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Abstract 

This thesis was written to provide a background on the research that has been conducted 

relating to the geomorphic, geologic, paleoenvironmental and archaeological history of the 

Below Forks Site, Saskatchewan, Canada, as well as present new data regarding the nature 

and origin of the soils and sediments at the site. Several paleoenvironmental proxy data 

were collected from the sediments and soils at the site which suggest that while middle 

Holocene climatic conditions caused the vegetation in the area around the Below Forks Site 

to become adapted to a warmer and drier environment, local conditions allowed the diverse 

vegetation at the Below Forks Site to remain stable for the past 6,000 years. This stability 

of resources may have been attractive to people inhabiting the Northern Plains during this 

time period. This stability may also be related to the reoccupation of the site during the 

Altithermal time period. 
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CHAPTER 1 
INTRODUCTION 

The research conducted for this thesis was part of a collaborative research initiative 

designed to examine past human-environment interactions within the Canadian Prairies at 

localities characterized by unique physiographic and ecological diversity. The Study of 

Cultural Adaptations in the Prairies Ecozone (SCAPE) project has focused on five distinct 

time slices (500, 1500, 3000, 6000, and 9000 '4C BP) at four archaeological locations in 

Manitoba, Saskatchewan and Alberta. The Below Forks Site is one of several sites in 

Saskatchewan currently being investigated by the SCAPE project. The focus of this 

research is the examination of the sedimentological, chronological and environmental 

history of the Below Forks Site (FhNg-25), located at the forks of the North and South 

Saskatchewan Rivers, Saskatchewan (Figure 1). This study was developed in order to assist 

in the interpretation of broader SCAPE research questions. 

The Below Forks site was discovered in 1980 as part of the Saskatchewan Forks 

survey, conducted for the Saskatchewan Power Corporation (Meyer 1982:839). The site 

was designated "FhNg-25" using the Borden Uniform Site Designation System for Canada 

and was given the name "Below Forks" because of its geographic location. The site is 

located on the north bank of the Saskatchewan River, approximately 2.5 km east of the 

confluence of the North and South Saskatchewan Rivers (Figure 2). The site is situated on 

top of a lateral accretion package and within a vertical accretion package that is part of the 

Saskatchewan River terrace system. Post-depositional down-cutting by the river has 

created an exposed stratigraphic profile approximately a kilometre in length, and ranging 

from one to several metres in height. The profile is composed of a well stratified sequence 
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of buried sediments and soils. Within these soils, archaeological materials, including 

bone, stone and charcoal are exposed along a cut face approximately 280 metres in length 

(Meyer 1982:839). 

During his initial survey, Meyer (1982:841) observed at least two archaeological 

components within the uppermost 40 cm of the stratigraphic section. Approximately 2 

metres below surface a third component was revealed, containing several flakes of Swan 

River chert and bone fragments (Meyer 1982:841). Meyer (1982:839) also noted that 

archaeological materials were exposed along the interface between the profile and the 

colluvial slope that masks the underlying sediments at the site. Based on these findings 

further excavation was conducted. In 1989, a 1 X 2 metre pit was opened in an effort to 

locate a diagnostic projectile point to correlate the artifacts with a cultural affiliation. 

Between 2000 and 2002, Meyer conducted excavations under the auspices of the SCAPE 

project. In 2000, eight 1 X 1 metre units were fully excavated to 2.5 metres below surface 

and seven more units were opened, but not completed. The 2001 field season included the 

excavation of nineteen 1 X 1 metre units. In 2002, excavations were completed and the site 

was closed. By this time 53 square metres had been excavated at the site. A total of 22 

square metres were excavated in the eastern area, 27 in the central area, and 4 in the 

western area of the site. Overall, the site was excavated to approximately 3 metres below 

surface. During these excavations at least two culturally different occupations were 

identified. The older of the two, Mummy Cave, is regionally dated to 7,500-5,000 '4C BP 

and the younger Oxbow materials are regionally dated to 5,000 to 3,800 '4C BP. 

The cultural materials recovered from the Below Forks Site were associated with 

several buried A horizons. The buried A horizons formed within the Below Forks Site 
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sedimentary package were weakly developed and often broken. However, it was clear, by 

their lateral extent, presence of roots and pedological characteristics that these buried A 

horizons are buried soils which represent stable surfaces. The correlation between cultural 

material and buried soils has several important implications. Broadly, the direct 

association between buried soils and human occupations allows archaeologists to identify a 

relationship between the results of soil and sediment analysis and the archaeological 

representations of the humans that once lived at the site. This means that archaeological 

materials can be correlated with paleoenvironmental information such as past climate, 

landscape morphology, and vegetation reconstructions extracted from soil and sediment 

analysis. 

Buried soils represent a suite of climatic and vegetation influences. Based on this 

information, changes in climate, landscape morphology and vegetation can be revealed 

through the investigation of soils and sediments. This is because as soils develop, 

information pertaining to vegetation and climate change is recorded both chemically and 

pedogenically within the soil. In fact, the longer a soil develops the more climatic and 

vegetation information is recorded (Birkeland 1999). For example, compound soils, soils 

that develop during constant sedimentation, even during changes in climate and vegetation 

often overprint characteristics from earlier soil development, thus erasing 

paleoenvironmental data that may be associated with earlier occupations. In addition, it is 

difficult to determine whether artifacts that are buried within compound soils belong to one 

or multiple occupations (Ferring 1992:18). On the other hand, A horizons that develop 

over a short period of time, less than 1,000 years, which are subsequently buried by rapid 

deposition represent paleoenvironmental snapshots in time. Therefore, it follows that 
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archaeological sites that are well-stratified, (i.e. sites that have several buried soil horizons 

associated with cultural material) have better potential for discrete chronological, cultural, 

and paleoenvironmental control than sites with few or no buried A horizons, which are ill 

suited for high resolution paleoenvironmental reconstruction (FelTing 1992:18). 

The study of soils and sediments, such as those found at the Below Forks Site, can 

yield important clues for understanding past human-environment interaction. This 

interaction can be revealed through the use of a suite of geo archaeological techniques. 

Elizabeth Leach (1992:411-412) defines the duties of geoarchaeology as two fold. First, 

geoarchaeology must focus on the location of sites; design and execution of excavation; 

establishment of off-site stratigraphic controls; explanation of the structure and stratigraphy 

of sites; establishment of geochronology; archaeometric studies; landscape reconstruction; 

and paleocimatic studies. These duties, she argues, are related to the geological aspect of 

geoarchaeology in that they deal with only geological issues at archaeological sites, and do 

not directly focus on human related questions. As such, the data gained from these studies 

can be presented without an archaeological framework. 

On the other hand, Leach (1992:412) argues, geoarchaeology should also 

concentrate on the human aspects that are related to geological phenomena in the 

archaeological record. These goals include the investigation of geologic remains as 

physical objects (material culture) in prehistoric societies, in order to determine their 

presence and function. Moreover, she asserts that the cultural attitudes of geologic remains 

should be examined to determine the symbolic status of such items as red ocher or 

geomorphic features on the landscape. Third, she states that subsistence studies related to 

the cultural depletion or augmentation of soils and the subsequent alteration of plant 
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communities and changes in economy should be addressed. Finally, settlement studies 

regarding the relationships between the landscape and the distribution of settlements over 

time should be examined. Thus, not only is the study of sediment and soil characteristics 

and properties helpful for understanding the depositional regimes and site formation 

processes that have occurred at archaeological sites, but geo archeological techniques also 

reveal how humans have responded to environmental changes. 

As can be seen, the aims of geoarchaeology are quite varied, such that they extend 

beyond the scope of a Master's thesis. Therefore, only those aims pertaining to the 

examination of soils and sediments and how they relate to the geomorphology of the site, 

and how humans were impacted by this relationship will be further discussed. As was 

previously mentioned, soil analysis of both surflcial and buried soils can reveal past and 

present environmental indicators (Daniels and Hammer 1992:1). In addition, soils contain 

information pertaining to processes that may have altered archaeological remains after 

deposition. Sediments on the other hand are useful for determining the processes involved 

in site creation, burial and preservation. 

Methods used by geoarchaeologists for analyzing soils and sediments include field 

characterization of soil and sediment, color, texture, and structure, as well as laboratory 

procedures such as phytolith counts, pollen analysis, diatom analysis, loss-on-ignition, pH, 

stable isotope analysis, nitrogen digestion, mineral identification and ostracode analysis. 

Each of these methods when used alone reveals only a small amount of information, 

however when used together, comprehensive paleoenvironmental reconstructions can be 

created. For example, phytolith counts, pollen analysis, diatom analysis, and ostracode 

analysis alone can provide information pertaining to the area in which the samples were 
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taken. But, when used together, the larger paleoenvironmental history of a site can be 

recreated. Because local environmental conditions are inherently linked to regional 

climatic conditions, changes in local vegetation can be a reflection of regional climate 

change. However, it should be noted that local conditions such as elevation, also influence 

local vegetation. Understanding how site-specific paleoenvironmental data correlates with 

regional climatic data allows archaeologists to interpret how humans responded to local 

environmental conditions within a regional climatic framework. Thus, archaeologists can 

use a suite of paleoenvironmental proxy data to compare paleoenvironmental conditions at 

several archaeological sites within an area. The comparison of these data can help 

archaeologists determine whether local or regional influences had greater impact on 

landscape morphology, as well as identify vegetation changes and vegetation stability 

between the sites. Based on this information it is clear that changes in vegetation can either 

be linked to changes in local conditions such as topography or regional conditions such as 

climate change. It is the purpose of this thesis to determine if vegetation change occurred 

at the Below Forks site and if so, what local or regional conditions account for such a 

change and how humans may have responded to these conditions. 

Objectives of this thesis include: 

1. providing a background on the research that has been conducted 

relating to the geomorphic, geologic, paleoenvironmental and 

archaeological history of the area surrounding the Below Forks Site. 

2. presenting data regarding the nature and origin of soils and sediments at 

the Below Forks Site. 
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3. interpreting what the resulting data means in terms of vegetation 

stability over time. 

4. contextualizing the paleo environmental interpretations within a regional 

climatic fiamework. 

5. contributing further dialogue to the' on going human-environment 

relationship discussions. 

Chapter 2 discusses the current geographic location of the Below Forks Site and the 

vegetation associated with it as well as the geology of the surrounding area. 

Paleoenvironmental proxy data are reviewed to provide a background regarding climate 

change on the Northern Prairies over the past 8,000 years. In addition, vegetation data 

from pollen cores collected by Mott (1973) are used to illustrate changes in vegetation 

patterns near the Below Forks site throughout the mid-Holocene. 

Chapter 3 focuse's on the archaeology of the Below Forks site and how it compares 

to other mid-Holocene archaeological sites in the area as well as provides a summary of 

models of human response to climate change proposed for the Northern Plains. 

Chapter 4 describes the techniques chosen for this investigation, why they were 

chosen and how they were employed as well as the methodology used for loss-on-ignition, 

percent carbonate, stable isotope analysis, soil micromorphology and particle size analysis. 

Each of these methodologies is described in detail such that repeatable experiments can be 

conducted. 

Chapter 5 focuses on the presentation of the results of the methods used in this 

thesis., 
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Chapter 6 evaluates the results obtained, and places the results into a regional 

framework by comparing the data to two other archaeological sites in Saskatchewan, the 

Gowen Site and the Sjovold Site. 

Chapter 7 reviews the geological, geomorphological, paleo environmental and 

archaeological histories of the area around the Below Forks Site as well as the 

contributions made by the research presented in this thesis. Future research directions are 

discussed as well. 
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CHAPTER 2 
ENVIRONMENTAL BACKGROUND 

The Northern Plains is often incorrectly characterized as lacking topographic 

variability. While it is true that flat open plains dominate much of the region, mountain 

ranges, intermontane basins, stream valleys and erosional remnants such as the Cypress 

Hills of Alberta are prominent features on the Plains as well (Frison 1998:140). These 

areas of relief are of interest to archaeologists as they are often associated with dynamic 

geomorphic histories that are important for creating lengthy archaeological records and 

preserving paleoenvironmental material. River valleys have been especially important in 

Northern Plains archaeology as frequent deposition has resulted in the in situ preservation 

of many archaeological sites. 

Several major river systems including the Saskatchewan, Missouri, Platte, and 

Assiniboine have been significant sources of water throughout Northern Plains history and 

prehistory. According to Frison (1998:140), these river systems have influenced both large 

and small scale human movement patterns. Historically, these rivers were used in the fur 

trading network, and are currently exploited for recreational activities such as canoeing and 

fishing. In addition, the riparian environments associated with these river systems appear 

to have been attractive to prehistoric native groups by offering a variety of plant and animal 

communities, especially as changes in climate reduced carrying capacities in the area. 

Geographic Setting 

Frison (1998:140) defined the Northern Plains as extending from the Colorado-

Wyoming border north to 52 degrees latitude in Alberta and Saskatchewan, east to 

Nebraska, South Dakota, and southwestern Manitoba and west into the intermontane basins 
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of the Rocky Mountains. Although, there are several physiographic regions within this 

area, this thesis will only focus on those in Saskatchewan. While it is understood that the 

current political boundaries were not recognized in prehistory, as the Below Forks site is 

generally located in central Saskatchewan, this geographic division is appropriate for the 

scope of study. 

The present physio graphic environment of central Saskatchewan is generally 

characterized by low relief, stabilized, dune fields, glacial outwash, moraines, and knob 

and kettle terrain (Meyer and Epp 1990). Geographically, Saskatchewan can be divided 

into two major physiographic regions: the Canadian Shield and the Interior Plains (Acton et 

A 1960) (Figure 3). These regions can be further sub-divided into five sections: the 

Churchill River Plains, Athabasca Plains, Manitoba Lowlands, Manitoba Saskatchewan 

Lowlands, Saskatchewan Plains and Alberta High Plains (Figure 3). The Below Forks Site 

is located within the Manitoba Lowlands, just east of the Saskatchewan Plains. This area is 

characterized by abundant glacial, glaciolacusterine and alluvial deposits, which overlie a 

peneplane of Paleozoic and Mesozoic sedimentary bedrock (Mott 1969:3). Elevations in 

this area range between 259 and 457 metres above sea level (Mott 1969:3). 

Fluvial Systems and Geological History of the Below Forks Area 

Because the Below Forks Site is located along the Saskatchewan River, it is 

necessary to understand the processes that have led to deposition and erosion at the site. 

Therefore, before describing the geological packages that compose the Below Forks Site, a 

discussion of rivers and what causes rivers to deposit sediments or erode material away 

will be presented first. In addition, the morphology of fluvial deposits will also be 

discussed. 
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River systems are dynamic environments characterized by erosion and 

deposition. The competency of a river is the critical stress required to entrain a grain of 

sediment (Leopold et al.. 1964). As the competency of a river is increased, its ability to 

carry more sediment is also increased. Conversely, as the competency of a river is 

decreased its ability to carry sediment is decreased. Several factors external to river 

systems affect the competency of the river. These factors include, changes in precipitation, 

changes in sediment input into the system resulting from stability or instability of slopes, 

changes in base level, etc. 

In addition to changes in competency over time, all rivers experience floods of 

varying magnitudes. As successive flood events occur, sediments accumulate on the flood 

plain. Over time the flood plain aggrades and eventually may reach an elevation where it is 

only flooded by high magnitude events. According to Wolman and Leopold (1957), 

definitions of "floods" vary, but often imply overbank flow. Aggradation occurs when a 

river stores more sediment than it loses. Sediment is stored in parts of the river system in 

deposits formed by vertical or lateral accretion. Overbank flow, one of two major 

processes that can occur on flood plains or levees, results in the deposition of vertical 

accretion packages. Sediment, typically silt and clay sized particles is suspended in the 

flood waters and will eventually settle out on the flood plain as overbank deposits as flow 

is decreased. The second major process that occurs on flood plains is the formation of 

laterally accreting point bars. Point bars are formed on the convex side of river bends due 

to the helicoidal flow associated with the thalweg of a river. Most point bars exhibit ridge 

and swale topography created as water rushes over the point bar during periods of high 

flow. While vertical and lateral accretion deposits are laid down by different processes, it 



12 
is often difficult to distinguish between them in the field (Wolman and Leopold 

1957:91). Wolman and Leopold (1957:92) argue that this distinction can be extremely 

difficult during stages of high flow that result in overbank deposition covering point bar 

deposits. 

Over time the channel bottom will build up similar to the deposition on levees 

parallel to the river. This concurrent aggradation allows the levees to remain part of the 

active flood plain. However, aggraded valley fills or levees can be incised such that the 

former active flood plain is flooded less than once every two years. At this point the 

former flood plain becomes a terrace and is no longer part of the active flood plain 

(Wolman and Leopold 1957:105). Terraces are usually formed when stream power 

increases relative to resting power (Bull 1990). Factors that lead to increased stream power 

include stabilization of hilislopes due to increased vegetation; increased precipitation due 

to more frequent high-intensity long duration rainfalls or an increase in average annual 

rainfall; tectonic uplift; and the lowering of base level of the system (Bull 1990). 

Conversly, aggradation is caused by a decrease in stream power due to an increase in 

sediment input from unstable hilislopes, often resulting from climate change; an increase in 

rainfall intensity; or a rise in relative base level (Bull 1990). This cycle of deposition and 

valley erosion has occurred two times at the Below Forks Site since deglacation. An 

illustration of this degradation and agradation cycle is presented as Figure 4. It should be 

noted that the figure is only a general representation of the stratigraphy of the cut and fill 

sequence at the site and does not represent actual data collected from the Below Forks Site, 

nor does it represent the actual geomorphology of the site. 
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E. A. Christiansen conducted several geological investigations in central 

Saskatchewan throughout the 1960's, 1970's, and 1980's. Much of what is known about 

central Saskatchewan's Quaternary history can be attributed to hristiansen's efforts as 

little other work has been carried out in this area. His work consisted mainly of 

reconstructing the glacial history of the area. According to Christiansen (1968), prior to the 

human inhabitation of the Northern Plains the Wisconsinan glacier covered all of 

Saskatchewan and parts of North Dakota and Montana (Christiansen 1968). Research 

conducted by Christiansen (1968) suggests that glacial tills were deposited throughout 

central Saskatchewan during this time. These tills have been described at Saskatoon 

(Christiansen 1968:1169), Gronlid Crossing (Lidgren and Sauer 1982), the Gowen Site 

(Walker 1992) and also compose the basal Quaternary unit at the Below Forks Site. The 

tills are characterized by quartzite and chert gravels, and range from 0-260ft in thickness 

throughout the area (Lidgren and Sauer 1982). These quartzite and chert gravels were used 

by the inhabitants of the Below Forks Site for lithic tool production (Kasstan 2004). 

According to Christiansen (1968:1172) ice retreat in Saskatchewan began around 

14,000 '4C BP. The glacial meltwater flowed into glacial lakes Saskatchewan and Agassiz 

through the Saskatchewan River system (Christiansen 1979). At this time, major spillways 

'opened, lake levels remained relatively constant and five major deltas formed where the 

Saskatchewan River flowed into the glacial lakes. As glacial retreat continued, the influx 

of glacial meltwater allowed erosive processes to dominate the Saskatchewan River system 

forming the oldest part of the river's terrace system (Figure 4a). According to Campbell 

and Hendry (1985:179), the upper terraces are composed of a gravel alluvial plain 

deposited by the river during its initial incision. Due to the delivery of such large 
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quantities of coarse sediment into the system the Saskatchewan River may have been 

characterized as a braided river during this time. 

During the retreat of Lake Saskatchewan several sedimentary packages were 

deposited over and adjacent to the Forks locality (Figure 4b). The lowermost package is 

composed of matrix supported clasts that range in size from pebbles to boulders. This 

package exhibits structural characteristics, such as, cross-bedding and an overall fining 

trend consistent with point bar sediments identified at Foxe's Flat, near Nipawin 

Saskatchewan (Campbell 1987:179). Although, traditionally point bars are not composed 

of large particles, Campbell and Hendry (1987) argue that the coarse sediments at Foxe's 

Flat are typical of point bars formed in gravel bed rivers. They suggest that characteristics 

of these gravely meander bends included a wide range of grain sizes related to mode of 

transport, deposition of sand that resulted in high angle cross-beds, deposition of sand only 

at high points and downstream ends of the bar, as well as sand commonly filling chute and 

slough channels, general vertical fining upward sequence and lateral accretion bedding of 

the gravels which formed as they were deposited in sheets. 

The point bar material, herein referred to as unit III at the Below Forks site trends 

west to east and is the basal unit above the glacial till. Based on research by Christiansen 

(1985) it appears that unit III was deposited during a time when the Saskatchewan River's 

competency was much greater than it is today. A date collected from the lowermost buried 

A horizon at the Below Forks Site indicates that the deposition of these sediments probably 

occurred prior to 10,930 ± 130 '4C BP (TO-10918). This is consistent with the outflow of 

Glacial Lakes Saskatchewan and Agassiz, which may have resulted in the increased 

competency required for depositing such large clasts. 
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Approximately 11,000 to 10,000 14C BP there was a slight Cordilleran glacial 

advance that correlates with the Younger Dryas (Reasoner et al. 1994). Because this ice 

advance resulted in the storage of water, the amount of meltwater delivered into the 

tributaries of the Saskatchewan River was slightly reduced. While it is unknown how 

much this decrease in water would have affected the main Saskatchewan River, this 

decrease in competency of the river may have further contributed to the deposition of the 

coarse sediments throughout the system. The end of the Younger Dryas, which occurred 

abruptly, between 3 and 50 years (Beaudoin 1999:12), around 10,000 '4C BP may have 

resulted in an increase in meltwater delivered into the Saskatchewan River system through 

its tributaries allowing a second episode of down cutting to occur. The correlation between 

the aggradation and degradation of the Saskatchewan River and the Younger Dryas is 

based on studies conducted upstream from the Below Forks Site, thus further research 

should be conducted to confirm this hypothesis. 

Following the end of the Younger Dryas glacial meltwater flow would have 

resumed, but waned over time. This decrease in stream flow contributed to the continued 

aggradation of the floodplain. Warmer, drier conditions during the mid-Holocene would 

have promoted the gradual replacement of forest vegetation by prairie species between 

8,500 and 5,00014 C BP (Mott 1973). This change in vegetation would have r'esulted in the 

destabilization of the valley slopes allowing sediment input to increase in the river system. 

The combined influence of reduced stream flow and increased sediment input appears to 

have resulted in the deposition of several upwardly fming sequences at the Below Forks 

Site during rare periods of overbank flooding (Figure 4c). 
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This series of finer grained, meandering stream, overbank deposits, herein 

referred to as unit II (Figure 4c) are characterized by a series of loamy sand to silty loam 

fining upward sequences interspersed with buried A horizons that represent periods of 

landscape stability. The soil profiles within these overbank deposits are very weakly 

developed often less than 10 cm thick, with A horizons averaging 1-3 cm thick. Similar 

sediments were recognized by Campbell and Hendry (1987) at Foxe's Flat. Campbell and 

Hendry (1987:183) describe the fining upward package at Foxe's Flat as consisting of"2-4 

metres of hard, massive, horizontal or gently inclined clayey silt to fine sand with 

numerous dark colored organic layers." The dark layers contained plant debris, abundant 

pollen, in situ ash and charcoal, thus indicating they were most likely buried A horizons 

(Campbell and Hendry 1987:183). 

Toward the end of the mid-Holocene, conditions became cooler and moister. An 

increase in precipitation leading to the restabilization of hilislope vegetation communities 

would have resulted in the increase of water entering the system as well as a decrease in 

sediment input. This increase in stream flow and decrease in sediment load may have 

caused the most recent episode of down cutting in the Saskatchewan River (Figure 4d). 

The degradation led to the abandonment of the terrace containing the Below Forks Site. 

Following the abandonment of the terrace, aeolian deposition, herein referred to as 

unit I, became the dominant depositional force at the Below Forks Site (Figure 4d). The 

aeolian material is characterized by well-sorted loamy sands lacking sedimentological 

structure. In addition, colluvial material, prograding down the point bar in small, shallow 

rills has added sediment into both the meandering stream deposits as well as the subsequent 

aeolian material above. The colluvial material is composed of reworked aeolian as well as 
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coarse material from the upper terrace west of the site. The colluvial material is thicker 

towards the interface between the terraces and thins out along the point bar. No evidence 

of colluvial material was identified at the eastern end of the excavations (Kasstan 2004). 

The Below Forks Site is currently undergoing a period of stability and soil development, 

thus sedimentation is either not occurring, or is occurring at such a slow pace that it does 

not disturb plant growth and soil development. 

Soils 

Deposition during the Holocene included flood events resulting in overbank 

deposits and aeolian deposition that resulted in the preservation of up to 26 buried soil 

profiles at the Below Forks Site. At the east end of the site the buried soil profiles are 

discretely separated into A-C horizonation, with some B horizon development present 

toward the central units. These discrete soil profiles are present throughout the central 

excavation block, but become compound soils as they approach the west end where only 

four distinct soil profiles can be identified (Kasstan 2004). This type of horizonation is 

characteristic of soils and sediments in alluvial settings (Holliday 1992). 

During times of increased sedimentation, such as flood events, parent material is 

deposited over developing soils. When sedimentation is not occurring, or when 

sedimentation is constant, but extremely slow, soils begin to develop. During these times 

of stability, organic materials take root in the parent material and begin to establish 

vegetation communities. If these organic materials are present on the surface long enough, 

soil formation will begin. As organic matter grows and decays it begins to overprint the 

previously deposited parent material, including any sedimentological structure associated 
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with it, eventually forming A-horizons. The length of soil development depends on the 

rate of sedimentation in the area and the length of landscape stability. 

In fluvial regimes, deposition can occur often and swiftly. Because of this, organic 

soils that develop on river margins are typically buried by some form of fluvial deposition. 

The frequency of these events as well as the duration of soil development depends on the 

activity of the river. The more active the river, the less soil development will occur. 

However, that is not to imply that more deposition leads to fewer soils, but rather more 

deposition leads to less well-developed soils. For archaeologists, this cycle of 

sedimentation and stability can lead to well preserved paleoenvironmental and 

archaeological records. Well-stratified archaeological sites are easier to divide 

chronologically as paleoenvironmental indicators such as macrofossils, pollen, phytoliths 

and stable carbon isotopes relating to multiple occupations are not compressed into one 

occupation surface. Moreover, because humans occupy areas of stability, that is to say 

that humans tend to camp on stable, vegetated surfaces, frequent sedimentation can lead to 

the preservation of discrete packages of paleoenvironmental data directly associated with 

material culture. Further discussion of soils and sediments and their role in the 

reconstruction of the past is included in chapter 4. 

Current Climate 

The climate near Prince Albert, located approximately 80 km slightly northwest of 

the Below Forks Site is classified as humid continental characterized by cool summers and 

no dry season (Mott 1973:4). Prevaling winds are from the northwest and west in the 

winter and southeast and east in the summer (Mott 1973:4). The winds are not as strong as 

those present on the open prairie to the south. The mean annual temperature is 
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approximately 00 C, with January temperatures falling around -19.44°C, and July mean 

at 18.33°C. There is approximately 15 inches of annual precipitation, of which 10 inches 

falls as rain (Mott 1973:4). 

Natural Setting 

Current Conditions  

Regionally, the Below Forks site is located at the interface between two ecological 

systems (Figure 1). According to Epp (1984), areas of co-influence, such as this, are 

characterized by species from both ecological systems and are called ecotones. As the 

Below Forks Site proper is located between the boreal forest to the north and the plains 

grasslands to the south it is composed of a moasic of these two ecological zones and has 

been described as the parkland ecotone (Meyer and Epp 1990). Odum (1959:278) and 

Walker and Norton (1982:331) recognized that areas of interface such as the parkland 

ecotone are defmed by their biological diversity and stability as plant communities from 

each zone are represented. This biological diversity is known as 'edge effect' (Odum 

1959:278). 

According to Epp (1984:325) "Ecological boundaries are defmed by the vegetation 

component of ecosystems, as plant communities are more static in location than are animal 

groups." Epp (1984:325) noted that the composition of plant communities is largely 

influenced by both climate and the landforms inhabited by plant communities. However, it 

should be recognized that each of these factors controls plant communities to a varying 

degree depending on the scale of observation. That is to say that large scale vegetation 

groups such as ecozones are controlled by climate, but the actual plant species located on 

various land forms is controlled by local conditions. 
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Regionally, vegetation is controlled by latitude rather than by landform elevation 

(Rowe and Sheard 1981). In addition, regional vegetation is regulated by climate rather 

than weather. However, when dealing with systems on a local level, such as those present 

at an archaeological site, Rowe and Sheard (1981:453-454) argue that local landforms are 

the most influential factor affecting ecosystems. Thus, although major vegetation 

communities are controlled by large scale factors, the abundance of specific plants located 

on a geomorphic feature is controlled by the attributes of that specific feature. Because the 

Below Forks site is located along the edge of the Saskatchewan River, riparian 

communities contribute to the ecological diversity surrounding the site. One of the goals of 

this thesis is to determine if the vegetation at the Below Forks Site is controlled more by 

local conditions (i.e. abundance of water, geomorphic setting etc.), that is conditions 

pertaining to the site level, or regional climatic conditions, that is conditions pertaining to 

the entire Northern Plains area. 

Mott (1969:3) noted that in Saskatchewan, major vegetation zones generally 

correspond to physiographic regions. The boreal forest is generally confined to the 

Canadian Shield region of Saskatchewan, whereas the prairie grasslands dominate the 

Saskatchewan Plains and Alberta High Plains regions (Figure 3). Thus, on a regional scale 

Saskatchewan plant communities correlate with latitude and climate. However, locally 

plant communities tend to vary with geographic elevation and the availability of water. 

The boreal forest region covers more than half of Saskatchewan, extending east to 

west across the entire province, and with its southern boundary 180 kilometres south of the 

geographical center of Saskatchewan. Within the boreal forest there are areas of gradation 

within tree stands, between tree stands, and between tree stands and meadows (Mott 1969). 
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According to Mott (1969) there are also several land-water transitions as lakes, rivers, 

creeks, muskegs and wetlands are found throughout the area. Lakeshores, slough margins 

and riparian zones adjacent to streams also contain diverse plant communities. The boreal 

forest is characterized by conifers especially Populus Tremuloides (trembling aspen, Picea 

glauca (white spruce), Picea mariana (black spruce), Pinus banksiana (jack pine) and 

Abies balsamea (balsam) (Scott 1995:95). While there are hundreds of other species that 

occupy the boreal forest, these species are important as paleobotanists tend to observe the 

percentages of Picea, Populus and Pinus pollen in a record when trying to detect changes 

in vegetation in the past. 

The parkland, identified by Bird (1961) is a transitional zone between the plains 

grasslands in southern Saskatchewan and the boreal forest of central and northern 

Saskatchewan. The parkland belt extends from northern Minnesota, across southern 

Manitoba, into central Saskatchewan and parts of Alberta (Bird 1961). The two largest 

plant communities, aspen poplar forest and grasslands, comprise the majority of the 

ecotone by manifesting themselves in a mosaic of irregular patches (Bird 1961). Although 

the site is located near the border with the boreal forest, such that conifers are present, the 

majority of the area is covered by parkland species. Meyer and Epp (1990) describe the 

vegetation of the parkland ecotone as a north-south transition between extensive stands of 

trembling aspen in the north and open areas of prairie grasses to the south. Typically three 

species are associated with parkland ecotone: Populus tremulodies (trembling aspen), P. 

balsamfera (balsam poplar), Betula (Birch) and Quercus macrocarpa (bur oak), Festuca 

hallii and Andropogon gerardii (fescue grasses) and Festuca campestris (rough fescue). 

Other plant resources dominant in this area include Amelanchier alnfolia (saskatoon), 
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Prunus virginiana (choke-cherry), Rosa (wild rose, Elaeagnus commutate (silverberry) 

and Corylus (hazelnut) bushes (Scott 1995:133; Meyer and Epp 1990:326). 

The prairies to the south of the parkland are comprised of short-grass prairie, 

mixed-grass prairie and fescue prairie. These grasslands area characterized by abundant, 

approximately 60-70%, herbaceous plants especially Artemisia (sage brush), as well as 

several members of the chenopodiinae (goosefoot) genera, and Graminae (grasses) 

including Bouteloua gradllis (blue gramma grass) (Scott 1995:142). Paleobotanists tend to 

observe the percentages of Artemisia, Graminae, and Ghenopodiinae to evaluate the 

fluctuation of grassland vegetation in the past. 

Past Conditions  

It has been widely accepted that following deglaciation warmer, drier conditions 

prevailed throughout the Plains region of North America. Several authors have addressed 

this climatic change (Sernander 1910; Sears 1942; Antevs 1948; Judson 1953; Mulloy 

1954; Flint and Deevy 1957; Wedel 1961; Hurt 1966; Bryson et al 1970; Reeves 1973; 

Buchner 1979). According to Bryson et al. (1970) the arguments regarding the severity of 

the Altithermal can be divided into two camps. The first group postulates a gradual change 

in temperature, eventually reaching an extreme temperature maximum. Theories of 

gradual climate change include the climatic optimum (Sernander 1910), xerothermic (Sears 

1942), Altithermal (Antevs 1958), megathermal (Judson 1953), thermal maximum (Flint 

and Deevey 1951), ipsothermico (Deevey and Flint 1957), and hypsithermal (Deevey and 

Flint 1957). Of these, Ernst Antevs' (1948) "long drought" model is most commonly used 

to describe climatic conditions on the Canadian Plains for the past 8,000 years. The second 

more plausible type of climatic theory, which will be discussed shortly, proposes that the 
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climatic shift was not homogeneous, but rather dependent on local factors such as 

availability of water (Bryson et al. 1970). 

Based on the study of stratigraphic beds and geologic features, Antevs (1955) 

divided the postglacial period into three discrete units based on changes in climatic 

conditions: the Anathermal, Altithermal, and Medithermal. The Anathermal was 

characterized by a gradual rise in mean annual temperature. This warming trend peaked 

during the mid-Altithermal and temperatures began to decline to their present state at the 

beginning of the Medithermal. Antevs' (1948) theory was based on a suite of 

paleo environmental data recovered throughout the Plains region. After reviewing these 

data, Antevs (1948) noted several differences between the Plains environment of the past 

and that of the present. For example, Antevs (1948) detected that a marked increase of 

grass-chenopod composite pollens located in south-central Oregon occurred after the 

disappearance of the Wisconsinan permanent ice sheet along the western mountain ranges. 

The research also revealed that similar environmental changes were occurring in the 

American Southwest. Increased erosion in the form of wind abrasion and arroyo cutting, in 

addition to the presence of human occupations below areas which were currently occupied 

by water helped to support Antevs' (1948) theory. Based on these data as well as rates of 

lake salinization and Fries (1951:126) temperature graph, Antevs (1948:328) restricted this 

warm and dry period to 7,500 to 4,000 14C BP. However, most of Antevs' (1948) research 

was focused on the Southern Plains region. Thus, his homogenous model of climate 

change may not be suitable for use on the Northern Plains. The following section will 

review the applicability of his model. 
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Only a handful of studies have been conducted in an effort to reconstruct the 

paleoenviromnent of central Saskatchewan. Of these studies, Mott's (1973) palynological 

analysis on cores taken from four lakes in Saskatchewan is the most significant (Figure 5). 

Therefore, Mott's (1973) work will provide an outline into which data from smaller studies 

in outlying areas will be interspersed to support Mott's (1973) conclusions. The four lakes 

studied by Mott (1973) are located throughout Saskatchewan's current major vegetation 

zones. Clearwater Lake, near Kyle, Saskatchewan is located in a grassland dominated area. 

Lake A, near Prince Albert is located in the parkland ecotone. Lake B, near Waskesiu and 

Cycloid lake, north of La Ronge are both located in the boreal forest. The results from 

these studies led Mott (1973) to conclude that vegetation in Saskatchewan has shifted three 

times since deglaciation. Mott's (1973) tripartite scheme begins with boreal forest 

conditions dominating the area following the retreat of the glaciers. The second shift is 

recognized by an increase in herbs and shrubs correlated with the mid-Holocene warming, 

drying period. Finally, the herbs and shrubs were replaced by the modern vegetation 

groups currently occupying Saskatchewan. 

Following deglaciation it appears that boreal forest type vegetation occupied much 

of Saskatchewan as relatively high frequencies of Picea, especially spruce were recognized 

at Clearwater Lake, Lake A, Lake B, and Cycloid Lake dating to approximately 11,000 '4C 

BP (Mott 1973). Furthermore, earlier palyno logical studies in southern Saskatchewan at 

Herbert, Hafichuk, Crestwynd and Scrimbit Farm suggest that Picea either formed a closed 

forest or was very abundant in favorable areas from 11,700 14C BP (S-83, Parizek 1964) to 

10,00014 C BP (S-41, Kupsch 1960). 
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Ritchie (1966) suggested that following the last glacial advance, Picea began to 

retreat as grassland types of flora advanced and that by 9,390 14C BP grassland species 

dominated the Crestwynd site. This change in vegetation was also recognized at Harris 

Lake, located in the Cypress Hills of southwest Saskatchewan, by an increase in grassland 

pollen assemblages around 9,100 14C BP from (Sauchyn and Sauchyn 1991). The advance 

of grassland species correlates with the onset of the mid-Holocene warming, drying trend. 

Mott (1973) suggested that warmer, drier conditions peaked around 7,580 ± 220 14C BP 

(GSC-1506) based on the increase of vegetation comparable to assemblages found in 

modern treeless grassland areas, with the exception of the presence of aspen, which it has 

been argued is the result of poor preservation (Mott 1973). The identification of increased 

Artemisia, Gramineae, and Chenopodiineae pollen and a decrease in Picea identified in 

samples from all four lakes support this conclusion. In addition, Delorme's (1965) analysis 

of ostracods in southern Saskatchewan, further suggested that the climate around 7,000 14C 

BP was warmer and drier than the pervious interval (Mott 1973). Combined, this data 

suggests that the parkland ecotone shifted north of its original position sometime between 

9,000-8,000 '4C BP. 

A resurgence of forested conditions replaced this grassland environment as a result 

of cooling and increased precipitation following the end of the mid-Holocene thermal 

maximum (Mott 1973:14). An increase in Pinus banksiana and Betula pollen recovered 

from Lakes A and B indicate a mixed forest similar to the vegetation currently present in 

this area began to re-establish itself as the climate cooled and precipitation increased. This 

is further supported by the decrease in herb pollen totals recovered for these cores. Based 

on palynological studies conducted in Manitoba, Mott (1973:14) argued that this 
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reforestation may have occurred around 2,500 '4C BP. Pollen from the Crown Site, 

Bushfield West, and Bushfield East also support this argument. According to Slater 

(1983:3) pollen from these three sites suggests a general decrease in Pinus and an increase 

in Picea and Alnus (Alder) around 2265 ± 80 BP (S-2165) arguably reflecting the shift of 

the parkland ecotone to the south. 

An additional study was conducted by Mott and Christiansen (1981) on Martens 

Slough in central Saskatchewan (Figure 5). The sequence recovered from this study 

correlates well with the sequences from Mott's (1973) study, however some differences are 

noted. Mott and Christiansen (1981) suggest that the basal sample, which represents 

approximately 11,000 '4C BP from Martens Slough contained an unusual amount of 

Shepherdia Canadensis (buffaloberry). The presence of this pollen is common in all 

assemblages throughout the Western Interior (Ritchie 1976; Mott 1973; Lichti-Federovich 

1970), however is usually located above the basal unit not within the basal unit. Other 

pollen present included Artemisia, Tubu4florae (composite flowers), Liguljflorae 

(composite flowers), Ambrosieae, Grarnineae, and Chenopodiineae suggesting an open 

environment directly following deglaciation. Similar to Mott's (1973) study around 

10,500 '4C BP there was an increase in Picea and Pinus suggesting the presence of some 

trees, although the pollen recovered was not enough to argue that a forest was present 

(Mott and Christiansen 1981:135). As was previously mentioned, earlier studies argue that 

a spruce forest did in fact exist during this time (Ritchie 1985; Mott 1973; Parizek 1964; 

Kupsch 1960), however the density of the forest remains unknown. Based on Mott and 

Chrisiansen's (1981:135) work at Martens slough it appears that is likely that it was not a 

closed forest. 
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Vegetation at Marten's slough changed again around 10,000 14C BP when Picea 

values declined and Artemisia became the dominant pollen type in the area. An increase in 

Chenopodiineae and Gramineae pollen recognized during this time further suggest warmer 

drier conditions must have prevailed resulting in a vegetation shift (Mott and Christiansen 

1981:135). The authors argued that the grassland dominated vegetation that replaced the 

forests approximately 10,000 14C BP continued to be the dominant vegetation in the area at 

the time the article was written. This early stability of grassland vegetation is different than 

the model recorded by Mott (1973). This difference appears to be attributable to the north-

south shifting of the parkland ecotone throughout the Holocene. Because Martens slough 

has always been located south of the parkland ecotone, shifts in Pinus and Picea would not 

have occurred. Changes in the types of grassland species may have changed as conditions 

became warmer and drier during the mid-Holocene climatic maximum, and again as 

conditions cooled, however this change was not recognized by Mott and Christiansen 

(1981). Based on this information, the Below Forks Site may have also remained within 

the same ecotone while regional climate shifted, however it would have been displaced 

from the northern border between the boreal forest and the parkland ecotone to the southern 

border between the parkland ecotone and the grassland ecozone. 

In addition, Ritchie and Lichti-Federovich's (1966) research in the Riding 

Mountain area of Manitoba suggested that around 6,500 '4C BP, during Antev's period of 

peak aridity, the area was dominated by grasslands. Ritchie (1976) argued that following 

deglaciation, the southern edge of the boreal forest continually retreated, reaching a 

maximum of 200 km displacement, sometime between 7,500 and 6,000 14C BP. This was 

also supported by Lichti-Federovich's (1970) work conducted at Lofty Lake, Alberta. 
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Lichti-Federovich (1970) reported an increase in Cheno-Am depostion between 8,500 to 

7,000 '4C BP associated with warming conditions. Further research at Lofty Lake by 

Scheweger and Hickman (1989) suggested that lake levels may have been significantly 

lower during this time. Schweger and Hickman (1989) also noted that the presence of 

Ruppia in Moore Lake between 9,200 and 5,800 suggests that reduced lake levels most 

likely resulted in increased water salinity, further supporting a regional climatic warming 

trend. Therefore, although Mott's (1973) study lacked strong chronological control, it 

appears to generally fit Antevs' model that suggested warming and drying conditions 

dominated the Plains between 7,500 and 4,000 14C BP. However, as can be seen in the 

differences between the paleoenviroxunental data from Sauchyn and Sauchyn (1991), 

Scheweger and Hickman (1989), Mott and Christiansen (1981), Mott (1973), Ritchie 

(1976), Lichti-Federovich (1970), Parizek (1964), and Kupsch (1960) that although 

Antevs' (1948) climatic model can be applied to understand the general 

paleoenvironmental history of central Saskatchewan, it is not useful in recogni7ing small 

scale vegetation changes that occur on local levels. In order to recognize these small scale 

changes it is necessary to use a different climatic model. As was previously mentioned 

there are two types of climatic models proposed for the Plains during this time. Antevs's 

(1948) model of homogeneous climate change was the first, and Bryson et al.'s (1970) 

model of heterogeneous climate change is the second. 

Bryson et al. (1970) contended that climates do not affect continents 

homogeneously. Rather, based on paleoecological records it appeared to Bryson et al. 

(1970) that geographic features often controlled local conditions allowing variation to 

occur within a larger climatic regime. This coincides with several archaeological theories 
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that contend that oases or refugia areas existed on the Northern Plains during the 

Altithermal and that these oases were occupied by humans during this time. Moreover, this 

information has been used to argue that these oases and refugia were the only places 

humans exploited during this time. These concepts will be explored further in the 

following chapter regarding the archaeology of the Northern Plains. 

Comparative Sites 

There are two archaeological sites near the Below Forks Site that will be used in 

this thesis to evaluate between environmental response that occurs at the local site level and 

general climatic trends that are expressed regionally. The Gowen Site and the Sjovold Site 

have had extensive paleoenvironmental samples collected from them. The Gowen Site is 

located in the city of Saskatoon, Saskatchewan (Walker 1992) (Figure 1). Occupations 

from this site date from 6,150 ± 110 to 4725 ±130 '4C BP, which encompasses the range of 

occupation at the Below Forks Site (Walker 1992). Chemical analyses, including organic 

matter, percent carbonate nitrogen content, and calcium carbonate equivalent were 

preformed on the soils collected from the Gowen Site (Walker 1992). In addition, 

sedimentological data regarding the meandering stream and aeolian deposits at the site 

were also examined. 

Similar, but more extensive paleoenvironmental data was collected from the 

Sjovold Site. The Sjovold Site, which is located further up the South Saskatchewan River, 

near Outlook Saskatchewan, is approximately 100 km south of the Gowen Site (Figure 1). 

Occupations at this site date from 4,450 ± 240 to 580 ± 190 l4C BP (Dyck and Morlan 

1995:92). Although the cultural occupations do not overlap with those of the Below Forks 

site, the paleoenvironmental data collected from this site will be useful in understanding 
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recent environmental response. Data collected from the Sjvold site included calcium 

carbonate equivalent, organic matter, nitrogen content, total phosphorous, and phytolith 

analysis (Dyck and Morlan 1995: 88). Sedimentological data was collected from this site 

as well. 

Summary 

Geographically, the Below Forks Site is located within the Manitoba Lowlands of 

Saskatchewan, Canada. The site itself sits atop metres of stratified glacial till deposited 

during the last glacial advance. Meandering stream deposits as well as aeolian sands 

represent the last 10,000 years of geologic history at the Below Forks Site. Within the 

uppermost 2 metres of Holocene aged deposits are 26 well-stratified buried soil profiles 

each representing a paleoenvironmental snapshot in time. The examination of these buried 

soil profiles will result in a better understanding of the environmental history of the site and 

the human response associated with it. 

Currently the Below Forks site is located within a diverse ecological niche 

influenced by two major biological zones and riparian influences. This unusual situation 

allows for a great diversity in subsistence resources. However, the examination of pollen 

records by Mott (1969) suggests that conditions in the past may not have been similar to 

the conditions currently surrounding the Forks area. Mott (1973) argued that climatic 

conditions caused a change in vegetation in central Saskatchewan from a spruce dominated 

forest to a grassland environment. Unfortunately, there is no date associated with this 

transition, although it was some time after the 11560±640 14C BP date associated with the 

boreal forest conditions identified by Mott (1973). Subsequent vegetation change occurred 

around 2,500 14C BP when the grasslands retreated allowing forest elements to repopulate 
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the area. Mott's (1973) reconstruction corresponds well with Antevs' (1955) "long 

drought" model which argued that cooler periods following deglaciation were replaced by 

warm, dry conditions that peaked during the Altithermal, and gradually cooled to the 

current conditions by 3,500 14C BP. However, Bryson et al. (1970) disagreed with this all 

encompassing regional climatic model, suggesting that local conditions exert more control 

on vegetation than regional climate does. In an effort to determine the local 

paleo environmental history of the Below Forks Site, data from two other sites will be used 

in this thesis. As similar paleoenvironmental work has been conducted at both the Gowen 

and Sjovold Sites, local versus regional vegetation changes will be examined through 

comparison of these three sites. 
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CHAPTER 3 
ARCHAEOLOGICAL BACKGROUND 

There has been much debate regarding the archaeological taxonomic system used 

for the Northern Plains. While the entire taxonomic system and how it is used will not be 

discussed, the terminology which is relevant to this thesis will be reviewed. Both of the 

terms "Plains Archaic" and "Middle Prehistoric Period" have been used to classify groups 

living on the Northern Plains during the middle Holocene. Reeves (1973) and Frison 

(1978) have argued that the use of Plains Archaic is inappropriate, as no discernable 

Archaic adaptive strategy has been recognized for this time period. Instead, these authors 

suggest the use of terminology that does not have inherent technological, or adaptative 

connotations. Cultural groups associated with Altithermal conditions were assigned by 

Reeves (1973) to the Early Middle Prehistoric Period. This period contains two series, 

Early Middle Prehistoric I (ENT I) dating from 8,000 to 5,000 14C BP and Early Middle 

Prehistoric II (EIv1P II) dating from 5,000 to 3,500 l4C BP. Mummy Cave and Bitterroot 

cultures are associated with ENT I and Oxbow and McKean are assigned to ENT II. 

Although, many of the articles referred to in this thesis use the term Archaic, rather than 

Early Middle Prehistoric Period, for the sake of clarity only the ENT system will be used. 

For individual author's taxonomic usage please refer to their specific articles. 

Mulloy (1958) was the first archaeologist to attempt to construct a chronological 

outline for the Plains during this time period. He based his work on artifacts from the well-

stratified Billings Bison Trap and Pictograph Cave near Billings, Montana. While 

Mulloy's (1958) chronology has withstood the test of time fairly well, some revisions have 

been made. Within his chronological framework Mulloy (1958: 220-1) proposed a hiatus 
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from 6,000 to 4500 14C BP. This "cultural hiatus" is discussed in further detail in the 

second half of this chapter. 

According to Frison (1998), the Early Middle Prehistoric Period on the Northern 

Plains was characterized by mobile hunter-gatherer groups. This is represented 

archaeologically by the presence of several campsites across the Northern Plains often 

associated with stable sources of water. Because animals tend to follow semi-patterned 

seasonal rounds in order to locate food and water, Frison (1998) argued that humans living 

during this time followed these same rounds in order to survive. As wild plant foods, 

including seeds, berries, fruits, leaves, roots, tubers and blossoms are only available in 

certain areas for short durations, it was doubly important for people to be intensely aware 

of the environment around them. 

During the Early Middle Prehistoric it has been suggested that hunter-gatherer 

groups were less mobile than the groups before and after this period. Buchner (1979:204) 

has argued that due to the warming, drying conditions of the Altithermal, bison herds 

would have sought out areas of refugia, such as margins of the grasslands, major river 

valleys and areas of higher elevation, which where less susceptible to evaporation. He 

maintained that once established in a refugium, bison were likely to remain there year-

round due to the consistent availability of resources as was recorded during dry periods 

throughout the historic period (Bucher 1979:204). This stability of resources would also 

have been attractive to hunter-gatherer groups during this time, unlike their Piano 

predecessors, who ranged across central North America pursuing bison, resources, 

especially water became scarce and unreliable. Therefore, mobility was decreased during 

this time as groups remained near areas of stable resources. According to Meyer and Epp 
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(1990), during the Late Prehistoric hunter-gatherer groups were attracted from the 

northern forests and the open grasslands to the aspen parkland where herds of bison were 

known to winter. It is reasonable to argue that because the Saskatchewan River would 

have been a stable source of water, in addition to the diversity of resources along this 

transition zone, that bison may have been attracted to this area during the Altithermal. As 

the Below Forks Site was most likely occupied during the winter months, based on bison 

fetal remains, it appears that humans were also attracted to the parkland ecotone during the 

END Period. 

Most authors agree that around 7,500 '4C BP lithic technologies changed from the 

use of large lancelet spear points to smaller, notched dart points. This change in point style 

was most likely the result of the introduction of the atlati, a simple and effective tool for 

throwing shafts farther. Both local quartzites and cherts and non-local high quality lithic 

materials, such as Knife River Flint, were used to make these points. 

Another change that occurred between the Paleo-Indian and Early Middle 

Prehistoric I Period is the use of Bison jumps. During the late Paleo-Indian and Piano-

Indian periods bison jumps were exploited as a way to kill large numbers of bison. 

According to Arthur (1975), bison drives were composed of a series of complex strategies 

that included understanding the behavior and movement patterns of the bison themselves. 

Understanding these movement patterns allowed hunters to drive the bison over cliffs or 

steep hills at a great enough speed to ensure that the bison would not be able to stop and 

that death would result. Knowledge of wind direction was important so that the herds 

would not smell the hunters and steer away prior to the jump. Because of the complexity 

of the method, authors have argued that successful bison drives required large groups of 
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people. Not only were people needed to drive the animals to their death, but labor was 

also needed to build pounds, slaughter animals that did not die on impact, butcher the dead 

carcasses, and prepare the meat for storage (Arthur 1975), as caching of food appears to 

have been practiced during this time (Prison 1998:149). Several jump sites have been 

excavated including Head-Smashed-In Buffalo Jump, Old Woman's Buffalo Jump, Gull 

Lake Bison Trap, Yonkee Bison Trap, Wardell Bison Trap, and Billings Bison Trap, 

however more extensive geomorphic research is required to understand the social and 

economic complexities involved in driving bison (Frison 1998:142). Of these bison jumps 

and arroyo traps most have been dated to the periods before and after ENT I, only two 

sites, Head-Smashed-In Buffalo Jump and the Hawking Site date to ENT I. 

It is still unknown why mass bison kills dating to the ENT I period are virtually 

absent. It may be related to the decrease in mobility of hunter-gatherers during this time. 

If groups were not moving around as much, then geomorphically desirable areas for bison 

jumping may no longer have been within the local area inhabited by ENT period groups. 

Although this form of subsistence strategy may have changed, it appears that bison were 

still the main source of food during this time, however, deer, sheep, elk, canids, jackrabbits 

and several other small mammals were also valuable additions to the diet. Plants of various 

species contributed to the diet as well. Fruits, flowers, shoots, berries, tubers, seeds, and 

cambium layers are considered to have formed an important part of the prehistoric diet 

(Frison 1998:150). 

According to Prison (1998:147) population increase must have occurred between 

Paleo-Indian and ENT period, however most groups were still relatively small and 

probably did not exceed the complexity of the band level. Although, he suggested that the 
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amalgamation of several groups was required for certain tasks, such as quarrying raw 

stone, Frison (1998:147) argued that at the end of these tasks the communal group would 

have split off back into their original units. 

Changes in cultural practices associated with EMP II include the switch from using 

rock shelters to tipi rings around 5300 14C BP (Frison 1998:156). Although religious 

practices not completely understood, they are better known for this time period than those 

before it. These practices often involved the use of bison or other faunal remains, 

especially skulls and skull caps, and are sometimes found in association with red ochre. 

Although human skeletal material is rare on the Northern Plains, several individual 

interments have been recovered dating to 5,350-5,250 '4C BP in central Wyoming, and 

more than 100 burials dating to 4,955 '4C BP have been recovered at the Gray Burial site, 

in southwestern Saskatchewan (Millar 1981). The grave goods associated with these 

burials allow archaeologists a small view into some of the ritual practices that may have 

been associated with supernatural beliefs. The following section will review the 

archaeological materials associated with the cultural traits and practices just discussed. 

Archaeology 

As was mentioned in the introduction, the archaeological complexes relevant to this 

thesis are Mummy Cave and Oxbow. The material correlates for both of these complexes 

will be discussed at regional and local levels. First, a cultural chronology of Mummy 

Cave and Oxbow cultures on the Northern Plains will be discussed including a general 

description of the artifacts associated with these cultures. Second, a review of a few 

similar aged sites in Saskatchewan will be provided followed by a description of the 
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artifacts associated with each occupation at the Below Forks site, contextualizing them 

within the regional framework. 

Mummy Cave Culture (7.500 to 5.000 '4C BP)  

The Mummy Cave complex was first proposed by Reeves (1969) to describe 

components characterized by "Simonsen-like" projectile points occurring along the Rocky 

Mountains from Alberta to Wyoming and east to Manitoba. Regionally, the Mummy Cave 

complex is characterized by large side-notched projectile points, bison remains and hearth 

features, although artifact assemblages vary from site to site. 

The Mummy Cave type site is located in northwestern Wyoming. The Mummy 

Cave sequence at the type site extends from 7,140 ± 170 14C BP through the Altithermal to 

5,610 ± 280 '4C BP, however the artifacts recovered from the site are few in number. 

Materials from Mummy Cave are characterized by large side-notched projectile points, 

most likely used as atlatl-lance tips, which replaced earlier lancelet points (Frison 1978:41; 

Husted 1978:142; Wedel et al. 1968:184). The side-notched points found at Mummy Cave 

have straight to slightly concave bases. The side-notching, which runs parallel to the long 

axis of the blades, is described as wide and deep (Buchner 1979:136). Mummy Cave blades 

range from 26-55mm in length and were manufactured from chert, obsidian, petrified wood 

or various local materials (Buchner 1979:146). 

The Mummy Cave assemblage also includes a variety of chipped stone scrapers, 

ranging from crude rectanguloid and ovate to pentagonal in shape (Buchner 1979:137). 

Serrated side scrapers fashioned from broken projectile points are also associated with this 

complex (Buchner 1979:137). Other stone tools included stone knives, bifaces, gravers, 

hammerstones and cores. The stone knives were often bifacially flaked and ovate, 
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rectangular, or trianglular in shape. Circular and ovate bifaces were recovered as well as 

iinifacially flaked linear and ovate gravers (Buchner 1979: 137). Cobble hammerstone, 

hematite nodules and fragments of various polished stones were also included in this 

assemblage. 

While stone artifacts were the primary constituents of the Mummy Cave 

assemblage, items manufactured from organic materials were also recovered. Polished and 

ground bone flakers, antler flaking tools, a bone bead and possible eyed bone needles were 

reported from dated contexts (Buchner 1979:137). Grey (1962:240) stated that the bone 

bead recovered was tubular in shape and fashioned from a bird bone. 

Faunal materials were recovered from the type site, but peculiarly bison remains 

were absent. Identified species included shellfish, small mammals such as water shrew, 

wood rat, white-footed mouse, deer mouse, Montana vole, medium sized mammals such as 

jack rabbit, beaver, dog or coyote, marten, large mammals such as mountain sheep and 

deer, and birds such as Canada goose and grouse (McCracken et al. 1978:149-150). 

However, bison remains are numerous at other Mummy Cave sites such as the Gap site in 

southwestern Alberta (Reeves and Dormaar 1972) and the Hawken site in the Black Hills 

of Eastern Wyoming (Frison et al. 1976; Frison 1978:192-201). 

Features excavated at the Mummy Cave type site consisted only of hearths. The 

hearths were oval in plan view and shallow basin-shaped in cross section, lengths range for 

45 to 135 centimetres (Buchner 1979:138). Although only buried hearths were found at the 

Mummy Cave site, both buried and surficial hearths have been reported across the 

Northern Plains. 
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Very few similar aged sites have been located in Saskatchewan. The Long Creek 

site, located in southeastern Saskatchewan near the North Dakota border, is situated on the 

south side of the creek in the Long Creek valley. Long Creek is a multi-component site 

with the lowest occupation, level 9 dated at 4,993 +1-125 '4C BP (Mayer-Oakes 1960: 69). 

Level 9 contained artifacts consistent with the Mummy Cave description, however as this 

site was excavated prior to Reeves' (1969) defmition of the type site, in conjunction with 

the lack of recovered diagnostics it was not described as belonging to the Mummy Cave 

complex until after publication. The artifact assemblage recovered from the site included 

stone tools such as a notched blade/scraper, portion of a blade, and seven worked flakes. 

Identifiable faunal remains were limited to one bison scapula and incisor. Scraps of 

probable bison bone dominated the indeterminate faunal remains. Finally, one hearth was 

located at the site in conjunction with a bison scapula covered in red ochre, the function of 

which is still unknown (Mayer-Oakes 1960:66-69). 

The Gowen Site also contains materials that are associated with the Mummy Cave 

culture. Excavations in 1977 (Gowen I) and 1980 (Gowen II) revealed a bison processing 

area and a habitation site, which are assumed to be associated based on the consistency of 

lithic materials (Walker 1988:67). Due to its geographic and ecological characteristics, 

(i.e. its location within the parkland ecotone, in a riparian environment, and flanked by the 

South Saskatchewan River) this site will be used as a comparison site throughout this thesis 

in terms of paleoenvironmental and sedimentological data. Based on radiocarbon dates the 

Mummy Cave occupation at this site is dated to 6,150 ± 100 14C BP (S-1547) (Walker 

1992:26). 
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Artifacts recovered from this site included a variety of chipped stone and bone 

tools, abundant lithic debitage, and fire cracked rock (Walker. 1988:68). Ninety-eight 

projectile points were recovered, of which many were distal blade fragments. Based on the 

more complete points the point typology was considered to be relatively consistent. In 

addition, gouges, used for scraping or shredding non-pliable materials were recovered, as 

well as bipolar cores and anvils (Walker 1988:68). 

The faunal assemblage recovered from the site was remarkably fragmented, leading 

Walker (1988:71) to conclude that the elements were most likely broken for marrow 

extraction. The assemblage was composed of at least 95% bison remains, the remaining 

5% consisted of wolf, coyote or dog, pronghorn antelope and a variety of small mammals 

(Walker 1988:71). Flotation samples recovered only a few seeds. Those identified include 

Chenopodiacea sp. and Chenopodium album. 

While Mummy Cave materials are frequent throughout central Saskatchewan's 

southern boreal forest, most of the sites are surface finds lacking stratification, or have been 

disturbed by cultivation (Meyer 2001:1). As was previously mentioned the Below Forks 

Site contains a well-stratified Mummy Cave occupation, thus it has the potential for 

providing information regarding the relationship between Mummy Cave people and their 

local environment in Central Saskatchewan during the Altithermal (Meyer 2001:1). 

The Mummy Cave materials recovered from the Below Forks Site include both 

lithics and faunal remains. Abundant Swan River chert, cores, end-scrapers, corner-

notched projectile points, a side-notched preform, base of a side-notched point, copious 

amounts of debitage, and fire cracked rock were recovered. Faunal remains were 
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composed of bison, elk, fish, and canid as well as a few clam shell fragments. In 

addition, a bone rod, antler tine pressure flaker and an anvil were also recovered (Meyer 

2002: 17). 

While the materials recovered at the Below Forks site do not represent all of the 

variability that was pl:esent in Mummy Cave culture, it is clear based on comparison to the 

type site as well as other sites in Saskatchewan that the materials recovered from the site 

belong to the Mummy Cave culture. Based on this lack of artifact varibility in conjuction 

with the large amount of debitage, and the recovery of the antler tine pressure flaker and 

anvil the Below Forks Site has been interpreted as a lithic processing site (Meyer 2002:21). 

Oxbow Culture (5.000 to 3,500 14C BP)  

The second type of cultural remains found at the Below Forks Site is associated 

with the Oxbow culture. Walker (1992) suggested that based on projectile point 

morphology, the Oxbow culture may have been derived from the earlier Mummy Cave 

culture. The Oxbow cultural type is based on two Saskatchewan sites. During 1957, 

excavations at Oxbow Dam, Saskatchewan (Nero and McCorquodale 1958) and the Long 

Creek Site, Saskatchewan (Wettlaufer and Mayer-Oakes 1960) yeilded several projectile 

points with associated cultural materials. Oxbow materials are found throughout 

Saskatchewan, Manitoba, Alberta, and to a lesser extent British Columbia, North and South 

Dakota and Montana. The relationship between these sites is primarily based on the 

distinctive morphology of Oxbow projectile points. Oxbow points, used as atlatl-lance tips 

(Millar 1982:84), can be recognized by their concave-base, leaf shaped body and 

characteristic comer-iiotched "ears." 
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Several Oxbow aged sites have been identified in Saskatchewan. Surface finds 

have been recorded along the North Saskatchewan River (Meyer and Dyck 1968), in Prince 

Albert National Park (Forsman 1972), near Elbow (Wettlaufer and Mayer-Oakes 1960), 

and Melfort (Nero 1957), throughout central Saskatchewan (Wettlaufer and Mayer-Oakes 

1960) and around the east block of the Cypress Hills (Millar et al. 1972). Archaeological 

materials associated with the Oxbow culture include tools such as atlatl dart points, knives, 

bifaces, end scrapers, perforators and unifaces made of a crypto crystalline silicate and 

quartzite (Millar 1981:85). Hammerstones are commonly found as well. Bone tools 

include various types of large scrapers, flaking tools and pointed, drilled and notched tools 

of an unknown function (Millar 198 1:85). Shell ornaments in the form of gorgets, 

pendants, and beads made from freshwater mussel have been recovered. A copper crescent 

found near the Castor Creek Site has been argued to represent trade with the Great Lakes 

region. Red ochre associated with many of the known Oxbow burials was also found at the 

Oxbow Dam Site as well (Millar 198 1:85). 

Faunal remains consist primarily of bison, however canids, fox, hare, elk, moose, 

antelope, deer, marten, ground squirrels, frogs, pocket gophers and various types of birds 

have also been recovered from Oxbow aged sites (Millar 1981:84). The recovery of net 

sinkers and mussel shells suggest that lakes and rivers may have been exploited for their 

resources as well (Millar 1982:84). Evidence for bison drives associated with this culture 

is lacking, however as they were used before and after this period, it is likely that some sort 

of killing strategy, other than stalking was used. Reports of a possible impounding site 

near the Harder Site, Manitoba in conjunction with the bison MNI counts from this site 

support this theory (Dyck 1977:56). 
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Hackberrries found at the Long Creek Site indicates that botanical resources were 

exploited, however to what extent is unknown (Wettlaufer and Mayer-Oakes 1960). The 

Long Creek Site also yeilded a large number of complex bifaces including leaf-shaped, 

small ovate, circular, and elongate bilateral forms (Wettlaufer and Mayer-Oakes 1960). 

Another striking find at the Long Creek Site was a series of small plan-convex, and tear-

drop end scrapers which dominated level 8, but were completely absent from level 7. 

Unlike many of the cultures that inhabited the Plains before, the mortuary practices 

of the Oxbow culture are somewhat well represented archaeologically. There are an 

estimated 500 individuals interred at the Gray Site (Millar 1979) in southwestern 

Saskatchewan. These individuals were interred between approximately 5,100 and 3,000 

'4C BP. Both primary extended and secondary burials are represented. Artifacts associated 

with these burials include personal ornaments of copper tube-beads, assorted shell beads, 

mother-of-pearl pendants, shell gorgets, stone pendants, eagle claws and projectile points 

(Dyck 1977:196-200). 

Fewer artifacts were recovered from the Oxbow dated levels at the Below Forks 

Site than those recovered from the Mummy Cave levels. Materials associated with the 

Oxbow culture include the "ear" of an Oxbow type projectile point, as well as a complete 

projectile point, which based on its incipient "ears" appears to be a variant of an Oxbow 

type point (Meyer 2002:14). Debitage was scattered throughout the Oxbow levels. Faunal 

remains included bison scapulae, and small amounts of unidentifiable bone fragments. 

Other cultural material included red ochre, a section of caribou antler possibly used as a 

billet for percussion flaking, however it lacks diagnostic pecking marks. Based on this 
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evidence Meyer (2001) has suggested that the Below Forks Site was used as a lithic 

processing site during the Oxbow occupation as well. 

While only a few carbonized hazelnuts, choke cherry seeds and possible 

blueberries/saskatoons were recovered from the Below Forks Site, it has been argued that 

during the times when Mummy Cave and Oxbow people would have inhabited the site the 

local conditions would have been somewhat similar to the conditions today. This is in 

contrast to the homogeneous climatic theory proposed by Antevs (1948) relating to this 

time period. The following section will describe this change in climate and the debate 

surrounding it. 

Altithermal 

Based on the information presented above it is clear that differences in point types 

and subsistence strategy have been used to distinguish Early Middle Prehistoric people 

from their predecessors. This change is often associated with the change in climate that 

occurs at approximately the same time. As was discussed in chapter 2, the Plains area 

experienced a warming, drying period that started around 7,500 '4C BP. While several 

archaeologists have focused on this issue, it is still unclear to what extent the change in 

climate affected human populations. As both the Mummy Cave and Oxbow complexes 

occurred within this time frame, investigations at sites containing these components have 

not only focused on cultural reconstruction, but how climate change may have lead to 

cultural change during this time. Unfortunately, authors that attempt to do this tend to base 

their interpretations on regional climatic models, such as Antevs' (1958) Altithermal 

model. However, this scale of investigation is inappropriate if local conditions are not 

homogeneous throughout the Northern Plains. Thus, site-specific data, such as that 
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collected at the Below Forks site is required to determine the extent of regional climatic 

variablity. 

Archaeologists such as Mulloy (1954) used Antevs' (1948) climatic model to 

explain the lack of archaeological sites located on the northwestern Plains after 6,000 14C 

BP. Mulloy (1954:433) argued that the warmer, drier conditions may have caused the 

Plains to become partially or totally abandoned. However, he also suggested that an 

alternative explanation for this lack of sites was simply lack of exhaustive survey for sites 

(Mulloy 1954:433). Additionally, Wheeler (1958) suggested that while abandonment was 

a possibility, there were several other explanations for the lack of mid-Holocene aged sites 

that needed to be explored further. Alternate explanations provided by Jennings (1957) and 

Jennings and Norbeck (1955) concluded that the change in climate caused big game 

hunters to shift toward a scavenging way of life. This new resource procurement strategy 

was termed the Desert Culture Pattern. Jennings (1957) believed that the lack of 

archaeological sites during this time was reflective of this change in subsistence strategy. 

Wedel (1961) agreed with Jennings (1957) arguing that climatic conditions may have 

reduced vegetation suitable for sustaining bison populations, thus reducing Plains bison 

hunters to forager status. However, Wedel (196 1) argued that the 'Desert Culture' way of 

life was not ubiquitous across the entire Plains. Rather, Wedel (1961:255) suggested that 

areas of local abundance, 'refugia,' may have allowed bison hunting to continue, but on a 

smaller scale. 

Hurt (1966) noted that such refugia may have been located in areas of increased 

water supply such as the northern and eastern peripheries of the Plains, in the mountain 

areas of the west and in lower elevations sustained by mountain-fed springs and rivers. 
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Many of the archaeological sites dating to this time period are located in these areas 

(Hurt 1966:104). While it was clear to Hurt (1966) that total abandonment did not occur, 

he argued that there was a decrease in both human and animal occupation of the Plains. 

Moreover, Hurt (1966:101) suggested that this decrease in occupation was not the result of 

sampling error or erosion. He based this interpretation on the abundance of sites dating to 

before and after the Altithermal (Hurt 1966:101). 

In contrast, Reeves (1973) argued that there was not a population reduction on the 

Plains during the Altithermal. Reeves (1973) suggested that the climatic change of the 

Altithermal allowed shortgrasses to expand northward fifty to seventy-five miles. Reeves 

(1973:1228) contended that since bison were best suited to shortgrasses, the expansion of 

shortgrasses would have resulted in the increase of bison populations on the Plains 

arguably allowing Plains inhabitants to remain on the Plains during the warming, drying 

period. In response to the rarity of archaeological sites, Reeves (1973:1243) cited small 

sampling area, the lack of sampling of appropriately aged geomorphic features, site 

destruction by alluvial erosion, and deep burial by alluvial deposition. Moreover, Reeves 

(1973:1245) contended that the misidentification of projectile points as belonging to later 

occupations further complicated this problem. 

Reeves' (1973) argument was based on the heterogeneous climatic model 

recognized by paleocimatologists (Bryson et al. 1970). Bryson et al. (1970) contended 

that climates do not affect continents homogeneously. Rather, based on paleoecological 

records it appeared to Bryson et al. (1970) that geographic features often controlled local 

conditions allowing variation to occur within a larger climatic regime. Reeves (1973) used 

this line of reasoning to argue against abandonment during the Altithermal as conditions 
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would not have been as hot and dry as they were in the southwestern United States 

where most of the archaeological research has been conducted. Thus, animal and plant life 

would not have been eradicated, only displaced farther north. 

On the other hand, Buchner (1979:9) argued that the lack of Altithermal aged sites 

is "more complex than simple observer bias" as was suggested by Reeves (1973). He 

argued that Wedel (1961) and Hurt's (1966) refugium models were more plausible 

explanations, especially when one considered the lack of available drinking water for both 

humans and bison during this time period. Buchner (1979:9) also disagreed with Reeves' 

(1973) interpretation regarding point identification, stating that "With the number and high 

attendance of regionally oriented conferences, it seems highly unlikely that the 

'nonrecongition of artifact types in surface collections' played any significant role in 

creating the impression that the northern plains were largely abandoned during the 

Altithermal." 

Buchner's (1979) argument was similar to Bryson et al. (1970) and Reeves (1973) 

in that his model was based on a heterogeneous reaction to climate change. However he 

argued that only the forested periphery of the grasslands, which received more precipitation 

was habitable, and that the grasslands, which dominated the Northern Plains were 

completely desiccated. During peak aridity 7,150 to 6,550 '4C BP Buchner (1979) argued, 

bison herds would have been reduced, communal bison hunting would have ceased and 

foraging subsistence patterns would have prevailed. Buchner (1979) stated that 

populations would have moved to and remained in the cooler, moister peripheries, a 

conclusion reminiscent of Hurt's (1966) refugium theory. 
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According to Vickers (1986:58) both Reeves (1973) and Buchner (1979) were 

incorrect for attempting to address the problem of reduced carrying capacity through the 

use of paleoenvironmental data. Vickers (1986) contended that the only way to answer 

such a question was through further archaeological investigation. In an effort to determine 

if sampling error was the cause of low site frequency Sheehan (1995, 1996) compared 

recent survey results of Paleo-Indian, Early Archaic, and Middle Archaic sites to those 

reported by Reeves (1973). If frequencies differed Sheehan (1995) postulated, then 

sampling problems were the cause of low site occurrences, however if the frequencies 

coincided then human response, not sampling bias was the answer.. 

Sheehan (1995) examined the results from a pipeline survey conducted in Montana, 

North Dakota, South Dakota and Nebraska. He argued that these surveys covered all 

representative types of landforms and ecological zones located on the Plains. Similar 

ranges of geomorphic features and vegetation niches were also represented in Reeves 

(1973) investigation. Based on his research Sheehan (1995) concluded that while sampling 

bias was accountable for low Paleo-Indian and Middle Archaic sites, Early Archaic sites 

were still infrequent. Of the Early Archaic sites that were located, all of them were at or 

near areas of stable water supply. These results indicated to Sheehan (1995) that Hurt's 

(1966) refugium model still held true. 

Shortly after Sheehan's (1995) study was published, Artz (1996), a geologist, 

responded by stating that geological processes such as burial and erosion would have 

distorted the results from the pipeline survey. Artz (1996:384) contended that shovel 

testing would not have revealed deeply buried sites. Artz (1996:387) suggested that the 

geologic activity of the Holocene caused considerable reworking of the sediments. Long-
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term storage of aeolian and colluvial sediments may have buried EMP I and II sites to 

depths of several metres (Artz 1996:387). The appropriateness of this argument will be 

discussed in the interpretations section of this thesis. 

Summary 

The Early Middle Prehisoric period on the Northern Plains appears to be 

represented by cultural groups who responded to climatic change. While it is still unknown 

to what extent the climate actually changed and how that change affected ways of living 

there are several lines of evidence which are strongly supported by multiple authors that at 

least limited change occurred. Most authors agree that during the EMP I period lithie 

technology changed from large lancelet points to smaller atlatl dart points. This change 

may be related to changes in subsistence strategies based on climatic shifts, however this 

has yet to be proven as changes in subsistence strategies do not always come from a 

climatic impetus. It does appear that bison, previously hunted in large quantities by being 

driven over jumps, were not hunted on such a large scale during EMP I or II. Faunal 

remains at most EMP I and II sites indicate that diet still was based largely on bison, 

however only two large kill sites has been identified for this time period. Small groups of 

hunters may have killed only as many bison as they required. This may either reflect a 

change in bison populations or in hunting strategies. The switch to a new lithic technology 

is most likely dependent on this change. 

There are two EMP cultural groups represented at the Below Forks site; Mummy 

Cave and Oxbow. The artifacts recovered from this site suggest that the people associated 

with these materials followed similar patterns to those described for the EMP I and II on 

the Northern Plains. Bison was the main source of food, atlatl type projectile points were 
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used, permanent structures were not built, and occupations were of short duration. 

Based on the abundance of debitage found in both the Mummy Cave and Oxbow cultural 

levels at the Below Forks site it appears that this site was used repeatedly as a lithic 

processing site. 

Even though there are still many questions to be answered regarding climatic 

change on the Northern Plains during the Altithermal period, some general trends appear to 

be consistent. Around 7,000 14C BP conditions on the Northern Plains did get warmer and 

drier, however it is likely that these conditions were not homogeneous throughout the area. 

Rather, refugia, places of cooler wetter conditions were present. Based on archaeological 

excavations most ENT I and II sites are found at or near possible refugia. The Below 

Forks Site fits this model as it is located directly adjacent to the Saskatchewan River. 

Since most refugia are located at low elevations or are part of river systems, deposition of 

sediment may have buried many ENT I and II sites very deeply. This deep stratification 

may account for the apparent "lack of sites" on the Northern Plains during this time. 



51 
CHAPTER 4 
TECHNIQUES AND METHODS 

This chapter focuses on a few of the techniques and methods that are available to 

archaeologists for determining geomorphic change over time, depositional environments, 

relative age of soils and sediments and paleoenvironmental reconstruction. The techniques 

and methods employed to study the sediments and soils at the Below Forks Site were 

chosen based on the availability of materials, reliability of methodological procedures, 

length of time required to perform the method and extract data, and reproducibility of the 

method. A brief review of the difference between soils and sediments will be presented in 

the first part of this chapter followed by a cursory background of each of the techniques 

used and the methods actually employed to answer the questions proposed by this thesis. 

Methods conducted include field description, automated particle size analysis (PSA), loss-

on-ignition (LOI) for organic matter and percent carbonate, stable carbon isotope analysis, 

and soil micromorphology. Although pollen was collected from the site for analysis, the 

preservation was too poor to warrant further examination (Beaudoin personal 

communications 2002). 

Sediments and Soils 

Soils have been used by archaeologists in a multitude of ways. Most commonly, 

archaeologists use soils as stratigraphic markers, however, soils can be more useful than 

just as relative age indicators (Holiday 1989:187, 1990:536). Soil chemistry is often 

assessed to determine the amount of phosphorous in soils, which can be an indicator of the 

presence and intensity of human occupation (Holliday 1989:187). Moreover, soils can be 

examined microscopically to determine the contexts of the deposits. Finally, soil pedology 

can be studied for landscape and climatic reconstruction (Mandel and Bettis 2001:174). 
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The following section will review the definitions of sediments and soils, and the 

terminology associated with them. 

Deposits are three-dimensional units uniform in physical characteristics that are 

recognizable in the field (Stein 2001:4). Deposits, layers, and levels are interchangeable 

words that all refer to the same type of unit although some are more commonly used in 

archaeology while others are typically used in geosciences. These words refer to both 

sediments and soils. Sediments are particles, organic or mineral, which have been 

transported by ice, water, wind, gravity or humans from their place of origin to their place 

of deposition (Stein 2001:6). The conditions under which sediments are transported often 

leave characteristic traces within deposited sedimentary packages. Transportation can 

leave sediments rounded, sorted, and oriented in relation to their specific mode of 

transportation. For example, transport by water can sort particles such that when deposited 

the coarser, heavier particles are at the bottom and the fmer, lighter particles are at the top 

of a stratigraphic section. Because each mode of transportation leaves characteristic 

signatures on the sediments that it deposits, examination of the structure and particles of a 

sedimentary package by geoarchaeologists can reveal how an archaeological site was 

formed and the processes that have affected it since abandonment. 

The study of sediments can also be used to identify cultural activity. Sedimentary 

systems can be modified by human activity such that the original sedimentary package is 

altered (Stein and Rapp 1985:143). Humans transform the sedimentological record by 

transporting sediments intentionally or unintentionally to archaeological sites. Intentional 

transport includes the movement of sediment to make tools, pottely, bricks or structures. 

Unintentional transport includes the unknown movement of sediment attached to a person 
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or the object they are transporting (Stein and Rapp 1985:143). Both of these modes of 

transportation can leave their mark in the stratigraphic record. 

Soils on the other hand are not the result of natural or human transportation thus 

they cannot be used to identify depositional regimes, rather they are the result of in situ 

weathering of parent material and decomposition of organic matter. While many authors 

have proposed definitions for the term soil, two stand out as being the most comprehensive. 

The Soil Survey Staff (1996:1) defines a soil as "the natural bodies, made up of mineral 

and organic materials that cover much of the earth's surface, contain living matter and can 

support vegetation out of doors, and have in places been changed by human activity." 

Mandel and Bettis (2001:175) argue that this definition is inadequate for archaeological 

use. They suggest that soils are also defined by their secondary alterations related to 

weathering. Therefore, a second definition has been provided. Birkeland (1999:2) defines 

soil as "a natural body consisting of layers (horizons) of mineral and/or organic 

constituents of variable thicknesses, which differ from the parent materials in their 

morphological, physical, chemical, and mineralogical properties and their biological 

characteristics." Thus, based on these definitions it appears that a soil is a natural body that 

is composed of mineral and/or organic components that have been altered physically, 

chemically, mineralogically, and biologically from their parent material such that 

vegetation can be supported. This alteration may be natural or manmade. Note that neither 

definition refers to an absolute time required for soil development, nor do they suggest that 

soils must exhibit a specific degree of pedogenic development to be considered a true soil. 

Characteristics used to identify soils include color, texture, organic matter, structure, 

cation-exchange capacity and pH (Birkeland 1999:12). Soils are often dark brown to black 
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and most soils have finer texture than parent material as mechanical and chemical 

weathering as well as atmospheric deposition and neoformation add silt and clay sized 

particles to A horizons. These characteristics apply to the identification of paleosols as 

well. 

The definition of the term "paleosol" was reviewed by Kiassen (2003) in an effort 

to resolve the confusion surrounding it, particularly with respect to its usage in describing 

soil packages in archaeology. She determined that the term paleosol had a variety of 

unsatisfactory definitions such that the conditions of its usage should be well defined by the 

author. For clarity, the term paleosol generally refers to a soil, either buried or surficial, 

which was formed in the past, and was associated with a particular landscape (Morrison 

1967:10; Butzer 1971:170; Ruhe 1965:755; and Yaalon 1971:29). Therefore, for 

intelligibility authors who intend to discuss paleosols should only refer to soils that are not 

being formed under current conditions, should make it abundantly clear whether the 

paleosol is buried or surficial and should discuss the landscape with which the soil is 

associated. 

Soils and paleosols are important archaeologically for three reasons. First, soils are 

inextricably tied to the physical landscape. They conform to the undulating crust of the 

earth providing stable surfaces for humans to live on (Holliday 1989:187). Second, soils 

are the foundation from which vegetation grows and the repository for vegetation as it 

decays. Finally, soils are often the setting for artifact preservation. Thus, studying soils 

can reveal information pertaining to the geomorphology of past landscapes, 

paleo environmental conditions and differential artifact preservation. 
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Soils and paleosols sampled at archaeological sites can be used to link local 

environmental phenomena to regional environmental settings. The technique used to do 

this is paleopedology. Paleopedology is the study of paleosols (Ruhe 1965). 

Paleopedologists study pedogenic structure, the development or bonding of individual soil 

particles into soil aggregates separated by planes of weakness (Birkeland 1999:12; Waters 

1992:44). Individual aggregates or peds are classified based on their basic shape 

(Birkeland 1999:12). Organic matter and clay content are vital in the formation of ped 

shape. Organic matter tends to form spheroidally shaped peds, whereas a high clay content 

is necessary for the formation of blocky, prismatic and columnar peds (Birkeland 1999:12). 

The longer a parent material weathers, the more clay sized particles are available to form 

well-developed structure. Therefore, it can be argued that the degree of pedogenic 

development indicates a particular length of time that soil development occurred. 

According to Jenny (1941:31), not all soils develop structure at the same rate. In 

fact, some soils such as Chernozems often never develop mature soil characteristics (Soil 

Classification Working Group 1998). Although the degree of development differs with 

parent material and organisms present, it can be argued that generally the longer a soil has 

been a stable surface, the more well-developed a soil will be. If the duration between soil 

development and subsequent deposition is relatively short, less than 1,000 years, soil 

structure may be lacking (Brady and Weil 2002:63). Based on these general soil 

characteristics, geoarchaeologists can determine approximate length of soil development 

for soils associated with archaeological remains. Moreover, the degree of pedogenic 

development in conjunction with sedimentary information contained within a stratigraphic 

profile can be used to reconstruct the history of geomorphic processes and landscape 
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stability at archaeological sites. By knowing the relative age of a soil, archaeologists can 

determine the approximate length of time a stable surface may have been available for 

occupation. Relative age dating, based on pedogenic development, is especially important 

when dealing with paleosols in dynamic and complex geomorphic settings such as those 

found in alluvial environments. 

Soils, including paleosols, are a function of climate, organisms, parent material, 

relief and time (Jenny 1941:11; Brady and Weil 2002:40). Similarly, geomorphic features 

on the landscape are also related to climate, parent material, relief and time. Based on this 

relationship, buried paleosols can be used to reconstruct past topographic surfaces and 

determine the relative age of geomorphic features upon which they form (Jungerius 

1985:8). The length of stability of geomorphic features directly affects soil formation. The 

longer a geomorphic feature is stable, the longer soils are allowed to develop. This length 

of development in turn determines the amount of pedogenic structure the soils will exhibit. 

In addition to soil structure, Mandel and Bettis (2001:175) state that one of the most 

important soil characteristics, common to all soils, is genetically related vertical 

horizonation. Soil horizonation, like soil structure, is directly related to time. The longer a 

soil surface is stable, the more A and B horizonation it will exhibit. According to Brady 

and Weil (2002:66), an A horizon is the first soil horizon to develop and it can form rather 

quickly. A horizons are characterized by their organic-mineral composition, darkness in 

color and chemical and physical differences from the parent material. B horizons are 

formed as carbonic and other organic acids percolate through ground water dissolving 

various minerals (Brady and Weil 2002:66). The leaching of soluble minerals from A 

horizons results in the formation of precipitates such as calcium carbonate in B horizons 
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(Brady and Weil 2002:66). During this process clay particles are often translocated 

downward forming clay-rich B horizons. In fact, the presence of B horizons, as recognized 

by illuviation, can indicate some soil development even when soil structure is not present 

(Brady and Weil 2002:66). This process can take far less than 1,000 years (Jenny 1941:44). 

Moreover, Jenny (1941:44) argues that "as soon as rock, consolidated or unconsolidated, is 

brought into a new environment and acted upon by water, temperature and organisms, it 

ceases to be parent material and becomes a soil." However, in most cases soil horizonation 

and soil structure require at least a century, often millennia to develop (Mandel and Bettis 

2001:175). 

In some depositional environments the recognition of soil horizonation is difficult. 

Often organic or clay rich alluvium that has not be modified by pedogenesis, exhibits 

properties characteristic of A and B horizonation. (Mandel and Bettis 2001:177). They 

argue that soil horizons can be distinguished from these mimicking deposits by observing 

their boundaries and bedding. Alluvial deposits are characterized by abrupt and wavy 

boundaries, while true soils have clear, gradual or diffuse boundaries between horizons. 

Moreover, sedimentological bedding is obliterated during soil formation, therefore, 

deposits with discrete sedimentological bedding have not undergone soil development 

(Mandel and Bettis 2001). 

Mandel and Bettis (2001:177) argue that the use of soil micromorphology is useful 

in discriminating between pedogenic soil formation, and pseudo-soil characteristics. For 

example, the shrink-swell behavior of clays can result in blocky pseudo-soil structure. 

However, microscopic analysis of these deposits can reveal the lack of real pedogenic 

structure. In addition, groundwater carbonates can be distinguished from pedogenic 
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carbonates using soil micromorpho logy, although this can be extremely difficult. This is 

important because groundwater carbonates can form caicretes in tens to hundreds of years, 

whereas pedogenic caicretes require thousands of years to develop (Mandel and Bettis 

2001:179). Thus, the identification of the process by which caicretes form helps determine 

the age of the soil associated with the caicrete. Based on these features, a distinction can 

be made between a true soil and an alluvial deposit. Finally, Mandel and Bettis (2001:180) 

suggest that soils and alluvial deposits can be distinguished by their lateral extent. True 

soils are laterally extensive across various landforms and exhibit predicable variations in 

their properties related to changes in vegetation, drainage, and relative age of the 

geomorphic surface upon which they occur (Mandel and Bettis 2001:180). Individual beds 

of alluvium, on the other hand, cannot be traced laterally, and tend to pinch out quickly. 

Soils formed in alluvial geomorphic environments are useful for reconstructing site 

formation and paleo environmental history as they preserve soils and the information 

contained within them in discrete units that represent snapshots in time. Alluvial soils are 

simply soils developed within alluvial environments. According to Brady and Weil 

(2002:42), an alluvial environment is the part of a river valley that is inundated during 

flood events. This is also referred to as the floodplain. Sediments deposited during a flood 

event are coarsest near the river channel where the water is deeper and more turbulent. 

Finer sediments are laid out in the lower energy waters farther away from the channel. 

Changes in stream grade may result in down cutting of the river and the formation of a 

terrace system. If deeply enough incised terraces are no longer part of the floodplain as 

they are no longer inundated during flood events. According to Ferring (1992:3), episodic 

alluvial deposition during floods can result in complex soil profiles. This is important for 
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paleo environmental reconstruction as each buried soil and the information relating to the 

conditions under which it was formed is preserved in a discrete package. Therefore, 

changes in conditions over time, such as climate or vegetation can be easily recognized 

through laboratory analysis as the soils reflect conditions over such a short time period. 

This is different from sites where lack of stratification has lead to compound soil 

development and co-mingling of cultural material. Compound soils may represent long 

periods of time where local or regional conditions may have changed, however are not 

recognizable due to such processes as bioturbation. Well-stratified profiles can also result 

from aggrading loess or dune sands as well. In depositional settings such as these, soil 

development is inversely proportional to sedimentation rates (Ferring 1992:3). The soils at 

the Below Forks Site were developed along a meander belt that experienced aeolian, 

alluvial and fluvial sedimentation for approximately 10,000 years producing a complex 

stratigraphic profile that is conducive to preserving discrete intervals of 

paleoenvironmental data. The methods for extracting these data will now be discussed. 

Techniques and Methods 

Field Description and Sampling Strategy 

Field description is the most commonly used technique to describe soils and 

sediments. Historically, archaeologists have drawn stratigraphic profiles indicating the 

levels from which artifacts are found. Increasingly, archaeologists have begun to 

systematically record the color and texture of the matrix in which the artifacts are located. 

Noting descriptive details such as these serves to associate artifacts with the contexts in 

which they are found. As Stein (2001:2) observed, archaeologists work at a scale suitable 

for recognizing millimetre changes in sediment packages; therefore changes in soils and 
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sediments can be recognized at a scale comparable to archaeological time. Thus, this 

approach allows the sedimentological changes to be correlated with human occupation and 

abandonment of archaeological sites. 

Field description often consists of stratigraphic profiling, color, reaction to 

hydrochloric acid, recognition of sediment and soil structure and soil and sediment 

sampling. Stratigraphic profiles at a site can be drawn at many different scales, regional or 

local. Regionally, distinct stratigraphic markers, such as the Mazama ash which is found 

throughout Washington, Oregon, Idaho, southern Alberta, southern Saskatchewan and 

British Colombia, can be used to correlate packages of similar ages across large tracts of 

land (Hallett et al. 1997). Locally, two types of profiles are usually drawn. Profiles are 

typically drawn for each unit excavated, which are then correlated to create a larger profile 

that encompasses the entire archaeological site. As profiling allows the archaeologist to 

examine the sediments and soils at an intimate level several characteristics are recorded 

during profiling. 

Color is recorded in an effort to distinguish between the soils and sediments and 

degree of pedogenic alteration at a site. In addition, color is useful in recognizing trace 

patterns of post depositional processes such as iron stains left from ground water 

percolation. According to Dormaar and Lutwick (1969) color is the most easily observable 

property of soil development as increased organic content, tends to make soils dark in 

color. Even though organic matter begins to deteriorate over time, the color, while not as 

prominent, often remains darker than the surrounding sediments (Kingston 1982; 

Turcheneck et al. 1974). The presence of roots, macrofossils and cultural material can also 

aid in the recognition of buried soils. However, it should be noted that organic matter and 
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artifacts can also be transported from their original locations, thus their presence alone 

does not necessarily represent a buried soil. Recording the structure of soils and sediments 

can help to identify true soils from organic and clay rich sediments that do not represent 

stable surfaces. 

Finally, hydrochloric acid tests are often conducted as this technique is useful in 

distinguishing between deposits.. Hydrochloric acid (HCD combines with calcium 

carbonate (CaCO3) to produce carbon dioxide. The amount of carbonate in the sample will 

determine the strength of the reaction, i.e. the amount of carbon dioxide released. Calcium 

carbonate is usually associated with post-depositional processes, therefore the identification 

of areas of abundant CaCO3 aids in the reconstruction of diagenic and pedogenic processes 

occurring at the site. It can be especially important in the recognition of developing B 

horizons. 

Textural analysis of soils and sediments is conducted to determine the nature of the 

parent material, to aid in identification between depositional regimes, and to differentiate 

between soil horizons. As was previously discussed, understanding the particle size 

distribution, sorting, and structure of sediments can help to identify past depositional 

environments. Particle size analysis can also reveal pedogenic differences between soil 

horizons. For example, Birkeland (1999:112) suggests that due to the downward migration 

of clay-sized particles from above, in situ weathering, and percolation of water, B horizons 

have characteristically more clay sized particles than A and C horizons. Although texture 

is commonly assessed in the field using the "feel test", several laboratory techniques have 

been developed to more accurately determine particle size. As an automated particle size 
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analyzer was available through the University of Calgary's Earth Sciences Laboratory, 

textural analysis was not conducted in the field. 

Field description was performed at the Below Forks Site during the 2001, 2002 

and 2003 field seasons. It consisted of stratigraphic profiling, sedimentological and soil 

description, including recording Munsell color, and calcium carbonate testing. Profiling of 

the stratigraphy at the Below Forks Site was conducted at two scales. During the 2001 

field season, a 138 metre long profile was mapped using three stratigraphic marker beds 

that were continuous throughout most of the cut face (Figure 6). These beds included a 

well-developed Ah-horizon that marked the surface of the site. The second marker bed was 

the boundary between aeolian and fluvial deposition. This boundary was easily recognized 

as there was an abrupt texture change between the two sections and as gastropod shells 

were abundant in the fluvial material, but absent in the finer aeoliau material. The third 

marker bed was a dark buried A horizon approximately 210 centimetres below surface at 

the east end of the profile. This bed was laterally extensive across the entire site. The 

bottom of the profile was recognized as the interface between the profile wall and the 

colluvial slope below. In 2002, samples were collected from three areas along this profile. 

Their collection will be discussed shortly. 

In 2003, three 1 metre wide profile walls were drawn at the sampling intervals 

along the stratigraphic section (Figures 6, 7, and 8). Because the profiles were not drawn at 

the same time the samples were extracted, the figure of profile 2 does not match the depths 

of the samples taken as the lower portion of the profile was buried during the 2003 field 

season. The first profile was drawn of the south facing wall of the 1980 excavation unit 

91N 100E. The second profile was drawn of the south facing wall of 90N 133E. The third 
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profile was drawn of the south facing wall approximately 80 metres west of the 1980 

excavation unit along the stratigraphic section. The face of the cut section was cleaned to a 

depth of 186 centimetres below surface, as there was no excavation unit placed in this area. 

Because the east end of the profile had been buried following the 2001 field season, 

samples were not collected from this area, nor was the profile drawn at this end of the cut 

bank. The stratigraphic sections were drawn based on changes in sediment and soil 

characteristics as observed by the author. As the exposed profile at the site is 138 metres in 

length, almost vertical in height, and has an undulating colluvial slope interface it was 

impossible to draw detailed profiles of the entire cut face. Therefore, detailed stratigraphic 

columns that were drawn by the archaeologists working at the site throughout the 

excavation period will be used in interpreting the depositional history of the site as well. 

Field description and sampling during the 2002 field season included recording 

measurements of the soils and sediments present at the Below Forks Site at the three 

locations mentioned. Samples were collected at stratigraphic boundaries including all 

texture and color change interfaces. Color was recorded for each of the sediments and soils 

using a Munsell Soil Color Chart (1994). Value, hue and chroma were recorded for each 

sample. A 5% hydrochloric acid solution was used to record the samples general carbonate 

abundance. Structure of both soils and sediments was recorded if observed. Bulk 

sediments and soils were bagged and sent to the University of Calgary's Earth Sciences 

laboratory for further analysis. In addition to bulk sampling, micromorphological samples 

were also collected. These samples were taken at three intervals from the south facing wall 

of the 90N 133E unit. The details of this sampling are provided in the micromorphology 

section at the end of this chapter. 
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Particle size analysis was conducted on all soil and sediment samples collected 

during the 2002 field season. Although several manual methods for particle size analysis 

exist, a more accurate, precise and reproducible automated method was used. The Malvern 

Mastersizer 2000 Hydro G series is an automated particle size analyzer that determines the 

size of particles through laser dispersion analysis. Samples were prepared prior to analysis. 

First, the samples were air-dried overnight allowing the samples to become desiccated. 

The samples were then disaggregated using a Coors G0l07 model mortar and pestle. Care 

was taken not to crush any of the larger particles to ensure accurate particle size analysis. 

Because the Malvern Mastersizer 2000 can only analyze samples less than 2 mm a 1 mm 

screen was used to remove any particles greater than 2 mm. A 2 mm screen was not used 

as all particles are not round; thus prolate, and oblate shaped grains would have fallen 

through the screen. Particles greater than 2mm were sieved using a stack of screens 

ranging fiom 1-10 mm. The weight of the particles left in each sieve was recorded. 

Ground samples were placed into a Humboldt MFG CO. riffler with 1/8 inch chutes where 

they were split into unbiased sub-samples. The sub-sample size depended on the mode and 

the range of grain sizes that composed the sample. Generally, clay and silt dominated 

samples required 0.20-0.25g, fine sand required 0.3-0.5g, coarse sand required 1.Og+, and 

mixed samples range depending on the range of coarse to fine grains present. The sub-

samples were treated with 5m1 of 30% H202 to remove all organic matter present in the 

samples. Samples were left to air dry for completion of the reaction. This usually took 1-2 

days. Dried samples were then treated with lOml of a sodiummetahexaphosphate solution 

composed of 1L deioni7ed H20 mixed with 50g Calgon water softener grains. The purpose 

of this addition was to dsaggregate clay particles by neutralizing their charge, thus 
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defusing the attraction of the clay particles so that each grain could be measured 

individually. The samples in Calgon solution were left overnight until the reaction was 

complete. The samples, in solution, were then analyzed. Analysis of each sample took 

approximately 6 minutes. Each sample was individually added to the bath portion of the 

Malvern Mastersizer 2000 Hydro G series unit. Each sample was agitated while a sub-

sample of the added solution was removed and flushed from the bath into the central unit 

where it was analyzed by thousands of laser beams. When one of the beams came into 

contact with a particle the refractive index of the beam was recorded. As spheres refract 

light at angles unique to their size this index was used to determine the size of the particles 

in the solution. While this method is inherently flawed, because grains are not always 

spherical, this method is substantially more accurate than any other method currently used 

to determine particle size, (i.e. hydrometer, pipette, the feel test etc.) (Mottle and Morman 

1999). In addition, the time required for the automated method is dramatically less than 

that required for the methods just mentioned (Mottle and Morman 1999). The results of 

this analysis were reported as a logarithmic sequence based on particle sizes ranging from 

0.02tm to 2000im. As the classification units were exactly the same as those recorded by 

the Soil Classification Working Group, it was easy to convert the numerical values into 

size classes. The ranges reported in the Canadian System of Soil Classification (1998:157) 

and the Malvern Mastersizer 2000 are as follows: 
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Soil Classification units Canadian System of Soil 

Classification 
Malvern Mastersizer 2000 

V.Coarse Sand 1.0-2.0mm 1000-2000jim 

Coarse Sand 0.5-1.0imn 500-1000jtm 

Medium Sand 0.25-0.5mm 250-500jnn 

Fine Sand 0.1-0.25mm 100-250tm 

V. Fine Sand 0.05-0.1mm 50-100irn 

Silt 0.002-0.05mm 2-50jim 

Clay 0.002imn <2 jim 

Fine Clay 0.0002mnmn <0.2jim 

The reliability of this method was tested by Klassen (2003). Kiassen (2003:48) 

selected seven samples to be subjected to repeat analysis to test both accuracy and 

precision of the automated method. The tests indicated that this method is capable of 

producing both accurate and precise results. In addition, Klassen (2003:57) removed the 

carbonates using HC1 from four samples prior to analysis. Kiassen (2003:57) concluded 

that, although the removal of carbonates resulted in the loss of some clay sized particles, 

the results of the automated system were consistent enough that the removal of carbonates 

was not necessary. 

Organic Matter 

Organic matter has been defined as all living organisms, as well as all dead plant 

and animal tissues including residues (Stein 1992:195). Archaeologists have examined 

organic matter to answer questions relating to reconstruction of diet, climate, landscape, 

vegetation and signature of occupation (Stein 1992:193). This thesis focuses on the use of 

organic matter to reconstruct vegetation changes over time. 
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Organic matter can originate as part of a biological community associated with 

soil development, or be brought into a community through human transport (i.e. plant and 

animal tissue relocated for consumption, or shells traded for beadwork). As the organic 

matter associated with soil development begins to decay it is referred to as soil organic 

matter (SOM) (Stein 1992:196). SOM is involved in the in situ alteration of parent 

material at a site and is considered the most basic component in distinguishing soil 

horizons and soil classification (Soil Classification Working Group 1998). 

Bohn et al. (1985:135) define SOM as the accumulation of dead plant and animal 

matter. SOM includes partially decayed and partially resynthesized plant and animal 

residues as well humus, which is composed of humin, humic acid and fulvic acid (Brady 

and Weil 2002:512-513). SOM only accumulates on stable surfaces, or when: deposition or 

erosion is almost non-existent. The amount of SOM accumulated is dependent on the 

amount of biological activity within the community. In turn biological activity is 

dependent on the amount of water, light, seeds, heat and nutrients present in the ecosystem. 

Over time, organisms grow, die and decay eventually mixing with the parent material 

below forming an A-horizon (Stein 1992:196). 

Stein (1992:199) states that when organisms die their tissues are attacked by 

microbial organisms that produce metabolic energy from oxidation. Other plants and 

animals are also involved in the breakdown of organic material into residues and humus. 

As the organic matter breaks down into smaller parts, the organisms attacking those parts 

change as well. Generally, the smaller the organic component, the smaller the organisms 

that consume it. Decomposition rates of SUM are not only dependent on the number of 

organisms, but also on accumulation rates. In temperate zones 50-80% of all SUM is lost 
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from soils each year (Birkeland 1999:203-204). However if new organic matter is added 

to the system more organisms can be supported and organic matter cycling begins. At first, 

the introduction of more organic matter results in an increase in the percentage of SUM lost 

each year until a steady state is reached. The time required to reach this steady state ranges 

from 200 to 10,000 years depending on local and regional climatic conditions (Birkeland 

1999:203-204). This steady state will be maintained until accumulation rates are no longer 

at equilibrium. 

Burial can lead to disequilibrium in the organic matter cycle. According to 

Stevenson (1969), preservation of humic substances is dependent upon three factors: 

conditions of burial, environmental situation prior to burial, and subsurface biological 

activity. Increases in temperature, moisture, and oxygen can further induce decomposition 

of buried soil horizons. Moreover, organisms that dwell deep within the ground can attack 

buried SOM further decomposing it. Although rapid burial and low biological activity are 

conditions best suited for preservation, buried SOM regardless of conditions will decrease 

over time. 

There are several methodologies for estimating the amount of organic matter in 

soils. The most common method is loss-on-ignition analysis (LOT). There are several 

different methods of conducting LOT (Beaudoin 2002; Heiri et al. 2000; Stein, 1984; 

Bengtsson & Enell, 1986; Dean, 1974; Ball 1964). Each method differs in the amount of 

sample required, the time required for heating, and the temperature at which the sample is 

heated. The method chosen was that of McKeague (1976) method for several reasons 

including; 1) The equipment required for the procedure was available at the University of 

Calgary's Earth Sciences Laboratory; 2) The McKeague (1976) method had been used in 
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the department for several years; 3) It has been shown to be consistent and reliable, and 

the time and temperature required are mid-range compared to other suggested 

methodologies; 4) The method was used on all other SCAPE samples submitted for LOI. 

Using the same method on all samples for one project allows direct comparisons to be 

made between samples of different origin. 

The McKeague (1976) method for LOI is based on principles of weight loss. 

Approximately 7-lOg of sediment, some less depending on the amount of sample available, 

was weighed in heat-resistant crucibles. The samples were dried in a muffle furnace at 

105°C overnight to remove all moisture from the samples. The samples were cooled in a 

dessicator and then weighed. The samples were heated to 420° C for 90 minutes to 

combust all organic matter. The samples were again cooled in a dessicator and then 

weighed to determine the weight of the samples less the organic matter. The following 

equation was used to determine the actual percentage of organic matter in the samples. 

%OM =  Weight of oven dry sample - weight of sample after ignition X 100 
Weight of oven dry sample 

A conversion factor of 0.58 was multiplied by the percent organic matter to determine the 

approximate amount of organic carbon in the samples (Heiri et al. 2000). The 0.58 

conversion factor is a standard used to convert the weight of organic matter lost to the 

estimated percent orgRnic carbon in the sample. 

Carbonate Content 

Determining the, amount of carbonate in sediment and soil samples is useful in 

determining the processes that may have altered buried soils and sediment. According to 

Birkeland (1999:131), calcium carbonate in soils may originate from several sources. First, 

calcium carbonate can be derived from parent material. During weathering Ca can be 



70 
released from parent material to combine with HCO3 to form CaCO3. Birkeland 

(1999:131) argues that Ca can also be incorporated into the system via external sources 

such as precipitation and atmospheric dust. In addition, calcium carbonate may be the 

result of pedogenic processes. Primary and secondary carbonates can be distinguished by 

their distribution within the sample. Primary carbonates that is carbonates that are derived 

from parent material through pedogenic processes, develop as micrite, a form of low-

magnesium calcite, which replaces existing grains of soil (Retallack 2001:187). On the 

other hand, diagenetic carbonates form as sparite, bladed cavity filling crystals, thus filling 

pore spaces as the coarse crystalline structure grows (Retallack 2001:187). Kingston 

(1982:95) argued that relative concentrations of carbonates in A and B horizons can be 

used to distinguish between buried A horizons and parent material. Kingston (1982:95) 

suggested that diagenetic carbonate content often increases with depth within the buried 

soils, resulting in an overprinting of the original pedogenetic carbonate distribution of the 

soil horizons. In addition, it has been argued that pH is a function of the amount of 

carbonate present in alkaline soils (Kingston 1982). However, the pH of soils is an 

indicator only of present conditions, as buried soils undergo diagenetic processes pH can be 

altered reflecting diagenetic changes. Thus, it cannot be used reliably as proxy data for 

past environmental conditions and has not been conducted for this thesis. 

Research conducted by Heiri et al. (2000) determined that several factors can affect 

the results of loss-on-ignition. Based on experiments using sa-mples of 100% graphite and 

100% CaCO3, Heiri et al. (2000) concluded that the exposure time, position in oven and 

type of equipment used can produce dramatically different LOT results. They suggested 

that the best results are achieved when exposure time for organic carbon exceeds one to 
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two hours. Secondly, if possible researchers should not place samples in the center of 

the oven as they heat more thoroughly than the samples around the perimeter. Doing this 

will avoid producing approximately 2% difference in results between samples (Heiri et al. 

(2000). Finally, they suggest using caution when comparing results between laboratories 

as different equipment may produce different results. In addition, it should be noted that 

the results of their studies they suggest that heating samples at 850°C for too long may 

cause interstitial water to be driven from clay particles, thus affecting the final weight of 

the sample. 

Percent carbonate was also determined using the McKeague (1976) LOT method 

and was conducted on the same samples used for organic matter LOT. The samples were 

further heated to 850°C for 30 minutes to combust both primary and secondary carbonates 

present in the samples (McKeague 1976). The samples were cooled using a dessicator and 

weighed to determine the amount of carbonate combusted. The following equation was 

used to determine the amount of carbon dioxide released from the sample during ignition. 

%CO2 =  Weight of oven dry sample - weight of sample after ignition X 100 
Weight of oven dry sample 

Because only the CO2 component of CaCO3 is released during combustion, the amount of 

CO2 was then multiplied by a conversion factor of 1.36 to determine the amount of CaCO3 

in the sample (Heiri et al.. 2000). 

Stable Carbon Isotopes  

In nature, elements exist in two forms, stable and unstable (radioactive). Many 

elements have at least two stable isotopes, however their abundances are rarely equal. 

Often one stable isotope will be more common than the others. For example, the total 

amount of carbon present in nature is composed of two stable carbon isotopes: 98.89% '2C 
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isotope and 1.11% '3C (Ehleringer and Rundel 1989:1). The differential distribution of 

these two isotopes is termed fractionation. "Fractionation is a function of slight variation in 

the physical and chemical properties of isotopes and is proportional to differences in their 

masses" (Ehleringer and Rundel 1989:2). Because the differences in the equilibrium and 

kinetic characteristics of isotopic species are often small, the actual variation in isotopic 

abundances based on physical characteristics will also be very small (a few percent). 

Moreover, enzymatic discrimination also affects abundances on the order of 1 to 2% 

(Ehleringer and Rundel 1989:2). As these differences are so small, very precise 

techniques, such as isotope-ratio mass spectrometry are required for the measurement of 

isotopic ratios. Measuring the isotopic ratios in a sample will yield the total isotopic 

composition of that sample. For insured reliability and repeatability, the measurement 

should be based on the differences between a defined standard and the actual sample being 

measured. Thus, the isotopic composition of a sample is expressed as: 

6X td = (RsamplelRstd - 1) ' 1000 

where 6X td is the isotope ratio in delta units relative to a standard, R11dRtd is the 

absolute isotope ratio of the sample over the standard. As the differences between these 

two numbers are often quite small multiplying by 1000 allows the values to be expressed as 

parts per thousand (%o) (Ehleringer and Rundel 19 89:3). 

While there are many isotopes that can be examined for archaeological purposes, 

this thesis will focus on the use of carbon isotopes for revealing the isotopic composition of 

soils in an effort to recognize the abundance of C3 to C4 pathway plants in total soil 

composition. Plants fix CO2 through one of three photosynthetic pathways; C3, C4 and 

crassulacean acid metabolism (CAM) (Koch 1998; Boutton 1991; Tieszen and Boutton 
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1989; Dzurec et al. 1985; O'Leary 1981; and Deines 1980). Each of these pathways 

fixes carbon differently, thus plants that use different pathways contain ratios of '2C to 

unique to the pathway used. Plants that use the C3 pathway fix CO2 as a three carbon sugar 

that preferentially integrate '2C over '3C. Total '2C to '3C ratio values for C3 pathway plants 

range from -20 to 35 0/00 (Ehleringer and Rundel 1989:6). Plants that use the C3 pathway 

are usually associated with cooler and moister. C4 pathway plants fix CO2 as a four carbon 

acid that uses 13C more readily, thus its values are less negative ranging from 9 to -19 0/ 

(Ehleringer and Rundel 1989:6). Generally, plants that use the C4 pathway tend to be 

associated with warmer and drier environments. Some plants, such as succulents found in 

and climates, use CAM pathways that allow the plant to fix carbon through either the C3 or 

C4 pathway. As these plants use both pathways their total 12 C to '3C ratio values can range 

from 9 to 35 0/no. However as most of these plants live in areas dominated by C4 plants 

their values are usually similar to C4 plants (Ehleringer and Rundel 1989:6). 

The equation used to represent the ratio between 6 12 C and 613 C and therefore is 
expressed as: 

6'3Cvalu e '00 = ('3C/ 12Csampie - '3C/ 12Ctand,rd) X 1000 
'3C/ 12Csthndard 

The standard used in this equation is Pee Dee belemnite (PDB) from the Pee Dee formation 

in South Carolina. All 6'3C values are expressed relative to this standard, thus as all 

biological material is depleted in 513  relative to PDB all 613C values are expressed as 

negative numbers (O'Leary 198 1:553). 

Unfortunately, understanding carbon isotopes and how they are reflected in plant 

communities is not as simple as the above explanation. Other factors affect 613C values. 

Changes in 6'3C values found in atmospheric CO2 directly reflect the amount of '2C to13C 
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absorbed in plants. Certainly, the ratio of '2C to 13C present in the atmosphere is not the 

same today as it was thousands of years ago. According to O'Leary (1981:553) the current 

percentage of atmospheric CO2 has a 613C value of ca. 7.0°I depending on where the 

samples are taken. Urban values can range from -7.8 to 12°/, and up to -30%o in areas of 

coal and petroleum combustion, whereas values from rural areas tend to be approximately 

(O'Leary 1981:553). These values contrast with those present for the pre-industrial 

Holocene which is estimated at 6.5°I (Koch 1998). Moreover, during glacial maximum 

atmospheric CO2 is estimated to have contained -7.5'/00 513 C. 

Tieszen and Boutton (1989) noted that moisture levels can also affect ö13C values 

by 1 to 2 0/00. Furthermore, seasonal variations of 6'3C have been reported in current 

atmospheric CO2. During the spring, soil respiration preferentially releases '2C into the 

atmosphere (Boutton 1991). Conversely in the fall, atmospheric CO2 is enriched with '3C 

as plants preferentially absorb '2C from the atmosphere (Boutton 1991). With these values 

in mind, it is clear that 613C values should be evaluated with caution, especially when 

comparisons are drawn between current values and those of the past. 

Recently, a study of stable isotope composition of Saskatchewan soils was 

conducted by Landi et al. (2003). They collected surface samples from eighteen sites from 

southern and central Saskatchewan. Samples were only collected from well-drained to 

slightly undulating upper slopes in order to control topographic variables. Moreover, all 

soils were developed on parent materials dominated by glacial till, which had never been 

cultivated. Their results suggest that 3'3C varies between soils developed under boreal 

forest, parkland and prairie conditions. This is not surprising as the vegetation composition 

between the three varies quite dramatically. In Landi et.al's (2003:411) study the 
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following calculation was used to determine the ratio of C3 to C4 pathway plants based 

on VC values: 

Percentage of C3 Plants = 513  (c3+c4'- 813C(C4) 
'-' c 0  

- 

l3g— cl3c- 

Where 613C(c3+c4) is from bulk organic matter, 613C(C3) is an average for C3 plants (-27%o), 

and ö'3C(c4) is an average for C4 plants (-13%o). 

For samples taken from the boreal forest, it was determined that the soils were 

formed under only C3 pathway plants. For soil samples taken near the Saskatchewan 

Manitoba border on the other hand, calculations revealed 70%C3 to 30% C4 plant ratio. 

Although the parkland is characterized as a mosaic of these two biomes, soils collected 

from this area were calculated to have developed under the influence of very few (10%) C3 

pathway plants. Although the values presented by Landi et al (2003:411-412) are not 

dramatically different, the values do indicate that a distinction between the three vegetation 

types can be recognized. 

Samples collected by Landi et al. (2003) from grey luvisols in the boreal forest had 

6'3C values averaging 26.8°/. Their samples collected from orthic black Chernozems in 

the parkland ecotone had 6'3C values averaging 25.3°/ and samples collected from orthic 

brown Chernozems from semi-prairie conditions had &3C values averaging 22.9°I. 

These values will be used to interpret the results of the stable isotope data collected frm 

the Below Forks Site. 

Stable ö13C isotope analysis was conducted on the Below Forks Site samples to 

determine if the dominant photosynthetic pathway of plants at the site has changed over 

time. All of the sampled A horizons from profile two (n20) (Table 2) as well as a few C 

horizons (n5) were submitted for C isotope analysis. The C horizons were included as 
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base comparisons. The procedure used for this method was provided by the University 

of Calgary's Isotope Science Laboratory. 

Samples were prepared by grinding to a fine powder with a Coors G0107 model 

mortar and pestle. Samples containing particles greater than 1mm were sieved and only the 

fine portion submitted for analysis. The samples were weighed to approximately 1.00g and 

were treated with 20-3 Omi 10% HC1 to remove any carbonates present. The samples were 

covered with a watch glass and left to digest overnight. A vacuum system was set up using 

a 1000m1 beaker that was clamped to a 250 ml Buchner funnel which was inserted into the 

beaker using a rubber stopper. The solution was filtered under vacuum using a 45t 

Millipore filter paper. In order to remove all of the HCl present, the solution was rinsed 

three to four times with deionized water. The filtered samples were dried at 80°C 

overnight. 

The filter paper with dried sample was then weighed and sub-sampled. A known 

amount, depending on the abundance of carbon present in the samples, was weighed and 

packed into a tin boat for analysis (Table 1). During this time 12 standards were also 

weighed and packed ihto tin boats for analysis. The standards were run at regular intervals 

between the Below Forks samples to ensure accuracy of analysis. 

The University of Calgary's Isotope Science Laboratory conducted the analysis in a 

Carlo Erba gas analyzer. The CO2 gas in the samples was analyzed by a Delta-Plus 

continuous flow isotope ratio mass spectrometer. Results were reported by the laboratory 

using the standard notation for öC13 parts per thousand (%o). 
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Soil Micromorphology 

Traditional analyses, such as those mentioned above which use bulk samples from 

individual layers or horizons, are useful in answering generalized questions regarding 

vegetation trends over time, depositional environments and post-depositional processes. 

However, their ability to detect subtle textural or chemical variations within particular 

horizons or layers is limited (Goldberg 1992:145). On the other hand, undisturbed soils 

and sediments can be observed on a microscopic level using micromorphological analysis. 

According to Jungerius (1985:12), one of the most useful techniques in 

paleoenvironmental reconstruction is soil micromorphology. Soil micromorphology is the 

study of "undisturbed soil and regolith samples with microscopic and ultra microscopic 

techniques in order to identify their different constituents and to determine their mutual 

relations in space and time" (Stoops 2003:5). Stoops (2003:5) states that the goal of 

micromorphology is to detect the processes responsible for the general formation or 

transformation of soils and more specifically to identify natural and artificial features. 

Unlike other methods of investigation, soil micromorphology studies soils that are 

undisturbed and naturally oriented without destructive chemical or physical processing. 

Moreover, samples are more representative in that the entire area sampled can be thin 

sectioned, in contrast to methods that require fractioning of the sample (Stoops 2003:5). 

This method of investigation is particularly useful in recognizing microstructure associated 

with soil development and microscopic attributes of B horizons (eg. clay skins and root 

traces). 

The history of micromorphological description is rather complicated. In 1938, 

Kubiena introduced the use of petrographic thin sections for microscopic observations of 
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soil formation processes. However, the technique was not commonly used until Brewer 

(1964) provided a list of terms that could be used to describe the different macroscopic 

observations. Due to confusion between Brewer's (1964) descriptive and interpretative 

terms, Bullock et al. (1985) published a set of micromorphological terms that placed 

emphasis on descriptive criteria. Courty et al. (1989) added to this list of growing terms. In 

an effort to standardize the methodology and description, Stoops (2003) wrote the 

comprehensive Guidelines for Analysis and Description of Soil and Regolith Thin Sections. 

The terminology used in this thesis will be from Stoops (2003) unless otherwise cited. 

Preliminary micromorphological analysis was conducted to examine the differences 

in soil development at the site over time. Three thin sections were analyzed. The samples 

were collected from the south facing wall of unit 90N 133E. The first sample, FhNg-25-

01-03 was of buried A horizon 5 at 82 cmbs. The second sample, FhNg-25-01-02 was of 

buried A horizon 13 from 147 cmbs. The third sample, FhNg-25-01-01 was of buried A 

horizons 21 at 248 cmbs. 

The undisturbed samples were collected using aluminum cans of various sizes. As 

the Below Forks Site contains a high percentage of carbonate the cans could not simply be 

pushed into the wall as is standard practice, rather they had to be hammered into the wall 

using a board for even impact distribution. The samples were removed by excavating the 

area around the cans with a trowel, thus the samples were only mildly disturbed. The 

trowel was run across the open end of the can to sever the sediment from the wall. The 

samples were removed from the wall and wrapped in toilet paper for protection. The 

samples were marked for orientation, secured with clear packing tape, and returned to the 
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University of Calgary's Soil Laboratory freezer where they were stored for 

approximately 1 year. 

Originally, thin section preparation was to be conducted by the author using the 

University of Calgary's thin sectioning laboratory. One sample was, in fact, prepared 

there, however the other two were sent to Vancouver Petrographics Inc. for more 

professional results. The following procedure was employed for the sample prepared at the 

University of Calgary. As soil thin section preparation is rather consistent between 

laboratories a detailed description of the samples prepared at Vancouver Petrographics Inc. 

will not be provided to eliminate repetition, however any major differences will be noted. 

The sample was removed from the freezer, unwrapped and air dried. The sample was 

impregnated using 10 parts petropoxy resin to 1 part curing agent. The samples sent off for 

analysis were impregnated with a higher quality resin, however the results were generally 

similar. Each sample required a different total amount of resin as the porosity of each 

sample varied. Once the sample was thoroughly saturated the sample was allowed to 

harden. This took approximately one week. The sample was then cut vertically with a 

diamond blade saw, to ensure a clean smooth surface. A 2X3 centimetre slide was then 

pasted to the smooth surface using Canada balsam. The sample was cut again using a 

diamond blade to remove the majority of excess sample. The sample side of the thin 

section was ground using 200x, 400x, 600x, and 1200X grit sand paper until the sample 

was between 25-30gm thick. 

Description of the thin sections was conducted using the methods proposed by 

Stoops (2003). Several characteristics were recorded for each sample including fabric, 

aggregates, voids, microstructure, and pedofatures. These characteristics are described 
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assuming the reader has a basic working knowledge of sedimentological description. 

For characteristics unique to soil micromorphology detailed descriptions are provided. For 

further clarification on the use of terms or a more explicit definition, please refer to Stoops 

(2003). Fabric is a description of the mineral grains within a sediment or soil. This 

includes sorting, size, abundance, degree of roundedness, and degree of sphericity. 

Aggregates were also examined. This includes pedal structure, degree of aggregation, and 

accommodation. Pedal structure refers to the pedons, which compose soil structure. 

Aggregation is the degree to which pedons are separated by planes of weakness. 

Accommodation is the degree to which shapes of opposing soil aggregates conform to each 

other, that is the conformability of the planes of weakness between pedons. Void space 

was analyzed including the shape of voids as well as the porosity of the sample. 

Microstructure refers to the structural composition of the groundmass and pedons. 

Minerals were identified as well as organic matter. Groundmass or the C/F ratio refers to 

the coarse to fine ratio of sand, silt and clay. The distribution between the coarse and fine 

components within the ground mass was also examined. Microstructure refers to the 

relationship between the fabric and the pedons. The C/F distribution and micro structure 

are important in distinguishing between depositional and pedogenic characteristics. 

Finally, pedofeatures are any characteristic not defined in the previous categories that can 

be differentiated from the surrounding matrix by a defining characteristic, such as coatings 

or inclusions (Stoops 2003). 

The previously mentioned characteristics were studied at a macroscopic level, using 

a petrographic microscope with a 12.5X ocular lens at lox and at 25X and 40X. 

Furthermore, the samples wer'e viewed under plane polarized light (PPL, crossed polarized 



81 
light (XPL) and opaque incandescent light (OIL) depending on the characteristic being 

observed. For example, charcoal is best identified using OIL, and minerals are easily 

recognized using XPL. 

Summary 

Deposits, three-dimensional units uniform in physical characteristics refer to both 

sediments and soils. When studied by archaeologists, sediments can yield clues for 

understanding natural and human transportation processes that helped to form the 

archaeological site before and after occupation. Soils, on the other band, can be used to 

reconstruct the topography of a site before burial, paleoenvironmental conditions, and post-

depositional processes at the site. Archaeologists use different techniques to extract data 

from sediments and soils. 

Field description allows archaeologists to understand the lateral extent, depositional 

history, length of soil development, soil horizonation, and post-depositional processes at 

the site. Textural analysis supports interpretations made during field description including 

characterization of the parent material, distinguishing between soil horizons, and to further 

refine the depositional history of the site. Moreover, determining the percentage and type 

of CaCO3 is useful in recognizing what types of post-depositional processes may have 

occurred. 

Studying soil organic matter, the accumulation of dead plant and animal matter 

including partially decayed and partially resynthesized plant and animal residues, is one of 

several techniques used to reconstruct vegetation systems of the past. Other techniques 

include stable isotope analysis and soil micromophology. Stable isotope analysis is used to 

determine the ratio of '2C to 13C. As C3, C4 and CAM plants use different and 
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characteristic photosynthetic pathways this ratio can be used to determine the presence 

or absence of certain plants over time. Soil micromorphology is heuristic in examining soil 

development on a microscopic level. This provides information not seen during field 

description. 

While these are not the only techniques that are used for the reconstruction of 

conditions present during cultural occupation, they were chosen for their ability to 

effectively answer the questions focused on in this thesis as well as their accessibility, 

reliability and reproducibility. 

Several methods *ere used in an effort to answer the questions posed by the author. 

Methods used to answer questions pertaining to paleoenviromnental reconstruction 

included field description of sediments and soils, especially color, and soil structure, loss-

on-ignition, stable isotope analysis and soil micromorphology. Methods used to answer 

questions pertaining to depositional history of the site included field description, especially 

thickness of deposits and soil as well as sedimentological structure, percent carbonate and 

micromorphology. Each of the methods used in this thesis was conducted using the 

standard laboratory procedures practiced at the University of Calgary's Earth Sciences 

Laboratory and Isotope Science Laboratory. As such the results from these methods can be 

directly compared to other samples processed in these laboratories. This is especially 

important regarding future comparison of the thousands of samples collected by the 

SCAPE project currently being processed in these laboratories. 



83 
CHAPTER 5 

RESULTS 

As was mentioned in the introduction, the goals of this thesis are to relate the 

geomorphic, geologic, paleoenvironmental and archaeological history of the area 

surrounding the Below Forks Site, by presenting data regarding the nature and origin of 

soils and sediments and interpreting the resulting data in terms of vegetation stability over 

time. Moreover, this thesis is concerned with contextualizing the paleo environmental 

interpretations within a regional climatic framework in an effort to contribute to the debate 

regarding human-environment interaction. With these goals in mind this chapter will 

present the results of the methods described in chapter 4 which will be interpreted in 

chapter 6. As graphs, tables and charts are the most efficient way of communicating this 

data, all numerical values will be presented in this manner. Only brief summaries of the 

data will be provided here. 

Field Description 

Samples were taken from 3 profiles at the Below Forks Site. Profile 1 (Figure 7) is 

located at the south wall of unit 91N 100E originally excavated in 1982. Profile 2 (Figure 

8) is located at the south wall of unit 88N 133E excavated during 2001 and 2002. Profile 3 

(Figure 9) was drawn of the south wall of the cut face and would be approximately unit 

188N. Overall, the soils and sediments in all three profiles were rather similar. General 

comments pertaining to all profiles will be mentioned followed by comments specific to 

each profile. The soil profiles at the Below Forks Site are characterized by thin, weakly 

developed, black to very dark brown, charcoal rich A horizons 1-3cm thick, overlying thin 

c horizons. Each of the A horizons has rootlets present, but lacks pedogenic structure. The 
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boundaries of these horizons tend to undulate across the site and the horizons pinch out 

and reform throughout the profile. The soils appear to be laterally continuous, but are 

abruptly broken in some areas. In the central block of the excavation there are reddish 

colored bands below the dark A horizons. These bands have been described as incipient B 

horizons based on their color and finer grained texture. The boundaries of these horizons 

also undulate, conforming to the underside of the A horizons. The B horizons he directly 

above the parent material which is light buff in color. The C horizons are characterized by 

their coarser grained texture, and include some pebble lenses. Charcoal is present 

throughout the C horizons, and is similar in size and orientation to the particles of the 

parent material. This similarity indicates that the charcoal was most likely transported 

from upstream and redeposited at the Below Forks site. The average thickness of the soil 

profiles is approximately 10 centimetres. The sedimentation separating the buried A 

horizons can be divided into two sedimentological untis. The lower sediments, herein 

referred to as unit II, appear to be a series of fining upward sequences while the upper 

sediments, herein referred to as unit I, appear to be massive in nature as no structure was 

recognized. Overprinting of structure can occur from soil development, however as the 

two soils associated with unit I do not span the depth of the entire unit, the lack of 

sedimentological structure does not appear to be associated with pedogenesis. 

The Munsell color for each of the profiles ranged from lOYR to 2.5Y in hue, and 

several different chroma, the intensity of the color and values, the were identified. The 

boundaries between horizons varied from abrupt (0-2cm) to clear (2-5cm), however most 

boundaries were abrupt. Additionally, the boundaries varied horizontally from smooth to 

broken, however no trends were apparent. However, patterns were observed in HCl 
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reaction data. Samples from all three profiles had no RC1 reaction for the uppermost 

sediments, however the reaction graded from weak to strong, very strong, or vigorous 

between units I and II. 

Throughout the profile it appeared that sedimentological structure only occurred in 

the package directly above the glacial till. Approximately 205 centimetres below surface 

cross-bedding becomes apparent and continues downward to the conformity of the till. 

Although soil structure was examined, no macroscopic structure was observed in any of the 

buried soils. Roots and root traces were present in all modern and buried soil profiles, 

however no macrfossils were recovered. The modern soil horizon exhibited a granular 

soil structure in all three profiles. 

Whole and fragmented gastropod shells were noted in all three profiles. In profile 

1, 2, and 3 gastropods were observed from 39 to 210 centimetres below surface, 48 to 241 

centimetres below surface, and 53 to 234 centimetres below surface respectively. The type 

and quantity of gastropods were not analyzed by the author, as they are currently being 

studied by other researchers at the University of Saskatchewan. 

As was discussed in the previous chapter, particle size analysis was used to 

determine the depositional regime. It was necessary to convert particle size data into grain-

size categories in order to determine these depositional regimes. Two types of grain-size 

categories are available to describe sediments and soils. One type is used by soil scientists 

to describe soil development and the other is used by sedimentologists to describe 

depositional regimes. These types differ in the amount of sand, silt, and clay determined 

for each descriptive category. Because of these differences only one set of descriptive 

terms can be used to describe a stratigraphic profile. Researchers do not use soil 
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descriptive categories for A and B-horizons and sedimentological categories for C-

horizons. Rather, they use which ever set is best suited to address their questions. Using 

both sedimentological and soil descriptive categories would be confusing and would not 

alter the interpretations of this thesis. Therefore, because this thesis focuses on the use of 

soil development as a chronological control, and how soils can be used to reconstruct 

paleoenviromnental conditions, soil descriptive categories have been used to classify 

particle sizes. In addition, as this thesis concentrates .on Canadian soils, the Canadian 

System of Soil Classification has been used. The results of the automated particle size 

analysis for profiles 1, 2, and 3, are characterized as texture and can be found in Tables 1, 

2, and 3 respectively. 

Data in Tables 1, 2, and 3 indicate some general trends within this data. Loamy 

sand or sandy loam deposits dominate the first 50 cm of the profile from Unit I. Based on 

lOx observation using a hand lens, the grains were determined to be sub-angular to 

rounded, frosted and clear and generally composed of quartz grains. Interestingly, these 

loamy sand deposits directly correlated with the lack of gastropods previously mentioned. 

Unit II, ranging from approximately 50-250 centimetres below surface, is generally 

composed of fining upward sequences of sand, loamy sand, sandy loam and silty loam. 

While each sequence may not contain all textural changes noted, the sequences almost 

always range from coarse at the bottom to fine at the top. The sediments are composed of 

sub-angular to rounded grains of frosted and clear quartz, calcite, granite, feldspar, 

muscovite, homblende, glauconite and chert. Finally, Unit III, ranging from 250-550 

centimetres below surface, which was only exposed in profile 2, was composed of sandy 

loam to loamy sand sequences. This unit was more appropriately characterized by the 
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coarse component, matrix supported clasts ranging from sand grains greater than 1mm to 

infiequent bouldef sized particles. Particles were also composed of sub-angular to rounded 

minerals and rock fragments of clear quartz, calcite, granite, feldspar, muscovite, 

hornblende, glauconite and chert. 

A general pattern recognized between these profiles was that the horizons that have 

the highest percentage of organic matter always correlate with horizons that are darkest in 

color. Interestingly, throughout the profiles percent organic matter does not steadily 

decrease with depth as is expected for buried soils. Although generally, the values were 

highest toward the top of the profile and lowest toward the bottom, this pattern was not 

internally consistent. In fact, some of the deepest soils have the highest organic content. 

Because modern soil horizons often have characteristic organic matter contents it is 

possible to use this information to determine the type of soil currently being formed at the 

Below Forks Site and possibly for the buried soil horizons as well. 

The results for percent carbonate also revealed interesting patterns. Generally, but 

not always, the darker A-horizons had higher carbonate contents than the lighter C-

horizons. With depth, the difference between the percent carbonate in the A and C-horizons 

was reduced. Interestingly, in cases where a transitional B-horizon was present, the B-

horizon often had a higher percent carbonate than either the A or C horizons. Because the 

presence of carbonate is indicative of several different conditions, (i.e. pedogenic soil 

development, ground water movement, etc.) the position of the carbonate within the 

stratigraphic profile is essential to understanding the processes by which the carbonate got 

there. Based on macroscopic observation of the sediments during the 2002 field season it 

appeared that the carbonates were associated with the matrix, especially the B and C-
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horizons, and along roots and root traces within the stratigraphic profile. Because the 

parent material is derived from glacial till which is calcareous in nature, the presence of 

carbonate throughout the section is not surprising. However, the presence of increased 

carbonate in the A and B horizons suggests that some pedogenic development may have 

occurred. 

Profile 1  

Profile 1 was 210 centimetres deep and contained 11 buried soils, one surficial 

soil, and one sedimentological contact at 39 centimetres below surface. No B horizons 

were identified in this profile. A complete description including, color, HC1 reaction, 

boundary, observed in profile 1 is presented in Table 1. All of the soils and sediments had 

a hue of 1OYR, but the chromas and values varied dramatically between samples. Of the 

buried and surficial A horizons all of the samples were identified as 1OYR 2/1 except 

IIAb4 which was 1OYR 3/1. The intervening C horizons varied between 1OYR 2/2, 3/1, 

3/2 and 4/1. As can be seen in Table 1, the lower boundaries were abrupt except llAb5, 

IIAb6, IIAb7 and IIAb8, which were all clear. However, this terminology is misleading. 

Abrupt boundaries are defined as being less than 2 cm in thickness (Birkeland 2000). 

Because the soil profiles at the Below Forks Site are often only 10 cm in total thickness, the 

boundary between the A and C horizons by definition must be abrupt. However, based on 

field observation the A horizons appear to grade into the B and C horizons which is 

consistent with soil development. This is in contrast to a geological contact that would also 

be abrupt indicating fine grained alluvial deposition rather than soil development (Mandel 

and Bettis 2001). The boundaries of the soils and sediments in profile 1 also ranged 

between smooth, wavy, and broken. There appeared to be no correlation between horizon 
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or texture with boundary type. The texture of the soils and sediments in this profile 

ranged from silt loam to sand. Generally, the C horizons were composed of coarser 

material than the A horizons except for the A and AC horizons which were both loamy 

sand, IIAbl and IICbl where the sedimentary contact occurs, and IIAb9 through IICbl0 

which are all composed of silt loam. HCi reaction in profile 1 only began to occur at 39cm 

and is very strong throughout the rest of the profile except for horizons IICb4, and IICb8, 

which were moderate and IICb9, IlAbi 1, IICbl 1 which were strong. 

The amount of organic matter in the A-horizons from profile 1 ranged from 1.80 to 

8.01%. All A horizons in profile 1 had higher organic matter contents than the adjoining C 

horizons. The surficial soil had the highest amount of organic matter of any sRmple in the 

profile. This same trend was recognized for the percent organic carbon results which range 

from 0.22 to 4.65%. It should be understood that organic carbon and organic matter are not 

the same thing. Organic carbon is represented in all types of organic matter, however the 

amount of organic matter present in a soil depends on they type of vegetation that created 

the organic matter. Thus, organic carbon represents more types of carbon than just the 

carbon derived from vegetation found in soils. The percent organic matter derived from the 

LOT procedure was multiplied by a standard rate, 0.58, to determine the approximate 

amount of organic carbon present in the soils. The percent organic carbon in the soils 

ranged from 0.22 to 4.65%. 

The percent calcium carbonate content for all horizons in profile 1 ranged from 

1.36 to 21.59%. The first two horizons, A and AC, have the lowest percents of calcium 

carbonate content in the entire profile. This is associated with the lack of gastropods and 

the sedimentary contact. The amount of calcium carbonate begins to increase with depth 
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until IIAb6 the unit that has the highest percent calcium carbonate content, below IIAb6 

the percent calcium carbonate begins to decrease steadily with depth. Throughout the 

profile the C horizons tend to have higher percentages of calcium carbonate than the A 

horizons, except AC, IICkb3, IICb7, and IICbl0. The increase in horizon IIAbl may be 

associated with the sedimentary boundary transition. Horizons IIAb2 and IIAb4 are both 

underlain by more than one texturally different C horizons. The texture of the C horizons 

directly below the A horizons are coarser than the material directly below. This textural 

difference may be associated with the higher calcium carbonate percentages, however this 

trend does not appear in IICb8 that has similar textural characteristics to llCb2 and IICb4. 

Archaeological materials recovered from this unit include a sparse scatter of lithic 

flakes associated with ungulate remains dating to 5,740 ± 95 'C BP (S-1994) and is 

consistent with the Oxbow culture. 

Profile 2 

Profile 2 was excavated to 241 centimetres below surface. The face of the profile 

was cleaned (but not excavated) to 56 centimetres below surface for pollen and phytolith 

sampling during the 2001 field season. Proffle 2 contained 26 buried soils, one surficial 

soil and two sedimentological contacts; one at 48 centimetres below surface and one at 371 

centimetres below surface. A total of 21 incipient B horizons were identified in this 

profile. A complete description including, color, HCl reaction, boundary, sedimentological 

structure, and soil structure observed in Profile 2 is presented in Table 2. The majority of 

the soils and sediments had a hue of lOYR, however, IICb7, IIBb8-IICb9, liBblO, IICb10, 

liBbi 1, IICb1l, IIBb12-IIBbl4, IICb15, IIBb17, IIBb18, IICbl8, IIBb24, and IIIClb27 all 

had a hue of 2.5Y. Similar to profile 1, the chromas and values varied dramatically 
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between samples. Of the buried and surficial A horizons all of the samples were 

identified as 1OYR 2/1 except IIAb7, IIAb8, IIAb9, IIAbl3, IIAbl4, and IIAb22-IIAb26 

please refer to table 2 for these values. The recognized B horizons were identified as 1OYR 

2/1, 3/1, 4/2 and 2.5Y 2.5/1, 3/1, 3/2, 4/2 and 5/1. There were no trends with depth 

regarding these differences in hue, value and chroma. However, these differences may be 

attributed to the amount of iron mottling associated with differing lengths of development 

of B horizons. The intervening C horizons varied between 1OYR 2/2, 3/1, 3/2 and 4/1 

similar to the C horizons in Profile 1 and 2.5Y 3/2, 4/2, 4/3 and 5/3. As can be seen in 

table 1 the boundaries were abrupt except IICb2, IIBb4, IIAb9, llCbl2, IIAb14, IIAbl5 

and IICb16, IICb18-IIAb2l, IIAb23, IIBb24, IIBb25, IIAb26, and parts of IIIC1b27 which 

were all clear. One horizon, IIBb27 was diffuse. The abrupt boundaries are similar to 

those in profile 1, in that based on field observation the A horizons appear to grade into the 

C horizons which is consistent with soil development. The boundaries of the soils and 

sediments in profile 2 were similar to those in profile 1 ranging between smooth, wavy and 

broken. Again, there appeared to be no correlation between horizon or texture with 

boundary type. 

The texture of the soils and sediments in this profile ranged fiom silt loam to sand 

similar to the soils and sediments in profile 1. Generally, the C horizons were composed of 

coarser material than the A horizons except for the first 48 centimetres in which A and C 

horizons were composed of loamy sand. This sedimentological homogeneity correlates 

with the sedimentological contact at 48 centimetres. Other deviants from this pattern 

include, IIAb3 and IICb3 which are both loamy sand, IIAb4 and IICb4, IIAb6 and IIBb6, 
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IIAbl4 and IIBbl4, IIAbl6 and IICbl6, IIAb2O and IIBb20, IIAb26-IIBb27 which are 

all sandy loam, and IIAb21 and IICb2l, and IIAb23 and IICb23 which are all loamy sand. 

HCl reaction in profile 2 began to occur at 48 centimetres below surface where it is 

weak until 55 centimetres below surface. HC1 reaction throughout the rest of the profile 

varies from weak-moderate to strong, with a strong reaction dominating between 88-223 

centimetres below surface, a weak-moderate reaction dominating between 223-265 

centimetres below surface, moderate to moderate-strong reaction dominating between 265-

281 centimetres below surface, strong reaction dominating between 281-378 centimetres 

below surface with the exception of 287-291 centimetres below surface, and a moderate to 

moderate-strong reaction dominating between 378 and the bottom of the sampled profile at 

378 centimetres below surface. 

The amount of organic matter in the A-horizons from profile 2 ranged from 1.36-

12.57%. The surficial soil had the highest amount of organic matter of any sample in the 

profile at 12.57%. All A horizons in profile 2 had higher organic matter content than the C 

horizons below. Also, all A horizons had higher organic matter content than the B 

horizons except horizon IIBb14 that had 0.28% more organic matter than the A horizon 

above it. This may be the result of inaccurate LOT for organic matter due to uneven 

temperature in the oven, differences in sample size, or lack of full combustion. Organic 

carbon percentages determined from LOT methods ranged from 1.62-7.29%. In addition, 

percent organic carbon was also determined for several samples in profile 2 as part of the 

method for extracting stable carbon isotope ratios. Results from this are also provided in 

table 2. The same trend present for organic matter is found for the percent organic carbon 

results for profile 2 which ranged from 0.79-7.29%, very similar to the results determined 
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for percent organic carbon from LOT. As only samples from profile 2 were run for stable 

isotope analysis, only these samples will have results for percent organic carbon derived 

from this method. 

The percent calcium carbonate content for all horizons in profile 2 ranged from 

0.58-19.96%. Similar to profile 1, the upper deposits, lacking gastropods and associated 

with the sedimentary contact had the lowest percent of calcium carbonate throughout the 

entire profile. The amount of calcium carbonate increased with depth until IIBb14 which 

had the second highest percent calcium carbonate content, after IIBb14 the percent calcium 

carbonate decreased steadily with depth until IIBb24 where it increases again until the 

bottom of the profile at 526 centimetres below surface. Throughout the profile the 13 

horizons tend to have higher percentages of calcium carbonate than the A horizons, except 

liBblO, IIBb12, IIBbl3, llBbl7, IIBb25, IIBb26, and IIBb27 which have less calcium 

carbonate than the A horizons. In all cases the texture of the B horizons was the same as or 

coarser than the A horizons. This textural difference may be associated with the higher 

calcium carbonate percentages. 

Archaeological materials associated with this profile include two occupations in the 

upper metre and two occupations between 230 and 250 centimetres below surface (Meyer 

2003:10). According to Meyer (2003:10) all occupations were dominated by lithic 

debitage mainly Swan River chert, a few quartzes, chalcedonies and other various cherts. 

The deepest occupation dated to 6,100 ± 140 '4C BP (TO-9354), was the richest, 

containing numerous bone fragments, fire cracked-rock, clam shell fragments and 

occasional stone tools. The stone tools included several endscrapers, a side scraper, and a 

triangular projectile point preform. An antler tine pressure flaker and an anvil were also 
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recovered. Three fragments of a bone pin or rod were also part of the assemblage 

(Meyer 2003:10). Based on this date and the type of artifacts recovered, this cultural 

material is most likely associated with the Mummy Cave series. The cultural level above 

the 6,100 '4C BP occupation contained a scatter of faunal remains dominated by bison, 

including three bison scapulae. Some debitage, the ear of an Oxbow type projectile point, 

and a complete projectile point with incipient ears, probably a variant of the Oxbow type 

were also recovered from the level is associated with this cultural component. Some red 

ochre and a section of a caribou antler, perhaps used as a billet, although percussion marks 

are lacking, were also recovered (Meyer 2003: 14, 17). A radiocarbon assay on charcoal 

yielded a date of 4750 ± 90 '4C BP (TO-10196) confirming this association (Meyer 

2003:14). 

Profile 3  

Profile 3 was cleaned to 234 centimeters below surface and contained 17 buried 

soils, one surficial soil and one sedimentological contact at 53 centimetres below surface. 

Eleven B horizons were identified in this profile. A complete description including color, 

HC1 reaction, boundary, sedimentological structure, and soil structure observed in profile 3 

is presented in table 3. All of the soils and sediments had a hue of 1OYR, except horizon 

AB which was 2.5Y in hue, and horizons IIBb3, IIAb4, IIAb6, IIC2kb8, and IIBbl6 which 

were 7.5YR in hue. Of the buried and surficial soils all of the samples were identified as 

lOYR 3/1 except IIAb2 and IIAb8 which were lOYR 3/2 and IIAb12-IIAbl9 which were 

1OYR 3/2, 4/2 or 5/3. The lightening in color of the buried A horizons may be due to loss 

of organic matter over time. The B horizons were generally lighter in color than the A 

horizons, but darker than the C horizons. The intervening C horizons varied between 
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1OYR 3/2, 4/2, 5/2 and 6/2. As can be seen in table 3 the boundaries varied from abrupt 

to clear, with no general patterns dominating. The boundaries of the soils and sediments in 

profile 3, which are similar to profiles 1 and 2, also ranged between smooth, wavy and 

broken. Again there appeared to be no correlation between horizon or texture with 

boundary type. The texture of the soils and sediments in this profile ranged from silt loam 

to sand. Generally, the C horizons were composed of coarser material than the A horizons 

above except for the surficial soil and AC horizon below it which were both loamy sand, 

Abl and IICbl where the sedimentary contact occurs, and IIAb9-IICbl 1 which are all 

composed of silt loam. HCI reaction in profile 3 began at 53 centimetres below surface and 

was generally moderate until 176 centimetres below surface where the reaction weakens, 

and is sometimes absent until the end of the profile at 234 centimetres below surface. 

The amount of organic matter in the A-horizons from profile 3 ranged from 1.34 to 

12.42%. The surface soil in profile 3 contained a high percentage of organic matter 

11.51%, but the first buried soil below it contained a higher percentage of organic matter at 

12.42%. Suggestions for this discrepancy will be discussed in the following chapter. All A 

horizons in profile 3 had higher organic matter contents than the C horizons except horizon 

IICkb4 which had 0.02% more organic matter than the A horizon above it, and IIAbl7-

IICb18 which had C horizons with slightly more organic matter than the corresponding A 

horizons. This same trend is found for the percent organic carbon results which range from 

0.78-7.20%. 

The percent calcium carbonate content for all horizons in profile 3 ranged from 

0.16-27.2%. The first four horizons, A-Bbl, have the lowest percentages of calcium 

carbonate in the entire profile. These horizons are associated with the lack of gastropods 
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and the sedimentary contact. The amount of calcium carbonate increased with depth 

until IIC2kb8 where it began to decrease steadily with depth until IIAbl2. Throughout the 

profile the A horizons tended to have higher percentages of calcium carbonate than any of 

the other horizons. There are no archaeological layers that can be directly associated with 

profile 3 as it is between the central and eastern excavation blocks and was not excavated. 

Stable Isotope Analysis 

The results of stable carbon isotope analysis are presented in table 2, and range 

between -25.81 and -24.58. Because plants intake '2C and '3C at different ratios it was 

possible to use the data extracted from these samples to determine the percentage of C3 and 

C4 pathway plants represented in soils from the Below Forks Site for the past 6,000 years. 

This percentage was determined by employing the same formula used by Landi et al. 

(2003) in their investigation of modern soils from Saskatchewan. The results from this are 

presented in Table 2. The percent of C4 plants derived from this equation ranges from 8.21 

to 17.29%, however no general trends are apparent. The results of stable C isotope analysis 

suggest that the vegetation composition, that is the ratio of C3 to C4 plants has remained 

fairly consistent over the past 6,000 years as 513C values ranged between -25.81 to - 

24.58 %o. Results from the calculation used to determine the ratio of C3 to C4 plants 

suggests that the surface soil at the Below Forks Site is currently being formed under 8.5% 

C3 vegetation. However, in the past this percentage has changed. Around 6,000 years ago, 

during Altithermal conditions the percentage of C4 vegetation was similar, approximately 

10%. This percentage increased slightly after 4,570 '4C BP to approximately 13% C4 

vegetation. A decrease to approximately 10% C3 vegetation appears to have followed, 

however no date is associated with this trend. Shortly before 3,340 14C BP a rise to 17.29% 



97 
C4 vegetation is recorded. However, it should be noted that this sample is from a C-

horizon and could reflect organic matter transported during deposition rather than soil 

development. Following this drop the percentage of C4 vegetation decreases to 

approximately 13%. At 3,340 '4C BP the percentage of C4 vegetation rose to 15.5%, 

however, shortly after it soils were formed under approximately 12% C4 vegetation. 

Soil Micromorphology 

Examination of three soil thin sections revealed a strong chronological correlation 

between the buried soils. The results of the examination of samples FhNg 25-2001-1, of 

IIAb2l, FhNg 25-2001-2, IIAbl3 and FhNg 25-2001-3, of IIAb5 are located in table 5. All 

three samples exhibited similar sorting, from generally moderate to well sorted. The size 

of the mineral grains in each sample averaged 10 mm, 7.5 mm, and 12.5 mm respectively. 

Most grains were rounded, however there was an increase of subrounded particles in FhNg 

25-2001-2. This does not include calcite particles as the majority of calcite particles in the 

A and B-horizons were angular, whereas those in the C horizons were subrounded to 

rounded in C-horizons. This was consistent for all three thin sections. The mineral 

component appeared to be moderately to highly spherical for all samples examined. 

Generally, the aggregates appeared similar in all three samples. The degree of 

aggregation was described as weakly separated in samples 1, 2, and 3. Weak separation 

indicates that although the soil material is divided into a number of recognizable units, the 

units are not completely surrounded by well-developed voids. The pedal structure was 

determined to be granular as soil aggregates appeared fairly round in shape with irregular 

edges in all three samples. As the peds were not well developed, they exhibited no 

accommodation. Voids in sample 1 appeared to be both simple and compound packing 
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voids. Voids in samples 2 and 3 were complex packing voids. Packing voids are the 

result of loosely packed soil components lacking accommodation. Simple packing voids 

refer to voids between basic components and complex packing voids refer to voids between 

non-accommodating aggregates (Stoops 2003:64). The porosity of the samples was 

approximately 35% in samples 1, 2, and 3. Minerals identified in all three samples include, 

quartz, calcite, glauconite, muscovite, hornblende, and pieces of rock including granite, 

quartzite and chert. Organic matter was too decomposed to identify particular species, 

therefore it was determined to be composed of charcoal, and amorphous fine organic 

material. Individual charcoal pieces ware too fragmented to warrant further examination. 

The coarse to fine ratio varied between samples, but averaged approximately 3:1 

parts mineral to organic components. The distribution between the coarse and fine 

components was single spaced fine enaulic for all three samples. This descriptive term 

means that small aggregates occur within a loose fabric, and that the aggregates do not 

totally fill the pore space in this fabric. Also, the distance between the coarser units is less 

than their mean diameter, thus the amount of space between the soil aggregates is relatively 

small. In addition, the microstructure of the coarse/fine distribution is intergrain 

microaggregate in all three thin sections. This refers to the relationship within the fabric 

itself as well as the relationship of the fabric to the aggregates. Intergrain microaggregate 

describes microstructure of the fabric that is almost entirely composed of sand-sized grains 

with microaggregates of fine material in between. No coatings were identified in any of 

the samples examined. 
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Summary 

The results of the sedimentological and soil analysis conducted for this thesis 

revealed some interesting trends. Surficial and buried A horizons were darker in color, and 

higher in organic matter than the adjacent B and C horizons. B horizons were generally 

darker in color, had a higher organic matter content, and had a higher carbonate content 

than the underlying C horizons. Calcium carbonate was higher in the C horizons in Profile 

1, higher in the B horizons in Profile 2, and higher in the A horizons in Profile 3. 

HC1 reaction was absent from the first 50 or so centimetres of sediment which is 

associated with a sedimentological contact, but was moderate to strong throughout the rest 

of the package. This reaction may also be associated to gastropod shells which are 

abundant in the lower sediments, but absent from the first 5 0cm. 

No apparent soil structure was observed in the buried A-horizons in Profiles 1, 2, or 

3. Sedimentological structure was restricted to cross-bedding in the lowermost portion of 

the package in Profile 2. Stable carbon isotope analysis revealed 6'3C values were similar 

throughout the package including the surface soil. Microscopic analysis of the soils also 

indicated a similarity in soils throughout time. Almost every characteristic examined was 

the same for the three buried soils examined. Interestingly, microscopic observation of 

calcite indicated that two different forms existed. Rounded calcite crystals were associated 

with C-horizons, while bladed angular calcites were associated with A and B-horizons. 

The implications of these results will be discussed in terms of geological and 

paleoenvironmental history of the Below Forks Site in the next chapter. 
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CHAPTER 6 

INTERPRETATIONS 

The goal of this chapter is to illustrate what the data recorded in chapter 5 means in 

terms of landscape morphology and vegetation stability over time. Moreover, this chapter 

is concerned with contextualizing these paleo environmental interpretations within a 

regional climatic framework in an effort to contribute further dialogue to the on-going 

human-environment interaction debate that surrounds the middle Holocene on the Northern 

Plains. Sedimentological data is combined with paleoenvironmental proxy data derived 

from soil analysis and uncalibrated radiocarbon dates to create a geological and 

environmental history of the Below Forks Site. The synthesized history of the Below 

Forks Site will be supported using examples from similarly stratified archaeological sites. 

The Gowen Site and Sjovold Site, previously discussed in chapter 2, are both 

archaeological sites characterized by fluvial deposition from the South Saskatchewan 

River. While many of the soils at the Gowen Site developed throughout the same time as 

the Below Forks Site, 7,500 to 5000 '4C BP (Walker 1992), the soils at the Sjovold Site are 

younger dating to 4,500-600 '4C BP (Dyck and Morlan 1995). Therefore, the data 

collected from the Gowen Site will be useful in discussing the earlier sedimentation at the 

Below Forks Site, while the Gowen and Sjovold Sites will be used to interpret the more 

recent sediments. 

Several methods were employed to study the soils of all three profiles at the Below 

Forks Site including color identification, LOT for organic matter and percent carbonate, 

stable isotope analysis and soil micromorphology. Each of these will be examined 



101 
individually, and compared with the results from the data collected at the Gowen and 

Sjovold Sites. 

Color 

Color identification was used to distinguish between the A, B, and C horizons 

within the three profiles at the Below Forks Site. This method was effective in 

discriminating between the very dark, often black A horizons, redder B horizons, and light 

buff colored C horizons. The A horizons usually had the lowest color values of the soil 

profile. This is not surprising considering the amount of organic matter in these horizons 

compared with B and C horizons. In contrast, B horizons often had intense chromas. This 

color intensity is probably due to the leaching nature of B horizons, which often 

incorporate iron and magnesium into the sediments thus giving them a red or purple hue. C 

horizons tended to have moderate values and chromas, neither indicative of organic matter 

nor the presence of leached minerals. Based on the absence of organic matter and leached 

minerals it was determined that the C horizons represented the parent material at the site. 

As was mentioned in the results section, the hues of the sediments generally changed with 

depth from 1OYR to 2.5Y in profile 2, however they were fairly regular in profiles 1 and 3. 

This color change is most likely attributable to postdepositional changes such as leaching 

and loss of organic matter over time (Shields et al. 1968). In a study of paleosols around 

the Saskatoon area Turchenek et al. (1974) described a series of soils and sediments at 

three sites including: Batoche, Saskatoon, and Beaver Creek. At all three sites a 1OYR to 

2.5Y color transition was recorded similar to the color trend at the Below Forks site. While 

it may not seem that the information gleaned from this method was very informative, in 

fact it was very significant. Changes in color helped distinguish boundaries between A, B 
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and C horizons, which led to the sampling strategy used in this thesis as well as many 

of the interpretations. Moreover, color helped determine which samples should be chosen 

for stable carbon isotope and micromorpholoigical analysis as no soil structure was 

observed for this discrimination. 

Similar color ranges were identified at the Gowen Site (1992:35). The A horizons 

were also darker in value than the surrounding sediments, however no B horizons were 

identified. All of the samples were characterized as having a hue of 1OYR except horizon 

Ahkb, which was 5YR. This is similar to profiles 1 and 3 at the Below Forks Site, but in 

contrast to profile 2 which changed in hue with depth. This difference could be attributable 

to geomorphic differences relating to point bar morphology, which will be discussed 

shortly. Color was not indicated in the report for the Sjovold site, thus a comparison can 

not be made regarding this characteristic. The Sjovold site did however exhibit A-C 

horizonation, similar to the Gowen site and profiles 1 and 2 from the Below Forks Site. 

Although the presence of one B horizon was recorded at the Sjovold Site at a depth of 

approximately 70 cm and it was suggested in the discussion that some incipient B horizons 

were present, it appears that they were too weakly developed for further comment by the 

authors (Anderson and Ellis 1995:89). 

The differences between horizonation at these three sites are interesting. Although 

up to 12 B horizons were identified in profiles 2 and 3 at the Below Forks Site, only one 

was identified at the Sjovold Site and none at the Gowen Site. If regional conditions were 

the major controlling factor for soil development, all three sites should have similar 

horizonation. However, as these sites are located on different reaches of the river system, 

this discrepancy could be due to several local factors. First, fluvial deposition may not 
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have occurred at exactly the same time at each site. This would have directly affected 

the length of time soils were allowed to develop, hindering the development of B horizons. 

Secondly, geomorphic differences could have led to varied horizonation as well. As has 

been discussed, the Below Forks Site is located on top of a point bar, however the Gowen 

and Sjovold sites are not. The crescent shape of point bars resuls in deposition in some 

areas of the point bar and erosion in others, therefore profiles drawn from one end of a 

point bar may not be similar to those drawn in the middle or on the other side. Thus, if 

soils will have different development times when they are located on different points of a 

single geological feature they will certainly not be the same if they are located on 

completely different geomorphic features such as the Gowen and Sjovold sites. Finally, 

differences in observer biases could have resulted in the misidentification of C horizons as 

B horizons, or conversely some B horizons may have been interpreted to be C horizons. 

As was previously mentioned, Chernozeins do not typically exhibit characteristics 

consistent with well-developed soils. This includes the development of B horizons. 

Therefore, the reddish hue and finer grain size recognized at the Below Forks Site as B 

horizons may be attributable to some other post depositional process. 

Organic Matter and Percent Carbonate 

LOI results for organic matter at the Below Forks Site suggest that indeed, while 

the dark buried layers are thin and weakly developed, they are in fact buried soil horizons. 

All buried soil horizons had higher percentages of organic matter than their associated C 

horizons. Although some B horizons had slightly higher percentages of organic matter, 

this can be attributed to pedogenic processes by which organics migrate downward and 
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become trapped in the finer material located in the B horizons (Brady and Weil 

2002:514, Birkeland 1999:218). 

Interestingly, there is not a consistent trend of lower organic matter percentages 

associated with deeper buried soils as is typical of most soil profiles. The preservation of 

the organic matter content may be due to rapid burial and lack of significant biogenic 

disturbances, as was suggested by Stevenson (1969). Although, the percent of organic 

matter may not be consistent with degradation over time, there may be a correlation 

between percent organic matter and length of soil development. This hypothesis will be 

discussed further in the depositional history portion of this chapter. In profiles 1 and 2, the 

surface soil had the highest amount of organic matter, however in profile 3 the first buried 

soil had the highest amount of organic matter. This unexpected result can be explained 

rather easily. The amount of organic matter estimated for the surface soil is 11.51%. The 

amount estimated for the first buried soil is 12.42%. As the MeKeague (1976) method 

used for LOT is based on weight loss by volume principles several factors can affect results, 

such as position in the oven, amount of original sample, and precision of the scale used for 

weighing the samples. Because there is less than 1% difference between the two samples, 

it is suggested that one of these factors most likely altered the results and that if the 

procedure were repeated the surface soil would be expected to have a higher percent 

organic matter. This procedure was not repeated because all samples would have had to be 

redone for consistency and there was not enough sediment remaining from some samples 

for a second run. In addition, the closeness of these values suggests that the soils were 

likely formed under very similar conditions, and similar to other soils in the profile, that the 

degradation of organic matter occurred very slowly at the site. Finally, the percent organic 
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matter for the surface soil at the site is similar to black Chernozems located in the 

parkland ecotone (Landi et al. 2003:147). 

Black Chernozemic soils usually develop in association with mesophytic grasses 

and forbs or with mixed grass, forb and tree cover and sometimes under alpine grass and 

shrubs (Soil Classification Working Group 1997:68). They are found throughout the 

Parkland Prairie and true Prairie grasslands of Western Canada. Black Chernozems are 

typically associated with cold climates with occasional periods of moisture deficits during 

the growing season. These soils are developed mainly on calcareous glacial tills, and 

glaciofluvial and lacustrine deposits and occasionally on aeolian, alluvial and colluvial 

materials similar to the deposits described for the Below Forks Site. Thus, as the parent 

material, organic matter content and vegetation type is consistent with the description 

above it is argued that the buried A horizons at the Below Forks Site may be buried Black 

Chernozems. 

The organic matter content derived for the Sjovold site indicated that the values 

were lower than those determined for the Below Forks site. Values for the samples from 

the Sjovold site range from 5.1 to 0.7%. The surface soil was determined to be composed 

of 5.1% organic matter, which is much lower than the 12% average determined for the 

surface soil at the Below Forks Site. This difference may be due to the differences in 

vegetation currently at the two sites. Thus, in the past, the vegetation composition at the 

sites may also have been different. Nevertheless, the values determined for the Sjovold 

Site, similar to the Below Forks Site, appear to remain fairly stable over time. The organic 

matter from the Sjovold Site, however does appear to consistently degrade over time. The 

consistency between values of organic matter within the buried A horizons at the Sjovold 
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Site suggests that vegetation may have remained similar over time, analogous to the 

soils at the Below Forks Site. Percent organic matter was not determined for the Gowen 

Site therefore, no comparison can be made. 

Two tests were performed to determine the amount of carbonate throughout the 

stratigraphic profile. Samples were tested for hydrochloric acid reaction as well as 

submitted for LOI to determine the percent carbonate. Based on the results of the HC1 

testing, the stratigraphic profile can be divided into two sections. It can be seen that unit I, 

approximately the upper 39 cm of profile 1, 48 cm of profile 2, and 48 cm of profile 3 

exhibited no reaction to the HC1. Field observation detected a lack of gastropods in this 

sedimentary deposit for all three profiles. Furthermore the grain size was very consistent 

within unit I of all three profiles, whereas it changed every few cm in the package below. 

Soil development in unit I appeared to be very different from the lower sediments in the 

package as well. The soils were thicker and had more gradational boundaries. Based on 

this evidence it was determined that the uppermost sediments at the site were of a different 

origin than the lower sediments. HC1 acid tests for the lower section of the profile suggest 

that calcium carbonate is most abundant from 88-215 cm for profile 2 and 44-176 cm in 

profile 3. It is likely that these sections of increased calcium carbonate are analogous, 

however as the horizons are often broken it is impossible to definitively correlate these 

based on a stratigraphic datum. This difference was further confirmed by LOI analysis for 

percent carbonate. 

Results from the LOT for percent carbonate suggest that the carbonate content in 

unit I is significantly lower than the carbonate in the lower sediments. In addition, between 

48-71 cm in profile 2 there appears to be a transition zone of increasing carbonate, further 
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suggesting a change between depositional regimes. However, associating the percent 

calcium carbonate with either pedogenic development or diagenetic processes was difficult, 

as the calcium carbonate was associated with different horizons throughout the profiles. 

The calcium carbonate in profile 1 was mostly associated with C horizons suggesting that 

the parent material contained a high percentage of calcite, or that the carbonate was leached 

from the A horizons into the C horizons. The calcium carbonate in profile 2 was mostly 

associated with the A and B horizons suggesting pedogenic development, but not leaching, 

a pattern that is typical of incipient soil horizons. The calcium carbonate in profile 3 was 

mainly associated with A horizons, again suggesting pedogenic development associated 

with incipient soil development, but lacking any leaching into the 13 horizon. Therefore, 

based on this data it is proposed that calcium carbonate in the Below Forks profile is the 

result of a combination of processes. The data suggests that while pedogenic carbonate 

was likely being formed within the incipient soils, the parent material in the lower package 

also contains calcite thus resulting in unclear data trends. The total percent calcium 

carbonate equivalent determined for samples in all three profiles suggests that the amount 

of calcium carbonate in the soils is substantially less than the 40% suggested for Black 

Chernozemic soils. This may be a result of a loss of calcium carbonate through leaching 

over time, the nature of incipient Chernozems, or the soils may be of a different order than 

Chernozemic. 

Gastropods, another source of carbonate, were distributed fairly regularly 

throughout unit II of the stratigraphic column but were completely absent from unit I. The 

gastropods in unit II appeared to be rather consistent in abundance Therefore, the varying 

results from the HCl tests suggests that gastropods were not the only source of carbonate 
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affecting the reaction. As such, it is argued that their presence or absence does not 

account for the HC1 reaction difference between unit I and unit II. As was just discussed, 

LOT results suggest that the majority of calcium carbonate present in unit II is due to the 

mineral composition of the parent material as well as pedogenic processes. 

Chronological History of the Below Forks Site 

Glacial Sediments 

The underlying glacial deposits at the Below Forks Site were not sampled for 

laboratory analysis as they were not directly exposed at the site and no cultural materials 

were associated with them. However, based on the field description of these tills, it is 

apparent that they are similar in nature to the tills from the Sutherland and Saskatoon 

groups, deposited during the Wisconsinan glaciation, which are found at other cut banks in 

the area (Lidgren and Sauer 1982; Campbell and Hendry 1987; Christiansen et al. 1995). 

The stratified tills are composed of quartzite and chert gravels that are supported in a 

calcareous matrix. 

The glacial history of the Gowen Site is rather similar to that described for the 

Below Forks Site. According to Christiansen (1968), glacial tills were deposited in the 

Saskatoon area around 20,000 '4C BP by the Laurentide ice sheet during the Late 

Wisconsinan followed by the inundation of Glacial Lake Saskatchewan approximately 

11,000 '4C BP. By 9,000 14C BP the lake had drained and a glacio-fluvial depositional 

regime had begun. Similar glacial tills represent the basal sedimentary unit above bedrock 

at the Sjovold site as well. Based on this evidence it can clearly be argued that regional 

climatic conditions dominated over local environmental conditions at the three sites during 



109 
glaciation as all three sites lack buried stable vegetation surfaces and have similar 

stratigraphic packages dating to this time period. 

Fluvial 

Unit III 

The package directly conformable above the glacial tills appears to be of fluvial 

origin. The package has been divided into units II and III based on changes in mean grain 

size. The lower 150 cm of the package, herein referred to as Unit III, includes grains 

ranging in size from clays to boulders and Unit II is composed of a series of fining upward 

sequences. Unit Ill was exposed in profile 2 at a depth of 526-378 cm below surface, and 

most likely continues under the colluvial slope, but was not exposed in profiles 1 and 3. 

Unit III was characterized by coarse sands and gravels with occasional boulders present. 

While at first glance these sediments appear to be the result of braided stream deposition, 

observation of the internal sedimentary characteristics, which are similar to characteristics 

associated with finer-grained point bar deposits, indicates that indeed these sediments 

compose the point bar upon which the site sits. Campbell and Hendry (1987) argued that 

sediments similar to this at Foxe's Flat, near Nipawin were typical of point bars created in 

gravel bed rivers. It appears that although coarse material was deposited at the site, some 

of the largest clasts were too big for the competency of the river during this time. 

Therefore, it has been argued that the boulders were most likely ice rafted and subsequently 

dropped at the site (Campbell and Hendry 1987). The Below Forks sediments exhibit 

structure consistent with the sediments at Foxe's Flat. The sediments at both sites were 

characterized by a wide range of grain sizes related to mode of transportation, including 

deposition of sand that resulted in high angle cross bedding trending with the channel, 
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general vertical fining upward sequences and lateral accretion bedding of the gravels 

which formed as they were deposited in sheets (Campbell and Hendry 1987). This wide 

range of particle sizes indicates that a high energy system must have been present at the 

time of deposition. However, there is conflicting evidence as to when this high energy 

deposition may have occurred. Campbell and Hendry (1987) argued that the coarse point 

bar sediments at Nipawin were deposited after 7,000 '4C BP, based on research by 

Christiansen (1982). Indeed, Christiansen (1982) stated that radiocarbon dates from buried 

paleosols in the Nipawin study area suggested that sediments were deposited around 8,000 

14C BP when the rivers discharge was significantly greater than it is today. Christiansen 

(1982) argued that this increased discharge was the result of a drop in Lake Agassiz to the 

McCauleyville level (Christiansen 1979:51) between 8,000 and 7,300 14C BP. Asa result 

of this drop, the Saskatchewan River incised into the lower terrace sytem resulting in 

"minor erosion of the cutbanks and deposition on the point bars" (emphasis mine). Based 

on Christiansen's (1982) interpretation it appears that he is referring to subsequent 

deposition on point bars, not the formation of the point bars themselves. Based on 

Christiansen's (1982) Drawing no, 0075-002-04, it appears that the sand and gravel point 

bar deposits in the Nipawin study area, which are analogous to unit III at the Below Forks 

site were deposited underneath a series of radiocarbon dated paleosols. 

According to a series of radiocarbon dates fiom four paleosols located above the 

point bar material it appears that Christiansen (1982:48-9) was referring to the deposition 

finer overbank deposits around 7,000 14C BP, rather than the coarse point bar deposits as 

suggested by Campbell and Hendry (1987). The series of paleosols overlying the coarse 

point bar deposits were dated to 10,265 ± 585 14C BP (S-2166), 9,240 ± 525 14C BP (S-
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2167), 6,610 ± 95 14 C BP (S-635), and 3,600 ± 90 14C BP (S-2163) thus suggesting 

some floodplain stability following deglaciation (Christiansen 1982:48-9). Interestingly, a 

radiocarbon date on charcoal collected from the deepest buried soil approximately 340 cm 

below surface, at the top of unit III at the Below Forks Site dates to 10,930 ± 130 '4C BP 

(TO-10918). If this date is correct then unit III at the Below Forks Site would also have 

been deposited prior to that date. In addition, a paleosol above coarse gravel deposits from 

the Saskatoon area was recognized by Dormaar (1978). This paleosol was dated to 9,940 ± 

160 14C BP. Moreover a date of 9,150 ± 40 '4C BP (Beta-173611) was determined for 

paleosol 9, located above a gravel deposit at the St. Louis Bridge Site in St. Louis, 

Saskatachewan, along the South Saskatchewan River. Plano-Indian cultural materials, 

including a projectile point, were removed from paleosol 7 at the same site (Amundson and 

Meyer 2003). This data from the Saskatoon area as well as the St. Louis Bridge Site 

suggests that the deposition of the coarse sediments as well as the development of soils 

occurred well before 7,000 '4C BP throughout the Saskatchewan River valley contrasting 

Campbell and Hendry's (1985) model. 

This sequence fits with the model of deglaciation proposed by Christiansen et al. 

(1995) that suggests that glacial lakes Saskatchewan and Agassiz were drained in central 

Saskatchewan by 11,000 '4C BP. Indeed, if as Campbell and Hendry (1987) proposed that 

the boulders in unit III were ice rafted, which is a logical interpretation, it seems more 

likely that they would be ice rafted during deglaciation rather than 4,000 years later by 

winter fi-eeze thaw action as the authors suggest. Without the water input from glacial 

lakes, discharge would have been greatly reduced arguably allowing soil development to 

occur at the Below Forks Site shortly after 11,000 14C BP as the 10,900 14C BP date from 
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the Below Forks Site and the 10,200 and 9,200 14C BP dates from the Nipawin study 

area suggest. While it is not argued that a drop in base level, such as Lake Agassiz's drop 

to the McCauleyville level would cause the Saskatchewan River to incise, it is simply 

argued that the incision is most likely not correlated with the deposition of unit ifi. Rather 

it appears that the coarse meandering stream deposits were likely deposited under the 

influence of glacial meltwater during the outflow of Glacial Lake Saskatchewan 

(Christiansen et al. 1995) as the water discharge into the Saskatchewan River system would 

have been highest at this time. The aggradation of the Saskatchewan River during this time 

correlates well with the aggradation of the Bow River, which has been associated with the 

onset of the Younger Dryas, and is probably a result of the decrease in meltwater due to 

glacial re-advance during this time (Oetelaar 2002). 

However, a second chronology has also been constructed excluding the Below 

Forks 10,930 date from buried A-horizon 27 and the similar aged dates from Christiansen's 

(1982) Nipawin study. If Campbell and Hendry (1987) are correct and the point bar was 

not deposited until 7,000 14C BP, the 10,00014 C BP date cannot be correct. Assuming that 

the bottom of the point bar deposits at the Below Forks Site is approximately 526 cm below 

surface, as it is in profile 2, and accumulation started at 7,000 14C BP then an average of 

3l7mnill00years would have been deposited during the 900 year interval between the 

deposition of the point bar sediments and the 6,100 '4C BP date for paleosol 21. Of course, 

as was mentioned before, sedimentation was not constant at the Below Forks Site it was 

episodic, the result of overbarik deposition. Therefore, considering Christiansen's (1979) 

model of deglaciation that suggests that a drop in the level of Lake Agassiz to the 

McCauleyville level allowed the Saskatchewan River to begin down cutting during this 
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time period it is difficult to understand how 2853 mm of sediments were deposited 

during a period when the river was rapidly down cutting. Moreover, the presence of buried 

A horizons 21-27 at the Below Forks Site further suggests that the deposition could not 

have occurred only between Campbell and Hendry's (1987) 7,000 '4C BP date and the 

6,100 '4C BP date from buried A horizon 21 at the Below Forks Site. Finally, there is no 

staratigraphic discontinuity represented at the Below Forks Site that indicates that incision 

occurred around 7,000 14C BP. Therefore, based on the data collected for this thesis it 

appears that soil formation began at the site around 10,900 '4C BP followed by a series of 

overbank deposits and soil development until 6,100 14C BP, therefore, the formation of the 

point bar must have occurred during deglaciation. 

Unit II  

Unit II at the Below Forks Site is composed of a series of fining upward 

meandering stream deposits. Fining upward sequences are common in landforms created 

by fluvial deposition, especially in overbank deposits (Boggs 2001:283). Unit II was 

exposed in profiles 1, 2, and 3. In profile 1, unit II ranges from 210-39 cm below surface 

and is composed of a series of nine approximately 10 cm thick fining upward sequences. 

In profile 2 it ranged from 340-241 cm below surface and is composed of a series of 

twenty-seven approximately 15-20 cm thick fining upward sequences, and in profile 3 unit 

II ranged from 23453 cm below surface and is composed of a series of fifteen 

approximately 10 cm thick fining upward sequences. In all three profiles the fining upward 

sequences are characteristic of meandering stream over bank deposits. This coarse to fine 

deposition is interpreted as the result of overbank flood deposits occurring every several 

hundred years. The coarser material within these overbank deposits was laid down during 
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the highest flow of the river, while the finer material was deposited during the waning 

of the flood. The mineral grains that compose these sequences are similar in composition 

to the glacial tills found throughout the Forks locality. This similarity in composition 

suggests that the material being deposited at the Below Forks Site is likely being reworked 

from carbonaceous glacial tills upstream. This is further supported by the results from LOI 

for calcium carbonate, which suggested that the calcite present in the overbank deposits is 

probably partially from the parent material. 

Within these fining upward sequences there were several buried A horizons. 

Because the buried A horizons in profiles 1, 2, and 3 were broken, it was impossible to 

correlate any of the paleosols between the profiles. As was mentioned, the number of 

paleosols differed for each profile. Although the number of paleosols differed, the 

characteristics of the paleosols were very similar between the profiles. Profile 1 contained 

9 buried A horizons, profile 2 contained 19 buried A horizons and profile 3 contained 15 

buried A horizons within unit II. The lack of correlation between the paleosols of the three 

profiles can be attributed to the morphology of the site. Because point bars are formed in a 

outwardly progressing manner the topography of the surface is not flat, thus resulting in the 

broken appearance of the buried soils. Moreover, the crescent shape of point bars results in 

deposition in some areas of the point bar and erosion in others, therefore profiles drawn 

from one end of a point bar may not be similar to one drawn in the middle or on the other 

side. 

All of the buried A horizons were thin, 1-3 cm, had rootlets but lacked pedogenic 

development, were wavy to broken, and had clear to abrupt contacts. The similarity in soil 

development and structure suggests that these soils developed for similar lengths of time. 
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Indeed, the amount of organic matter extracted from these soils also indicates similar 

conditions of soil development through time as the percent organic matter was rather 

similar between buried A horizons in all three profiles. 

Reasons for any discrepancies between the organic matter content of the buried A 

horizons can be attributed to slight differences in development time, biological activity and 

ages of the buried soil. Differences in length of soil development and organic matter 

cycling can affect the amount of organic matter incorporated into a soil. Moreover, while it 

appears that much of the organic matter was preserved, it has been shown that organic 

matter does degrade over time (Retallack 2001:89). This may account for the lowest 

percentages of organic matter, which are associated with the lowest, and therefore oldest 

paleosols at the site. Moreover, Stevenson (1969) argues that rapid burial of soils and 

minimal biological activity leads to the preservation of organic matter. All of the soils at 

the Below Forks Site were buried by rapid sedimentation and show very few signs of 

biological activity except for a few root traces. Therefore, it appears that much of the 

original organic matter in the soils was most likely preserved. This may account for some 

of the highest percentages of organic matter being preserved in the lower buried soils at the 

site. Based on this information it is argued that the differences in soil organic matter 

between the buried soils in profiles 1, 2 and 3 is the result of a suite of processes such as 

length of soil development, rate of organic matter cycling, preservation conditions and 

degradation over time. 

However, it must be noted that the percentages of organic matter in profile 3 are 

slightly higher than those recorded for profiles 1 and 2. This increase in organic matter is 

attributable to the formation processes that created the point bar. As point bars develop in 
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a wedge shape the down river portion is often composed of compound soils. This may 

have lead to longer surface stability of the soils and thus higher organic matter content at 

the west end of the site. 

The results of stable C isotope analysis suggest that the vegetation composition, that 

is the ratio of C3 to C4 plants, has remained fairly consistent over the past 6,000 years as 

average &3C values only ranged between -25.81 to -24.58%o. Results from the calculation 

used to determine the ratio of C3 to C4 plants suggests that the surface soil at the Below 

Forks Site is currently being formed under 8.5% C4 vegetation. This is similar to 

percentages recorded by Teeri and Stowe (1976:2) and Landi et al. (2004) who suggest 

12% and 10% respectively regarding C4 vegetation in central Saskatchewan. However, in 

the past the percentage has changed. Around 6,000 years ago, during the proposed 

Altithermal period the percentage of C4 vegetation at the Below Forks Site was similar to 

current conditions approximately 10.64% C4 vegetation as suggested by data collected from 

buried A horizon 20. According to data from buried A horizon 19 this percentage 

increased slightly after 4,570 14C BP to approximately 11.50% C3 vegetation. Buried A 

horizon 18 was deieloped under 10.79% which is both consistent with the percentage of C4 

vegetation as well as the date from buried A horizon 19. Buried A horizons 17, 16, and 14 

were developed under 8.21%, 13.64%, and 14.36% respectively. The C horizon from 

below A horizon 16 suggests the presence of 12.29% C4 vegetation. A decrease down to 

10.43% C4 vegetation appears to have followed for buried A horizon 13 and the C horizon 

below it, which date to 3,630 ± 60. Shortly after, buried A horizon 10 was developed 

under 11.64% C4 vegetation, whereas the C horizon under buried A horizon 7 suggests a 

drop to 17.29% C4 vegetation. However, it should be noted that the sample from the C 
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horizon could be contaminated by other organic matter deposited from further 

upstream. This is strongly supported as data from buried A horizon 7 suggests only 

12.43% C4 vegetation. Although no other radiocarbon dates are present for the following 

paleosols the data suggests an increase in C4 vegetation beginning in A horizon 7 to 

13.64% in A horizon 6 and reaching a peak in C4 grasses at the time A horizon 4 was 

formed as there is 15.50% C4 vegetation recorded. However, data from A horizon 3 

suggests that C4 vegetation decreased again to 12.43% and remained fairly stable as buried 

A horizon 1 and the C horizon below it suggest 12.43% and 11.00% respectively. As was 

mentioned the current surface soil is being formed under 8.50% C4 vegetation. As can be 

seen from these results the amount of C4 vegetation did not change drastically throughout 

the past 6,000 years. While small changes have been recognized, they should be evaluated 

with caution as the calculation used to derive these percentages is partly based on the 

percent organic matter derived from the inherently flawed LOI technique previously 

discussed. Changes in the percentages of C4 vegetation may directly reflect these flaws. 

Moreover, because the parkland ecotone is characterized by a mosaic of boreal forest and 

aspen vegetation, the samples collected may not be representative for the entire ecotone, 

but rather a reflection of where the samples were taken. 

The results of preliminary micromorpho logical analysis also suggested that the soils 

at the Below Forks Site developed under similar vegetation conditions. Examination of 

buried A horizons 5, 13, 21 and 22 from profile 2 revealed interesting similarities between 

the buried soils. The parent material of all four soils appeared very similar in sorting, 

mineral composition, and roundedness. This suggests that the depositional processes that 

deposited the parent material were the same for all paleosols examined. The structure of 
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the soils themselves was strikingly similar as well. While none of the buried soils 

exhibited traditional soil development each of the four A horizons was very weakly 

developed in that they had similar relationships between their mineral and organic 

components. Because soil development is related to vegetation and time (Birkeland 1999) 

these characteristics suggest that the soils were formed under similar vegetation, for similar 

lengths of time. The observation of finer grained B horizons suggests that development 

occurred long enough for the downward migration of clays. However, a lack of clay 

coatings suggests that the length of time these soils developed was very brief; much less 

than 1,000 years. 

Microscopic analysis of calcite in the A, B, and C horizons revealed differences in 

its origin. While calcite crystals in the C horizons appeared rounded and dull, the calcite's 

in the B horizons were angular. The rounded calcite crystals in the C horizons likely 

reflect the transportation of calcite in the parent material and the angular crystals represent 

in situ growth of calcite crystals as a result of pedogenic processes in the B horizons. 

Particle size analysis of unit II from profiles 1, 2 and 3 revealed a series of loamy 

deposits with variable amounts of sand ranging from silty loam to loamy sand, with 

occasional sand lenses. Generally, the sediments tend to fine upward in 15-20 cm intervals 

with the finest material often associated with buried A horizons. Buried A horizons 17 and 

18 were associated with Oxbow cultural materials and buried A horizon 21 was associated 

with Mummy Cave cultural materials. In an effort to establish a cultural chronology for 

these materials 14 radiocarbon dates were assayed from bone and charcoal recovered from 

these cultural horizons within the central excavation block (Table 4). Of these 14 dates, 

only 10 have been used to calculate the sedimentation rates for the site. Four samples were 
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taken from the eastern excavation area. As was previously discussed, the morphology 

of the eastern end of the point bar is very different from the central and western portions. 

Moreover, none of the samples pertaining to this thesis were taken from this area because 

no excavation units were open in the area during this sampling process. Thus, dates from 

this end of the excavation area will not correlate well with dates from the central 

excavation area. However, radiocarbon sample TO-10082 collected from the surface of the 

west end of the site will be used as the surface soil can be correlated across the entire site. 

Seven stable soil surfaces buried under overbank deposition are visible between 241 

and 340 cm below surface of profile 2 at the Below Forks Site. These soil surfaces 

developed as waning glacial floodwaters deposited sediment over the floodplain during 

bankfull episodes between 11,000- 6,000 '4C BP. In addition, the warmer drier conditions 

that began around 8,000 '4C BP would have increased sediment input into the 

Saskatchewan River system as vegetation changes during this time contributred to hilislope 

instability. The additional sediment input led to further aggradation. Dates from buried 

soils associated with this period of aggradation include a 10,930 ± 130 14C BP date from 

the first developed soil in the Below Forks stratigraphic package, buried A horizon 21 and 

a date of 6,100 ± 140 14C BP (TO-9354) from buried A horizon 21 located at 245 cm below 

surface in profile 2. Although there are no radiocarbon dates for the intervening five buried 

soils a general chronological history for this 95 cm of deposition can be created. 

Sedimentation rate calculations suggest that approximately 19 mm of sediment 

accumulated per 100 years between 10,930 and 6,100 14C BP. However, depositional 

characteristics of the sediments, in conjunction with soil development at the site do not 

suggest that the sediment was constantly being deposited. Rather during this 4,830 year 
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period it appears that there were seven episodes of sedimentation followed by seven 

periods of stability represented by paleosols 21, 22, 23, 24, 25, 26 and 27. Based on the 

sedimentological characteristics of the sediments and the development of the seven 

incipient soils, this time period is best characterized by a series of episodic overbank 

deposition followed by approximately 690 years of soil development represented by each 

the buried A horizons. Each episode of deposition most likely only represents a single 

major discharge of the river, such as major flood event. And each buried soil probably 

represents only several hundred years of development based on a lack of soil structure. 

However, the presence of B horizons below four of the buried A horizons in this sequence 

suggests that development may have been as long as 1,000 years in some cases. This 

length of soil development is consistent with the river model during this time (Figure 4b). 

Because the river had recently experienced a substantial down cut, only floods of high 

magnitude would have been able to deposit overbank sediments over unit III. In fact, the 

presence of a B horizon directly under a C horizon without an intervening A horizon at 285 

cm below surface indicates some erosion may have even taken place during this interval. 

Although an erosional contact was not identified for this surface at the time of sampling, 

future field observation regarding this matter is strongly suggested. 

Between the sample from buried A horizon 21 at 245 cm below surface dating to 

6,100 ± 140 '4C BP (TO-9354), and the sample taken from buried A horizon 18 at 205 cm 

below surface dating to 4,790 ± 70 '4C BP (TO-10085), 40 cm of sediment accumulated. It 

should be noted that the sedimentological profiles associated with this thesis do not directly 

correlate with the profiles drawn by the archaeologists working at the site. Therefore, 

buried A horizons 21 and 18 as noted in this thesis are buried A horizons 21b and 20b 
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respectively on the archaeological profile. Within this sediment package identified in 

profile 2 there are four buried A horizons and three identified B horizons. Sedimentation 

rates were calculated to be 30.5mm/lOU years, however this estimate was based on 

continuous deposition. Unit II was most likely represented by four periods of rapid 

sedimentation from overbank deposition resulting possibly from hundred year flood events. 

Between depositional events the four paleosols represent four periods of stability. It is 

estimated that each soil surface represents approximately 340 years of stability. Compared 

to soil development in more stable environments 340 years is rather insignificant. Yet, 

these buried A horizons are associated with field recognized B horizons, creating an 

unusual profile considering the time for development. However, the B horizons are 

weakly developed, recognized only by their reddish hue, finer grain size and stratigraphic 

position. Thus, it is possible that these characteristics may have developed within the 

timeframe proposed. It should be noted that the 340 year estimate may not be appropriate 

for all four samples as the percent organic matter calculated for buried A horizons 18 and 

19 is twice as high as the percent organic matter calculated for buried A horizons 20 and 

21. Therefore, buried A horizons 18 and 19 may represent more time than buried A 

horizons 20 and 21. However, as no significant difference in structure exists between the 

soils it is impossible to confirm this hypothesis. 

Buried A horizon 18, as was mentioned is associated with Oxbow cultural material 

and was dated to 4,790 ± 70 '4C BP (TO-10085). Buried A horizon 17, also associated 

with Oxbow materials was dated to to 4,570 ± 60 '4C BP (TO-10195). Approximately 425 

mm/l 00 years was deposited between these two dates. Similar to the deposits between 

paleosols 18 and 21 the sediment was most likely the result of overbank deposition and the 
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soil development probably represent the bulk of time between the two dates. Thus, the 

length of soil development is suggested to be 220 years. However, this length of soil 

development must be accepted with caution as the radiocarbon dates are so close in age. 

The actual dates of the two paleosols may differ from those used to calculate the 

sedimentation rate and soil age especially considering the incipient B horizon development 

below buried A horizon IT 

Buried A horizons 17 to 27 and the sediments associated with those paleosols 

represent the entire Altithermal period. As was suggested in chapter 2, paleo environmental 

proxy data collected from the Northern Plains indicates a warming, drying trend from 

8,000 to 5,000 '4C BP. This data suggests that Altithermal conditions caused grassland 

vegetation to move as far as 200 km north of its original position (Ritchie and Lichti-

Federovich 1966, Mott 1973, and Schweger and Hickman 1989). However, this shift to 

grassland dominated vegetation was not detected in paleosols 17-27. Rather, it appears that 

based on organic matter content, soil color and pedogenic characteristics, and &3C values 

that environmental conditions during this time period have been similar to those currently 

present at the site. However as was previously noted, the shift in vegetation was not 

homogeneous throughout the Northern Plains. Some areas experienced early onset of 

grassland species, while other areas were intruded by few grassland elements. Therefore, it 

appears that although regional climate was changing resulting in shifting ecotonal 

boundaries, local vegetation at the Below Forks site remained fairly constant. This site-

level homogeneity fits well with Bryson et al. . 's (1970) model that argued that geographic 

features often control local conditions allowing variation to occur within a larger climatic 

regime. Thus, although paleoenvironmental data collected from areas around the Below 
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Forks Site may suggest a regional vegetation change caused by climate change, the 

conditions at the Below Forks Site remained stable. This is most likely due to the constant 

water supply from the Saskatchewan River throughout the Holocene, which continued to 

support C3 adapted species at the site as well as the north-south shift of the parkland 

ecotone which would have allowed the Below Forks Site to remain within the ecotone 

during regional climate change.-

The next set of radiocarbon dates was derived for buried A horizons 16 and 17. 

Buried A horizon 17, which is associated with Oxbow materials was dated to 4,750 ± 90 

'4C BP (TO-10196) and buried A horizon 16 was dated to 4,570 ± 60 '4C BP (TO-10195). 

Again the paleosols are not analogous between this thesis and the archaeological profiles. 

Therefore, buried A horizons 16 and 17 are correlated to buried A horizons 19 and 20a 

respectively on the archaeological profile. Approximately 22 mm/100 years was deposited 

between these two dates. As there is only one C horizon which separates the two buried A 

horizons it is suggested that the deposition was the result of an overbank deposit that 

occurred very rapidly. The bulk of the time that separates these dates is represented by the 

soil development of buried A horizon 16. This interval, which represents a 180 year period, 

in contrast to the 220 year interval represented between buried A horizons 16 and 17 

indicates that the channel bed was likely aggrading along with the levee in which the 

Below Forks Site was formed. As the channel bed aggraded, the amount of water required 

to attain bankfull decreased, allowing the floodplain to experience more frequent 

deposition. As the channel bed aggraded, and flood events occurred more frequently, the 

length of soil development decreased. This is exhibited by the steady decrease in soil 

development from buried A horizons 21-27, which developed on average for 690 years, 
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buried A horizons 18-21, which developed on average for 330 years, buried A horizon 

17, which developed over approximately 220 years, and buried A horizon 16, which 

developed over approximately 180 years. 

Between buried A horizon 16, dated at 4,570 ± 60 '4C BP (TO- 10195) and buried A 

horizon 13, dated to 3,630 ± 60 '4C BP (TO-10194), 31 cm of sediment accumulated and 

three buried A horizons developed. Based on this information sedimentation rates were 

calculated to be 27 mm/100 years, which is similar to the rate of deposition calculated 

between buried A horizons 18 and 21 and buried A horizons 16 and 17. Again, this 

deposition does not represent constant sedimentation, rather it appears that it was deposited 

in six impulses most likely related to overbank deposition based on the characteristic fining 

upward sequences. The amount of organic matter was similar for buried A horizons 13, 14, 

and 15. Thus, it is suggested that these three soils each developed over a similar amount of 

time, approximately 373 years. It should be noted that the length of soil development 

calculated for buried A horizons 13-15 is almost double the length calculated for buried A 

horizon 16. The difference in length of soil development is most likely due to a change in 

the river's competency. Following the Altithermal warming, drying period, climate on the 

Northern Plains cooled and precipitation increased. The warmer adapted species of 

Artemisia, Graminae, and Chenopodiiae that encroached into the area during the 

Altithermal was replaced by cooler adapted species such as Populous Treinolodies and 

Pinus banksiana currently occupying the site. This change in vegetation caused slopes to 

re-stabilize resulting in a decrease in sediment input into the Saskatchewan River system. 

Increased precipitation combined with a decrease in sediment allowed the competency of 

the river to increase leading to a period of net degradation. As the channel of the river 
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lowered, the amount of water necessary to attain bankfull increased, thus decreasing the 

amount of deposition over the floodplain. Decreased deposition led to the increase in 

length of soil development calculated for buried A horizons 13-16. 

Between buried A horizon 13 dated at 3,630 ± 60 (TO-10194) and buried A horizon 

4 dated at 3,340 ± 70 (TO-11020), 86 cm of sediment accumulated, which was 

subsequently overprinted by A and B horizonation. The sedimentation rate calculated for 

this interval is 296 mm/100 years, however as before the sedimentological characteristics 

indicate the package represents 10 overbank deposits, capped by 10 stable soil surfaces. 

The average length of soil development for this interval is 29 years. As was previously 

mentioned, the river was going through a period of net degradation therefore, overbank 

deposition cannot account for the short length to soil development. According to 

Christiansen (1982), Campbell and Hendry (1987), Walker (1992) and Hendry (1995) 

aeolian material has been deposited throughout the Northern Plains for at least the past 

5,000 years. Aeolian capped hilltops, dune formations and massive fine-grained sand 

deposits atop terraces are found throughout the area. While it is impossible to detect this 

introduction through particle size analysis, it is likely that aeolian deposition began at the 

Below Forks Site during this time. This would account for the increased sedimentation 

rates and decreased length of soil development between paleosols 4-13. In addition, 

colluvial material, which is represented by a series of pea gravel lenses in the upper portion 

of unit II may also account for increased sedimentation rates. Other factors that may 

account for the short length of soil development may include the use of average 

radiocarbon dates, as the actual dates for the formation of the soils may in fact be at the 

extreme ends of the date ranges provided. However, this would still underestimate the 
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length of stability of the soils. Another factor that should be noted is that the dates were 

performed on mammal bone. Problems with collagen preservation have been noted for the 

northern Plains (Morlan 1999). 

radiocarbon dates. 

Generally, the buried A horizons in this interval had higher organic matter contents 

than the previous buried A horizons. In fact buried A horizon 11 had one of the highest 

organic matter contents of the entire stratigraphic package at 11.44%. The increased 

organic matter content is most likely related to the organic matter degradation over time in 

the lower buried A horizons and a difference in the length of time of soil stability between 

buried A horizons 4-13. 

It is suggested that a radioc.rbon date collected from this last interval of sediments 

is incorrect as it dates to 4,790 ± 90 (TO-10193). The charcoal sample was taken from a 

non-cultural layer between buried A horizons 6 and 7 and may have been transported from 

upstream or have been reworked from older material as some colluvial pebble lenses are 

found throughout the upper portion of unit II. Thus, this date may not be representative of 

the age of the soils it is bound between. This is supported by the fact that all C horizons 

present at the Below Forks Site contain charcoal transported in with the parent material. 

Most of the charcoal associated with the C horizons is similar in particle size to the 

surrounding sediments and is often oriented in the direction of flow. Based on the 

radiocarbon dates from paleosols 12, 11, and 4 it is clear that the 4,790 ± 90 (TO-10193) 

date is out of place. Therefore, it will not be used in the calculation of sedimentation rates 

for this set of sediments and paleosols. 

Poorly preserved collagen can result in inaccurate 
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The sediment that accumulated between the sedimentological contact at 48 cm 

below surface and the top of buried A horizon 4 at 67 cm below surface was deposited by 

both fluvial and aeolian mechanisms. As no radiocarbon dates are associated with the 

sedimentological contact, sedimentation rates and length of soil development must be 

surmised from the rates calculated for the previous intervals. Based on the high 

sedimentation rates calculated between buried A horizons 4-13, 296 inmllOO years, it is 

suggested that the 19 cm that accumulated between 48-67 cm below surface was likely 

deposited in a relatively short period of time. Similarly, it is suggested that the intervening 

buried A horizon 3 developed at approximately the same rate as those in the interval below, 

approximately 29 years. 

Aeolian 

Unit I 

Unit I was identified in profiles 1, 2, and 3 and is characterized by loamy sand and 

based on its grain size and massive structure this unit has been interpreted to be of aeolian 

origin with some colluvial input. Unit I is suggested to be the result of continuous 

deposition of loamy sand over the last few thousand years. This is in contrast to the fluvial 

materials in unit II which were deposited during periodic flood events every few hundred 

years. However, as was suggested in the previous section this transition between 

depositional regimes was not abrupt. Because the aeolian sediments did not respond to the 

HC1 solution it has been determined that a sharp change from a strong reaction to a weak-

moderate reaction in profiles 1, 2, and 3 may indicate the incorporation of aeolian material 

into the stratigraphic profile while the terrace was still part of the floodplain. It appears 

that this gradual accumulation of aeolian sedimentation was incorporated into the fluvial 
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material until the upper 50 cm below surface where the aeolian sediment predominates 

and HC1 reaction is no longer present. This change in depositional regimes indicates that by 

the time aeolian deposition began to dominate the area, the Saskatchewan River had 

downcut to a point at which the terrace in which the Below Forks Site is situated was no 

longer part of the floodplain allowing soils to develop without interruption by flood events. 

This change in depositional regimes is reflected in the soil development as horizons in the 

upper two soils are characterized by increased thickness of A horizons as well as increased 

percent organic matter. The increase in soil thickness is due to surface stability. The 

increased organic matter content may be attributable to both longer stability and lack of 

time for organic matter degradation. 

Radiocarbon dates which correlate with the change in deposition have not been 

submitted for analysis, therefore sedimentation calculations for unit I must be estimated 

based on the radiocarbon date from buried A horizon 4 dated to 3,340 ± 50 14C BP (To_ 

10084)and the modern date (TO-10082) assayed from the surfae soil. The sediment that 

accumulated from the sedimentological contact at 48 cm to the surface was mainly 

deposited by aeolian forces, with some intervening colluvial material of the same grain 

sizes. As was previously mentioned the 19 cm that accumulated between buried A horizon 

4 and the sedimentological contact at 48 cm below surface was deposited by fluvial and 

aeolian forces at a rate of approximately 296mm1100 years. Therefore, it is suggested that 

unit I was probably deposited over an approximately 3,200 year period at a rate of 

150mnV100years. This estimate is based on deposition occurring to the present day 

because there is no way to determine when deposition stopped or if it has stopped. Based 

on the data from the Below Forks sedimentological profiles it appears that the aeolian and 
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colluvial deposition occurred fairly slowly such that some of the sediments were 

overprinted by A-horizons. Thus, deposition could be still occurring, but only during short 

episodes that deposit very little material, which could be easily incorporated into the 

surface soil. 

The apparent decrease in the sedimentation rate is probably attributable to the lack 

of fluvial deposition during this time. The length of soil development also changed during 

this interval. Only two soils are associated with this interval, one buried and one surficial. 

Based on LOT for organic matter results from profiles 1, 2, and 3 the buried soil has an 

organic matter content similar to the other buried soils at the site, suggesting similar length 

of development. However, as would be expected the surficial soil has the highest average 

of organic matter content of any soil at the site. It is suggested that this is due to the length 

of soil development as well as the loss of organic matter in other samples due to 

degradation over time. The modern soil horizon at the site is 26 cm in depth, substantially 

thicker than any of the buried soil horizons, further suggesting longer stability. Based on 

sedimentation rates for this time period it is suggested that this Ah-horizon may have been 

developing for almost two-thousand years. This is supported by its granular soil structure 

that was recorded during field observation. 

Comparative Sites 

Gowen Site Stratigraphy 

The sediment package at the Gowen Site correlates well with units I and II at the 

Below Forks Site. The Gowen Site, similar to the Below Forks Site is underlain by Glacial 

tills deposited by the Laurentide ice sheet during the late Wisconsinan (Walker 1992:27). 

After deglaciation the Gowen Site was also covered by Glacial Lake Saskatchewan. 
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During the draining of the Glacial Lake system the Gowen Site underwent a period of 

erosion which led to the development of the principle landforms in the Saskatoon area 

(Walker 1992:28). Temporally, unit 2 at the Gowen Site correlates with unit III at the 

Below Forks Site, however lacks the coarse particles that characterize unit III at the Below 

Forks Site. Unit 3 at the Gowen Site lies stratigraphically below a paleosol located 1.6 km 

north of the site dated to 8,990 ± 145 '4C BP (S-439). Unit 4 at the Gowen Site dates to 

approximately 7,000 '4C BP and is characterized by fluvial deposition in the form of fining 

upward sequences that are attributed to overbank deposition related to conditions of waning 

flow (Walker 1992:40). Two paleosols located within these deposits date to approximately 

6,000 "C BP. The Gowen Site's unit 4 correlates well with the sedimentological and soil 

characteristics of the lower portion of unit II at the Below Forks Site. Unit 5 dates to 6,000 

- 3,500 '4C BP and correlates with the mixed aeolian and fluvial fining upward sequences 

that compose the upper portion of unit II at the Below Forks Site. By 3,500 aeolian 

deposition had become the main source of sedimentation at the site (Walker 1992) similar 

to unit I at the Below Forks site. 

The soil horizonation at the Gowen Site was both similar and different to that at the 

Below Forks Site. The soils recognized at the Gowen site had A-C horizonation similar to 

profile 1 at the Below Forks Site and were described as Rego-Chernozems. In addition, the 

calcium carbonate content is similar to the data reported for the Below Forks site, 

suggesting a similarity in parent material. However, in contrast to the 21 buried A horizons 

dating to the last 6,000 '4C BP at Below Forks site, there were only 3 buried A horizons 

dating to the last 6,000 '4C BP recognized at the Gowen Site, suggesting a very different 

depositional history. The low organic carbon percentages suggests a short period of soil 
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development for each of the buried soils, therefore the geological history of the Gowen 

Site is most likely represented more by surficial instability than pedogenic development. 

Paleoenvironmental data was also collected from the Gowen Site. Similar carbon 

to nitrogen ratios from the four soils at the site suggest a stability in vegetation 

communities over time. In addition, percent organic carbon derived for the soils is similar 

as well. Although carbon nitrogen ratios were not recorded for the Below Forks Site, the 

similarity in vegetation consistency over time should be noted. 

Sjovold Site Stratigraphy 

The sediment package at the Sjovold Site, which has very similar sedimentological 

and pedological characteristics correlates well with units I and II at the Below Forks Site. 

According to Hendry (1995 :97), the upper two units of the profile at the Sjovold site were 

formed by a "steady, occasionally pulsating, accumulation of sands and silts through 

flooding, wind deposition, and slope wash." Similar to the sediments in the lower portion 

of unit II at the Below Forks site, the lowermost deposits at the Sjovold site were 

interpreted as alluvial in origin and were deposited prior to 4,000 BP (calibrated). 

Approximately 4,000 BP (calibrated) the alluvial deposition was coupled with aeolian 

deposition which continued at the site until 2,700 BP (calibrated). This deposition 

correlates with the sediments in the upper portion of unit II at the Below Forks Site. After 

2,700 BP the sedimentation at the site, similar to unit I at the Below Forks Site, was 

generally the result of aeolian deposition, with some colluvial input (Dyck and Morlan 

1995:72). 

Similar soil horizonation was also observed at the Sjovold Site. The soils 

recognized at the Sjovold site were described as "faint to distinct dark colored layers 
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thought to be buried A horizons of soils" (Anderson and Ellis 1995:87). Physical and 

chemical analysis of these dark colored layers revealed that indeed the thin weakly 

expressed horizons were buried soil horizons. Anderson and Ellis (1995) argued that the 

weakly expressed soil profiles, with little or no B horizon development were indicative of 

short periods of soil development that were interrupted by periods of sedimentation. 

Estimates regarding the length of soil development were not provided by the authors. 

Paleoenvironmental data extracted from the soils at the Sjovold site include 

preliminary phytolith analysis, organic matter content, and nitrogen content. Results from 

phytolith analysis suggest the continued presence of grassland communities and arboreal 

vegetation as well. Unfortunately, the type of vegetation C3 or C4 was not correlated with 

the phytoliths identified. The organic matter calculated for the buried A horizons ranged 

from 0.5-5.1%, with an average around 2%. These values are somewhat lower than the 

organic carbon calculated for the buried soils at the Below Forks Site during this time. 

Differences in organic matter between the sites may be due to differences in LOI 

techniques, differential preservation of organic matter or slight differences in vegetation. 

Although, the data are different enough such that the soils were most likely formed under 

varied vegetation conditions, it can be argued that while the vegetation communities may 

have been slightly different the vegetation at both sites remained stable for similar time 

periods. Finally, nitrogen, similar to the data obtained for the organic matter appeared to 

be rather consistent over time as well. Thus, it appears that although the composition of the 

vegetation at the Below Forks Site, Gowen Site and Sjovold site may have varied the 

vegetation at each site likely remained consistent over the past 6,000 years. 
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In addition, the work conducted by Christiansen (1982) and Campbell and 

Hendry (1987) in the Nipawin Study area suggests a similar sedimentological history. The 

authors suggest that coarse point bar deposits underlay a series of fining upward point bar 

deposits that are interspersed with paleosols. Unfortunately, neither study provides the 

number of paleosols observed or any paleoenviromnental data associated with those buried 

soils. Aeolian material was recorded to cap the point bars in both areas. As was previously 

mentioned, Christiansen (1982) suggests that these aeolian sands have most likely been 

deposited for at least the past 3,500 years, which correlates with the end of archaeological 

occupation at the site. Moreover, the sites around Saskatoon described by Turchenek et al. 

(1974) also have similar stratigraphic packages. The Batoche, Saskatoon, and Beaver 

Creek Sites all consist of four sedimentological units that correlate with those at the Below 

Forks Site. The basal unit at the sites consists of calcareous tills overlain by a section of 

coarse stratified gravels with boulder inclusions: Unit 3 at these sites is composed of fine 

to very coarse stratified drift, similar to the coarse point bar deposits at the Below Forks 

Site. Unit 2 is generally composed of fluvial to fluvial and aeolian material, with 

interspersed paleosols, which is capped by Unit 1 composed of aeolian sands with 

intervening paleosols. 

Based on the comparison between the Below Forks Site, Sjovold Site, Gowen Site, 

Nipawin study area, and the sites near Saskatoon it is clear that some of the processes at 

these sites were controlled by regional factors whereas other processes were controlled by 

local conditions. During Wisconsinan glaciation, the entire area surrounding the Below 

Forks Site was covered by the Laurentide ice sheet, which deposited the glacial tills 

forming the Saskatoon and Sutherland groups. This regionally controlled climatic event is 
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reflected in the regional deposition of these tills at the Gowen Site (Walker 1992), 

Sjovold Site (Hendry 1995), across the Nipawin study area (Christiansen 1982, Campbell 

and Hendry 1987) and at Gronlid Crossing just east of the Below Forks Site (Lidgren and 

Sauer 1982). Following glacial retreat it has been suggested that the upper terraces of the 

Saskatchewan River system were cut by the outflow of glacial meltwater (Christiansen 

1982; Walker 1992; Hendry 1995). As the terraces appear throughout the Saskatchewan 

River valley it is proposed that this down cutting was a regionally expressed event. During 

this increased outflow of the Saskatchewan River it has been suggested in this thesis that 

coarse point bar material was deposited at the Below Forks Site. Data collected from 

Christiansen (1982) fi'om the Nipawin study area suggests that similar coarse point bar 

material was deposited down stream as well. As the Sjovold Site and Gowen Site are 

located on terraces (formally floodplains) and not on point bars this material is not 

expected to be expressed in these areas. However, further survey of the Saskatchewan 

River system is suggested to determine if these coarse sediments were deposited 

throughout the point bars of the river, or only at particular reaches. Conducting future 

investigations will help determine if this was a regionally or locally determined process. 

Following the last glacial advance meltwater began to wane and the Saskatchewan 

River at theBelow Forks Site became a net aggradational system. Packages relating to the 

early and middle Holocene were recognized at the Gowen, Sjovold and Below Forks sites. 

A series of meandering stream overbank deposits with intervening buried soils represents 

this time period. However, the package thickness and number of paleosols differes 

dramatically between the three sites. Within the sedimentary package at the Below Forks 

Site there are up to 26 buried soil horizons. These soils have been recognized based on 
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color, presence of roots, and percentage of organic matter. In contrast, the sedimentary 

profile at the Gowen Site, while similar in age to the Below Forks Site, is only associated 

with 3 buried soil horizons in the uppermost 250 cm excavated. Therefore, it is suggested 

that regional conditions were controlling the flow of the river, however periods of stability 

and deposition varied between reaches. It appears that the Below Forks Site was 

characterized by short periods of rapid sedimentation followed by several hundred years of 

stability represented by the weakly developed soils. The Gowen Site on the other hand 

probably experienced sedimentation more often as stable surfaces are not well represented. 

This is not to suggest that more sedimentation occurred as the amount of material that 

accumulated over the past 7,000 years is very similar between the two sites. 

Recall from chapter 2 that different reaches of river systems can undergo erosion 

and deposition simultaneously depending on the local conditions of the individual reaches. 

The Gowen Site is located on the slow flowing South Saskatchewan River. The Below 

Forks Site on the other hand is located at the confluence of the North and South 

Saskatchewan, but as it is located on the northern shores of the river, as such it receives 

most of its sediment from the faster flowing North Saskatchewan River as the two rivers 

still flow separately although in one channel at this point in the system. The Gowen Site's 

sedimentological history may have been composed of more frequent, but less volume flood 

events thereby deterring soil development. Alternately, soil development may have 

occurred, but the sediments may have been deposited with enough force to mix with the 

soil surfaces thus erasing their existence. Or it is possible that the geological history of the 

site is most likely best characterized by less fluvial and more aeolian deposition than the 

Below Forks Site. 
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The Sjovold Site on the other hand is composed of 9 buried soils within a 500 

cm package of fluvial and aeolian material. As the site is composed of younger sediments, 

the amount of buried A horizons, and fluvial deposition is not expected to be the same as 

the Below Forks Site. Moreover, two-thirds of the stratigraphic section at the Sjovold Site 

is composed of aeolian or mixed aeolian and fluvial sediments, whereas most of the Below 

Forks profile is composed of fluvial sedimentation, this difference in depositional regimes 

would have directly affected the length of soil development between the two sites. 

Thus, it appears that while the type of sedimentation at the three sites appears to be 

regionally controlled, the duration and accumulation of deposition is locally dependent. 

Finally, based on comparisons of organic matter, soil thickness and soil structure of the 

soils at the three archaeological sites it appears that while regionally grasslands encroached 

up to 200 km north into the parkland ecotone, the local conditions surrounding the 

Saskatchewan River system allowed vegetation communities to remain constant for the 

past 6,000 years. This is supported by relatively unchanging ö'3C values, relatively 

consistent percent organic matter and strikingly similar soil characteristics collected from 

and observed at the Below Forks Site. 

The vegetation stability associated with the buried soils at the Below Forks Site 

may simply be the result of the location of the Below Forks Site. Currently the site is 

located at the boundary between the boreal forest and the parkland ecotone (Figure 1). 

Although, as it has been suggested, this boundary shifted northward the site may still have 

been located within the parkland ecotone, only in the past it would have been located at the 

boundary between the parkland and the grasslands to the south. As such, this may have 

prevented the recognization of Altitherinal related changes in vegetation. 
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Human Implications 

The geological and paleoenvironmental history of the Below Forks Site has several 

implications for continued human occupation of the site. First, as was previously 

mentioned, the 26 buried soil horizons at the Below Forks Site represent periods of surface 

stability. This implies that throughout the middle to late Holocene, including the 

Altithermal period, the site was most often covered by vegetation that would have been 

desirable for the location of a campsite. This is in contrast to the Gowen and Sjovold sites 

which have fewer buried soil horizons, thus representing less stable environments which 

would have been less appealing for human inhabitants. Other cut faces along the 

Saskatchewan River in the vicinity of the Forks region should be examined to determine 

whether this stability is characteristic of the entire Forks region, or whether it is related to 

the geomorphic position of the Below Forks point bar. If further examination reveals that 

more cut faces exhibit a similar series of buried soil horizons, it could be argued that the 

Forks region was known to be an area of stability during a time of landscape instability. 

Second, the vegetation community stability as argued based on soil organic matter, 

pedological development, and ö'3C values suggests that not only did landscape stability 

make the Below Forks Site a desirable place for camping, but also the reliability of a 

diverse vegetation community as well. If it is true that the parkland species present in the 

area today, along with riparian influences which further increase the diversity, were present 

during the Altithermal period it is likely that the Below Forks Site would have been 

revisited over time. Thus, with lithic resources eroding from the exposed glacial tills a few 

metres west of the site, stable, vegetated surfaces, and diverse vegetation communities the 

Below Forks Site would have been an attractive camping spot for humans living during the 
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Altithermal period. This is important as resources were scarce causing hunter and 

gatherer groups to limit their mobility. Knowing where reliable sources of diverse 

vegetation were located would have been vital to the survival of these people especially 

during a time in which resources are suggested to have been greatly reduced (Buchner 

1979). 

Thus, it is suggested that during the Altithermal time period the Northern Plains 

were indeed inhabited. Based on the literature reviewed as well as the data presented in 

this thesis it appears that most archaeological sites dating to this time period are located in 

areas where water supply is stable. Therefore, Hurt's (1966) refugium model continues to 

be a heuristic device for explaining human adaptation to Altithermal conditions on the 

Northern Plains. However, in contrast to Hurt's (1966) model, which suggested only areas 

on the periphery the Northern Plains, such as the foothills of the Rockies in Alberta and the 

eastern margins of the Plains in Manitoba were suitable for habitation, river valleys such as 

the Saskatchewan, may have also been utilized during this time period. As was shown in 

this thesis several metres of sediment appears to have been deposited throughout the 

Saskatchewan River system during the middle Holocene. Therefore, future research should 

focus on examining deeply stratified areas along river margins. As Artz (1996) suggested 

further sampling may dramatically increase the number of archaeological sites dating to 

this time period. The location and excavation of more sites may lead to a better 

understanding of how humans adjusted to climatic change, and how they utilized different 

geomorphic environments and the resources located in those environments. In addition, it 

is likely that the recovery of more archaeological materials will reveal the cause behind the 
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switch to dart points from lancelate points as well as the hiatus in bison jumping that is 

associated with the Early Middle Prehistoric Periods I and II. 

Summary 

The geological history of the Below Forks site was very dynamic. During the late 

Wisconsinan glaciation up to 80 metres of glacial till was regionally deposited throughout 

central Saskatchewan. This till has been divided into the Sutherland and Saskatoon groups 

(Christiansen 1968; Lidgren and Sauer 1982). Following deglaciation the area around the 

Below Forks Site was inundated by Glacial Lake Saskatchewan (Christiansen 1978). 

Approximately 11,000 '4C BP the glacial lake drained through the Saskatchewan River 

valley forming a set of terraces. As the glacial meltwater waned the river began to aggrade 

depositing coarse meandering stream sediments just after 11,000 '4C BP. The 

Saskatchewan River continued to aggrade throughout Altithermal warming, drying period. 

Fluvial overbank sediments were deposited at the Below Forks site during this time 

burying several soil horizons. This climate change resulted in decreased water supply due 

to evapotranspiration and landscape instability due to vegetation change. At the end of the 

Altithermal, as climate cooled and precipitation increased the river began its third period of 

degradation around 3,500 '4C BP. This period of degradation allowed the river to cut down 

far enough that the floodplain became a terrrace. Aeolian deposition has been occuring 

over this terrace for at least 3,500 years if not more based on research conducted in the 

area. 

Based on the examination of paleoenvironmental proxy data of the buried soils 

within the fluvial and aeolian deposits at the Below Forks Site, it is clear that the vegetation 

at the Below Forks Site has changed very little over the past 6,000 years. This stability of 
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diverse vegetation coupled with an outcrop of cherts and quartzites used for processing 

lithic materials and stable campsite surfaces, made the Below Forks Site an attractive area 

for human occupation during the Altithermal. It was suggested that future research in 

dynamic geomorphic areas such as river valley's will be vital to understanding human 

adaptations during the Early Middle Prehistoric Periods I and II. 
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Chapter 7 

Conclusions 

This thesis set out to examine the sedimentological, chronological and 

environmental history of the Below Forks Site (FhNg-25), located at the forks of the North 

and South Saskatchewan River. The reconstruction of this history is important to answer 

questions relating to human-environment interaction during the Altithermal period on the 

Northern Plains of Canada. The Altithermal period is associated with the Early Middle 

Prehisoric period on the Northern Plains and appears to be represented by cultural groups 

who responded to climatic change. While authors disagree as to the extent of the climate 

change and how that change affected ways of living, some general arguments have been 

made. As was suggested in chapter 2 most authors agree that during the ENT I lithic 

technology changed from large lanceolate points to smaller atlati dart points and that this 

change has been related to changes in subsistence strategies based on climatic shifts. 

However, archaeological research on the Northern Plains has yet to establish that climatic 

change has resulted in this change in lithic technology. Archaeological research has 

revealed that the use of bison jumps, which were used during the late Paleoindian period, 

were no longer used during ENT I. This change in subsistence strategy may be related to 

changes in subsistence technologies or in changes in group mobility during this time. 

Based on several years of archaeological excavations it has been determined that 

there are two ENT cultural groups, Mummy Cave and Oxbow represented at the Below 

Forks Site. The artifacts recovered from this site indicates that the people associated with 

these materials followed similar patterns to those described for the ENT I and II on the 

Northern Plains. The specific types of artifacts inlcuding projectile points, end and side 
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scrapers as well as thousands of pieces of debitage suggest that the site was used as a 

lithic processing area. 

As was just mentioned, it has been argued that during the period in which the site 

was occupied conditions on the Northern Plains were much different than they are today. 

Paleoenvironmental evidence suggests that conditions were warmer and drier between 

8;000-5,000 14C BP (Schweger and Hickman 1989; Mott 1973; Ritchie and Lichti-

Federovich 1966 etc.). The evidence collected by these authors suggests that regional 

climatic factors controlled local vegetation. In an effort to determine if these regional 

climatic conditions affected the vegetation at the Below Forks Site several 

paleoenvironrnental proxy data were examined. Particle size analysis, loss-on-ignition for 

percent organic matter and percent calcium carbonate, soil micromorphology and 5 13 

isotope analysis were employed to determine local vegetation response at the Below Forks 

site to regional climate change. In addition, the geological history of the site was 

examined. 

Results from these proxy data indicate that the Below Forks Site is composed of 

four sedimentary units. Glacial tills deposited during the late Wisconsinan represent the 

basal sedimentary unit above Creataceous bedrock. During the outflow of Glacial Lake 

Saskatchewan, in which the upper set of terraces were created, coarse meandering stream 

sediments were deposited forming the point bar upon which the Below Forks Site is 

located. Approximately 10,000 '4C BP the Below Forks Site underwent a period of net 

aggredation which continued through the onset of the Altithennal period. A series of 

upward fining overbank sediments were deposited during this time. Within these overbank 

deposits are 26 buried soil horizons. The number of buried soil horizons indicates that 
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while there were several floods between 6,000-3,000 14C BP the site was generally 

covered by grassland vegetation. Following 3,000 14C BP the Below Forks Site no longer 

received fluvial deposition as the river had down cut so far that the terrace was no longer 

part of the floodplain. This third period of degradation is associated with the cooler climate 

and increased precipitation that occurred following the Altithermal period. Aeolian 

sediment has accumulated over the site for the past 3,000 years. Within this aeolian 

sediment two soils were formed. Analyses of these soils as well as the soils within the 

fluvial sediments indicates that the 27 soils at the Below Forks Site were all developed 

under similar conditions. 

Comparable organic matter, organic carbon, and 513C values in conjunction with 

soil micromorphology indicate that the ratio between C3 and C4 vetetation at the Below 

Forks Site most likely remained relatively constant over the past 6,000 years. It is argued 

that the soils developed under approximately 90% C3 and 10% C4 vegetation. This 

environmental stability may have been one of the many attractive features that caused the 

Below Forks Site to be re-occupied over time. Although the exposure of quartzite and 

chert cobbles was the main reason humans visited the Below Forks area, the stability of a 

diverse vegetation community must have been attractive as well. Moreover, the numerous 

periods of stability represented as buried soil profiles would have made the Below Forks 

Site an desireable area for habitation during a period of regional climate change and 

decreased hunter-gatherer mobility. 

The occupation of the Below Forks Site during the Altithermal period suggests that 

not only were the cooler moister foothills of Alberta and the eastern periphery of the 

Nothern Plains occupied between 8,000-5,000 14C BP, but the interior plains were as well. 
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Future archaeological research will determine whether sites on the interior plains are 

located in a multitude of geomorphic areas or if they are localized around stable water 

sources such as major river valleys. Because river valleys and other areas of stable water 

supply are conducive to preserving archaeological sites due to their dynamic depositinal 

regimes it should not be assumed that all archaeologcial sites are located around stable 

water sources. Rather, following Artz's (1990) supposition, further archaeological 

excavation needs to be conducted in various geomorphic environments with sensitivity 

toward deeply stratified sites which may not be evident through typical survey methods. 

This research would be useful in determining whether or not geological processes are 

responsible for the lack of archaeological sites in the interior plains during the Altithermal 

period. In addition, the location of other Altithermal aged, deeply stratified sites similar to 

the Below Forks Site would have great potential for understanding wider 

paleoenvironniental changes on the Northern Plains as well as human adaptation to those 

changes during this time. Additional paleoenvironmental data would greatly clarify the 

relationship between regional and local influences on vegetation changes over time. 

Current paleo environmental data from the Below Forks Site indicates that while regional 

conditions were responsible for geological deposition and the composition of vegetation 

communities throughout central Saskatchewan, local conditions allowed the vegetation 

composition at the Below Forks Site to remain relatively stable for the past 6,000 years. 
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Sample name 
and thickness Soil horizon Color Boundary Soil Texture HCl Reaction 

% organic 
matter 

% organic 
carbon % CaCO3 

FBF 2002 
Profile I 
0-28cm A IOYR2II abruptwavey loamy sand none 8.01 4.65 1.76 

28-39cm AC 10YR212 abrupt, smooth loamy sand none 3.71 2.15 1.36 

39-44cm llAbl IOYR2/1 abrupt, smooth loamy sand very strong 2.91 1.69 5.51 

44-55cm llCbl 10YR3/2 abrupt, smooth sandy loam very strong 2.33 1.35 9.98 

55-58cm llAb2 IOYR 2/1 abrupt, broken sandy loam very strong 4.63 2.69 12.00 

58-65cm llCb2 1OYR3/1 abrupt, broken sandy loam very strong 0.54 0.31 13.38 
pebble lens at 
72cm llCb2 IOYR 3/2 abrupt broken sand very strong 2.33 1.35 15.44 

65-76cm llCb2 IOYR 3/1 abrupt, smooth sandy loam very strong 3.44 2.00 14.33 

76-78cm llAb3 IOYR 2/1 abrupt, broken sandy loam very strong 1.15 0.67 8.07 

78-91 cm llCkb3 IOYR 4/1 abrupt, smooth loamy sand very strong 0.71 0.41 5.07 

91-110cm llCb3 10YR4/1 abrupt, wavey sand verystrong 3.07 1.78 17.54 

110-111cm llAb4 IOYR 3/1 abrupt, broken silt loam very strong n/a n/a n/a 
pebble lens at 
112cm llCb4 IOYR 3/2 abrupt, broken loamy sand moderate 3.98 2.31 19.71 

111-121cm llC2b4 IOYR 3/1 abrupt, smooth sandy loam very strong 3.68 2.14 13.05 

121-123cm llAb5 IOYR 2/1 clear, broken sandy loam very strong 1.47 0.85 7.83 

123-130cm llCb5 IOYR 3/2 abrupt, smooth loamy sand very strong 5.82 3.38 21.59 

130-134cm llAb6 IOYR 2/1 clear, broken silt loam very strong 2.88 1.67 13.71 

134-145dm llCb6 10YR3/2 abrupt, smooth sandy loam verystrong 5.78 3.35 18.01 

145-147cm llAb7 IOYR 2/1 clear, broken silt loam very strong 2.62 1.52 13.24 

147-154cm llCb7 IOYR2/2 abrupt, smooth sandy loam very strong 3.14 1.82 11.45 

154-160cm llAb8 IOYR 2/1 clear, broken sandy loam very strong 0.97 0.56 7.88 
pebble lens at 
172cm llCb8 IOYR 3/2 abrupt, broken loamy sand moderate 0.97 0.56 7.88 

160-176cm ilC2b8 IOYR 4/2 abrupt, smooth sandy loam very strong 4.70 2.72 9.58 

176-182cm llAb9 IOYR 2/1 abrupt, smooth silt loam very strong 1.23 0.71 6.50 

182-183cm llCb9 IOYR 4/2 abrupt, smooth silt loam strong 5.56 3.22 9.65 

183-184cm IlAblO IOYR2/1 abrupt, smooth silt loam verystrong 1.02 0.59 5.01 

184-193cm llCb10 IOYR3/2 abrupt, smooth silt loam verystrong 1.80 1.05 4.53 

193-199cm IlAblI IOYR2/1 abrupt, smooth sandy loam strong 0.39 0.22 2.80 

199-210cm tlCbll IOYR4/2 
bottom of 
profile sand strong 0.21 0.2 5.62 

Table 1 Results of field description and laboratory for profile 1. N/A indicates no sample taken for analysis. 



Sample Name 
and thickness 

Soil 
Horizon Color Boundary Soil Texture 

HCl 
Reaction 

% organic 
matter 

% organic 
carbon 

% 
CaCO3 13C 

%04 
vegetation 

A horizon #'s/ 
Archaeologists Vs 

Profile 2 L01/13C 
0-26cm A IOYR 2/1 abrupt, smooth loamy sand none 12.57 7.29/5.48 3.20 -25.81 8.50 

26-38cm C 10YR212 abrupt, smooth loamy sand none 2.29 1.33/0.89 0.58 -25.21 12.79 

38-43cm AM IOYR 2/1 abrupt, broken loamy sand none 5.67 3.29/2.78 1.62 -25.26 12.43 A horizon i 
43-48cm Bb1 IOYR 2/1 abrupt, broken loamy sand none 5.07 2.94 2.05 
48-51 cm llCbl IOYR 3/1 abrupt, broken sand weak 1.05 0.61/0.35 1.10 -25.46 11.00 

51-52cm llAb2 IOYR2/1 abrupt, broken loamy sand weak 3.05 1.77 3.08 A horizon 2 
52-55cm llCb2 IOYR 3/1 abrupt, broken sand weak 1.97 1.14 1.84 
55-63cm llC2b2 IOYR 3/1 clear, smooth sandy loam strong 2.68 1.55 5.91 

63-65cm llAb3 IOYR 2/1 abrupt, broken loamy sand moderate 6.05 3.51/3.07 7.74 -25.26 12.43 A horizon 3/6 
65-67cm llCb3 IOYR 3/1 abrupt, broken loamy sand strong 4.31 2.50 7.88 

67-71 cm llAb4 IOYR2/1 abrupt, broken sandy loam 
mod-
strong 8.22 4.77/4.94 6.50 -24.83 15.50 A horizon 4/7 

71-80cm llBb4 IOYR 3/1 clear, broken sandy loam strong 5.31 3.08 9.34 
80-82cm llAb5 IOYR 2/1 abrupt, broken n/a strong n/a n/a n/a A horizon 5/9 
82-86cm llBb5 IOYR 3/1 abrupt, broken sandy loam strong 4.42 2.57 10.14 

86-88cm llAb6 IOYR 2/1 abrupt, broken sandy loam 
weak-
mod 8.21 4.76/5.51 5.89 -25.09 13.64 A horizon 6/10 

88-93cm llBb6 IOYR 3/1 abrupt, broken silt loam strong 8.02 4.65 19.96 
93-95cm llAb7 IOYR 3/1 abrupt, broken silt loam strong 6.77 3.93/5.21 15.39 -25.26 12.43 A horizon 7 
95-97cm llBb7 IOYR 3/1 abrupt, smooth sandy loam strong 6.65 3.86 15.97 
97-103cm llCb7 2.5Y3/2 abrupt, smooth sandy loam strong 1.66 0.96/0.51 5.59 -24.58 17.29 

103-109cm llAb8 IOYR 3/1 abrupt, smooth sandy loam strong 3.31 1.92/2.05 9.79 A horizon 8 
109-112cm llBb8 2.5Y4/2 abrupt, smooth sandy loam strong 2.50 1.45 11.24 
112-115cm llAb9 2.5Y 2.5/1 clear, broken n/a strong n/a n/a n/a A hori7on 9 
115-117cm llBb9 2.5Y 5/1 abrupt, smooth sandy loam strong 2.70 1.57 8.84 
117-123cm llCb9 2.5Y3/1 abrupt, smooth silt loam strong 3.63 2.11 9.87 

123-126cm IlAblO IOYR 2/1 abrupt, smooth silt loam strong 6.65 3.86/4.17 13.07 -25.37 11.64 A hcri7nn1O 
126-133cm liBblO 2.5Y4/2 abrupt, wavey sandy loam strong 1.68 0.97 9.54 

133-137cm llCb10 2.5Y4/2 abrupt, smooth sand strong 0.90 0.52 5.08 - - 

137-140cm IlAbil IOYR2/1 abrupt, broken loam strong 11.44 6.63 9.97 A hnri7nn 11/17 
140-144cm llBbll 2.5Y4/1 abrupt, broken sandy loam strong 2.20 1.27/1.29 13.66 
144-146cm IlCb11 2.5Y4/2 abrupt, smooth sandy loam strong 2.45 1.42/3.29 11.19 
146-147cm llAb12 IOYR 2/1 abrupt, broken loam strong 6.97 4.04 13.38 A horizon 12/15 
147-150cm llBb12 2.5Y 3/2 abrupt, smooth sand strong 0.88 0.51 5.48 
150-153cm llCb12 2.5Y 3/1 clear, smooth sandy loam strong 2.78 1.61 13.62 
153-155cm llAb13 2.5Y3/1 abrupt, broken sandy loam strong 2.79 1.62/0.67 12.28 -25.54 10.43 A horizon 13 

Table 2 Results of field descripton and laboratory analysis for profile 2. N/A indicates no sample taken for analysis. Soil horizons are numbered the same 

as on the archaeolgists profile unless noted. 



Sample Name and 
thickness 

Soil 
Horizon Color Boundary Texture 

HCl 
Reaction 

% organic 
matter 

% organic 
carbon % CaCO3 13C 

%C4 
vegetation 

A horizon #/ 
Archaeological # 

161-167cm llCb13 2.5Y412 abrupt, broken loamy sand strong 1.22 0.71/0.37 6.46 -25.54 10.43 Ahorizon 14 

167-168cm llAb14 2.5Y3/2 clear, broken sandy loam strong 2.05 1.19/1.49 10.15 -24.99 14.36 
168-179cm llBb14 2.5Y5/1 abrupt, smooth sandy loam strong 2.33 1.35 17.06 
179-181cm llAb15 IOYR 2/1 clear, broken n/a strong n/a n/a n/a Ahorizon 15/17 

181-184cm llCb15 2.5Y4/2 abrupt, smooth sandy loam strong 1.87 1.08 7.08 
184-186cm llAb16 1OYR 2/1 abrupt, wavey sandy loam strong 3.30 1.92/2.71 9.88 -25.09 13.64 Ahorizon 16/19 

186-188cm llCb16 2.5Y 4/2 clear, smooth sandy loam strong 1.03 0.60/0.67 6.50 -25.28 12.29 
188-191 cm llAb17 IOYR 2/1 abrupt, broken sandy loam strong 2.82 1.64/1.04 11.05 -25.65 9.64 Ahorizon 17/20a 

191-205cm llBb17 2.5Y3/1 abrupt,wavey loamy sand strong 1.30 0.76/0.42 5.98 -25.85 8.21 
205-209cm llAb18 IOYR 2/1 abrupt, broken silt loam strong 4.76 2.76/1.91 11.70 -25.49 10.79 Ahorizon 18/20 

209-215cm llBb18 2.5Y2.5/1 abrupt, smooth sandy loam strong 0.97 0.56 4.51 
215-223cm llCb18 2.5Y 3/2 clear, broken sand strong 0.81 0.47 3.53 
223-226cm llAb19 IOYR2/1 clear, broken loam weak-mod 4.56 2.65 4.28/3.24 -25.39 11.50 Ahorizon 19 

226-230cm llBb19 1OYR2/1 clear, broken sandy loam weak-mod 2.23 1.29 4.91 
230-234cm llAb20 IOYR 2/1 clear, broken sandy loam weak-mod 2.32 1.34 4.01/1.21 -25.51 10.64 Ahorizon 20/20b 

234-241 cm llBb20 1OYR3/1 abrupt, broken sandy loam weak-mod 1.74 1.01 4.74 
241 -247cm llAb21 IOYR 2/1 abrupt, broken loamy sand weak-mod 1.41 0.82 4.41 Ahorizon 2l/21b 

247-265cm llCb21 IOYR4/2 abrupt, broken loamy sand weak-mod 1.23 0.71 4.49 
265-268cm llAb22 1OYR 3/2 abrupt, broken loamy sand moderate 1.52 0.88 4.46 Ahorizon 22 

268-271 cm llBb22 IOYR4/2 abrupt, broken sand moderate 0.54 0.31 4.58 
271-276cm llAb23 IOYR 3/1 clear, broken loamy sand mod-strong 1.36 0.79 5.24 Ahorizon 23 

276-281 cm llCb23 1OYR4/1 abrupt, broken loamy sand mod-strong 1.12 0.65 4.92 
281-285cm llAb24 IOYR4/2 abrupt, broken loamy sand strong 1.80 0.80 4.42 Ahorizon 24 

285-287cm llBb24 2.5Y4/2 clear, broken sandy loam strong 1.31 0.76 7.46 
287-291 cm llAb25 IOYR 3/1 abrupt, smooth sandy loam weak-mod 2.78 1.61 7.28 Ahorizon 25 

291-301 cm llBb25 IOYR4/2 clear, broken loamy sand strong 0.93 0.54 4.20 
301-306cm llAb26 IOYR4/1 clear, broken sandy loam strong 1.93 1.12 9.77 Ahorizon 26 

306-336cm llBb26 IOYR 4/2 abrupt, smooth sandy loam strong 1.37 0.79 7.21 
336-340cm llAb27 IOYR 2/1 abrupt, smooth sandy loam strong 1.60 0.93 6.99 Ahorizon 27 

340-371 cm llBb27 IOYR 4/2 diffuse, smooth sandy loam strong 1.25 0.73 6.38 
371 -378cm lllCb27 IOYR 4/2 abrupt, smooth loamy sand strong 0.87 0.50 6.34 
378-391 cm lllC2b27 2.5Y 4/2 abrupt, smooth sand mod-strong n/a n/a n/a 
391-398cm lllC3b27 2.5Y 5/3 abrupt, smooth sandy loam moderate n/a n/a n/a 
398-421 cm lllC4b27 2.5Y 4/2 abrupt, smooth sand mod-strong n/a n/a n/a 
421-428cm lllC5b27 2.5Y 4/2 abrupt, smooth loamy sand moderate n/a n/a n/a 
428-485cm lllC6b27 2.5Y 4/2 abrupt, smooth loamy sand moderate n/a n/a n/a 
485-494cm lllCb27 2.5Y 4/3 abrupt, smooth sand moderate n/a n/a n/a 
494-507cm lllC8b27 2.5Y 3/2 abrupt, smooth loamy sand moderate n/a n/a n/a 
507-526cm lllC9b27 2.5Y 4/2 abrupt, smooth loamy sand moderate n/a n/a n/a 

Table 2 continued 



Sample Name 
and thickness Soil Horizon Color HCl Reaction Boundary Soil Texture 

% organic 
matter 

% organic 
carbon %CaCO3 

Profile 3 
0-29cm A IOYR3/l none abrupt, smooth sandy loam 11.51 6.68 2.69 
29-37cm AB 2.5Y 3/3 none abrupt, smooth sandy loam 4.33 2.51 1.54 
37-40cm AbI IOYR 3/1 none abrupt, smooth sandy loam 12.42 7.20 3.85 
40-44cm ABbI IOYR 3/3 none clear, smooth sandy loam 2.08 1.20 1.65 
44-53cm llAb2 IOYR 3/2 none clear, smooth sandy loam 7.10 4.12 3.38 
53-69cm llABb2 IOYR 5/2 mod-strong clear, smooth sandy loam 3.15 1.83 5.71 
69-77cm llCkb2 IOYR 4/2 moderate abrupt, smooth sandy loam 3.89 2.26 7.75 
77-79cm llAb3 IOYR 4/2 moderate abrupt, smooth silt loam 6.62 3.84 14.41 
79-83cm llABb3 7.5YR 5/3 moderate clear, smooth silt loam 2.46 1.43 11.87 
83-87cm llAb4 7.5YR 4/2 moderate abrupt, smooth silt loam 3.07 1.78 8.48 
87-91 cm llCkb4 1OYR 5/2 moderate clear, broken silt loam 3.09 1.79 12.40 
91-94cm llAb5 1OYR 3/1 moderate clear, broken n/a 
94-110cm llABb5 IOYR4/2 moderate clear, smooth sandy loam 2.09 1.21 5.75 
110-114cm llCkb5 IOYR 5/2 strong clear, smooth silt loam 3.43 1.99 13.64 
114-115cm llAb6 7.5YR 4/1 moderate abrupt, broken silt loam n/a 10.48 n/a 6.08 n/a 27.20 
115-123cm llABkb6 IOYR4/1 strong abrupt, smooth silt loam 6.58 3.82 14.36 
123-124cm llAb7 IOYR 3/1 weak-mod abrupt, wavey silt loam 5.51 3.19 8.81 
124-129cm llABkb7 IOYR 5/1 moderate clear, smooth silt loam 1.34 0.78 4.33 
129-134cm llCkb7 IOYR 6/2 mod-strong clear, broken loam 3.00 1.74 14.01 
134-135cm llAb8 IOYR 3/2 weak abrupt, broken loam 8.76 5.08 9.24 
135-137cm llABb8 IOYR 5/2 mod-strong clear, broken silt loam 1.06 0.62 4.57 
137-142cm llCkb8 IOYR 5/2 mod-strong clear, smooth silt loam . 2.90 1.68 16.33 
142-150cm llC2kb8 7.5YR 6/2 mod-strong clear, smooth loam 3.66 2.12 22.11 
150-152cm llC3kb8 IOYR 5/2 mod-strong clear, broken loam 2.74 1.59 13.53 
152-154cm llC4kb8 IOYR 5/2 mod-strong abrupt, broken loam 
154-156cm llC5kb8 IOYR 5/2 weak abrupt, smooth sand 0.60 0.35 3.13 
156-158cm llAb9 IOYR 3/1 moderate clear, broken n/a n/a n/a n/a 
158-160cm llCkb9 IOYR 5/2 moderate clear, broken silt loamn/a 3.18 n/a 1.84 n/a 15.73 
160-161 cm llCb9 IOYR5/2 weak-mod abrupt, broken sandy loam 1.06 0.61 5.19 
161-164cm llCb9 IOYR 5/2 moderate clear, broken silt loam 2.22 1.29 10.16 
164-166cm llAb10 IOYR4/1 moderate clear, broken loam 12.21 7.08 15.91 
166-172cm llCb10 1OYR 5/2 mod-strong abrupt, broken sandy loam 1.45 0.84 7.72 
172-173cm llAbll IOYR 3/1 mod-strong clear, broken n/a n/a n/a n/a 
173-176cm llCbll 1OYRS/2 mod-strong abrupt, broken sandy loam 3.24 1.88 11.19 
176-177cm llAb12 1OYR 3/2 weak abrupt, broken sandy loam 6.60 3.83 6.62 

Table 3 Results of field description and laboratory analysis for profile 3. N/A indicates no sample taken for analysis. 



Sample Name 
and thickness Soil Horizon Color HCl Reaction Boundary Soil Texture 

% organic 
matter 

% organic 
. - -carbon %CaCO3 

178-181 cm llAb13 IOYR 5/3 none clear, broken sand n/a n/a n/a 

181-184cm llCb13 IOYR 5/2 none abrupt, smooth sandy loam n/a n/a n/a 

184-188cm llC2b13 IOYR 4/2 very weak clear, smooth sandy loam 3.32 1.92 5.12 

188-192cm llAb4 IOYR 4/2 weak clear, broken sandy loam 5.14 2.98 7.84 

192-194cm llABb14 1OYR 3/1 weak clear, broken n/a n/a n/a n/a 

194-196cm llCkb14 1OYR 5/2 weak abrupt, smooth sandy loam 2.03 1.18 3.68 

196-198cm llABb15 7.5YR 4/2 weak abrupt, smooth sandy loam 2.09 1.21 5.67 

198-200cm llAb16 IOYR 4/2 none clear,smooth sandy loam 3.24 1.88 3.89 

200-206cm llABb16 IOYR 3/1 none clear, smooth sandy loam 4.14 2.40 5.16 

206-211 cm llAb17 IOYR 4/2 none clear, broken sandy loam 2.66 1.54 5.01 

211-216cm llCb17 10YR4/2 none clear, broken sandy loam 3.29 1.91 6.18 

216-220cm llAb18 IOYR 5/2 none clear, broken sandy loam 1.34 0.78 5.71 

220-223cm llCb18 IOYR5/2 weak clear, broken sandy loam 2.92 1.70 5.68 

223-234cm llC2b18 IOYR6/2 none end of profile sandy loam 1.90 1.80 5.23 

Table 3 continued 
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Radiocarbon 
Dates (yBP) 

Laboratory No. Material Location Cultural 
affiliation 

-70±50 TO-10082 Bone 89N, 212E 
0.11mbs 

3,340±50 TO-10084 Bone 86N, 138E 
0,68mbs 

4,790±90 TO-10193 Charcoal 87N, 132E 
0.7mbs 

3,630±60 TO-10194 Charcoal 89N,135E 
1.46mbs 

4,570 +60 TO-10195 Charcoal 88N, 132 E 
1.89mbs 

4,750±90 TO-10196 Charcoal 83N, 138E 
2.0mbs 

Oxbow 

4,790±70 TO-10185 Bone 85N, 135E 
2.08mbs 

Oxbow 

6,100±140 10-9354 Bone 83N, 135E 
2.45mbs 

Mummy 
Cave 

10,930+130 TO-10918 Charcoal 83N, 135E 
3.5lmbs 

Table 4 Radiocarbon dates with cultural affiliations 



kD 
ko 

Characteristic FhNg-25 2001-1 FhNg-25 2001-2 FhNq-25 2001-3 
Fabric 
Sorting moderate to well moderate to well moderate 
Size 10.00 7.50 12.50 
Abundance 80% 70% 80% 
Degree of Roundedness rounded subrounded to rounded rounded 
Degree of Sphericity moderate to higjy spherical moderate to higfly spherical moderate to higfly spherical  
Aggregates 
Degree of Aggregation weakly seperated weakly seperated weakly seperated 
Pedial structure 
Accommidation 

granual granual granual 
unaccommodated unaccommodated unaccommodated 

Voids 
ype simple and compound packing voids complex packing voids complex packing voids 

Porosity 50% 55% 50%  
Microstructure 
Minerals 
Orqanics characoal, leaf litter charcoal, leaf litter charcoal, leaf litter  
C/F ratio 
C/F distribution single spaced fine enaulic single spaced fine enaulic single spaced fine enaulic  
Pedofeatures 
Coatings none none none 
Microstructure interqrain microaqqreqate interqrain microaqqreqate interqrain microaqqreqate 

Table 5 Results of micromorphological analysis. 
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Figure 1- Map of Saskatchewan adapted from Meyer and Epp (1990). Figure includes 
ecological regions and relevant archaeological sites. 
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Figure 4 Stages of sediment accumulation at the Below Forks Site 
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Figure 6 Site Profile including sedimentary packages and profiles 1, 2, and 3. 
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Figure 8 Profile 2. Circles indicate position of micromorphological samples. 
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Figure 9 Profile 3 
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