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ABSTRACT 

A 4215-year-old sediment record from a shallow kettle lake in the Big Belt Mountains of 

Central Montana was analyzed for charcoal to develop a preliminary fire history for this area. 

Two sediment cores, each approximately 155cm long, were retrieved and described. One was 

analyzed for charcoal content and radiocarbon dated. A simple age-depth model was 

constructed using the radiocarbon dates from two wood fragments (at 14cm and 143cm 

depth) to provide a preliminary age constraint to the fire history.  Three distinct fire regimes 

are indicated in the charcoal record. The first was a period of low fire intensity and frequency 

that persisted from approximately 4215-3700 cal yr BP. The second fire regime occurred 

from ~3700-2700 cal BP and is characterized by higher fire intensity and frequency. This 

period was at first dominated by grass charcoal, but later peaks are dominated by wood 

charcoal. Charcoal abundance in this period is 100-200 times higher than in the preceding 

period. After ~2700 cal yr BP, charcoal abundance returns to lower levels indicating lower 

fire frequency. This corresponds to other regional paleoclimate records that show conditions 

becoming cooler and wetter at about 3000 cal yr BP (Whitlock et al 2012, Travis 2015). 
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Reconstructing Holocene Fire and Landscape History using Charcoal and Lake 

Sediments in Big Belt Mountains, MT 

Abstract 

A 4215-year-old sediment record from a shallow kettle lake in the Big Belt Mountains of 

Central Montana was analyzed for charcoal to develop a preliminary fire history for this area. 

Two sediment cores, each approximately 155cm long, were retrieved and described. One was 

analyzed for charcoal content and radiocarbon dated. A simple age-depth model was 

constructed using the radiocarbon dates from two wood fragments (at 14cm and 143cm 

depth) to provide a preliminary age constraint to the fire history.  Three distinct fire regimes 

are indicated in the charcoal record. The first was a period of low fire intensity and frequency 

that persisted from approximately 4215-3700 cal yr BP. The second fire regime occurred 

from ~3700-2700 cal BP and is characterized by higher fire intensity and frequency. This 

period was at first dominated by grass charcoal, but later peaks are dominated by wood 

charcoal. Charcoal abundance in this period is 100-200 times higher than in the preceding 

period. After ~2700 cal yr BP, charcoal abundance returns to lower levels indicating lower 

fire frequency. This corresponds to other regional paleoclimate records that show conditions 

becoming cooler and wetter at about 3000 cal yr BP (Whitlock et al 2012, Travis 2015). 

 

Introduction 

  Fire history can be an important component in studies of landscape and climate 

change over time. Analyzing charcoal in lake sediment cores allows us to reconstruct past 

fire regimes and understand how shifts in climate may influence fire frequency and intensity. 

In this era of rapid climatic change, there has been an increased focus on developing fire 

models to better predict and prepare for future climate and fire scenarios. Though climate and 

fire history have been reconstructed in some areas of Northwestern and Southwestern 

Montana, mostly in areas surrounding Glacier and Yellowstone National Parks, there is a 

geographic gap running north and south between the two parks. Here, where the Rocky 

Mountains transition to prairies, paleoclimate and fire history studies are sparse.   

 This study a part of an ongoing project initiated at Carroll College by Dr. Patricia 

Heiser and Dr. Lauri Travis in the Big Belt Mountains of Central Montana focused on 
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“Understanding Human and Landscape Responses to Regional Climate and Environmental 

Changes in Central Montana.” The aim of this research is to integrate paleoclimate records 

obtained from lake sediments with the study of archeological sites and human activity 

(location and resource use) to determine if or how they correlate with climatic and ecological 

shifts during the Holocene.  Archeological sites provide a wealth of information on human 

uses of ecological resources, and often provide some degree of paleoecological information 

(such as fossils, pollen, and charcoal). However, when trying to understand human-landscape 

interaction, an independent and continuous record of climate, fire, and ecological change is 

best obtained from undisturbed lake sediments. By filling important geographic gaps in 

regional fire regime records, we can improve our understanding of ecosystem vulnerability 

and even potentially improve regional climate models east of the Rockies.  

 

Study Area 

The site selected to use for this study, a small kettle lake (informally named Timber 

Lake) is located near Gipsy Lake in Helena National Forest on the eastern flank of the Big 

Belt Mountains. This site is situated along a broad physiographic and climatic boundary 

between mountain and prairie. It is also proximal to several archeological study areas and has 

high potential for providing a valuable record of geomorphic and ecological response to 

climate change in central Montana. This study provides a preliminary analysis of charcoal 

abundance recorded in the sediments of a small kettle lake near Gypsy Lake and will help 

assess the potential of this area for more detailed pollen and other paleoclimate 

reconstruction studies.  
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“Timber Lake” is a small kettle lake situated in a glacial moraine of likely Late 

Wisconsin age, emanating from the Mt. Edith–Baldy Basin in the Southern Big Belt 

Mountains (Figure 1). This area was selected for the geographic reasons stated above, and 

also due to its accessibility and amenities including a forest-service campground used during 

fieldwork. Of the several kettle lakes in this location, most were not easily accessible. The 

small size of Timber Lake also made it perfect for our study as small sites pick up charcoal 

from their immediate area and are thus ideal for representing fire events that occurred within 

500-1000m of sampling locations (Kelly et al 2011, Patterson et al 1987). This in turn 

allowed us to assume that the charcoal in the core came from local fire events and that we 

could use the charcoal to accurately reconstruct the paleo-fire regime.   

 

Figure 1: 1A: (left) Locations of previous paleoecological and charcoal studies (Power et al 2011) with the Big 

Belt Study area outlined in red. 1B: (right) zoomed-in image of Big Belt study area.   
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Figure 2: Physiographic and topographic maps of field site. Sediment cores all came from Timber Lake 

 

Cores were collected between 2015 and 2017 from Timber Lake. The lake is located 

0.2 miles to the southeast of Gipsy Lake and 15 miles west of the town of White Sulphur 

Springs. Two cores, both approximately 155cm long, were obtained from Timber Lake, one 

in summer 2016 and a second taken through the ice in January 2017. The first was only 

qualitatively described in terms of major stratigraphy, sediment type, color, and other 

characteristics of the sediments, such as organic materials and macrofossils. The second 

sediment core was described as above, radiocarbon dated, and then analyzed quantitatively 

for charcoal. These sets of data were then used to reconstruct the fire regime of Timber Lake.  

   

 

 

The Field Site – Timber Lake 

Timber Lake Timber Lake 
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Background  

Using Charcoal Preserved in Lake Sediments to Reconstruct Paleo-Fire Regimes 

Forest fires, destructive though they may be, play a crucial and dynamic part in forest 

ecosystems. A fire regime is defined as the number and intensity of fires that occur over a 

period of time. As the name implies, a fire regime governs the entire course of a forest: it 

shapes its structure and composition and dictates many important biogeochemical processes 

such as the carbon cycle (Flannigan et al 2000, Carcaillet and Talon 2001). Due to a 

changing climate and human impacts in recent centuries, fire frequency and intensity have 

been steadily increasing for the last 2000 years in North America (et al 2006, Brunelle and 

Whitlock 2003). It has often been said that the key to understanding the present lies in the 

past. As fire regimes continue to shift, it is imperative to thoroughly understand the fire 

histories of landscapes. By reconstructing paleo-fire regimes and from this, understanding 

how areas have been shaped and changed by fire, we will be better equipped to understand 

current fire events and prepare for those to come. One of the most common ways to 

reconstruct a record of past fire regimes is by analyzing the type and amount of charcoal 

preserved in lake sediments 

The dynamics of fires make them ideal for paleoclimate reconstruction. In fire-

dependent ecosystems, the mark of past fires can be observed in a variety of patterns, ranging 

from fire scars on living trees to burnt stumps to uniform aged stands. One of the best ways 

to reconstruct fire history is through the record left by charcoal. Forest fires can emit massive 

amounts of particulate material. Hall (1972) estimated that as much as a quarter of all 

particulate pollution in the United States comes from forest fires. Though fires typically emit 

massive amounts of particles, every fire is unique in the amount, density and type of 
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particulate produced. A wide range of site-specific factors–fuel load, wind, temperature–

determine the output of any given fire event (Samsonov et al 2012). There are general 

conditions that can be used to predict the type of particulate a fire will produce (and vice 

versa). If oxygen is abundant and combustion of organic material is unimpeded, ash is the 

most abundant particulate. However, if access to oxygen is restricted or combustion is 

incomplete, organics are charred and carbonized to create charcoal (Mooney and Tinner 

2011, Patterson et al 1987, MacDonald et al 1991). But even with charcoal, there are a 

multitude of other factors to consider. Perhaps foremost is the source vegetation–different 

organic materials yield different amounts of charcoal based on hardness and moisture. For 

example, pine, being a softwood tree, has a charcoal production rate of 16.5% whereas 

mahogany, a hardwood, has a rate of 25.5% (Patterson et al 1987). Umbanhowar and 

McGrath (1998) argue that morphology of charcoal can be used to identify the general source 

vegetation. Grass charcoal tends to be narrower and longer, leaf charcoal more square-like 

and ridged, and wood tends to be larger with less ridges. Thus looking at the ratio of width to 

height can be used to potentially 

classify the main source 

vegetation.  However, regardless 

of the source material, the 

production and deposition of 

charcoal always follows a cycle. 

 

 

Figure 3: The Cycle of Charcoal Production and how it used to then reconstruct past fire regimes (adapted from 

Figure 1 in Patterson 1987). 
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After its production, these fragments of charcoal are transported via water or air and 

deposited in basins (either in soils or lakes). Charcoal, resistant to oxidation and microbial 

activity, is preserved for millennia and accumulates with the sediment layers (Mooney and 

Tinner 2011).  However, it is important to realize that charcoal produced by fire events is 

rather buoyant and can take up to several years to become settled in an alluvial basin 

(Umbanhowar and McGrath 1998, Whitlock and Millspaugh 1996, Patterson et al 1987). 

Once settled, these fossilized fragments provide an ideal way to reconstruct paleo fire 

regimes (Komarek 1973, Hopkins et al 1993) and have been widely used in previous studies 

to reconstruct fire events (e.g. Carcaillet and Richard 2000, Lynch et al 2003). When 

analyzing sediment, there are many factors to consider. One of these factors is the process by 

which charcoal is deposited and preserved. Whether charcoal is deposited by wind or water is 

site-dependent. Since the site used in this study is a small kettle lake and kettle lakes receive 

little to no stream runoff and limited area surface runoff, it can be assumed that most of the 

charcoal found in the lake sediments was transported there by wind or airfall (Patterson et al 

1987). Shallow lakes and aerial charcoal, two characteristics of Timber Lake, are both 

strongly associated with short lag times between charcoal production and deposition 

(Whitlock and Millspaugh 1996, Patterson et al 1987). That is to say, it can be assumed that 

the charcoal in Timber Lake sediments was deposited there shortly after it was produced. 

Another factor to consider when reconstructing past-fire regimes from lake sediments 

is the proximity of past fire events to the study site. Charcoal can come from events that are 

classified as either local or distant. Local fires, or peak events, are defined as any fire event 

that occurs within 10-100m of the collecting basin and distant fires are any events further 

(Higuera et al 2005, Marlon et al 2006). One way to gage whether charcoal in a core came 
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from a local or distant fire is to look at its density per unit volume of lake sediment. 

Generally, higher accumulation of charcoal within sediment layers, or charcoal peaks, 

implies that the source was a local and/or high severity fire event  (Blackford 2000, Lynch et 

al 2004, Higuera et al 2005, Pitkänen et al 1999, Patterson et al 1987). Another way to gage 

the proximity of a fire event to the collecting basin is by analyzing the size of charcoal 

sediments. Larger charcoal fragments generally travel shorter distance before they are 

deposited (Whitlock and Millspaugh 1996, Ohlson and Tryterud 2000).  

However, the biggest difficulty in using charcoal from lake sediment cores to 

reconstruct past fire regimes is determining which charcoal fragments are linked directly to 

local fire events and which are in the sediment through other processes, such as slope wash 

or sediment mixing (Higuera et al 2005). Accurately distinguishing between these two, 

known as charcoal accumulation rates (CHAR) and background charcoal accumulation rates 

(BCHAR) respectively, can be important for understanding the source of charcoal.  

 

Microscopic and Macroscopic Charcoal  

 The size of charcoal fragments within sediment cores can be used to determine the 

proximity of fire events to the collecting basin. Ohlson and Tryterud (2000) concluded that 

charcoal particles >0.5mm can be assumed to be from local fire events. Other studies have 

found that macroscopic charcoal accumulation rate rapidly decreases as distance from the fire 

increases (Tinner et al 2006, Clark and Royall 1996, Lynch et al 2004). It can then be 

assumed that the denser the concentration of macroscopic charcoal fragments and the larger 

the size, the closer the fire. Macroscopic fragments are therefore extremely useful for 

identifying local fire events.  
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Microscopic charcoal fragments are present throughout the core as they are generated 

by both local and distant fires. These too can be used to reconstruct fire and indicate broader, 

regional fire influence (Patterson et al 1987). Distribution of different charcoal sizes 

generally follows a trend. Smaller, microscopic pieces of charcoal are distributed further 

while larger, macroscopic fragments do not travel quite as far. This trend can be best 

displayed visually:  

 

 

 

 

 

 

 

 

 

 

Figure 4: Distribution of Charcoal Particles based on distance. Adapted from Patterson (1983), Figure 2A. 

Understanding Climatic Factors 

Fires are inherently shaped and driven by the climate where they spark. Average 

precipitation, vegetation, and elevation all influence the duration and intensity of the fire and 

are therefore important factors to consider when reconstructing fire regimes. In order to fully 

understand paleo-fire regimes, it is also essential to understand how the climate of the area 

has changed during the Holocene period. At the onset of the Holocene, the continual retreat 

of glaciers and a warming climate caused major climatic shifts in the Rocky Mountains, 
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including the region of Timber Lake (Stone and Fritz 2006). The area transitioned to a wetter 

climate with brief, but intense, cycles of drought. With wetter climate giving rise to more 

vegetation (a larger fuel load) and the episodic droughts, the area also saw an increase in fire 

frequency (Power et al 2011, Marlon et al 2006, Schuman et al 2009).  

 Vegetation is another important factor to consider when examining paleo-fire regimes. 

Climate changes may induce changes in plant communities and, in turn, influence fire 

regimes (Brubaker et al 2009, Marlon et al 2006). The field site lies between two distinct 

historic ecosystems. To the south, previous fire history studies conducted around 

Yellowstone National Park, show that during the Holocene, sagebrush increased in coverage, 

conifer forests become thicker, and trees spread into areas formerly dominated by sagebrush 

(Arno 1983). The present landscape is dominated by lodge pole pine forest. To the north, the 

landscape is dominated by subalpine pines with small patches of red cedars and spruce trees 

close to streambeds (Zager et al 1983, Singer 1975, Kessel 1979, McCune 1979). Around our 

field site, there are three distinct ecosystems, spatially driven by elevation. At an elevation of 

1800-2000m there are the high altitude parks dominated by forest, including confers and 

lodgepole pine. At an elevation of 1200-1500m, the altitude parks give way to mid-altitude 

conifer forest. Finally, elevations below 1200m transition to low altitude locales, dominated 

by grassland, shrubland, and sagebrush. At an elevation of approximately 1900m, Timber 

Lake has a high altitude park ecosystem. Surrounding Timber Lake are forest and woodland 

ecosystems, specifically conifer-dominated forest and woodland (xeric-mesic) and Rocky 

Mountain Montane Douglas-Fir Forest and Woodland. This ecosystem occurs in Montana on 

the east side of the Great Divide and is associated with a dry climate regime with annual 

rainfall averaging 20-40 inches. Douglas-fir trees dominate these forests with common 
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understory shrubs including physocarpus, juniperus, juniperus scopulorum, spiraea 

betulifolia, symphoricarpos, mahonia repens, and shepherdia Canadensis (Trais 2011; Travis 

2012; Travis et al. 2012).  

 

Methods 

Sediments from the middle of the lake, the deepest part, were cored from the ice in 

January 2017 using a modified Livingstone square-rod piston corer. Two overlapping cores 

were retrieved and split longitudinally in the lab. The major sediment units of the cores were 

analyzed qualitatively, describing the lithology, Munsell color, and appearance and texture of 

the sediment.  The second core was sampled for charcoal, magnetic susceptibility, and 

analyzed quantitatively.  

In order to analyze charcoal, I followed methods outlined by Marlon et al (2006) and 

in practice in Cathy Whitlock’s lab (Virginia Iglesias, pers. Comm. 2017). Samples of 2 cm
3 

were taken contiguously from the 155cm core. The sediment samples from each centimeter 

of the core were then soaked in a solution of 25ml of 10% sodium hexametaphosphate and 

25ml of 9% sodium hypochlorite (NaClO or bleach) for 24-48 hours. The sodium 

hexametaphosphate served to break the sample apart and the NaClO bleached all organics, 

leaving the charcoal clearly visible.   

After it had broken apart, the sample was then wet sieved through a 125µm mesh 

sieve and rinsed with water. Charcoal was then washed into a gridded petri dish. Grass and 

wood charcoal was counted and recorded. 
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Naming Conventions for Qualitative Analysis of Cores 

 Each core was taken in two drives and the lithology was then displayed in two tables, 

representing the two different drives. Each table was labeled with the core (C) number 

followed by the drive (D) number. For example, if the table represents Core #1, Drive #1, it 

would be labeled as C1D1. Within the core, each unit was assigned two names. The first 

represented the unit number (U) within the drive (D). For example, if it were the first unit of 

the first drive, it would be labeled U1D1. Because the two drives were halves of a whole and 

should thus be analyzed as one continuous core, the second name assigned to each unit was 

its order in the overall core. Since this core was obtained from Timber Lake, this was 

represented as T followed by the number. For example, if the identified unit were the fifth in 

the core, it would be labeled as T5 (see Appendix A).   

 

Results 

 The results of this study consist of two parts. First, I describe and summarize the 

qualitative information obtained from both cores. I then discuss the results of the quantitative 

analyses conducted on the second core, including radiocarbon dates, magnetic susceptibility, 

and charcoal concentration.  

 

Qualitative Analysis of Core 1 

  

 

 

Figure 5: Composite Image of Timber Lake Core 1. Obtained 6/13/15. Photographed 10/05/16.   
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Initial Observations/General Notes 

 This core was extremely organic and dry, given the amount of time that lapsed 

between when the core was obtained and when it was analyzed. The core crumbled apart 

easily, which made it extremely difficult to split. In an effort to remediate this, we sprayed 

the core with water to make it damp again and let it sit overnight. However, as only the 

second half of the drive was dampened, this may have had an impact on the Munsell color. 

Units were distinguished by color and qualities of the sediment (size and compactness). For 

complete core log, see Appendix A.  

 

Qualitative Analysis of Core #2  

 

 

 

 

 

 

 

 

 

Figure 6 (from left to right): A lodgepole pinecone found in Core 2 with a pen for scale, a picture from the 

field of retrieving the core, the tool used to collect samples of 1cm
3
 from the core  
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Initial Observations/General Notes 

Because this core was much newer than Core 1, it split easily apart. Perhaps the most 

prominent feature was a large lodgepole pinecone found in the second drive (pictured above). 

Because the pinecone was still closed and resinous, I concluded that the cone had not been 

subjected to fire prior to being deposited in Timber Lake. The core exhibited distinct color 

changes, the first going from dark to light at 20cm depth and the second from light to dark at 

113cm depth. This core is also extremely organic with visible leaves and fibers located 

throughout the entire depth of the core. No distinct mineral layers, volcanic ashes, or course 

sediment were observed. Large wood fragments (0.5-1cm) were collected from the near the 

top  (14 cm core depth) and near the bottom (143cm core depth) of the core and used for 

radiocarbon dating. For complete core log, see Appendix A.   

 

Qualitative Core Descriptions and Correlations 

 Both cores showed distinct color changes at very similar depths, which showed that 

the changes were synchronous in time. The first color change occurred towards the top of 

both cores at a core depth of 27cm in Core 1 and 20cm in Core 2 where the sediment 

changed distinctly from dark (10YR 2/2) to light (10YR 3/2). The second change occurred at 

core depths of 110 cm in Core 1 and 113cm in Core 2, where the sediment shifted light to 

dark. This coincides with a peak in charcoal that likely caused the color to change from dark 

(5Y 2.5/1) to light (10YR 3/2). Other color changes do not correspond as distinctly with 

charcoal peaks, so further study is needed to determine what is influencing sediment color.   
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 Visual examination of macrofossils (under a low 

power microscope) showed that different units consisted of 

different sized sediment and organics. Generally speaking, 

darker units of the core tended to dissolve more completely 

in water and be composed of very fine sediment with fewer 

organics. Lighter layers tended to be composed of larger 

sediment and were often difficult to break apart in water. 

Additionally, lighter units tended to be more densely 

organic and have larger macroscopic fragments of leaves, fibers, seeds, and wood. In general, 

the top half of the cores (~0-75cm) were dominated by lighter colored units whereas the 

lower halves were dominated by darker units (~75-155cm). The charcoal peaks were higher 

in the deeper core depths.      

 

Quantitative Results (Core 2) 

 Quantitative analyses of Core 2 include radiocarbon dating, magnetic susceptibility, 

and charcoal abundance. The results are reported below in respective sections.  

 

1. Radiocarbon Dating 

Two wood fragments were taken from near the top and bottom of the core at a core depth 

of 14cm and 143cm. These samples were then sent to the University of Arizona’s AMS 

laboratory for radiocarbon dates. Radiocarbon ages were calibrated using the terrestrial 

calibration OxCal 4.2 program and the University of Cologne’s CalPal program. In order to 

accurately compare our results to previous studies, we converted our results to the same 

Figure 7: Color change from light 

to dark (looking up the core)–Core 

2, cm. 113 

Cm 113 
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reporting convention used in other articles, cal yr BP, or ‘calendar years before present’ 

(note: ‘present’ is equal to the advent of nuclear bomb testing in 1950). Because the dates we 

received were not calibrated and reported in cal yr BC, or ‘calendar year before current era (0 

AD)’ the following calculations were done to obtain the corrected radiocarbon age reported 

as calendar year before present, cal yr BP:  

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1: Calibrated and corrected radiocarbon ages of top and bottom of Timber Lake sediment core. 

Sample 

ID 

Arizona 

Lab # 

Material 

Dated 

Core 

Depth 

(CBLF) 

Age AMS 
14

C (yr BP) 

OxCal* 

Age  

(cal yr BP) 

CalPal 

Age 

(cal yr BP) 

Timb 14 X31693 wood 

fragment 

14 cm 1140±19 1074 1035±29 

Timb 

143 

X31694 wood 

fragment 

143 cm 3635±21 3979 3948±29 

*OxCal Version 4.3.2 Bronk Ramsey 2017 (see Appendix C) 
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From this data, an approximate age-depth model was 

constructed for the core. We were then able to use this curve to 

estimate the age of major trends we saw in the charcoal data (see 

Figure 12). We also deduced that the basal date of the bottom of 

the core to be ~4215 cal yr BP. More dates will be submitted to 

narrow the timing of events and determine changes in 

sedimentation rate. For this preliminary study, we used the age 

model show to the right.   

 

 

 

 

2. Magnetic Susceptibility  

Magnetic susceptibility is a unit-less measure of relative amounts of ferromagnetic 

minerals.  It is a proxy, or representation, of the true Fe mineralogy. It can help to determine 

where the sediment undergoes a change in grainsize, or mineralogy, which in turn may 

indicate a change in source sediment, or depositional setting. It is commonly used to identify 

areas that might warrant closer inspection or sampling interval Timber Lake, because it is 

such a small kettle, variability in magnetic susceptibility are most likely to be associated with 

sediment movement, such as sediment liberated in watershed denuded by fire. The magnetic 

susceptibility of the core showed minimal variations but had some peaks at core depths of 

14cm, 44cm, 73cm, 106cm, and 124cm (see Figure 9). 

Age-Depth Model 

Figure 8: Age Models Used to 

Approximate the Age of the Core 
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3. Charcoal Content and Magnetic Susceptibility  

 Wood, grass, and total charcoal abundance were graphed individually and compared 

with each other and  with magnetic susceptibility (Figure 9). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9: Charcoal fragments (per 2 cm
3
) and magnetic susceptibility at 1cm core intervals 

 

Some small changes in magnetic susceptibility follow several of the charcoal peaks, 

suggesting increased mineral input to the lake following a fire. Closer analyses of sediment 

mineral fraction will be needed to determine other relationships. When I used relative 
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abundance of wood compared to grass charcoal, along with total charcoal concentration, I 

identified three distinct zones of charcoal abundance that can be interpreted as three different 

fire regimes.  

 

 

 

 

 

 

 

 

 

 

Figure 10: Comparison of grass and charcoal count 

 

 

Figure 10: Wood, grass, and total charcoal concentrations down core allow definition of three distinct fire 

regimes recorded in the sediment record. 

  

  

When comparing all proxy data obtained from the core, three distinct fire regimes could be 

defined from the sediment record. With the two radiocarbon dates and an estimate age-depth 

curve, a preliminary fire regime history was constructed for the past  4210 years.  
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Figure 11: Combined records and radiocarbon age allow description and timing of fire regimes. 

 

Fire History 

1. Fire Regime #1 [OLDEST]: This fire regime lasted from roughly 4215 cal yr BP to 

3700 cal yr BP.  The unit has relatively low levels of charcoal with close to equal 

amounts of grass and wood. However, wood always outnumbers grass, especially 
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towards the end of the fire regime. The regime is fairly cyclical, has regular peaks and 

is similar to climate #3 (see below). There were very few macroscopic charcoal 

fragments. This combined with regime indicates a period of low fire frequency with 

fewer local fires.  

2. Fire Regime #2: This fire regime lasted from approximately 3700 cal yr BP to 2500 

cal yr BP. This unit is relatively much more dense in charcoal with numerous large 

macroscopic pieces. At the beginning of this regime, the charcoal starts with 

marginally more wood charcoal than grass, but then becomes dominated by grass. 

The regime follows a cycle of a large peak followed by smaller peaks. This indicates 

a community that shifts from woody to grassy and that has experienced high levels of 

fire frequency and numerous local fires.  

a. Peak 1 (Older): This unit contained the most charcoal (at a core depth of 

128cm). The thing that made this subunit particularly unique was the three 

sharp peaks in charcoal (which occur at 120cm, 125cm, and 128cm). Not only 

did these ‘peaks’ account for the highest concentration of charcoal, but grass 

charcoal also greatly outnumbered wood charcoal. At times, it had 3x more 

grass charcoal than wood. This indicates a period of intense fires burning in 

close proximity to the field site and a climate dominated by grass rather than 

tree. 

b. Peak 2 (Younger): This unit also has several distinct peaks, however they are 

not nearly as sharp as those in Peak 1 and the concentration of charcoal 

remained higher overall. This indiactes that fire frequency remained high and 
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was prolonged. For the most part, grass and wood charcoal are relatively 

equal, however at cm 107 there was more wood charcoal than grass.  

3. Fire Regime #3 [YOUNGEST]: This fire regime lasted from approximately 2700 

cal yr BP to the present. In this unit, there are relatively low levels of charcoal, 

significantly more wood charcoal than grass, and very few large macroscopic 

fragments. The regime tends to be fairly cyclical with regular peaks. This indicates a 

climate dominated by forest with fewer local fires and lower fire frequency and 

intensity, similar to Fire Regime #1.  

 

Discussion and Conclusion  

 The fire history constructed from the sediments of Timber Lake revealed that Central 

Montana experienced similar trends that previous studies had found to the north and to the 

south (Travis 2015, Whitlock et al 2012).  During the early Holocene (4215-3700 cal yr BP), 

climate was cooler and drier, leading to a lower fire frequency and intensity. The Middle 

Holocene (3700-2700 cal yr BP) saw climate shift to dry winters, wet springs, and moisture 

deficient summers, giving rise to a fire regime dominated by severe and intense fire 

frequency with more local fires (evidenced by the noticeable increase in macroscopic 

charcoal fragments). Finally, climate shifted back towards cooler and wetter during the late 

Holocene (2700 to present), with decreased fire frequency (Travis 2015, Whitlock et al 

2012).    

These findings seem consistent with previous regional studies and local records from 

archeological sites. The first and oldest fire regime, Fire Regime 1, was characterized by 

lower fire frequency and more tree charcoal. This could correspond to what Travis (2015) 



 

 

 26 

defined as the “Middle Archaic Period” (4500-3000 cal yr BP). During this period, conifer 

trees began to replace sagebrush and the climate was cooler and wetter. This is consistent 

with a fire regime of lower fire frequency, but larger trees on the landscape.  

The second fire regime, Fire Regime 2, was dominated by the highest and most 

intense fire frequency. This could correspond to the middle Holocene as described in 

Whitlock et al (2012). Through the Middle Holocene (8000-3000 cal yr BP), winter 

snowpack began to decrease and precipitation shifted to the spring. The climate shifted to dry 

winters, wet springs (building fuel load), and summers with moisture deficits, all 

characteristics of severe fire years. In general, the middle Holocene appeared to be 

dominated by high fire activity in this region. The latter part of this period (5600-3000 cal yr 

BP) showed some significant shorter-term shifts between short and long duration springs and 

fuel load at Crevice Lake (Whitlock 2012). These climatic shifts may correlated with the 

peaks in charcoal found in Fire Regime 2 at Timber Lake, but will require better age control 

to confirm. This era of high fire frequency came to an end 3000 cal yr BP (Whitlock et al 

2012). In my findings, this is where the charcoal, and fire frequency, begins to noticeably 

decrease.   

Finally, the third and youngest fire regime, Fire Regime #3, corresponds again with 

both Whitlock’s and Travis’ paleoclimate records leading up to the present. Both studies 

showed that the climate in the past 3000 years has shifted towards a cooler, wetter climate 

(Whitlock et all 2012, Travis 2015), consistent with a less intense fire regime. Magnetic 

susceptibility generally followed the major trends of the charcoal. However, it is worthwhile 

to note that within this unit, an anomaly occurred in the Magnetic Susceptibility at the year 
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2000 cal yr BP, which could coincide with the Roman Dry Period (Travis 2015, Whitlock et 

al 2012).  

 Though this study was informative and suggests that climatic shifts in this region 

correspond in general to regional trends, there remains much to be done. Further analysis of 

organic content, pollen, and diatoms may yield more specific information Additional 

radiocarbon dates will provide better age control and allow interpretation and correlation at a 

higher resolution. Additionally, the spike in magnetic susceptibility seen in Fire Regime #1 

warrants further study of sediment content, especially mineral/organic ratio.  
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Appendix 

A. Qualitative Results for Core I and Core II 

Lithology for C1D1  

Lake-Core-Drive: Timber                                                

Core Type: Livingston Core        

Analysis Done by: Katie Gildner on 

10/05/2016   
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Lithology for C1D2 

Lake-Core-Drive: Timber                                                

Core Type: Livingston Core        

Analysis Done by: Katie Gildner on 10/09/2016 
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Lithology for C2D1 

Lake-Core-Drive: Timber                                                

Core Type: Livingston Core        

Analysis Done by: Katie Gildner on 

02/14/2017 
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Lithology for C2D2 

Lake-Core-Drive: Timber                                                

Core Type: Livingston Core        

Analysis Done by: Katie Gildner on 

02/16/2017 
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B. Data Table of Charcoal Counts 

Depth (cm.) Wood Charcoal Grass Charcoal Total Charcoal 

1 22 19 41 
2 64 48 112 
3 58 40 98 
4 51 31 82 
5 46 56 102 
6 32 25 57 
7 43 19 62 
8 46 20 66 
9 37 19 56 

10 24 11 35 
11 15 12 27 

12 18 19 37 
13 29 11 40 
14 14 12 26 
15 15 9 24 
16 22 11 33 
17 14 9 23 
18 37 17 54 
19 26 11 37 
20 24 19 43 
21 19 18 37 

22 18 9 27 
23 21 15 36 
24 12 7 19 
25 21 12 33 
26 23 13 36 
27 24 11 35 
28 48 20 68 
29 30 19 49 
30 51 31 82 
31 42 25 67 
32 47 31 78 

33 34 20 54 
34 27 21 48 
35 37 22 59 
36 27 16 43 
37 36 19 55 
38 16 11 27 
39 19 8 27 
40 16 30 46 
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Depth (cm.) Wood Charcoal Grass Charcoal Total Charcoal 

41 28 14 42 
42 32 21 53 
43 33 39 72 
44 23 20 43 
45 25 27 52 
46 24 18 42 
47 16 9 25 
48 18 17 35 
49 24 38 62 
50 18 17 35 
51 43 32 75 

52 35 31 66 
53 32 34 66 
54 26 28 54 
55 32 26 58 
56 33 25 58 
57 26 30 56 
58 31 34 65 
59 28 27 55 
60 34 35 69 
61 38 48 86 
62 29 40 69 
63 41 46 87 

64 26 38 64 
65 27 24 51 
66 13 11 24 
67 34 30 64 
68 40 34 74 
69 23 27 50 
70 23 22 45 
71 20 23 43 
72 24 21 45 
73 15 18 33 
74 16 11 27 

75 11 8 19 
76 10 15 25 
77 21 31 52 
78 77 60 137 
79 29 23 52 
80 34 33 67 
81 50 55 105 
82 43 39 82 



 

 

 34 

Depth (cm.) Wood Charcoal Grass Charcoal Total Charcoal 

83 36 28 64 
84 53 39 92 
85 43 30 73 
86 47 40 87 
87 37 34 71 
88 42 43 85 
89 38 25 63 
90 56 43 99 
91 91 73 164 
92 92 87 179 
93 75 59 134 

94 95 75 170 
95 78 69 147 
96 87 78 165 
97 107 105 212 
98 151 154 305 
99 141 140 281 

100 144 158 302 
101 99 97 196 
102 143 124 267 
103 137 138 275 
104 140 149 289 
105 110 87 197 

106 106 99 205 
107 150 115 265 
108 147 120 267 
109 129 132 261 
110 159 152 311 
111 127 110 237 
112 53 46 99 
113 42 47 89 
114 39 42 81 
115 63 69 132 
116 50 56 106 

117 48 51 99 
118 46 52 98 
119 44 41 85 
120 47 131 178 
121 31 37 68 
122 35 36 71 
123 55 61 116 
124 68 76 144 
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Depth (cm.) Wood Charcoal Grass Charcoal Total Charcoal 

125 97 123 220 
126 55 49 104 
127 112 132 244 
128 198 226 424 
129 110 114 224 
130 43 45 88 
131 26 20 46 
132 26 24 50 
133 15 19 34 
134 14 17 31 
135 22 18 40 

136 26 30 56 
137 21 25 46 
138 46 39 85 
139 30 27 57 
140 20 22 42 
141 23 24 47 
142 29 23 52 
143 40 34 74 
144 28 24 52 
145 20 17 37 
146 15 14 29 
147 28 23 51 

148 32 29 61 
149 23 14 37 
150 22 12 34 
151 15 11 26 
152 33 20 53 
153 29 23 52 
154 23 20 43 
155 37 29 66 
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C. University of Arizona AMS Laboratory Radiocarbon Analytical Report  
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