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While archaeological applications of UAVs appear 
in the literature (Miller 1980; Verhoeven 2009; Fernán-
dez-Hernandez et al. 2015), there has been comparative-
ly slow acceptance of them as routine field investigative 
tools in North America. This likely reflects diverse fac-
tors including:

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

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

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

1. Introduction
My experiments with the archaeological application 

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

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

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

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

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

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

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

2. Drone Basics
While archaeological utilization of remotely controlled 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Figure 3. Examples of semi-autonomous flight plans.

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

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

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

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

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

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

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

4. Mapping bison kill sites: Conventional data 
and context

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

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

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

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

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

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

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

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

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

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

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

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

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

The orthophotography in Figure 5B offers comparatively 
good ‘meso-scale’ documentation but is insufficient to re-
veal the knolls and erosion channels draining towards the 
gully that are evident in the UAV mosaic (Figure 6A). Such 
detail has utility for artifact distribution analyses, or to de-
termine visibility of the trap from the surrounding area. A 
small-scale version of the DEM is presented in Figure 6B, 
but because of the way it was processed, it is insufficient 
to represent important topographic details. This is because 
the elevation variation that was detected is greater than the 
available colour palette within the DEM. In order to aug-
ment interpretative value, further image processing is re-
quired.
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The UAV photogrammetric output includes large-scale 
georeferenced raster images (Geo-Tiffs) that can be upload-
ed into a Geographic Information System (GIS) to be over-
laid upon other data, or subjected to processing and analy-
sis. Figure 7 illustrates the true DEM, a dense distribution 
of elevation points that have been interpolated to represent 
continuous relief change symbolized in a colour spectrum 
from dark blue (low elevation) to red (high elevation).  

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Figure 13. Sketch plan of Brockinton Site.

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

Figure 16. Brockinton Site UAV digital elevation model overlaid with Syms’ map.
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Figure 17. Brockinton Site UAV contour map with re-coloured DEM.
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Figure 18. Comparison of Brockinton Site contour map produced by LiDAR and UAV photogrammetry.



74

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

5.4 Jackson Site 
The Jackson Site (DiMe-17) is in the Lauder Sandhills 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Figure 33. Viewshed analysis of the Toews Site.

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

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

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

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

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

Notions of culturally mediated landscapes have tradition-
ally addressed those exhibiting significant human modifi-
cation (e.g., Sauer 1925). More recent re-thinking of cul-
tural landscapes defines them as ‘the combined works of 
nature and of man’ (see Knapp and Ashmore 1999; UNES-
CO World Heritage Centre 2003; Rössler 2006; Taylor and 
Lennon 2011), while Indigenous perspectives integrate eco-
nomic, spiritual, and biographical values to ascribe meaning 
to places (Buggey 1999). Parks Canada (1994:119) broadly 
defines cultural landscapes as ‘any geographic area modi-
fied, influenced or given special cultural meaning by people’. 
While such all-encompassing definitions make virtually all 
landscapes ‘cultural’, this might be appropriate when con-
sidering the geographic context of archaeological sites. The 
challenge in North America becomes one of documenting 
landscapes in ways that allow us to more fully comprehend 
and account for Indigenous perspectives and landscape use. 
While gaining insight from Indigenous knowledge holders 
is the most credible and culturally sensitive approach, the 
knowledge embedded in many archaeological sites may 
be severed from modern community members. Instead, 
archaeologists might elicit insight through ethnographic 
analogy, palaeoecological reconstruction, and comprehen-
sive cartographic modelling such as that explored here. To 
this end, high resolution spatial information derived from 
remote sensing offers new tools for multi-iterative digital 
exploration and landscape interpretation. 
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