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Abstract 

 Abrupt changes in ecological systems are expected to become more frequent in the near 

future, as a result of on-going climate change and increases in both the frequency and intensity of 

disturbance and extreme climate events. Fossil pollen records from the late Quaternary have 

offered crucial insights into the mechanisms of abrupt ecological change, which in eastern North 

America has particularly focused on the mid- to late-Holocene declines of mesic tree populations 

such as American beech (Fagus grandifollia) and Eastern hemlock (Tsuga canadensis). Some 

research has suggested that ecotonal populations are more sensitive to changes in climate and 

disturbance, although investigation of this claim in the paleoecological record has been sparse 

and with mixed support. This thesis maps the shifting position of the Michigan Tension Zone 

(MTZ), an ecotone separating southern deciduous forest from northern mixed-pine forest, in 

Lower Michigan and tests whether ecotonal position is a predictor of past community variability.  

The data analyzed include a new pollen record from Sunrise Lake, Michigan, just north of the 

MTZ, and 19 extant pollen records from the Neotoma Paleoecology Database.  The placement of 

the ecotone and its movements during the Holocene was determined through a combination of 

non-metric multidimensional scaling (NMDS) and empirical Bayesian kriging (EBK) was 

employed to visualize millennial-scale movements of the MTZ.  

The pollen record at Sunrise Lake showed an expansion of Tsuga and Fagus populations 

at 6.7 ka BP (thousand years before present) and 6.2 ka BP, respectively. An abrupt decline in 

Tsuga abundance was recorded after 5.1 ka BP, but while Fagus exhibited high variability with a 

declining trend after 4.8 ka BP, there was no signal of collapse in Fagus populations. Both 

populations generally began to recover after 2.4 ka BP, before experiencing late-Holocene 

declines after 1 ka BP (Tsuga) and 800 years BP (Fagus). Timing of these events was 
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determined via calibration of 16 14C dates, including a basal date of 10.9 ka BP, plus a core top (-

70 years BP) and Ambrosia rise (80 years BP) indicating Euroamerican settlement-era 

disturbance. 

NMDS Axis 2 clusters southern hardwoods from northern mixed-forest, indicating a 

latitudinal signal which closely mirrors MTZ position, while Axis 1 captures the decline of 

spruce (Picea) woodlands at the Pleistocene-Holocene transition, Axis 3 captures the rise of 

Ambrosia-dominated assemblages after Euro-American settlement and logging, and Axis 4 

discriminates hydroclimate sensitivities of tree taxa. Regional analysis following these ordination 

results determined that the MTZ shifted over 150 km between its southern- and northernmost 

extents, from 11-10 ka BP to 7-6 ka BP respectively, before moving south again to reach its 

current position roughly 30 km north of its establishment after 2 ka BP. Rates of compositional 

change were on average highest near the MTZ, upholding the predictions of ecotonal theory.  

However, maximum rates of change were more likely to be observed at sites of intermediate 

distances (100-150 km) from the MTZ. These results thus provide the most detailed analyses yet 

of the Holocene shifts of the MTZ, while also confirming expectations that ecotonal 

communities may be particularly sensitive to past and contemporary climate-driven change.  

However, the interacting effects of climate change, disturbance regime, and vegetation 

composition may cause some non-ecotonal populations to have particularly high rates of change.   
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Introduction 

 Anthropogenic climate change is widely expected to transform the composition and 

functioning of ecosystems, with initial changes already detectable, so understanding how species 

responses will manifest in space and time is crucial for effective conservation and management 

strategies (Burkett et al., 2005; Nolan et al., 2018; Steffen et al., 2018). The Anthropocene, a 

newly proposed geological epoch (Head et al., 2022; Ruddiman, 2013; Waters & Turner, 2022), 

is characterized by accelerating rates of change throughout the Earth system and its associated 

socio-physical linkages, superimposed on Quaternary modes of variability (Jackson & Overpeck, 

2000; Ruddiman, 2013; Williams et al., 2020). These climate changes are already leading to 

decreases in species richness globally (McGill et al., 2015). Given that future Earth system states 

are likely to more closely resemble the distant past than the present (Burke et al., 2018), case 

studies from the late Quaternary are useful for understanding the patterns and processes by which 

species and ecosystems respond to large, novel, and rapid climate changes (Jackson & Blois, 

2015; Webb, 1993).  

  A standard expectation in global change ecology is that ecological sensitivity to climate 

change is highest at ecotonal boundaries (Al len & Breshears, 1998; Gosz, 1991; Holland et al., 

1991), but this expectation remains understudied and so is poorly tested. Ecotones are defined as 

zones of transition between adjacent ecosystems that generally correspond with an 

environmental gradient and through which species, energy, and resource flows are mediated 

(Kark, 2007; Risser, 1995). Many authors have argued that these transition zones may host 

relatively high species richness (Odum, 1954; Shmida & Wilson, 1985) and be sensitive to 

environmental changes (Gosz & Sharpe, 1989). Ecotones often reflect a confluence of range 

limits, which are also assumed to be loci of high species-level sensitivity to climate change 
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(Sagarin et al., 2006), and as a result are sites of sharp turnover and high co-occurrence (Shea et 

al., 2021). If so, ecotones may warrant prioritization by managers and conservationists (Smith et 

al., 2001). On the other hand, some have shown that higher species richness cannot be 

conclusively deemed an inherent feature of ecotones (Lloyd et al., 2000). Moreover, the extent to 

which ecotones may buffer or amplify the effects of hydroclimatic variability on adjacent 

populations remains contested (Kark & van Rensburg, 2006), and networks of paleoecological 

records often demonstrate compositional change across many sites during periods of 

environmental change, rather than just in ecotonal areas (Gajewski, 1987).  These patterns may 

be dependent on the type and scale of ecotone. While Noble (1993) found that montane ecotones 

respond to climate change inconsistently, others have suggested that a temperature-based ecotone 

with a large forested area should be a better locus for monitoring the effects of climate change on 

ecosystems (Loehle, 2000). 

Abrupt ecological changes in the mid- to late-Holocene have been well-documented 

throughout the Upper Midwest (UMW) and eastern North America (ENA), with particular focus 

on ecotonal dynamics such as the prairie-forest ecotone (Danz et al., 2013; Webb et al., 1983; 

Williams et al., 2009) and rapid declines of mesic taxa such as eastern hemlock (Tsuga 

canadensis) and American beech (Fagus grandifolia) (Booth et al., 2012a; Booth et al., 2012b; 

Shuman et al., 2009; Wang et al., 2016). The drivers of these declines ï as well as the question of 

their synchrony across sites ï remain objects of inquiry, with current hypotheses structured 

around the interacting effects of extrinsic and intrinsic factors: typically drought, fire regime, and 

competition (Williams et al., 2011). Results from the prairie-forest ecotone, which has been the 

most closely studied in the abrupt change literature, have found aridity and fire to act alternately 

as key controls of woody to mixed-grass transition from Minnesota to Illinois, with spatial 
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heterogeneity being a defining characteristic of climatic and ecological variability in the region 

(Grimm, 1984; Nelson et al., 2006; Nelson & Hu, 2008).  

Other work has studied past shifts in the forest tension zone (FTZ) that extends from 

Minnesota to Ontario (Fig. 3), separating southern broadleaf deciduous forest from northern 

Laurentian mixed-pine forest (Andersen, 2005; Cleland et al., 2007; McNab et al., 2007). The 

Michigan Tension Zone (MTZ) is a part of this broader ecotone and was established roughly 

10,000 years ago, following the decline of spruce (Picea) populations and expansion of pine 

(Pinus) populations (Hupy, 2012; McCann, 1979; Webb et al., 1983). Pre-settlement vegetation 

on either side of the MTZ was predominantly characterized by the presence or absence of 

hemlock, with southern Lower Michigan comprised largely of beech-sugar maple forest with 

substantial patches of mixed-oak savanna and oak-hickory forest, northern Lower Michigan 

comprised largely of beech-sugar maple-hemlock, hemlock-white pine, and mixed-pine forests, 

and patches of white pine-white oak and white pine-mixed hardwood forest proliferating near the 

MTZ (Comer et al., 1995).  

Analysis of the FTZ has been less intensive than that of the prairie-forest ecotone, 

especially in Michigan, but has nonetheless yielded important insights. Findings with respect to 

the Holocene dynamics of the FTZ have suggested the ecotone to be highly variable in space and 

time (Hupy, 2012), with a possible northward advance from establishment to 6 ka BP and 

subsequent southward retreat (Webb et al., 1983). These shifts were likely driven primarily by 

responses of pine and oak (Quercus) populations to controls on temperature and moisture 

availability (Dawson et al., 2019) with fire as a potentially important regulator (Nowacki & 

Thomas-Van Gundy, 2021). However, given the significant increase in data and site availability 

since Webb et al.ôs (1983) and Hupyôs (2012) mapping of Holocene vegetation dynamics in the 
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FTZ, an updated analysis of ecotonal dynamics and spatial patterns of ecological change is 

warranted. 

Here we present new maps of the shifting Holocene position of the Michigan Tension 

Zone (MTZ), and we test whether distance to ecotone is a predictor of compositional variability. 

Using Lower Michigan as a case study, this thesis presents a regional analysis of 20 regional 

pollen records (Figs. 1-2), including 19 extant pollen records from the Neotoma Paleoecology 

Database (Williams et al., 2018) and one new pollen record from Sunrise Lake. We combine 

these data with non-metric multidimensional scaling (NMDS) and empirical Bayesian Kriging 

(EBK) to a) track the MTZôs movements over the last 10,000 years and b) test whether distance 

to ecotone is a predictor of vegetation compositional variability, respectively. The broader goals 

of this research are to contribute new insights on regional-scale vegetation dynamics in 

Michigan, test hypotheses about the linkages between abrupt ecological change and ecotone 

proximity, and inform conservation and management strategies with respect to spatial patterns of 

ecoclimate sensitivity (Williams et al., 2022). 

 

Research Questions and Hypotheses 

1)  How has the position of the Michigan Tension Zone (MTZ) changed over time? 

H1-0: The MTZ has remained more or less stable in position and steepness since its 

establishment, shifting no more than an order of 10 km. 

H1-1: The MTZ has shifted moderately (100-200 km) in position and steepness since 

its establishment. 

H1-2: The MTZ has experienced dramatic shifts (greater than 200-300 km, e.g. Hupy, 

2012) since its establishment. 
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2) Were these changes in MTZ location abrupt or gradual? 

H3-0: The movements of the MTZ were gradual, defined at the millennial scale as 

shifting less than 50 km over 1,000 years. 

H3-1: The MTZ experienced abrupt shifts in location, defined at the millennial scale as 

shifting greater than 50 km over 1,000 years. 

3) Is the rate of ecological change during the Holocene sensitive to proximity to the 

MTZ?  

H4-0: Rate of ecological change is not sensitive to proximity to the MTZ. 

H4-1: Rate of ecological change is sensitive to proximity to the MTZ. 

 

Background 

Abrupt Change 

 Abrupt changes in ecological systems (ACES) can be defined as substantial changes in 

ecosystem states that occur in a short period of time relative to typical rates of change (Ratajczak 

et al., 2018). These changes are typically associated with nonlinear threshold-type responses of 

species to environmental variability, often with the climatic forcings themselves behaving 

nonlinearly (Burkett et al., 2005). As novel climates and no-analog communities are expected to 

proliferate within the next century, models of how species and associations in the past have 

responded to rapid state changes are of vital importance (Turner et al., 2020; Williams & 

Jackson, 2007). Although the complexity of various interlinked forcings renders precise 

attribution difficult, the ACES literature has thus far sorted possible drivers into two main 

categories: extrinsic and intrinsic (Williams et al., 2011). Extrinsic factors refer to species 

responses being driven externally by abrupt climatic changes and hydrological variability, 
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especially in the form of drought. Intrinsic forcing still entails a climatic driver, but a steady one 

which alone does not catalyze nonlinear change; instead, abrupt responses are caused by site-

level characteristics and dynamics, including soil profile, competition, and disturbance regime. 

As a result, shifts in fire frequency and intensity are inherently entangled at local scales, which, 

together with drought and competition, comprise the most likely forcings of abrupt change in 

forest systems. 

 Case studies of abrupt ecological change over the past 25,000 years are numerous, with 

lessons from these phenomena yielding four primary modes of biotic responses at the population 

level: persisting in situ, shifting locally along habitat gradients, undergoing more drastic 

migration, or experiencing local extinction (Jackson & Overpeck, 2000). Neither the rates of 

each mode nor the rates of driving environmental variables are stationary: both ecosystems and 

climates are changing constantly, even if the magnitude of change is not constant itself (Jackson 

& Blois, 2015). Because rates of climate change continue to accelerate today, Williams et al. 

(2020) has advocated a greater focus on a rates-based, rather than state-based, framework for 

understanding climate-driven ecological dynamics.  

Rates of ecological change can be categorized as either fast, slow, or abrupt (Williams et 

al., 2020). Fast ecological responses are those which closely keep pace with their extrinsic 

drivers, producing a dynamic equilibrium between climatic forcing and ecological response 

(Webb, 1986). Likewise, slow ecological responses are those which lag significantly behind rates 

of climatic forcing. Abrupt dynamics, on the other hand, track climate nonlinearly. While many 

instances of this latter response type occur as a single event, they can just as well operate by 

what Jackson et al. (2009) refer to as a ñratchet mechanism,ò in which a succession of threshold-

type responses interspersed with relatively brief periods of stability is exhibited. Both the 
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singular and ratchet-type threshold dynamics may be observed in the same area given different 

climate states and rates of forcings, especially over millennial time scales. As such, analysis of 

ecological change must ensure careful attention in order to avoid missing acute shifts in 

composition or structure where stability seemed to be longstanding.  

 The assumption that species are more sensitive near their range limits is commonly held 

by contemporary ecologists, although there is reason to doubt its validity. The assumption, argue 

Sagarin et al. (2006), is based on an ñabundant-center hypothesis,ò in which central populations 

are heavily concentrated and edge populations more sparse. Contradictory conclusions drawn 

from this hypothesis include claims that both edges and centers are the more crucial site to 

protect and monitor, with their populations more resistant to climate change, more variable, and 

so on. Studies which have since empirically tested the effects of range-center versus range-

margin on demography dynamics have found that location within a speciesô climate envelope 

cannot alone predict the sensitivity of that species to climatic changes (Amburgey et al., 2018). 

Furthermore, in analyzing a transect of seven pollen records across eastern North America, 

Gajewski (1987) found that climate-driven ecological responses were equally likely to be 

observed at ósensitiveô sites as elsewhere within a speciesô range. On the other hand, some have 

continued to find support for the sensitivity of range limits when incorporating not just a 

bioclimatic envelope but also metapopulation dynamics into the predictive model (Anderson et 

al., 2009). The contention between an edge population which is sensitive and one which is 

neutral to climate change indicates the need for further study, especially given that such attention 

to the spatial distribution of abrupt ecological changes have mostly not integrated ecotonal 

theory into their analysis. The role of the tension zone in mediating the effects of environmental 
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variability on inner and adjacent populations is thus a key factor in addressing the gap in this 

literature. 

 

Ecotonal Theory and Dynamics 

 The ecotone concept, despite its over-100-year history, has frequently been loosely 

confined, due to a wide range of definitions conflating it with edges, clines, and other boundary 

phenomena (Cadenasso et al., 2003). Because terminological and conceptual clarity is essential, I 

will start out by mapping out this theoretical territory. The first reference to and study of a 

tension zone originated with the ecologist B.E. Livingston (1903), who applied the term to an 

area which he described as a ñwavy east and west lineò representing a confluence of many plant 

speciesô range limits cutting across Kent County, Michigan. This concept would be explicitly 

formalized into the ñecotoneò two years later (Clements, 1905). Although Clementsô 

understanding of ecological communities as ñcomplex super-organismsò led to a one-

dimensional representation of ecotones as discrete borderlines between plant communities, the 

ecotone concept would be further developed by the late 1980s as it gained utility within the 

disciplines of ecosystem ecology and landscape ecology (Yarrow & Marín, 2007).  

A general definition given by Holland (1988) states that ecotones represent zones of 

transition between adjacent ecological systems, having a set of characteristics uniquely defined 

by space and time scales and by the strength of interactions between adjacent ecological systems. 

The framing of the concept here reflects a marked improvement on earlier definitions (see e.g. 

Odum, 1971) which failed to consider spatiotemporal dynamics and functional role within a 

broader landscape. While the Holland definition has since effectively become a standard in the 

ecotonal literature, it isnôt sufficiently specific or operational to distinguish from other ecological 
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boundaries. A revised definition of the ecotone suggested by Hufkens et al. (2009) as ña multi-

dimensional environmentally stochastic interaction zone between ecological systems with 

characteristics defined in space and time, and by the strength of the interactionò serves to better 

incorporate its multivariate nature, even if environmental stochasticity may be an overdetermined 

characteristic which is difficult to discriminate. This latter aspect aside, Hufkens et al.ôs (2009) 

definition is the one that I will aim to adhere to most closely. 

Landscape ecology has facilitated the development and application of hierarchy theory to 

the study of ecotones and other transition zones. According to hierarchy theory, complex 

ecological systems are understood as being composed of relatively isolated levels operating at 

distinct scales in time and space. In this framework, biotic potential and environmental limits act 

respectively as lower- and higher-level constraints to form an envelope within which the 

landscape must operate (OôNeill et al., 1989). In addition to this hierarchical dimension, OôNeill 

and others also claimed that all biological systems are far from equilibrium, insofar as ñthe rates 

of irreversible processes are nonlinear functions of their driving forces,ò and demonstrated that, 

as a result, ecosystems are able to maintain themselves over a limited range of conditions but 

may eventually undergo significant alterations past a certain threshold of changes in the 

constraint structure. This third and final property was dubbed metastability (OôNeill et al., 1989). 

Applying these properties to ecotones, Gosz (1993) described a ñnested hierarchyò in which 

particular constraints drive ecotonal variability depending on the particular scale in space and 

time. For example, while climate and topography may be the dominant interacting constraints of 

a biome-scale transition zone, the individual plant edge-level would likely be controlled by soil 

moisture and microflora, interspecies interactions, etc. Crucially, though, these different scales 
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were not seen to be isolated from one another, but rather exert multidirectional influence as both 

higher- and lower-level constraints.  

Further application of spatiotemporal scaling to ecotones from the perspective of 

paleoecology was theorized by Delcourt and Delcourt (1992). Ecotones were here not defined 

only in terms of physiographic units, but also of temporal range; the resulting domains were 

sorted into micro-, meso-, macro-, and megascale paradigms. Mesoscale ecotones, which 

encompass the scales this research is operating on, cover timescales on the order of 500 yr to 

10,000 yr and a spatial extent ranging from 1 km2 to 104 km2. Environmental disturbance regimes 

at this scale include climatic fluctuations, human activity, fire and other prevailing disturbance 

regime, pathogen outbreak, and soil development. Biotic responses in the domain are shown to 

primarily entail species migration, secondary succession, and community-level events such as 

gap-phase replacements. Functionally speaking, such ecotones may reflect changes in vegetation 

structure, change in dominant species, as well as presence or absence of indicator species. While 

ecotones at this scale may still be broadly ephemeral, and their displacements along 

environmental gradients occur with shifts in prevailing disturbance regime, they are often 

positionally stable for millennia due to natural landscape discontinuities. Lastly, the authors note 

more generally across domains that this appearance of being fixed in location may conceal 

changes in other attributes such as steepness, and that the ephemerality of ecotones may occur as 

a result of environmental variability restructuring or disassembling the communities that define 

them. 

Another branch of literature has sought to synthesize the concepts of ecotones, tension 

zones, boundaries, edges, or ecoclines under the categorical cluster of ecological boundaries 

(Cadenasso et al., 2003; Strayer et al., 2003; Yarrow & Marín, 2007). Cadenasso et al. (2003) 
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posit ecological boundaries as being three-dimensional zones of transition between contrasting 

systems, in which the gradient in the feature setting up the contrast is steeper in the boundary 

than in the two adjoining systems, and the width of the boundary reflects the steepness of the 

gradient. Such a conceptual grouping is useful, the authors argue, for the reason that the concepts 

involved share a common set of epistemological and functional characteristics (Yarrow & Marín, 

2007). In many cases, the specific phenomena observed at one ecological boundary type may 

differ categorically from those observed at another type, such as in assessing species richness 

and diversity of faunal assemblages in a forest ecotone compared with an anthropogenic edge as 

a result of deforestation (Lourenço et al., 2019). For this paper, I will use the term ecotones, 

while recognizing that similar terms are used interchangeably. 

The functions of ecotones within their broader landscapes merit equal attention as 

delineating the conceptual bounds of their terrain. Ecotones first warranted study for their 

dynamics of interaction and mixing, a dynamic which has in many cases been avoided in favor 

of more tractable research placed within the communities or patches (Lidicker, 1999). As Hansen 

et al. (1992) state, the primary ecological significance of ecotones is that they define the patches 

within the landscape mosaic, and they represent places where interactions among patches are 

especially strong. Furthermore, ecotones have been shown to intensify, if not control, movement 

of materials and can be managed to produce natural products and affect ecological processes 

(Risser, 1995). Some authors have found ecotones to facilitate parapatric speciation, defined as a 

process occurring in adjacent populations with gene flow among them, often along an 

environmental gradient; sympatric speciation, in which populations are geographically 

congruent, may also occur (Kark, 2007; Schilthuizen, 2000). Ecological boundaries such as the 

forest-woodland ecotone in northern New Mexico are shown to have shifted rapidly in response 
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to severe regional drought, emphasizing the climatic controls on the dynamics and functionality 

of ecotones rendering them particularly sensitive to mortality events (Allen & Breshears, 1998). 

As we have already seen, however, there is reason to doubt generalizations of edges that stem 

from an assumption of abundant range-centers, and so all such claims must be first tested 

empirically (Sagarin et al., 2006). Gosz (1992) points out that, specifically in the case of the 

Sevilleta National Wildlife Refuge, a transition zone among four major biomes, the same 

ecotone may either amplify or attenuate the effects of climate variability on species based on the 

present climate state, such as fluctuations between El Niño southern oscillation (ENSO) and La 

Niña phenomena. Taking this into account, the functionality of tension zones should not be 

viewed as static; as such, efforts to investigate the sensitivity of ecotones as sites of ecological 

change are most effective when incorporating longer timescales, a wider range of bioclimatic 

envelopes, and greater diversity of populations represented. 

Study of the Tension Zone in Lower Michigan and the Upper Midwest 

Although the application of the ecotone concept to the forest tension zone (FTZ) is part 

of a rich contemporary ecological tradition in the Upper Midwest (UMW), Lower Michigan is 

relatively understudied by paleoecologists relative to other regions of the UMW, despite its ideal 

environment for representing broader trends of the mid-latitudinal United States (Hupy & Yansa, 

2009; Shuman et al., in prep; Webb et al., 1983). Climatic characteristics include a strong 

temperature gradient from north to south, and an orthogonal precipitation gradient increasing 

from east to west, the latter due in part to a strong gradient in lake-effect precipitation (Booth et 

al., 2012b; Henne et al., 2007; Seeley et al., 2019). The arrival and Holocene range expansions of 

tree taxa in Michigan was mediated by the dispersal limitations posed by the surrounding Great 

Lakes (Bennett, 1985; Booth et al., 2012a; Davis et al., 1986; Jackson et al., 2014). Infillin g of 
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pine and mixed forest throughout Lower Michigan as a replacement of spruce populations led to 

the establishment of the Michigan Tension Zone (MTZ) between 11-10 ka BP, parallel to 

patterns of the broader FTZ (Andersen, 2005; McCann, 1979; Webb et al., 1983).  

The MTZ became formalized by Potzger (1948), following Livingstonôs (1903) analysis 

of the ñwavy east and west lineò in Kent County, Michigan. Potzger (1948) described the tension 

zone as a regional landscape feature in Lower Michigan, measuring as much as 60 miles wide 

and extending from Muskegon to Saginaw. Later work by Curtis (1959), building upon the 

vegetation continuum index first constructed by Curtis and McIntosh (1951), used the range 

limits of nearly 200 species to map the tension zone in Wisconsin. Curtis (1959) began to 

synthesize these components into an understanding of the FTZ and, along with Potzger (1948), 

argued for a climatic control of tension zone establishment and positioning.  

The thesis of Margaret McCann (1979) two decades later delved into a comprehensive 

examination of the potential causal factors for the MTZ as a floristic boundary. Aiming to infer 

beyond mere correlation, McCann (1979) analyzed the spatial patterns of a number of edaphic, 

topographic, and hydroclimatic variables deemed ecologically or physiologically significant as 

constraints to species distributions. McCann clarified that the MTZ is not only a vegetation 

tension zone but also a floristic one ï i.e., the ecotone represents not only a change in abundance 

of the dominant species, but also a concentration of many speciesô range limits, specifically the 

northern limits of southern species. These southern taxa ï that is, taxa with northern range limits 

inside the Michigan Lower Peninsula ï include Acer nigrum, Corylus americana, Nyssa 

sylvatica, Populus deltoides, Sassafras sp., many species of the families Anacardiaceae and 

Asteraceae, and some species of Quercus and Carya. Northern taxa, on the other hand, include 
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Corylus cornuta, Myrica asplenifolia, Toxicodendron rydbergii, Ribes spp. and many species of 

the families Rosaceae and Violaceae.  

Through comparison of the explanatory power of various environmental isolines, 

McCann (1979) ultimately determined insufficient heat measured in growing degrees days to be 

the most likely limiting factor on speciesô range limits. The relationship between many of the 

taxa listed above and length of growing season in Lower Michigan has since been tested and 

validated (Denton & Barnes, 1987). While others have continued to debate climate as an 

explanatory variable for MTZ establishment over others such as soils (see e.g. Dodge, 1995; and 

Medley & Harman, 1987), McCannôs hypothesis is supported by explicit tests of drivers in other 

parts of the FTZ, in which climate remained the primary determinant of FTZ position with fire as 

a possible secondary regulator (Nowacki & Thomas-Van Gundy, 2021). 

 The long-term dynamics of the MTZ during the Holocene remain poorly understood, but 

at least two efforts have illuminated some possibilities. Webb et al. (1983) corroborated 

McCannôs (1979) dating of FTZ establishment between 11-10 ka BP. The authors further 

demonstrated that this ecotone was not yet one of the major tension zones in the region at its 

onset, and was controlled by more than just the dominance of Pinus, given that at this time Pinus 

was prevalent throughout the peninsula (Webb et al., 1983). The earliest stages of the MTZ were 

instead likely constrained by the presence of Fraxinus, an early- to intermediate-successional 

hardwood which generally prefers moist environments (Burns et al., 1990). Other hardwoods 

such as Quercus, Acer, Ulmus, Carya, and Betula didnôt start substantially expanding through 

the region until after 9 ka BP (Webb et al., 1983). Given the sparse distribution of tree 

populations that are now generally associated with the MTZ, particularly southern taxa, itôs 

likely that the first 1000-2000 years of the ecotoneôs history signaled a less connected network of 
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boundaries between forest types, which would only begin to coalesce into a more consistent 

landscape phenomenon with the influx of hardwoods before finally becoming solidified with the 

establishment of northern mixed-mesic forest upon the arrival of Fagus and Tsuga. 

In their mapping of millennial-scale FTZ movements, Webb et al. (1983) showed that the 

tension zone shifted northward post-establishment, before reaching a maximum latitude by 6 ka 

BP. This movement was primarily a result of northward Pinus retreat and Quercus expansion. 

After 6 ka BP, the FTZ began to move south again, as maple (Acer) abundance increased in 

northern Lower Michigan alongside the arrival of both Fagus and Tsuga. From 6-3 ka BP, 

Tsuga, Fagus, and Acer abundances all increased in northern Lower Michigan, and the FTZ 

shifted further south. The FTZ after 3 ka BP settled into its present position recorded at 500 years 

BP. 

In more recent work, Hupy (2012) compared the pollen records from 9 sites in Lower 

Michigan, running discriminant analysis on the taxa included to yield Vegetation Zone Indices 

(VZI) and then spatially interpolating VZI values throughout the peninsula using inverse distance 

weighting (IDW). Hupy (2012) also reported a highly variable and mobile ecotone: the MTZ 

first established itself around Frains Lake at 10 ka BP (Fig. 1), before shifting rapidly 320 km 

northward over the next 4000 years, remaining only in the northern tip of the peninsula. By 2 ka 

BP, however, the MTZ began to move south again, oscillating extensively throughout the late 

Holocene before ultimately reaching its southernmost position at 200 years BP.  

This prior mapping of the ecotonal dynamics by Hupy (2012), although a valuable step forward, 

were based on only nine sites, of which only five had records older than 4 ka BP. The same 

constraint applies even more so to the work of Webb et al. (1983). With the recent growth of new 

records (e.g. Booth et al., 2012a; Booth & Jackson, 2003; Henne, 2006; Henne & Hu, 2010) and 
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increasing data availability through open data resources such as the Neotoma Paleoecology 

Database (Williams et al. 2018), the time is ripe for a fuller re-examination of the movements of 

the MTZ and adjacent vegetation change. The limitations of these past efforts along with how 

well they agree with the results of this thesis will be further detailed in the Discussion section. 

Methods 

Sunrise Lake: Site Description 

Sunrise Lake (44.032833ºN, 85.329383ºW) is a 80.5-acre kettle lake located on the traditional 

homelands of the Odawa and Anishinaabewaki in Osceola County, Michigan, formed by the 

retreat of the Laurentide Ice Sheet during the last deglaciation. The lake surface elevation is 380 

m and sits atop a bedrock of mostly sandstone and shale from the Pennsylvanian-period Saginaw 

Formation (Milstein, 1987). The substrate is characterized by end moraines of coarse-textured till 

underneath well-drained, sandy, acidic spodosols (Farrand and Bell, 1982; Schaetzl et al, 2009). 

The surrounding ecological subregion is the Northern Lower Peninsula section of the Laurentian 

Mixed Forest Province, which is part of the Cadillac Morainic Uplands, with dominant forest 

vegetation associations including maple-beech-birch, aspen-birch, white-red-jack pine, and oak-

hickory (Cleland et al., 2007; McNab et al., 2007). The area immediately surrounding Sunrise 

Lake is largely wooded slope, with low-density residential development and roads interspersed, 

and the vegetation consists of trees such as Fagus grandifolia, Acer saccharum and Acer rubrum, 

Pinus strobus, Nyssa sylvatica, and Betula papyrifera. Presettlement vegetation reconstructed 

from the US Public Land Surveyôs (PLS) witness tree plots characterize the overall county-level 

forest taxa as being comprised predominantly of beech, hemlock, maple, and pine, with small 

amounts of oak, birch, tamarack, and other conifers (Dawson et al., 2016). The lake itself 

contains island pockets of brush or wooded areas, on a mostly organic lake bottom with portions 
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of sand. Maximum water depth is 20.1 m, although cores were taken from the deepest point of 

the northern bay, (Fig. 3), which is shallower than the main basin, reaching a water depth 

between 11.9 and 12.2 m. 

Field Methods and Initial Sediment Core Processing 

 Four deep cores were extracted from Sunrise Lake between late September and early 

October, 2021, by a team of graduate students and faculty from the University of Wisconsin ï 

Madison, University of Wyoming, and University of Maryland Center for Environmental 

Science. Cores were taken from the northwestern bay of the lake, the ñwhaleôs tailò in Fig. 3, 

which was chosen for ease of access. We used a Bolivian adapter with polycarbonate tubing to 

extract the first several drives, including the sediment-water interface, then switched to a 

modified Livingstone piston corer with for the deeper drives (Wright, 1991). The Livingston 

drives were extruded into plastic-wrap-lined PVC split halves for transport and storage.  Water 

depth at Core 1A was 12.13 m, and the core consisted of six drives (four 1.5 m Bolivian drives 

and two Livingston drives) and recovered 589 cm of sediment. Core 1B was designed as an 

overlapping drive for Core 1A and exclusively used one-meter overlapping Livingstone corers 

with an initial offset of offset 15 cm from the 1A start depths. Core 1B recovered 452 cm of 

sediment (six drives), a depth which was cut short by difficulty in pushing through a resistant 

layer at approximately 2.9 m below the sediment-water interface. Core 1C only consisted of two 

Bolivian drives due to difficulties in the extrusion process, but recovered 300 cm of sediment. 

We then shifted locations in the lake (position 2 in Figure 3, water depth of 12.16 m) and 

attempted to extract a fourth core (1D) with a Bolivian adapter at 1250 cm, but this attempt was 

ultimately discarded. The final core, 1E, started close to 1D, recovered 487 cm over four drives.  
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A separate transect of cores were collected from the lake margin in order to reconstruct lake-

level variations; this transect and the lake-level reconstructions are described by Toomey (2023). 

 The deep-basin cores were transported to the Continental Scientific Drilling (CSD) 

Facility at the University of Minnesota for splitting, scanning, and processing. Whole-core 

scanning was performed using the Geotek Standard Multisensor Core Logger to assess magnetic 

susceptibility, gamma density, p-wave velocity and amplitude, impedance, fractional porosity, 

and electrical resistivity at 0.5-cm resolution. Cores were split longitudinally using a medical 

cast saw to cut through the plastic core liners and piano wire drawn downward through the soft 

sediments. The final product of this process yields both a working and archive half of each core. 

Sediment characteristics were described on site and subsequently annotated. The core halves 

were imaged using the Geotek Core Imaging System with cross-polarized filters and a color card 

for calibration, although post-hoc color correction was done in-house. The archival core halves 

remained at CSD, while the working halves were transported back to Madison for further 

analysis. 

 

Lab Methods 

We built a composite core by cross-correlating the individual drives, both visually  and 

using the software Corelyzer, in which the high-resolution images from CSD were visually 

analyzed for the purpose of identifying tie-points across the various sediment drives. Once 

sufficient tie-points were established, the composite core was constructed by piecing together 

segments of aligned drives in order to create a continuous sequence of workable sediment. We 

only used drives from cores 1A, 1C, and 1E to build the composite core, with 1A serving as the 

primary core due to its length and relatively clean breaks. The total length of the composite core 
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was 568 cm, with a stratigraphic gap at 506-507 cm, where we were unable to confidently 

identify a tie-point to allow for stitching across core gaps in individual drives. 

The drives used for the composite core were divided into 1-cm thick cross-sections and 

subsampled for pollen, charcoal, and loss-on-ignition (LOI). This process entailed cutting the 

core into 1cm cross-sections with metal spatulae, retrieving terrestrial macrofossils such as 

leaves, seeds, and wood, and subsampling 1cm3 of sediment every 4cm for pollen processing. In 

order to minimize contamination, the exterior layers of sediment immediately in contact with the 

plastic wrap and PVC were scraped off and discarded. The 1cm cross-sections were stored 

individually in Whirlpak bags and later subsampled for charcoal processing and loss-on-ignition 

(LOI) at 1cm resolution.  

Macrofossils retrieved from the composite core were sent to the W. M. Keck Carbon 

Cycle Accelerator Mass Spectrometer Facility (Keck) at the University of California - Irvine for 

radiocarbon dating. While 128 terrestrial and aquatic macrofossils were found in the core, only 

16 were chosen based on inferred terrestrial provenance, size, and depth in core, so as to procure 

an even distribution of dates. 14C dates returned from Keck were then calibrated using the 

IntCal20 curve (Reimer et al., 2020) in the R Bchron package (Parnell et al., 2008). The age-

depth model in Bchron is based on these 16 14C dates, the pre-settlement horizon, placed at 4.5 

cm based on the Ambrosia rise and at 80 yr BP +/- 15 based on Whitney (1987), and a core top 

prescribed to -70 years BP +/- 15 years (Table 2). Both the pre-settlement horizon and core top 

were normally calibrated. All ages are reported relative to radiocarbon present, i.e. 1950 CE.  I 

used Bchronôs predict function to interpolate age values across the range of positions in the 

composite core.  
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Macroscopic charcoal analyses were conducted at contiguous 1 cm resolution to assess 

varying rates of charcoal accumulation corresponding to past fire events and shifting fire 

regimes. Charcoal processing (Whitlock & Larsen, 2001) on the > 125ɛm size fraction was 

performed by separating the subsamples into 24 individual beakers, mixing the sediment with 25 

mL of hydrogen peroxide, 2 mL of sodium hexametaphosphate, and 2 mL of ethanol, and then 

drying the mix in an oven at 50ºC for 24 hours. Afterward, the disaggregated sediment and 

solution were poured through a 125ɛm sieve to remove the finer particulates. The remaining 

sorted particulates for each sample were transferred into a Petri dish with deionized (DI) water 

and an additional 10-15 mL of hydrogen peroxide, and dried again for 12-48 hours. The number 

of charcoal fragments in each Petri dish was counted according to a cardinal grid marked along 

the sides of the petri dish. 

In order to record variations in sediment composition, LOI analyses  (Dean, 1974; Heiri 

et al., 2001) were also conducted at 1 cm resolution.  These analyses were conducted in batches 

of 32 1cm3 samples, which were placed into numbered clay crucibles of measured weight, 

weighed again with sediment and 4 controls (2 of ash paper, and 2 of CaCO3), then placed in an 

oven for a series of burns. The first burn was set to 100°C overnight in order to evaporate 

moisture from the samples. The subsequent four-hour burn at 550°C removed organic matter, 

and the third and final burn at 1000°C for two hours eliminated carbonates, leaving behind  

silicates and other minerals. The weight of each crucible was taken before and after each 

successive burn on a microbalance scale precise to 0.0001 g, with results accurate to 1-2% for 

sediments with at least 10% organic matter. 

To reconstruct past vegetation composition, we conducted pollen processing and 

identification. For pollen processing (Faegri & Iversen, 1989) subsamples were initially 
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transferred into test tubes, with ethanol (EtOH) and Lycopodium pellets from Lund University 

(Batch 100320 201/2020) used as a spike to enable calculation of absolute pollen concentrations. 

10% Hydrochloric acid (HCl) was then added and thoroughly mixed with a Vortex mixer in 

order to remove carbonates and disaggregate the dissolved Lycopodium pellets. Samples were 

subsequently placed in a hot water bath for five minutes and then centrifuged, decanted, and 

rinsed with water repeatedly until no trace of HCl remained. The next step was the 10% 

potassium hydroxide (KOH) treatment, in which sediment is broken up for filtration and humic 

acids are eliminated.  In this step as well, samples were placed in a hot water bath, centrifuged, 

decanted, and rinsed. Hydrofluoric acid (HF), a toxic compound which must be handled carefully 

with doubled nitrile gloves, an acid apron, and a face shield over goggles, was added to remove 

silicates. Samples were once again placed in the hot water bath, and then cooled with EtOH 

before being centrifuged and decanted. A hot HCl rinse immediately followed this step, 

preceding additional EtOH and water rinses. At this stage, a small portion of the sample was 

placed under the microscope to assess whether significant silicates remained. Once it was 

confirmed that pollen:silicate ratios were sufficiently high enough to permit effective counting 

and identification of pollen grains, acetolysis treatment was carried out to eliminate organic 

materials and etch the surface of the pollen grains themselves. Acetolysis is also hazardous 

process, because the reagents involved (a mixture of acetic anhydride and concentrated sulfuric 

acid) react explosively with water; so samples were instead rinsed with glacial acetic acid after 

another hot water bath. Finally, samples were dehydrated with tertiary butyl alcohol (TBA) and 

then suspended in silicone oil (or glycerol), with the tubes ultimately being capped and stored 

once the TBA had entirely evaporated. The samples, when ready for counting, were suspended in 
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a drop of the respective medium on a microscope slide and secured via a microscope cover glass, 

to which nail polish was then applied as an adhesive. 

Pollen counting entailed comprehensive identification of all pollen grains in each slide, 

with identification of common spores often attempted as well. Pollen types were entered into an 

Excel sheet, which automatically calculated the relative percentage of each taxon based on a 

pollen sum of upland trees, shrubs, and herbaceous vegetation, as well as unknown or 

unidentifiable specimens. Each sample was counted to 300 pollen grains (not including those of 

the Lycopodium spike), with most grains being identified at the genus level. A second pass of 

counts was done to discriminate Pinus to the subgenus level, by recounting a representative 

sample of 30 pine grains in over half of the slides in order to delineate Pinus banksiana/resinosa 

versus Pinus strobus. However, some Pinus grains were not further identifiable due to 

degradation or crumpling of the grain itself. For taxa such as Acer spp. and Fraxinus spp., 

species-level identification was attempted, but data here are shown at the genus level.  

 

Data Visualizations and Analyses 

 The pollen timeseries for Sunrise Lake were built using the rioja package in R (Juggins, 

2022). Compiled pollen percentages from Excel were reformatted to organize taxa as variable 

names by ascending age. The resulting table was imported into R with percentages of each taxon 

subsequently filtered to remove all but the 20 most abundant and/or persistent taxa (equating to a 

mean abundance threshold of greater than 0.35% throughout the record). A stratigraphically-

constrained zonation of pollen percentages was then calculated using CONISS constrained 

hierarchical clustering (Grimm, 1987) and an Euclidean distance matrix calculated from the 

square roots of the sample abundances.  
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 Non-metric multidimensional scaling (NMDS; Kruskal, 1964; Shepard, 1962) for 

all 20 sites in Lower Michigan (Table 1) was performed using the R VEGAN package (Oksanen 

et al., 2022), which specializes in community ecology and includes functions for ordination 

methods. Ordination as a means of boundary detection is useful for being statistically testable, 

scale-dependent, multivariate, and sensitive to community structure, with the possibility of 

random sampling and no prior knowledge of the area required (Hufkens et al., 2009). NMDS was 

selected for its use of rank-ordering to arrange data rather than inferring direct proportionality 

between calculated dissimilarity and distance among samples. This rank-ordering makes weaker 

assumptions of linearity, which is often not appropriate for studying complex ecological 

gradients and can create a distortion effect in the resulting ordinated data (Austin & Noy-Meir, 

1971; Pielou, 1984; Prentice, 1980). NMDS performs better than other common ordination 

methods like principal component analysis (PCA) in recovering species responses to 

environmental gradients (Kenkel & Orloci, 1986; Minchin, 1987), and non-metric ordination 

more broadly has proven an effective approach for detecting community-level vegetation 

changes (Choesin & Boerner, 2002).  

Data for NMDS were first accessed through the Neotoma Paleoecology Database 

(Williams et al., 2018), from which pollen data were downloaded from each site. Taxa were 

filtered by ecological group such that only trees and shrubs (TRSH) and upland herbs (UPHE) 

remained. Because pollen taxonomies differed somewhat among sites, samples were 

taxonomically harmonized using the mutate function from the dplyr package (Wickham et al., 

2023). Taxa were sorted by total number of samples across all sites that contained these taxa, 

with the top 20 taxa from this sorting selected for NMDS analysis. Finally, proportional 

abundances were calculated for all samples, based on this list of 20 taxa. The wrapper function 
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metaMDS from VEGAN was run on the resultant pollen dataset using a Chi-squared dissimilarity 

index in four dimensions without automatic transformation. The hclust function was used in 

conjunction with vegdist to hierarchically cluster samples into groups for incorporation into 

cluster dendograms and convex hulls, using the ordiclust and ordihull functions respectively. 

NMDS scores were plotted in four dimensions, with the cluster dendogram, convex hulls, and 

species labels overlaid onto the ordination space.  

 Subsequent analyses (see Results) indicated that NMDS Axis 2 best captured the north-

south gradient of taxa in Michigan that includes the MTZ. Hence, to map past shifts in MTZ 

location, NMDS2 scores were averaged by site across all samples within 1000-year bins and then 

uploaded with spatial coordinates in ArcGIS Pro for mapping. Using the Empirical Bayesian 

Kriging (EBK) tool (Krivoruchko, 2012) in the Geostatistical Analyst window (Johnston et al., 

2001), MDS2 scores were interpolated for each 1000-year period across Lower Michigan. 

Kriging was used instead of other interpolation methods for its ability to account for spatial 

autocorrelation when interpolating the data (Oliver & Webster, 1990). EBK specifically was 

chosen because it does not require prior specification of model parameters and is more accurate 

for small datasets that are spatially autocorrelated and unevenly distributed (Krivoruchko & 

Gribov, 2019). The EBK tool was run using a K-Bessel detrended semivariogram (Guinness & 

Fuentes, 2016) with an empirical data transform (Gribov & Krivoruchko, 2012). Prior work has 

suggested that the K-Bessel variogram is the most accurate and flexible of semivariogram 

models, albeit the most computationally intensive (Johnston et al., 2001). The efficacy of each 

EBK interpolation model was assessed using leave-one-out cross-validation, which automatically 

calculates summary statistics including root mean square (RMS) standardized error and average 

standard error. 
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 The resulting interpolated surfaces of NMDS Axis 2 scores were visualized as isobands 

representing nine classes of spatially continuous ordination scores. We then defined the MTZ to 

be the location of  the steepest rate of change spatially across the interpolated Axis 2 scores, 

generally found within isoband 6. The isobands were converted to contour lines, and a new 

feature class was created to contain only the contours from isoband 6. These contours thus 

showed the movements of the MTZ in 1000-year timebins. 

 The package R-Ratepol (Mottl et al., 2021) was used to assess Holocene community 

variability at each site, specifically by calculating the mean and maximum rate of compositional 

change (RoC) in each pollen record between 11.0 ka and 0.3 ka, These bounds were chosen to 

focus on Holocene community variation and to avoid e.g. signals resulting from vegetation 

changes associated with EuroAmerican land clearance. Pollen data from the NMDS dataset were 

split back into individual site-level records, along with sample IDs and ages. RoC scores for each 

subset of pollen counts were calculated using a Shepardôs 5-term smoothing filter and a Chi-

squared dissimilarity coefficient calculated across 500-year moving window timebins. The 

results of these repeated randomized runs were then used to detect peak points (i.e., where scores 

exceeded 2 standard deviations) and fitted with a non-linear conservative general additive model 

(GAM). Lastly, the RoC scores and respective peak points were plotted with the calculated 

GAM. Age uncertainties were not calculated within the package functions, although uncertainty 

among the RoC scores themselves were visualized in the plot. Site-level means and maxima of 

the sample-level RoC scores were then calculated for each  site and mapped in ArcGIS Online.   

The average position of the MTZ during the Holocene was calculated from the NMDS isobands 

and the distance to the Holocene-average position of the MTZ was calculated for each site using 

the Distance Accumulation tool with a geodesic distance method in ArcGIS Pro. I then plotted 
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mean and maximum RoC against average distance to the MTZ in order to test whether distance 

to ecotone was a predictor of Holocene rates of vegetation change. The two datasets were fitted 

with smoothing curves based on best fit for the data, using a general additive model (GAM) and 

LOESS curve for mean and maximum, respectively.  

 

Results 

Age-Depth Model at Sunrise Lake 

 All but two of the 18 age controls for Sunrise Lake are in stratigraphic order (Table 2, 

Fig. 4), with a basal date of 10.9 ka BP (95 CI: 10.862-10.963 ka), indicating that this record is a 

nearly complete record of the Holocene. The Bchron age-depth model (Fig. 4) displays an initial 

period of relatively low sediment accumulation rates from the lakeôs establishment to 6.3 ka BP, 

with rates averaging 0.03 cm/year (equivalent to a deposition time of 33.59 years/cm). After 6.3 

ka BP, the sedimentation rate more than doubles to 0.07 cm/year (15.13 years/cm) until 4.6 ka 

BP. After 4.6 ka BP, sedimentation rates further acclerate, with an average rate of 0.14 cm/year 

(or 7.38 years/cm) up to 4.2 ka BP, before reaching their maximum of 0.27 cm/year (3.72 

years/cm) between 4.2ka and 3.8 ka BP. Between 3.8ka and 3.2 ka BP, sedimentation rates begin 

to slow back down, averaging around 0.12 cm/year (8.49 years/cm). The final phase, from 3.2 ka 

BP to present, gradually returns to approximately the initial average rate of 0.03 cm/year (22.89 

years/cm). The Bchron age-depth model converged quickly and is mostly well-constrained, and 

the model  determined Date 14 to be a conclusive outlier and Date 13 a probable (>80%) one.   
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Loss-on-Ignition (LOI) at Sunrise Lake 

 The earliest Holocene sediments at Sunrise Lake are nearly pure mineral content (Fig. 5). 

After 11.1 ka BP, organic content rises sharply, indicating high enough lake levels for 

preservation of organic carbon in the lake sediments, with sediment composition reaching 40% 

organic content and 60% mineral content by 10.9 ka BP. Between 10.9 and 9.0 ka BP, organic 

content gradually increases with subcentennial variability, ultimately reaching a peak of 60% at 

9.0 ka BP (with mineral content comprising 40% of the sediment makeup). Immediately after 

this peak, organic content drops below 20% with mineral content returning to highs of 70%. 

After 8.8 ka BP, organic content begins to rise again, eventually becoming more abundant than 

the mineral fraction by 7.6 ka BP, with nearly the next 1000 years displaying a period of 

fluctuating proportions of organic and mineral content, each centered on 50%. At 6.0 ka BP, 

organic content peaks at >70%,  then steadily declines (with on-going centennial-scale 

variability) to a low at 2.5 ka BP. Organic carbon concentrations then return to a plateau of near-

equal proportions with mineral content beween 1.9 and 1.0 ka BP.  Finally, for sediments 

younger than 0.9 ka BP, mean organic content is reduced and the relative proportions of organic 

and mineral sediments are highly variable, with organic content reaching an absolute maximum 

of >85% around 0.6 ka BP. Throughout the Holocene, carbonate sediments are virtually absent, 

except for occasional spikes that may indicate small shells or other carbonaceous materials. 

 

Pollen Record at Sunrise Lake 

 The pollen record from Sunrise Lake and CONISS zonation reveals five distinct zones of 

forest community composition at Sunrise Lake (Figure 7). The early-mid Holocene vegetation, 

represented by Zone A from 10.9ka to 6.5 ka BP, appears to first represent a cool-temperate 
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mixed forest, characterized by moderate to high abundances of pine, reaching at times over 40% 

relative abundance of combined Pinus banksiana/resinosa and Pinus strobus. P. strobus was 

overall found to be the consistently more abundant species of the genus. Quercus was present 

and increased steadily throughout the early Holocene, from 10% to 20% abundance by 8.5 ka 

BP. Other taxa appear in this period of the zone, such as Alnus (9.1 ka BP) and Acer spp. (8.5 ka 

BP). Betula presence in the early Holocene is minor but significant, reaching abundances of 

around 10% and no lower than 5%. Ulmus, likewise, exhibits consistent proportions between 

10% and 15%. Fraxinus spp., Carya, and Ostrya/Carpinus all display relatively stable but low 

abundances, with only the latter ever approximating as much as 5%. Cupressaceae/Taxaceae 

reaches a punctuated maximum of around 8% abundance at 9.7 ka BP, thereafter maintaining 

low abundances if not complete absence. While the upland herbs and grasses (Ambrosia sp., 

Artemisia, Poaceae) maintain low proportions throughout this zone, all three experience a slight 

uptick between 9ka and 8.4 ka BP, with the more minor Poaceae increase preceding the peaks in 

the former two taxa. As Zone A reaches the mid-Holocene transition, Pinus spp. abundances 

gradually decline, and Quercus becomes the most abundant taxon ï upwards of 30% - by 

roughly 7.3 ka BP. A peak in Ostrya/Carpinus (>12%) persists from after 7.5ka to the end of the 

zone at 6.5 ka BP. Simultaneously with the onset of this Ostrya/Carpinus increase at 7.5 ka BP is 

a spike in Betula to over 15% abundance, after which the taxon declines to low proportions until 

the end of the mid-Holocene. The persistent establishment of around 1% or greater abundance of 

both Platanus and Tilia occurs after 7.2 ka BP. The final two centuries of this zone record the 

arrival and expansion of Tsuga after 7.0 ka BP, followed shortly afterward by the arrival of 

Fagus after 6.7 ka BP. 
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The onset of Zone B (6.5ka to 4.1 ka BP, Figure 7) is defined by the expansion and 

maximum abundance of both Tsuga and Fagus, thereby capturing the mid-Holocene 

establishment of northern mesic taxa at Sunrise Lake. Both taxa display variable increases in 

abundance until around 5 ka BP. At 5.0 ka BP, Tsuga populations abruptly decline, reaching 3% 

abundance or lower and remaining generally low throughout the rest of this zone and into the 

late-Holocene. Fagus reflects similar trends, albeit less dramatically ï while no large abrupt 

declines or near-collapses are signaled here, its abundance still drops from its 32% peak at 4.8 ka 

BP to 16% by 4.6 ka BP, and experiences another decline of >5% 4 ka BP. Throughout the 

Fagus-Tsuga dynamics, here and in the following zones, Quercus appears to respond more or 

less directly. After the Tsuga collapse and decrease in Fagus, Quercus experiences a spike to 

over 30% abundance at 4.6 ka BP, and continues to fluctuate above 20% from 4.5ka past the end 

of Zone B until 3.8 ka BP. Acer spp., whose populations expanded at the start of the zone, 

increased slightly around 5.2 ka BP to reach abundances consistently above 4-5%. Additional 

dynamics in this period include fluctuations of Ulmus between 8% and 14% abundance and of 

Fraxinus spp. between 2% and 7% abundance. Pinus spp. abuncances are variable across species 

during Zone B, with notable repeated spikes of up to 26% abundance in P. banksiana/resinosa 

between 4.8ka and 4.5 ka BP, and with P. strobus abundances increasing only at the very end of 

the zone (4.1 ka BP). Betula begins to increase as well after 4.7 ka BP, becoming more persistent 

from here throughout the rest of the record. 

Zone C extends from 4.1ka to 1.9 ka BP and is characterized initially by a continuation of 

low Tsuga abundance, the variable decrease in Fagus abundance, and higher abundance of 

Quercus. While both Fagus and Tsuga experience brief periods of higher abundances between 

3.8ka and 3.2 ka BP and between 3.3ka and 3.1 ka BP, respectively, neither taxon starts to show 
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sustained increase to prior abundances until around 2.4 ka BP. Fagus ultimately reaches a peak 

of 28% at 2.0 ka BP, while Tsuga populations do not fully recover until the following zone. 

Again, these fluctuations are met with antiphased behavior in Quercus, which reaches a 

maximum of 29% abundance at 2.8 ka BP and then declines after 2.6 ka BP, just before the 

gradual increases of Fagus and Tsuga. Where P. banksiana/resinosa displayed high variability in 

Zone B, Zone C shows the return of P. strobus as the more abundant and variable species. 

Similar to Quercus, P. strobus experiences a peak (24%) in abundance for this zone that 

coincides with the relative minimum of Fagus, before declining to <13%. The Ulmus 

fluctuations which began in Zone B appear to slow around 3.1 ka BP, settling thereafter around 

5% abundance. After 3.3 ka BP, Tilia ceases to show consistent abundance except at very low 

levels (¢1%). Both Fraxinus spp. and Ostrya/Carpinus continue to hover around 3-5% and 1-4% 

abundance, respectively.  

Zone D (1.9 ka to 0.5 ka BP) represents a period in which, following their declines and 

subsequent gradual rises, Tsuga and Fagus are the most consistently abundant taxa of the Sunrise 

Lake vegetation assemblage. For most of the zone, Tsuga abundance persists between 13% and 

19% and Fagus between 19% and 24%, aside from a brief dip at 1.3 ka BP to 14%. At this dip, 

Quercus populations spike to 16% abundance, despite generally declining throughout the period. 

This late-Holocene zone also shows a decrease in overall Pinus spp. abundance, although with a 

greater proportion of P. banksiana/resinosa within the genus, reaching over 10% by 1.0 ka BP. 

After 1.0 ka BP, however, both Tsuga and Fagus abundances decrease, the former more abruptly 

than the latter. Simultaneous with this decline is an increase in Quercus abundance to around 

16% at 0.8 ka BP, and a rapid expansion of P. strobus at 0.6 ka BP. Betula in this period remains 
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consistently abundant, hovering around 10% with a few brief dips. Ulmus continues to be present 

at 5-6% abundance, with minor variability.  

Lastly, Zone E ï spanning the last 500 years BP, capturing the Holocene-Anthropocene 

transition ï is most notably marked by the rapid rise in Ambrosia, reaching over 22% around 65 

years BP. This Ambrosia rise is interpreted as corresponding with the peak of logging activity 

during the Great Cutover in central-northern Lower Michigan, in which white pine lumber stocks 

were depleted followed by hemlocks and hardwoods (Whitney, 1987). This Ambrosia rise is thus 

an effective age marker for Euro-American settlement (McAndrews, 1988). Pinus spp. represent 

the most abundant taxonomic group, particularly P. strobus, which reaches abundances of 

around 33% until a sharp decline to 13% at 65 years BP. Additionally coincident with this date is 

an abrupt decline in Tsuga populations from 18% to 4% abundance. The synchronous behavior 

of these two taxa here provides further support for the interpretation of this date as 

discriminating Euro-American land clearance. Fagus abundance is steady around 8% before also 

declining at 65 years BP to 4%. The zone displays a spike in Quercus to 20% abundance at 275 

years BP, and simultaneously in Carya to 2% from its otherwise negligible abundance. Although 

not nearly as pronounced as Ambrosia, the other upland herbaceous vegetation ï namely 

Poaceae and Artemisia ï also increase to 2% at 65 years BP. 

 

NMDS Analyses 

 Solutions to the metaMDS function described over 99% of the variance (R2 = 0.995) in 

the Lower Michigan pollen dataset, with a yielded stress value of 0.0682 (Fig. 7). The resulting 

four-dimensional ordination spaces from the NMDS display 4 zones, sorted into hulls calculated 

from constrained hierarchical clustering (Figures 9, 10). MDS1 appears to capture the 
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Pleistocene-Holocene transition, with the Picea-Artemisia cluster clearly differentiated from all 

other groups (Fig. 8). MDS2 differentiates the southern hardwoods (Quercus, Carya) from the 

cool-temperate and boreal conifers (Pinus, Tsuga), with Ulmus, Ostrya/Carpinus, Fagus, Tilia, 

Alnus, and Betula placed in intermediate positions (Figure 9).  Because the ordination of these 

taxa closely matches the contemporary zonation of tree taxa from southern to northern Michigan, 

MDS2 is inferred to primarily capture the latitudinal gradients in Michigan vegetation during the 

Holocene, and in later analyses will be used to map the position of the MTZ. MDS2 appears to 

correspond to PCA Axis 1 of Webb (1974), which was based only on surface sediment samples, 

and so did not encompass the temporal dimension included here. 

 MDS3 clearly captures the early-Anthropocene Ambrosia assemblages produced by 

Euro-American logging and land clearance (Fig. 9). Ambrosia is strongly differentiated from all 

taxa, with Artemisa also receiving somewhat high scores on NMDS Axis 3, while all other taxa 

are clustered together at right (Fig. 9). MDS4 clusters Tsuga, Fagus, and Acer ï followed closely 

by Betula ï on one side, and Quercus and Pinus at the other. MDS4 thus appears to differentiate 

tree taxa by hydrological sensitivity and shade-tolerance, with more mesic and shade-tolerant 

taxa at one end, and taxa that are more tolerant of xeric conditions and requiring more direct 

sunlight at the other end. MDS4 appears to match to PCA Axis 2 in Webb (1974) and may be 

partially shaped by east-west gradients in lake-effect snow and water availability (Henne, 2006). 

 

Mapping Shifts in Michigan Tension Zone During the Holocene 

 A plot of NMDS scores by latitude shows a negative correlation to latitude (Fig. 10), 

which confirms that MDS2 is primarily capturing the north-south gradient in Michigan 

vegetation during the Holocene. Highest values both positive and negative were around ° 0.6. In 
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addition, a trend of decreasing magnitude among all sites from early- to late-Holocene is 

observed ï that is, positive scores decrease and negative scores increase, all approaching zero. 

Sites with full Holocene chronologies generally decreased in absolute MDS2 value by 0.08. This 

may suggest that MDS2 was a powerful predictor of vegetation gradients during the early 

Holocene, but has weakened somewhat over time. An examination of the regression lines for 

each timebin reveals that the slopes are effectively parallel through time. In other words, ecotone 

steepness of the MTZ has remained more or less stable throughout the Holocene, even as the 

gradient as a whole has shifted latitudinally.  

The interpolation surface produced by EBK was classified into nine bands, which are 

displayed in Figure 12 as contour lines for each timebin. Of these, Band 6 was chosen to 

represent the MTZ because it marked a region of steep gradients spatially (Figure XX) and 

consistency with other prior placements of MTZ position REFS. Between 11-10 ka BP, the MTZ 

first becomes established at its southernmost point, extending more or less linearly from 43.59ºN 

to 42.95ºN (Fig. 12). The MTZ then gradually shifts northward for the next 2000 years, with 

both the 10-9 ka BP and 9-8 ka BP timebins cutting straight across the peninsula from roughly 

43.81ºN to 43.70ºN. The MTZ then quickly shifts north, jumping up to around 44.56ºN by 8-7 ka 

BP. The 8-7 ka BP timebin stretches from this latitude down to 43.91ºN, with this and the 

following contours first displaying the wavy behavior that now characterizes the ecotone. At 7-6 

ka BP, the MTZ reaches its northernmost position, ranging from 44.70ºN to around 44.01ºN. By 

6-5 ka BP here, the MTZ returns to essentially the same position as 8-7 ka BP, then continues to 

shift back southward. The MTZ reaches a close approximation of its current position by 3-2ka, 

and then is largely stable thereafter.  
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Is Distance to Ecotone a Predictor of Rates of Vegetation Change? 

 Maps of spatial patterns of rate-of-change (RoC) scores show several clear features (Fig. 

13). All northern sites, except for Lake 27, experienced below-average (< 0.226) mean RoC, 

while sites in central Michigan  experienced average to above-average mean RoC. The 

southernmost sites (Wintergreen Lake and Frains Lake have below-average RoC scores. This 

finding suggests that, on the whole, the northern mixed-pine forests were more stable in terms of 

community composition and turnover rates during the Holocene. Conversely, the more oak-

hickory dominated forests of the southern half of the peninsula appear to have experienced more 

community variability over the Holocene.  

These maps also provide a first-pass visual support for the hypothesis that communities 

that are closer to the MTZ ecotone are more compositionally variable than sites far from the 

MTZ. The three sites with the highest average RoC scores were all sites contained within or 

adjacent to the range of ecotonal movements. These sites include Cowden Lake (0.40), Hicks 

Lake (0.32), and Minden Bog (0.31). Demont and Otter Lakes and Chippewa Bog followed 

closely behind, scoring 0.28, 0.27, and 0.26 respectively.  

With respect to maximum RoC values (Fig. 13), Cub Lake was the highest-scoring site 

(1.30) and the only one to exceed two standard deviations (ů = 0.286) above the average 

maximum across all sites (0.68). The second-highest score came from Chippewa Bog, a proximal 

site to the MTZ, scoring 1.06. Green Lake scored the third highest (0.98), with OôBrien Lake 

(0.97) following closely behind. The overall distribution of significant maximum RoC scores is 

mostly concentrated north of the MTZ, not aligning with sites of significant mean RoC. Aside 

from Chippewa Bog, this pattern indicates that distal sites were more likely to experience 

instances of much higher-than-average compositional change. 
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These visual impressions are confirmed by plotting and regressing the site-level mean 

and maximum RoCs for the Holocene against absolute mean distance to the MTZ (Figs. 14-15). 

Mean RoC here shows a trend of linear decrease moving from proximal (within 50 km) to distal 

(> 200 km) sites. Maximum RoC, on the other hand, approximates a Gaussian distribution, in 

which the highest scores are observed at sites of intermediate distance (100-150 km) to the MTZ, 

and lowest scores are observed at sites less than 50 km or greater than 200 km from the MTZ. 

 

Discussion 

Compositional Variations at the MTZ: The Sunrise Lake Record  

The new pollen record from Sunrise Lake serves to further constrain the Holocene 

dynamics of the MTZ. Crucially, Sunrise complements the nearby pollen record from Hicks 

Lake (Hupy and Yansa, 2009), spanning 0.1 ka to 3.2 ka BP, by providing a complete Holocene 

vegetation record for the area just north of the MTZ. The Sunrise record thus helps illustrate the 

characteristics of the high compositional variations observed at sites near the MTZ during the 

Holocene (Figs. 13-15). Key characteristics include the fluctuating antiphased dynamics of 

Fagus and Tsuga against Quercus and, to an extent, Pinus (Fig. 6). These dynamics are 

superimposed on background variability in Ulmus, Acer, Fraxinus, and Betula, which ï while 

mostly remaining at lower abundances ï still display discrete periods of behavior.   The Tsuga 

collapse at 5.0 ka BP is the most pronounced abrupt change observed at Sunrise, and is part of 

the range-wide mid-Holocene collapse of Tsuga (Booth et al., 2012a; Davis, 1981) that is 

believed to have been driven primarily by periods of severe drought (Foster et al., 2006).  In 

comparison, the fluctuations in Fagus are less pronounced than for Tsuga. The Fagus variations 

at Sunrise are also smaller than at sites in northern Indiana, where Fagus populations 
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experienced multiple abrupt declines and an extended period (1000 years or more) of low 

abundance at multiple sites throughout the mid- to late-Holocene (Ogden, 1969; Shane & 

Anderson, 1993; Wang et al., 2016). These declines in the mesic and shade-tolerant Tsuga and 

Fagus generally correspond to increases in Quercus and, in some cases, P. banksiana/resinosa. 

This compositional shift may translate to a shift in hydroclimate as well as disturbance: both 

Quercus and P. banksiana/resinosa are more xeric- and fire-adapted (Brose & Waldrop, 2014; 

Burns & Honkala, 1990; Radeloff et al., 2004), and analogous transitions from mesic or mixed-

pine forest to jack pine-dominated forest following increased aridity and intensified fire regime 

have been documented elsewhere in the Upper Midwest (see e.g. Tweiten et al., 2009).   

The pollen records at Sunrise Lake and nearby Hicks Lake (Hupy & Yansa, 2009) show 

some similarities but also notable differences over the past 3,000 years, suggesting finer-scale 

spatiotemporal heterogeneity at the MTZ. Both exhibit pronounced fluctuations in Fagus 

abundance over the last 3000 years and a recovery of Tsuga after 1ka BP. Both show a decrease 

in Pinus spp. abundance after 3ka BP. However, the Hicks Lake pollen record is dominated by 

Pinus spp. and Picea for most of this period, despite Picea being present only in trace amounts at 

Sunrise Lake. Cupressaceae abundances are also much higher at Hicks Lake, reaching 9% at 

2.7ka BP, nearly 20% at 1.8ka BP, and a maximum of >32% around 800 years BP.  

 

Magnitude and Possible Drivers of Holocene Shifts in the Michigan Tension Zone 

These reconstructions of the Holocene movements of the MTZ suggest fewer and less 

pronounced variations than those reconstructed by Hupy (2012). While Hupyôs (2012) MTZ 

maps exhibit an establishment at 10 ka BP near Frains Lake, the position presented here is 

farther north, below Chippewa Bog, Demont Lake, and Vestaburg Bog. Although the pollen 
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record from Chippewa Bog displays sustained high abundances of Picea through 10 ka BP 

(Bailey and Ahearn, 1981), both Demont Lake (Kapp, 1999) and Vestaburg Bog (Gilliam et al., 

1967) reveal Pinus becoming the more abundant taxon by the start of the Holocene, with Picea 

abundances all but completely absent by 10 ka BP. Thus the nearby pollen records generally 

support this timing and placement of establishment. Both our maps and Hupyôs (2012) show a 

subsequent northward shift from 10-6 ka BP, with 6 ka BP representing the MTZôs northernmost 

extent, but the MTZ here shifts only 160 km as opposed to 320 km in the latter. The closest site 

to the north of our MTZ at 6 ka BP is Cub Lake, approximately 50 km away and which was not 

included in Hupyôs (2012) analysis. The pollen record at Cub Lake (Rasmussen, 1982) in the 

mid-Holocene exhibits consistently high abundances of Pinus, while at Sunrise Lake ï the 

closest site to the south of the 6 ka BP MTZ in our reconstructions ï Pinus spp. declines to low 

abundances (Fig. 6). Simultaneous with these dynamics is the arrival of mesic and shade-tolerant 

taxa like Fagus and Tsuga at ecotonal sites such as Vestaburg Bog (Gilliam et al., 1967) and 

Sunrise Lake (Fig. 6). The southward movement during the mid- to late-Holocene is caused by 

an increase in Quercus-Carya abundance in the southern xeric broadleaf forests after 6ka BP, 

supported by pollen records from Frains Lake (Kerfoot, 1974), Morrison Lake (Hupy & Yansa, 

2009), and Wintergreen Lake (Manny et al., 1977). This movement is largely missed in Hupyôs 

(2012) reconstructions, as no ecotone positions are shown between 6 ka and 2 ka BP. During the 

late Holocene, especially around 3-2 ka BP, Quercus-dominated forests wane in these southern 

sites (Hupy & Yansa, 2009; Kerfoot, 1974; Manny et al., 1977). This shift in forest composition 

and structure corresponds to the final period of movements as the MTZ settles into its 

contemporary range from 3 ka BP onward. 
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The MTZôs southernmost point of establishment around 10 ka BP supports the findings 

of Webb et al. (1983) in which, by 10 ka BP, Pinus populations became established throughout 

the entire peninsula, a pocket of Betula existed in the north, with Quercus, Ulmus, and especially 

Fraxinus having marked out territory in the southern half. If the MTZ were defined solely by the 

northern range limits of Quercus to the south, Webb et al.ôs (1983) analysis would suggest that 

the MTZ did not form until closer to 8 ka BP. However, it seems that the early arrival of other 

hardwoods served to drive the MTZôs coalescence. According to the authorsô isopoll maps from 

this period, the range line of Fraxinus most closely aligns with the limit of the MTZ in this 

earliest stage, with Quercus and Ulmus allegedly not yet reaching as far north, although the 

Sunrise Lake pollen record (Fig. 6) as well as more recent vegetation reconstructions complicate 

such claims (Williams et al., 2004). Given the loose associations of southern taxa with clearly 

demarcated northern range limits, the MTZ at its foundations could also reasonably be expected 

to also have been at its least defined. This assumption may be validated by linear regressions of 

MDS2 scores by latitude, in which the 11-10 ka BP trendline is the most gradual (Fig. 10), 

although more work is needed to statistically validate this relationship. Although Webb et al.ôs 

(1983) taxon-level Holocene isopoll maps indicate more continuous movements of the MTZ than 

those of Hupy (2012), which agree directionally with the reconstructions presented here, they 

still represent a similarly expansive range of motion, with the MTZ forming south of Frains Lake 

and traveling as far north as Green Lake. What Webb et al.ôs (1983) analysis implies, however, is 

that instead of reflecting a signal of either widespread woody plant mortality or migration and 

range dynamics, shifts in MTZ position were likely controlled more by within-range shifts in 

relative abundance, especially of Pinus, Quercus, Fagus, and Tsuga. If this is indeed the case, 
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McCannôs (1979) early work on the controls of MTZ position could be expanded to beyond a 

definition of the MTZ as primarily a floristic boundary. 

 Although we do not explicitly reconstruct past climate variations here, the northward 

shift of the MTZ between 10 ka and 6 ka BP, and its southward retreat after 6 ka BP, can be 

attributed to broader North American climatic trends. Other reconstructions suggest that 

midcontintental North America experienced drier conditions from the end-Pleistocene to early-

Holocene, reflecting Arctic warming and decreased net precipitation across the mid-latitude 

Northern Hemisphere (Routson et al., 2019; Shuman & Marsicek, 2016; Williams et al., 2010). 

Other ecotones have tracked this early- to mid-Holocene aridity, most notably the prairie-forest 

ecotone in midcontinental North America. Williams et al. (2009) showed that rapid deforestation 

during the early Holocene was common along this physiognomic boundary, following slower 

trends of prairie transition which at some sites began in the late Pleistocene, and leading to 

almost complete replacement of percent woody cover by 8 ka BP. After 6 ka BP, the MTZôs 

southward retreat coincides with widespread increases in effective moisture and cooling across 

the mid-continent (Shuman & Marsicek, 2016). The final southward shift of the MTZ after 3.2 

ka BP may be caused by the acceleration of these wetting and cooling trends throughout the 

Upper Midwest (Booth & Jackson, 2003; Hupy & Yansa, 2009; Webb et al., 1983).  

Note that these reconstructions of the MTZ, conducted at 1 ka intervals, may miss finer-

scale ecotonal movements and community variability in response to short-term climatic 

fluctuations. The individual site-level reconstructions in northern Michigan from Hupy and 

Yansa (2009) show that rapid Quercus expansions coincided with the Medieval Warm Period 

(MWP; ~1200-800 years BP), with increases most pronounced near the MTZ. These increases in 

Quercus abundances preceded gradual declines, which were met with an increase in Thuja 
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populations at the northernmost Hicks Lake (Hupy & Yansa, 2009). As the MWP transitioned to 

the cooler and generally drier climates of the Little Ice Age (LIA;  ~700-150 years BP), Pinus 

increased in the north and near the MTZ, replacing mesic taxa including Fagus (Hupy & Yansa, 

2009). Similarly, in the Anoka Sand Plains of northwestern Wisconsin, P. resinosa-dominated 

forests were replaced by more mesophytic P. strobus or mixed-pine forests between 700-600 

years BP, which were reverted to P. resinosa forests around 300 years BP  (Hotchkiss et al., 

2007; Tweiten et al., 2009). Thus, the full extent of shifts in MTZ position over the late 

Holocene in response to abrupt climatic changes such as the MWP and LIA is likely not captured 

here except in broader strokes. 

 

The Effect of Ecotone Proximity on Vegetation Compositional Variation and Rates of 

Change 

These results support prior hypotheses that communities close to ecotones should be 

more sensitive to climate variability (Allen & Breshears, 1998; Neilson, 1993). As shown here, 

mean RoC across sites in Lower Michigan is higher on average near the ecotone than far from it 

(Figs. 13-14). As noted above, Sunrise Lake shows expansions of Tsuga and Fagus populations 

after 7.0 ka BP and 6.7 ka BP respectively, with an abrupt decline in Tsuga abundance at 5.0 ka 

BP and with Quercus and to a lesser extent Pinus dynamics antiphased with those of Fagus-

Tsuga (Fig. 6).  Sites like Cowden Lake show a more subtle pattern. Quercus initially prevails 

between 2.7 and 2.0 ka BP, before sharply declining (Hupy & Yansa, 2009). Fagus abundances 

then rapidly rise, but this period of apparent dominance lasts no more than 300-400 years before 

collapsing around 1.4ka BP. At this point, Quercus increases again but to a lesser abundance of 

around 33%, gradually decreasing through the rest of the record as Pinus spp. percentages rise. 
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Thus no assemblage persists beyond the order of several hundred years, and so the ecotonal sites 

instead appear to display continuous short-term fluctuations as the responses of adjacent 

communities and taxa intermix.  

Although Delcourt and Delcourt (1992) speculated that ñecotones may be fixed in 

location by environmental discontinuities and yet may change in terms of species abundances or 

presenceò such that, as a result, ñeven a fixed physical landscape boundary may not confer 

stability on adjacent communities,ò here the opposite was found to be the case. Not only were 

populations from adjacent ecosystems frequently channeled through the MTZ, thereby possibly 

allowing for species to avoid local extirpation, but the MTZ was spatially dynamic as well. The 

fact that community variability was also generally higher in the south supports the claim that 

southern taxa are the greater control on ecotonal dynamics. 

The implications of this are at least twofold: for one, in accordance with claims that a 

temperature-based ecotone should be an appropriate monitor for climate change (Loehle, 2000), 

the MTZ appears to be sensitive to periods of drought and warming which elicit abrupt 

ecological responses. Secondly, contrary to the claims of some paleoecologists that there is little 

to support the notion historically that species near their tolerance limits are more sensitive to 

climate change (Gajewski, 1987; Wang et al., 2016), the Holocene record here indicates that the 

greatest amount of overall community variability, measured as average magnitude, was observed 

within 50 km of the MTZ.  

Too narrow a focus on compositional variations near a single ecotone, of course, risks 

masking other important phenomena.  For example, the northern sites show periods of extremely 

high turnover, with multiple peak points and high maxima, mostly in the late Pleistocene to early 

Holocene. These are largely in the form of Picea forests being replaced by Pinus, followed by 
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more stable composition afterwards (Supp. Fig. XX). Likewise, some of the compositional 

variation at sites in southern Michigan and northern Indiana can be linked to shifting variations 

in the relative abundance of Quercus woodlands and forests dominated by Fagus grandifolia and 

other mesic taxa (Wang et al., 2016; Schlenker et al., in prep). The northward and westward 

range expansion of Tsuga canadensis, Fagus grandifolia, and Betula lenta through the Lower 

and Upper Peninsulas of Michigan and into Wisconsin occurred throughout the Holocene 

(Bennett, 1985; Henne et al., 2007; Williams et al., 2004). These species-level range dynamics 

interacted with the ecotonal dynamics studied here, but are distinct phenomena.    

 Moreover, maxima of compositional change reveal a more complex and scattered spatial 

pattern, with a cluster of sites north of the MTZ and two sites to the south experiencing much 

higher rates of change (Fig. 15). In general, ecotonal sites are more associated with higher mean 

turnover, while sites further north and south have seen greater maximal compositional change. 

Sites with high average rates of compositional change do not necessarily exhibit the highest 

individual RoC scores; indeed, 2 of the 3 sites with the greatest maxima had below-average mean 

compositional change. The outlier here was Chippewa Bog, a site near the MTZ, which recorded 

a mean RoC score of >0.26. Thus it may be noted that ecotonal sites were more likely to 

experience high residual levels of turnover with little variability, while distal sites were more 

likely to experience instances of rapid compositional change followed by extended periods of 

community stability. In considering past rates of vegetation change, then, both maxima and mean 

convey different yet essential components of the overall vegetation dynamics. The MTZ appears 

to have been a region of high continuous mixing and exchange between adjacent forest systems, 

yet in some cases the periods of abrupt ecological change were farthest from the MTZ. 
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Differences among sites in temporal extent may also affect the observed patterns of rates 

of change. While not all sites with full -Holocene extents experienced high RoC maxima, the sites 

that did experience the highest RoC maxima all had full-Holocene extents (Figs. 2, 13). 

Likewise, all sites that showed the highest mean RoC had shorter extents (i.e. from the mid- to 

late-Holocene to present), but not vice versa (Figs. 2, 13). Although the results reported here 

appear to be robust to intersite variations in temporal extent, more sites would help sharpen our 

reconstructions of past ecotonal dynamics. Notable gaps include a) the region north and west of 

Sunrise and Hicks Lakes (Fig. 1) and b) the sites near the eastern shore of Lake Michigan, where 

lake effect preciptation is highest (Henne, 2006) and which may add further complexity and 

nuance to our understanding of the multiple environmental factors govening the past, present, 

and future dynamics of the MTZ. 

 

Conclusions 

The new record from Sunrise Lake, in combination with the ever-growing network of 

records available from the Neotoma Paleoecology Database, helps sharpen our understanding of 

past shifts of the Michigan Tension Zone and helps test hypotheses about whether ecotonal 

systems are more compositionally variable and more sensitive to climate change. The Sunrise 

Lake pollen record adds a new full-Holocene record for the northern half of the peninsula and a 

high-resolution record near the MTZ. This record broadly concurs with prior findings in the 

region, with an abrupt decline in Tsuga populations around 5 ka BP and pronounced fluctuations 

in Fagus abundance after 4.8 ka BP and 4.0 ka BP. However, differences from nearby Hicks 

Lake suggest local heterogeneities in vegetation composition near the MTZ; these differences 

include that late-Holocene forests near Hicks Lake were dominated by Pinus, with higher 
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abundances of Picea and Cupressaceae (Hupy & Yansa, 2009). Conversely, Fagus-Tsuga were 

key taxa for much of this period at Sunrise Lake, with Picea and Cupressaceae present mostly in 

trace amounts at most (Fig. 6). 

MTZ dynamics since establishment at ca. 10.0 ka BP show several distinct periods of 

motion. Overall range of movement spanned roughly 160 km, between a southernmost minimum 

at 11-10 ka BP and a northernmost maximum at 7-6 ka BP. The MTZ reached its current position 

by 3.0 ka, which is 38 km north of its position at establishment. These results present the most 

constrained and continuous rendering of MTZ movements to-date. The results also demonstrate 

that turnover at range margins of southern taxa is consistently higher on average than that at 

range center over millennial timescales. Hence, these findings support hypotheses that  

community variability is sensitive to ecotonal position. Past vegetation rates of change in 

Michigan were affected by other phenomena such as the early Holocene replacement of Picea by 

Pinus in northern Michigan, and are partially confounded by intersite variations in temporal 

extent. Nonetheless, ecotonal zones such the MTZ appear to be particularly sensitive to 

contemporary climate trends. With this in mind, future research in global change ecology and 

paleoecology should continue to incorporate explicit attention to ecological boundaries in order 

to better understand how both rates and magnitude of change differ across heterogenous 

landscapes.  
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Figures and Tables 

Site Name Latitude (ºN) Longitude (ºW) Age Range (yr) Record Length 

Chippewa Bog 43.12389 -83.24111 11019 75 

Clifford Lake  45.028548 -84.636414 11806 42 

Cowden Lake 43.354304 -85.35784 2519 27 

Cub Lake 44.7 -84.95833 9783 62 

Demont Lake 43.48 -85 14164 74 

Frains Lake 42.33 -83.63 18806 35 

Green Lake 44.88333 -85.11667 13692 45 

Hicks Lake 44.02141 -85.28417 3086 36 

Horseshoe Lake 44.599476 -83.769296 9927 46 

Huffman Lake 45.130618 -84.781304 11528 58 

Irwin Smith Bog 45.0248 -83.616 7355 173 

Lake 27 45.6 -84.31667 10586 36 

Lake Sixteen 45.06667 -84.78333 3163 24 

Minden Bog 43.593596 -82.873406 3267 101 

Morrison Lake  42.8594 -85.2144 2671 31 

O'Brien Lake 44.641044 -83.88304 13534 21 

Otter Lake 43.217426 -83.46062 3595 60 

Sunrise Lake 44.032833 -85.329383 10788.806 59 

Vestaburg Bog 43.41667 -84.88333 20200 51 

Wintergreen Lake 42.4 -85.38333 15195 69 

Table 1: Site metadata for each record in Lower Michigan 
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UCIAM
S 

Sample 
Name 

fractio
n 

fraction_s
d 

D14C D14C_s
d 

C14_ag
e 

C14_age_s
d 

positio
n  

Core top 
    

-70 15 0  
Ambrosia rise 

   
80 15 4.5 

262371 MI21-2A-
1B-21.5 

0.9433 0.0016 -56.7 1.6 470 15 21.5 

269587 MI21-2A-
1B-41.5 

0.8603 0.0013 -139.7 1.3 1210 15 41.5 

269588 MI21-2A-
1B-65.5 

0.7923 0.0012 -207.7 1.2 1870 15 65.5 

262372 MI21-2A-
1B-77.5 

0.752 0.0016 -248 1.6 2290 20 77.5 

269589 MI21-2E-
1B-104.5 

0.6937 0.0011 -306.3 1.1 2935 15 104.5 

262373 MI21-2E-
1B-122.5 

0.682 0.0012 -318 1.2 3075 15 122.5 

262374 MI21-2E-
1B-174.5 

0.646 0.0011 -354 1.1 3510 15 174.5 

262375 MI21-2A-
2B-212.5 

0.6359 0.0012 -364.1 1.2 3635 20 212.5 

262376 MI21-2A-
2B-261.5 

0.6244 0.001 -375.6 1 3785 15 261.5 

269590 MI21-2A-
3B-325.5 

0.5989 0.001 -401.1 1 4120 15 325.5 

269591 MI21-2A-
3B-353.5 

0.5683 0.0009 -431.7 0.9 4540 15 353.5 

269592 MI21-2A-
4B-410.5 

0.5918 0.001 -408.2 1 4215 15 410.5 

269593 MI21-2A-
5L-456.5 

0.982 0.0018 -18 1.8 145 15 456.5 

269594 MI21-2A-
5L-503.5 

0.3303 0.0008 -669.7 0.8 8900 20 503.5 

262377 MI21-2A-
6L-521.5 

0.3106 0.0007 -689.4 0.7 9390 20 521.5 

262378 MI21-2A-
6L-531.5 

0.3016 0.0008 -698.4 0.8 9630 25 531.5 

Table 2:  Age controls for Sunrise Lake, including 16 14C dates from Keck, core top, and 

Ambrosia rise. 
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Figure 1: Google Earth map of Lower Michigan, with locations marked of late-Quaternary fossil 

pollen records drawn from the Neotoma Paleoecology Database (www.neotomadb.org) and used 

in this study, and MTZ position drawn manually from Andersen, 2005.  The new record 

presented here, Sunrise Lake, is shown in red. 

 

http://www.neotomadb.org/
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Figure 2: Lower Michigan, with site symbols designed to indicate temporal length and sampling 

resolution. 
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Figure 3: Google Earth map of Sunrise Lake, MI with coring locations in the northern bay 

indicated in the inset map. 
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Figure 4: The Bchron age-depth model from Sunrise Lake includes 16 14C dates, with core top 

(óDate 1ô) and Ambrosia rise (óDate 2ô) as prescribed age controls (Table 2). 
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Figure 5: Loss-on-ignition (LOI) percentages versus age (cal yr BP). Separate curves are shown 

for the fractional percentage of organic carbon (light green), mineral component (orange), and 

carbonate sediments (blue). 
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Figure 6: Pollen diagram for Sunrise Lake, displaying % abundance versus age (cal yr BP).  

Arboreal pollen types are indicated in green and non-arboreal types in yellow.

                              
Figure 7: Stress plot of NMDS solutions from the VEGAN package, with fit representing 

proportion of variance explained by ordination.  
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Figure 8: NMDS Biplot for Axes 1 and 2 and the position of the taxa with respect to these ordination 

axes. Axis 1 differentiates late-Pleistocene assemblages from Holocene assemblages, while Axis 2 

differentiates southern hardwoods from the northern mixed coniferous forests in the Holocene vegetation 

of Michigan.  
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Figure 9: NMDS Biplot for Axes 3 and 4. Axis 3 differentiates all other assemblages from the Ambosia-

dominated pollen assemblages of the late Holocene, which formed in response to EuroAmerican 

settlemen and land sclearance. Axis 4 captures hydroclimate sensitivity of tree taxa, with mesic taxa such 

as Tsuga, Fagus, and Acer clustered at one end and xeric taxa like Quercus and Pinus at the other. 
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Figure 10: As a way of mapping Holocene shifts in the Tension Zone, here we show the 

MDS2 scores for each site, averaged into 1000-Year bins, along a latitudinal axis.  Dashed lines are 

the linear regression based on ordinary linear regression. 
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Figure 11: Contours produced from empirical Bayesian kriging of MDS2 scores, for the 

eleven 1000-yr timebins for the Holocene. Each time bin is represented by nine color-coded contours.  

Contours of Band 6 were chosen to represent the MTZ based on steepness of interpolation surface and 

consistency of its late-Holocene placement with other MTZ placements (Hupy, 2012). 
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Figure 12: Positions of the MTZ by 1000-year timebins during the Holocene, based on NMDS 

Axis 2 and EBK Band 6. 
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Figure 13: Rate-of-change (RoC) scores by site, for the 11.0 ka to 0.3 ka BP time period, with 

means for this time period indicated by symbol size and maxima indicated by color. Both RoC means 

and maxima were normalized by the intersite average (a value of 1 thus being equal to the average 

mean or maximum across all sites, and greater than 1 implying above-average RoC). 
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Figure 14: Mean rate-of-change scores plotted by average absolute distance (in km) to the MTZ 

and fitted with a linear regression. Average distance for each site is calculated across all 

Holocene ecotone positions shown in Fig. 12. Points are symbolized by latitude, with southern 

sites as dark blue and northern sites as light blue. 
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Figure 15: Maximum rate-of-change scores plotted by average absolute distance (in km) to the 

MTZ and fitted with a LOESS smoothing curve.  Points are again symbolized by latitude. 
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Figure 1: Charcoal counts versus age 
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Figure 2: NMDS timeseries for Chippewa Bog 
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Figure 3: NMDS timeseries for Cowden Lake

 

Figure 4: NMDS timeseries for Cub Lake 
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Figure 5: NMDS timeseries for Demont Lake

 

Figure 6: NMDS timeseries for Frains Lake 
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Figure 7: NMDS timeseries for Green Lake

 

Figure 8: NMDS timeseries for Hicks Lake 
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Figure 9: NMDS timeseries for Irwin Smith Bog
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Figure 10: NMDS timeseries for Minden Bog

 

Figure 11: NMDS timeseries for Otter Lake

 

Figure 12: NMDS timeseries for Sunrise Lake 
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Figure 13: NMDS timeseries for Vestaburg Bog

 

Figure 14: NMDS timeseries for Wintergreen Lake 
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9/27/2023 10:40:00 AMAppendix I. Sunrise Lake Pollen Counts 
 

Depth Abies 

balsamea 

Picea 

glauca 

Picea 

mariana 

Picea 

undiff 

Pinus 

banksiana/resinosa 

Pinus 

strobus 

4.5 0 0 0 0 32 39 

8.5 0 0 0 0 35 97 

12.5 0 0 0 0 22 74 

16.5 0 0 0 0 23 98 

24.5 1 0 0 0 20 79 

32.5 0 0 0 4 10 10 

40.5 0 0 0 1 31 23 

48.5 0 0 0 0 20 44 

56.5 0 0 0 1 25 19 

64.5 0 0 0 0 11 33 

72.5 1 0 0 0 3 44 

80.5 0 0 0 0 3 38 

88.5 0 0 0 1 4 72 

96.5 0 0 0 2 4 26 

104.5 0 0 0 0 4 61 

112.5 0 0 0 1 4 19 

120.5 0 0 0 0 2 50 

128.5 0 0 0 0 8 48 

136.5 0 0 0 0 6 36 

144.5 0 0 0 0 14.7 31.033333 

152.5 0 0 0 0 12 42 

160.5 0 0 0 2 14.7 46.2 

168.5 0 0 0 0 12 41 

176.5 0 0 0 0 18 40 

184.5 0 0 0 0 9 41 

192.5 0 0 0 1 12.1666667 58.4 

200.5 1 0 0 0 10 53 

208.5 0 0 0 0 21.6666667 36.833333 

216.5 1 0 0 0 22.5333333 48.533333 

224.5 0 0 0 0 9.16666667 40.333333 

232.5 0 0 0 1 43.7 45.6 

240.5 0 0 0 0 7 33.6 
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Depth Abies 

balsamea 

Picea 

glauca 

Picea 

mariana 

Picea 

undiff 

Pinus 

banksiana/resinosa 

Pinus 

strobus 

248.5 0 0 0 0 20.4 16.8 

256.5 0 0 0 0 5.33333333 25.6 

264.5 0 0 0 0 27.1333333 8.6333333 

272.5 0 0 0 0 9.33333333 28 

280.5 0 0 0 0 10.9333333 38.266667 

288.5 0 0 0 0 3 15 

296.5 0 0 0 0 6 14 

304.5 0 0 0 0 6.83333333 32.8 

312.5 0 0 0 0 79.5 7.0666667 

320.5 0 0 0 0 7.4 27.133333 

328.5 0 0 0 0 51.1333333 19.666667 

336.5 0 0 0 0 6.83333333 32.8 

344.5 0 0 0 0 34.4666667 26.633333 

352.5 0 0 0 0 9.8 35.933333 

360.5 0 0 0 0 14 18 

368.5 0 0 0 0 6.66666667 41.666667 

376.5 0 0 0 0 22 14 

384.5 0 0 0 0 14.7 31.033333 

392.5 0 0 0 0 15 10 

400.5 0 0 0 0 16 13 

408.5 0 0 0 0 20 12 

416.5 0 0 0 0 18.4 43.7 

424.5 0 0 0 1 49 39.2 

432.5 0 0 0 0 23.7 52.666667 

440.5 0 0 0 1 38.8666667 60.066667 

448.5 0 0 0 0 20.8 79.733333 

464.5 0 0 0 0 17.3333333 86.666667 

480.5 0 0 0 0 30.8 92.4 

496.5 0 0 0 0 16.2666667 93.533333 

512.5 0 0 0 0 17.6 105.6 

528.5 1 0 0 11 17.6666667 81.266667 
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Depth Pinus 

undiff 

Acer 

negundo 

Acer 

pennsylvanicum 

Acer 

rubrum 

Acer 

saccharinum 

Acer 

saccharum 

4.5 11 2 0 0 0 8 

8.5 4 0 0 0 0 9 

12.5 12 0 0 0 0 5 

16.5 7 0 0 0 0 10 

24.5 8 0 0 0 0 9 

32.5 26 1 0 4 0 17 

40.5 19 0 0 2 0 12 

48.5 14 0 0 1 0 14 

56.5 10 0 0 0 0 17 

64.5 11 1 0 2 0 20 

72.5 6 1 0 0 0 15 

80.5 26 4 0 1 0 13 

88.5 9 0 0 1 0 16 

96.5 21 3 0 0 0 13 

104.5 5 0 0 0 0 22 

112.5 25 0 0 3 0 21 

120.5 4 0 0 3 0 23 

128.5 4 8 0 4 0 28 

136.5 6 0 0 2 0 31 

144.5 3.266667 7 0 0 0 29 

152.5 5 0 0 0 0 17 

160.5 2.1 2 0 1 0 14 

168.5 5 0 0 1 0 20 

176.5 2 4 0 1 0 17 

184.5 6 0 0 0 0 25 

192.5 2.433333 4 0 2 0 24 

200.5 14 0 0 0 0 23 

208.5 6.5 0 0 1 0 17 

216.5 19.06667 0 0 1 0 26 

224.5 5.5 0 0 0 0 20 

232.5 19 1 0 0 0 26 

240.5 1.4 1 0 0 0 25 
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Depth Pinus undiff Acer 

negundo 

Acer 

pennsylvanicum 

Acer 

rubrum 

Acer 

saccharinum 

Acer 

saccharum 

248.5 6 0 0 1 0 26 

256.5 1.06666667 0 0 1 0 21 

264.5 9.86666667 1 0 3 0 33 

272.5 2.66666667 0 0 3 0 13 

280.5 6.83333333 0 0 0 0 26 

288.5 2 1 0 3 0 33 

296.5 10 2 0 2 0 23 

304.5 1.36666667 0 0 3 0 25 

312.5 7.06666667 0 0 1 0 18 

320.5 2.46666667 1 0 2 0 22 

328.5 45.2333333 0 0 0 0 24 

336.5 1.36666667 0 0 3 0 15 

344.5 12.5333333 2 0 1 0 29 

352.5 3.26666667 1 0 0 0 12 

360.5 15 2 0 1 0 12 

368.5 1.66666667 0 0 1 0 15 

376.5 14 0 0 1 0 11 

384.5 3.26666667 1 0 2 0 10 

392.5 26 0 0 1 0 19 

400.5 1 3 0 1 0 14 

408.5 12 2 0 1 0 21 

416.5 6.9 0 0 0 0 9 

424.5 9.8 0 0 1 0 6 

432.5 2.63333333 0 0 3 0 9 

440.5 7.06666667 0 0 0 0 5 

448.5 3.46666667 0 0 0 0 9 

464.5 0 0 0 1 0 8 

480.5 8.8 0 0 0 0 0 

496.5 12.2 0 0 0 0 0 

512.5 8.8 0 0 0 0 1 

528.5 7.06666667 0 0 0 0 2 
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Depth Acer 

undiff 

Alnus Betula Carya Castanea Celtis 

4.5 0 2 23 1 0 1 

8.5 0 0 13 1 0 0 

12.5 0 2 22 6 0 1 

16.5 0 2 20 1 0 0 

24.5 0 7 20 1 0 1 

32.5 0 1 29 0 0 0 

40.5 0 7 25 2 0 0 

48.5 0 2 33 1 0 0 

56.5 0 6 26 2 0 0 

64.5 0 3 30 2 0 1 

72.5 0 2 24 0 0 0 

80.5 0 5 21 0 0 1 

88.5 0 1 17 2 0 0 

96.5 0 6 29 1 0 1 

104.5 0 1 18 0 0 0 

112.5 2 2 17 3 0 0 

120.5 0 1 13 3 0 0 

128.5 0 3 15 1 0 0 

136.5 0 2 16 3 0 0 

144.5 0 2 17 0 0 0 

152.5 0 6 24 2 0 1 

160.5 0 3 10 0 0 1 

168.5 0 4 13 2 0 0 

176.5 1 6 11 1 0 1 

184.5 0 2 5 1 0 1 

192.5 1 3 10 2 0 2 

200.5 0 2 5 1 0 0 

208.5 1 1 8 1 0 0 

216.5 0 3 9 4 0 1 

224.5 0 3 8 4 0 0 

232.5 0 4 4 3 0 0 

240.5 0 1 5 2 0 0 
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Depth Acer 

undiff 

Alnus Betula Carya Castanea Celtis 

248.5 0 3 6 1 0 0 

256.5 0 1 11 3 0 1 

264.5 0 4 7 1 0 1 

272.5 0 3 12 0 0 0 

280.5 0 0 18 0 0 0 

288.5 0 6 12 1 0 0 

296.5 0 0 17 1 0 0 

304.5 0 1 10 2 0 0 

312.5 0 3 12 1 0 0 

320.5 0 2 4 1 0 0 

328.5 0 2 11 3 0 1 

336.5 0 2 1 1 0 0 

344.5 0 1 3 0 0 1 

352.5 0 0 5 2 0 0 

360.5 0 1 1 1 0 0 

368.5 0 1 2 0 0 0 

376.5 0 3 2 0 0 0 

384.5 0 3 4 2 0 0 

392.5 0 1 2 2 0 2 

400.5 0 0 5 2 0 1 

408.5 0 5 6 1 0 0 

416.5 0 0 3 1 0 0 

424.5 0 5 3 0 0 1 

432.5 0 5 5 2 0 3 

440.5 0 1 12 4 0 3 

448.5 0 5 46 2 0 2 

464.5 0 1 12 6 0 0 

480.5 0 7 14 4 0 0 

496.5 0 1 18 5 0 0 

512.5 0 1 25 4 0 1 

528.5 0 1 12 6 0 1 

 

 

 

 



 

 

93 

 

 

Depth Cornus Corylus Cupressaceae/Taxaceae Fagus 

grandifolia 

Fraxinus 

americanum 

Fraxinus 

nigra 

4.5 0 2 2 11 1 0 

8.5 0 0 0 26 1 2 

12.5 0 2 1 24 0 4 

16.5 0 0 2 26 0 8 

24.5 0 1 2 25 0 6 

32.5 0 1 0 56 3 9 

40.5 0 0 1 71 3 4 

48.5 0 0 0 43 0 5 

56.5 0 1 0 68 3 15 

64.5 0 0 0 58 2 5 

72.5 0 0 1 83 2 5 

80.5 0 1 0 53 4 8 

88.5 0 2 1 33 5 8 

96.5 0 1 0 37 1 6 

104.5 0 0 0 49 1 13 

112.5 0 1 0 42 5 16 

120.5 0 0 2 64 0 8 

128.5 0 0 0 64 3 5 

136.5 0 0 1 52 7 6 

144.5 0 2 3 73 1 4 

152.5 0 0 0 67 7 3 

160.5 0 1 1 59 4 12 

168.5 0 1 0 66 3 8 

176.5 0 0 0 66 8 12 

184.5 0 3 1 47 14 3 

192.5 0 0 0 51 6 9 

200.5 0 0 1 47 6 5 

208.5 0 2 0 40 1 12 

216.5 0 0 0 49 9 6 

224.5 0 1 1 43 6 12 

232.5 0 0 1 61 7 7 

240.5 0 0 0 62 4 5 

 

 

 

 



 

 

94 

 

 

Depth Cornus Corylus Cupressaceae/Taxaceae Fagus 

grandifolia 

Fraxinus 

americanum 

Fraxinus 

nigra 

248.5 0 1 1 64 12 11 

256.5 0 0 0 68 4 8 

264.5 0 1 0 68 7 5 

272.5 0 2 1 64 5 5 

280.5 0 1 0 66 14 5 

288.5 0 4 1 54 7 8 

296.5 0 1 1 60 5 5 

304.5 0 0 0 69 10 0 

312.5 0 1 3 73 5 5 

320.5 0 0 2 50 9 5 

328.5 0 2 1 65 1 8 

336.5 0 0 1 98 12 7 

344.5 0 2 2 72 2 7 

352.5 0 0 1 72 10 7 

360.5 0 0 0 90 1 2 

368.5 0 0 0 54 2 3 

376.5 0 0 0 50 5 7 

384.5 0 0 0 71 2 4 

392.5 0 0 1 42 3 10 

400.5 0 0 0 47 5 1 

408.5 0 0 2 80 5 7 

416.5 0 1 0 2 3 2 

424.5 0 3 1 2 0 1 

432.5 0 1 1 0 2 5 

440.5 0 3 1 0 0 4 

448.5 0 1 0 0 1 1 

464.5 0 2 0 0 0 8 

480.5 0 3 0 0 1 4 

496.5 0 1 22 0 0 10 

512.5 0 2 5 0 0 4 

528.5 0 5 0 0 2 3 

 

 

 

 

 



 

 

95 

 

 

Depth Ilex Juglans 

cinerea 

Juglans nigra Larix Morus Myrica 

4.5 1 0 0 0 0 0 

8.5 0 0 0 0 0 0 

12.5 0 0 0 0 0 0 

16.5 0 1 0 0 0 0 

24.5 0 1 0 0 0 0 

32.5 1 0 0 0 0 0 

40.5 0 0 0 0 0 0 

48.5 0 1 0 0 0 0 

56.5 0 0 1 0 0 0 

64.5 0 1 0 1 0 0 

72.5 0 1 0 0 0 0 

80.5 0 0 0 0 0 0 

88.5 0 0 0 0 0 0 

96.5 0 0 0 0 0 0 

104.5 0 0 0 0 0 0 

112.5 1 0 0 0 0 0 

120.5 0 0 0 0 0 0 

128.5 0 0 0 1 0 0 

136.5 0 0 0 0 0 0 

144.5 0 0 0 0 0 0 

152.5 0 0 0 0 0 0 

160.5 0 1 0 0 0 0 

168.5 0 0 0 0 0 0 

176.5 0 0 0 0 0 0 

184.5 0 0 1 0 0 0 

192.5 0 1 2 0 0 0 

200.5 0 2 0 0 0 0 

208.5 0 0 1 0 0 0 

216.5 0 0 0 0 0 0 

224.5 0 0 0 0 0 0 

232.5 0 0 0 0 0 0 

240.5 0 1 1 0 0 0 

 



 

 

96 

 

 

Depth Ilex Juglans 

cinerea 

Juglans 

nigra 

Larix Morus Myrica 

248.5 0 0 0 0 0 0 

256.5 0 0 0 0 0 0 

264.5 0 1 0 0 0 0 

272.5 0 0 1 0 0 0 

280.5 0 0 0 0 0 0 

288.5 0 1 0 0 0 0 

296.5 0 1 0 0 0 0 

304.5 0 1 0 0 0 0 

312.5 0 0 0 0 0 0 

320.5 0 0 0 1 0 0 

328.5 0 0 0 0 0 0 

336.5 0 2 0 1 0 0 

344.5 0 0 0 0 0 0 

352.5 0 0 0 0 0 0 

360.5 0 1 0 0 0 0 

368.5 0 0 0 0 0 0 

376.5 0 1 0 0 0 0 

384.5 0 0 0 0 0 0 

392.5 0 0 0 0 0 0 

400.5 0 0 0 0 0 0 

408.5 0 0 0 0 0 0 

416.5 0 1 0 0 0 0 

424.5 0 3 0 0 0 0 

432.5 0 0 0 0 0 0 

440.5 0 1 0 0 0 0 

448.5 0 0 0 0 0 0 

464.5 0 0 0 3 0 0 

480.5 0 1 0 0 0 0 

496.5 0 0 0 2 0 0 

512.5 0 1 0 0 0 0 

528.5 0 4 0 0 0 0 

 

 

 

 

 

 



 

 

97 

 

 

Depth Nyssa Ostrya/Carpinus Platanus Populus Quercus Rhamnus 

4.5 1 7 0 0 37 0 

8.5 0 1 1 0 34 0 

12.5 1 3 2 0 60 0 

16.5 1 3 0 1 45 0 

24.5 0 2 2 0 52 0 

32.5 5 3 0 0 47 0 

40.5 2 1 2 1 13 0 

48.5 0 6 0 1 50 0 

56.5 1 5 3 0 28 0 

64.5 0 5 2 0 28 0 

72.5 1 5 1 2 43 0 

80.5 0 9 0 0 41 0 

88.5 0 3 1 0 74 0 

96.5 1 9 0 5 88 0 

104.5 0 6 1 2 67 0 

112.5 1 11 0 0 55 0 

120.5 0 7 1 0 53 0 

128.5 1 4 2 0 47 0 

136.5 0 9 3 2 54 0 

144.5 2 20 0 0 46 0 

152.5 0 8 2 2 49 0 

160.5 1 5 4 0 63 0 

168.5 2 8 2 0 57 0 

176.5 0 10 7 0 47 0 

184.5 1 13 3 1 71 0 

192.5 0 3 3 0 47 0 

200.5 1 8 2 2 74 0 

208.5 0 9 1 0 84 0 

216.5 0 2 2 3 79 0 

224.5 2 5 1 1 84 0 

232.5 0 7 2 0 72 0 

240.5 1 9 5 0 85 0 

 

 

 

 

 

 



 

 

98 

 

 

Depth Nyssa Ostrya/Carpinus Platanus Populus Quercus Rhamnus 

248.5 0 12 2 3 67 0 

256.5 1 6 2 0 78 0 

264.5 2 10 5 2 64 0 

272.5 3 13 3 0 67 0 

280.5 0 13 2 0 66 0 

288.5 3 9 2 0 65 0 

296.5 0 14 5 3 74 0 

304.5 2 9 3 0 66 0 

312.5 0 5 1 1 46 0 

320.5 2 7 5 0 95 0 

328.5 0 5 0 0 56 0 

336.5 4 4 2 2 47 0 

344.5 1 7 1 0 54 0 

352.5 0 6 8 1 34 0 

360.5 0 3 0 0 58 0 

368.5 1 5 2 0 54 0 

376.5 2 5 3 0 63 0 

384.5 0 3 3 0 54 0 

392.5 0 10 4 0 42 0 

400.5 1 7 6 0 57 0 

408.5 1 6 2 0 56 0 

416.5 1 31 0 0 100 0 

424.5 0 37 3 0 90 0 

432.5 0 36 2 0 98 0 

440.5 0 17 0 1 99 0 

448.5 0 14 0 0 68 0 

464.5 0 10 0 0 77 0 

480.5 0 10 0 2 62 0 

496.5 0 7 0 3 60 0 

512.5 0 10 3 2 51 0 

528.5 0 13 0 1 65 0 

 

 

 

 

 

 

 



 

 

99 

 

 

Depth Rhus glabra Salix Sambucus Tilia Tsuga Ulmus 

4.5 0 2 0 0 13 12 

8.5 0 0 0 1 54 16 

12.5 0 0 0 0 43 9 

16.5 0 0 0 1 26 19 

24.5 0 0 0 1 37 20 

32.5 0 2 0 3 25 20 

40.5 0 0 0 1 58 13 

48.5 0 0 0 0 41 12 

56.5 0 1 0 0 49 12 

64.5 0 2 0 1 48 17 

72.5 0 0 0 0 38 17 

80.5 0 0 0 0 42 13 

88.5 0 0 0 2 27 14 

96.5 0 1 0 0 17 17 

104.5 0 1 0 3 21 21 

112.5 0 2 0 2 33 25 

120.5 0 1 0 2 31 20 

128.5 0 3 0 6 19 16 

136.5 0 1 0 4 22 26 

144.5 0 0 0 4 14 18 

152.5 0 1 0 1 21 23 

160.5 0 0 0 8 10 29 

168.5 0 1 0 1 14 26 

176.5 0 0 0 1 11 25 

184.5 0 0 0 3 13 26 

192.5 0 0 0 5 13 26 

200.5 0 1 0 4 12 19 

208.5 0 0 0 3 17 22 

216.5 0 1 0 4 19 18 

224.5 0 1 0 5 18 13 

232.5 0 4 0 5 5 24 

240.5 0 1 0 3 10 21 

 

 

 

 

 



 

 

100 

 

 

 

Depth Rhus glabra Salix Sambucus Tilia Tsuga Ulmus 

248.5 0 0 0 2 12 29 

256.5 0 2 0 4 9 29 

264.5 0 1 0 5 6 23 

272.5 0 4 0 5 5 34 

280.5 0 2 0 4 6 25 

288.5 0 1 0 1 8 28 

296.5 0 0 0 3 5 29 

304.5 0 1 0 4 7 31 

312.5 0 2 0 2 9 41 

320.5 0 3 0 7 7 19 

328.5 0 2 0 9 16 26 

336.5 0 1 0 5 10 27 

344.5 0 1 0 8 20 30 

352.5 0 0 0 1 57 22 

360.5 0 0 0 5 51 14 

368.5 0 1 0 2 70 22 

376.5 0 2 0 5 53 20 

384.5 0 2 0 6 42 31 

392.5 0 2 0 0 62 32 

400.5 0 0 0 3 67 38 

408.5 0 0 0 3 17 22 

416.5 0 2 0 2 29 31 

424.5 0 1 0 2 1 24 

432.5 0 1 0 7 0 24 

440.5 0 0 0 1 0 21 

448.5 0 1 0 1 0 26 

464.5 0 1 0 0 0 27 

480.5 0 2 0 1 0 34 

496.5 0 4 0 0 0 30 

512.5 0 2 0 2 0 40 

528.5 0 0 0 0 0 45 

 

 

 

 

 



 

 

101 

 

 

Depth Liquidamb

er 

Plantago Alistmatace

ae sagittaria 

Amaranthace

ae salsola 

Amaranthace

ae sarcobatus 

Amaranthace

ae undiff 

4.5 0 0 0 0 0 3 

8.5 0 0 0 0 0 0 

12.5 0 0 0 0 0 0 

16.5 0 0 0 0 0 0 

24.5 0 0 0 0 0 0 

32.5 2 0 0 0 0 0 

40.5 0 0 0 0 0 2 

48.5 0 0 0 0 0 1 

56.5 0 0 0 0 0 0 

64.5 0 0 0 0 0 1 

72.5 0 0 0 0 0 0 

80.5 0 0 0 3 0 0 

88.5 0 0 0 0 0 1 

96.5 0 0 0 1 0 1 

104.5 0 0 0 0 0 0 

112.5 0 1 0 1 0 0 

120.5 1 0 0 0 0 0 

128.5 0 0 0 0 0 1 

136.5 1 0 0 0 0 2 

144.5 0 0 0 0 0 0 

152.5 0 0 0 0 0 1 

160.5 0 0 0 0 0 0 

168.5 0 0 0 0 0 0 

176.5 0 0 0 0 0 0 

184.5 1 0 0 0 0 0 

192.5 1 0 0 0 0 1 

200.5 0 0 0 0 0 0 

208.5 0 0 0 0 0 3 

216.5 0 0 0 0 0 4 

224.5 2 0 0 0 0 1 

232.5 0 0 0 0 0 0 

240.5 0 0 0 0 0 0 

 

 

 

 

 



 

 

102 

 

 

Depth Liquidamb

er 

Plantago Alistmatace

ae sagittaria 

Amaranthace

ae salsola 

Amaranthace

ae sarcobatus 

Amaranthace

ae undiff 

248.5 0 0 0 0 0 0 

256.5 0 0 0 0 0 2 

264.5 1 0 0 0 0 1 

272.5 0 0 0 0 0 2 

280.5 1 0 0 0 0 1 

288.5 0 1 0 0 0 2 

296.5 0 0 0 0 0 1 

304.5 0 0 0 0 0 0 

312.5 0 0 0 0 0 1 

320.5 0 0 0 0 0 0 

328.5 0 0 0 0 0 0 

336.5 0 0 0 0 0 1 

344.5 0 0 0 0 0 2 

352.5 0 0 0 0 0 1 

360.5 0 0 0 0 0 3 

368.5 1 0 0 0 0 0 

376.5 1 0 0 0 0 1 

384.5 0 1 0 0 0 1 

392.5 0 0 0 0 0 2 

400.5 0 1 0 0 0 0 

408.5 0 1 0 0 0 2 

416.5 0 1 0 0 0 1 

424.5 0 0 0 0 0 1 

432.5 0 0 0 0 0 2 

440.5 0 0 0 0 0 5 

448.5 0 1 0 0 0 1 

464.5 0 0 0 0 0 5 

480.5 0 0 0 0 0 1 

496.5 0 0 0 0 0 3 

512.5 0 0 0 0 0 0 

528.5 0 0 0 0 0 1 

 

 

 

 

 

 



 

 

103 

 

 

Depth Ambrosia 

sp. 

Asteraceae 

artemisia 

Asteraceae 

eupatorium 

Asteraceae 

iva 

Asteraceae 

xanthium 

Asteraceae 

undiff 

4.5 67 5 0 0 0 0 

8.5 2 0 0 0 0 0 

12.5 4 1 0 0 0 0 

16.5 3 1 0 0 0 0 

24.5 2 0 0 0 0 0 

32.5 7 4 0 0 0 0 

40.5 1 1 0 0 0 0 

48.5 5 3 0 0 0 0 

56.5 3 1 0 0 0 0 

64.5 2 7 0 0 0 0 

72.5 3 1 0 0 0 0 

80.5 3 2 0 0 0 0 

88.5 4 0 0 0 0 0 

96.5 2 1 0 0 0 0 

104.5 0 1 0 0 0 0 

112.5 3 0 0 0 0 0 

120.5 5 1 0 0 0 0 

128.5 5 1 0 0 0 0 

136.5 0 1 0 0 0 0 

144.5 4 2 0 0 0 0 

152.5 2 2 0 0 0 0 

160.5 1 0 0 0 0 0 

168.5 1 7 0 0 0 0 

176.5 2 0 0 0 0 0 

184.5 4 3 0 0 0 0 

192.5 1 2 0 0 0 0 

200.5 3 2 0 0 0 0 

208.5 1 2 0 0 0 0 

216.5 2 1 0 0 0 0 

224.5 3 3 0 0 0 0 

232.5 4 2 0 0 0 0 

240.5 4 4 0 0 0 0 

 

 

 

 

 



 

 

104 

 

 

Depth Ambrosia 

sp. 

Asteraceae 

artemisia 

Asteraceae 

eupatorium 

Asteraceae 

iva 

Asteraceae 

xanthium 

Asteraceae 

undiff 

248.5 5 2 0 0 0 0 

256.5 6 4 0 0 0 0 

264.5 2 3 0 0 0 0 

272.5 6 2 0 0 0 0 

280.5 2 2 0 0 0 0 

288.5 6 1 0 0 0 0 

296.5 4 4 0 0 0 0 

304.5 4 2 0 1 0 0 

312.5 4 6 0 0 0 0 

320.5 6 3 0 0 0 0 

328.5 2 3 0 0 0 0 

336.5 5 1 0 0 0 0 

344.5 2 1 0 0 0 0 

352.5 4 4 0 0 0 0 

360.5 3 2 0 0 0 0 

368.5 6 4 0 0 0 0 

376.5 6 5 0 0 0 0 

384.5 3 1 0 0 0 0 

392.5 5 1 0 0 0 0 

400.5 7 2 0 0 0 0 

408.5 3 6 0 0 0 0 

416.5 8 0 0 0 0 0 

424.5 9 3 0 0 0 0 

432.5 8 2 0 0 0 0 

440.5 3 5 0 0 0 0 

448.5 12 1 0 0 0 0 

464.5 19 11 0 0 0 0 

480.5 8 5 0 0 0 0 

496.5 2 5 0 0 0 0 

512.5 7 5 0 0 0 0 

528.5 3 8 0 0 0 0 

 

 

 

 

 

 



 

 

105 

 

 

Depth Balsaminac

eae 

Brassicace

ae 

Campanulac

eae 

Cannabace

ae 

Commenlinac

eae 

Cyperace

ae 

4.5 0 0 0 0 0 0 

8.5 0 0 0 0 0 0 

12.5 0 0 0 0 0 0 

16.5 0 0 0 0 0 0 

24.5 0 0 0 0 0 0 

32.5 0 0 0 0 0 0 

40.5 0 0 0 0 0 0 

48.5 0 0 0 0 0 0 

56.5 0 0 0 0 0 0 

64.5 0 0 0 0 0 0 

72.5 0 0 0 0 0 0 

80.5 0 0 0 0 0 0 

88.5 0 0 0 0 0 0 

96.5 0 0 0 0 0 0 

104.5 0 0 0 0 0 0 

112.5 0 0 0 0 0 0 

120.5 0 0 0 0 0 0 

128.5 0 0 0 0 0 0 

136.5 0 0 0 0 0 0 

144.5 0 0 0 0 0 0 

152.5 0 0 0 0 0 0 

160.5 0 0 0 0 0 0 

168.5 0 0 0 0 0 0 

176.5 0 0 0 0 0 0 

184.5 0 0 0 0 0 0 

192.5 0 0 0 0 0 0 

200.5 0 0 0 0 0 0 

208.5 0 0 0 0 0 0 

216.5 0 0 0 0 0 0 

224.5 0 0 0 0 0 0 

232.5 0 0 0 0 0 0 

240.5 0 0 0 0 0 0 

 

 

 

 

 



 

 

106 

 

 

Depth Balsaminac

eae 

Brassicace

ae 

Campanulac

eae 

Cannabace

ae 

Commenlinac

eae 

Cyperace

ae 

248.5 0 0 0 0 0 0 

256.5 0 0 0 0 0 0 

264.5 0 0 0 0 0 0 

272.5 0 0 0 0 0 1 

280.5 0 0 0 0 0 0 

288.5 0 0 0 0 0 1 

296.5 0 0 0 0 0 0 

304.5 0 0 0 0 0 0 

312.5 0 0 0 0 0 0 

320.5 0 0 0 0 0 0 

328.5 0 0 0 0 0 0 

336.5 0 0 0 0 0 0 

344.5 0 0 0 0 0 0 

352.5 0 0 0 0 0 0 

360.5 0 0 0 0 0 0 

368.5 0 0 0 0 0 0 

376.5 0 0 0 0 0 0 

384.5 0 0 0 0 0 0 

392.5 0 0 0 0 0 0 

400.5 0 0 0 0 0 0 

408.5 0 0 0 0 0 0 

416.5 0 0 0 0 0 0 

424.5 0 0 0 0 0 0 

432.5 0 0 0 0 0 0 

440.5 0 0 0 0 0 0 

448.5 0 0 0 0 0 0 

464.5 0 0 0 0 0 0 

480.5 0 0 0 0 0 0 

496.5 0 0 0 0 0 0 

512.5 0 0 0 0 0 0 

528.5 0 0 0 0 0 0 

 

 

 

 

 

 



 

 

107 

 

 

Depth Eleaegnacea

e shepherdia 

Ericaceae Fabaceae Lamiaceae 

mentha 

Lamiaceae 

stachys 

Oxalidacea

e 

4.5 0 0 0 0 0 0 

8.5 0 0 0 0 0 0 

12.5 0 0 0 0 0 0 

16.5 0 0 0 0 0 0 

24.5 0 0 0 0 0 0 

32.5 0 0 0 0 0 0 

40.5 0 0 0 0 0 0 

48.5 0 0 0 0 0 0 

56.5 0 0 0 0 0 0 

64.5 0 0 0 0 0 0 

72.5 0 0 0 0 0 0 

80.5 0 0 0 0 0 0 

88.5 0 0 0 0 0 0 

96.5 0 0 0 0 0 0 

104.5 0 0 0 0 0 0 

112.5 0 0 0 0 0 0 

120.5 0 0 0 1 0 0 

128.5 0 0 0 0 0 0 

136.5 0 0 0 0 0 0 

144.5 0 0 0 0 0 0 

152.5 0 0 0 1 0 0 

160.5 0 0 0 0 0 0 

168.5 0 0 0 0 0 0 

176.5 0 0 0 0 0 0 

184.5 0 0 0 0 0 0 

192.5 0 0 0 0 0 0 

200.5 0 0 0 0 0 0 

208.5 0 0 0 0 0 0 

216.5 0 0 0 0 0 0 

224.5 0 0 0 0 0 0 

232.5 0 0 0 0 0 0 

240.5 0 0 0 0 0 0 

 

 

 

 

 



 

 

108 

 

 

Depth Eleaegnacea

e shepherdia 

Ericaceae Fabaceae Lamiaceae 

mentha 

Lamiaceae 

stachys 

Oxalidacea

e 

248.5 0 0 0 0 0 0 

256.5 0 0 0 0 0 0 

264.5 0 0 0 0 0 0 

272.5 0 0 0 0 0 0 

280.5 0 0 0 0 0 0 

288.5 0 0 0 0 1 0 

296.5 0 0 0 0 0 0 

304.5 0 0 0 0 0 0 

312.5 0 0 0 0 0 0 

320.5 0 0 0 0 0 0 

328.5 0 0 0 0 0 0 

336.5 0 0 0 0 0 0 

344.5 0 0 0 0 0 0 

352.5 0 0 0 0 0 0 

360.5 0 0 0 0 0 0 

368.5 0 0 0 0 0 0 

376.5 0 0 0 0 0 0 

384.5 0 0 0 0 0 0 

392.5 0 0 0 0 0 0 

400.5 0 0 0 0 0 0 

408.5 0 0 0 0 0 0 

416.5 0 0 0 0 0 0 

424.5 0 0 0 0 0 0 

432.5 0 0 0 0 0 0 

440.5 0 0 0 0 0 0 

448.5 0 0 0 0 0 0 

464.5 0 0 0 0 0 0 

480.5 0 0 0 0 0 0 

496.5 0 0 0 0 0 0 

512.5 0 0 0 0 0 0 

528.5 0 0 0 0 0 0 

 

 

 

 

 

 



 

 

109 

 

 

Depth Plantaginace

ae hippuris 

Plantaginace

ae plantago 

Poaceae Polygonace

ae rumex 

Polygonace

ae undiff 

Ranunculace

ae thalictrum 

4.5 0 0 6 0 0 0 

8.5 0 0 3 0 0 0 

12.5 0 0 0 0 0 0 

16.5 0 0 1 0 0 0 

24.5 0 0 1 0 0 0 

32.5 0 0 0 0 0 0 

40.5 0 0 0 0 0 0 

48.5 0 0 1 0 0 0 

56.5 0 0 0 0 0 0 

64.5 0 0 3 0 0 0 

72.5 0 0 0 0 0 0 

80.5 0 0 0 0 0 0 

88.5 0 0 0 0 0 0 

96.5 0 0 0 0 0 0 

104.5 0 0 2 0 0 0 

112.5 0 0 0 0 0 0 

120.5 0 0 3 0 0 0 

128.5 0 0 0 0 0 0 

136.5 0 0 4 0 0 0 

144.5 0 0 0 0 0 0 

152.5 0 0 1 0 0 0 

160.5 0 0 1 0 0 0 

168.5 0 0 3 0 0 0 

176.5 0 0 0 0 0 0 

184.5 0 0 0 0 0 0 

192.5 0 0 0 0 0 0 

200.5 0 0 0 0 0 0 

208.5 0 0 1 0 0 0 

216.5 0 0 1 0 0 0 

224.5 0 0 0 0 0 0 

232.5 0 0 1 0 0 0 

240.5 0 0 2 0 0 0 

 

 

 

 

 



 

 

110 

 

 

Depth Plantaginace

ae hippuris 

Plantaginace

ae plantago 

Poaceae Polygonace

ae rumex 

Polygonace

ae undiff 

Ranunculace

ae thalictrum 

248.5 0 0 1 0 0 0 

256.5 0 0 1 0 0 0 

264.5 0 0 1 0 0 0 

272.5 0 0 2 0 0 0 

280.5 0 0 3 0 0 0 

288.5 0 0 2 0 0 0 

296.5 0 0 2 0 0 0 

304.5 0 0 1 0 0 0 

312.5 0 0 5 0 0 0 

320.5 0 0 5 0 0 0 

328.5 0 0 1 0 0 0 

336.5 0 0 4 0 0 0 

344.5 0 0 3 0 0 0 

352.5 0 0 0 0 0 0 

360.5 0 0 0 0 0 0 

368.5 0 0 0 0 0 0 

376.5 0 0 0 0 0 0 

384.5 0 0 2 0 0 0 

392.5 0 0 0 0 0 0 

400.5 0 0 0 0 0 0 

408.5 0 0 2 0 0 0 

416.5 0 0 1 0 0 0 

424.5 0 0 0 0 0 0 

432.5 0 0 0 0 0 0 

440.5 0 0 0 0 0 0 

448.5 0 0 0 0 0 0 

464.5 0 0 2 0 0 0 

480.5 0 0 6 0 0 0 

496.5 0 0 0 0 0 0 

512.5 0 0 0 0 0 0 

528.5 0 0 7 0 0 0 

 

 

 

 

 

 



 

 

111 

 

 

Depth Ranunculacea

e undiff 

Rosaceae 

geum 

Rosaceae 

potentilla 

Rosaceae 

undiff 

Rubiaceae 

cephalanthu

s 

Rubiaceae 

galium 

4.5 0 0 0 0 0 0 

8.5 0 0 0 0 0 0 

12.5 0 0 0 0 0 0 

16.5 0 0 0 0 0 0 

24.5 0 0 0 0 0 0 

32.5 0 0 0 0 0 0 

40.5 0 0 0 0 0 0 

48.5 0 0 0 0 0 0 

56.5 0 0 0 0 0 0 

64.5 0 0 0 0 0 0 

72.5 0 0 0 0 0 0 

80.5 0 0 0 0 0 0 

88.5 0 0 0 0 0 0 

96.5 0 0 0 0 0 0 

104.5 0 0 0 0 0 0 

112.5 0 0 0 0 0 0 

120.5 0 0 0 0 0 0 

128.5 0 0 0 0 0 0 

136.5 0 0 0 0 0 0 

144.5 0 0 0 0 0 0 

152.5 0 0 0 0 0 0 

160.5 0 0 0 0 0 0 

168.5 0 0 0 0 0 0 

176.5 0 0 0 0 0 0 

184.5 0 0 0 0 0 0 

192.5 0 0 0 0 0 0 

200.5 0 0 0 0 0 0 

208.5 0 0 0 0 0 0 

216.5 0 0 0 0 0 0 

224.5 0 0 0 0 0 0 

232.5 0 0 0 0 0 0 

240.5 0 0 0 0 0 0 

 

 

 

 



 

 

112 

 

 

Depth Ranunculacea

e undiff 

Rosaceae 

geum 

Rosaceae 

potentilla 

Rosaceae 

undiff 

Rubiaceae 

cephalanthu

s 

Rubiaceae 

galium 

248.5 0 0 0 0 0 0 

256.5 0 0 0 0 0 0 

264.5 0 0 0 0 0 0 

272.5 0 0 0 0 0 0 

280.5 0 0 0 0 0 0 

288.5 0 0 0 0 0 0 

296.5 0 0 0 0 0 0 

304.5 0 0 0 0 0 0 

312.5 0 0 0 0 0 0 

320.5 0 0 0 0 0 0 

328.5 0 0 0 0 0 0 

336.5 0 0 0 0 0 0 

344.5 0 0 0 0 0 0 

352.5 0 0 0 0 0 0 

360.5 0 0 0 0 0 0 

368.5 0 0 0 0 0 0 

376.5 0 0 0 0 0 0 

384.5 0 0 0 0 0 0 

392.5 0 0 0 0 0 0 

400.5 0 0 0 0 0 0 

408.5 0 0 0 0 0 0 

416.5 0 0 0 0 0 0 

424.5 0 0 0 0 0 0 

432.5 0 0 0 0 0 0 

440.5 0 0 0 0 0 0 

448.5 0 0 0 0 0 0 

464.5 0 0 0 0 0 0 

480.5 0 0 0 0 0 0 

496.5 0 0 0 0 0 0 

512.5 0 0 0 0 0 0 

528.5 0 0 0 0 0 0 

 

 

 

 

 



 

 

113 

 

 

Depth Saxifragacea

e 

Typha Urticaceae Violaceae Vitaceae Pontederiacea

e nuphar 

4.5 0 0 0 0 0 0 

8.5 0 0 0 0 0 0 

12.5 0 1 0 0 0 0 

16.5 0 0 0 0 0 0 

24.5 0 0 0 0 0 0 

32.5 0 0 0 0 0 0 

40.5 0 0 0 0 0 0 

48.5 0 0 0 0 0 0 

56.5 0 0 0 0 0 0 

64.5 0 0 0 0 0 0 

72.5 0 0 0 0 0 0 

80.5 0 0 0 0 0 0 

88.5 0 0 0 0 0 0 

96.5 0 0 0 0 0 1 

104.5 0 0 0 0 0 0 

112.5 0 0 0 0 0 0 

120.5 0 0 0 0 0 0 

128.5 0 1 0 0 0 0 

136.5 0 0 0 0 0 0 

144.5 0 0 0 0 0 0 

152.5 0 0 0 0 0 0 

160.5 0 0 0 0 0 0 

168.5 0 0 0 0 0 0 

176.5 0 0 0 0 0 0 

184.5 0 0 0 0 0 0 

192.5 0 1 0 0 0 0 

200.5 0 0 0 0 0 0 

208.5 0 0 0 0 0 0 

216.5 0 0 0 0 0 0 

224.5 0 0 0 0 0 0 

232.5 0 1 0 0 0 0 

240.5 0 1 0 0 0 0 
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Depth Saxifragacea

e 

Typha Urticaceae Violaceae Vitaceae Pontederiacea

e nuphar 

248.5 0 0 0 0 0 0 

256.5 0 1 0 0 0 0 

264.5 0 0 0 0 0 0 

272.5 0 0 0 0 0 0 

280.5 0 1 0 0 0 0 

288.5 0 0 0 0 0 0 

296.5 0 1 0 0 0 0 

304.5 0 0 0 0 0 0 

312.5 0 0 0 0 0 0 

320.5 0 1 0 0 0 0 

328.5 0 0 0 0 0 0 

336.5 0 0 0 0 0 0 

344.5 0 0 0 0 0 0 

352.5 0 2 0 0 0 0 

360.5 0 1 0 0 0 0 

368.5 0 0 0 0 0 0 

376.5 0 0 0 0 0 0 

384.5 0 0 0 0 0 0 

392.5 0 0 0 0 0 0 

400.5 0 0 0 0 0 0 

408.5 0 0 0 0 0 0 

416.5 0 0 0 0 0 0 

424.5 0 0 0 0 0 0 

432.5 0 0 0 0 0 0 

440.5 0 0 0 0 0 0 

448.5 0 0 0 0 0 0 

464.5 0 0 0 0 0 0 

480.5 0 0 0 0 0 0 

496.5 0 0 0 0 0 0 

512.5 0 0 0 0 0 0 

528.5 0 0 0 0 0 0 
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Depth Pontederiace

ae nymphaea 

Pontederiace

ae typha 

Pontederiace

ae equisetum 

Ribes 

americanu

m 

botrychiu

m 

drypoteri

s 

4.5 0 0 1 0 0 0 

8.5 0 0 0 0 0 0 

12.5 0 0 0 0 0 0 

16.5 0 0 0 0 0 0 

24.5 0 0 0 0 0 0 

32.5 0 0 0 0 0 0 

40.5 0 0 3 0 0 0 

48.5 0 0 0 0 0 0 

56.5 0 0 0 0 0 0 

64.5 0 0 0 0 0 0 

72.5 0 0 0 0 0 0 

80.5 0 0 0 0 0 0 

88.5 0 0 0 0 0 0 

96.5 1 0 0 0 0 0 

104.5 0 0 0 0 0 0 

112.5 0 0 0 0 0 0 

120.5 0 0 0 0 0 0 

128.5 0 0 0 0 0 0 

136.5 0 0 0 0 0 0 

144.5 0 0 0 0 0 1 

152.5 0 0 0 0 0 0 

160.5 0 0 0 0 0 0 

168.5 0 0 0 0 0 0 

176.5 0 0 0 0 0 0 

184.5 0 0 0 0 0 0 

192.5 0 0 0 0 0 0 

200.5 0 0 0 0 0 0 

208.5 0 0 0 0 0 0 

216.5 0 0 0 0 0 0 

224.5 0 0 0 0 0 0 

232.5 0 0 0 0 0 0 

240.5 0 0 0 0 0 0 
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Depth Pontederiace

ae nymphaea 

Pontederiace

ae typha 

Pontederiace

ae equisetum 

Ribes 

americanu

m 

botrychiu

m 

drypoteri

s 

248.5 0 0 0 0 0 0 

256.5 0 0 0 0 0 0 

264.5 0 0 0 0 0 0 

272.5 0 0 0 0 0 0 

280.5 0 0 0 0 0 0 

288.5 0 0 0 0 0 0 

296.5 0 0 1 1 0 0 

304.5 0 0 0 0 0 0 

312.5 0 0 0 0 0 0 

320.5 0 0 0 0 0 0 

328.5 0 0 0 0 0 0 

336.5 0 0 0 0 0 0 

344.5 0 0 0 0 0 0 

352.5 0 0 0 0 0 0 

360.5 0 0 0 0 0 0 

368.5 0 0 0 0 0 0 

376.5 0 0 0 0 0 0 

384.5 0 0 0 0 0 0 

392.5 0 0 0 0 0 0 

400.5 0 0 0 0 0 0 

408.5 0 0 0 0 0 0 

416.5 0 0 0 0 0 0 

424.5 0 0 0 0 0 0 

432.5 0 0 0 0 0 0 

440.5 0 0 0 0 0 0 

448.5 0 0 0 0 0 0 

464.5 0 0 0 0 0 0 

480.5 0 0 0 0 0 0 

496.5 0 0 0 0 0 0 

512.5 0 0 1 0 0 0 

528.5 0 0 1 0 0 0 

 

 

 

 

 



 

 

117 

 

 

Depth isoetes osmunda polypodium pteridum fern undiff spore 

undiff 

4.5 0 0 0 0 0 0 

8.5 0 0 0 0 0 0 

12.5 0 0 0 0 0 0 

16.5 0 0 0 0 0 0 

24.5 0 0 0 0 0 0 

32.5 1 0 0 0 0 0 

40.5 0 0 0 0 0 0 

48.5 0 0 0 0 0 0 

56.5 0 0 0 0 0 0 

64.5 0 0 0 0 0 0 

72.5 0 0 0 0 0 0 

80.5 0 0 0 0 0 0 

88.5 0 0 0 0 0 0 

96.5 4 0 0 0 0 0 

104.5 0 0 0 0 0 0 

112.5 0 0 0 0 0 0 

120.5 0 0 0 0 0 0 

128.5 0 0 0 0 0 0 

136.5 0 0 0 0 0 0 

144.5 0 0 0 0 0 0 

152.5 0 0 0 0 0 0 

160.5 0 0 0 0 0 0 

168.5 0 0 0 0 0 0 

176.5 0 0 0 0 0 0 

184.5 0 0 0 0 0 0 

192.5 0 0 0 0 0 0 

200.5 0 0 0 0 0 0 

208.5 0 0 0 0 0 0 

216.5 0 0 0 0 0 0 

224.5 0 0 0 0 0 0 

232.5 0 0 0 0 0 0 

240.5 0 0 0 0 0 0 
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Depth isoetes osmunda polypodium pteridum fern undiff spore 

undiff 

248.5 0 0 0 0 0 0 

256.5 0 0 0 0 0 0 

264.5 0 0 0 0 0 0 

272.5 0 0 0 0 0 0 

280.5 0 0 0 0 0 0 

288.5 0 0 0 0 0 0 

296.5 0 0 0 0 0 0 

304.5 0 0 0 0 0 0 

312.5 0 0 0 0 0 0 

320.5 0 0 0 0 0 0 

328.5 0 0 0 0 0 0 

336.5 0 0 0 0 0 0 

344.5 0 0 0 0 0 0 

352.5 0 0 0 0 0 0 

360.5 0 0 0 0 0 0 

368.5 0 0 0 0 0 0 

376.5 0 0 0 0 0 0 

384.5 0 0 0 0 0 0 

392.5 0 0 0 0 0 0 

400.5 0 0 0 0 0 0 

408.5 0 0 0 0 0 0 

416.5 0 0 0 0 0 0 

424.5 0 0 0 0 0 0 

432.5 0 0 0 0 0 0 

440.5 0 0 0 0 0 0 

448.5 0 0 0 0 0 0 

464.5 0 0 0 0 0 0 

480.5 0 0 0 0 0 0 

496.5 0 0 0 0 0 0 

512.5 0 0 0 0 0 0 

528.5 0 0 0 0 0 0 
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Depth huperzia sphagnu

m 

nuphar Unidentifiab

le 

Unidentifiabl

e-crumpled 

Unidentifiabl

e-obsured 

4.5 0 0 0 9 1 0 

8.5 0 0 0 0 0 0 

12.5 0 0 0 0 1 0 

16.5 0 0 0 0 1 0 

24.5 0 0 0 0 2 0 

32.5 1 0 0 0 7 0 

40.5 0 0 0 0 1 0 

48.5 0 0 0 0 2 0 

56.5 0 0 0 0 2 0 

64.5 0 0 0 0 2 0 

72.5 0 0 0 0 1 0 

80.5 0 0 0 0 6 0 

88.5 0 0 0 0 2 0 

96.5 0 0 0 1 1 1 

104.5 0 0 0 0 1 0 

112.5 0 0 0 0 2 0 

120.5 0 0 0 0 1 0 

128.5 0 0 0 0 1 0 

136.5 0 0 0 0 3 0 

144.5 0 2 1 0 3 0 

152.5 0 0 0 0 0 0 

160.5 1 0 0 0 3 0 

168.5 0 0 0 0 2 0 

176.5 0 0 0 1 7 0 

184.5 0 0 0 0 1 0 

192.5 1 0 1 0 5 1 

200.5 0 0 0 0 2 0 

208.5 1 0 0 0 3 3 

216.5 0 0 0 0 3 0 

224.5 0 0 0 0 7 1 

232.5 0 0 0 0 1 0 

240.5 0 0 0 0 4 1 

 

 

 

 

 



 

 

120 

 

 

Depth huperzia sphagnu

m 

nuphar Unidentifiab

le 

Unidentifiabl

e-crumpled 

Unidentifiabl

e-obsured 

248.5 0 0 0 0 2 0 

256.5 0 0 0 0 2 1 

264.5 0 0 0 0 5 0 

272.5 0 0 0 0 2 1 

280.5 0 0 0 0 1 0 

288.5 0 0 0 1 6 1 

296.5 0 0 0 1 4 0 

304.5 0 0 0 0 6 0 

312.5 0 0 0 0 1 0 

320.5 0 0 0 0 3 0 

328.5 0 0 0 0 3 0 

336.5 0 0 0 0 2 0 

344.5 0 0 0 0 1 0 

352.5 0 0 0 0 1 0 

360.5 0 0 0 0 0 1 

368.5 0 0 0 0 3 0 

376.5 0 0 0 0 4 0 

384.5 0 0 0 0 3 0 

392.5 0 0 0 0 5 0 

400.5 0 0 0 0 2 0 

408.5 0 0 0 0 5 0 

416.5 0 0 0 0 1 0 

424.5 0 0 0 1 3 0 

432.5 0 0 0 0 3 0 

440.5 0 0 0 0 6 0 

448.5 0 0 0 0 4 0 

464.5 0 0 0 0 3 0 

480.5 0 0 0 0 2 1 

496.5 0 0 0 0 3 1 

512.5 0 0 0 0 1 0 

528.5 0 0 0 0 2 0 
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Depth Unidentifiable

-degraded 

Unknown Other Pinus spp. Acer spp. Fraxinus 

spp. 

4.5 0 0 0 82 10 1 

8.5 0 0 0 136 9 3 

12.5 0 0 0 108 5 4 

16.5 0 0 0 128 10 8 

24.5 0 0 0 107 9 6 

32.5 3 0 0 46 22 12 

40.5 0 0 0 73 14 7 

48.5 0 0 0 78 15 5 

56.5 1 0 0 54 17 18 

64.5 1 0 0 55 23 7 

72.5 0 0 0 53 16 7 

80.5 3 0 0 67 18 12 

88.5 0 0 0 85 17 13 

96.5 1 0 0 51 16 7 

104.5 0 0 0 70 22 14 

112.5 2 0 0 48 24 21 

120.5 0 0 0 56 26 8 

128.5 1 0 0 60 40 8 

136.5 0 0 0 48 33 13 

144.5 0 0 0 49 36 5 

152.5 0 0 0 59 17 10 

160.5 1 0 0 63 17 16 

168.5 0 0 0 58 21 11 

176.5 1 0 0 60 22 20 

184.5 1 0 0 56 25 17 

192.5 0 0 0 73 30 15 

200.5 0 0 0 77 23 11 

208.5 1 0 0 65 18 13 

216.5 0 0 0 90.133333 27 15 

224.5 0 0 0 55 20 18 

232.5 0 0 0 108.3 27 14 

240.5 0 0 0 42 26 9 

 

 

 

 

 



 

 

122 

 

 

Depth Unidentifiable

-degraded 

Unknown Other Pinus spp. Acer spp. Fraxinus 

spp. 

248.5 0 0 1 43.2 27 23 

256.5 2 0 0 32 22 12 

264.5 0 0 0 45.633333 37 12 

272.5 1 0 0 40 16 10 

280.5 0 0 0 56.033333 26 19 

288.5 0 0 0 20 37 15 

296.5 0 0 0 30 27 10 

304.5 1 0 0 41 28 10 

312.5 1 0 0 93.633333 19 10 

320.5 1 0 0 37 25 14 

328.5 0 0 0 116.03333

3 

24 9 

336.5 1 0 0 41 18 19 

344.5 0 0 0 73.633333 32 9 

352.5 0 0 0 49 13 17 

360.5 0 0 0 47 15 3 

368.5 1 0 0 50 16 5 

376.5 0 0 0 50 12 12 

384.5 0 0 0 49 13 6 

392.5 1 0 0 51 20 13 

400.5 0 0 0 30 18 6 

408.5 0 0 0 44 24 12 

416.5 0 0 1 69 9 5 

424.5 0 0 0 98 7 1 

432.5 2 0 0 79 12 7 

440.5 1 0 0 106 5 4 

448.5 0 0 0 104 9 2 

464.5 0 0 0 104 9 8 

480.5 0 0 0 132 0 5 

496.5 1 0 0 122 0 10 

512.5 0 0 0 132 1 4 

528.5 0 0 0 106 2 5 
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Appendix II. Sunrise Lake Loss-on-Ignition (LOI) Weights 

Sample Crucible 

No. 

Depth 

(cm) 

Wt. 

Crucible 

Wt. Wet Wt. 100 Wt. 550 Wt. 

1000 

1 12 0.5 8.36440 9.44930 8.51610 8.45930 8.45630 

2 14 1.5 8.66780 9.77120 8.88770 8.83810 8.83430 

3 44 2.5 8.89550 9.91120 9.04750 9.00450 9.00100 

4 34 3.5 8.51450 9.92220 9.03630 8.97400 8.97080 

5 53 4.5 8.16340 9.23300 8.34920 8.29660 8.29320 

6 37 5.5 8.01780 9.21100 8.37940 8.31690 8.31480 

642 38 6.5 8.22050 9.63870 8.78040 8.72730 8.72560 

8 42 7.5 8.66480 10.2073

0 

9.26520 9.20830 9.20660 

643 49 8.5 9.15750 10.1938

0 

9.23390 9.18010 9.17810 

10 63 9.5 9.13550 10.0149

0 

9.25900 9.21960 9.21800 

11 58 10.5 8.69690 9.71600 8.77960 8.73650 8.73490 

12 60 11.5 9.08800 10.0767

0 

9.17840 9.12840 9.12640 

13 75 12.5 8.50580 10.5111

0 

9.51560 9.46240 9.46030 

14 62 13.5 9.03190 9.97750 9.11890 9.07870 9.07670 

644 84 14.5 8.35490 11.1426

0 

10.1478

0 

10.0955

0 

10.0931

0 

645 63 15.5 9.18730 10.2196

0 

9.27980 9.23650 9.23440 

17 64 16.5 9.08390 10.1343

0 

9.18890 9.14470 9.14180 

18 91 17.5 8.23320 10.8596

0 

9.97150 9.92810 9.92580 

19 67 18.5 8.82870 9.84800 8.93290 8.88990 8.88740 

646 68 19.5 8.52510 9.59920 8.62930 8.58220 8.57960 

647 116 20.5 9.07230 10.3265

0 

9.36670 9.31520 9.31380 

22 118 21.5 9.26510 10.3985

0 

9.40720 9.35890 9.35800 

648 70 22.5 9.14030 10.2849

0 

9.24560 9.20030 9.19790 

649 120 23.5 9.08490 10.0574

0 

9.13320 9.09070 9.08850 

25 78 24.5 8.92590 10.0164

0 

9.04120 8.99770 8.99480 
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Sample Crucible 

No. 

Depth 

(cm) 

Wt. 

Crucible 

Wt. Wet Wt. 100 Wt. 550 Wt. 1000 

26 135 25.5 8.41690 10.04590 9.07650 9.02700 9.02540 

650 136 26.5 8.96110 10.52980 9.53330 9.48360 9.48170 

28 140 27.5 9.42750 10.53750 9.55050 9.50260 9.50090 

651 142 28.5 9.44490 10.77020 9.84500 9.79800 9.79660 

30 143 29.5 9.73770 10.89640 9.85980 9.80520 9.80290 

31 86 30.5 9.89890 11.03820 10.04260 9.98940 9.98670 

32 145 31.5 9.37710 10.88640 9.96200 9.90880 9.90650 

33 18 32.5 8.66520 9.76510 8.77280 8.72890 8.72670 

34 19 33.5 8.74300 9.84200 8.87200 8.82100 8.81820 

652 21 34.5 8.94860 9.99780 9.08430 9.03480 9.03210 

36 23 35.5 9.17580 10.19400 9.30070 9.25060 9.24820 

37 26 36.5 8.38560 9.38820 8.51530 8.46800 8.46570 

38 34 37.5 8.84650 9.89840 8.99840 8.94630 8.94370 

39 39 38.5 9.63700 10.77930 9.80530 9.74440 9.74120 

40 40 39.5 8.51250 9.56260 8.66280 8.60720 8.60450 

41 49 40.5 9.13500 10.14140 9.25770 9.19980 9.19840 

42 50 41.5 8.87900 9.93440 8.98820 8.93070 8.92910 

43 67 42.5 8.82950 9.84520 8.94170 8.88790 8.88660 

44 73 43.5 8.50450 9.41880 8.61930 8.57040 8.56860 

45 75 44.5 9.42220 10.44910 9.54430 9.48510 9.48320 

46 80 45.5 9.37410 10.44340 9.48910 9.43310 9.43170 

47 83 46.5 9.10810 10.19570 9.22720 9.17760 9.17550 

48 84 47.5 10.03880 11.11380 10.16970 10.11870 10.11700 

49 86 48.5 9.89990 10.88450 10.02220 9.97230 9.97010 

50 89 49.5 8.23240 9.29330 8.37920 8.31500 8.31250 

51 91 50.5 9.86740 10.72310 9.96940 9.92070 9.91910 

52 98 51.5 10.09210 11.24300 10.23450 10.16700 10.16500 

53 103 52.5 9.07200 10.17160 9.23350 9.17150 9.16860 

54 116 53.5 9.26380 10.36120 9.43850 9.37970 9.37640 

55 118 54.5 9.30600 10.42350 9.48230 9.41800 9.41490 

56 120 55.5 9.03550 10.20920 9.17420 9.10130 9.09870 

57 130 56.5 9.08320 10.17850 9.20900 9.14890 9.14630 

58 131 57.5 9.82050 10.90270 9.96110 9.90650 9.90360 

59 134 58.5 9.25570 10.38090 9.39670 9.33730 9.33470 

60 135 59.5 8.96040 10.09220 9.09040 9.03140 9.02880 

61 140 60.5 9.44500 10.67550 9.58080 9.51480 9.51210 

62 142 61.5 9.73600 10.79590 9.88200 9.81890 9.81640 

63 143 62.5 9.72970 10.78170 9.87420 9.81310 9.81060 

64 145 63.5 9.83460 10.75210 9.94100 9.88540 9.88310 

69 16 64.5 9.54410 10.43210 9.66860 9.61690 9.61390 

70 27 65.5 8.47450 9.56440 8.62760 8.56370 8.56040 

71 35 66.5 8.01690 9.21910 8.18010 8.11020 8.10620 

72 38 67.5 8.66370 9.65570 8.79930 8.73320 8.73060 
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Sample Crucible 

No. 

Depth 

(cm) 

Wt. 

Crucible 

Wt. Wet Wt. 100 Wt. 550 Wt. 1000 

73 45 68.5 9.14200 10.16440 9.28720 9.21830 9.21520 

74 46 69.5 8.96420 10.11930 9.12510 9.05360 9.05020 

75 47 70.5 8.56680 9.61830 8.70930 8.65070 8.64760 

76 51 71.5 8.72910 9.73240 8.86360 8.80660 8.80350 

77 55 72.5 8.57160 9.71690 8.73950 8.67840 8.67370 

78 58 73.5 8.69750 9.79550 8.85450 8.79720 8.79220 

79 61 74.5 8.65180 9.59930 8.78600 8.73310 8.72890 

80 70 75.5 9.14060 10.24220 9.30920 9.24700 9.24220 

81 77 76.5 9.50790 10.70710 9.68440 9.61810 9.61250 

82 78 77.5 8.92560 10.02080 9.08100 9.02030 9.01580 

83 85 78.5 10.16910 11.21200 10.31810 10.25860 10.25420 

84 92 79.5 9.34290 10.47150 9.51140 9.44920 9.44450 

85 93 80.5 10.27750 11.26210 10.42350 10.37070 10.36560 

86 107 81.5 9.34760 10.41940 9.51550 9.45740 9.45340 

87 109 82.5 8.20040 9.20160 8.35320 8.30180 8.29720 

88 113 83.5 8.47830 9.55800 8.63950 8.58460 8.58000 

89 114 84.5 8.26170 9.31490 8.42810 8.37400 8.36920 

90 115 85.5 8.98900 10.08470 9.19120 9.13330 9.12810 

91 117 86.5 8.51960 9.70080 8.73630 8.67700 8.67060 

92 119 87.5 9.08380 10.19180 9.25800 9.20640 9.20170 

93 121 88.5 9.28980 10.40200 9.46770 9.41950 9.41360 

94 122 89.5 9.36790 10.41420 9.50820 9.45880 9.45400 

95 125 90.5 9.51440 10.65730 9.68910 9.63130 9.62570 

96 126 91.5 9.01440 10.23610 9.20170 9.14050 9.13610 

97 127 92.5 8.96950 10.02770 9.13260 9.07970 9.07480 

98 133 93.5 8.97580 10.14380 9.15080 9.09170 9.08720 

99 138 94.5 9.95820 11.14770 10.13240 10.07270 10.06880 

100 139 95.5 9.48280 10.59930 9.63710 9.57630 9.57240 

105 11 96.5 9.50800 10.56950 9.65950 9.59810 9.59520 

106 13 97.5 9.14130 10.11990 9.27690 9.21850 9.21500 

107 18 98.5 8.66520 9.75660 8.81620 8.75790 8.75510 

108 21 99.5 8.94790 9.92110 9.08430 9.03960 9.03710 

109 27 100.5 8.47470 9.55920 8.62960 8.58130 8.57800 

110 30 101.5 8.51400 9.60950 8.68550 8.63510 8.63230 

111 31 102.5 8.53720 9.59580 8.70730 8.65600 8.65300 

112 35 103.5 8.01670 9.09780 8.18140 8.13100 8.12770 

113 38 104.5 8.66370 9.72860 8.82100 8.76830 8.76510 

114 39 105.5 9.63580 10.72440 9.78840 9.73550 9.73220 

115 43 106.5 8.83860 9.98120 8.99120 8.93660 8.93320 

116 58 107.5 8.69700 9.82710 8.83670 8.78320 8.78040 

117 60 108.5 9.08840 10.19810 9.23480 9.17680 9.17320 

118 61 109.5 8.65190 9.63710 8.77860 8.72860 8.72530 

119 73 110.5 8.50510 9.51260 8.64080 8.58600 8.58280 
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Sample Crucible 

No. 

Depth 

(cm) 

Wt. 

Crucible 

Wt. Wet Wt. 100 Wt. 550 Wt. 1000 

120 75 111.5 9.42040 10.44000 9.55560 9.50150 9.49820 

121 77 112.5 9.50780 10.58310 9.64870 9.59240 9.58930 

122 85 113.5 10.16900 11.17040 10.29090 10.24130 10.23810 

123 91 114.5 9.86750 10.91200 9.99530 9.94200 9.93870 

124 107 115.5 9.34800 10.43470 9.48160 9.42540 9.42210 

125 109 116.5 8.20020 9.20700 8.32170 8.27080 8.26860 

126 115 117.5 8.98900 10.05820 9.10880 9.05410 9.05240 

127 116 118.5 9.26350 10.34730 9.38700 9.33050 9.32840 

128 117 119.5 8.51920 9.65160 8.65520 8.59500 8.59240 

129 121 120.5 9.28980 10.30050 9.41000 9.35700 9.35460 

130 122 121.5 9.36730 10.46330 9.49650 9.44100 9.43880 

131 130 122.5 9.08210 10.17910 9.21600 9.15970 9.15710 

132 131 123.5 9.81810 10.78370 9.93390 9.88530 9.88330 

133 133 124.5 8.97570 10.11910 9.12200 9.05940 9.05730 

134 134 125.5 9.25450 10.29560 9.36880 9.31590 9.31340 

135 142 126.5 9.73640 10.83810 9.85510 9.80050 9.79840 

136 144 127.5 9.37560 10.31910 9.48120 9.43380 9.43180 

141 14 128.5 8.72030 9.71500 8.84530 8.78950 8.78700 

142 16 129.5 9.54410 10.57430 9.67480 9.61710 9.61440 

143 23 130.5 9.17480 10.23870 9.30790 9.24880 9.24600 

144 24 131.5 8.55740 9.58020 8.68390 8.62740 8.62510 

145 37 132.5 8.21920 9.28120 8.35290 8.29360 8.29090 

146 42 133.5 9.15620 10.20600 9.28650 9.22860 9.22640 

147 45 134.5 9.12290 10.11090 9.25600 9.19180 9.18890 

148 46 135.5 8.96400 9.98310 9.09360 9.03750 9.03450 

149 47 136.5 8.56690 9.63040 8.70100 8.64200 8.63930 

150 50 137.5 8.87820 10.05810 9.02640 8.96220 8.95930 

151 51 138.5 8.72870 9.72750 8.86030 8.80350 8.80090 

152 55 139.5 8.57150 9.64230 8.70840 8.65990 8.64710 

153 64 140.5 9.08390 10.12290 9.21530 9.16040 9.15750 

154 65 141.5 8.90150 9.82150 9.01880 8.96740 8.96470 

155 67 142.5 8.82850 9.89070 8.95640 8.90160 8.89900 

156 70 143.5 9.14050 10.18920 9.26700 9.21200 9.20900 

157 76 144.5 8.61290 9.67650 8.73780 8.68430 8.68140 

158 78 145.5 8.92570 9.93010 9.04830 8.99610 8.99330 

159 83 146.5 9.10680 10.17160 9.23320 9.17890 9.17610 

160 88 147.5 9.54130 10.61510 9.66630 9.61230 9.60950 

161 92 148.5 9.34290 10.36340 9.47390 9.41850 9.41650 

162 93 149.5 10.27770 11.33930 10.40690 10.34950 10.34700 

163 98 150.5 10.09100 11.16380 10.23040 10.16940 10.16730 

164 105 151.5 10.15620 11.27210 10.30250 10.23890 10.23730 

165 113 152.5 8.47800 9.54650 8.62020 8.55890 8.55700 

166 119 153.5 9.08350 10.19270 9.22870 9.16560 9.16290 



 

 

127 

 

Sample Crucible 

No. 

Depth 

(cm) 

Wt. 

Crucible 

Wt. Wet Wt. 100 Wt. 550 Wt. 1000 

167 125 154.5 9.51430 10.51880 9.64530 9.58760 9.58570 

168 127 155.5 8.96900 9.90020 9.08530 9.03290 9.03110 

169 136 156.5 9.42600 10.48710 9.55650 9.49590 9.49380 

170 137 157.5 9.55620 10.48400 9.66690 9.61410 9.61190 

171 138 158.5 9.95720 10.82670 10.06270 10.01270 10.01060 

172 139 159.5 9.48290 10.52770 9.61070 9.55100 9.54930 

177 35 160.5 8.01670 9.04640 8.14560 8.08720 8.08510 

178 38 161.5 8.66380 9.71470 8.79600 8.73710 8.73490 

179 40 162.5 8.51210 9.49720 8.64130 8.58460 8.58250 

180 42 163.5 9.15600 10.20850 9.29470 9.23290 9.23080 

181 44 164.5 8.89600 9.94250 9.02730 8.96770 8.96530 

182 49 165.5 9.12290 10.13090 9.24660 9.19440 9.19240 

183 69 166.5 8.96380 10.00800 9.09960 9.04410 9.04150 

184 72 167.5 9.13440 10.23720 9.27990 9.22050 9.21800 

185 85 168.5 8.50570 9.53940 8.64210 8.58770 8.58490 

186 86 169.5 8.40550 9.43710 8.54800 8.49160 8.48890 

187 93 170.5 10.16900 11.29060 10.31770 10.25940 10.25660 

188 98 171.5 9.89920 10.91810 10.03730 9.98340 9.98050 

189 102 172.5 10.27740 11.33290 10.41990 10.36410 10.36140 

190 104 173.5 10.09090 11.21110 10.24530 10.18600 10.18230 

191 105 174.5 8.60300 9.60060 8.74010 8.68680 8.68340 

192 107 175.5 10.88260 11.78480 11.02370 10.96810 10.96480 

193 113 176.5 10.15570 11.18230 10.30080 10.24490 10.24190 

194 117 177.5 9.34760 10.38820 9.49510 9.43870 9.43550 

195 119 178.5 8.47830 9.60220 8.63850 8.57770 8.57430 

196 121 179.5 8.51910 9.58750 8.67510 8.61570 8.61280 

197 122 180.5 8.47830 9.60220 8.63850 8.57770 8.57430 

198 125 181.5 9.28990 10.37740 9.45080 9.39020 9.38760 

199 127 182.5 9.36720 10.41940 9.52510 9.46640 9.46350 

200 128 183.5 9.51370 10.64610 9.68160 9.61940 9.61620 

201 135 184.5 8.96910 10.15320 9.14820 9.08300 9.07940 

202 136 185.5 8.41540 9.44410 8.57530 8.51760 8.51420 

203 137 186.5 8.95970 9.96340 9.11660 9.06050 9.05740 

204 138 187.5 9.42590 10.42880 9.58440 9.52810 9.52490 

205 139 188.5 9.55580 10.70900 9.74750 9.67940 9.67600 

206 145 189.5 9.95750 11.03940 10.12780 10.06640 10.06320 

207 3 190.5 9.48270 10.63280 9.66260 9.59680 9.59330 

208 16 191.5 9.83390 10.79900 9.97650 9.92220 9.91960 

213 24 192.5 8.01660 9.09300 8.17960 8.11760 8.11320 

214 29 193.5 8.66390 9.78300 8.82700 8.76180 8.75750 

215 39 194.5 8.55640 9.58450 8.70690 8.64600 8.64250 

216 43 195.5 9.22350 10.27870 9.37090 9.31020 9.30660 

217 60 196.5 9.63560 10.68640 9.78290 9.72300 9.71870 



 

 

128 

 

Sample Crucible 

No. 

Depth 

(cm) 

Wt. 

Crucible 

Wt. Wet Wt. 100 Wt. 550 Wt. 1000 

218 81 197.5 8.83780 9.88490 8.98180 8.92300 8.91900 

219 89 198.5 9.08840 10.14010 9.23070 9.17200 9.16840 

220 90 199.5 9.05790 10.04000 9.19490 9.13660 9.13300 

221 111 200.5 8.23210 9.31800 8.38110 8.31860 8.31470 

222 114 201.5 8.62660 9.65510 8.75800 8.70010 8.69640 

223 120 202.5 8.88270 10.03490 9.03100 8.96630 8.96190 

224 98 203.5 8.26120 9.37590 8.40430 8.34150 8.33770 

225 102 204.5 9.03330 10.14400 9.17000 9.10940 9.10620 

226 104 205.5 10.09050 11.20020 10.22920 10.16810 10.16460 

227 105 206.5 8.60150 9.73710 8.75320 8.68530 8.68140 

228 107 207.5 10.88170 11.96880 11.02190 10.96110 10.95790 

229 113 208.5 10.15520 11.29240 10.29840 10.23680 10.23330 

230 117 209.5 9.34690 10.46630 9.49220 9.43070 9.42690 

231 119 210.5 8.47770 9.58860 8.62330 8.56190 8.55790 

232 121 211.5 8.51860 9.61460 8.66750 8.60590 8.60220 

233 122 212.5 9.08330 10.18220 9.23700 9.17440 9.17100 

234 125 213.5 9.28900 10.30860 9.43170 9.37540 9.37260 

235 127 214.5 9.36640 10.43050 9.52250 9.46090 9.45760 

236 128 215.5 9.51660 10.58650 9.66850 9.60680 9.60370 

237 135 216.5 8.96990 10.03220 9.11870 9.05990 9.05640 

238 136 217.5 8.41650 9.47060 8.56650 8.50710 8.50380 

239 137 218.5 8.95890 9.99360 9.10680 9.04700 9.04390 

240 138 219.5 9.42470 10.44350 9.56940 9.51150 9.50850 

241 139 220.5 9.55520 10.62900 9.70470 9.64440 9.64130 

242 145 221.5 9.95690 10.98190 10.10330 10.04400 10.04080 

243 6 222.5 9.48320 10.53540 9.63440 9.57350 9.57050 

244 7 223.5 9.83330 10.87410 9.98540 9.92460 9.92150 

249 50 224.5 8.21920 9.27540 8.37350 8.31240 8.30840 

250 51 225.5 8.83770 9.91200 8.98800 8.92770 8.92390 

251 55 226.5 8.87840 9.90370 9.02960 8.96950 8.96600 

252 64 227.5 8.72870 9.68890 8.86660 8.81220 8.80890 

253 65 228.5 8.57130 9.68730 8.74680 8.68050 8.67590 

254 67 229.5 9.08410 10.23720 9.26150 9.19450 9.19000 

255 75 230.5 8.90110 10.06960 9.07870 9.00970 9.00520 

256 76 231.5 8.82880 10.00040 9.00610 8.93860 8.93430 

257 78 232.5 9.42060 10.57510 9.58140 9.51160 9.50800 

258 91 233.5 8.61510 9.53510 8.74360 8.68630 8.68290 

259 95 234.5 8.92640 10.00220 9.07660 9.01410 9.01080 

260 100 235.5 9.86780 10.91330 10.01870 9.95760 9.95420 

261 103 236.5 9.18350 10.31480 9.34730 9.28230 9.27890 

262 105 237.5 9.71430 10.84110 9.88470 9.81720 9.81380 

263 106 238.5 9.07680 10.16030 9.23990 9.17600 9.17280 

264 107 239.5 10.15560 11.26090 10.32020 10.25650 10.25340 



 

 

129 

 

Sample Crucible 

No. 

Depth 

(cm) 

Wt. 

Crucible 

Wt. Wet Wt. 100 Wt. 550 Wt. 1000 

265 108 240.5 8.53510 9.57910 8.69660 8.63500 8.63190 

266 110 241.5 9.34740 10.40280 9.51120 9.44900 9.44600 

267 111 242.5 10.31960 11.32140 10.46870 10.41180 10.40880 

268 113 243.5 8.72100 9.84450 8.88550 8.82140 8.81820 

269 114 244.5 8.88190 9.97630 9.04130 8.97860 8.97510 

270 115 245.5 8.47800 9.52810 8.63040 8.56840 8.56570 

271 116 246.5 8.26160 9.37550 8.42550 8.35790 8.35470 

272 123 247.5 8.98890 10.03140 9.14020 9.07730 9.07410 

273 124 248.5 9.26330 10.33560 9.42390 9.35830 9.35490 

274 126 249.5 8.45330 9.49750 8.61410 8.54940 8.54590 

275 127 250.5 9.23580 10.33300 9.41220 9.34650 9.34310 

276 131 251.5 9.01420 10.11320 9.18220 9.12050 9.11730 

277 132 252.5 8.96890 10.03620 9.12960 9.06590 9.06200 

278 143 253.5 9.81790 10.93900 9.99740 9.93220 9.92860 

279 2 254.5 9.89390 11.00960 10.05930 9.99320 9.99020 

280 4 255.5 9.72860 10.83010 9.89320 9.83000 9.82620 

285 26 256.5 9.27830 10.42150 9.50120 9.43720 9.43380 

286 28 257.5 8.94800 10.00110 9.15520 9.09540 9.09230 

287 31 258.5 8.38480 9.51400 8.61630 8.55510 8.55200 

288 34 259.5 8.97110 10.07640 9.12820 9.06330 9.06020 

289 39 260.5 8.53690 9.67450 8.69900 8.63230 8.62920 

290 40 261.5 8.84630 9.92710 9.01100 8.94370 8.94060 

291 41 262.5 9.63560 10.70260 9.79470 9.72990 9.72690 

292 45 263.5 8.51220 9.60870 8.66870 8.60080 8.59810 

293 47 264.5 8.83950 9.95930 8.99430 8.92500 8.92210 

294 49 265.5 9.12290 10.25050 9.28010 9.20910 9.20600 

295 56 266.5 8.56680 9.65070 8.71570 8.64830 8.64560 

296 58 267.5 9.13430 10.25120 9.28910 9.21910 9.21590 

297 60 268.5 9.16470 10.27160 9.31460 9.24770 9.24460 

298 61 269.5 8.69710 9.84060 8.85640 8.78530 8.78160 

299 62 270.5 9.08810 10.15140 9.23220 9.16690 9.16410 

300 68 271.5 8.65170 9.74190 8.79980 8.73210 8.72960 

301 72 272.5 9.03230 10.12940 9.18260 9.11430 9.11170 

302 73 273.5 8.52510 9.62780 8.67540 8.60720 8.60490 

303 74 274.5 8.40530 9.46040 8.54920 8.48350 8.48090 

304 77 275.5 8.50460 9.61330 8.65390 8.58550 8.58320 

305 79 276.5 8.82930 9.86800 8.97440 8.90880 8.90630 

306 84 277.5 9.50790 10.58640 9.65230 9.58700 9.58430 

307 85 278.5 8.35340 9.45260 8.50340 8.43580 8.43350 

308 87 279.5 10.03740 11.14790 10.19260 10.12260 10.12010 

309 90 280.5 10.16890 11.32310 10.32840 10.25630 10.25390 

310 92 281.5 10.56510 11.66650 10.71440 10.64730 10.64470 

311 129 282.5 8.62580 9.69320 8.77690 8.70930 8.70660 



 

 

130 

 

Sample Crucible 

No. 

Depth 

(cm) 

Wt. 

Crucible 

Wt. Wet Wt. 100 Wt. 550 Wt. 1000 

312 134 283.5 9.34340 10.49750 9.50320 9.43120 9.42590 

313 137 284.5 8.82120 9.98210 8.98110 8.90820 8.90560 

314 145 285.5 9.25400 10.32200 9.40430 9.33610 9.33380 

315 2 286.5 9.55580 10.60720 9.70290 9.63650 9.63410 

316 3 287.5 9.83360 10.95560 9.99160 9.92080 9.91820 

321 19 288.5 9.54400 10.55890 9.69930 9.62980 9.62720 

322 20 289.5 8.66530 9.65520 8.81870 8.75080 8.74830 

323 24 290.5 8.74260 9.74970 8.89730 8.82880 8.82620 

324 26 291.5 9.27820 10.28850 9.43130 9.36310 9.36030 

325 30 292.5 8.55660 9.59090 8.71240 8.64440 8.64140 

326 31 293.5 8.38480 9.39790 8.53970 8.47280 8.47010 

327 34 294.5 8.51330 9.54260 8.67260 8.60520 8.60280 

328 35 295.5 8.53680 9.55750 8.68890 8.62320 8.62120 

329 38 296.5 8.84630 9.84530 9.00040 8.93430 8.93100 

330 45 297.5 8.01650 9.02510 8.16870 8.10400 8.10080 

331 51 298.5 8.66390 9.75130 8.83090 8.76020 8.75650 

332 60 299.5 9.12280 10.15380 9.27550 9.21030 9.20660 

333 65 300.5 8.72890 9.79190 8.87680 8.80980 8.80660 

334 70 301.5 9.08820 10.11870 9.23230 9.16620 9.16310 

335 72 302.5 8.90060 9.93610 9.04150 8.97640 8.97330 

336 80 303.5 9.14100 10.14210 9.28400 9.21910 9.21590 

337 81 304.5 8.40540 9.43850 8.55190 8.48640 8.48260 

338 84 305.5 9.37350 10.39870 9.52110 9.45430 9.45110 

339 85 306.5 9.05760 10.04200 9.19790 9.13330 9.13020 

340 89 307.5 10.03740 11.05520 10.17640 10.11230 10.10880 

341 92 308.5 10.16880 11.24120 10.31920 10.24900 10.24550 

342 109 309.5 8.23260 9.24120 8.37830 8.31080 8.30790 

343 113 310.5 9.34330 10.40290 9.49380 9.42400 9.42090 

344 116 311.5 8.20060 9.21910 8.34390 8.27730 8.27400 

345 119 312.5 8.47810 9.52800 8.62460 8.55700 8.55340 

346 125 313.5 9.26330 10.27920 9.40790 9.34230 9.33890 

347 128 314.5 9.08370 10.11410 9.23510 9.16620 9.16300 

348 130 315.5 9.51360 10.56420 9.66820 9.59560 9.59200 

349 133 316.5 8.41540 9.46350 8.56910 8.49250 8.48900 

350 138 317.5 9.08120 10.15170 9.24340 9.16820 9.16450 

351 2 318.5 8.97560 10.04950 9.15660 9.08300 9.07910 

352 3 319.5 9.95760 11.06550 10.13310 10.05660 10.05270 

357 18 320.5 8.44740 9.45550 8.59430 8.52330 8.52110 

358 26 321.5 9.67850 10.68080 9.83300 9.76250 9.75970 

359 30 322.5 8.66470 9.64190 8.82030 8.75160 8.74870 

360 34 323.5 8.38470 9.43570 8.57670 8.50560 8.50270 

361 38 324.5 8.51330 9.57260 8.71990 8.65070 8.64720 

362 41 325.5 8.84600 9.88590 9.01290 8.93900 8.93640 



 

 

131 

 

 

 

 

 

Sample Crucible 

No. 

Depth 

(cm) 

Wt. 

Crucible 

Wt. Wet Wt. 100 Wt. 550 Wt. 1000 

363 45 326.5 8.66360 9.67010 8.81750 8.75030 8.74770 

364 49 327.5 8.83940 9.87480 8.99910 8.92910 8.92670 

365 51 328.5 9.12260 10.16140 9.27820 9.20890 9.20620 

366 64 329.5 9.13400 10.21170 9.30990 9.23610 9.23260 

367 65 330.5 8.72870 9.78330 8.89290 8.81990 8.81660 

368 67 331.5 9.08370 10.15420 9.24770 9.17200 9.16840 

369 72 332.5 8.90070 9.95290 9.06470 8.99100 8.98770 

370 76 333.5 8.82860 9.83150 8.97200 8.90530 8.90230 

371 81 334.5 8.40530 9.44170 8.55810 8.49020 8.48730 

372 84 335.5 8.61300 9.66070 8.77910 8.70940 8.70620 

373 91 336.5 9.05710 10.10850 9.22510 9.15430 9.15110 

374 95 337.5 10.03720 11.09630 10.22550 10.14820 10.14540 

375 104 338.5 9.86740 10.95360 10.11790 10.03950 10.03590 

376 109 339.5 9.17980 10.21640 9.34620 9.26600 9.26310 

377 110 340.5 10.88210 11.95150 11.05760 10.98160 10.97840 

378 111 341.5 8.20020 9.27410 8.36030 8.27980 8.27670 

379 113 342.5 8.72080 9.77730 8.87660 8.79770 8.79420 

380 123 343.5 8.88200 10.01600 9.04540 8.95540 8.95170 

381 124 344.5 8.47810 9.53000 8.62240 8.53980 8.53640 

382 125 345.5 8.45270 9.50950 8.60040 8.52240 8.51890 

383 130 346.5 9.23560 10.28600 9.38670 9.30990 9.30640 

384 131 347.5 9.51340 10.59320 9.67900 9.59930 9.59540 

385 133 348.5 9.08100 10.18750 9.25190 9.16950 9.16560 

386 138 349.5 9.81780 10.88990 9.98930 9.91150 9.90730 

387 2 350.5 8.97530 10.10500 9.16400 9.08410 9.07990 

388 3 351.5 9.95730 11.03990 10.14410 10.06750 10.06290 

393 10 352.5 8.44740 9.46630 8.63370 8.55630 8.55300 

394 11 353.5 9.67890 10.78910 9.87930 9.79800 9.79380 

395 12 354.5 9.33450 10.47700 9.55560 9.47220 9.46730 

396 13 355.5 9.50790 10.59410 9.69650 9.60830 9.60460 

397 16 356.5 8.36360 9.44990 8.53180 8.45100 8.44710 

398 18 357.5 9.14050 10.24170 9.32430 9.24800 9.24440 

399 20 358.5 9.54420 10.50170 9.69910 9.62830 9.62500 

400 21 359.5 8.66540 9.73540 8.85690 8.78070 8.77660 

401 23 360.5 9.27800 10.38680 9.48910 9.41050 9.40640 

402 24 361.5 8.94810 9.97490 9.11080 9.03580 9.03327 

403 25 362.5 9.17470 10.23050 9.35400 9.27380 9.27050 

404 26 363.5 8.55650 9.68940 8.79490 8.71330 8.70940 

405 27 364.5 8.77720 9.83920 8.97940 8.90260 8.89870 

406 28 365.5 8.38480 9.43350 8.53980 8.46190 8.45930 

407 29 366.5 8.47440 9.36900 8.60760 8.54140 8.53930 

408 30 367.5 8.97120 9.84740 9.09980 9.03570 9.03300 

409 31 368.5 9.22250 10.15590 9.36570 9.29630 9.29300 



 

 

132 

 

Sample Crucible 

No. 

Depth 

(cm) 

Wt. 

Crucible 

Wt. Wet Wt. 100 Wt. 550 Wt. 1000 

410 32 369.5 8.51320 9.57500 8.68220 8.60260 8.59940 

411 33 370.5 8.53720 9.55790 8.71000 8.63100 8.62760 

412 34 371.5 8.72260 9.74750 8.91580 8.83700 8.83410 

413 39 372.5 8.50710 9.57760 8.75140 8.67190 8.66720 

414 40 373.5 8.84630 9.95360 9.05130 8.95490 8.95040 

415 42 374.5 9.63630 10.59230 9.78740 9.70440 9.70100 

416 43 375.5 8.51200 9.48480 8.66880 8.58510 8.58120 

417 44 376.5 9.15570 10.27140 9.34750 9.26270 9.25890 

418 46 377.5 8.83770 9.83120 9.04160 8.97160 8.96740 

419 50 378.5 8.89580 9.93460 9.10560 9.03160 9.02760 

420 53 379.5 8.96380 10.05160 9.17770 9.10050 9.09580 

421 55 380.5 8.87820 9.96730 9.10280 9.02430 9.01920 

422 57 381.5 8.16340 9.24170 8.36650 8.28280 8.27880 

423 35 382.5 8.57120 9.60750 8.75660 8.67300 8.66660 

424 37 383.5 8.78760 9.76650 8.96690 8.89150 8.88800 

425 41 384.5 8.01680 9.08660 8.20310 8.11540 8.11200 

426 45 385.5 8.21930 9.29580 8.39290 8.29210 8.28890 

427 49 386.5 8.83960 9.91960 9.03040 8.92420 8.92130 

428 56 387.5 9.12270 10.18920 9.32200 9.22380 9.22040 

429 60 388.5 9.13430 10.14390 9.30790 9.20680 9.20350 

430 63 389.5 9.16480 10.23700 9.33830 9.23190 9.22910 

431 65 390.5 9.08820 10.17930 9.28020 9.17540 9.17160 

432 68 391.5 9.18730 10.29510 9.36980 9.25630 9.25330 

433 69 392.5 8.90010 10.01910 9.08620 8.97490 8.97140 

434 70 393.5 8.52520 9.58920 8.72460 8.61990 8.61660 

435 74 394.5 8.50530 9.60260 8.71580 8.60700 8.60340 

436 76 395.5 9.14070 10.22370 9.34220 9.23680 9.23340 

437 78 396.5 8.82930 9.97200 9.04300 8.93040 8.92710 

438 79 397.5 8.61320 9.67790 8.79040 8.69040 8.68760 

439 80 398.5 8.92590 9.99210 9.09620 8.99350 8.99090 

440 85 399.5 8.35330 9.40860 8.52120 8.41060 8.40830 

441 86 400.5 9.37300 10.44530 9.55290 9.44370 9.44100 

442 1 401.5 10.16900 11.29030 10.36400 10.25510 10.25140 

443 3 402.5 9.89890 11.04440 10.11100 10.00460 10.00120 

448 18 403.5 9.14060 10.16790 9.32590 9.22890 9.22600 

449 19 404.5 8.71990 9.80070 8.91210 8.81350 8.81030 

450 20 405.5 8.66530 9.69680 8.84140 8.75370 8.75120 

451 25 406.5 8.74270 9.80410 8.92520 8.83460 8.83170 

452 26 407.5 9.27780 10.42770 9.28450 9.27970 9.27930 

453 27 408.5 8.77700 9.84070 8.78780 8.78130 8.78070 

454 28 409.5 8.38480 9.38190 8.52000 8.46180 8.45970 

455 29 410.5 8.47440 9.55000 8.64820 8.56990 8.56730 

456 30 411.5 8.97090 10.16830 9.17040 9.08100 9.07760 
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Sample Crucible 

No. 

Depth 

(cm) 

Wt. 

Crucible 

Wt. Wet Wt. 100 Wt. 550 Wt. 1000 

457 31 412.5 9.22210 10.28390 9.41060 9.32650 9.32340 

458 32 413.5 8.51320 9.58000 8.69980 8.61260 8.60970 

459 40 414.5 8.53720 9.60300 8.71840 8.62050 8.61760 

460 42 415.5 8.72270 9.74580 8.88680 8.79230 8.78990 

461 43 416.5 8.51190 9.52010 8.66760 8.57610 8.57320 

462 47 417.5 9.15580 10.17810 9.31480 9.21960 9.21730 

463 50 418.5 8.83770 9.91960 9.00640 8.90460 8.90210 

464 73 419.5 8.56660 9.57060 8.72650 8.63350 8.63140 

465 75 420.5 8.87830 9.96820 9.04930 8.95030 8.94810 

466 81 421.5 8.50460 9.60360 8.68170 8.58080 8.57840 

467 83 422.5 9.42050 10.45010 9.59290 9.49480 9.49200 

468 92 423.5 9.05740 10.13520 9.23360 9.13140 9.12880 

469 98 424.5 9.10670 10.17880 9.28080 9.18210 9.17910 

470 100 425.5 9.34290 10.37250 9.51320 9.41740 9.41410 

471 107 426.5 10.09070 11.19940 10.27630 10.17420 10.17110 

472 108 427.5 9.71450 10.80510 9.91280 9.80700 9.80360 

473 116 428.5 9.34740 10.42450 9.56070 9.45970 9.45580 

474 127 429.5 10.31940 11.38180 10.53570 10.43640 10.43250 

475 134 430.5 9.26340 10.34510 9.50980 9.41360 9.40890 

476 141 431.5 8.96890 10.05230 9.20410 9.10160 9.09790 

477 143 432.5 9.25400 10.30780 9.46880 9.36520 9.36200 

478 1 433.5 9.47940 10.55740 9.71470 9.61220 9.60910 

479 2 434.5 9.72870 10.83250 9.99310 9.89150 9.88780 

484 10 435.5 9.37690 10.44190 9.61020 9.48720 9.48380 

485 11 436.5 8.44710 9.35300 8.63880 8.52290 8.52010 

486 13 437.5 9.33430 10.32430 9.54920 9.43160 9.42850 

487 14 438.5 9.50770 10.49370 9.71480 9.59950 9.59640 

488 16 439.5 9.14030 10.17490 9.37470 9.25620 9.25250 

489 18 440.5 8.71980 9.65420 8.93860 8.82590 8.82250 

490 19 441.5 9.54370 10.54250 9.75940 9.63300 9.62990 

491 20 442.5 8.66490 9.63400 8.87440 8.76330 8.76000 

492 23 443.5 8.74240 9.72950 8.96610 8.85170 8.84840 

493 24 444.5 9.27910 10.40600 9.56070 9.43280 9.42870 

494 25 445.5 9.17470 10.28130 9.46100 9.34080 9.33690 

495 26 446.5 8.55650 9.65710 8.87770 8.75090 8.74650 

496 27 447.5 8.77880 9.79700 9.01890 8.90110 8.89800 

497 28 448.5 8.38480 9.44280 8.64020 8.50850 8.50480 

498 29 449.5 8.47430 9.49040 8.68940 8.56140 8.55810 

499 30 450.5 8.97110 10.05990 9.22200 9.11280 9.10980 

500 31 451.5 9.22200 10.32650 9.51740 9.40320 9.39950 

501 32 452.5 8.51310 9.63970 8.82550 8.71090 8.70690 

502 33 453.5 8.53710 9.62770 8.82950 8.72130 8.71720 

503 144 454.5 8.72250 9.80690 8.99630 8.87840 8.87410 
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Sample Crucible 

No. 

Depth 

(cm) 

Wt. 

Crucible 

Wt. Wet Wt. 100 Wt. 550 Wt. 1000 

504 35 455.5 8.50700 9.64800 8.79910 8.67420 8.66910 

505 37 456.5 9.37560 10.46710 9.66680 9.54550 9.54060 

506 38 457.5 8.01610 9.10850 8.29950 8.18140 8.17750 

507 40 458.5 8.21920 9.42300 8.56230 8.43470 8.42980 

508 41 459.5 8.66370 9.82600 9.01110 8.89780 8.89280 

509 42 460.5 8.51150 9.61930 8.88190 8.76910 8.76350 

510 43 461.5 8.83940 9.95640 9.21060 9.09070 9.08560 

511 46 462.5 9.15560 10.37350 9.58710 9.45840 9.45250 

512 47 463.5 8.83730 10.08790 9.27700 9.15160 9.14500 

654 50 464.5 8.96330 10.14700 9.37270 9.24660 9.24030 

514 131 465.5 8.56660 9.53960 8.89810 8.79490 8.79020 

515 138 466.5 8.87800 10.01090 9.30250 9.20140 9.19530 

520 45 467.5 8.79130 9.90730 9.17260 9.04960 9.04430 

521 55 468.5 8.36360 9.44260 8.62630 8.53690 8.53330 

522 56 469.5 9.12270 10.09130 9.49080 9.38840 9.38330 

523 61 470.5 8.57120 9.50490 8.92200 8.82500 8.82010 

524 63 471.5 9.16470 10.28210 9.55070 9.43040 9.42540 

525 65 472.5 8.65160 9.76470 9.04840 8.93420 8.92880 

526 68 473.5 9.18710 10.22930 9.59920 9.49350 9.48810 

527 69 474.5 8.90070 10.05080 9.31390 9.20630 9.20060 

528 70 475.5 8.52510 9.55350 8.87770 8.76780 8.76290 

529 73 476.5 8.50530 9.55020 8.84620 8.78340 8.73290 

530 75 477.5 9.14050 10.18010 9.49600 9.39450 9.38840 

531 76 478.5 8.50450 9.62780 8.87200 8.76090 8.75500 

532 78 479.5 9.42050 10.52400 9.69960 9.57590 9.57170 

533 79 480.5 8.61290 9.58620 8.80870 8.69110 8.68810 

534 85 481.5 8.92560 9.96790 9.20310 9.08120 9.07710 

535 87 482.5 8.35330 9.42880 8.61910 8.49550 8.49160 

536 89 483.5 10.16880 11.28720 10.47710 10.34370 10.33920 

537 91 484.5 10.56480 11.61460 10.88300 10.75850 10.75400 

538 93 485.5 8.23250 9.37140 8.58420 8.45870 8.45360 

539 95 486.5 9.86730 11.00870 10.19780 10.05800 10.05370 

540 101 487.5 10.27740 11.25520 10.54490 10.42300 10.41950 

541 103 488.5 9.17960 10.24520 9.49920 9.36730 9.36330 

542 104 489.5 9.33730 10.43880 9.66100 9.52380 9.51970 

543 105 490.5 9.07290 10.11840 9.39030 9.26600 9.26150 

544 106 491.5 10.88230 12.02010 11.23790 11.10510 11.10090 

545 109 492.5 10.15570 11.23720 10.43680 10.30020 10.29720 

546 114 493.5 8.53480 9.63180 8.85890 8.72860 8.72510 

547 119 494.5 8.20030 9.29740 8.53420 8.40490 8.40110 

548 121 495.5 8.26210 9.27830 8.56980 8.45870 8.45480 

549 127 496.5 9.08380 10.06320 9.41760 9.31270 9.30840 

550 7 497.5 9.29010 10.38230 9.62730 9.50030 9.49620 
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Sample Crucible 

No. 

Depth 

(cm) 

Wt. 

Crucible 

Wt. Wet Wt. 100 Wt. 550 Wt. 1000 

551 11 498.5 8.96900 10.04760 9.32580 9.20050 9.19650 

556 30 499.5 9.17460 10.27030 9.54330 9.40540 9.40090 

557 31 500.5 8.47410 9.53560 8.83550 8.70250 8.69780 

558 34 501.5 8.51290 9.65030 8.85390 8.70760 8.70350 

559 35 502.5 8.53700 9.47580 8.85670 8.74370 8.73940 

560 37 503.5 8.84590 9.96320 9.23920 9.10560 9.10060 

561 141 504.5 8.01670 9.08410 8.38340 8.24870 8.24410 

562 41 505.5 8.21910 9.39680 8.62630 8.48460 8.47960 

563 44 506.5 9.47930 10.62430 9.83450 9.69300 9.68780 

564 47 507.5 8.83930 9.90230 9.08060 8.98640 8.98260 

565 49 508.5 8.89610 9.99480 9.12410 9.04720 9.04360 

566 53 509.5 8.56680 9.71570 8.89170 8.78310 8.77860 

567 57 510.5 9.13400 10.38190 9.49260 9.36780 9.36300 

568 60 511.5 8.16340 9.35650 8.49010 8.38310 8.37850 

569 62 512.5 8.78770 9.96210 9.09580 8.98860 8.98430 

570 74 513.5 9.08840 10.26050 9.43350 9.31450 9.30950 

571 80 514.5 9.03220 10.23730 9.37040 9.25020 9.24520 

572 81 515.5 8.82910 10.01500 9.24040 9.11360 9.10730 

573 83 516.5 9.37310 10.49540 9.75880 9.63230 9.62660 

574 86 517.5 9.05750 10.26240 9.48320 9.35880 9.35330 

575 92 518.5 9.10680 10.35400 9.59210 9.47860 9.47180 

576 107 519.5 9.89900 11.13110 10.37100 10.25700 10.25060 

577 108 520.5 9.34330 10.57220 9.76750 9.63360 9.62810 

578 110 521.5 9.34750 10.45510 9.70810 9.57440 9.56940 

579 116 522.5 10.31920 11.41620 10.70650 10.57950 10.57390 

580 123 523.5 8.72140 9.93250 9.11300 8.97570 8.96940 

581 128 524.5 9.26335 10.14980 9.55240 9.45730 9.45280 

582 134 525.5 8.45300 9.57200 8.81700 8.68750 8.68240 

583 136 526.5 8.41540 9.52890 8.78530 8.66370 8.65830 

584 143 527.5 9.25390 10.43130 9.62570 9.48820 9.48240 

585 145 528.5 9.42580 10.53530 9.76660 9.63360 9.62810 

586 1 529.5 9.72890 10.94040 10.11430 9.97400 9.96890 

587 2 530.5 9.83360 10.98160 10.19250 10.06080 10.05570 

592 12 531.5 9.67850 10.71980 10.01560 9.88010 9.87480 

593 13 532.5 9.33440 10.46990 9.71990 9.57770 9.57180 

594 14 533.5 8.36350 9.20890 8.65770 8.55690 8.55160 

595 16 534.5 9.14040 10.37420 9.58270 9.45110 9.44420 

596 20 535.5 8.72000 9.88720 9.17600 9.05700 9.04950 

597 24 536.5 9.54380 10.60370 10.01320 9.91070 9.90480 

598 25 537.5 9.27930 10.65830 9.97880 9.88400 9.87530 

599 26 538.5 8.55660 9.86560 9.21800 9.10110 9.09700 

600 28 539.5 8.77860 9.96270 9.31350 9.20270 9.19900 

601 29 540.5 8.38460 10.15050 9.77020 9.75040 9.74680 
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Sample Crucible 

No. 

Depth 

(cm) 

Wt. 

Crucible 

Wt. Wet Wt. 100 Wt. 550 Wt. 1000 

602 32 541.5 8.97090 10.57310 10.19620 10.17190 10.17030 

603 33 542.5 9.22220 11.05350 10.71030 10.69200 10.68960 

604 38 543.5 8.72290 10.61750 10.30450 10.29670 10.29500 

605 39 544.5 8.50720 10.53440 10.20050 10.19320 10.19100 

606 40 545.5 8.66400 10.50600 10.19930 10.18960 10.18430 

607 42 546.5 9.63630 11.57550 11.15820 11.12650 11.11700 

608 43 547.5 8.51160 10.39200 10.09800 10.09080 10.08910 

609 45 548.5 9.15560 10.66030 10.30510 10.29470 10.29360 

610 46 549.5 8.83810 10.19310 9.96850 9.96450 9.96350 

611 50 550.5 9.12300 11.08160 10.77190 10.76540 10.75190 

612 55 551.5 8.96380 10.68490 10.43380 10.42810 10.42680 

613 56 552.5 8.87820 10.57410 10.29380 10.28850 10.28760 

614 58 553.5 8.57130 10.17630 9.90850 9.90160 9.89990 

615 61 554.5 9.16470 10.90190 10.60700 10.60210 10.59990 

616 64 555.5 8.69710 10.36470 10.07700 10.07090 10.06640 

617 67 556.5 8.65160 10.41520 10.13190 10.12660 10.12440 

618 69 557.5 9.08400 10.98040 10.66220 10.65810 10.65550 

619 70 558.5 8.82870 10.66850 10.33350 10.32710 10.32500 

620 75 559.5 8.50570 10.04670 9.80270 9.79960 9.79790 

621 76 560.5 9.14060 10.80250 10.51510 10.51080 10.50790 

622 3 561.5 9.42080 11.29450 10.95850 10.95080 10.94680 

623 8 562.5 8.61300 10.50680 10.17810 10.17310 10.15640 

628 37 563.5 8.74270 10.47440 10.24800 10.20880 10.20530 

629 39 564.5 8.01690 9.71320 9.50430 9.49870 9.49790 

630 40 565.5 8.21920 9.85230 9.55860 9.54080 9.50610 

631 41 566.5 9.63600 11.32810 11.10660 11.10100 11.09970 

632 N/A 567.5 8.51090 10.23230 10.06060 10.05540 10.05420 

633 N/A 568.5 8.83940 10.50510 10.30530 10.29570 10.29300 
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Appendix III. Sunrise Lake Charcoal Counts 

Depth 

(cm) 

Dark (D) Cellular 

(C)  

Porous 

(P) 

Spongy 

(S) 

Fibrous 

(F) 

0.5 19 13 0 3 6 

1.5 24 12 2 6 32 

2.5 46 21 1 3 22 

3.5 61 13 1 8 34 

4.5 124 32 1 16 61 

5.5 194 58 8 36 97 

6.5 74 86 2 18 52 

7.5 19 16 0 1 32 

8.5 36 99 1 0 70 

9.5 44 107 2 7 68 

10.5 31 82 1 5 64 

11.5 29 111 0 2 61 

12.5 46 86 3 2 49 

13.5 18 32 0 1 67 

14.5 37 36 0 1 67 

15.5 79 89 2 6 128 

16.5 62 53 0 3 100 

17.5 20 36 0 4 40 

18.5 24 32 0 1 35 

19.5 52 70 0 3 86 

20.5 96 79 1 9 153 

21.5 54 34 0 4 109 

22.5 41 48 0 1 77 

23.5 36 42 1 2 78 

24.5 73 82 0 9 101 

25.5 58 64 0 11 76 

26.5 44 46 0 2 59 

27.5 63 41 0 9 71 

28.5 39 31 0 7 61 

29.5 65 36 0 5 49 

30.5 87 40 0 6 76 

31.5 47 51 0 10 76 

32.5 64 50 0 7 106 

33.5 28 31 0 2 48 

34.5 27 23 0 5 91 

35.5 88 78 0 2 213 

36.5 116 85 0 5 190 
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Depth (cm) Branched (B) Lattice (L) Bordered P 
(BP) 

Other (O) Total (Calc) 

0.5 0 0 0 0 41 

1.5 0 1 0 0 77 

2.5 0 3 0 0 96 

3.5 0 2 1 0 120 

4.5 2 0 0 0 236 

5.5 4 0 1 0 398 

6.5 1 0 0 0 233 

7.5 0 0 0 0 68 

8.5 0 0 0 0 206 

9.5 0 0 0 0 228 

10.5 1 0 0 0 184 

11.5 0 0 0 1 204 

12.5 1 0 0 0 187 

13.5 0 0 0 0 118 

14.5 1 0 0 0 142 

15.5 4 0 0 0 308 

16.5 0 0 0 0 218 

17.5 0 0 0 0 100 

18.5 0 0 0 0 92 

19.5 3 0 0 0 214 

20.5 3 0 0 9 350 

21.5 0 0 0 0 201 

22.5 1 0 0 1 169 

23.5 3 0 0 0 162 

24.5 2 0 0 7 274 

25.5 1 0 0 5 215 

26.5 2 0 0 0 153 

27.5 1 0 0 5 190 

28.5 12 0 0 0 150 

29.5 5 0 0 3 163 

30.5 1 0 0 2 212 

31.5 3 1 0 1 189 

32.5 1 0 0 2 230 

33.5 0 0 0 0 109 

34.5 0 0 0 0 146 

35.5 2 0 0 0 383 

36.5 2 0 0 0 398 
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Depth 

(cm) 

Dark (D) Cellular 

(C)  

Porous 

(P) 

Spongy 

(S) 

Fibrous 

(F) 

37.5 95 143 0 5 150 

38.5 58 38 0 6 133 

39.5 117 104 0 3 196 

40.5 121 153 0 10 196 

41.5 91 137 3 20 183 

42.5 105 100 3 6 106 

43.5 134 79 2 13 219 

44.5 174 106 0 8 178 

45.5 243 201 1 18 312 

46.5 132 85 1 9 144 

47.5 58 25 0 7 62 

48.5 104 47 1 6 154 

49.5 64 54 0 2 141 

50.5 86 51 0 3 163 

51.5 198 111 1 11 305 

52.5 145 130 3 8 226 

53.5 88 75 0 3 152 

54.5 162 101 0 7 154 

55.5 199 118 1 8 223 

56.5 154 133 0 9 209 

57.5 112 100 1 1 163 

58.5 115 113 0 2 234 

59.5 142 138 0 3 249 

60.5 88 74 0 8 216 

61.5 122 88 0 5 287 

62.5 92 62 0 0 215 

63.5 123 120 1 11 288 

64.5 107 93 0 2 201 

65.5 59 63 0 1 151 

66.5 71 74 1 3 151 

67.5 198 144 3 7 289 

68.5 147 122 0 2 166 

69.5 278 199 0 1 286 

70.5 187 127 1 10 204 

71.5 219 179 0 9 221 

72.5 150 124 0 14 122 

73.5 48 44 0 3 100 

74.5 83 82 0 0 113 

75.5 116 95 0 1 182 
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Depth 

(cm) 

Branched 

(B) 

Lattice 

(L)  

Bordered 

P (BP) 

Other (O) Total 

(Calc) 

37.5 1 0 0 0 394 

38.5 2 0 0 0 237 

39.5 2 0 0 0 422 

40.5 4 0 0 0 484 

41.5 19 0 0 40 493 

42.5 0 1 0 2 323 

43.5 3 0 0 1 451 

44.5 3 0 0 0 469 

45.5 3 1 0 1 780 

46.5 4 0 0 0 375 

47.5 2 0 0 0 154 

48.5 1 0 0 0 313 

49.5 0 0 0 0 261 

50.5 1 0 0 0 304 

51.5 1 0 0 0 627 

52.5 5 1 0 0 518 

53.5 4 0 0 0 322 

54.5 6 0 0 0 430 

55.5 6 0 0 0 555 

56.5 3 0 0 0 508 

57.5 1 0 0 0 378 

58.5 0 0 0 0 464 

59.5 8 0 0 0 540 

60.5 1 0 0 0 387 

61.5 0 0 0 0 502 

62.5 0 2 0 0 371 

63.5 18 1 0 0 562 

64.5 1 0 0 0 404 

65.5 1 0 0 0 275 

66.5 0 0 0 0 300 

67.5 0 0 0 0 641 

68.5 2 0 0 0 439 

69.5 2 8 0 0 774 

70.5 3 0 0 0 532 

71.5 3 0 0 0 631 

72.5 2 0 0 0 412 

73.5 0 0 0 0 195 

74.5 3 0 0 0 281 

75.5 0 0 0 0 394 
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Depth 

(cm) 

Dark (D) Cellular 

(C)  

Porous 

(P) 

Spongy 

(S) 

Fibrous 

(F) 

76.5 129 101 0 4 126 

77.5 108 64 0 3 117 

78.5 71 42 0 0 132 

79.5 162 130 0 8 233 

80.5 161 100 1 4 126 

81.5 84 39 0 7 87 

82.5 113 85 0 3 98 

83.5 125 91 0 8 159 

84.5 86 71 0 3 95 

85.5 68 53 0 5 83 

86.5 56 39 0 0 64 

87.5 80 70 0 1 87 

88.5 82 57 0 2 65 

89.5 94 59 0 5 80 

90.5 89 73 0 5 32 

91.5 17 17 1 0 17 

92.5 16 14 0 0 14 

93.5 114 51 0 3 46 

94.5 129 92 0 3 66 

95.5 153 38 1 5 64 

96.5 44 16 0 0 30 

97.5 87 19 0 1 47 

98.5 50 15 0 4 17 

99.5 13 12 0 0 2 

100.5 12 5 0 0 4 

101.5 12 0 0 0 3 

102.5 43 4 0 1 18 

103.5 44 3 0 0 17 

104.5 72 26 0 0 44 

105.5 56 26 0 0 33 

106.5 131 53 0 4 75 

107.5 46 16 0 2 26 

108.5 48 23 1 1 23 

109.5 56 13 0 0 38 

110.5 64 20 0 0 33 

111.5 50 14 2 1 35 

112.5 45 16 0 0 38 

113.5 56 25 0 0 42 

114.5 49 21 0 0 37 
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Depth 

(cm) 

Branched 

(B) 

Lattice 

(L)  

Bordered 

P (BP) 

Other (O) Total 

(Calc) 

76.5 1 0 0 0 361 

77.5 0 0 0 0 292 

78.5 5 0 0 0 250 

79.5 2 0 0 0 535 

80.5 1 0 0 0 393 

81.5 1 0 0 0 218 

82.5 0 0 0 0 299 

83.5 1 0 0 0 384 

84.5 3 0 0 0 258 

85.5 2 0 0 0 211 

86.5 0 0 0 0 159 

87.5 1 0 0 0 239 

88.5 3 0 0 0 209 

89.5 2 0 0 0 240 

90.5 3 0 0 0 202 

91.5 1 0 0 0 53 

92.5 0 0 0 0 44 

93.5 1 1 0 1 217 

94.5 4 0 0 0 294 

95.5 9 0 0 1 271 

96.5 0 0 0 0 90 

97.5 3 0 0 0 157 

98.5 2 0 0 0 88 

99.5 0 0 0 0 27 

100.5 0 0 0 0 21 

101.5 0 0 0 0 15 

102.5 1 0 0 0 67 

103.5 1 0 0 0 65 

104.5 3 0 0 0 145 

105.5 0 0 0 0 115 

106.5 1 0 0 0 264 

107.5 0 0 0 0 90 

108.5 2 0 0 0 98 

109.5 3 0 0 0 110 

110.5 3 0 0 0 120 

111.5 1 0 0 0 103 

112.5 2 0 0 0 101 

113.5 3 0 0 0 126 

114.5 0 0 0 0 107 
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Depth 

(cm) 

Dark (D) Cellular 

(C)  

Porous 

(P) 

Spongy 

(S) 

Fibrous 

(F) 

115.5 40 12 0 0 30 

116.5 84 17 0 3 38 

117.5 68 15 0 1 41 

118.5 97 30 0 4 80 

119.5 49 12 1 3 38 

120.5 97 37 0 1 44 

121.5 71 17 0 1 41 

122.5 66 24 2 0 43 

123.5 65 23 1 0 50 

124.5 68 21 0 2 61 

125.5 71 20 0 0 40 

126.5 90 31 0 2 71 

127.5 70 14 0 0 47 

128.5 83 29 3 3 78 

129.5 86 22 0 1 61 

130.5 97 21 0 0 91 

131.5 67 23 0 1 46 

132.5 74 17 0 0 37 

133.5 46 9 0 2 45 

134.5 39 17 0 1 52 

135.5 36 14 0 1 41 

136.5 81 27 1 3 59 

137.5 72 19 1 1 46 

138.5 63 15 0 1 51 

139.5 91 22 0 1 48 

140.5 149 39 0 2 93 

141.5 76 17 0 0 51 

142.5 102 37 0 0 80 

143.5 116 27 0 2 69 

144.5 43 14 0 0 23 

145.5 59 17 0 0 32 

146.5 42 22 0 1 45 

147.5 54 21 1 1 41 

148.5 77 20 1 2 78 

149.5 74 14 0 0 41 

150.5 71 12 0 0 33 

151.5 47 11 0 0 30 

152.5 43 15 0 0 18 

153.5 74 21 0 0 40 

 



 

 

144 

 

Depth 

(cm) 

Branched 

(B) 

Lattice 

(L)  

Bordered 

P (BP) 

Other (O) Total 

(Calc) 

115.5 0 0 0 0 82 

116.5 0 0 0 0 142 

117.5 0 0 0 0 125 

118.5 0 0 0 0 211 

119.5 1 0 0 0 104 

120.5 1 0 0 0 180 

121.5 1 0 0 0 131 

122.5 1 0 0 0 136 

123.5 1 0 0 0 140 

124.5 1 0 0 0 153 

125.5 0 0 0 0 131 

126.5 0 0 1 0 195 

127.5 1 0 0 0 132 

128.5 4 0 0 0 200 

129.5 6 0 0 0 176 

130.5 1 0 0 0 210 

131.5 2 0 0 0 139 

132.5 1 0 0 0 129 

133.5 1 0 0 0 103 

134.5 0 0 0 0 109 

135.5 0 0 0 0 92 

136.5 1 0 0 0 172 

137.5 2 0 0 0 141 

138.5 1 0 0 0 131 

139.5 2 0 0 0 164 

140.5 0 0 0 0 283 

141.5 0 0 0 0 144 

142.5 0 0 0 0 219 

143.5 0 0 0 0 214 

144.5 0 0 0 0 80 

145.5 0 0 0 0 108 

146.5 1 0 0 0 111 

147.5 0 0 0 0 118 

148.5 0 0 0 0 178 

149.5 1 0 0 0 130 

150.5 1 0 0 0 117 

151.5 0 0 0 0 88 

152.5 2 0 0 0 78 

153.5 1 0 0 0 136 

 



 

 

145 

 

Depth 

(cm) 

Dark (D) Cellular 

(C)  

Porous 

(P) 

Spongy 

(S) 

Fibrous 

(F) 

154.5 51 15 0 1 22 

155.5 56 32 0 2 47 

156.5 59 24 0 1 54 

157.5 65 21 0 0 34 

158.5 65 20 0 1 53 

159.5 62 23 0 1 23 

160.5 41 11 0 0 18 

161.5 50 23 0 0 23 

162.5 50 23 0 0 27 

163.5 57 19 0 1 24 

164.5 55 25 0 2 35 

165.5 51 21 0 0 30 

166.5 81 27 0 2 42 

167.5 37 16 0 2 31 

168.5 38 13 0 0 13 

169.5 42 22 0 0 18 

170.5 45 13 0 1 20 

171.5 27 11 0 1 16 

172.5 23 19 0 0 26 

173.5 77 34 0 0 40 

174.5 84 31 0 1 56 

175.5 59 26 0 0 33 

176.5 51 29 0 1 20 

177.5 41 35 2 0 23 

178.5 47 13 1 1 12 

179.5 40 17 1 1 11 

180.5 55 17 0 1 25 

181.5 49 15 0 17 0 

182.5 49 14 0 2 17 

183.5 53 17 0 1 13 

184.5 50 20 0 3 19 

185.5 64 23 1 0 28 

186.5 95 23 1 1 42 

187.5 76 25 1 0 37 

188.5 39 16 0 1 15 

189.5 68 23 0 2 22 

190.5 68 32 0 0 21 

191.5 100 30 0 1 38 

192.5 46 11 0 1 21 

 



 

 

146 

 

Depth 

(cm) 

Branched 

(B) 

Lattice 

(L)  

Bordered 

P (BP) 

Other (O) Total 

(Calc) 

154.5 0 0 0 0 89 

155.5 0 0 0 0 137 

156.5 0 0 0 0 138 

157.5 1 0 0 1 122 

158.5 0 0 0 0 139 

159.5 1 0 0 0 110 

160.5 1 0 0 0 71 

161.5 0 0 0 0 96 

162.5 1 0 0 0 101 

163.5 0 0 0 0 101 

164.5 1 0 0 0 118 

165.5 0 0 0 0 102 

166.5 0 0 0 0 152 

167.5 0 1 0 0 87 

168.5 1 0 0 0 65 

169.5 1 0 1 0 84 

170.5 0 0 0 0 79 

171.5 1 0 0 0 56 

172.5 0 0 0 0 68 

173.5 1 1 0 0 153 

174.5 0 1 0 0 173 

175.5 1 0 0 0 119 

176.5 1 0 0 0 102 

177.5 0 0 0 1 102 

178.5 0 0 0 0 74 

179.5 1 0 0 0 71 

180.5 3 0 0 0 101 

181.5 0 0 0 0 81 

182.5 0 0 0 0 82 

183.5 0 1 0 1 86 

184.5 0 0 0 0 92 

185.5 1 0 0 0 117 

186.5 0 0 0 0 162 

187.5 2 0 0 0 141 

188.5 0 0 0 0 71 

189.5 0 1 0 0 116 

190.5 2 0 0 0 123 

191.5 3 0 0 0 172 

192.5 0 0 0 0 79 

 



 

 

147 

 

Depth 

(cm) 

Dark (D) Cellular 

(C)  

Porous 

(P) 

Spongy 

(S) 

Fibrous 

(F) 

193.5 76 22 0 1 33 

194.5 66 15 0 1 37 

195.5 80 33 0 2 41 

196.5 65 19 0 1 53 

197.5 65 19 0 1 53 

198.5 50 17 0 0 24 

199.5 39 20 0 4 39 

200.5 36 24 0 1 25 

201.5 67 35 1 4 55 

202.5 43 22 0 2 45 

203.5 53 25 1 1 51 

204.5 54 40 0 1 41 

205.5 57 21 0 6 54 

206.5 99 44 1 2 56 

207.5 84 46 1 1 56 

208.5 87 43 0 0 50 

209.5 85 40 0 4 44 

210.5 107 57 0 1 65 

211.5 72 46 1 2 66 

212.5 67 45 0 6 55 

213.5 67 40 0 0 48 

214.5 54 22 1 2 31 

215.5 51 43 0 3 48 

216.5 39 40 0 0 31 

217.5 44 19 1 2 37 

218.5 19 12 0 1 20 

219.5 24 20 0 0 8 

220.5 44 23 1 0 26 

221.5 35 20 0 2 17 

222.5 32 17 0 1 19 

223.5 37 16 0 3 31 

224.5 42 29 2 1 20 

225.5 28 13 1 1 15 

226.5 48 20 0 1 23 

227.5 27 20 1 1 21 

228.5 28 19 0 0 17 

229.5 44 20 0 0 17 

230.5 38 31 1 2 18 

231.5 40 27 1 0 20 

 



 

 

148 

 

Depth 

(cm) 

Branched 

(B) 

Lattice 

(L)  

Bordered 

P (BP) 

Other (O) Total 

(Calc) 

193.5 4 0 0 0 136 

194.5 5 0 0 0 124 

195.5 1 0 0 0 157 

196.5 0 0 0 0 138 

197.5 0 0 0 0 138 

198.5 1 0 0 0 92 

199.5 0 0 0 0 102 

200.5 0 0 0 0 86 

201.5 2 0 0 0 164 

202.5 1 0 0 1 114 

203.5 0 0 0 0 131 

204.5 0 0 0 0 136 

205.5 2 0 0 1 141 

206.5 1 0 0 1 204 

207.5 3 0 0 0 191 

208.5 2 0 0 0 182 

209.5 0 0 0 1 174 

210.5 2 0 0 1 233 

211.5 0 0 0 1 188 

212.5 0 0 0 0 173 

213.5 0 0 0 1 156 

214.5 0 0 0 0 110 

215.5 2 0 0 0 147 

216.5 1 0 0 0 111 

217.5 0 0 0 0 103 

218.5 1 0 0 0 53 

219.5 1 0 0 0 53 

220.5 0 0 0 0 94 

221.5 0 0 0 0 74 

222.5 0 0 0 0 69 

223.5 2 0 0 0 89 

224.5 0 0 0 0 94 

225.5 0 0 0 0 58 

226.5 0 0 0 0 92 

227.5 0 0 0 0 70 

228.5 2 0 0 0 66 

229.5 1 0 0 0 82 

230.5 1 0 0 0 91 

231.5 6 0 0 0 94 

 



 

 

149 

 

Depth 

(cm) 

Dark (D) Cellular 

(C)  

Porous 

(P) 

Spongy 

(S) 

Fibrous 

(F) 

232.5 50 29 1 3 33 

233.5 43 19 0 0 26 

234.5 33 22 0 1 29 

235.5 34 11 0 0 19 

236.5 19 17 0 1 21 

237.5 31 14 0 0 13 

238.5 25 20 0 7 21 

239.5 20 14 0 3 14 

240.5 27 11 0 3 15 

241.5 32 12 1 1 18 

242.5 52 30 1 3 29 

243.5 33 20 0 2 15 

244.5 45 22 1 1 32 

245.5 59 20 0 2 21 

246.5 59 30 0 4 25 

247.5 23 14 0 3 22 

248.5 59 33 0 3 31 

249.5 44 15 0 3 15 

250.5 45 33 1 2 24 

251.5 48 31 0 2 28 

252.5 43 33 0 2 39 

253.5 41 33 1 0 25 

254.5 69 43 0 1 41 

255.5 52 28 1 2 34 

256.5 40 30 0 5 24 

257.5 68 64 0 6 48 

258.5 46 32 0 6 18 

259.5 54 11 1 1 35 

260.5 62 19 0 0 15 

261.5 79 30 1 6 38 

262.5 62 28 1 3 26 

263.5 66 21 0 2 18 

264.5 47 13 1 4 17 

265.5 32 15 1 1 9 

266.5 35 12 0 1 9 

267.5 44 17 0 2 16 

268.5 34 19 0 0 14 

269.5 53 30 0 3 19 

270.5 59 21 1 0 29 

 



 

 

150 

 

Depth 

(cm) 

Branched 

(B) 

Lattice 

(L)  

Bordered 

P (BP) 

Other (O) Total 

(Calc) 

232.5 0 0 0 0 116 

233.5 0 0 0 0 88 

234.5 1 0 0 0 86 

235.5 0 0 0 0 64 

236.5 0 0 0 0 58 

237.5 0 0 0 0 58 

238.5 0 0 0 0 73 

239.5 1 0 0 0 52 

240.5 1 0 0 0 57 

241.5 1 0 0 0 65 

242.5 1 0 0 0 116 

243.5 4 0 0 0 74 

244.5 1 0 0 0 102 

245.5 0 0 0 0 102 

246.5 3 0 0 0 121 

247.5 0 0 0 0 62 

248.5 1 1 0 0 128 

249.5 1 1 0 0 79 

250.5 4 0 0 0 109 

251.5 1 0 0 1 111 

252.5 6 0 0 0 123 

253.5 4 1 0 0 105 

254.5 1 0 0 0 155 

255.5 2 0 0 0 119 

256.5 4 0 0 0 103 

257.5 0 0 0 0 186 

258.5 0 0 0 0 102 

259.5 1 0 0 0 103 

260.5 1 0 0 0 97 

261.5 1 0 0 1 156 

262.5 0 0 0 0 120 

263.5 1 0 0 0 108 

264.5 5 0 0 0 87 

265.5 3 0 0 0 61 

266.5 2 0 0 0 59 

267.5 1 0 0 0 80 

268.5 0 0 0 0 67 

269.5 2 1 0 0 108 

270.5 1 0 1 0 112 

 



 

 

151 

 

Depth 

(cm) 

Dark (D) Cellular 

(C)  

Porous 

(P) 

Spongy 

(S) 

Fibrous 

(F) 

271.5 35 17 0 1 30 

272.5 33 14 1 4 25 

273.5 48 22 0 1 27 

274.5 49 13 0 2 14 

275.5 42 12 1 3 22 

276.5 33 18 0 0 14 

277.5 36 14 0 1 19 

278.5 45 10 3 4 17 

279.5 52 10 1 0 21 

280.5 51 16 0 4 25 

281.5 65 15 0 0 18 

282.5 89 30 0 0 40 

283.5 40 18 1 1 19 

284.5 39 9 0 1 18 

285.5 38 7 1 1 13 

286.5 27 8 0 4 15 

287.5 23 9 1 1 21 

288.5 43 10 2 0 19 

289.5 30 7 1 4 12 

290.5 54 20 0 4 22 

291.5 32 10 0 2 11 

292.5 45 9 1 2 16 

293.5 63 23 0 5 30 

294.5 44 10 0 2 19 

295.5 47 14 0 1 21 

296.5 44 8 1 1 21 

297.5 32 9 0 0 14 

298.5 46 19 1 1 31 

299.5 32 14 0 3 18 

300.5 35 15 0 0 13 

301.5 69 23 0 2 42 

302.5 87 13 0 6 33 

303.5 70 27 0 1 45 

304.5 57 30 0 4 33 

305.5 89 37 1 4 42 

306.5 62 35 0 4 37 

307.5 40 29 0 2 36 

308.5 69 24 0 6 33 

309.5 87 37 1 3 52 

 



 

 

152 

 

Depth 

(cm) 

Branched 

(B) 

Lattice 

(L)  

Bordered 

P (BP) 

Other (O) Total 

(Calc) 

271.5 3 0 0 0 86 

272.5 1 0 0 0 78 

273.5 0 0 0 1 99 

274.5 1 0 0 0 79 

275.5 2 0 0 0 82 

276.5 1 0 0 0 66 

277.5 1 0 0 0 71 

278.5 1 0 0 0 80 

279.5 4 0 0 0 88 

280.5 3 0 0 0 99 

281.5 4 0 0 0 102 

282.5 2 0 0 0 161 

283.5 1 0 0 0 80 

284.5 1 0 0 1 69 

285.5 0 0 0 0 60 

286.5 2 0 1 0 57 

287.5 1 0 0 0 56 

288.5 0 0 0 0 74 

289.5 1 0 0 0 55 

290.5 0 0 0 0 100 

291.5 1 0 0 0 56 

292.5 1 0 0 0 74 

293.5 1 0 0 0 122 

294.5 1 0 0 0 76 

295.5 0 1 0 0 84 

296.5 1 0 0 0 76 

297.5 1 0 0 0 56 

298.5 0 0 0 0 98 

299.5 0 0 0 0 67 

300.5 0 0 0 0 63 

301.5 1 0 0 0 137 

302.5 5 0 0 0 144 

303.5 1 0 0 0 144 

304.5 0 0 0 0 124 

305.5 1 0 0 0 174 

306.5 4 0 0 0 142 

307.5 1 1 0 0 109 

308.5 1 0 0 0 133 

309.5 0 1 0 0 181 

 



 

 

153 

 

Depth 

(cm) 

Dark (D) Cellular 

(C)  

Porous 

(P) 

Spongy 

(S) 

Fibrous 

(F) 

310.5 52 40 1 1 38 

311.5 84 42 2 3 60 

312.5 101 50 0 3 57 

313.5 76 55 1 2 43 

314.5 117 59 4 3 79 

315.5 113 53 2 3 71 

316.5 151 53 1 2 107 

317.5 153 72 1 5 96 

318.5 113 62 0 4 100 

319.5 128 55 1 4 89 

320.5 88 40 0 1 61 

321.5 106 31 0 1 66 

322.5 140 59 0 4 98 

323.5 124 50 0 1 104 

324.5 NO DATA NO DATA NO DATA NO DATA NO DATA 

325.5 NO DATA NO DATA NO DATA NO DATA NO DATA 

326.5 124 47 0 6 73 

327.5 113 55 0 4 90 

328.5 148 61 0 2 78 

329.5 211 86 6 7 89 

330.5 154 88 0 5 77 

331.5 122 83 0 7 83 

332.5 135 98 0 5 103 

333.5 155 108 1 4 101 

334.5 113 71 1 3 83 

335.5 73 52 0 2 66 

336.5 123 75 1 3 99 

337.5 160 82 0 4 101 

338.5 109 70 0 8 118 

339.5 81 57 3 6 90 

340.5 101 88 1 2 71 

341.5 70 61 0 2 75 

342.5 102 80 0 5 116 

343.5 190 168 0 4 164 

344.5 66 69 0 3 66 

345.5 77 51 0 5 75 

346.5 62 37 0 6 45 

347.5 53 37 1 10 61 

348.5 84 62 1 4 81 

 



 

 

154 

 

Depth 

(cm) 

Branched 

(B) 

Lattice 

(L)  

Bordered 

P (BP) 

Other (O) Total 

(Calc) 

310.5 1 0 0 0 133 

311.5 1 0 0 0 192 

312.5 4 0 0 0 215 

313.5 7 4 1 0 189 

314.5 5 0 0 0 267 

315.5 2 0 0 0 244 

316.5 2 0 0 0 316 

317.5 0 0 0 0 327 

318.5 0 0 0 0 279 

319.5 2 0 0 0 279 

320.5 4 0 0 0 194 

321.5 4 0 0 0 208 

322.5 7 0 0 0 308 

323.5 2 0 0 0 281 

324.5 NO DATA NO DATA NO DATA NO DATA NO DATA 

325.5 NO DATA NO DATA NO DATA NO DATA NO DATA 

326.5 3 0 0 0 253 

327.5 4 0 0 0 266 

328.5 8 0 0 0 297 

329.5 1 0 0 0 400 

330.5 2 1 0 1 328 

331.5 5 0 0 0 300 

332.5 0 0 0 0 341 

333.5 2 0 0 0 371 

334.5 3 0 0 0 274 

335.5 1 0 0 0 194 

336.5 6 0 0 1 308 

337.5 4 0 0 0 351 

338.5 2 0 0 0 307 

339.5 22 0 0 0 259 

340.5 1 0 0 0 264 

341.5 0 0 0 0 208 

342.5 4 0 0 0 307 

343.5 2 3 0 0 531 

344.5 2 0 0 0 206 

345.5 2 0 0 0 210 

346.5 4 0 0 0 154 

347.5 3 0 0 0 165 

348.5 1 0 0 0 233 

 



 

 

155 

 

Depth 

(cm) 

Dark (D) Cellular 

(C)  

Porous 

(P) 

Spongy 

(S) 

Fibrous 

(F) 

349.5 100 70 0 3 100 

350.5 104 84 0 5 118 

351.5 81 67 0 4 82 

352.5 76 63 0 3 97 

353.5 61 38 1 2 67 

354.5 65 40 0 9 88 

355.5 101 123 1 7 75 

356.5 93 68 0 3 113 

357.5 97 63 0 2 101 

358.5 46 34 0 0 54 

359.5 29 22 0 0 38 

360.5 40 25 0 1 54 

361.5 42 32 0 3 46 

362.5 45 37 0 7 64 

363.5 60 42 1 6 61 

364.5 81 65 0 2 58 

365.5 49 27 0 0 39 

366.5 40 23 0 0 21 

367.5 34 11 0 2 21 

368.5 57 30 0 1 83 

369.5 33 30 0 0 49 

370.5 26 18 0 0 44 

371.5 52 25 0 2 53 

372.5 47 21 0 1 71 

373.5 45 17 0 0 61 

374.5 39 24 0 0 37 

375.5 31 12 0 1 37 

376.5 45 36 1 0 42 

377.5 39 25 0 1 38 

378.5 54 32 1 6 42 

379.5 38 33 0 2 42 

380.5 59 32 0 0 45 

381.5 48 22 0 0 33 

382.5 75 52 0 3 50 

383.5 85 31 0 0 53 

384.5 64 20 0 3 45 

385.5 38 22 0 12 35 

386.5 34 19 1 2 24 

387.5 22 10 1 3 44 

 



 

 

156 

 

Depth 

(cm) 

Branched 

(B) 

Lattice 

(L)  

Bordered 

P (BP) 

Other (O) Total 

(Calc) 

349.5 0 0 0 0 273 

350.5 3 0 0 0 314 

351.5 0 0 0 0 234 

352.5 2 0 0 0 241 

353.5 0 0 0 0 169 

354.5 0 0 0 0 202 

355.5 1 0 0 2 310 

356.5 4 0 0 0 281 

357.5 0 0 0 0 263 

358.5 0 0 0 0 134 

359.5 0 0 0 0 89 

360.5 2 0 0 0 122 

361.5 0 0 0 0 123 

362.5 0 0 0 0 153 

363.5 1 0 0 0 171 

364.5 1 0 0 0 207 

365.5 0 0 0 0 115 

366.5 0 0 0 0 84 

367.5 0 0 0 0 68 

368.5 0 0 0 0 171 

369.5 1 0 0 0 113 

370.5 2 0 0 0 90 

371.5 0 0 0 1 133 

372.5 3 0 0 0 143 

373.5 3 0 0 0 126 

374.5 0 0 0 0 100 

375.5 0 0 0 0 81 

376.5 0 0 0 0 124 

377.5 2 0 0 0 105 

378.5 0 0 0 0 135 

379.5 0 0 0 0 115 

380.5 1 0 0 0 137 

381.5 0 2 0 0 105 

382.5 3 1 0 0 184 

383.5 2 0 0 0 171 

384.5 1 0 0 0 133 

385.5 0 0 0 0 107 

386.5 0 0 0 0 80 

387.5 1 0 0 0 81 

 



 

 

157 

 

Depth 

(cm) 

Dark (D) Cellular 

(C)  

Porous 

(P) 

Spongy 

(S) 

Fibrous 

(F) 

388.5 46 23 2 4 56 

389.5 34 12 0 0 25 

390.5 45 47 1 2 27 

391.5 46 21 0 1 41 

392.5 46 30 0 2 43 

393.5 37 33 0 1 32 

394.5 23 18 1 4 33 

395.5 53 19 0 3 39 

396.5 31 20 1 3 30 

397.5 30 38 0 1 48 

398.5 53 66 0 3 86 

399.5 60 41 0 0 19 

400.5 32 14 0 3 26 

401.5 25 35 1 0 26 

402.5 34 14 0 2 24 

403.5 16 4 0 0 12 

404.5 30 7 0 1 18 

405.5 16 4 1 2 13 

406.5 20 15 0 1 25 

407.5 NO DATA NO DATA NO DATA NO DATA NO DATA 

408.5 NO DATA NO DATA NO DATA NO DATA NO DATA 

409.5 39 26 0 2 31 

410.5 47 26 0 3 47 

411.5 65 51 1 1 72 

412.5 21 19 0 2 33 

413.5 13 6 0 1 8 

414.5 23 10 0 1 17 

415.5 9 8 0 0 7 

416.5 18 10 0 1 12 

417.5 9 4 0 1 9 

418.5 16 16 0 0 7 

419.5 15 7 0 2 6 

420.5 16 12 0 0 12 

421.5 32 15 0 2 17 

422.5 36 17 0 1 23 

423.5 23 15 0 1 23 

424.5 24 9 0 2 21 

425.5 16 7 0 0 9 

426.5 13 5 0 1 7 

 



 

 

158 

 

Depth 

(cm) 

Branched 

(B) 

Lattice 

(L)  

Bordered 

P (BP) 

Other (O) Total 

(Calc) 

388.5 1 0 0 0 132 

389.5 3 0 0 0 74 

390.5 0 0 0 0 122 

391.5 0 0 0 0 109 

392.5 0 0 0 0 121 

393.5 3 0 0 0 106 

394.5 0 0 0 0 79 

395.5 0 0 0 0 114 

396.5 5 0 0 0 90 

397.5 0 1 0 0 118 

398.5 2 0 0 0 210 

399.5 1 0 0 0 121 

400.5 0 0 0 0 75 

401.5 0 1 0 0 88 

402.5 0 0 0 0 74 

403.5 0 0 0 0 32 

404.5 0 0 0 1 57 

405.5 0 0 0 0 36 

406.5 0 0 0 0 61 

407.5 NO DATA NO DATA NO DATA NO DATA NO DATA 

408.5 NO DATA NO DATA NO DATA NO DATA NO DATA 

409.5 0 0 0 0 98 

410.5 0 0 0 0 123 

411.5 3 0 0 0 193 

412.5 2 0 0 0 77 

413.5 1 0 0 0 29 

414.5 3 0 0 0 54 

415.5 0 0 0 0 24 

416.5 0 0 0 0 41 

417.5 0 0 0 0 23 

418.5 0 0 0 0 39 

419.5 2 0 0 0 32 

420.5 0 0 0 0 40 

421.5 1 0 0 0 67 

422.5 0 0 0 0 77 

423.5 0 0 0 0 62 

424.5 0 0 0 0 56 

425.5 0 0 0 0 32 

426.5 0 0 0 0 26 

 



 

 

159 

 

Depth 

(cm) 

Dark (D) Cellular 

(C)  

Porous 

(P) 

Spongy 

(S) 

Fibrous 

(F) 

427.5 19 11 0 0 8 

428.5 6 2 0 0 6 

429.5 15 12 0 0 8 

430.5 14 2 0 1 8 

431.5 31 20 0 1 6 

432.5 7 2 0 3 5 

433.5 18 5 0 1 5 

434.5 7 6 0 0 3 

435.5 14 6 0 0 5 

436.5 9 7 0 1 5 

437.5 8 7 0 0 1 

438.5 19 5 0 0 4 

439.5 12 8 0 0 6 

440.5 8 4 0 0 2 

441.5 8 7 0 1 3 

442.5 10 5 0 0 3 

443.5 5 2 0 1 1 

444.5 6 5 0 1 1 

445.5 6 2 1 2 3 

446.5 7 5 0 0 1 

447.5 26 6 0 2 3 

448.5 6 6 0 2 1 

449.5 13 6 1 2 5 

450.5 9 6 0 0 0 

451.5 13 7 1 1 1 

452.5 7 2 0 1 4 

453.5 2 7 0 1 1 

454.5 9 2 0 0 0 

455.5 10 7 0 0 2 

456.5 9 3 0 1 3 

457.5 10 3 0 0 3 

458.5 7 2 0 1 0 

459.5 7 8 0 3 1 

460.5 4 4 0 0 1 

461.5 8 5 0 3 3 

462.5 11 9 1 2 0 

463.5 11 6 2 4 2 

464.5 17 7 0 0 3 

465.5 22 14 0 5 5 

 



 

 

160 

 

Depth 

(cm) 

Branched 

(B) 

Lattice 

(L)  

Bordered 

P (BP) 

Other (O) Total 

(Calc) 

427.5 0 0 0 0 38 

428.5 0 0 0 0 14 

429.5 1 0 0 0 36 

430.5 0 0 0 0 25 

431.5 0 0 0 0 58 

432.5 0 0 0 0 17 

433.5 0 0 0 0 29 

434.5 0 0 0 0 16 

435.5 0 0 0 0 25 

436.5 0 0 0 0 22 

437.5 1 0 0 0 17 

438.5 0 0 0 0 28 

439.5 0 0 0 0 26 

440.5 0 0 0 0 14 

441.5 0 0 0 0 19 

442.5 0 0 0 0 18 

443.5 0 0 0 0 9 

444.5 0 0 0 0 13 

445.5 0 0 0 0 14 

446.5 0 0 0 0 13 

447.5 0 1 0 0 38 

448.5 0 0 0 0 15 

449.5 0 0 0 0 27 

450.5 0 0 0 0 15 

451.5 0 0 0 0 23 

452.5 0 0 0 0 14 

453.5 0 0 0 0 11 

454.5 0 0 0 0 11 

455.5 0 0 0 0 19 

456.5 0 0 0 0 16 

457.5 0 0 0 0 16 

458.5 0 0 0 0 10 

459.5 0 0 0 0 19 

460.5 0 0 0 0 9 

461.5 0 0 0 0 19 

462.5 1 0 0 0 24 

463.5 0 0 0 0 25 

464.5 1 0 0 0 28 

465.5 2 0 0 0 48 

 



 

 

161 

 

Depth 

(cm) 

Dark (D) Cellular 

(C)  

Porous 

(P) 

Spongy 

(S) 

Fibrous 

(F) 

466.5 36 11 0 4 2 

467.5 10 4 0 1 1 

468.5 8 5 0 3 0 

469.5 14 6 0 1 0 

470.5 7 0 0 0 5 

471.5 13 7 0 1 2 

472.5 9 5 2 0 3 

473.5 8 4 0 1 2 

474.5 8 2 0 2 5 

475.5 18 4 0 5 3 

476.5 14 13 0 2 2 

477.5 32 8 1 6 8 

478.5 20 12 0 2 9 

479.5 26 16 1 3 12 

480.5 24 17 1 6 12 

481.5 23 15 1 1 12 

482.5 57 20 1 6 13 

483.5 32 24 4 6 5 

484.5 13 11 0 1 2 

485.5 16 3 1 6 8 

486.5 6 6 0 1 5 

487.5 22 7 1 2 5 

488.5 19 11 0 8 0 

489.5 11 20 2 0 1 

490.5 14 4 1 2 1 

491.5 14 16 0 3 5 

492.5 15 22 1 1 7 

493.5 29 17 0 4 7 

494.5 16 7 0 1 1 

495.5 5 16 0 2 4 

496.5 24 15 0 5 5 

497.5 38 30 0 5 4 

498.5 29 23 1 2 4 

499.5 12 8 2 8 0 

500.5 7 9 1 3 0 

501.5 6 11 2 2 3 

502.5 33 18 1 5 2 

503.5 22 14 2 3 2 

504.5 25 5 3 4 0 

 



 

 

162 

 

Depth 

(cm) 

Branched 

(B) 

Lattice 

(L)  

Bordered 

P (BP) 

Other (O) Total 

(Calc) 

466.5 0 0 0 0 53 

467.5 0 0 0 0 16 

468.5 0 0 0 0 16 

469.5 0 0 0 0 21 

470.5 0 0 0 0 12 

471.5 1 0 1 0 25 

472.5 0 0 0 1 20 

473.5 0 0 0 0 15 

474.5 0 0 0 0 17 

475.5 0 0 0 1 31 

476.5 0 0 0 0 31 

477.5 0 0 0 0 55 

478.5 0 0 0 0 43 

479.5 0 1 0 0 59 

480.5 0 0 0 0 60 

481.5 0 1 0 0 53 

482.5 1 0 0 0 98 

483.5 0 0 0 0 71 

484.5 0 0 0 0 27 

485.5 0 0 0 0 34 

486.5 0 0 0 0 18 

487.5 0 0 0 0 37 

488.5 0 0 0 0 38 

489.5 1 0 0 0 35 

490.5 0 0 0 0 22 

491.5 1 0 0 0 39 

492.5 0 0 0 0 46 

493.5 0 0 0 0 57 

494.5 0 0 0 0 25 

495.5 0 0 0 0 27 

496.5 1 3 0 0 53 

497.5 0 0 0 0 77 

498.5 0 0 0 0 59 

499.5 0 0 0 0 30 

500.5 0 0 0 0 20 

501.5 0 0 0 0 24 

502.5 2 0 0 0 61 

503.5 1 0 0 0 44 

504.5 0 0 0 0 37 

 



 

 

163 

 

Depth 

(cm) 

Dark (D) Cellular 

(C)  

Porous 

(P) 

Spongy 

(S) 

Fibrous 

(F) 

505.5 20 11 1 3 3 

506.5 34 11 1 3 11 

507.5 28 9 0 1 19 

508.5 62 23 0 4 3 

509.5 19 7 1 3 5 

510.5 10 2 0 1 0 

511.5 8 2 0 1 1 

512.5 21 4 1 8 3 

513.5 26 9 1 7 1 

514.5 12 7 0 1 1 

515.5 26 14 1 9 2 

516.5 11 3 0 5 1 

517.5 29 5 0 2 3 

518.5 110 23 2 9 15 

519.5 15 5 0 1 1 

520.5 3 4 0 2 1 

521.5 25 6 1 1 1 

522.5 32 17 1 9 2 

523.5 47 16 3 11 3 

524.5 9 3 0 3 5 

525.5 20 10 0 1 0 

526.5 22 9 0 4 1 

527.5 43 18 0 10 3 

528.5 22 4 0 6 1 

529.5 24 6 0 7 1 

530.5 29 6 3 5 1 

531.5 25 16 1 2 1 

532.5 38 23 3 4 1 

533.5 23 13 0 3 1 

534.5 4 7 0 1 1 

535.5 13 7 0 2 1 

536.5 20 8 1 6 3 

537.5 9 4 0 4 1 

538.5 27 18 1 4 4 

539.5 24 8 0 7 4 

540.5 20 10 0 0 1 

541.5 22 4 0 2 0 

542.5 16 5 0 0 0 

543.5 7 1 0 0 0 

 



 

 

164 

 

Depth 

(cm) 

Branched 

(B) 

Lattice 

(L)  

Bordered 

P (BP) 

Other (O) Total 

(Calc) 

505.5 0 0 0 0 38 

506.5 1 0 0 0 61 

507.5 1 1 0 0 59 

508.5 1 0 0 0 93 

509.5 1 0 0 0 36 

510.5 0 0 0 0 13 

511.5 1 0 0 0 13 

512.5 0 0 0 0 37 

513.5 0 0 0 0 44 

514.5 1 0 0 0 22 

515.5 0 0 0 0 52 

516.5 0 0 0 0 20 

517.5 0 0 0 0 39 

518.5 1 0 0 0 160 

519.5 0 0 0 0 22 

520.5 0 0 0 0 10 

521.5 0 0 0 0 34 

522.5 0 0 0 0 61 

523.5 0 0 0 0 80 

524.5 0 0 0 0 20 

525.5 0 0 0 0 31 

526.5 0 0 0 0 36 

527.5 0 0 0 0 74 

528.5 0 0 0 0 33 

529.5 0 0 0 0 38 

530.5 0 0 0 0 44 

531.5 1 0 0 0 46 

532.5 2 0 0 0 71 

533.5 0 0 0 0 40 

534.5 0 0 0 0 13 

535.5 0 0 0 0 23 

536.5 0 1 0 0 39 

537.5 0 1 0 0 19 

538.5 0 0 0 0 54 

539.5 0 0 0 0 43 

540.5 0 0 0 0 31 

541.5 0 0 0 0 28 

542.5 0 0 0 0 21 

543.5 0 0 0 0 8 

 



 

 

165 

 

Depth 

(cm) 

Dark (D) Cellular 

(C)  

Porous 

(P) 

Spongy 

(S) 

Fibrous 

(F) 

544.5 10 0 0 0 0 

545.5 4 0 0 1 2 

546.5 13 1 0 0 0 

547.5 1 0 0 0 0 

548.5 5 1 0 0 0 

549.5 0 0 0 0 0 

550.5 0 0 0 1 0 

551.5 2 0 0 0 0 

552.5 1 0 0 0 0 

553.5 0 0 0 0 0 

554.5 1 0 0 1 0 

555.5 2 0 0 0 0 

556.5 1 0 0 0 0 

557.5 1 0 0 0 0 

558.5 3 0 0 0 0 

559.5 1 0 0 0 0 

560.5 0 0 0 0 0 

561.5 2 1 0 0 0 

562.5 0 0 0 0 0 

563.5 0 0 0 0 0 

564.5 3 0 0 0 0 

565.5 7 0 0 0 0 

566.5 3 4 0 1 2 

567.5 3 4 0 1 2 

568.5 0 0 0 0 0 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

166 

 

Depth 

(cm) 

Branched 

(B) 

Lattice 

(L)  

Bordered 

P (BP) 

Other (O) Total 

(Calc) 

544.5 0 0 0 0 10 

545.5 0 0 0 0 7 

546.5 0 0 0 0 14 

547.5 0 0 0 0 1 

548.5 0 0 0 0 6 

549.5 0 0 0 0 0 

550.5 0 0 0 0 1 

551.5 0 0 0 0 2 

552.5 0 0 0 0 1 

553.5 0 0 0 0 0 

554.5 0 0 0 0 2 

555.5 0 0 0 0 2 

556.5 0 0 0 0 1 

557.5 0 0 0 0 1 

558.5 0 0 0 0 3 

559.5 0 0 0 0 1 

560.5 0 0 0 0 0 

561.5 0 0 0 0 3 

562.5 0 0 0 0 0 

563.5 0 0 0 0 0 

564.5 0 0 0 0 3 

565.5 0 0 0 0 7 

566.5 0 0 0 0 10 

567.5 0 0 0 0 10 

568.5 0 0 0 0 0 

 


