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Figure 1:  An areal photo and the location of Appleman Lake, Indiana.  Appleman Lake is a kettle lake, with no inlets or outlets, that was formed as the Laurentide Ice Sheet retreated.
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Source: Whitlock & Larsen 2001
Figure 2:  This figure illustrates the influx of primary and secondary charcoal, as well as the deposition of microscopic (regional and extralocal) and macroscopic (local) charcoal particles.  Primary charcoal is deposited during or directly after a fire occurs, while secondary charcoal gradually accumulates into the lake, mainly as a result of slopewash or erosion.  Because of transport processes, macroscopic charcoal (>125µm) indicates local fires, while microscopic charcoal (<125µm) indicates regional fires.  
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Figure 3:  The photos above show different types of charcoal particles.  Charcoal morphology may provide insight into the types of vegetation burned, such as dark particles indicating woody vegetation, bordered pits signifying conifers, and graminoid cellular indicating grasses. 
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Figure 4:  This figure shows the raw counts of charcoal particles for Appleman Lake, from 968 to 600cm (depth below sediment/water interface).  Three separate time periods with different fire characteristics are evident in the record.  The third period is from 968cm to 905cm depth, the second period is from 905cm to 725cm depth, and the first time period encompasses 725cm to 600cm depth.  The red dots along the right side of the figure note fire events inferred by visual analysis of the raw charcoal data (See Results). 
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Figure 5:  This figure compares the number of charcoal particles in the 125-250µm size class and the >250µm size class.  The >250µm size class mirrors the 125-250µm size class throughout the record.  Note that the red curve is not a total charcoal sum, but in almost all samples the number of charcoal particles in the 125-250µm size class exceeds the number for the >250µm size class. 
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Figure 6:  This figure is an area-fill plot that shows amount of each type of charcoal particle throughout the record.  There are nine charcoal particle types, and these types provide insight into the type of vegetation burned.  In the first part of the record, there are mostly dark charcoal particles, indicating woody vegetation.  In the lower portion of the record, “other” charcoal particles become more prevalent.  This may be due to particle degradation because of increasing depth.  
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Figure 7:  This figure compares gall charcoal with Quercus (oak) pollen.  Galls are formed by insects and deposited on oak leaves.  The presence of gall charcoal and the sharp increase of oak pollen at 715cm depth likely indicate the arrival of oak in the local area.  
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Figure 8:  This figure compares bordered pit charcoal with the percent pollen abundances for two conifer tree taxa, Picea (spruce) and Pinus (pine).  Bordered pit charcoal comes from burned conifers, and the peaks in bordered pit charcoal coincide with peaks in spruce and pine.
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Figure 9:  Figure 9 compares graminoid cellular charcoal particles with Poaceae (grass) pollen.  Graminoid cellular charcoal indicates that grasses were burned.  The charcoal peaks and the Poaceae pollen peaks do not usually occur simultaneously.  It is possible that directly after fire occurred, grass regenerated and became more abundant. 
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Figure 10:  This figure shows the Appleman Lake charcoal record expressed as the charcoal accumulation rate (CHAR) versus time (calendar years Before Present).  The blue line is the CHAR value for each sample, calculated by interpolating the raw counts in Figure 4 to a 50-year time step.  The red line is the background level of CHAR, determined by applying a locally-weighted moving average to the record, with a window of 250 years.  Three time periods are evident in the record (time periods are divided by the green lines in the figure above).  In the third time period, from 17,600 to 15,900 cal yr BP, background CHAR does not exceed 0.3 particles/cm2/yr.  From 15,900 to 10,800 cal yr BP, background level drastically increases, reaching a maximum of 2 particles/cm2/yr.  In first time period, from 10,800 to 7,100 cal yr BP, the background CHAR drastically increases, reaching 4.5 particles/cm2/yr.  A high background level indicates high fuel load and biomass available for burning.  Based upon the dates for each time period, the third time period is characterized as the late glacial, the second is the late glacial/early Holocene transition, and the first is the early Holocene.  This plot was generated using CHARSTER.
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Figure 11:   Figure 11 shows the peaks component of the charcoal record with a difference threshold value set at 0.3 CHAR.  The red line is the background level (a straightened version of the red line in Figure 10), and all peaks are shown as high-frequency deviations from the background line.  Any peak that is 0.3 CHAR above the background level is counted as a fire event.  In the third period (the late glacial period) there appears to be no fire events.  The second time period (the transitional period) has 8 fire events.  In the first time period (the early Holocene) there are 12 inferred fire events.  The peak at 12,900 cal yr BP could correspond to the fires hypothesized to result from the Younger Dryas extraterrestrial event (Firestone et al. 2007).  The boundary in almost all of the cores in Firestone et al. (2007) contains increased charcoal levels at ca. 12,900 cal yr BP, and the Appleman Lake core shows this signal as well.  This plot was generated using CHARSTER.     
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Figure 12:   This figure synthesizes the charcoal data from this thesis with the Sporormiella, pollen and pollen-dissimilarity data (Gill 2007) for the Appleman Lake core.  The three time periods of the record are divided by the blue lines, and the fire return intervals are listed on the right hand side of the figure.  The late glacial period (968-905cm depth) is characterized by no inferred fire events, a Picea (spruce) dominated landscape, and the presence of megafauna indicated by the >2% level of Sporormiella.  During the transitional period (905-725cm depth), fire activity increases, no-analogue vegetation assemblages appear (indicated by high dissimilarity), spruce declines and the megafauna become extinct (inferred by the decrease of Sporormiella below 2%).  The fire event at 850cm depth bracketed by the two light red lines could have been caused by the arrival of humans, or a fire event associated with an increase in fuel load following the local decline of the megafauna.  The early Holocene period (725-600cm depth) shows an increase in Quercus (oak) pollen and other deciduous taxa.  Fire frequency and background level also increase during this period.  Climatic warming most likely caused the shift to the early Holocene vegetation and fire regime.    
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Figure 13:  Figure 13 compares the raw charcoal record and the magnetic susceptibility record for Appleman Lake.  The large charcoal peak at 850cm depth does not directly follow a peak in magnetic susceptibility, indicating that the charcoal peak was not a result of an erosional event.  The charcoal peak at 850cm was most likely caused by an ecological signal, such as megafaunal extinction, climatic shifts, or human arrival.  
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