern Alberta 
should be treated as tentative until geochemical confirmation.
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6.3 Heat treatment
Reddish to orange discoloration rinds on BRS artifacts 

appear on cortex, fractures, and planes of weakness. in 
some instances, this discoloration has been credited to 
iron staining in the burial environment. This argument is 
consistent with the known mobility of iron ions in highly 
acidic soils of the oil sands region, a phenomenon that often 
leads to distinctive orange B horizons similar to the hue 
observed on BRS artifacts. However, it has also been argued 
that the reddish to orange rinds may reflect deliberate efforts 
to improve working properties of this raw material through 
controlled exposure to fire.

This hypothesis has been explored through a series of 
BRS heat treatment experiments conducted by gryba (in 
press) and Robertson and Kevinsen (2013). gryba used fine 
and coarse grained BRS samples collected from Beaver 
River Quarry, Quarry of the Ancestors and from Fort Hills 
gravel deposits. Robertson and Kevinsen concentrated on 
fine grained samples from Quarry of the Ancestors, but 
experimented with coarser varieties. Both sets of experiments 
involved heating BRS for up to a full day at up to 500 to 
600 degrees celsius. These conditions produced reddish 
rinds comparable to archaeological examples, as well as a 
general trend to improved workability. gryba noted visible 
recrystallization and suggested that precontact BRS users 
may have changed coarse grained to fine grained varieties 
through heat treatment. Robertson and Kevinsen did not 
note this effect but observed that some samples underwent 
substantial improvements in fracture characteristics. A lack 
of texture change meant that some samples still had no 
utility for the production of edged implements. Regardless, 
both sets of experiments suggest that heat treatment of BRS 
would have improved working characteristics and that the 
reddish discoloration seen in many archaeological examples 
is likely the result of this process.

7. Conclusion 
Beaver River Sandstone (BRS) is a silicified sedimentary 

rock from northeast Alberta that appears in archaeological 
assemblages across the province and into Saskatchewan. 
Preliminary results of pXRF on BRS suggest that it can 
be geochemically differentiated from very similar-looking 
materials from Montana including orthoquartzites and 
Tongue River Silicified Sediment. Through the combination 
of pXRF analysis and its relatively distinct macroscopic 
and microscopic qualities (uniform textured, dull grey or 
tan matrix with large crystal inclusions) BRS can be readily 
identified in Alberta assemblages. This toolstone can be a 
valuable indicator of relationships and movement patterns 
of Alberta’s northern pre-contact people.
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ABSTRACT 
The Mazama Ash is one of the mostly widely distributed tephra units in North America, present as a visible ash 
in sediments of early Holocene age (ca. 7600 cal yr BP ) from Oregon, across to Wyoming and north into central 
Alberta. It is considered one of the most important stratigraphic markers across this region and is commonly used to 
ascribe age control to sites. In archaeological projects it is often identified simply on the basis of field characteristics 
or light microscopy. This can be problematic in sites with low accumulation rates and poor radiocarbon chronologies 
because several visible tephra are present in Alberta. These include Glacier Peak G (ca. 13,500 cal yr BP), Mount 
St. Helens Yn (ca. 3600 cal yr BP), and Bridge River (ca. 2500 cal yr BP). Here we present new major-element 
geochemical analyses from archaeological and sedimentary sites across south-central Alberta and Saskatchewan. We 
confirm Mazama at most sites, but the presence of Bridge River (and potentially Mount St. Helens Yn) indicates that 
major-element geochemical data is an important, if not necessary, component to identifying tephra in this region. We 
also provide the first Bayesian modelled age estimate for Mount St. Helens Yn of 3780-3480 cal yr BP.  

KEYWORdS
tephra, geochemistry, Mazama, Bridge River, Glacier Peak, Mount St. Helens, radiocarbon, archaeology, calibrated 
ages

1.  Introduction
Studies examining archaeological and sedimentary 

sites across central and southern Alberta have often 
relied on the Mazama Ash, sourced from Crater Lake 
in Oregon (Figure 1), for chronologic control. This 
widely distributed volcanic ash has a GISP2 ice-core 
age of 7627±150 yr BP (Zdanowicz et al. 1999) and 
a new Bayesian age estimate of 7682–7584 cal yr BP 
(Egan et al. 2015). However, this tephra is only one 
of several that have been described since the 1960s 
at sites across south-central Alberta and southwest 
Saskatchewan. These include Glacier Peak G (GP-G; 
13,710-13,410 cal yr BP), Mount St. Helens Yn (MSH 
Yn; ca. 3400 14C yr BP), and the Bridge River tephra 

(2349-2704 cal yr BP), the latter sourced from Mount 
Meager in British Columbia (Figure 1) (e.g., Westgate 
and dreimanis 1967; Osborn 1985; Beaudoin and King 
1986; Luckman et al. 1986; Zoltai 1989; Clague et al. 
1995; Beaudoin et al. 1996; Kuehn et al. 2009). In a 
geological context, tephra identifications have usually 
been confirmed by geochemical analysis, generally 
through electron microprobe analysis of volcanic glass 
or phenocrysts. In an archaeological context, the use 
of geochemical methods has been much less common. 
Many past tephra identifications have been based on 
field criteria, sometimes assisted by light microscopy, 
and occasionally supplemented by radiocarbon dates. 

Back on the horse: Recent developments in 
archaeological and palaeontological research in Alberta
ARCHAEOLOGICAL SuRvEY OF ALBERTA
OCCASIONAL PAPER NO. 36
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Accession 
Number

Collection 
Year

Site Details

uA 2701 1994 James Pass, 
AB

Archaeological site, horizon 4

uA 2702 1994 James Pass, 
AB

Archaeological site, 29-33 cm 
depth

uA 2703 - Saskatchewan 
Outlook, AB

Cutbank, S. Sask. River, 1.6 m 
depth, 4-5 cm thick

uA 2704 2003 Friday’s Site, 
SK

Section

uA 2705 1997 Abraham Lake 
Lookout Point, 
AB

Road cut

uA 2815 1987 White Rabbit 
Creek, near 
Abraham 
Lake, AB

Cutbank on creek, tributary to 
the N. Sask. River

uA 2816 1987 Nordegg 
Bridge, AB

N. Sask. River cutbank on 
Hwy 734, 11 km south of 
intersection with david 
Thompson Hwy

uA 2817 1987 Nordegg 
Bridge, AB

N. Sask. River cutbank on 
Hwy 734, 11 km south of 
intersection with david 
Thompson Hwy

uA 2818 1987 Brian's Creek 
(informal 
name), AB

Cutbank on tributary of upper 
N. Sask. River; 52°0’26” N - 
116°33’11” W.

uA 2819 1987 Nordegg 
Transmission 
Line, AB

Road cut just north of Nordegg 
Bridge

uA 2820 1988 Bow River, 
AB

Archaeological site, tephra 
on paleosol ~175 cm below 
surface, dated (see Newton 
1991)

uA 2821 1988 Bow River, 
AB

Archaeological site, tephra 
on paleosol ~175 cm below 
surface, dated (see Newton 
1991)

Although Mazama has relatively unique glass morphology 
in comparison to other tephras found in Alberta, the other 
tephras have a similar appearance to each other under the 
microscope, and to the untrained eye, all four could be 
easily mistaken for one another (Figure 2).

We reanalyzed several samples from archaeological and 
sedimentary sections across Alberta and into Saskatchewan 
to provide new geochemical evidence for the tephra 
collected. Included are archaeological sites at Lac des 
Arcs and on the Bow River (Newton 1991), the Stampede 
site in south-east Alberta (Klassen 2004), Friday’s site  in 
southwest Saskatchewan (vreeken 1999), and James Pass 
in Jasper National Park (Beaudoin et al. 1996). Sedimentary 
sections included are largely along the North Saskatchewan 
River in the foothills from Abraham Lake to the Nordegg 
area, with one on the South Saskatchewan River (Figure 1; 
Table 1). Several stratigraphic logs representing typical site 
stratigraphy are presented in Figure 3.

Figure 1. Locations of tephra analyzed for this study, including the 
approximate distribution of visible deposits of the four main tephras 
present in Alberta. distribution of ash to the north of the Athabasca 
River along the British Columbia border may be limited due to a 
lack of sites . 1 - Stampede Site; 2 - Friday’s Site; 3 - Saskatchewan 
Outlook; 4 - Lacs des Arcs/Bow River sites (e.g., EgPs-48); 5 - James 
Pass; 6 - Abraham Lake/White Rabbit and Brian’s Creek sites; 7 - 
Nordegg Bridge and Transmission line sites.

Figure 2. Scanning electron microscope (SEM) images of the Mazama 
(A,B), Bridge River (C), and MSH Yn (d) tephras. Mazama contains 
pumiceous grains similar to Bridge River, MSH and GP-G, but platy, 
bubble-walled and tricuspate shards (A) are common in Mazama and rare 
or not present in the other three. 

Table 1. Site Summary.
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Accession 
Number

Collection 
Year

Site Details

uA 2822 1988 Lac des Arcs, 
AB

Archaeological site. Tephra 69 
cm below surface (see Newton 
1991)

uA 2823 1988 Lac des Arcs, 
AB

Archaeological site. Tephra 
immediately above scraper 12 
m west of site profile

uA 2824 1988 Lac des Arcs, 
AB

Archaeological site. Lower 
tephra samples west of profile 
area

uA 2825 - Stampede Site, 
AB

Archaeological site.

uA 2831 1987 Lac des Arcs, 
AB

Archaeological site. Noted as 
“volcanic ash”. Sample looked 
like carbonate unit, treated with 
HCl revealed tephra.

uA 2852 2016 James Pass, 
AB

Archaeological site. From soil 
peel archived at the Royal 
Alberta Museum

2. Methods
All tephra samples were sieved into multiple size fractions 

(> 125 µm, 125-75 µm, and 75-45 µm) and examined by 
light microscopy to confirm the presence of glass. Several 
samples contained abundant carbonates that masked the 
presence of glass and were treated with 10 percent HCl. Any 
samples containing abundant organic material were treated 
with 30 percent H2O2. Most samples were predominantly 
glass and were bulk mounted in acrylic pucks with epoxy, 
although several required density separation using lithium 
heteropolytungstate (LST) with a density of ~2.44 grams 
per cubic centimetre to float the glass component.

Single grain glass-analyses for major and minor elements 
were carried out by electron probe microanalyses (EPMA) on 
a JEOL 8900 superprobe by wave-dispersive spectrometry 
(WdS) at the university of Alberta. Analytical conditions 
were set at 15Kev, with a 6 nA current and 10 micrometre 
beam to minimize alkali migration. Two secondary glass 
standards of known composition, a Lipari obsidian Id 
3506 and Old Crow tephra, were analyzed at the start, after 
every ~100 points, and at the end of each analytical run to 
track the accuracy and stability of the calibration. For more 
details on methodology see Jensen et al. (2008)  and Kuehn 
et al. (2011).  All data are normalized to 100 percent and are 
presented in weight percent (wt%) oxides.

The radiocarbon dates for MSH Yn were input into a 
Bayesian model utilizing the Tau_Boundary function in 
OxCal v.4.2 (Bronk Ramsey 2009). dates were calibrated 
using IntCal13 (Reimer et al. 2013). To test the sensitivity 
of the model to the exclusion of certain radiocarbon dates 
(i.e., dates associated with MSH Yn samples identified 
strictly by field criteria and age), and how the dates were 
placed into the model, eight different runs were carried out. 

3. Results and discussion

3.1. Geochemistry
All tephra samples analyzed were either Mazama or 

Bridge River tephras (Figure 4). Mazama was ubiquitous 
across all sites while Bridge River was consistently found 
in the foothills and towards the eastern edge of Abraham 
Lake, farther from the mountains than previously reported. 
It is important to note that several sites throughout the 
foothills discussed here, including the Nordegg Bridge 
section, have unpublished reports of MSH Yn, although no 
samples remain of that tephra. However, the stratigraphic 
descriptions placing it between confirmed samples of 
Mazama and Bridge River suggest the identification is 
correct.

Table 1. (continued)

Figure 3. Examples of stratigraphic profiles from several sites in Alberta. 
EgPs-48 is redrawn from Newton (1991) and is a site on Lac des Arcs, 
the tephra is UA 2820/21 and is identified as Mazama. The Stampede 
site stratigraphic log is a composite log redrawn from Klassen (2004). 
The tephra is UA 2825 and is identified as Mazama. The James Pass 
stratigraphic log is redrawn from Ronaghan (1993). The upper tephra is 
thin and discontinuous and no sample survives from this original work, 
therefore sample uA 2852 was collected from the site peel stored at the 
Royal Alberta Museum, and was identified as Bridge River. UA 2702 is 
the lower thick tephra at ~30 cm depth and is identified as Mazama. All 
ages presented in the figure are in 14C years BP. 

In addition to new geochemical data, we have compiled 
radiocarbon dates that have been reported in association 
with MSH Yn (Table 2).  Although Mazama, Bridge River 
and GP-G have all had relatively recent re-assessments of 
their ages, the age of MSH Yn has not been reviewed since 
1990 (vogel et al. 1990).  using these compiled ages we 
have developed an improved age estimate of the tephra using 
Bayesian age modelling techniques provided in OxCal v.4.2 
(Bronk Ramsey 2009). 
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Geochemically, Mazama has a much greater range in 
composition than any of the other four tephras examined 
here. Previous geochemical descriptions of distal Mazama 
ash deposits tended to present only means and standard 
deviations, providing limited information. deposits 
analysed for this study display a broad compositional range 
that classify it as a rhyodacite rather than simply a rhyolite, 
which is evident in the geochemical plots (Figure 4). This 
is consistent with proximal descriptions of the climactic 
Mazama eruption that include a dacitic component (e.g., 
Bacon et al. 2006). Although Bridge River overlaps 
somewhat with Mazama, its higher SiO2 wt%  and variable 
Cl and K2O wt% clearly distinguish the two tephra.

Bridge River, MSH Yn and GP-G are physically similar-
looking tephras that can be readily distinguished based on 
their major element geochemistry (Figure 4; Table 3). GP-G 
is the highest SiO2 wt% tephra, with a relatively limited 
geochemical composition. MSH Yn is the most distinct 
tephra, generally off the broad compositional trends shared 
by the other tephra, particularly in terms of Al2O3 and K2O 
wt%. A full summary of the geochemical averages and 
standard deviations is provided in Table 3.

3.2. Mount St. Helens Yn age modelling 
The new age estimates for MSH Yn were obtained 

using a Bayesian model with a Tau_Boundary function. 
The Tau_Boundary function assumes that the dates being 
incorporated into the model cluster near the boundary being 
dated (Bronk Ramsey 2009), in this case, the boundary 
being the tephra itself. This is a safe assumption because 
the compiled ages presented in Table 2 are all within several 
centimetres of the tephra; the one exception is the upper date 
in the proximal material that lies above Ye, the eruption that 

closely followed Yn. However, the Tau_Boundary function 
does contain a distribution tail that allows for some leeway 
in distance from the boundary. Additionally, while this date 
is above Ye, the eruptions following Yn are considered to 
have occurred over a short period of time. Therefore, the 
time represented by the distance between the top of Yn and 
the radiocarbon date is likely relatively small. 

Location Dates above Dates below Stratigraphic Notes Reference

Proximal 
MSH

3350±50         
(W-2549)

3510±80          
(W-1752)

W-2549 is above both Yn and Ye, although erupted close in 
time this date may be somewhat young. W-1752 is charred 
wood at the base of Yn.

Crandell et al. 1981; Mullineaux 1996

Otter Creek, 
BC

3220±70      
(GSC-1946)

3390±130    
(GSC-298)

Both samples approximately within 2 cm of tephra. dates on 
slices of peat from Otter Creek bog.

Westgate 1977

Oldman 
Creek, BC

3460±140    
(GSC-1461)

- Wood (Picea or Larix) directly above tephra in bog cross-cut 
by Trans-Canada highway

Blake and Lowdon (1976)

Pemberton 
Creek, BC

- 3410±110    
(GSC-345)

Charcoal directly below tephra Blake et al. 1966

Tonquin 
Creek, BC

3140±70     
(Beta-13559)

3680±80      
(Beta-13558)

Wedges of peat in contact with the upper and lower 
boundaries of the tephra

Luckman et al. 1986

Entwistle, AB 3550±65     
(WIS-343)

- Peat wedge containing tephra Westgate et al. 1969

“Location 
7c”, AB

3350±100 
(AECv-451C)

- Peat wedge  containing tephra. From peat core that appears 
to have been collected off the Yellowhead highway, east of 
Edson. 

Zoltai 1989

Sunwapta 
Pass, AB

- 3370±110    
(Beta-4676)

Charcoal directly below tephra King 1984 

Table 2. Previously reported radiocarbon dates associated with MSH Yn samples. All ages are conventional.

Figure 4. Summary of geochemical data of analyzed tephra. A – All tephra 
analyzed in this study including reference material from GP-G and MSH 
Yn; B – All three tephra are readily distinguished through geochemistry 
with SiO2 and K2O being particularly effective; C – Mazama and Bridge 
River tephra, commonly found together, are readily separated by Cl and 
K2O wt%; d – A total alkali-silica diagram (TAS; Le Bas et al. 1986) 
showing the geochemical classification of the tephra, with Mazama being 
the only one with a dacitic component. 
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The model was run using eight different combinations of 
dates and the placement of dates, summarized in Table 4. 
Final age estimates were not affected greatly by the inclusion 
or exclusion of certain dates (that is, dates associated only 
with geochemically confirmed samples as opposed to all 
dates), but there was a relatively notable difference between 
including or excluding the radiocarbon dates that were 
from peat wedges containing the tephra. Because these 
two samples contained tephra, they were initially placed 
in the model within the boundary itself, which could cause 

them to be weighed too  heavily in this particular model. 
Placing these dates either before or after the boundary 
caused similar variation, but WIS-343 was rejected by the 
model when placed post-eruption because the date was 
considered too old. Overall, we feel the best age range is 
presented by model run 6b of 3740-3480 cal yr BP with a 
median age of 3620 cal yr BP, using only geochemically 
confirmed samples and excluding the remaining enclosed 
date of WIS-343 (Figure 5). We chose to exclude this date 
because it may be skewed older as shown by its rejection 

Sample  Statistic SiO2  TiO2 Al2O3 FeOt MnO MgO   CaO Na2O  K2O   Cl H2Od n

uA 2701 Mean 72.53 0.44 14.76 2.09 0.06 0.48 1.75 4.95 2.74 0.20 3.23 29

Mazama Stdev 1.66 0.10 0.47 0.53 0.04 0.19 0.44 0.25 0.27 0.04 1.94

uA 2702 Mean 72.94 0.43 14.59 1.96 0.06 0.42 1.62 5.01 2.80 0.18 2.63 26

Mazama Stdev 0.41 0.06 0.16 0.15 0.03 0.04 0.18 0.14 0.10 0.02 1.24

uA 2703 Mean 72.49 0.45 14.74 2.07 0.04 0.47 1.75 5.04 2.77 0.19 3.66 31

Mazama Stdev 1.50 0.07 0.47 0.42 0.03 0.19 0.43 0.18 0.20 0.02 1.48

uA 2704 Mean 72.79 0.45 14.60 2.01 0.06 0.45 1.67 5.00 2.77 0.20 3.32 30

Mazama Stdev 1.57 0.08 0.54 0.41 0.02 0.18 0.46 0.25 0.21 0.04 1.91

uA 2705 Mean 72.52 0.45 14.77 2.05 0.04 0.47 1.78 4.97 2.74 0.19 3.04 32

Mazama Stdev 1.20 0.08 0.42 0.33 0.03 0.16 0.35 0.21 0.21 0.03 1.09

uA 2815 Mean 74.84 0.34 13.86 1.48 0.04 0.32 1.39 4.35 3.28 0.11 4.34 29

Bridge River Stdev 1.04 0.07 0.52 0.21 0.02 0.09 0.26 0.20 0.20 0.02 1.19

uA 2816 Mean 72.97 0.44 14.60 1.96 0.05 0.44 1.61 4.90 2.84 0.20 4.51 28

Mazama Stdev 0.23 0.04 0.12 0.07 0.02 0.03 0.06 0.17 0.08 0.03 2.18

uA 2817 Mean 74.67 0.33 13.90 1.50 0.05 0.32 1.41 4.45 3.26 0.11 3.90 29

Bridge River Stdev 0.95 0.06 0.49 0.24 0.03 0.06 0.23 0.16 0.16 0.02 1.37

uA 2818 Mean 74.85 0.35 13.85 1.51 0.04 0.33 1.38 4.32 3.28 0.11 4.12 27

Bridge River Stdev 1.10 0.07 0.51 0.25 0.02 0.10 0.25 0.20 0.21 0.02 1.11

uA 2819 Mean 73.06 0.44 14.55 1.94 0.04 0.44 1.62 4.87 2.83 0.20 3.22 26

Mazama Stdev 0.31 0.04 0.14 0.10 0.03 0.03 0.12 0.14 0.14 0.04 0.96

uA 2820 Mean 72.41 0.46 14.79 2.15 0.06 0.53 1.80 4.84 2.75 0.19 3.54 24

Mazama Stdev 2.18 0.12 0.60 0.65 0.03 0.30 0.65 0.19 0.25 0.02 0.68

uA 2821 Mean 72.55 0.45 14.77 2.09 0.06 0.51 1.72 4.94 2.72 0.19 3.37 23

Mazama Stdev 1.60 0.08 0.55 0.49 0.03 0.20 0.39 0.20 0.20 0.03 0.87

uA 2822 Mean 72.76 0.46 14.70 2.01 0.05 0.48 1.73 4.84 2.78 0.20 3.89 22

Mazama Stdev 1.01 0.07 0.26 0.35 0.04 0.14 0.41 0.21 0.15 0.04 1.91

uA 2823 Mean 73.03 0.44 14.64 1.98 0.05 0.44 1.63 4.81 2.79 0.19 3.08 24

Mazama Stdev 1.03 0.08 0.37 0.29 0.03 0.11 0.25 0.17 0.13 0.02 1.16

uA 2824 Mean 72.13 0.49 14.89 2.23 0.06 0.56 1.89 4.89 2.67 0.19 3.35 23

Mazama Stdev 2.29 0.16 0.61 0.73 0.02 0.30 0.69 0.20 0.32 0.03 1.38

uA 2825 Mean 72.92 0.46 14.65 1.99 0.05 0.45 1.61 4.87 2.80 0.19 3.27 23

Mazama Stdev 0.69 0.06 0.21 0.21 0.04 0.09 0.19 0.20 0.16 0.02 1.14

uA 2832 Mean 72.84 0.44 14.73 2.01 0.05 0.47 1.64 4.88 2.77 0.18 3.03 21

Mazama Stdev 0.93 0.07 0.34 0.28 0.02 0.11 0.25 0.16 0.16 0.03 0.78

uA 2852 Mean 74.61 0.32 13.90 1.51 0.04 0.35 1.42 4.50 3.23 0.11 3.37 24

Bridge River Stdev 0.81 0.07 0.38 0.16 0.02 0.07 0.21 0.16 0.15 0.02 1.32  

Table 3. Summary of normalized geochemical data collected in this study. FeOt - Total as FeO. H2Od = water content by differnece (100- 
analytical total, n= number of analyses. The lighter shaded rows are of Bridge River tephra. 
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when placed in the post-eruption phase, and its nature as a 
bulk peat date. Additionally, the model run where WIS-343 
was placed pre-eruption creates a similar age range (3785-
3500 cal yr BP). 

A complication with MSH Yn is the presence of another 
MSH tephra of similar composition that has been reported 
in the Obed and Hinton area and towards Jasper National 
Park (e.g., Westgate, 1977). Radiocarbon dates associated 
with this tephra reported by Westgate (1977) and Luckman 
et al. (1986) suggest this tephra predates MSH Yn by several 
hundred radiocarbon years, with estimates ranging from ca. 
4400-3900 14C yr BP. A peat site reported by Zoltai (1989) 
due south of this region contains several ash beds; the upper 
bed has a radiocarbon date of 3350±100 14C yr BP, with the 
lower ash beds containing dates of 3860±150 and 3820±110 
14C yr BP. It is unclear how undisturbed these peat deposits 
are despite assurances by the author, but the ages suggest 
that if there are indeed two MSH set Y tephras present in 
Alberta, their distributions could overlap. However, more 
geochemical analyses and radiocarbon dates are necessary 
to clarify this issue. 

4. Conclusion
Archaeological sites in Alberta can contain up to four 

major visible tephra units. The geochemistry of each is 
unique, but their other characteristics greatly overlap. In 
general, the careful use of light microscopy, stratigraphy 
and age control has been largely successful in positively 

identifying visible deposits of Mazama. However, we 
suggest that geochemical characterization is necessary to 
positively confirm the identity of any visible ash in Alberta. 
This applies particularly in sites with poor chronologic 
control, lower sedimentation rates, and in the Rocky 
Mountains and foothills between Calgary and Hinton, where 
Mazama, Bridge River and MSH Yn can occur at the same 
site. We recommend that geochemical characterization be a 
routine component of verification of tephras across Alberta.

5. References
Bacon, C. R., and M. A. Lanphere. 2006. Eruptive history and 

geochronology of Mount Mazama and the Crater Lake region, 
Oregon. Geological Society of America Bulletin 118:1331-1359. 

Model 
run

Details on dates included/
excluded

Calibrated 
age range 
(cal yr BP)

Median age  
(cal yr BP)

1 Includes all dates reflecting 
stratigraphy

3825-3605 3705

2 Includes all dates, excluding 
dates enclosed ages

3790-3485 3625

3 All ages, but enclosed ages 
placed pre-eruption

3785-3500 3635

4 *All ages, but enclosed ages 
placed post-eruption

3840-3610 3730

5 All ages, AECv-451C placed 
post-, WIS-343 pre-eruption

3800-3505 3645

6a **Geochemically confirmed Yn 
samples

3835-3610 3725

6b Geochemically confirmed Yn 
samples, no enclosed ages

3780-3480 3620

6c As above, no AECv-451C but 
WIS-343 placed pre-eruption

3850-3490 3660

Table 4. Calibrated age ranges for models. Model 6b is considered the 
most reliable age estimate for MSH Yn.

* Low agreement index with WIS-343, model rejects placement of date post-
eruption
** Confirmed samples include Proximal, Otter Lake, Sunwapta, and Entwistle 
(enclosed sample) 

Figure 5. Probability density function plots derived from radiocarbon 
dates related to MSH Yn samples that have had their identity confirmed 
through geochemical studies. The upper plot includes WIS-343, a sample 
of peat that contained the tephra. Including this date creates a tighter 
calibrated range and older median age. The lower plot excludes this age, 
extending the younger portion of the calibrated age range and slightly 
lowering the median age. The latter age estimate is a more conservative 
estimate, and should be the age used considering the origin (largely bulk 
peat and charcoal) and age (all pre-1988) of the radiocarbon dates. 



160

Jensen and Beaudoin / Archaeological Survey of Alberta Occasional Paper 36 (2016) 154-160

Beaudoin, A. B., and R. H. King. 1986. using discriminant function 
analysis to identify Holocene tephras based on magnetite 
composition: a case study from the Sunwapta Pass area, Jasper 
National Park. Canadian Journal of Earth Sciences 23:804-812.

Beaudoin, A. B., M. Wright, and B. Ronaghan. 1996. Late Quaternary 
landscape history and archaeology in the ‘ice-free corridor’: some 
recent results from Alberta. Quaternary International 32:113-126.

Blake, W. Jr., and J. A. Lowdon. 1976. Geological Survey of Canada 
radiocarbon dates XVI. Geological Survey of Canada, Paper 76-7.

Blake, W. Jr., W. dyck, J. G Fyles, and J. A. Lowdon. 1966. Geological 
Survey of Canada radiocarbon dates VI. Geological Survey of 
Canada, Paper 66-48. 

Bronk Ramsey, C. 2009. Bayesian analysis of radiocarbon dates. 
Radiocarbon 51:337-360. 

Clague, J. J., S. G. Evans, v. N. Rampton, and G. J. Woodsworth. 1995. 
Improved age estimates for the White River and Bridge River 
tephras, western Canada. Canadian Journal of Earth Sciences 32: 
1172-1179.

Crandell, d. R., d. R. Mullineaux, M. Rubin, E. Spiker, and M. L. 
Kelley. 1981. Radiocarbon dates from volcanic deposits at Mount 
St. Helens, Washington (No. 81-844). united States Geological 
Survey. 

Egan, J., R. Staff, and J. Blackford. 2015. A revised age estimate of 
the Holocene Plinian eruption of Mount Mazama, Oregon using 
Bayesian statistical modelling. The Holocene 25:1054-1067.

Jensen, B. J., d. G. Froese, S. J. Preece, J. A. Westgate, and T. Stachel. 
2008. An extensive middle to late Pleistocene tephrochronologic 
record from east-central Alaska. Quaternary Science Reviews 
27:411-427. 

King, R. H. 1984. Quaternary paleosols in the Canadian Rockies 
and their significance for establishing a chronologic framework. 
In: Correlation of Quaternary Chronologies, edited by W. C. 
Mahaney, pp. 243-258. GeoBooks Norwich, u.K.

Klassen, J. 2004. Paleoenvironmental interpretation of the paleosols 
and sediments at the Stampede site (djOn-26), Cypress Hills, 
Alberta. Canadian Journal of Earth Sciences 41:741-753.

Kuehn, S. C., d. G. Froese, P. E. Carrara, F. F. Foit, N. J. G. Pearce, 
and P. Rotheisler. 2009. Major-and trace-element characterization, 
expanded distribution, and a new chronology for the latest 
Pleistocene Glacier Peak tephras in western North America. 
Quaternary Research 71: 201-216.

Kuehn, S. C., d. G. Froese,  P. A. R. Shane, and INTAv Intercomparison 
Participants. 2011. The INTAv intercomparison of electron-beam 
microanalysis of glass by tephrochronology laboratories: results 
and recommendations. Quaternary International 246:19-47. 

Luckman, B. H., M. S. Kearney, R.. H. King, and A. B. Beaudoin. 
1986. Revised 14C age for St. Helens Y tephra at Tonquin Pass, 
British Columbia. Canadian Journal of Earth Sciences 23: 734-
736.

Mullineaux, d. R. 1996. Pre-1980 tephra-fall deposits erupted 
from Mount St. Helens, Washington. u. S. Geological Survey 
Professional Paper 1563. 

Newton, B. 1991. Bow corridor project: summary of the 1988-1989 
research. In: Archaeology in Alberta 1988 and 1989, edited by 
M. Magne, pp. 113-126. Occasional Paper vol. 33. Archaeology 
Survey of Alberta, Edmonton, Alberta.

Osborn, G. 1985. Holocene tephrostratigraphy and glacial fluctuations 
in Waterton Lakes and Glacier national parks, Alberta and Montana. 
Canadian Journal of Earth Sciences 22:1093-1101.

Reimer, P. J., E. Bard, A. Bayliss, J. W. Beck, P. G. Blackwell, C. B. 
Ramsey, C. E. Buck, H. Cheng, R. L. Edwards, M. Friedrich, P. M. 
Grootes, T. P. Guilderson, H. Haflidason, I. Hajdas, C. Hatté, T. J. 
Heaton, d. L. Hoffmann, A. G. Hogg, K. A. Hughen, K. F. Kaiser, 
B. Kromer, S. W. Manning, M. Niu, R. W. Reimer, d. A. Richards, 
E. M. Scott, J. R. Southon, R. A. Staff, C. S. Turney, and J. van der 
Plicht. 2013. IntCal13 and Marine13 radiocarbon age calibration 
curves 0-50,000 years cal BP. Radiocarbon 55:1869-1887.

Ronaghan, B. 1993. The James Pass project: Early Holocene 
occupation in the front ranges of the Rocky Mountains. Canadian 
Journal of Archaeology 17:85-91. 

Le Bas, M. J., R. W. Le Maitre, A. Streckeisen, and B. Zanettin, 1986. 
A chemical classification of volcanic rocks using the total alkali-
silica diagram. Journal of Petrology 27:745-750.

vogel, J. S., W. Cornell, d. E. Nelson, J. R. Southon. 1990. vesuvius/ 
Avellino, one possible source of seventeenth century BC climatic 
disturbances. Nature 344:534-537. 

vreeken, W. J. 1999. Geomorphic surfaces and postglacial landscape 
evolution of the Maple Creek basin, Saskatchewan. In: Holocene 
Climate and Environmental Change in the Palliser Triangle: 
A Geoscientific Context for Evaluating the Impacts of Climate 
Change on the Southern Canadian Prairies, edited by d. S. 
Lemmen and R. E. vance, pp. 267-294. Geological Survey of 
Canada Bulletin, vol. 534, Geological Survey of Canada, Ottawa, 
Ontario.

Westgate, John A. 1977. Identification and significance of late 
Holocene tephra from Otter Creek, southern British Columbia, 
and localities in west-central Alberta. Canadian Journal of Earth 
Sciences 14:2593-2600. 

Westgate, J. A., and A. dreimanis. 1967. volcanic ash layers of recent 
age at Banff National Park, Alberta, Canada. Canadian Journal of 
Earth Sciences 4:155-161.

Westgate, J. A., d. G. W. Smith, and H. Nichols. 1969.  Late Quaternary 
pyearoclastic layers in the Edmonton area, Alberta. In: Symposium 
on Pedology and Quaternary Research, edited by S. Pawluk, pp. 
179-186. Alberta university Press, Calgary, Alberta. 

Zdanowicz C. M., G. A. Zielinski, and M. S. Germani. 1999. Mount 
Mazama eruption: Calendrical age verified and atmospheric impact 
assessed. Geology 27:621–624.

Zoltai, S. C. 1989. Late Quaternary volcanic ash in the peatlands of 
central Alberta. Canadian Journal of Earth Sciences 26:207-214.



161

Reconstructing the Highwood River’s Holocene palaeoecology: 
Assessment of organic-rich alluvial samples collected following the 2013 
flood event
Matthew S. Boltona* and Alwynne B. Beaudoina

a Royal Alberta Museum, 12845 102 Avenue NW, Edmonton, Alberta, Canada, T5N 0M6
*corresponding author: matthew.bolton@gov.ab.ca 

ABSTRACT 
Periodic flood events are normal for rivers. These events sometimes deposit sediments that trap biological remains that 
can be used to reconstruct the local environment. Following the 2013 flooding of the Highwood River, southwestern 
Alberta, 24 organic-rich palaeoenvironmental samples were collected from the river’s banks at 14 localities. These 
contained a variety of mollusc and botanical remains (macrofossils). Subsamples were processed and used to reconstruct 
the palaeoecology of the riparian zone throughout the bulk of the Holocene. Site-by-site variability was noted across 
the samples, indicating several depositional environments, including flood plains, barforms, backwater channels, and 
splays. Each environmental setting yielded varying assemblages of terrestrial, emergent and aquatic plants, as well 
as terrestrial snails and aquatic molluscs. Data synthesis generated a detectable signal of climatic change throughout 
the Holocene. The general trend shows a progression from drier conditions in the early Holocene towards relatively 
moist conditions today. This study is the first detailed examination of near-river palaeoenvironmental conditions in 
southern Alberta.  

KEyWoRDS
palaeoenvironmental, macrofossil, mollusc, seed, riparian, Highwood River, flood, vegetation, Holocene, Alberta

1.  Introduction
Floods ravaged much of southwestern Alberta in 

2013, causing considerable damage to riverbanks 
and infrastructure. Following this flooding, the 
Archaeological Survey of Alberta directed assessments 
of the impact on heritage resources along major 
rivers. As part of this program, a team from Stantec 
Consulting Ltd. conducted a Historical Resources 
Impact Assessment (HRIA) along a section of the 
Highwood River under permit number 14-077, reported 
in Bohach and Frampton (2015). Through the HRIA, the 
consultants collected bulk sediment samples containing 
organic remains. The intent was to use these samples for 

Holocene palaeoenvironmental reconstruction to provide 
an ecological context for the archaeological findings. 
This paper briefly summarizes our work on analyzing 
these samples and provides preliminary reconstructions 
of palaeoenvironments near the Highwood River during 
the Holocene. We had two objectives: 1) to document 
the macrofossil record from fluvial settings along the 
Highwood River, and 2) to investigate whether it was 
possible to detect a meaningful palaeoclimatic signal 
from such disparate sites. We conducted this research at 
the Quaternary Environments Laboratory, Royal Alberta 
Museum. 

Back on the horse: Recent developments in 
archaeological and palaeontological research in Alberta
ARCHAEoLogICAL SuRvEy oF ALBERTA
oCCASIoNAL PAPER No. 36
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We assessed river morphology at the sample locations. 
This included measuring the bank-full  width (defined as 
the width at the break in slope between the river channel 
and the floodplain) from pre-flood aerial photography and 
estimated the volume of water (instantaneous discharge) 
required for the stream to reach bankfull flow at those 
locations. We also produced a flood return interval curve 
for the Highwood River based on data from Environment 
and Climate Change Canada (ECCC)’s Highwood River 
hydrometric station below the Little Bow Canal (Station 
05BL004; Figure 2). This curve was generated with return 
intervals calculated using the standard formula (Kochel and 
Baker 1982) and third order polynomial regression. 

2.  Site locations and inferred flood record
The study area is located along the Highwood River, 

from the Highwood’s confluence with the Bow River 
and upstream for a linear distance of about 40 kilometres 
(Figure 1). The most down-stream site’s catchment area is 
almost 4,000 square kilometres; whereas the upstream-most 
site had a catchment area of about half that. It is reasonable 
to assume that the watershed characteristics across the area 
at large are about equal. Because of this, it follows that on 
average about twice the volume of water flows past the 
downstream-most point than does the upstream-most site. 
Moreover, because the watershed has not drastically altered 
in size or topography since deglaciation, we can assume that 
this was the case throughout the Holocene.

Figure 1. Study location map with notable hydrological and municipality locations labeled.

Figure 2. Third order polynomial discharge return interval curve for the Highwood River, 
below the Little Bow River, for intervals less than ten years. Note: 2013 flood data point 
not shown. At the Bow River this event was ca. 1:40 year event, well beyond the ten year 
range shown.
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The stretch of the Highwood where this study took place is 
within the normal range for overbank event return intervals , 
averaging 1.8 years between all the sample locations (where 
the typical range is between 1.5 and 2.0 years [Dunne and 
Leopold 1978; Leopold 1994]).

Hydrology in the Saskatchewan River basin (which 
includes the Highwood River) has been observed as being 
nonstationary when analyzed at shorter timescales (e.g., 
30 years), but at longer intervals (200 years or longer), 
hydrological responses appear to be stationary (Razavi et al. 
2015). Additionally, the average climate varied only mildly 
throughout the Holocene to modern (Razavi et al. 2015). 
Precipitation calculated from global circulation modelling 
(gCM) for modern, mid-Holocene, and the last glacial 
maximum indicates that the Highwood basin’s average 
annual precipitation throughout the Holocene was not 
more than 22 percent less than modern, and for most of this 
period, was not more than 10 percent less than modern (data 
from National Center for Atmospheric Research/university 
Corporation for Atmpspheric Research’s  Community 
Climate System Model (CCSM) 4.0 model, downscaled 
to 5 arc-minutes using WorldClim v.1.4 baseline data). 
Therefore, we can reasonably extrapolate the modern bank-
full event return rate, indicating that overbank events and 
their associated floodplain deposits probably occurred, on 
average, at least once per year in about 55 percent of years 
in the Holocene. 

3. Methods

3.1. Field collection and pre-processing
Palaeontologists Lisa Bohach and Emily Frampton of 

Stantec Consulting Ltd. conducted the field collection 
in october 2014. They found each locality either by foot 
traverse or by boat (detailed field methods are available 
in Bohach and Frampton 2015). The sampled layers were 
of two mains types: shellbeds (with aquatic/terrestrial 
molluscs) and vegetation mats (containing preserved plant 
macrofossils, such as seeds, twigs, moss, and foliage). In 
total, 24 samples were collected from 14 localities along 
the Highwood. All bulk samples, each weighing at least 
one kilogram, and surface-collected mollusc specimens 
were transported to Stantec’s laboratory where they 
gradually dried. Mollusc specimens and bulk samples were 
then transferred to the Royal Alberta Museum for further 
processing and analysis. Age estimations were formulated 
using relative stratigraphic position and geomorphic 
relationships.

3.2. Sample processing
We conducted all further processing of the 

palaeoenvironmental samples at the Royal Alberta 
Museum’s Quaternary Environments Laboratory from 
November 2015 to January 2016. We processed the samples 
according to standard palaeoenvironmental procedures, 
using essentially the same method described by Beaudoin 
(2007), with only slight modifications to suit this study’s 
clay and organic-rich samples. 

We processed 100 millilitres (measured by displacement) 
of each sample, first allowing the material to soak in 
tap water at ca. 3 degrees Celsius until most clasts were 
dispersed, then we wet-screened the material through a 
sieve stack. We conducted this fractionation in order to 
consolidate the macroremains while removing the majority 
of fines (particles less than 90 µm), facilitating the sorting 
of macrofossils. The complete wet-screening methodology 
is detailed in the final report to the Archaeological Survey of 
Alberta Culture and Tourism (Bolton 2016). 

3.3. Sorting and identification
We sorted the contents of each fraction under a dissecting 

microscope at 7.5 to 112.5-times magnification with 
an auxiliary “cool light” illuminator. Each sample was 
systematically scanned and all macroremains removed with 
fine forceps. Recovered macroremains included mollusc 
shells, seeds, fruits, achenes, conifer needles, identifiable 
leaves, twigs and their parts. Sizable or clearly identifiable 
insect remains, coarse (> 3.35 mm) wood and charcoal , and 
other unique specimens were also separated. 

Relative abundance was noted for very numerous 
and miscellaneous macroremains (e.g., ostracod valves, 
bryophytes, mollusc and leaf fragments, insect parts, fungal 
sclerotia, rootlets) as well as inorganic elements (e.g., 
sediment clasts, rocks and mineral matter, concretions).  
We removed and vialled mollusc shell fragments and moss 
fragments separately. Remaining residue was air-dried for 
storage. 

We estimated the relative abundance of the residue 
material found in each fraction of the samples using a 
four-class system. The classes applied were “abundant”, 
“common”, “frequent”, and “rare”. After sorting an entire 
fraction and completion of residue analysis, the sorted 
materials were identified, counted, and vialled for storage.

3.4. Identification
Each sorted entity was identified to the lowest possible 

taxonomic level, using a variety of published sources (Table 
1), especially Montgomery (1977), Clarke (1981) and 
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Forsyth (2004). Whenever possible, identifications were 
supported by consultation with the Seed and Macrofossil 
Reference Collections of the Royal Alberta Museum. Dr. 
Richard Caners (Alberta Biodiversity Monitoring Institute) 
assisted with identification of the moss taxa. We recorded the 
numbers in each distinct taxonomic entity in each fraction, 
before vialling for permanent storage. Figure 3 presents 
light microscope (LM) and scanning electron microscope 
(SEM) images of select taxa. These taxa are generally 
representative of the faunal and floral diversity observed 
across the samples and proved to be suitable indicators of 
palaeoclimate.

4. Results 
The following summary highlights the main features of 

four representative samples from the 24-sample set. 

4.1. Late Pleistocene to early Holocene (locality L47)
As well as being potentially the oldest of the sampled sites, 

this sample is set apart from all others because it contained 
molluscs assigned to the group Promenetus umbilicatellus/
Gyraulus parvus. P. umbilicatellus has specific habitat 
requirements, occurring only in intermittent wet areas, 
such as vernal pools, marshes, and the flooded margins 

Macroremains Identified Source Title Author and Year

Plant remains (seeds, leaves; vascular plants) Flora of Alberta Moss 1983

Plant remains (seeds, leaves, stems; vascular plants 
and bryophytes)

Flora of North America Flora of North America Editorial 
Committee 1993+

Seeds Seeds and Fruits of Plants of Eastern Canada and Northeastern 
united States

Montgomery 1977

Tree remains (seeds, leaves, twigs, flower/cone 
parts)

Trees in Canada Farrar 1995

Aquatic molluscs The Freshwater Molluscs of Canada Clarke 1981

Terrestrial molluscs Land Snails of British Columbia Forsyth 2004

Terrestrial molluscs How to Know the Eastern Land Snails Burch 1962

Terrestrial molluscs Land Snails and Slugs of the Mid-Atlantic and Northeastern 
united States

Hotopp et al. 2013

Terrestrial molluscs A guide to the Land Snails and Slugs of Montana Hendricks 2012

Table 1. Major references consulted for identifications of macroremains in this study.

Figure 3. Microphotographs of major macrofossil taxa: a) Carex sp. (LM); b) Chenopodium sp. (LM); c) Corispermum sp. (LM); 
d) Scirpus sp. (SEM); e) Eleocharis sp. (SEM); f) Vertigo sp. (SEM); g) Vallonia sp. (LM); h) Succineidae sp. (SEM); i) Gyraulus 
sp. (LM); j) Fossaria sp. (SEM).
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of intermittent streams (Clarke 1981:190). However, G. 
parvus can live in both permanent and temporarily wet 
areas. Despite differences in preferred habitat hydrological 
regime, both species live in dense aquatic vegetation. 

The presence of organic residues supports the notion that 
this site was occupied by dense vegetation. About 30 percent 
of all residue material from this site was vegetative debris. 
Though the sample contained no plant seeds or fruits, we 
consider that the site was directly occupied by abundant 
vegetation, or was a trap for fluvially transported vegetation 
and the molluscs that lived in association with it.

Additionally, the presence of juvenile and adult Fossaria 
(another aquatic snail) indicates that the site was located 
within flooding distance from a perennially wet feature 
such as the Highwood River, a tributary, or an oxbow lake. 
Aside from F. parva, an amphibious species, Fossaria are 
chiefly aquatic, rarely venturing further than the moist 
banks and shorelines which surround their aquatic habitats. 
The occurrence of wetland habitat-preferring land snails, 
juvenile and adult Succineids, also supports the near-water 
location of this site. 

Finally, since the sedimentary context is chiefly clay, 
with evidence of short intervals of soil development in the 
adjacent profile, it follows that this layer was deposited 
as one of several overbank flood events. It is likely that 
a stronger-than-normal meltwater freshet, potentially 
combined with a rainfall event, dislodged aquatic molluscs 
from their normal habitats and carried them to the fringe 
of floodwaters where they were deposited along with land 
snails (e.g., juvenile Euconulus fulvus). These snails were 
probably carried down-slope (descending the river corridor 
or transported overland) by the same event. The marked 
shell damage we observed on the mollusc remains indicates 
the magnitude of the flood’s hydraulic energy. Broken shells 
were the only elements more abundant than vegetative 
debris in this sample. 

4.2. Early to mid-Holocene (locality L20)
Represented by two distinct fossiliferous strata, L20 

illustrates the capacity for marked change within a small 
area, and during a presumed relatively small time span. It 
included indicators of both a mesic dry-land site dominated 
by land snails and a moist littoral or riparian wetland. The 
particular samples from the L20 locality included a shell-
rich vegetation mat, and sediment collected from around a 
piece of buried wood. Both samples were collected from 
below a tephra layer (probably the Mazama Tephra of age 
~7700 cal yr BP; Egan et al. 2015). 

Aside from vegetative debris, the vegetation mat contained 

evidence of a diverse assemblage of land snails, mostly 
of flattened heliciform varieties, including Discus sp. We 
also found Succineids and Vertigo modesta, a pupilliform 
land snail at this site. All these snails are common in leaf-
litter of hardwood and mixedwood forests. The presence 
of Succineidae points to nearby wet habitats. The evidence 
suggests that this specific site was located on a low-lying 
terrace that, though somewhat removed from the water 
table, was still inundated by river waters during peak-flow 
events.

The sample associated with the wood included a variety 
of wet area indicators, including the preserved seeds 
and fruits of members of the sedge family, Cyperaceae, 
including Carex. Chenopodium seeds, and the fruits of 
pondweeds, Potamogeton, were also encountered. of 
these three genera, Chenopodium (goosefoot) is probably 
the most tolerant of fluctuating hydrologic conditions. 
goosefoots are characteristic of disturbed environments, 
growing in a wide range of dry to moist environments, from 
open to wooded areas (Moss 1983 : 240-244). Accordingly, 
plants of this genus are well suited to colonize disturbed 
and periodically flooded riparian areas. Carex species grow 
in similarly diverse habitats, ranging from dry uplands 
to bogs and marshes, but most species prefer moist sites 
(Moss 1983: 120-156). Potamogeton species, on the other 
hand, are strictly aquatic plants that normally grow in the 
littoral zone of waterbodies (Moss 1983: 53-58). In this 
context, they indicate a backwater environment, such as a 
flooded meander scar or abandoned channel. Because of the 
hydrophilic characteristics of the vegetation noted at this 
site, it was likely located relatively close to the river when 
the layer was deposited.

Although we do not know the precise temporal relationship 
between the two samples from L20, what is clear is that within 
a small area there is capacity for marked environmental 
variability based on hydrological site conditions. Here, one 
sample showed the signs of a relatively dry, wooded site, 
while the other preserved evidence of the nearby river and 
associated riparian zone. Despite the difference in local 
hydrology, subsequent flood events inundated both layers, 
eventually burying them in alluvium. 

4.3. Late Holocene (locality L8)
The L8 locality contained a variety of macroremains that 

suggested the presence of a nearby wooded riparian area as 
well as at least local periodic disturbances. We found the 
land snail, cf. Punctum minutissimum, known for preferring 
alkaline forest floors (Hotopp et al. 2013), in this sample. We 
also detected the land snails Discus whitneyi and Vallonia 
gracilicosta, signifying that the surrounding environment 
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was probably rich with leaf-litter. Also in this sample 
were seeds of multiple Chenopodium species, strawberry 
(Fragaria vesca), and a variety of wetland sedge species 
(e.g., Eleocharis palustris, Trichophorum cf. clintonii, and 
Trichophorum cf. pumilum). Although these macroremains 
could have been transported from other localities before 
and/or during flooding, they show that nearby sites offered 
requisite habitat characteristics for a diversity of plant life, 
including moist riparian shrub-lands and woods, as well as 
more open meadows and forest glades. Evidence of aquatic 
taxa, probably washed directly from the Highwood River, 
included the shells of aquatic snails (Gyraulus parvus / 
circumstriatus) and pea clams (Pisidium sp.), as well as 
the preserved oogonia of charophytes (macrophytic green 
algae).

Evidence from this sample’s assemblage suggests that the 
landform at the time of deposition was a portion of the active 
floodplain near the river. A sandy layer, this deposit may be 
a preserved sand bar. However, based on its stratigraphic, 
biological and sedimentary contexts, we postulate that it 
was a splay  that occurred just beyond the channel corridor. 
The sediment was clearly deposited in a riparian terrestrial 
environment which showed no sign of consistent near-
water table rooting (i.e., we found no root channel redox 
concentrations, which were common at other localities). 

We favour the splay mode of deposition, because it is a 
typical result of upstream channel avulsion , and can explain 
the thick (ca. 35 cm) sand deposit as well as the presence 
of chiefly terrestrial taxa, with select aquatic taxa also 
preserved. Because the underlying sediment is chiefly sand, 
yet the vast majority of mineral matter in the sample was 
finer than 90 micrometres, deposition probably occurred 
immediately following the splay, as the finer sediments and 
light and floating debris settled and the water receded. We 
suggest that minor depressions also formed following the 
dramatic sedimentation event, where, as water retreated, 
fluvially and overland-transported remains accumulated 
in the lens comprising this sample. This type of debris 
concentration occurred at several other localities as well.

5. Synthesis and analysis
To assess the relative changes of the landscape over time 

and space, we used key taxa as indicators of ecological 
status as a whole. We relativized the average of counts from 
all samples of these indicator taxa within each age group 
and site type (vegetation mat or shellbed) by computing the 
percent of the maximum average for each taxon (Figure 4). 
By analyzing the data this way, we ensured that each taxon, 
age class, and site type got its own scale while total results 
were still comparable (zero to 100 percent of the maximum 

in that class). The indicator taxa included the sums of the 
following molluscs: Fossaria, Gyraulus, Succineidae, 
Discus and Vallonia, and Vertigo spp. (including adults 
and juveniles). Likewise, we used the sum of plant remains 
of Eleocharis, Carex, Scirpus (also counting those taxa 
previously assigned to Scirpus, including Schoenoplectus 
and Trichophorum spp.), Chenopodium, and Corispermum 
seeds/achenes to summarize the flora. 

Because Fossaria snails occur in the very earliest-classed 
sample (L47), their obligate habitat characteristics must also 
be present at this time. This means that ponds, pools, or other 
environments with permanent or temporary water and the 
associated submersed aquatic vegetation were necessarily 
present during late Pleistocene to early Holocene times at 
the site of deposition or somewhere up-slope (terrestrially 
located or a site upstream), presumably nearby. 

By the mid-Holocene, densely vegetated vernal pools, 
which are some of the best habitat for Gyraulus, formed in 
the near-river floodplains adjacent to the Highwood River. 
These pools could have arisen in the depressions following 
uprooting of vegetation, in abandoned channel sections, 
old chutes, as well as in surface flow-controlled hollows. 
Accordingly, depressional deposits were found at five 
sites from the mid-Holocene or later. other sites may have 
resulted from similar processes, although their stratigraphy 
alone is not sufficient evidence.

However, the early Holocene environments near the 
Highwood River also appear to have possessed somewhat 
more open characteristics than later intervals, including 
potentially disturbed sites (i.e., with less dense canopy 
cover), demonstrated by Chenopodium occurrence. 
Additionally, various terrestrial snails, including Vertigo 
spp. and Succineidae, occurred during this interval with a 
relatively high density at several sites. 

Figure 4. “Percent of most” of indicator taxa, arranged by habitat 
preference from wettest (L) to driest (R). Deposit type: shellbeds = blue, 
vegetation mats = yellow; 100% = most of a taxon from a deposit type 
was in that age class.



167

Bolton and Beaudoin / Archaeological Survey of Alberta Occasional Paper 36 (2016) 161-168

Mid-to late and late Holocene sites showed an increase in 
forest-dwelling land snails (e.g., Discus and Vallonia spp.) 
and riparian plants (e.g., Scirpus, Carex, and Eleocharis 
spp.). This is suggestive of the onset of overall moister 
conditions, particularly those that were suitable for the 
colonization of mixed-wood and coniferous dominant 
forests throughout much of the river valley. Spruce (Picea 
sp.) needle occurrence also increased during this time, 
further supporting this interpretation.

The occurrence of sandy disturbed site-specific taxa, 
including bugseed (Corispermum sp.), and a site interpreted 
as a splay from late Holocene samples indicates that the 
fluvial geomorphology of the Highwood River was not 
entirely quiescent. We believe that sometime during the 
late Holocene at least one sizable avulsion event occurred, 
perhaps following flooding conditions similar to those 
in 2013. In turn, this mobilized a great deal of sediment, 
reworked some barforms and banks, and created new 
habitats for colonizer species to invade (e.g., Chenopodium 
and Corispermum spp.).

overall, despite variability in depositional environments, 
the consistent image of the Highwood River’s riparian area 
throughout the Holocene is one of constant dynamism. 
Following the recession of ice sheets in the area, the 
landscape was ready for an influx of terrestrial colonizers 
as well as select riverine and wet-area-specific taxa. As the 
landscape, river’s geomorphology, and the communities 
that resided along the valley adjusted to the new conditions, 
a continual adaptation in response to climatic changes 
occurred. The ranges of near-river organisms changed as a 
result of increasingly moist and relatively stable conditions. 
Vegetation communities matured to the conifer-mixed-wood 
forest amidst grass and parkland habitats we see today.

Despite site-specific succession and other variability, we 
note that none of the taxa identified in this study are from 
habitats very different from those found in the region today. 
There is no evidence of wholesale vegetation change or 
range extensions of specific taxa. All taxa found here are 
consistent with present environmental conditions and are 
found at similar present-day sites in southern Alberta.

6. Conclusion
The samples collected from the banks of the Highwood 

River following the 2013 floods revealed an array of 
important palaeoecological data. Each locality relayed 
a unique depositional history and abiotic image of the 
landscape. More importantly, we were able to detect a 
meaningful ecological signal, reflecting a climate signal over 

time. The general trend was from dry-area tolerant species 
to increasingly moist-preferring taxa, until the assemblages 
became very similar to those of the present landscape. 

Much future work remains to unify the dynamic ecology 
and geomorphology of fluvial sites to create a comprehensive 
palaeoenvironmental interpretation through both space and 
time. Continuing research, particularly at other fluvial sites, 
will contribute to the growing knowledge of microsite and 
landscape dynamics that have worked to shape the ecology 
and physical characteristics of the river valleys of southern 
Alberta throughout the last 12,000 years.
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ABsTRACT 
Recent fieldwork associated with flooding of major river drainages in southern Alberta produced several new records 
of Bison. Specimens reported here range in age from late Pleistocene to late Holocene, and come from localities along 
Tongue Creek and the Bow River. Cranial measurements are consistent with specimens identified as Bison antiquus 
and Bison bison. The finds come from non-archaeological contexts and highlight new collections initiatives at the 
Royal Alberta Museum, which includes focused collecting of Holocene vertebrates from non-archaeological contexts.

KEyWoRds
Bow River, Tongue Creek, Bison, flooding, radiocarbon dating, palaeontology

1. Introduction
Significant flooding along major river drainages in 

2013 had broad impacts on late Quaternary deposits 
throughout southern Alberta.  This prompted a series of 
systematic surveys that targeted the impacted drainages 
of the Bow River, Highwood River, Kananaskis River, 
Jumpingpound Creek, and Tongue Creek. These 
surveys were funded by the Government of Alberta, and 
assessed impacts to known heritage resources and newly 
identified localities exposed by flooding (Beaudoin 
et al. 2016). New faunal records were identified in 
flood assessment surveys and others were reported 
by members of the public (e.g., Slade 2013). Here we 
present some records for remains of bison collected 
as part of flood-related assessment and/or fieldwork in 
2013-2015, and summarize cranial data for specimens 
from those localities. Additionally, we discuss the 
potential significance of these records for future studies 
of morphology and evolution in Bison.

All specimens are housed in the Quaternary 
Palaeontology collections at the Royal Alberta Museum 
(RAM), and were assigned unique specimen numbers 
following accessioning protocols used at the RAM (e.g., 
P16.171.1). Cranial measurements were taken with 
digital calipers or a measuring tape following Skinner 
and Kaisen (1947). 

The sample for radiocarbon dating was taken at the 
Royal Alberta Museum, and sample analysis was 
conducted by Beta Analytic, Inc. detailed methods for 
radiocarbon analysis are outlined in laboratory protocols 
of Beta Analytic, Inc. (www.radiocarbon.com). The 
calibrated age is based on IntCal13 (Reimer et al. 2013). 

2. Van Megen bison locality
The Van Megen bison locality was visited by a 

Back on the horse: Recent developments in 
archaeological and palaeontological research in Alberta
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oCCAsIoNAL PAPER No. 36



170

Jass et al. / Archaeological Survey of Alberta Occasional Paper 36 (2016) 169-173

nine thoracic vertebrae, one unfused centrum, two sternal 
fragments, two first phalanges, one second phalanx, one 
left lunar, one left scaphoid, and one left metacarpal. No 
cranial fragments were recovered. Given that the anterior 
limb elements were eroded out of the bank, it seems likely 
that cranial elements were either washed away or collected 
prior to our inspection of the site. A sacrum was left in situ, 
and it is possible that other remains of the hind limbs remain 
preserved in the bank. All collected materials are curated 
under specimen number P13.7.1. 

palaeontologist and archaeologist in early August of 2013, 
following initial reporting of the site in July 2013. The 
locality is on the north side of the Bow River, just south of 
the Ivor Strong Bridge in Calgary. exposed remains were 
eroded out of 1.2 meters of structureless, sandy clay exposed 
at the surface of a cut bank along the Bow River (figure  1). 
Given the stratigraphic position of the remains, we interpret 
them as representing an individual of late Holocene age.

Remains included left and right scapulae, left and right 
humeri, left and right radii, left and right ulnae, 22 ribs, 

Figure 1. site locations.
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3. Lifeways bison locality
following flooding in 2013, Brian vivian of lifeways 

of Canada found and reported a partial bison skull to the 
Archaeological survey of Alberta and the Quaternary 
Palaeontology program at the RAM. The specimen 
(P13.17.1) was found in basal gravels exposed along the 
Bow River near Home Road in northwestern Calgary 
(figure 1).  Because no archaeological evidence was 
found at the site, the specimen was accessioned into the 
Quaternary Palaeontology collections at the RAM, although 
a Borden number was assigned to the specimen (egPn-762) 
by the Archaeological survey as reported in Vivian and 
Amundsen-Meyer (2015).

The skull consisted of the right horn core and partial 
cranium, and was situated 468 centimeters below the 
surface in a stratum dominated by gravels and cobbles. A 
layer of Mazama Ash is situated above the gravel layer in 
this area. The skull was firmly embedded in the exposed 
basal gravels, and was interpreted as being in situ with 
respect to the gravel unit. 

Cranial measurements are close to other skulls of bison 
identified as Bison antiquus (Table 1) although some fall 
outside published ranges in Skinner and Kaisen (1947). 
Because of the stratigraphic context below Mazama Ash 
and the large size of the specimen, a radiocarbon date 
was obtained on the specimen. AMs radiocarbon analysis 
(Beta-372155; δ13C = -18.5) on bone collagen produced 
a radiocarbon age of 10840±50 14C years BP (10,815 to 
10,745 BC; 12,765 to 12,695 cal yr BP), an age consistent 
with other remains from early post-last glacial Maximum 
(lgM) gravel deposits along the Bow River (e.g., Churcher 
1968, 1975; Wilson and Churcher 1978, 1984; Wilson 1996; 
Wilson et al. 2008).

4. Tongue Creek bison Localities
localities T32 and T33  on Tongue Creek produced 

large vertebrate remains (figure 1). These sites were 
identified during an assessment conducted by lisa Bohach 
of Stantec Consulting ltd. (Bohach 2016). Remains from 

Measurement P13.17.1 (mm) Range for Bison 
antiquus (mm)

Core length on upper curve 233 (right) 220-344

Core length on lower curve 273 (right) 280-395

Vertical core diameter 116 (right) 90-108

Core circumference at base 367 (right) 290-358

Transverse core diameter at right 
angle to long axis

113 (right) 92-122

Table 1. Cranial measurements for Lifeways Bison Locality specimen

T32 included an isolated bison skull (P16.171.1; figure 
2a). The skull was found eroded out of a bank, but is likely 
associated with bones situated at the interface of the lower 
boundary of a 60 centimeter layer of silt and an underlying 
gravel layer (Bohach 2016).  Remains from T33 consisted 
of a skull (P16.172.1; figure 2b), cranial fragments 
(P16.172.2, P16.172.5), a left dentary (P16.172.3) and 
several post-cranial elements (left metacarpal, P16.172.4; 
left unciform, P16.172.6; left cuneiform, P16.172.7, left 
lunar, P16.172.8).  Remains from T33 came from a paleosol 
(about 40 cm below the surface) and a slump block (Bohach 
2016). Cranial measurements are presented in Table 2. 
Skull measurements are consistent with identification of 
Bison bison. Collectively, the stratigraphic position of the 
specimens and the identification are indicative of mid to 
late Holocene age.

5. Discussion and conclusion
Remains of bison are common in archaeological and 

palaeontological contexts in Alberta, particularly from 
localities that post-date the LGM. The earliest of these 
post-LGM records have received considerable attention 
in the literature, particularly as a proxy  for understanding 
the movements of humans and other animals across 
deglaciating landscapes (e.g., Wilson 1996, Heintzman et 
al. 2016). Despite the ubiquity of remains in late Quaternary 
deposits, the published literature likely under-represents the 
actual breadth and scope of the record of Bison. Holocene 
records of bison not associated with archaeological sites are 
not commonly reported in the literature, possibly due to a 
lack of concerted collecting of those records.

A greater collecting focus on Holocene remains from 
non-archaeological contexts has begun in recent years, 
specifically as part of the collections growth of the 

Figure 2. Skulls of Bison bison from flood assessment studies along 
Tongue Creek.  (a) P16.171.1, locality T32; (b) P16.172.1, locality T33.
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Quaternary Palaeontology program at the RAM. for bison 
in particular, there is considerable interest in understanding 
population dynamics in historic times (e.g., freese et 
al. 2007). Additionally, rapidly developing analytical 
techniques are opening new research directions. In particular, 
the growth of studies focused on the extraction of ancient 
deoxyribonucleic acid (aDNA) is permitting greater insight 
into the history of population-level dynamics of extinct and 
extant mammals (e.g., Wilson et al. 2008, Heintzman et al. 
2016). In Alberta, the response of mammals to deglaciation 
and the subsequent development of the modern biota can 
be explored in new ways as a result of methodological 
advances. Research growth in this area in Alberta will 
require awareness and availability of specimens that span 
the Holocene from both archaeological and palaeontological 
contexts. 

In summary, flood-related assessment provided an 
opportunity to identify new Quaternary palaeontological 
localities and recover historic resources from sedimentary 
deposits along the Bow River and Tongue Creek. The 
specimens reported here represent distinct snapshots of 
bison from late Quaternary times, including the latest 
Pleistocene and mid to late Holocene. Some additional 
localities containing bison were identified as part of the 
flood Impact Assessment program (e.g., Wilson 2015), but 
we restricted this report only to specimens that are fully 

accessioned at present. 
We advocate for the continued collection and publication 

of Holocene records such as those reported here. The 
greater the breadth of the known record, the more detailed 
research questions that can be considered, particularly 
relating to population level changes occurring throughout 
the structuring of the modern biota in Alberta. Although 
Holocene faunal dynamics have not received the same 
amount of attention as the Pleistocene, there is a growing 
research focus on more recent time, particularly as it 
relates to understanding responses to climate change and 
conservation palaeobiology (e.g., Hadly et al. 2004, Dietl 
and flessa 2011).
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Measurement (mm) P16.171.1 P16.172.1 Range for male Bison bison 
(Skinner and Kaisen, 1947)

spread of horn cores 600* - 485–662 

spread of horns outside curve 610 - 534–687 

Core length on upper curve 180 (right) 207 (right) 140–250 

Length of core on lower curve 200 (right) 280 (right) 170–313 

Length, tip of core to upper base at  
burr. 

165 (right) 180 (right) 135–210 

Vertical diameter of core 89.52 (right); 77.03* (left) 83 (right); 83 (left) 64–91 

Circumference of core at base 256 (right); 245* (left) 291 (right); 275* (left) 208–279 

Greatest width at auditory openings 256.36 - 222–275 

Width of condyles 127.46 124.19 113–135 

depth, occipital crest to top of foramen 
magnum 

84.02 94.10 -

depth, occipital crest to lower border of 
foramen magnum

122.55 135.85 139–163 

Transverse diameter of core at right 
angle to long axis 

80.39 (right); 77.05 (left) 89.70 (right); 86.95 (left) 68–95 

Width between base of horn cores 308.10 311 -

Width of cranium between horn-cores 
and eye orbits

268.48 275.78 242–290 

Greatest post-orbital width - 336.15 271–343 

M1 – M3 alveolar length 80.06 (right) - 82–98 

Table 2. Measurements (in mm) of Bison bison from T32 (P. 16.171.1) and T33 (P16.172.1). Measurements follow Skinner and
 Kaisen (1947).
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Cultural practices are a means through which human 
beings impose order on a seemingly chaotic world. 
Despite best efforts, however, the elemental forces – 
earth, air, fire and water – have always had a significant 
and ongoing effect on the ways those practices evolve. 
Cultures have been shaped both through successful 
harnessing of these elements and through coping with 
the devastating effects of natural forces beyond human 
control. The same elemental forces that devastate living 
populations work equally to erase evidence of past 
populations, through accelerated erosion and loss of 
important interpretive contexts. During Alberta’s recent 
past, both the 2013 southern Alberta floods and the 2016 
Fort McMurray fire serve as strong reminders of how 
quickly natural disaster can shape our understanding of 
both the present and the past.

The Archaeological Survey of Alberta invites interested 
researchers to submit papers for an edited thematic volume 
of the Occasional Papers Series that focuses on the role 
of natural disasters in understanding Alberta’s historic 
resources. Topics may include the investigation of natural 
disaster within the archaeological, palaeoenvironmental, 
or Quaternary palaeontological records, work conducted 
in the wake of natural catastrophic events, or unique ways 
in which investigators have coped with the challenge of 
interpreting sites in the aftermath of a natural disaster. 

The core of the thematic volume will be comprised 
of manuscripts by archaeological consultants that 
summarize contracts issued by the historic Resources 

Management Branch to document and mitigate historic 
resources impacted by the 2013 flood season in southern 
Alberta. Three years of flood-related contract work 
has revealed a plethora of unique archaeological sites, 
palaeoenvironmental records, and Quaternary fossils 
along rivers subjected to the brunt of the catastrophic 
2013 floods. The data from investigations of these sites 
offer new opportunities to interpret Alberta’s past and 
heightened a sense of the fragility of the province’s 
physical heritage. 

in addition to these summary papers, we encourage 
the submission of papers discussing investigations of the 
archaeological record that resulted from recent floods or 
any ecological disturbances across the province. Papers 
can address new insights into Alberta’s past, challenges 
of managing historic resources in light of erosive forces, 
or new perspectives on the response of pre-contact and 
historic people in the province to natural disasters. Papers 
should not exceed 4000 words in length (excluding 
title, abstract, bibliography, figure captions and tables).  
Guidelines for submission can be found at: http://
culture.alberta.ca/documents/Manuscript-Submission-
Guidelines-Jun2014.pdf 

The deadline for submission of papers to this volume is 
March 15, 2016.  For further information, contact Robin 
Woywitka at robin.woywitka@gov.ab.ca. Submissions 
received after this deadline may be considered for 
inclusion in future Occasional Paper volumes. 
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