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Abstract 

Fire is a natural process, influenced by climate and vegetation (fuel source). The 

relationships between fire, climate and vegetation under changing climatic conditions are 

important to understand. Fire frequency in the western United States has significantly 

increased in the past three decades. This study examined the top two meters of a sediment 

core taken from the northern sub-basin of Swiftcurrent Lake, Glacier National Park, 

Montana, with the goal of using variability in charcoal flux into the lake as a proxy for 

fire history in the Grinnell Glacier and Swiftcurrent Valley drainage basins. Previous 

work suggests that an increase in fire-frequency occurred in the western United States 

over the more recent record, and because this core site has a higher sedimentation rate, 

the fire record will be more finely resolved in time. A preliminary model suggests that the 

core represents the last ~1700 years of sedimentation, at an average sedimentation rate of 

1.2 mm/yr. Based on the sedimentation rates and the charcoal concentrations, charcoal 

accumulation rates (CHAR) range from 0 to 72 grains cm-2 yr-1. The 1700-year fire 

record shows a higher amount of fire events than previously found in a nearby, upvalley 

core. The fire return interval of the northern Swiftcurrent sub-basin is roughly 46 years 

between fires, whereas the southern sub-basin had an average return interval of 363 years 

between fires. The lower accumulation rates in the southern sub-basin could be due to the 

two large lakes (Lake Josephine and Lower Grinnell Lake) that serve as sediment sinks in 

the watershed, or it could be the result of the smaller drainage area. This shorter, more 

detailed record provides a new evaluation of the fire record of the Swiftcurrent Lake 

drainage basin. 
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Chapter 1 - Introduction 

Fire is widely accepted among researchers as a driver of ecological 

change(Whitlock et al., 2003; Daniau et al., 2012). Fire is an integral process involving 

vegetation and climate that has significant effects on atmospheric chemistry, global 

carbon cycle, terrestrial ecosystems and biodiversity (Gill, Burrows and Bradstock, 

1995). For this reason, the relationships between fire, climate and vegetation are 

important to understand under changing climatic conditions. Long-term fluctuations of 

climate (on millennial time scales) have been used to explain shifts in global fire history 

(Daniau et al., 2012; Whitlock et al., 2003). Thus, fire regimes are tied to global 

temperature changes, where increased temperatures lead to increased fire frequency. In 

the western United States, fire has played an important role historically in the 

maintenance of forest vegetation through the disturbance regime, evident in the 

paleoecological record (Whitlock et al., 2003). Lake sediment cores provide an accurate 

view into climate history and provide insight into the relationship between fire, climate 

and vegetation (Brunelle and Whitlock, 2003; MacGregor et al., 2011). This study aims 

to reconstruct fire history in the Grinnell Glacier and Swiftcurrent Valley drainage basins, 

located in Glacier National Park, Montana with the aim of better understanding the 

regional history and evaluate shifts that have occurred in recent history (Fig. 1).  

Fire frequency in the western United States has significantly increased in the past three 

decades (Westerling et al., 2006; Whitlock et al., 2003). The magnitudes of these fires are 

also increasing; since 1980, an average of 22,000 km2/yr has been burned in U.S. 

wildfires, compared to the average of 13,000 km2/yr from the years 1920-1980 

(Schoennagel et al., 2004). This environmental issue has greatly impacted the nation, and 
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annual costs for fire suppression now exceed 1.7 billion dollars (National Interagency 

Fire Center, 2013). Wildfires are an issue of national concern. Fire researchers and fire 

managers are seeking an explanation to the recent increase in fire frequency, examining 

climate change and shifts in historical land-use as likely causes (Westerling et al., 2006). 

The greatest increase in fire frequency in the western United States (including Alaska) 

has occurred in the middle-to-high elevation (1680 m +) northern Rocky Mountain region 

forests (Westerling et al., 2006). Westerling’s analysis suggest that this increase has been 

associated with earlier snowmelt dates in the region (Westerling et al., 2006). 

Climate history in the northern Rocky Mountain region is largely known from lake 

sediment cores (Brunelle and Whitlock, 2003; MacGregor et al., 2011). Lake sediment 

cores allow for a perspective into the past regarding the fire history and climatic shifts. 

This study examines the top two meters of a core taken from Swiftcurrent Lake during 

summer 2014 with the goal of using variability in charcoal flux into the lake as well as 

the character of the charcoal to reconstruct a fire history for the drainage (Whitlock and 

Larson, 2001). The drainage tributary to the core site include the Grinnell Glacier, Upper 

and Lower Grinnell Lakes, Lake Josephine, Swiftcurrent Glacier, Windmaker, Bullhead, 

Redrock and Fishercap Lakes, as well as most of the developed area of the park, 

including Park Service facilities and campgrounds, hotels and septic systems. Core 

chronology, which is critical to development of a fire history, is established using an age 

model based on stratigraphic correlation to a well-dated core taken from the northern sub-

basin of the lake in an earlier study (Oddo, 2011). The earlier study also examined 

charcoal influx, and one of the goals of the current study is to compare the fire history 

records from the two sub-basins. 
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Figure 1. Geologic Map of the Many Glacier region of Glacier National Park. 
Swiftcurrent Lake catchment basin outlined in black (MacGregor et al., 2011). Coring 
site SWF05 3A is labeled. 
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Swiftcurrent Lake contains two sub-basins, separated by a discontinuous ridge (3-4 m 

water depth) (MacGregor et al., 2011). The northern sub-basin, from which a new core 

was retrieved in 2014 has a larger tributary area and, appears to have a higher 

sedimentation rate, than the southern sub-basin. The higher sedimentation rate should 

allow the establishment of a higher-resolution fire record than was available from the 

earlier study. In addition, the new core from the northern sub-basin should contain a 

record of fire associated with park development, a record which would be much less 

clearly reflected in the southern sub-basin, which does not receive sediment directly from 

the main developed areas of the park. 
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Chapter 2-Previous Work 

Fire as an Earth System Process 

 Fire is an inevitable process on the earth’s surface due to the widespread cover of 

carbon-rich plants, seasonally dry climates, widespread lightning, and the presence of 

free oxygen in the atmosphere (Bowman et al., 2009). Depending on the region of the 

world, there will be a different fire regime, which leads to a variety of ecological effects. 

Ecologists define fire regimes to include fuel type (ground, surface, and crown), temporal 

nature (rate of spread, seasonality, and frequency), spatial pattern (size and patchiness), 

and consequences (impacts on vegetation and soils) in order to define and create 

boundaries between regions (Bond and Keeley, 2005). Fire regimes are closely tied to 

vegetation structure in an environment, and when these regimes change over time, due to 

fire protection, grazing, or invasive species, vegetation structure is known to shift 

(Bowman et al. 2009). In the western United States, fire management is often cited as a 

cause for shifts in vegetation structure via understory thinning and prescribed burns, 

although underlying climate patterns also play an important role (Whitlock, 2004; 

Bowman et al., 2009; Westerling et al., 2006). 

 Current fire management practices in the western United States are heavily 

debated (Bowman et al., 2013; Whitlock 2004). Management methods including 

prescribed burning and understory thinning have proven to reduce larger crown fires in 

the area, but these processes have also been criticized for reducing the role of fires as an 

ecosystem process (Whitlock, 2004; Bowman et al., 2009). Fires accelerate the natural 

cycle of primary production and respiration in forests (Bowman et al., 2009). Current 

management practices reducing crown fires in conjunction with warming mean annual 
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temperature trends in the western United States have led to the hypothesized existence of 

a “fire deficit,” with low levels of biomass burning in the past century compared to what 

might be expected to occur naturally under a similar climate (Marlon et al., 2012). 

Despite increased temperatures and drier climates in the western United States 

management practices continue excluding and suppressing fire, which calls into question 

the sustainability of fire suppression. These conclusions make the study of fire in the west 

an important topic for further investigation. 

 

Fire Records 

Fire-history studies are typically conducted using a combination of charcoal 

counts (burn evidence), sedimentation (evidence for watershed adjustments), and pollen 

(evidence for vegetation) (Whitlock and Larson, 2001). Charcoal records are direct 

evidence for a fire, whereas the pollen record shows evidence for vegetation shifts 

(Whitlock and Larson, 2001). Though dendrochronology is an extremely accurate way to 

date fire events and evaluate severity, the method is limited temporally. Charcoal records 

taken from sediment cores are able to date back much further in time than tree rings, but 

are reduced in accuracy unless an adequate chronology is created (Whitlock, 2004; 

Whitlock and Larson, 2001). Use of historical and dendrochronological records to aid 

core chronology is important to analysis (Whitlock and Larson, 2001). 

Although charcoal is produced only during a fire, it may be deposited at the lake core site 

at the time of the fire (primary charcoal) or it may be deposited sometime later as 

terrestrial charcoal deposits are eroded and the charcoal is transported into the lake 

(secondary charcoal) (Whitlock and Larson, 2001). Either process may result in a 



7 
 

 

statistically significant peak in charcoal analysis, and the presence of secondary charcoal 

can make it more difficult to establish the timing of the actual fire event from the core 

record (Fig. 2). For this reason, it is important to distinguish between background 

charcoal, which may be introduced via secondary processes, and primary charcoal peaks 

that represent fire events (Whitlock and Larson, 2001). 

One way to constrain the number of statistically significant peaks in a record is to 

limit the size of charcoal counted in the analysis process. Studies have also shown that 

charcoal size is an important factor to constraining the location of the fire (Whitlock and 

Larson, 2001).  Previous studies have indicated that macroscopic charcoal particles (>125 

µm in diameter) are not transported more than 7 km from the burned source area 

(Gardner and Whitlock, 2001; Whitlock and Larson, 2001). 

Fire in the northern Rocky Mountains 

  The increased risk of wildfires in the northern Rocky Mountains, and the western 

United States, has made charcoal analysis in sediment cores increasingly popular 

(Gardner and Whitlock, 2001; Westerling et al., 2006; Whitlock and Larson, 2001). 

Given the high altitude environment of the northern Rocky Mountains, the states of 

Montana, Idaho, Wyoming and Colorado account for 25.1% of the total acres burned in 

United States fires during 2013 (National Interagency Fire Center, 2013). Fires 

characterize this regions ecology, which makes it a fascinating location to study. The 

region is greatly impacted by management (Bowman et al., 2013), increased temperatures 

(Westerling et al., 2006), and shifts in climate through precipitation patterns (Brunelle et 

al., 2005). 

 



8 
 

 

 

 

 

 

  

Figure 2. Schematic diagram of illustrating the sources of primary and secondary 
charcoal in a watershed (Whitlock and Larson, 2001). 
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Fire in Glacier National Park 

Since Glacier National Park’s development in the late 1800’s, there has been one 

documented fire event in the Many Glacier area: the Heavens Peak Fire. This fire 

occurred in the summer of 1936, caused by a lightning strike in the middle of August 

(Larson, 2012). The event sparked two weeks of fire-fighting activity in the Many 

Glacier region in order to keep inhabitants and the hotel safe. This event is likely 

recorded in the core given the proximity of this large fire to Swiftcurrent Lake. Although 

the Heavens Peak Fire is the only documented fire, there are likely many more that will 

be present in the fire record.  

In the summer of 2010, a Keck Project went to GNP and took sediment cores in 

Swiftcurrent Lake, Lake Josephine and Lower Grinnell Lake (Fig. 1). In that project one 

student studied the Holocene fire history for the park (Kutvirt, 2011). That work focused 

on a core from the southern sub-basin of Swiftcurrent Lake. A study performed in 2010 

also analyzed charcoal accumulation in the southern sub-basin of Swiftcurrent Lake (Fig. 

3). This record evaluated fire frequency for a longer, 7630 year record and showed low 

levels of fire activity from 7630 - ~3600 Cal yr BP, when fire frequency and intensity 

increased until ~2100 Cal yr BP. Fire frequency decreased between 2100 Cal yr BP and 

the present, with a slight increase in BCHAR levels in the most recent 150 years. 

(Kutvirt, 2011). Kutvirt also reported on pollen analysis work to supplement her charcoal 

analysis and was able further analyze high and low fire activity with respect to 

vegetation. 

 

 

 



10 
 

 

 

 

 
Figure 3. Bathymetric Data for Swiftcurrent Lake. Samples for this project were taken 
from the GNP-SWF14-1B site. GNP-SWF10-7A represents where the correlated 210Pb 
core was taken in 2010. GNP-SWF05-3A represents the site where Kutvirt (2011) 
reconstructed fire history. Black dots indicate locations where the Keck 2010 project 
worked (created by Catherine A. Riihimaki). 
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Swiftcurrent Lake is located east of the Continental Divide in Glacier National 

Park (GNP), Montana (Fig. 1). The park includes a large, mountainous region (4,080 

km2) of northwestern Montana that borders southern Alberta and British Columbia, 

Canada (Key et al., 2002). Due to the orographic effects of high topography in the center 

of the park, climate differs greatly east and west of the Continental Divide. East of the 

Continental Divide, the climate is generally drier than west and is characterized by long, 

harsh winters and short, mild summers  (Geddes et al., 2005). Severity in these winter 

temperature changes is illustrated by the former world record temperature drop of 56°C 

in 24 hours in Browning, MT, a town nearby the eastern slopes of the park (Arno, 1976). 

Total annual rainfall in east Glacier is 66 cm, 9.3 cm lower than West Glacier (Table 1) 

(Western Regional Climate Center, 2014). Throughout the park, peak annual rainfall 

occurs in June (9.1 cm in St. Mary’s) and peak temperatures occur in August (average 

temperature in St. Mary’s 17.7 °C) (Western Regional Climate Center, 2014). Snowfall is 

another important source of water for St. Mary’s, which receives 3.05 meters of snow a 

year (Western Regional Climate Center, 2014). The impact of snow in this sub-alpine 

environment is primarily felt through snowmelt. In the past 25 years earlier snowmelt has 

caused a longer dry season, creating increased fire intensity in the western U.S. 

(Westerling et al., 2006). 

Swiftcurrent Lake is located at an elevation of 1490 m, which is a lower altitude 

than most sub-alpine forests in east Glacier. Despite this, vegetation surrounding 

Swiftcurrent Lake is in a sub-alpine forest due to it’s northern latitude and proximity to 

the Continental Divide. Primary arboreal species in the forest surrounding Swiftcurrent 

Lake are the Lodgepole Pine (Pinus contorta), Subalpine Fir (Abies lasiocarpa), 
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Engelmann spruce (Picea engelmannii) and Mountain Alder (Alnus viriduis) (Johnson, 

2001). Sub-alpine forests in the Northern Rocky Mountains are characterized by stand-

replacing fires (fires with variable fire return intervals and high intensity) (Barrett et al., 

1991; Brown et al., 2000). The regional fire return interval for Northwest Montana is a 

severe, crown-burning fire once every 200-300 years (Brown et al., 2000). The arboreal 

species in east Glacier are susceptible to fires because of their thin bark, but have adapted 

to live in cool, moist environments where fire is less frequent (National Park Service). 

The high-elevation Rocky Mountains, which run through the entirety of Glacier 

National Park, run roughly from north to south. Elevations through this spine of peaks 

range from 950 m to 3190 m. Topography near Swiftcurrent Lake is steep, with local 

relief approaching 1500m. Peaks that lie west of the lake are all roughly 2500 m, the 

highest being Mount Gould which reaches 2910 m. Topography steeply drops down 

moving east and plateaus at 1500 m, roughly the same elevation as Swiftcurrent Lake.  

The area is characterized by rugged peaks and dissected valleys as the evidence for 

glaciation as a geomorphic process, a feature that occurs across the northern Rocky 

Mountain region (Brunelle, 2005). Swiftcurrent Lake is located in the Many Glacier 

region of GNP and is about 1.6 km long and about .5 km wide, roughly 400 m2 of the 

park. Figure 1 shows the Many Glacier area, with Swiftcurrent Lake to the east. As 

previously mentioned, the lake contains two sub-basins of similar depth (12 m), separated 

by a discontinuous ridge (3-4 m water depth) (MacGregor et al., 2011). The Swiftcurrent 

Valley drainage basin has a catchment area of 44 km2 and the Grinnell Glacier drainage 

basin has a catchment area of 36 km2 (MacGregor et al., 2011). 

 
Table 1. Monthly climate summary for St. Mary, MT located just south of the Many  
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Glacier area. Data was collected and averaged from 1981-2014 (Western Regional 
Climate Center, 2014) 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual 
Average Max. 
Temp. (C) 

.167 2.55 5.67 10.9 15.9 20.4 25.6 25.9 19.7 12.1 3.83 -.278 11.9 

Average Min. 
Temp. (C) 

-10.1 -8.6 -5.6 -2.17 2 5.67 8.28 7.44 3.77 .05 -4.55 -9.5 -1.06 

Average Total 
Precip. (in.) 

2.00 1.70 
 
 

1.79 1.93 2.95 3.58 1.82 1.65 2.00 2.17 2.44 2.07 26.11 

Average Total 
SnowFall (in.) 

19.9 18.3 17.9 13.4 4.7 0.9 0.0 0.4 1.5 7.5 16.8 18.9 120.3 

 
 
 

 
Figure 4. Image of the 3 drainage basins that feed into Swiftcurrent Lake (Kutvirt, 2011) 

 
 
 
Table 2. Average annual visitation rate to Glacier National Park (National Parks Service, 
2012) 
Years Average Annual Visitation Rate (persons) 
2011-2012 2,007,800 
2001-2010 1,929,653 
1991-2000 1,910,485 
1981-1990 1,807,208 
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An important distinction between these two sub-basins that the northern sub-basin is 

largely fed by Swiftcurrent Creek, which is not glacier fed and contains few sediment 

sinks above the lake, whereas the southern sub-basin is fed by Grinnell Glacier, through 

Upper Grinnell Lake, Lower Grinnell Lake, and Lake Josephine. These lakes create 

sediment sinks in transport and given the lack of these sinks in the northern sub-basin, 

different sedimentation rates in the two sub-basins are expected (Arp et al., 2006; 

MacGregor et al., 2011). 

 The northern sub-basin is fed by three different watersheds: the Cataract, 

Swiftcurrent West and Swiftcurrent East (Fig. 4). The Cataract basin includes the 

Grinnell Glacier, Upper and Lower Grinnell Lakes and Lake Josephine. Swiftcurrent 

West includes Swiftcurrent Glacier, Windmaker, Bullhead, Redrock and Fishercap 

Lakes.  

 The northern sub-basin of the lake is partially surrounded by paved roads around 

the lake and abuts the historic Many Glacier Hotel, founded in 1914. Human impact in 

the park has increased greatly over the years, largely due to the increase in visitors to the 

park (Table 2). In 2013, there were over 2.1 million visitors to Glacier National Park 

(National Parks Service, 2013). 

 The Swiftcurrent Lake drainage basin lies on top of the Middle Proterozoic Belt 

Supergroup, which comprises primarily of siltstones, shales, and sandstones (Fig. 1) 

(MacGregor et al., 2011). Grinnell Glacier sits upon exposures of the Helena Formation, 

which is the only source of dolomite in the drainage basin (Fig. 1). 
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Chapter 4 - Methods 

Field Methods 

 In the summer of 2014, lake sediment cores were taken from the bottom of the 

northern sub-basin of Swiftcurrent Lake (Fig. 3). Before coring, a site was selected using 

bathymetry data collected from a kayak and a Garmin GPSMAP 541S to determine the 

point of greatest depth near the center of the lake. The coring site (GNP-SWF14-1A/1B) 

is at the deepest point in the northern sub-basin at a water depth of 12m. Coring methods 

varied by the section of core that was taken; MUCK (Multi-Use Coring Kit) piston coring 

was used to obtain the sediment-water interface and the Bolivia piston corer was used for 

long cores at greater depth (Nesje, 1992). For this study, samples were taken from one 

MUCK piston core and two Bolivia piston cores, each roughly 1.5 m long: GNP-SWF14-

1B-1P (length used: 1.2m), GNP-SWF-1A-2B (length used: .68m), and GNP-SWF14-

1B-2B (length used: .2m). Sites 1A and 1B were collected within 2 meters of each other 

in order to obtain alternating cores for the long-core site. After collection, the cores were 

capped and taped in order to prepare cores for transport. 

 All cores were transported and stored at the Limnological Research Center 

(LacCore Lab) at the University of Minnesota. Initial core descriptions and core samples 

were also performed as described in following sections. 

Laboratory Methods 

Initial Core Descriptions 

 All cores were initially described following LacCore Lab’s protocol for initial 

core description (ICD). First, the core was run through the Geotek Multisensor Core 

Logger (MSCL) to obtain measurements of sediment density and magnetic susceptibility 
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at 1-cm-scale resolution. After these tests, the piston and Bolivia cores were cut in half 

using a cast saw, then split longitudinally using fishing line and guillotines into two equal 

sections. One half of the core was wrapped and stored as an archive core, and the other, 

working half was photographed using a high-resolution digital line scanner (10 pixels per 

millimeter). Then, cores were scanned using the Geotek XYZ for high-resolution (0.5 

cm) point-sensor magnetic susceptibility. Cores composition and grain size were 

described on the macroscopic and microscopic scales (using smear slides) in order to 

better compare cores and finalize the ICD sheets. Sections of the core were then selected 

for sampling (adapted from Kutvirt, 2011).  

Charcoal Methods 

 Methods for charcoal sampling were based on Whitlock and Larson (2001) and on 

the LacCore Lab’s protocol for charcoal analysis. Each of the 3 cores was sampled 

continuously at 1-cm intervals in order to obtain a high-resolution charcoal record. These 

high-resolution, continuous samples are necessary to avoid missing peaks in the charcoal 

record, which can lead to false interpretation of background trends as peaks (Whitlock 

and Larson, 2001). 

 Samples for charcoal analysis were taken from the core and measured in a 1-cm3 

cut-tip syringe. These measured samples were placed in Erlenmeyer flasks and treated 

with 6% H2O2 (50°C for 24 hours) in order to remove organic matter in the sample. Then 

samples were sieved through a 125 µm sieve and dried in plastic petri dishes (50°C for 24 

hours). This sieve size was consistent with theoretical and empirical charcoal studies that 

charcoal particle size is correlated to the proximity to the source (approximately 7 km) 

(Whitlock and Larson, 2001). 
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 After drying in the petri dish, samples were examined using a laboratory 

microscope, and charcoal was counted for each petri dish. Each dish was placed upon a 

1.125cm × 1.125 cm grid in order to increase accuracy of each count. Charcoal type was 

classified as either grass- or miscellaneous-type, which largely tend to be wood charcoal 

(Whitlock and Larson, 2001). In experiments that run at higher temperatures (>500°C), 

leaves and grass material combust first leaving a high proportion of wood charcoal in the 

sample (Whitlock and Larson, 2001). Thus, classifying charcoal can help to determine 

fire severity in an area. 

 Charcoal counts were then entered into the computer program CharAnalysis, 

which used the raw charcoal count data as well as a parameter file (Table 3) in order to 

reconstruct fire frequency and visually represent the data. CharAnalysis produces results 

that separate the background levels of charcoal from events that rise above that level in 

order to recreate a local fire history for the area. Background levels are created using a 

combination of a moving average of the charcoal data as well as a standard score (or z-

score) between peak and noise values (Kelly et al., 2011). CharAnalysis smoothed both 

charcoal count data as well as background levels over a 100-year interval. 

Dating Techniques 

 In order to create an age-to-depth model, loss on ignition were performed 

throughout the sampled core. Loss on ignition methods were based on the LacCore Lab’s 

protocol. Loss on ignition (LOI) was performed at the LacCore lab in order to correlate 

the GNP-SWF14 core to the GNP-SWF10 core where 210Pb dates have already been 

obtained. The top 30 cm of the core were sampled individually at .5 cm intervals, and 

then baked at 100°C in order to remove water, 500°C to remove organic matter, and 



18 
 

 

finally 1000°C to remove carbonates. Organic carbon profiles proved to produce similar 

records, and were correlated to date the top 17.5 cm of the core. The resulting age-depth 

model is largely interpolated to create a sedimentation rate for deposits at the bottom of 

Swiftcurrent Lake. Once this rate is determined, it will help to create the charcoal 

accumulation rate for the area.  
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Chapter 5 - Results 

Lithology 

The GNP-SWF-1A/1B cores are largely characterized by brown clayey silt, with 

interspersed pink clay layers and a few macro-scale organic layers. Laminations in the 

cores were visible, but appeared not to be varves. Under detailed smear-slide analysis, the 

brown background is composed of primarily siliciclastics (~80%) and smaller amounts of 

algal amorphous organic matter and diatoms. Pink clay layers also were composed 

primarily of siliciclastics (~40%), but also included carbonates, glass, diatoms, and algal 

amorphous organic matter. Major minerals found throughout the cores are quartz, clay 

and dolomite. Sediment density values range from ~1.0-1.6 g/cm3 and magnetic 

susceptibility varies from 3-32 x 10-6 SI (Fig. 5). 

Chronology 

Core chronology was established by correlating the low-temperature (500°C) loss on 

ignition (LOI) profile from the upper part of core GNP-SWF14-1A/1B and compared to 

the % Total Organic Carbon (% TOC) from the 210Pb-dated core of Oddo (2011) (Fig. 6). 

Correlation of the high-temperature (1000°C) LOI profile from the upper part of core 

GNP-SWF14-1A/1B and with the % TOC profile from the the 210Pb-dated core of Oddo 

(2011) produced similar results, but 1000°C LOI correlation was not as clear. Field notes 

on coring depths, along with color matching of laminations were also used to correlate 

the two cores into a continuous depth series. Radiocarbon charcoal samples were taken at 

the bottom of the core (194 cm core depth) and mid-core, at a peak in the charcoal counts 

(74 cm core depth). These ages are not yet available. They will be used in the future to 

create a more accurate age-depth model. 
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An age-depth model was created using the %TOC/ 500°C LOI correlations in 

order to establish a mean sedimentation rate that could be extrapolated to the lower 

sections of the core correlation, made on the basis of organic matter profiles (Fig. 6), 

extends only for the uppermost 17.5 cm of the core (or approximately 150 years) of the 

new core. Sedimentation rate between the tie-points at 11 cm and 17.5 cm in the bottom 

of the correlated section was then extrapolated to the base of the core (Fig. 7). This 

extrapolation leads to significant uncertainty in the age-depth model. Adjusting the 

sedimentation rate slightly (1.2 mm/yr, used at present, to 1.76 mm/yr, the mean 

sedimentation rate between each tie-point) creates a 30% difference in the total age for 

the record, which highlights the importance of the pending radiocarbon ages lower in 

core GNP-SWF14-1A/1B. The preliminary model suggests that the core represents the 

last ~1700 years of sedimentation, at an average sedimentation rate of 1.2 mm/yr. The 

following discussion of fire history, below, is based on this preliminary age-depth model. 

Once radiocarbon ages for the lower core sections become available, both the age-depth 

model and the inferred fire history discussed below will be revised, if corrections need to 

be modified. 

Charcoal Results 

Figure 8 shows interpolated charcoal accumulation rates from raw charcoal counts over 

the past 1700 years in Swiftcurrent Lake. Overall interpolated charcoal accumulation 

rates (CHAR) range from 0 to 72 grains cm-2 yr-1 with a mean of 1.9 grains cm-2 yr-1. 

Background charcoal levels (BCHAR) range from 0.1 to 6.8 grains cm-2 yr-1. Charcoal 

GNP-SWF14-1A/1B, as well as to date specific events in the core record (Fig. 7). The  
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Figure 5. Swiftcurrent lithologic results. Plot of density (g/cm3) and magnetic 
susceptibility (SI units) over the 1700 year record, acquired using the GeoTek 
Multisensor Core Logger. 
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Peaks (CHAR - BCHAR) ranges from 1.1 to 4.0 grains cm-2 yr-1 with an average threshold 

value for fire events being 1.4 grains cm-2 yr-1. 37 statistically significant peaks occur in the 

1700-year Swiftcurrent Lake record, each of which are considered to be a fire event in the 

record (Fig. 8). 

 Low levels of both CHAR and BCHAR were present from 1700-700 yr BP, with 

the exception of a large peak that occurred around 1290 yr BP. CHAR levels peak at 590 

years BP when accumulation rates reach 72 grains cm-2 yr-1. BCHAR levels peak at the 

same location within the core at 590 years BP, when rates exceed 6.3 grains cm-2 yr-1. 

Peak charcoal accumulation rates indicate high fire activity during the most recent 700 

years. BCHAR rises from a level of 1.4 to 1.8 grains cm-2 yr-1 and significant peaks in the 

CHAR record increase in frequency over the past 650 year record. Fire return intervals 

from 1700-700 yr BP are roughly around 52 years between events, and in the more recent 

650 years there are roughly 41 years between events. 

Figure 9 shows fire frequency for the core, smoothed over 200 years. There is a 

steady increase in fire frequency from 1700 yr BP to the peak in fire frequency that 

occurs at roughly 1150 yr BP. This peak is followed by a decline in fire frequency until 

900 yr BP, when fire frequency once again begins to increase to a second peak at 600 yr 

BP. This peak in fire frequency is the largest, surpassing 6 fire events per 200 years, and 

corresponds to high CHAR rates and BCHAR levels (Fig. 8). This peak is followed by 

another fall and rise in the record, with a third peak in the record occurring at 225 yr BP. 

This peak is followed by a steady decline to present day. 
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Figure 6. Comparison of the loss-on-ignition data for organic carbon versus the % total 
organic carbon in Oddo (2011)’s core. Lines across graphs represent correlations of peaks 
identified in the cores. 
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Figure 7.  Age-to-Depth Model based on organic carbon correlation. Bracket represents 
depths that are controlled by the correlation and dashed lines represent locations of 
pending radiocarbon dates. 
 

 
Figure 8. CharAnalysis graph showing the charcoal accumulation rate over the 1703-year 
record. Black line shows charcoal abundance (grains/cm3/year) and the red line shows 
background charcoal levels (BCHAR). Red plus signs indicate significant fire events. 
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 A large CHAR peak that rises above the BCHAR level falls within a well-

constrained 210Pb age control, with an age of 1924 AD±3.5 years based on the age/depth 

model, likely corresponding to the Heavens Peak Fire in 1936 AD. This historical fire 

completely burned the northeast Grinnell Glacier Valley, then blew over the Continental 

Divide into West Glacier (Larson, 2012). Presence of the Heavens Peak Fire in the record 

places confidence in CHAR peaks linking to local fire activity. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Chapter 6 - Discussion and Conclusions 
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The Swiftcurrent Lake sediment core collected in 2014 allows for further 

examination of the relationships between fire, environmental shifts, and climate for the 

past 1700 years in GNP. This record also is compared to previous records of fire history, 

both throughout GNP and in the northern Rocky Mountain region. This discussion 

assumes that the charcoal measurements taken by this study (CHAR, BCHAR, fire 

frequency) together constitute evidence of local fire activity for the Swiftcurrent Valley 

and Grinnell Glacier drainage basins. These measurements are sensitive to seasonal 

character as well as long-term shifts in climate, which makes interpretations challenging. 

For example, annual precipitation may remain constant in the drainage basins, but 

increased summer storminess may cause an increase in hillslope erosion or change in in 

glacier size. An increase in hillslope erosion could, alternatively, be the result of cooler 

temperatures, with less vegetation to hold sediment down, or of increased annual 

precipitation. Increases in fire frequency could be the result of increased aridity in the 

climate or a shift in snowmelt dates for the region. Interpretations for this study should be 

considered preliminary, especially because sampling resolution does not allow for 

seasonality to be constrained. 

The ~1700 year record taken from the northern sub-basin in Swiftcurrent Lake 

contains a short record of the late-Holocene fire history in the Many Glacier area. A 

promising correlation in the record is evidence of the Heaven’s Peak fire in 1936 (peak at 

~1924±3.5 AD) (Larson, 2012). Although the age of the peak determined by our age-

depth model does not match exactly the historically documented age of the fire, it is close 

in age and it seems reasonable that it is likely the result of the 1936 crown fire. 
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There are two distinct zones in the fire frequency record: one from 1700-650 yr 

BP and one from 650 yr BP-present (Fig. 9). The most recent zone is characterized by 

higher CHAR and BCHAR rates as well as a higher frequency of peaks within the fire-

frequency record. Although 650 yr BP is characterized by high fire activity, the most 

recent 100 years show a steady decline in BCHAR rates and fire frequency. Previous 

work completed on other sediment cores suggests the opposite result as fire frequency in 

the western United States has been shown to increase over the past century (Westerling et 

al., 2006; Kutvirt, 2011; Whitlock et al., 2003). A possible explanation for this result is 

increased hydrologic energy in the northern Swiftcurrent Lake drainage basin. This 

would lead to lighter charcoal, otherwise retained in the Grinnell Valley sub-basin, being 

swept through the system leaving a less statistically significant amount of charcoal. 

The record collected in 2014 contains a mean CHAR rate (0.3272 grains cm-2 yr-1) 

that is lower than CHAR rates in lakes from similar settings (Table 4) (Marlon et al., 

2006; Kutvirt 2011). CHAR accumulation rates reflect a variety of factors, some 

indicative of climate and others specific to physical site characteristics (Marlon et al., 

2006). Studies have shown that CHAR rates can be extremely variable between different 

sites, depending on lake size, watershed area, elevation, precipitation regimes and 

vegetative cover. Marlon et al. (2006) found that lake area, watershed area, elevation and 

arboreal pollen percentages (%AP) explain much of the variation between charcoal 

accumulation rates. Lake size is positively correlated with mean charcoal accumulation 

(larger lakes generally have higher accumulation rates), whereas elevation is negatively 

correlated (higher elevations have lower accumulation rates). Forest cover (%AP) is 

positively correlated with CHAR rates. Table 4 compares this Swiftcurrent site to 
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previous studies with respect to elevation, lake surface area, annual precipitation, and 

winter and summer mean temperatures for 6 other northern Rocky Mountain region sites. 

Comparison of raw charcoal counts between the northern and southern sub-basin 

also produces interesting results. The record from the southern sub-basin was collected 

from a site with a much lower sedimentation rate, and the northern sub-basin record fits 

within the lower fire frequency period from 2100 Cal yr BP to the present. CHAR 

accumulation rates differ greatly between these two sites. This 2010 record reached 

charcoal accumulation rates of 0.36 grains cm-2 yr-1 for the most recent 2100 yr BP. 

Charcoal accumulation in the 2014 record reached 1.8 grains cm-2 yr-1. This difference is 

likely due to the geomorphic differences between the two drainage basins; two deep lakes 

occur within the watershed in the Grinnell Glacier drainage basin and serve as sediment 

sinks during transport. The differences in charcoal accumulation between these two sub-

basins could be a result of differing watershed attributes for the respective locations.  

Raw charcoal concentrations per cm3 did not exceed 88 grains in Kutvirt’s (2011) 

core from the southern sub-basin, whereas peaks in this core reached 914 grains per cm3 

in the northern sub-basin. This is likely the result of the larger drainage area in the 

northern sub-basin that increases the area eroded within the watershed. The Swiftcurrent 

core collected in 2014 correlates to sections of Kutvirt’s (2011) core that were 

determined to be periods of cooling and lower fire frequency than the rest of the 7630 

year record. This result was supported by a lower fire frequency and lower severity in the 

last 2100 yr BP (Kutvirt, 2011). The large increase in charcoal abundance on my core 

over the most recent 700 yr BP may also be a result of the larger drainage size for the 
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northern sub-basin, and still represents this lower charcoal accumulation rate, but it could 

be a result of a different fire record from the northern sub-basin. 

The lower CHAR rate for Swiftcurrent Lake compared to the results of Brunelle 

et al. (2006) is unexpected, given its relatively lower elevation and larger lake area. This 

record has other anomalous characteristics (decreasing fire frequency to present), which 

could indicate an abnormal record at this location. A potential explanation for these 

anomalous characteristics is Swiftcurrent being surrounded by a subalpine environment 

where glaciers play a key geomorphic role in the environment. This would lead to more 

water associated with the environment compared to other locations, which would increase 

hydrologic energy in the watershed. Forest cover was not evaluated for Swiftcurrent Lake 

in this study, but previous work has assessed the glacial valley as an area of low 

vegetative cover (Kutvirt, 2011). Reduced forest cover compared to other locations in this 

area could also be one of the factors contributing to this lower CHAR rate in Swiftcurrent 

Lake.  

Peaks in the fire frequency record (1150 yr BP, 600 yr BP, and 225 yr BP) appear 

not to be consistent with what might be expected from regional climate history. The Little 

Ice Age, which occurred from roughly 1500-1850 AD, was a time of cooler temperatures 

in the northern hemisphere (Mann et al., 2009). The peak in fire frequency during this 

time could be the result of the ecosystem’s recovery and development towards becoming 

a stand forest, which results in lower fire frequency, from the Little Ice Age to present. 

Grassland environments in north-central Montana are characterized by higher fire 

frequency than the later-successional hardwood tree forests, and occur earlier in 

ecological succession of the northern Rocky Mountain region (Brown et al., 2000). 
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Another unexpected result in fire frequency is that the global Medieval Climate Anomaly 

(roughly 950-1250 AD), which is represented by warmer, drier climate in the western 

United States (Mann et al., 2009), is represented in the new Swiftcurrent Lake record by a 

trough in the fire frequency. Given the history of the region, where increases in 

temperature correlate to increases in fire frequency (Westerling et. al, 2006), the decrease 

in fire frequency is unanticipated. A possible explanation for this trough in the record is 

that the sub-alpine environments may not be as affected due to the lower amount of 

vegetation compared to lower elevation regions, which would reduce the number of 

plants available for fuel. Another explanation could be that a warmer, more arid 

environment leads in increase ice and snowpack melt in these sub-alpine environments. 

This melt would increase water in the system, which may lead to a decrease in large fires. 

Currently, due to the degree of interpolation in the age-depth model (Figure 5), 

confidence is limited in the dating of these specific intervals of high and low fire 

frequency. The most recent 150 years of the core’s record are well correlated to the 210Pb-

core, so the decrease in charcoal influx over the last 150 years, following a peak not 

much earlier (and likely during the Little Ice Age) seems robust. However, given the 

difficultly of estimating sedimentation rates for the segment of the core more than about 

150 years old makes assignment of ages for earlier shifts in charcoal influx very 

uncertain. If a revised age-depth model were to reduce the total age of the record by 200 

years these fire-frequency peaks over the last millennium would be more consistent with 

the expected regional climate history. 

   

 



32 
 

 

 
 
 
 
 
 
 
 
 

 
Figure 9. CharAnalysis graph of fire frequency (fires/200 years) over the 1703 year 
record. 
 
 
 
 
 
Table 4. Comparison of factors contributing to CHAR rates for 6 lakes in the northern 
Rocky Mountain region (Marlon et al., 2009). 

Lake Elevation (m) Lake Area (ha) Annual Precip. 
(cm) 

Avg. Jan. 
Temp. (deg C) 

Avg. Jul. Temp. 
(deg C) 

CHAR  
(p/cm-2yr-1) 

Swiftcurrent, MT 1486 42 66.31 -5 16.9 .3272 
Burt Knob, ID 2250 1.1 46 -7.1 16.4 .11 
Foy Lake, MT 1006 85 40 -6.3 17.3 14.88 
Pintlar, MT 1921 4.3 31 -6 17.4 3.05 
Baker, MT 2300 2.2 34 -7.7 16.2 .3 
Hoodoo, ID 1770 2.5 41 -5.7 17.3 .68 
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 The 1700-year fire record shows a higher number of fire events than previously 

found in the core evaluated in 2011. The fire return interval of the northern Swiftcurrent 

sub-basin is roughly 46 years between fires, whereas the southern sub-basin had an 

average return interval of 363 years between fires. Although uncertainty in the 

preliminary age-depth model limits confidence in the dating of specific intervals of high 

and low fire frequency, comparison of this record and the Kutvirt (2011) record provides 

interesting insight into how charcoal is transported through the system. The lower raw 

charcoal counts in the southern sub-basin could be due to the two large lakes (Lake 

Josephine and Lower Grinnell Lake) that serve as sediment sinks in the watershed, or it 

could be the result of the smaller drainage area. Despite these difficulties in interpreting 

the record from the new core, comparison to a third core within either sub-basin would 

help to resolve the discrepancies between the 2011 and 2014 charcoal records. 
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Appendix I: Initial Core Description Sheets 
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Appendix II: Charcoal Count Sheets 

cmTo
p  (cm) 

cmBo
t      

(cm) 

ageTo
p        

(yr BP) 

ageB
ot        

(yr BP) 

charV
ol        

(cm3) 
charCou
nt      (#) 

2.00	
   3.00	
   8	
   12	
   1	
   7	
  
4.00	
   5.00	
   16	
   20	
   1	
   0	
  
6.00	
   7.00	
   24	
   28	
   1	
   3	
  
8.00	
   9.00	
   32	
   36	
   1	
   6	
  
10.00	
   11.00	
   38	
   45	
   1	
   11	
  
12.00	
   13.00	
   53	
   61	
   1	
   5	
  
14.00	
   15.00	
   70	
   78	
   1	
   14	
  
16.00	
   17.00	
   86	
   95	
   1	
   106	
  
18.00	
   19.00	
   103	
   111	
   1	
   53	
  
20.00	
   21.00	
   120	
   128	
   1	
   19	
  
22.00	
   23.00	
   136	
   145	
   1	
   7	
  
24.00	
   25.00	
   153	
   161	
   1	
   19	
  
26.00	
   27.00	
   170	
   178	
   1	
   6	
  
28.00	
   29.00	
   186	
   195	
   1	
   1	
  
30.00	
   31.00	
   203	
   211	
   1	
   8	
  
32.00	
   33.00	
   220	
   228	
   1	
   4	
  
34.00	
   35.00	
   236	
   245	
   1	
   20	
  
36.00	
   37.00	
   253	
   261	
   1	
   21	
  
38.00	
   39.00	
   270	
   278	
   1	
   6	
  
40.00	
   41.00	
   286	
   295	
   1	
   25	
  
42.00	
   43.00	
   303	
   311	
   1	
   62	
  
44.00	
   45.00	
   320	
   328	
   0.5	
   11	
  
46.00	
   47.00	
   336	
   345	
   1	
   8	
  
48.00	
   49.00	
   353	
   361	
   1	
   8	
  
50.00	
   51.00	
   370	
   378	
   1	
   31	
  
52.00	
   53.00	
   386	
   395	
   1	
   8	
  
54.00	
   55.00	
   403	
   411	
   1	
   13	
  
56.00	
   57.00	
   420	
   428	
   1	
   12	
  
58.00	
   59.00	
   436	
   445	
   1	
   9	
  
60.00	
   61.00	
   453	
   461	
   1	
   7	
  
62.00	
   63.00	
   470	
   478	
   1	
   37	
  
64.00	
   65.00	
   486	
   495	
   1	
   4	
  
66.00	
   67.00	
   503	
   511	
   1	
   7	
  
68.00	
   69.00	
   520	
   528	
   1	
   22	
  
70.00	
   71.00	
   536	
   545	
   1	
   110	
  
72.00	
   73.00	
   553	
   561	
   1	
   172	
  
74.00	
   75.00	
   570	
   578	
   1	
   303	
  
76.00	
   77.00	
   586	
   595	
   1	
   914	
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78.00	
   79.00	
   603	
   611	
   1	
   6	
  
80.00	
   81.00	
   620	
   628	
   1	
   12	
  
82.00	
   83.00	
   636	
   645	
   1	
   180	
  
84.00	
   85.00	
   653	
   661	
   1	
   3	
  
86.00	
   87.00	
   670	
   678	
   1	
   15	
  
88.00	
   89.00	
   686	
   695	
   1	
   6	
  
90.00	
   91.00	
   703	
   711	
   1	
   5	
  
92.00	
   93.00	
   720	
   728	
   1	
   13	
  
94.00	
   95.00	
   736	
   745	
   1	
   14	
  
96.00	
   97.00	
   753	
   761	
   1	
   7	
  
98.00	
   99.00	
   770	
   778	
   1	
   3	
  
100.0
0	
  

101.0
0	
   786	
   795	
   1	
   10	
  

102.0
0	
  

103.0
0	
   803	
   811	
   1	
   2	
  

104.0
0	
  

105.0
0	
   820	
   828	
   1	
   11	
  

106.0
0	
  

107.0
0	
   836	
   845	
   1	
   5	
  

108.0
0	
  

109.0
0	
   853	
   861	
   1	
   15	
  

110.0
0	
  

111.0
0	
   870	
   878	
   1	
   20	
  

114.0
0	
  

115.0
0	
   903	
   911	
   1	
   3	
  

116.0
0	
  

117.0
0	
   920	
   928	
   1	
   17	
  

118.0
0	
  

119.0
0	
   936	
   945	
   1	
   4	
  

120.0
0	
  

121.0
0	
   953	
   961	
   1	
   5	
  

123.0
0	
  

124.0
0	
   978	
   986	
   1	
   5	
  

125.0
0	
  

126.0
0	
   995	
   1003	
   1	
   12	
  

127.0
0	
  

128.0
0	
   1011	
   1020	
   1	
   8	
  

129.0
0	
  

130.0
0	
   1028	
   1036	
   1	
   9	
  

131.0
0	
  

132.0
0	
   1045	
   1053	
   1	
   4	
  

133.0
0	
  

134.0
0	
   1061	
   1070	
   1	
   13	
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135.0
0	
  

136.0
0	
   1078	
   1086	
   1	
   7	
  

137.0
0	
  

138.0
0	
   1095	
   1103	
   1	
   10	
  

139.0
0	
  

140.0
0	
   1111	
   1120	
   1	
   4	
  

141.0
0	
  

142.0
0	
   1128	
   1136	
   1	
   36	
  

143.0
0	
  

144.0
0	
   1145	
   1153	
   1	
   3	
  

145.0
0	
  

146.0
0	
   1161	
   1170	
   1	
   13	
  

147.0
0	
  

148.0
0	
   1178	
   1186	
   1	
   23	
  

149.0
0	
  

150.0
0	
   1195	
   1203	
   1	
   8	
  

151.0
0	
  

152.0
0	
   1211	
   1220	
   1	
   3	
  

153.0
0	
  

154.0
0	
   1228	
   1236	
   1	
   21	
  

155.0
0	
  

156.0
0	
   1245	
   1253	
   1	
   5	
  

157.0
0	
  

158.0
0	
   1261	
   1270	
   1	
   1	
  

159.0
0	
  

160.0
0	
   1278	
   1286	
   1	
   495	
  

161.0
0	
  

162.0
0	
   1295	
   1303	
   1	
   14	
  

163.0
0	
  

164.0
0	
   1311	
   1320	
   1	
   11	
  

165.0
0	
  

166.0
0	
   1328	
   1336	
   1	
   13	
  

166.0
0	
  

167.0
0	
   1336	
   1345	
   1	
   11	
  

169.0
0	
  

170.0
0	
   1361	
   1370	
   1	
   24	
  

171.0
0	
  

172.0
0	
   1378	
   1386	
   1	
   65	
  

173.0
0	
  

174.0
0	
   1395	
   1403	
   1	
   1	
  

175.0
0	
  

176.0
0	
   1411	
   1420	
   1	
   3	
  

177.0 178.0 1428	
   1436	
   1	
   7	
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0	
   0	
  
179.0
0	
  

180.0
0	
   1445	
   1453	
   1	
   18	
  

180.0
0	
  

181.0
0	
   1453	
   1461	
   1	
   9	
  

182.0
0	
  

183.0
0	
   1470	
   1478	
   1	
   7	
  

184.0
0	
  

185.0
0	
   1486	
   1495	
   1	
   10	
  

186.0
0	
  

187.0
0	
   1503	
   1511	
   1	
   11	
  

189.0
0	
  

190.0
0	
   1528	
   1536	
   1	
   9	
  

190.0
0	
  

191.0
0	
   1536	
   1545	
   1	
   32	
  

191.0
0	
  

192.0
0	
   1545	
   1553	
   1	
   25	
  

192.0
0	
  

193.0
0	
   1553	
   1561	
   1	
   4	
  

193.0
0	
  

194.0
0	
   1561	
   1570	
   1	
   6	
  

194.0
0	
  

195.0
0	
   1570	
   1578	
   1	
   15	
  

195.0
0	
  

196.0
0	
   1578	
   1586	
   1	
   1	
  

196.0
0	
  

197.0
0	
   1586	
   1595	
   1	
   4	
  

197.0
0	
  

198.0
0	
   1595	
   1603	
   1	
   2	
  

198.0
0	
  

199.0
0	
   1603	
   1611	
   1	
   3	
  

199.0
0	
  

200.0
0	
   1611	
   1620	
   1	
   6	
  

200.0
0	
  

201.0
0	
   1620	
   1628	
   1	
   5	
  

201.0
0	
  

202.0
0	
   1628	
   1636	
   1	
   8	
  

202.0
0	
  

203.0
0	
   1636	
   1645	
   1	
   3	
  

203.0
0	
  

204.0
0	
   1645	
   1653	
   1	
   10	
  

204.0
0	
  

205.0
0	
   1653	
   1661	
   1	
   6	
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205.0
0	
  

206.0
0	
   1661	
   1670	
   1	
   2	
  

206.0
0	
  

207.0
0	
   1670	
   1678	
   1	
   3	
  

207.0
0	
  

208.0
0	
   1678	
   1686	
   1	
   3	
  

208.0
0	
  

209.0
0	
   1686	
   1695	
   1	
   4	
  

209.0
0	
  

210.0
0	
   1695	
   1703	
   1	
   3	
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