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Abstract

Abrupt change ecological systems are expected to become more frequentriaghe
future as a resulbf ongoingclimate changand increases inoth thefrequency and intensity of
disturbance and extrencémateevents Fossil pollen records froitine late Quaternary have
offered crucial insights into the mechanismslofupt ecadgical changewhich in eastern North
America hagarticulaty focused onthemid- to late Holocenedeclinesof mesic tree populations
such as American beechagus grandifollig andEastern hemlockT{suga canadensgisSome
researchhas suggested that@onal populationaremoresensitive to changes in climate and
disturbancealthoughinvestigation othis claim in thepaleoecologicatecord has beesparse
andwith mixed supportThis thesianaps the shifting position of the Michigan Tension Zone
(MTZ), an ecotone separating southern deciduous forest from northernpieetbrest, in
Lower Michigan and tests whether ecotonal position is a predictor of past community variability.
The data aalyzedincludeanewpollen recordrom Sunrise Lake, Michigafst north of the
MTZ, and19 extant pollen recordsom the Neotoma Paleoecology Database. The placement of
the ecoton@nd its movements during the Holoceves determinethrougha combination of
norrmetric multidimensional scaling (NMDSndempirical Bayesian kriging (EBK) was
employed to visualizenillennialscalemovements of the MTZ.

The pollenrecord at Sunrise Lakghowedanexpansion off sugaandFaguspopulations
at 6.7ka BP(thousand years before present) andk@.BP, respectivelyAn gbrupt decline in
Tsugaabundancevas recordedfter 5.1 ka BR, but while Fagusexhibitedhigh variability with a
declining trend afte4.8 ka BP, there was no signal @bllapsein FaguspopulationsBoth
populations generally began to recoaéier2.4ka BP, before experiencing latdolocene

declines &er 1 ka BP(Tsugg and 800 years BAFagug. Timing of these events was



determinediia calibration ofL6 1“C datesincluding abasal date of 10.8a BP, plus a core tof-
70 years BPandAmbrosiarise (80 years BP) indicatirteurcamericarsettlemeniera
disturbance

NMDS Axis 2 clusters southern hardwoods from northern mfgeekt, indicating a
latitudinal signalwhich closelymirrorsMTZ position, while Axis 1 captures the decline of
spruce Piceg woodlands at the Pleistoceh®locene transitiopAxis 3 captures the rise of
Ambrosiadominated assemblages after EAmerican settlement and logginand Axis 4
discriminateshydroclimate sensitivities of tree tax@egional analysifollowing these ordination
resultsdeterminedhat the MTZshiftedover150 kmbetween its southerand northernmost
extentsfrom 11-10 ka BPto 7-6 ka BPrespectivelypbefore moving south agaio reach its
current positiorroughly 30 km north ofits establishmenafter 2ka BP. Rates of compositional
change were on average highest neaMMi&, upholding the predictions of ecotonal theory.
However maximum rates of changeere more likely to be observedsittesof intermediate
distancesX00-150km) 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 bpatrticularly sensitive to past and contemporary clirtiibéen change.
However, the interacting effects of climate change, disturbance regime, and vegetation

composition may cause some racotonal populations to have particularly high rates of change.
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I ntroduction

Anthropogenic climatehanges widely expected to transform the composition and
functioning of ecosystems, with initial changes already dete¢tdlmderstanding how species
responses will manifegt space and timis crucial for effective conservati@nd management
strategiegBurkett et al., 2005; Nolan et al., 2018; Steffen et al., 200& Anthropocene, a
newly proposedeological epocliHead et al., 2022; Ruddiman, 2013; Waters&ner, 2022)
is characterized bgccelerating rates of chantjgoughoutthe Earth system and its associated
sociaphysical linkagessuperimposed on Quaternampdes of variabilitfJadkson & Overpeck,
2000; Ruddiman, 2013; Williams et al., 2020hese climate changes are already leading to
decreases in species richness glob@llgGill et al., 2015) Given thatffuture Earth system states
are likely tomore closely resembltbe distant past than the pres@iirke et al., 2018)xase
studies from the late Quatername useful for understanding the patterns and processesidty
species and ecosystems respond to large, novel, and rapid climate ¢ackssn & Blois,
2015; Webb, 1993)

A standard expectation in global change ecology is that ecological sensitivityabecl
change is highest at ecotonal boundadten & Breshears, 1998; Gosz, 1991; Holland et al.,
1991) but this expectation remains understudied and so is poorly tEsteibnesare defined as
zones of transition between adjacent ecosysthatgenerdly correspond with @
environmental gradierandthrough which species, energy, and resource flows are mediated
(Kark, 2007; Risser, 1995)any authors have argued that thésssition zones may host
relatively high species richne€@dum, 1954; Shmida & Wilson, 198ahd be sensitive to
environmental change$sosz & Sharpe, 1989 cotonesften reflect a confluence of range

limits, which are also assumed to be loci ajthspeciedevel sensitivity to climate change



(Sagarin et al., 2006and as a result are sitgissharpturnover anchigh co-occurrencg€Shea et
al., 2021) If so, ecotones may warrant prioritization by managerscamdervationists (Smith et
al., 2001).0On the other hangome haveshown that higher species richness cannot be
conclusively deemed an inherent feature of ecotfidegd et al., 200Q0)Moreover, tle extent to
which ecotonesayhbuffer or amplify the effects of hydroclimatic variability adjacent
populations remains contest@¢hark & van Rensburg, 2006and néworks of paleoecological
recordsoftendemonstrate compositionglhange across many sites during periods of
environmental changeather thanjust in ecotonal areg§&ajewski, 198). These patterns may
be dependent on the type and scale of ecotone. Wab& (1993¥ound that montane ecotones
respond to climate changeconsistently, others have suggested that a tempetadsesl ecotone
with a large forested area should be a better locus for monitoring the effects of climate change on
ecosystemgloehle, 2000)

Abrupt ecological changen the mid to lateHolocene lavebeen weldocumented
throughouthe Upper Midwes(UMW) and eastern North America (ENAYith particular focus
on ecotonal dynamics such as the praiaeest ecoton¢Danz et al., 2013; Webb et al., 1983;
Williams et al., 2009andrapid declines of mesic taxa sucheastern hemlockTsuga
canadensisandAmericanbeech(Fagus grandifolia (Booth et al., 2012a; Booth et al., 2012b;
Shuman et al., 2009; Wang et al., 20T@)e divers ofthese declines as well as the question of
their synchrony across sitegseman objects of inquiry, wittcurrenthypotheses structured
around the interacting effects @ttrinsic and intrinsic factorsypically drought, fire regime, and
competition(Williams et al., 2011)Resultsfrom the prairieforest ecotone, which has been the
most closely studied in the abrupt change literatumee found aridity and fire to act alternately

as key conbls of woody to mixeeyrass transition from Minnesota to lllinois, with spatial



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 theest tension zone (FTZhat extends from
Minnesota to Ontario (Fig. 33eparahg southern broadleaf deciduous forest from northern
Laurentian mixeepine foresi{Andersen, 2005; Cleland et al., 2007; McNab et al., 200%
Michigan Tension Zone (MTZ) is a part of this broader ecotone an@stallished roughly
10,000 years ago, following the decline of sprutieda populatons and expansiomf pine
(Pinug populationgHupy, 2012; McCann, 1979; Webb &t 4983) Presettlement vegetation
on either side of the MT@as predominantly characterized by the presence or absence of
hemlock,with southern Lower Michigan comprised largely of besaggar maple forestith
substantial patches of mix@@dk savannand oakhickory forest, northern Lower Michigan
comprised largely of beeedugar mapldhemlock,hemlockwhite pine,and mixedpine forests
and patches of white pinghite oak and white pinmixed hardwood forg proliferating near the
MTZ (Comer et al., 1995).

Analysis of the FTZ has been less intensive than that of the pi@iest ecotone,
especially irMichigan but has nonetheless yielded important insigkitedings with respect to
the Holocene dynamias the FTZ havesuggested the ecotone tohighly variable in space and
time (Hupy, 2012)with a possible northward advance frestablishment to Ba BPand
subsequent southward retr@atebb et al., 1983)These shifts were likelgrivenprimarily by
responses gfine and oakQuercu$ populationgo controls on temperature anwisture
availabiity (Dawson et al., 2019yith fire as a potentially important regulai®owacki &
ThomasVan Gundy, 2021)However,given thesignificant increase ilata and site availability

since Webb &nd aHlumdwdapping @BHcene vegetation dynamicsthe



FTZ, an updatedanalysis ofecotonal dynamicandspatial patternsf 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 stuthys thesigpresens a regional analys of 20 regional
pollen records (Figs.-2), including 19%xtant pollen recordisom the Neotoma Paleoecolpg
DatabaséWilliams et al., 2018andonenewpollen recordrom Sunrise LakeWe combine
these data with nemetric multidimensional scaling (NMDS) and empirical Bayesian Kriging
(EBK) to a) tr ac kovdrthelastMJ,00 yeaasd b)vest nigethér distance
to ecotone is a predictor of vegetation compositional vditipbiespectivelyThe broader goals
of thisresearchareto contribute new insights aregionalscalevegetatiordynamics in
Michigan test hypotheses about tlrekages between abrupt ecological change and ecotone
proximity, andinform conservation anchanagement strategies with respect to spatial patterns of

ecoclimate sensitivitfWilliams et al., 2022)

Research Questions and Hypotheses

1) How has the position of the Michigan Tension Zone (MTZ) changed over time?
Hio: The MTZ has remainadore or lesstable in position and steepnessce its
establishmentshifting no more than an order of 10 km
Hi.1: The MTZ has shifteshoderately(100-200 kn) in position and steepnessice
its establishment.

Hi.2: The MTZ hagxperienced dramatic shifigreater than 206800 km, e.g. Hupy,

2012 since its establishment.



2) Were these changes iMTZ location abrupt or gradual?
Hz.0: Themovements of thdTZ were gradualdefinedat the millennial scalas
shiftingless tharb0 km over 1,000 years
Hs1: The MTZ experienced abrupt shifts in locatidefined athe millennial scale as
shifting greater thab0 km over 1,000 years

3) Is therate of ecological change&luring the Holocenesensitive to proximity to the

MTZ?

Has0: Rate of ecological changs not sensitive to proximity to the MTZ.

Has.1: Rate of ecological change sensitive to proximity to the MTZ.

Background

AbruptChange

Abrupt changsin ecological systems (ACE$an be defined asubstantial changes in
ecosystem states that occur in a short period of time relative to typical rates of (ERetagrz ak
et al., 2018)These changes atgpically associatd with nonlinear thresholtype responses of
species to environmental variabilityften with the climatic forcings themselves behaving
nonlinearly(Burkett et al., 2005)As novel climates and nanalog communities are expected to
proliferatewithin the next centurymodels ofhow species and associations in the past have
responded to rapid state changes of vital importancéTurner et al., 2020; Williams &
Jackson, 2007Although thecompkxity of variousinterdinked forcingsrendes precise
attribution difficult,the ACES literature has thus far sorted possible driversvwaanain
categories: extrinsic and intringi@Villiams et al., 2011)Extrinsic factors refer to species

responses beingigen externally by abrupt climatic changes and hydrological variability,



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 responsaseatdygaite
level characteristics and dynamics, including soil profile, competition, and disturbance regime.
As a result, shifts in fire frequency and intensity are inheremiigingledat local scaleswhich,
together with drought and competitiamgmprse the most likely forcings afbrupt change in
forest systems

Case studiesf abrupt ecological changerer the past 25,000 yeaage numerouyswith
lessondrom these phenomena vyielding four primargdes obiotic responseat the population
level: persisting in situshifting locally along habitat gradientsadergoing more drastic
migration, or experiencing local extinctiédackson & Overpeck, 20Q0Meither the rates of
each mode nor the ratesdrfving environmentabariablesarestationaryboth ecosystems and
climates are changing constantly, even ifrttegnitude of change not constant itse(flackson
& Blois, 2015) Because rates of climate change continue to accelerate today, Williams et al.
(2020) has advocatedgaeater focus on @tesbased, rather thastatebased, framework for
understandinglimatedriven ecological dynamics

Rates of ecological change candagegorized asither fast, slow, or abrupVilliams et
al., 2020) Fast eological responsemrethose whicttlosely keep pace wittheir 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 harndack climate nonlinearly. While many

instances of this latter response type o@sua single event, they can just as wp#rate by

what Jackson et a2009)r e f er t o as a fAr atacshceessiomhthredmaddn i s m,

type responses interspersed with relatively brief periods of stabiéghibited.Both the
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singular and ratchelype threshold dynamics may be observed in the saegegiven different
climate states and rates of forcings, especially oulbennial time scales. As suchnalysis of
ecological changmust ensureareful attetion in order to avoid missing acute shifts in
composition or structure where stabilggemed to bngstanding.
The assumption that species are more sensitive near their range limits is commonly held
by contemporary ecologistalthough there is reasdo doubt its validityThe assumption, argue
Sagarin et ali2006) isb as ed o n anre nft aelru rhdyapnott derdral popujationsi N wh i
areheavilyconcentrated aneldge populations more spar€antradictoryconclusions drawn
from this hypothesis include claims thmithedges and centease the more crucial site to
protect and monitoryith their populationsmore resistarto climate change, morariable and
so on.Studies which have since empirically testieeleffects of range&enter versus range
margin ondemographylynamicshave found thabcation withinaspegce s 6 c¢cl i mat e env
cannot alone predithe sensitivity of that species ¢matic changeg§Amburgey et al., 2018)
Furthermorein analyzinga transect of sevarollen recordsicross eastern North America,
Gajewski(1987)found thatclimatedriven ecological rggonses werequally likely to be
observed &t tesemmsi teil sedvh er Ontheiothdr handomehavpe ci es 6
continued to find support fahe sensitivity ofange limits when incorporating not just a
bioclimatic envelope but alsnetapopulatiordynamicsinto the predictive mod€Anderson et
al., 2009) The contentiorbetween an edge population which is sensive one which is
neutral to climate change indicates the need for further study, especially given that such attention
to thespatial distributiorof abrupt ecological changes have mostly not integrated ecotonal

theoryinto their analysis. The role of the tension zone in mediating the effeetsiobnmental



variability on inner and adjacent populations is thus af&etpr in addressing the gaptns

literature.

Ecotonal Theory and Dynamics
The ecotone concept, despiteover100-year historyhasfrequently beeoosely
confined due to a wide range dkfinitionsconflating itwith edgesglines, and othdooundary
phenomeng&Cadenasso et al., 200Becausd¢erminological and conceptual clarity is essential
will start out bymapping out this theoretical territofifhe first reference to and study of a
tension zone originated with the ecologist B.E. Livinggt®03) who applied the term to an
area which he descr i be deprasentirmacdnfiuenveyf mangplarit and w
specieé range | i mits cutt i ndgrhisasconceptsveuldkeexdicitlCount vy,
formal i zed i twbypears l&itefCleinents,al®06teooghCl e ment s 6
understanding of ecological communitiesiesmplex supeprganisms led toa one
dimensional representation of ecotonediasrete borderlines between plant communities,
ecotone concept woulake further developebly the late 1980s as it gained utility within the
disciplines of ecosystem ecology and landscape ecé¥myow & Marin, 2007)
A general definitiorgiven byHolland (1988 states that ecotones represames 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 markgorovement on earlier definitiorfsee e.g.
Odum, 197)which failed to considespatiotemporal dynamics afghctionalrole within a
broader landscap®Vhile the Hollanddefinition has sinceffectively becoma standard in the

ecotonal literatureat isnd sufficiently specific or operational tdistinguish from other ecological



boundariesA revised definitiorof the ecotonsuggested by Hufkeret al.(2009)asfa multi-
dimensional environmentally stochastic interaction zone between ecological systems with
characteristics defined in space and time, and by the direfhtite interactiodserves to better
incorporatdts multivariatenature even if environmental stochasticity méog anoverdetermined
characteristiavhich isdifficult to discriminateThis| at t er aspect asi de, Huf
definitionis theone that will aim to adhere tanost closely

Landscape ecology héacilitatedthe development and application of hierarchy theory
the study okcotones and othémansition zonesAccording to hierarchy theory, complex
ecological systems are undexsiicas being composed of relatively isolated levels operating at
distinct scales in time and spade this frameworkbiotic potential and environmental limits act
respectively as loweand highetlevel constraints to form an envelope within which the
landscape must operaeO6 Ne i | | .lmaddigohtothihi 8 &)y chi cal di mensi
and others also claimed that all biological systamesfar from equilibriuminsofar adithe rates
of irreversible processes are nonlinear functions of their drigiragso and demonstrated that
as a resujtecosystems are ablenmintainthemselve®ver a limited range of conditions but
may eventually undergo significant alteratigrast a certain threshold of changes in the
constraint structure. This third anddi property was dubbeadetastability O6 Nei | | .et al
Applying these properties to ecotones, Gd€93)d es cr i bed a fAnested hier:
particular constraintdrive ecotonal variability depending on the particular scale in space and
time. For example, while climate andpography may be the dominanteracting constraintsf
abiomescaletransition zonethe individual planedgelevel would likely becontrolled by soil

moisture and microfloranterspecies interactions, etrucially, though, theseifferent scales
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were not seen to be isolated from one another, but raxieer multidirectional influence as both
higher and lowerlevel constraints.

Further @plication of spatiotemporal scaling to ecotofresn the perspective of
paleoecology watheorized by Delcourt and Delco|{it992) Ecotones were here not defined
only in terms ofphysiographic units, but also fmporal range; the resulting domains were
sorted into micrg mese, macra, and megscaleparadigms. Mesoscale ecotonghjch
encompasthe scaleshis research is operating,aovertimescales on the order 800 yr to
10,000 yr and a spatial extent ranging from £ tar10* km?. Environmentalisturbance regimes
atthis scale includelimatic fluctuations, human activitfire and other prevailing disturbance
regime, pathogen outbreak, and soil developniinotic responses the domairareshown to
primarily entailspecies migration, secondary successaoalcommunitylevel events such as
gapphaseeplacementd-unctionally speaking, such ecotomeayreflect changes in vegetation
structurechange in dommant species, as well as presence or absence of indicator syéuiles.
ecotones at this scateay still bebroadly ephemeraind their displacements along
environmental gradients occur with shifts in prevailing disturbance retliegareoften
positionally stable for millennidue to natural landscape discontinuitiesstly, the authorsote
more generally acrostomainsthatthis appearance of being fixed in location ncapceal
changes in other attributes such as steepasdshathe epherarality of ecotones may occur as
a result ofenvironmental variability restructuring or disassembling the communities that define
them.

Another branch of literature has sought to synthesize the corteguistonestension
zonesboundaries, edges, eccclinesunder tle categorical cluster of ecological boundaries

(Cadenasso et al., 2003; Strayer et al., 2003; Yarrow & Marin, 208@nasso et al. (2003)
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positecological boundaries &eingthreedimensional zonesf transition between contrasting
systemsin whichthe gradient in the feature setting up the contrast is steeper in the boundary
than in the two adjoining systemrendthewidth of the boundaryeflectsthe steepness ttie
gradient.Such a conceptual grouping is useful, the authors afguie reason that the concepts
involved share common set of epistemological and functional character{3tazsow & Marin,
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 agsgssties richness
and diversity of faunal assemblages in a forest ecotone compared with an anthropogenic edge as
a result of deforestatiof.ourenco et al., 2019For this paper, Will use the ternecotones,
while recognizing that similderms are used interchangeably.

Thefunctions of ecotones within thedbroadedandscapes merit equal attention as
delineatinghe conceptual bounds of their terrditotones first warranted study fibkeir
dynamics of interaction and mixingdynamic which has in many cases been avoided in favor
of more tractableesearch placed within the communities or pat¢hiekicker, 1999) As Hansen
et al. 1992 state, the primary ecological significance of ecotasdisat they define the patches
within the landscape mosaic, and they represent pladwe®wnteactions among patches are
especially strong-urthermore, ecotones have been showntamsify, if not control, movement
of materials and can be managed to produce natural products and affect ecological processes
(Risser, 1995)Some authors haveund ecotones téacilitate parapatric speciationlefined as
process occurring in adjacent populations with gene flow among them, ofteraalong
environmental gradient; sympatric speciation, in which populations are geographically
congruentmay also occufKark, 2007; Schilthuizen, 200(cologicalboundaries such as the

forestwoodland ecotone inorthern New Mexicare shown to have shiftedpidly in response
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to severe regional droughdmphasizing the climatic controls tire dynamics and functionality
of ecotonesendering them particularly sensitive to mortality evéAten & Breshears, 1998)
As we have already seen, however, there is reason to doubt generalizagidgesofhat stem
from an assumption of abundant rarggmters, and so all such cte must be first tested
empirically (Sagarin et al., 2006§0sz(1992)points out thatspecifically in the case of the
SevilletaNational Wildlife Refugea transition zone among four major bionteg, same

ecotone may either amplify or attenutie effects otlimate variability on species based on the
present climate stateuch adluctuations betweegl Nifio southern oscillatio(ENSO) and La
Nifiaphenomenarlaking this into account, the functionality of tension zones should not be
viewed as statias suchefforts to investigate the sensitivity of ecotones as sites of ecological
changeare most effective when incorporating longer timescaesder range of bioclimatic

envelopes, angreater diversity opopulations represented.

Study of the Tension ZomeLower Michigan and the Upper Midwest

Although the application of the ecotone condepheforest tension zone (FTZ3 part
of a rich contemporary ecological traditionthe Upper Midwest (UMW)Lower Michiganis
relatively understudielly paleoecologists relative to other regimighe UMW, despite its ideal
environment for representing broader trends of thelatitidinal United State@Hupy & Yansa,
2009; Shuman et ain prep, Webbet al., 1983)Climatic characteristicgclude a strong
temperature gradient from north to south, and an orthogonal precipitation gradient increasing
from east to westhe latter due in part to a strong gradient indeKectprecipitation(Booth et
al., 2012b; Henne et al., 2007; Seeley et al., 200t arrival and Holocene range expansiohs
tree taxan Michiganwas mediated by the dispersal limitations posed by the surrounding Great

Lakes(Bennett, 1985; Booth et al., 2012a; Davis et al., 1986; Jackson et al., I2fill4) 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) betweelDKkha BP, parallel to
patterns of the broad&TZ (Andersen, 2005; McCann, 1979; Webb et al., 1983)

The MTZ became formalizeay Potzge(1948)f ol | owi ng (1903yanalygsisst on 6 s
of the Awavy east and we.Potzgdr (1948) desdribedekeasion Co u n
zone as a regional landscape feature in Lower Michigaasuring as much as 60 miles wide
and extending from Muskegon to Saginaater work by Curtis1959) buiding uponthe
vegetation continuum index first constructed by Curtis and Mcirntb®bl) used the range
limits of nearly 200 species to map the tension zone in Wisconsin. Curtis (1959) began to
synthesize these components into aresstdinding of the FTZ and, along with Potzger (1948),
argued for a climatic control of tension zone establishment and positioning

Thethesis of Margaret McCann (197®o decades latetelved into a comprehensive
examination of the potential causal fastfor the MTZ as a floristic boundar&iming to infer
beyond mere correlation, McCann (1979) analyzed the spatial patterns of a number of edaphic,
topographic, and hydroclimatic variables deemed ecologically or physiologically signdgant
constrains to species distributions. McCann clardithat the MTZ is not only a vegetation
tension zone but also a floristic ohee., the ecotone represents not only a change in abundance
of the dominant species, balsoa concentr ati on onfis, speciicallytheo e ci e s 6
northern limits of southern species. These southernitéhxat is, taxa with northern range limits
inside the Michigan Lower PeninsulancludeAcer nigrum Corylus americanaNyssa
sylvaticg Populus deltoidesSassafras spmany species of the familidsacardiaceaand

Asteraceagandsome species @uercusandCarya Northern taxa, on the other hand, include
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Corylus cornutaMyrica asplenifolia Toxicodendromydbergii, Ribesspp.and many species of
the familiesRosacea@andViolaceae
Through comparison of the explanatory power of various environmental isolines,
McCann (1979)ltimatelydetermined insufficienheat measured in growing degrees days to be
the most | ikely | imiti Mherefadnshipdetweenrmars pféghei es 6 r
taxa listed above and length of growing season in Lower Michigan has since been tested and
validated(Denton & Barnes, 1987While others have continued to debdimate as an
explanatory variable for MTZ establishment over others such as soils (sBedgg, 1995; and
Medley & Harman, 1987) Mc Canndés hypothesis is supported
parts of the FTZ, in which climate remained the primary determinant of FTZ position with fire as
a possible secondary regulafblowacki & Thomasvan Gundy, 2021)
Thelong-termdynamics of the MTZ during the Holocene remain poorly understood, but
a least twoefforts have illuminated some possibiliti®gebb et al. (1983)orroborated
Mc Ca n n 6 sdatihglofFZ%3tablishment between-10D ka BP. The authors further
demonstrated thahis ecotone was not yet one of the major tension zones in the region at its
onset, and was controlled by more than just the dominarfemad given that at this timBinus
was prevalent throughout the peningiWéebb et al., 1983)he earliest stages of the MTZ were
instead likely constrained by the presenceérmaixinus an early to intermediatesuccessional
hardwood which generally prefers moist environméBtsns et al., 19900ther hardwoods
such afQuercusAcer, Ulmus Carya andBetulad i dndét start substantial/l
the regioruntil after 9ka BP(Webb et al., 1983)Given the spae distribution of tree
popul ations that are now generally associated

likely thatthe first 10026 000 years of the ecotoneds history
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boundaries between forest types, whiabuld only begin to coalesce into a more consistent
landscape phenomenon with the influx of hardwoods before finally becoming solidified with the
establishment of northern mixedesic forest upon the arrival BagusandTsuga

In their mapping omillennial-scale FTZ movements, Webb et al. (1983)wed that the
tension zonahifted northward posgstablishmentbefore reaching a maximum latitulog 6 ka
BP. This movement was primarily a result of northwRidusretreat andQuercusexpansion.

After 6 ka BP, the FTZ began to move south againpeple Acer) abundance increased in
northern Lower Michigamlongside the arrival dfoth FagusandTsuga From 63 ka BP,

Tsuga Fagus andAcerabundances all increasm northern Lower Michigarand the FTZ

shifted further soutiThe FTZafter 3ka BPsettled into its present position recorded at 500 years
BP.

In more recent worklupy (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 (2012alsoreported a highly variable amdobile ecotone: the MTZ
first established itself around Frains Lake aka@P(Fig. 1), before shifting rapidly 320 km
northward over the next 4000 years, remaining only in the northern tip of the peninsulka By 2
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 valuablersteq,
were based on only nine sites, of which only five had records older tBR The same
constraintapplies even moreoto the work of Webb et al. (1983)ith the recent growth of new

records(e.g. Booth et al., 2012a; Booth & Jackson, 2003; Henne, 2006; Henne & Huak@10)
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increasing data availability through open data resources such as the Neotoma Paleoecology
Database (Williams et al. 2018), the time is figrea fuller reexamination 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

SunriseLake: Site Description

Sunrise Lake (44.0328938, 85.329383/\) is a80.5acre kettle lake locatazh the traditional
homelands ofhe Odawa and AnishinaabewakiOsceola County, Michigan, formed by the

retreat of the Laurentidee Sheet during the last deglaciation. The lakeface elevation i380

m and sitsatop a bedrock of mostly sandstone and shale from the Pennsylpeniat Saginaw
Formation Milstein, 1987. The substrate is characterizeddnd moraines afoarsetexturedtill
underneath weltirained, sandy, acidic spodosdiafrand and Bell, 198&chaetzl et al2009.

The surrounding ecological subregion is the Northern Lower Peninsula section of the Laurentian
Mixed Forest Provingewhich is part of the Cadillac Morac Uplands with dominant forest
vegetation associans includingmaplebeechbirch, asperbirch, whiteredjack pine, and oak
hickory (Clelard et al., 2007; McNab et al., 200The area immediately surrounding Sunrise

Lake is largely wooded slope, wilbw-densityresidential development and roads interspersed,
and the vegetation consists of trees sudfaagis grandifolia Acer saccharunand Acer rubrum

Pinus strobusNyssa sylvaticaandBetula papyriferaPresettlement vegetation reconstructed
from the US Public Land Surveybés (PLSIgvelwi t nes
forest taxa as being comprised predominantly eChehemlock, maple, and pine, with small
amounts of oak, birch, tamarack, and other con{i@esvson et al., 2016The 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 i20.1 m although cores were taken from the deepest point of
thenorthernbay, (Fig.3), which is shallower thathe main basin, reachirgwater depth

between 1B and 122 m.

Field Methodsand Initial Sediment Core Processing

Fourdeepcoreswere extracted from Sunrise Laketween late September and early
October, 2021, by a team gifaduatestudents and faculty from the University of Wiscorisin
Madison, University of Wyoming, and University of Maryland CenterHovironmental
ScienceCores were taken from tmorthwesterrbay of the laket h e 7 whdanlFig.8,s t a
which was chosen farase of accesg/e used @olivian adaptewith polycarbonate tubintp
extract thdirst severalrives including the sedimemater interfacethenswitched taa
modified Livingstone pistororerwith for the deeper drive@Vright, 1991) The Livingston
drives were extruded into plastirap-lined PVC split halves for transport and storage. Water
depth atCore 1Awas12.13m, and the core consisted of six driviEsif 1.5 m Bolivian drives
andtwo Livingston drives)andrecovereb89 cm of sedimenCore 1Bwas designed as an
overlapping drive for Core 1A arekclusively use@nemeteroverlapping Livingstone corers
with an initial offset ofoffset 15 cnfrom the 1A start depth€orelB recovered 452 cm of
sedimen{six drives) adepth which was cut shduy difficulty in pushing througla resistant
layer at approximatel2.9m below the sedimenwater interfaceCore 1C onlyconsisted of two
Bolivian drivesdue to difficulties in the erusion procesdyut recovered 300 cm of sediment.
We thenshifted locations in the lak@osition 2 in Figure3, waterdepth 0f12.16 m)and
attempted textract a fourth core (1D) withBolivian adapteat 1250 cmbutthis attempt was

ultimatelydiscardedThe final core, 1E, starterlose tolD, recoveredt87 cmoverfour 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 laeel reconstructions are deged by Toomey (2023).
The deepbasincoreswere transported to theéontinentalScientific Drilling (CSD)

Facility at theUniversity of Minnesotdor splitting, scanning, and processifghole-core

scanningvas performedising the Geotek Standard Msknsor Core Logger to assess magnetic

susceptibility gamma density,qwave velocity and amplitudenpedancefractional porosity,

and electrical resistivitgt 0.5cm resolutionCores weresplit longitudinallyusing a medical

cast sawvto cut through thelastic cordinersand piano wire drawn downward through the soft

sedimentsThe final product of this proceggelds both a working and archive half of each core

Sedimentharacteristicsvere describedn siteand subsequently annotatdthe corehalves

were imagedising theGeotek Core Imaging Systemith crosspolarized filters and a color card

for calibration althoughposthoccolor correction was done-imuse Thearchival core halves

remainedat CSD while the working halves were transportealck toMadisonfor further

analysis

Lab Methods

We built a composite core by cresgrrelating the individual drives, both visualand
using the software Corelyzer, in which the higisolution images frorl@SDwerevisually
analyzed for the purpos# identifying tiepoints across the various sediment drives. Once
sufficient tiepoints were established, the composite core was constructed by piecing together
segments of aligned drives in order to create a continuous sequence of workable sé¢gment.
only used drives froncores 1A, 1C, and 1t build the composite corevith 1A serving as the

primary core due to its length and relatively clean breds total length of the composite core
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was568cm, withastratigraphic gap &06507 cm, where we wee unable to confidently
identify atie-point to allow for stitching across core gaps in individual drives.

The drives used fdhe composite coreere divided into 4cm thick crosssections and
sub@mpled for pollen, charcoal, and less-ignition (LOI). This process entailezlitting the
core intolcm crosssections with metal spatulae, retrieving terrestrial macrofossils such as
leaves, seeds, and woaahd subsamplingcht® of sediment every 4cm for pollen processing. In
order to minimize contamination, tle&teriorlayers of sediment immediately in contact wiitle
plastic wrap and PV@erescraped ofainddiscarded. Thécm crosssections werstored
individually in Whirlpak bagsandlatersubsammdfor charcoal processing and less-ignition
(LOI) at 1cm resolution

Macrofossils retrieved from the composite caere sent to theéV. M. Keck Carbon
Cycle Accelerator Mass Spectrometeacility (Keck) at the University of @lifornia - Irvine for
radiocarbon datingVhile 128terrestrial and aquatimacrofossils were founid the corepnly
16 were chosehased orninferred terrestrigbrovenance, sizeanddepth in coreso aso procure
an evendistribution ofdates'“C dates returned from Keakere thercalibrated usinghe
IntCal20 curve(Reimer et al., 2020h the RBchronpackaggParnell et al., 2008)The age
depth model irBchronis based othese 16“C dates, the prsettlement horizon, placed 46
cm based on thambrosiarise and a80 yr BP+/- 15 based oWhitney (1987)anda core top
prescribed ta70 years BP+/- 15years (Table). Both thepre-settlement horizon and core top
were normally calibrateddll ages are reported relative to radiocarbon present, i.e. 1950 CE.
usedBchrord s p r e d i teintergolate age vialwes across the range of positions in the

composite core
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Macroscopiacharcoal analyses were conduciéaontiguous 1 cm resolutido assess
varying rates of charcoal accumulation corresprogtb past fire events anshifting fire
regimes Charcoal processingVhitlock & Larsen, 2001pn the >1 2 ‘i size fractiorwas
performedoby 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 %0 for 24 hours. Afterward, the disaggregated sedirard
solutionwerep o ur e d t h maeieve torenmovetheXibet particulates. The remaining
sorted particulatefor each sampleveretransferred into a Petri dish with deionized (DI) water
and an additional 2@5 mL of hydrogen peroxide, and dried egfr 12-48 hoursThe number
of charcoal fragments in each Petri disliscountedaccording to a cardinal grid marked along
the sides of the petri dish.

In orderto recordvariations insedimentomposition LOI analyses(Dean, 1974; Heiri
et al., 2001were also conducted at 1 cm resolution. These analyses were conducted in batches
of 32 1cn? sampleswhichwereplaced into numbered slarucibles ofmeasuredveight,
weighed again with sediment and 4 controls (2 of ash paper, and 2 of CaC0O3), then placed in an
oven for a series of burns. The first bwasset to 100°C overnight in order to evaporate
moisture from the samples. The subseqfmnthour burn at 550°C remosgi@rganic matter,
and the third and final burn at 1000°C fawo hours eliminatd carbonatesleaving behind
silicates and other mineglThe weight of each crucibleastaken before and after each
successive buran amicrobalancescale precise t0.0001g, with results accurate to2% for
sediments with at least 10% organic matter.

To reconstruct past vegetation composition, we condymtéen processing and

identification. For pllen processingFaegri & Iversen, 198%ubsamplesvereinitially
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transferred into test tubesijth ethand (EtOH) andLycopodiunpelletsfrom Lund University
(Batch 100320 201/2020ised as a spike enable calculation of absolypellenconcentrations
10%Hydrochloric acid(HCI) wasthen adde@nd thoroughly mixeavith a Vortex mixeiin
order toremove carbonates adtsaggregatéhedissolvedLycopodiunpellets Samples were
subsequentlplaced in a hot water bath fiive minutes and thecentrifuged, decanted, and
rinsed with waterepeatedly untihotrace of HCI remaied The next step was tH€%
potassium hydroxide (KOH) treatment, in whiddiment is broken ujpr filtration and humic
acids are eliminatedin this step as well, sarfgswereplaced in a hot water batbentrifuged,
decanted, and rinsedydrofluoric acid(HF), a toxic compound which must be handled carefully
with doubled nitrile gloves, an acid apron, anthce shield over gogglesas added toemove
silicates.Samplesvereonce agaimplaced in the hot water bath, and tleeoled with EtOH
before being centrifuged and decaht& hot HCI rinse immediately followed this step,
preceding additional EtOH and water rins&tthis stage, a smatlortion of the sampleas
placed under the microscope to assess whether signi§itiaates remained. Once it was
confirmed thapollensilicateratios were sufficiently higkenough to permit effective counting
and identification of pollen grainacetolysis treatment waaried outto eliminate organic
materialsand etchthe surface of the pollen grains themsel¥atolysis is also hazardous
processhecausehe reagents involved (mixture ofacetic anhydrideandconcentratedulfuric
acid)react explosively with wateso samples were instead rinsed with glacial aceticadtzd
another hot water batkinally, samples were dehydrated widrtiary butyl alcohol (TBAand
thensuspended in silicone oil (or glycerolith the tubesultimately being cappedndstored

once the TBA had entirely evaporatdthe sampleswhen ready for counting, were suspended in



22

a drop of the respective medium on a microscope slidsended via a microscope cover glass,
to which nail polish was then applied as an adhesive.

Pollen counting entailedomprehensive identification of adbllen grains in each slide,
with identification ofcommon spores oftemttempted as welRollen types werenterednto an
Excel sheet, which automatically calculated the relative percentage dbeaabased on a
pollen sum olupland trees, shrubs, and herbous vegetatigmas well as unknown or
unidentifiable specimen&ach sample was counted300 pollen grains (not including those of
theLycopodiunspike) with mostgrains being identifiedt the genutevel. A second pass of
counts was done to discrimind&eusto the subgenus levddy recountingarepresentative
sample of30 pine grains in over half of the slidesorder todelineatePinus banksiana/resinosa
versusPinus strobusHoweve, somePinusgrains were not further identifiable due to
degradation or crumpling of the grain itsélbrtaxasuch as\cer sppandFraxinus spp

speciedevel identification was attempteblut data here are shown at the genus level

Data Visualizations anénalyses

The pollen timeseries for Sunrise Lake wendt using therioja package in R (Juggins,
2022).Compiled mllen percentageBom Excel wergeformattedo organize taxa as variable
names by ascending age. The resulting tableimvasrtedinto R with percentagesf each taxon
subsequentlfiltered to removall but the20 most abundant and/or persistent taegu@ting to a
mean abundance threshold of geedahan 0.35% throughout the recp stratigraphically
constrained zonation of pollen percentages was then calculatedd@MI$S constrained
hierarchical clusteringGrimm, 1987)andan Euclidean distance matrix calculated from the

square roots of the sample abundances.
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Non-metric multidimensional scalingNMDS; Kruskal, 1964; Shepard, 1962y
all 20 sites in Lower Michigan (Table tas performed using the VEGANpackaggOksanen

et al., 2022)which specializes in community ecology andludes functions foordination

methodsOrdination as a means of boundary detection is useful for being statistically testable,

scaledependent, multivariate, and sensitive to community structure, with thibiptyssf
random sampling and no prior knowledge of the area req(tteaikens et al., 200ONMDS was
selected for itsiseof rank-orderingto arrange dateather thannferring directproportionality
between calculated dissimilarity and distance among samjissrankorderingmakes weaker
assumptionsf linearity, which is often not appropriate for studying complex ecological
gradientsand can create a distortion effect in the resulting ordinatedAlaséin & Noy-Meir,
1971, Pielou, 1984; Prentice, 198MMDS performs better than other common ordination
methods like principal component analy$C@) in recoveringpecies responses to
environmental gradien{&enkel & Orloci, 1986; Minchin, 1987andnon-metric ordination
more broadly haproven areffective approach for detecting commurigyel vegetation
changegChoesin & Boerner, 2002)

Datafor NMDS were first accessed through the Neotoma Paleoeg@latpbase

(Williams et al., 2018)from which pollendatawere downloaded from each sifeaxa were

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

remainedBecause pollen taxonomies differed somewhat arsdag, samples were
taxonomically harmonizedsing themutatefunction from thedplyr package (Wickham et al.,
2023). Taxa weresortedby total number of samplesross all sites that contained these taxa
with the top 20 taxa from this sorting selectedNdADS analysis. Finally, proportional

abundnces were calculatédr all samples, based on this list of 20 takae wrapper function
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metaMDSrom VEGANwas run orthe resultanpollen dataetusing a Chisquared dissimilarity
index in four dimensions without automatic transformatidre hclustfunction was useth
conjunction withvegdistto hierarchically cluster samples into grod@sincorporation into
cluster dendograms and convex hulls, usingtidéclustandordihull functions respectively
NMDS scores were plotted four dimensions, vth the cluster dendograntonvexhulls, and
species labelsverlaid onto the ordination space.

Subsequent analyses (see Results) indicated MBXS\NAXis 2 best captured the north
south gradient of taxa in Michigan that includes the MTZ. Hence, to atpshifts in MTZ
location, NMDS2scores were averagéd siteacross all samples withitD0Gyear bins and then
uploaded with spatial coordinatesArcGIS Profor mapping Using the Empirical Bayesian
Kriging (EBK) tool (Krivoruchko, 2012)n the Geostatistical Analystindow (Johnston et al.,
2001) MDS2 scores were interpolatéat each 1008/ear periodacrosd.ower Michigan
Kriging was usednstead of other interpolation methdds its ability toaccount forspatial
autocorrelatiowhen interpolatinghe datgOliver & Webster, 1990)EBK specificallywas
choserbecause itloes not require prior specification of model parameters and is moretaccura
for small datasetthatare spatially autocorrelated and unevenly distrib(igtoruchko &
Gribov, 2019) The EBK tool was run using a-Besseldetrendedsemivariogran{Guinness &
Fuentes, 2016)ith an empirical data transfor(@ribov & Krivoruchko, 2012)Prior work has
suggested thahé K-Bessel variogram is the most accurate and flexibleeafivariogram
models,albeitthe most computationally intensiyéohnston et al., 2001 he efficacy of each
EBK interpolation model was assessed usgayeoneoutcrossvalidation which automatically
calculates summary statistics including root mean square (RMS) standardized error and average

standard error.
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The resultingnterpolatedsurfacesof NMDS Axis 2 scors were visualized as isobands
representing ninelasses of spatially continuous ordination scorés.then defined the MTZ to
be the location othe steepest rate of chargpatiallyacross the interpolatekis 2 scores
generally found within isoband Bhe isobands were converted to contour liaes, a new
feature class was created to contain only the contours from isoband 6. These contours thus
showed thenovements of the MTZ in 108gear timebins.

The packag®-Ratepol(Mottl et al., 2021)wvas used to asseld®locenecommunity
variability at eaclsite specifically bycalculatingthe mean and maximurateof compositional
change (RoCin 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 clear&udien dita from theNMDS datasetvere
split back into individual sitéevel records, along with sample IDs and ages. RoC scores for each
subset of pollen count s AesnrsmoothiaglfiltenandsatCeid usi ng
squared dissimilarity coefficiemtlculated across 58@ar moving window timebins. The
results of these repeated randomized runs were then used to detect peak poivtigi@ecores
exceeded 2 standard deviations) and fitted with alinear 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 th&Spkevel meansand maxima of
the sampldevel RoCscores were then calculated for eagiteand mapped in ArcGIS Online.
The average position of the MTZ during the Holocene was calculated from the NMDS isobands
and the dstanceto theHoloceneaverage position of thdTZ was calculated for each siising

the Distance Accumulation towlith a geodesic distance method in ArcGIS Ptben plotted
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mean and maximum Ro&ainstaverage distance to the MTiZ order to test whether distance
to ecotone was a predictorldblocene rates of vegetation changke 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

AgeDepth Modeht 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 of019ka BP (95 CI: 10.88-10.963ka), indicating that this record is a
nearly complete record of the Holocebe Bchronagedepth mode(Fig. 4) displaysan initial
periodof relatively low sediment accumulationrafes om t he | ake 6.3kaBRt abl i s
with rates averaging 0.03 cm/yeag(ivalent to a deposition tinod 33.59 years/cm). Aftes.3
ka BP, the sedimentation rate meothan doubles to 0.07 cm/year (15.13 yearslonti) 4.6 ka
BP. After 4.6 ka BP, sedimentatiomates further acclerataiith an average rate of 0.14 cm/year
(or 7.38 years/cm)p to 4.2ka BP, before reaching their maximum of 0.27 cm/year (3.72
years/cmpetween 4.2ka and 3k& BP. Between 3.8ka and 3k& BP, sedimentation rates begin
to slow back down, averaging around 0.12 cm/year (8.49 yeardhmjinal phase, from.2ka
BP to presentgraduallyreturnsto approximately the initial average rate@03 cm/year (22.89
years/cm). Th&chronagedepthmodel converged quickly and is mostly wetinstrainedand

the modeldetermired Date 14to bea conclusive outlier and Date 13 a probable (>80%) one.
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Lossontignition (LOI) at Sunrise Lake

The earliest Holocene sediments at Sunrise Lakeeadypure mineral conter{Fig. 5).
After 111 ka BP, organic content rises sharpigdicating high enough lake levels for
preservation of organic carbon in the lake sediments, with sediment compiesatiting 40%
organic content and 60% mineral content by k& BP. Between 10.9 and @ka BP, organic
content gradud} increass with subcentennial variability, ultimately reaching a peak of @0%
9.0 ka BP(with mineral content comprising 40% of teediment makeup). Immediately after
this peak, organic content drops below 20% with mineral content returning to highs of 70%.
After 8.8 ka BR, organic content begins to rise again, eventually becomorg abundant than
themineralfractionby 7.6ka BP, with nearly the next 1000 years displaying a period of
fluctuatingproportions obrganic and mineral contergach centered on 50%t 6.0 ka BP,
organic content pealat >70%, then steadily declines (with egping centenniascale
variability) to a lav at2.5 ka BP. Organic carbon concentrations then return to a plateau of near
equal proportionsvith mineral contenbeween 2 and 10 ka BP. Finally, for sediments
younger than @.ka BP, mean organic content is reduced and the relative proportiangandic
and mineral sediments are highly varialblgth organiccontent reaching an absolute maximum
of >85%around0.6ka BP. Throughout the Holocene, carbonate sediments are virtually absent,

except for occasional spikes that may indicate small shetither carbonaceous materials

Pollen Recordat Sunrise Lake
The pollen record from Sunrise Laiad CONISS zonatiorevealsfive distinct zones of
forest community compositioat Sunrise Laké@rigure 7) The earlymid Holocenevegetation

represented b¥one A from D.%a to6.5ka BP, appears tdirst represent a cogemperate
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mixed forest, characterized by moderate to high abundanpésepfreaching at times over 40%
relative abundance of combinBthus banksiana/resinosmdPinus strobusP. strobuswas

overall found to be the consistently mateundanspecies of the genuQuercuswvas present
andincreased steadilyhroughout tle earlyHolocenefrom 10% t020% abundancky 8.5ka

BP. Other taxa appedan this period of thezone, such a&lnus(9.1ka BP andAcerspp (8.5 ka

BP). Betulapresenceén the early Holocene minor but significant, reaching abundances of
around 10% and no lower than 5emus likewise, exhibits consistent proportions between
10% and 15%k-raxinus spp.Carya, andOstrya/Carpinusall display relatively stable but low
abundances, with only the latter ever approximating as much aSUgfessaceae/Taxaceae
reaches a punctuated maximunmaodund 8% abundance at && BP, thereafter maintaining

low abundances ot complete absence. Whilee upland herbs and grass@sprosia sp.
Artemisig Poaceag maintain low proportions throughout this zone, all three experience a slight
uptick between 9ka and 8kh BPR, with the more minoPoaceaéncrease preceding theaksin

the former two taxals Zone A reaches the midolocene transitiorRinusspp. abundances
gradually decline, anQuercusbecomes the most abundant taxarpwards of 30% by

roughly 7.3ka BP. A peak inOstrya/Carpinug>12%)persists fromafter7.5ka to the end of the
zoneat 6.5ka BP. Simultaneously with the onset of tl@strya/Carpinusncrease at 7.ka BPis

a spike inBetulato over 15% abundance, after which the taxon declines to low proportions until
the end of the mitHolocene The persistent establishment of around 1% or greater abundance of
bothPlatanusandTilia occurs after 7.Ra BP. The final two centuries of this zone record the
arrival and expansion dfsugaafter7.0ka BP, followed shortly afterward by the arrival of

Fagusafter 67 ka BP.
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The onset oZone B(6.5kato 4.1ka BPR, Figure 7)is defined by the expansi@amd
maximum abundanaaf bothTsugaandFagus therebycaptuing the mid-Holocene
establishment of northern mesic taxa at Sunrise .. taxadisplayvariable increases in
abundance until aroundika BP. At 5.0 ka BR, Tsugapopulations abruptly decline, reaching 3%
abundance or lower and remaining generally low throughout the rest of this zone and into the
late-HoloceneFagusreflects similar trends llzeit less dramatically while nolargeabrupt
declines or neacollapses are signaled here, its abundancealsbiisfrom its 32% peak at 4.&a
BPto 16% by 4.6&ka BP, and experiences another decline of >5k&8P. Throughout the
FagusTsugadynamics, here and in the following zon@siercusappears to respond more or
less directly. After th@sugacollapse and decreasefagus Quercusexperiences a spike to
over 30% abundance at 4«& BP, and continues to fluctuate above 20% from 4.5ls4 e end
of Zone B until 3.&a BP. Acerspp., whose populations expanded at the start of the zone,
increased slightly around 5k& BPto reach abundances consistently abc®8s1Additional
dynamics irthis periodinclude fluctuations oblimusbetweerB% and 14% abundance and of
Fraxinusspp. between 2% antd abundancePinusspp abuncances arariableacross species
during ZoneB, with notable repeated spikes of up to 26% abundaneehanksiana/resinosa
between 4.8ka and 4ka BP, and withP. strobusabundances increasing only at the very end of
the zone (4.ka BP. Betulabegins to increase as walfter 4.7ka BP, becoming more persistent
from here throughout the rest of the record

Zone Cextenddrom 4.1ka to 1.%a BPandis characterizedhitially by a continuation of
low Tsugaabundancethe variable decrease kagusabundanceand higher abundance of
Quercus While bothFagusandTsugaexperience brief periods bfgher abundancdsetween

3.8ka and.2ka BPand between 3ka and 3l ka BPR, respectively, neither taxon starts to show
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sustainedncreasdo prior abundances untiround 2.4«a BP. Fagusultimately reaches peak

of 28% at 2.(ka BP, while Tsugapopulationsdo notfully recover until the following zone
Again, these fluctuations are met with antiphasekavior inQuercuswhichreaches a
maximum of 29% abundaneg 28 ka BPand then declines after Z& BP, just before the
gradual increases élagusandTsuga WhereP. banksiana/resinosdisplayed high variability in
Zone B, Zone C showke return oP. strobusas the more abundant and variable species.
Similar toQuercus P. strobusexperiences a pedR4%)in abundancéor this zone that
coincides withthe relative minimmm of Fagus before decliningo <13% TheUImus
fluctuaionswhich began in Zone B appeardgiow around 3.Xka BP, settling thereaftearound
5% abundance. After 3l BP, Tilia ceases to show consistent abundance except at very low
levels €1%). Both Fraxinusspp. andOstrya/Carpinusontinue tchoveraround 35% and1-4%
abundancerespectively.

Zone D(1.9 ka to0.5ka BP) represents agviod in which, following theideclines and
subsequent gradual risdsugaandFagusare the mostonsistentlyabundantaxa of the Sunrise
Lake vegetation assemblagi@r most of the zond,sugaabundanceersists betweet3% and
19%andFagusbetweenl 9% and 24%aside from drief dip at 1.3ka BPto 14% At this dip,
Quercuspopulations spike to 16% abundance, despite generally declining throughout the period.
This lateHolocenezone alsshows a decrease in overdlhusspp abundance, although with a
greater proportion d?. banksiana/resinosaithin the genus, reaching ew10% by 10 ka BP.

After 1.0ka BP, howeverboth TsugaandFagusabundances decrease, the former more abruptly
than the latterSimultaneous with thidecline is an increase (Puercusabundance taround

16% at 0.&a BP, and a rapid expansion Bf strobusat 0.6ka BP. Betulain this period remains
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consistently abundant, hovering around 10% with a few brief Qipsuscontinuedo be present
at 56% abundance, with minor variability.

Lastly, Zone B spanning théast 500 years BReapturing the dloceneAnthropocene
transitioni is most notablymarked by herapid risein Ambrosia reaching over 22% aroun& 6
years B?. ThisAmbrosiariseis interpretedas correspondingith the peak of logging activity
during the Great Cutover in centrarthernLower Michigan, in which white pine lumber stocks
were depleted followed by hemlocks and hardwdddkitney, 1987) This Ambrosiarise is thus
an effective age markerrf@&uroAmerican settlemerfMcAndrews, 1988)Pinusspp. represent
the most abundant taxonomic gropgrticularlyP. strobuswhich reaches abundances of
around 3%6 until a sharp declinto 13% at 65 years BP. Additionally coincident wtirs date is
an abrupt decline imsugapopulations froml8% to 4% abundance. Thgnchronoudehavior
of these two taxhereprovides further support for the interpretation of this date as
discriminatingEuro-American land clearancBagusabundancés steady around 8%eforealso
declinng at 65 years BP to 4%he zone displays a spike @uercusto 20% abundance a75
years BR andsimultaneouslyn Caryato 2% from itsotherwise negligible abundance. Although
not nearly as pronounced Ambrosia the other upland herbaceous vegetatioamely

PoaceaeaandArtemisiai also increase to 2% at 65 years BP.

NMDSAnNalyses

Solutions to he metaMDSunctiondescribed over 99% of the variar@& = 0.995)in
the Lower Michigan pollen datasetith a yielded stress value 0082 (Fig. 7). The resulting
four-dimensional ordination spaces from the NMDS display 4 zones, sorted into hulls calculated

from constrainedhierarchical clusterin¢Figures 9, 10)MDS1 appears toapturethe
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PleistocendHolocene transition, with thRiceaArtemisiaclusterclearly differentiated from all
other groupgFig. 8). MDS2 differentiates the southern hardwoo@si€rcus Carya) from the
cooktemperate and boreal conifeRirfus Tsugg, with Ulmus Ostrya/CarpinusFagus Tilia,

Alnus andBetulaplaced in intermediate positions (Figure 8ecausehe ordinatiorof these

taxa closely matches the contemporary zonatioreeftexa from southern to northern Michigan
MDS?2 is inferred tgrimaily capture the latitudinal gradients in Michigan vegetation during the
Holocene, and in later analyses will be used to map the posittbe MTZ.MDS2 appears to
correspond to PCA Axis 1 of Wel§ih974) which was based only on surface sediment samples,
and so did not encompass the temporal dimension included here.

MDS3 clearly captures thearly-AnthropoceneAmbrosiaassemblages produced by
Euro-American logging and land clearan€Eig. 9). Ambrosiais strongly differentiated from all
taxa with Artemisa also receiving somewhat high scores on NMDS Axis 3, while all other taxa
are clustered togetherrght (Fig. 9). MDS4 clusterssuga Fagus andAceri followed closely
by Betulai on one sideandQuercusandPinusat theother MDS4thus appears to differentiate
tree taxa by hydrological sensitivity and shadlerance with more mesic and shadelerant
taxaat one endand taxahat are more tolerant of xeric conditions and requinioge direct
sunlightat the other endMDS4 appears to match to PCA Axis 2 in Webb (1974) and may be

partially shaped by eastest gradientsi lakeeffect snow and water availabilifiienne, 2006)

Mapping Shifts in Michigan Tension Zone During the Hetox
A plot of NMDS scores by latitudghows a negativeorrelation tdatitude(Fig. 10),
which confirms that MDS2 is primarily capturing therth-southgradient in Michigan

vegetation during the Holocendighest values both positive and negative were aréun@. In
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addition, a trend oflecreasing magnitudanong all sitesrom early to lateHolocene is

observed thatis, positive scores decrease and negative scores increase, all approaching zero.
Sites with full Holocene chronologies generally decreased in absolute MDS2 value byHi<08.
may suggest that MDS2 was a powerful predictor of vegetation gradients during the early
Holocene, but has weakened somewhat over. #nexamination of the regressi lines for

each timebin reveals that telpes 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.

Theinterpolation surface produced by EB¥as classified intmine bandswhich are
displayed in Figure 12 as contour lines for each timebinh€&fe Band6 waschosen to
representhe MTZbecause it marked a region of steep gradients spatially (FigurantX)
consistency witlotherprior placements of MTZ positioREFS Between 1-10 ka BP, the MTZ
first becomes established at its southernmost pextendingmore or less linearly from3.59N
to 42.95°N(Fig. 12). The MTZ then graduallghiftsnorthwardfor the next 2000 years, with
both thel0-9 ka BPand9-8 ka BPtimebins cutting straight across the peningtdan roughly
43.81°N to 43.70°NThe MTZ then quickly shifts nortliuimping up to around 44.56°N By7 ka
BP. The8-7 ka BPtimebinstretchedrom this latitudedown to 43.91°N, with this and the
following contours first displaying the wavy behavior that now characterizes the ecotahé. At
ka BP, the MTZ reaches its northernmost position, ranging from 44.#Dexound 44.01°NBy
6-5 ka BPhere, the MTZ returns to essentially the same positiddt aka BPF, then continues to
shift back southwardlhe MTZ reaches a close approximation of its current positic8i2ka,

and then is largely stable thereafter.
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Is Distarce to Ecotone a Predictor &fates of Vegetation Change?

Maps ofspatial patterns of ratef-changg(RoC)scoresshow several clear featur@sg.
13). All northern sitesexcept forLake 27 experiencedbelowaveragg< 0.226)meanRoC,
while sitesin central Michiganexperience@verage t@boveaveraganeanRoC.The
southernmost sites (Wintergreen Lake and Frains Lake have-bgknage RoC scorebhis
finding suggestshat, on the wholghe northern mixegbine forestsveremore stable in termsf
community composition antirnover ratesluring the HoloceneConversely, the more oak
hickory dominated forests of the southern half of the penirzgpaar to have experienced more
community variability ovethe Holocene

These maps also provideiest-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. Thethreesiteswith the highest averageoC scoresvere all sitexontained withiror
adjacent tahe range of ecotonal movemernigese sites include Cowden Lake40) Hicks
Lake(0.32) and Minden Bod0.31) Demont and Otter Lakesnd Chippewa Bofpllowed
closely behind, scoring 0.28.27, and 0.26espectively.

With respect to mximum RoC value@~ig. 13), Cub Lake was the highestoring site
(1.30) and the only one to exceed two standard devidiion®.289 above the average
maximumacros all sites(0.68).The secondhighest score came from Chippewa Bog, a proximal
site tothe MTZ, scoring 1.06. Green Lakeored the third highest (0.98)ithO6 Br i en Lake
(0.97) following closely behindThe overall distribution of significant maximum Ra&Cores is
mostly concentrated north of the MTZgt aligning with sites of significamhean RoCAside
from Chippewa Bog, thipatternindicates that distal sites were more likeyexperience

instances of much highé¢nanaverage compositional change
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These visual impressions are confirntigplotting and regressing the sitevel mean
and maximum RoCs for the Holoceagainstabsolute meadistance to the MTZ (Figs4115).
Mean RoChere shows a trend bheardecrease moving fromroximal (within 50 km) to distal
(> 200 km) sitesMaximum RoC, on the other harahproximates Gaussiardistribution, in
whichthehighestscores are observed sites of intermediate distance (ATBO 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 ahe 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 8 BR, 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. 3-15). Key characteristics include the fluctuating antiphased dynamics of
FagusandTsugaagainstQuercusand, to an extenRinus(Fig. 6). These dynamics are
superimposed on background variabilitydhmus Acer, Fraxinus andBetulg whichi while
mostly remaining at lower abundandestill display discrete periods of behavior. Thauga
collapse at 5.0 ka BP is the most pronounced abrupt change observed at Sunrise, and is part of
the rangewide midHolocene collapse of Tsuga (Bbcet al., 2012a; Davis, 1981) that is
believed to have been driven primarily by periods of severe drdbgster et al., 2006)Iin
compaison, the fluctuations ifagusare less pronounced than fiisuga.The Fagusvariations

at Sunrise are also smaller than at sites in northern Indiana, Rdgpuspopulations
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experienced multiple abrupt declines and an extended period (1000 years )oofriowe
abundance at multiple sites throughout the-rradateHoloceng(Ogden, 1969; Shane &
Anderson, 1993; Wang et al., 2018hese declines in the mesic and shiadierantTsugaand
Fagusgenerally correspond to increaseinercusand in some case®,. banksiana/resinosa
This compositional shift may translate to aftsim hydroclimate as well as disturbance: both
QuercusandP. banksiana/resinosare more xericand fireadaptedBrose & Waldrop, 2014;
Burns & Honkala, 1990; Radeloff et al., 200dhd analogous transitions from mesic or mixed
pine forest to jack pirdominated forest following increased aridity and intensified fire regime
have been documented elsevehimn the Upper Midwest (see eTgveiten et al., 2009)

The pollen records at Sunrise Lake and nearby Hicks (tikpy & Yansa, 20093how
some similarities but also notable differences over the past 3,000 sggssting finescale
spatiotemporal heterogeneity at the MTZ. Both exhibit pronounced fluctuatiéiag)us
abundance over the last 3000 years and a recovdisugbafter 1ka BP. Both show a decrease
in Pinusspp abundance after 3ka BP. However, thiekd Lake pollen record is dominated by
Pinusspp andPiceafor most of this period, despiRiceabeing present only in trace amounts at
Sunrise LakeCupressaceaabundances are also much higher at Hicks Lake, reaching 9% at

2.7ka BP, nearly 20% at 1.8IBP, 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 reconsgditty Hupy(2012) Whi | e Hupydés (2012
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/Aitgugh the pollen
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record from Chippewa Bog displays sustained high abundan&sseaithrough 10 ka BP

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

1967) reveaPinusbecoming the more abundant taxon by $hart of the Holocene, witPicea

abundances all but completely absent by 10 ka BP. Thus the nearby pollen records generally
support this timing and placement of establis
subsequent northward shift from-6kka BP, wi th 6 ka BP representi |
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
includedinHipyéds (2012) anal ysi s.(Rabrhusserp1P082)tlkken r ecor d
mid-Holocene exhibits consistently high abundanceRinfis while at Sunrise Lakethe

closest site to the south of the 6 ka BP MTZ in our reconstrudti®msusspp. declines to low
abundances (Fi#). Simultaneous with these dynamics is the arrival of mesic and-shladant

taxa likeFagusandTsugaat ecotonal sites such as Vestaburg Bog (Gilliam et al., 1967) and

Sunrise Lake (Figo). The southward movement during the il lateHolocene is caused by

an increase iQuercusCaryaabundance in the southern xeric broadleaf forests after 6ka BP,
supported by pollen records from Frains L@Kerfoot, 1974) Morrison LakgHupy & Yansa,

2009) and Wintergreen Lak@anny etal.,, 1977) Thi s movement is | argel
(2012) reconstructions, as no ecotone positions are shown between 6 ka and 2 ka BP. During the
late Holocene, especially arounXa BP ,Quercusdominated forests wane in these southern
sites(Hupy & Yansa, 2009; Kerfoot, 1974; Manny et al., 197This 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 MTZ6s southernmost point of establishm
of Webb efal. (1983)in which, by 10 ka BPRinus populations became established throughout
the entire peninsula, a pocketBétulaexisted in the north, witQuercus Ulmus and especially
Fraxinushaving marked out territory in the southern half. If the MTZ were defined solely by the
northern rangdarits ofQuercus o t he sout h, Webb et al.ods (198
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 MTZdwmapsfooml escen
this period, the range line Bfaxinusmost closely aligns with the limit of the MTZ in this
earliest stage, wituercusandUImusallegedly not yet reaching as far north, although the
Sunrise Lake pollen record (Fig). as well as more renevegetation reconstructions complicate
such claimgWilliams et al., 2004)Given the loose associations of southern taxa with clearly
demarcated northern range limitse 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-1Q ka BP trendline is the most gradual (Fig), 1
athough more work is needed to statistically va
(1983) taxoHAevel Holocene isopoll maps indicate more continuous movements of the MTZ than
those of Hupy (2012), which agree directionally with the reconstricpoesented 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. Wha
that instead of reflecting a signal@ther widespread woody plant mortality or migration and
range dynamics, shifts in MTZ position were likely controlled more by witainge shifts in

relative abundance, especiallyRifius Quercus Fagus andTsuga If this is indeed the case,
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Mc C a n(X®m¥early work on the controls of MTZ position could be expandbdyond a
definition of the MTZ as primarily #oristic 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 reconstructiggesitthat
midcontintental North America experienced drier conditions from thePégidtocene to eady
Holocene, reflecting Arctic warming and decreased net precipitation across theitade
Northern Hemispher@Routson et al., 2019; Shuman & Marsicek, 2016; Williams et al., 2010)
Other ecotones have tracked this eadymid-Holocene aridity, most notably the praifrest
ecotone in midcontinental North America. Wilhs 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
almostcomplet r epl acement of percent woody cover by
southward retreat coincides with widespread increases in effective moisture and cooling across
the midcontinent(Shuman & Marsicek, 20167 he 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 MidwesiBooth & 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 inaesg to shosterm climatic
fluctuations. The individual siteevel reconstructions in northern Michigan from Hupy and
Yansa (2009) show that rap@gliercusexpansions coincided with the Medieval Warm Period
(MWP; ~1200800 years BP), with increases mosinmunced near the MTZ. These increases in

Quercusabundances preceded gradual declines, which were met with an incréhsgin
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populations at the northernmost Hicks Lkeipy & Yansa, 2009)As the MWP transitioned to

the cooler and generally drier climates of the Little Ice Age (LIA; ~T®0 years BR Pinus

increased in the north and near the MTZ, replacing mesic taxa incleding(Hupy & Yansa,

2009) Similarly, in the Anoka Sand Plains of northwestern Wiscomsingsinosadominated

forests were replaced by more mesophitistrobusor mixedpine forests betwen 700600

years BP, which were revertedRoresinosdorests around 300 years BPiotchkiss et al.,

2007; Tweiten et al., 2009Thus, 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 Vaniaind Rates of
Change

These results support prior hypotheses that communities close to ecotones should be
more sensitive to climate variabilifpllen & Breshears, 1998; Neilson, 1992} shown here,
mean RoC across sites in Lower Michigan is higher on average near the ecotone than far from it
(Figs. 1B-14). As noted above, Sunrise Lake shows expansiomsugjaandFaguspopulations
after 7.0 ka BP and 6.7 ka BP respectively, with an abrupt declif®igeabundance at 5.0 ka
BP and withQuercusand to a lesser exteRtnusdynamics antiphased with thosekRzgus
Tsuga(Fig. 6). Sites like Cowden Lake show a more sup##ern.Quercugnitially prevails
between 2.7 and 2.0 ka BP, before sharply decliftifupy & Yansa, 2009fFagusabundances
then rapidly rise, but this periad apparent dominance lasts no more than8@Dyears before
collapsing around 1.4ka BP. At this poi@iercusncreases again but to a lesser abundance of

around 33%, gradually decreasing through the rest of the recBidusspp.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 stemin fluctuations as the responses of adjacent
communities and taxa intermix.

Although Delcourt and Delcou(l992)s p e ¢ u | a totodes inady aetfixed i
location by environmental discontinuities and yet may change in terms of species abundances or
presenceé s uc h t h adven atixed physicaldasdguza boyundaily may not confer
stability on adjacent communitiesds her e t he opposite was found
populations from adjacent ecosystems frequently channeled through the MTZ, thereby possibly
allowing for species to avoid local extitgan, 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 twofoldr bne, in accordance with claims that a
temperaturédased ecotone should be an appropriate monitor for climate cfiaejde, 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 qategsts that there is little
to support the notion historically that species near their tolerance limits are more sensitive to
climate changéGajewski, 1987; Wang et al., 201&e Holocene record heemdicates 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 phemena. 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 fornrPateaforests being replaced Binus followed by

t
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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 Quercuswoodlands and forests dominateglFagus grandifoliaand
other mesic taxa (Wang et al., 2016; Schlenker enhgbrep. The northward and westward
range expansion dfsuga canadensifagus grandifoliaandBetula lentahrough the Lower
and Upper Peninsulas of Michigan and into Wissin occurred throughout the Holocene
(Bennett, 1985; Henne et al., 2007; Williams et al., 200d¢se specidgvel range dynamics
interacted with the ecotonal dynamics studied here, but are distinct phenomena.

Moreover, maxima ofompositional change reveal a more complex and scattered spatial
pattern, with a cluster of sites north of the MTZ and two sites to the srpéniencing much
higher rates of change (Figh)1In general, ecotonal sites are more associated with higher mea
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 greateshra had belovaverage 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 turnovethwittle 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 differehyet 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 fronizthe MT
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Differences amongitesin temporal extentayalso affectheobserved patterns oftes
of change. While not all sites withll-Holocene extentexperienced high RoC maxima, the sites
that did experience the highest RoC maxim#ad fullHolocene gtents (Figs. 2, 3).
Likewise, all sites that showed the highestanRoC had shortezxtents(i.e. from the mid to
late-Holoceneto present but not vice versa (Figs. 231 Although the results reported here
appear to be robust to intersite variaiam 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 (Fit). and b) the sites near the eastern shore of Lake Michigan, where
lake efect preciptation is highe¢tienne, 2006and which may add further complexity and
nuance to ouunderstanding 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-gk@wing 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 wbetbeal
systems are more compositionally variable and more sensitive to climate change. The Sunrise
Lake pollen record adds a new ftiblocene record for the northern half of the peninsula and a
high-resolution record near the MTZ. This record broadiyotws with prior findings in the
region, with an abrupt decline rsugapopulations around 5 ka BP and pronounced fluctuations
in Fagusabundance after 4.8 ka BP and 4.0 ka BP. However, differences from nearby Hicks
Lake suggest local heterogeneities @getation composition near the MTZ; these differences

include that latdHolocene forests near Hicks Lake were dominateRibys with higher
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abundances ®iceaandCupressaceafHupy & Yansa, 2009)ConverselyFagusTsugawere
key taxa for much of this period at Sunrise Lake, WitteaandCupressaceapresent mostly in
trace amounts at most (Fig).

MTZ dynamics since establishment at ca. 10.0 ka BP showadelstinct periods of
motion. Overall range of movement spanned roughly 160 km, between a southernmost minimum
at 1210 ka BP and a northernmost maximum-étkia BP. The MTZ reached its current position
by 3.0 ka, which is 38 km north of its positioneatablishment. These results present the most
constrained and continuous rendering of MTZ movemendsate. The results also demonstrate
that turnover at range margins of southern taxa is consistently higher on average than that at
range center over mdhnial 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
Pinusin 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 cheolpgy 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.



Figures and Tables

Site Name
Chippewa Bog
Clifford Lake
Cowden Lake
Cub Lake
Demont Lake
Frains Lake
Green Lake
Hicks Lake
Horseshoe Lake
Huffman Lake
Irwin Smith Bog
Lake 27

Lake Sixteen
Minden Bog
Morrison Lake
O'Brien Lake
Otter Lake
Sunrise Lake
Vestaburg Bog
Wintergreen Lake

Latitude (°N)
43.12389
45.028548
43.354304
44.7

43.48
42.33
44.88333
44.02141
44.599476
45.130618
45.0248
45.6
45.06667
43.593596
42.8594
44.641044
43.217426
44.032833
43.41667
42.4

Longitude (°W) Age Range(yr)

-83.24111
-84.636414
-85.35784
-84.95833
-85

-83.63
-85.11667
-85.28417
-83.769296
-84.781304
-83.616
-84.31667
-84.78333
-82.873406
-85.2144
-83.88304
-83.46062
-85.329383
-84.88333
-85.38333

11019
11806
2519
9783
14164
18806
13692
3086
9927
11528
7355
10586
3163
3267
2671
13534
3595
10788.806
20200
15195

45

Record Length
75
42
27
62
74
35
45
36
46
58
173
36
24
101
31
21
60
59
51
69

Table 1: Site metadata for each record in Lower Michigan
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UCIAM | Sample | fractio | fraction_s| D14C | D14C_s| C14_ag| C14_age_ ¢ positio

S Name n d d e d n
Core top -70 15 0
Ambrosia rise 80 15 4.5

262371 | MI21-2A- | 0.9433| 0.0016 -56.7 | 1.6 470 15 21.5
1B-21.5

269587 | MI21-2A- | 0.8603| 0.0013 -139.7 | 1.3 1210 15 41.5
1B41.5

269588 | MI21-2A- | 0.7923| 0.0012 -207.7 | 1.2 1870 15 65.5
1B-65.5

262372 | MI21-2A- | 0.752 | 0.0016 -248 1.6 2290 20 77.5
1B77.5

269589 | MI21-2E | 0.6937| 0.0011 -306.3 | 1.1 2935 15 104.5
1B-104.5

262373 | MI21-2E | 0.682 | 0.0012 -318 1.2 3075 15 122.5
1B-122.5

262374 | MI21-2E | 0.646 | 0.0011 -354 1.1 3510 15 174.5
1B-174.5

262375 | MI21-2A- | 0.6359| 0.0012 -364.1 | 1.2 3635 20 212.5
2B-212.5

262376 | MI21-2A- | 0.6244| 0.001 -375.6 | 1 3785 15 261.5
2B-261.5

269590 | MI21-2A- | 0.5989| 0.001 -401.1 |1 4120 15 325.5
3B-325.5

269591 | MI21-2A- | 0.5683| 0.0009 -431.7 | 0.9 4540 15 353.5
3B-353.5

269592 | MI21-2A- | 0.5918| 0.001 -408.2 | 1 4215 15 410.5
4B-410.5

269593 | MI21-2A- | 0.982 | 0.0018 -18 1.8 145 15 456.5
51-456.5

269594 | MI21-2A- | 0.3303| 0.0008 -669.7 | 0.8 8900 20 503.5
51L-503.5

262377 | MI21-2A- | 0.3106| 0.0007 -689.4 | 0.7 9390 20 521.5
6L-521.5

262378 | MI21-2A- | 0.3016| 0.0008 -698.4 | 0.8 9630 25 531.5
6L-531.5

Table 2: Age controlsfor Sunrise Lake, including 18C dates fronKeck, core top, and
Ambrosiarise.
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Figure 1: Google Earth map dfower Michigan with locations marked of lat@uaternary fossil
pollen record drawn from the NeotomRaleoecology DatabaseWw.neotomadb.ongand used
in this study and MTZ position drawn manually from Andersen, 2006e new record

presented here, Sunrise Lake, is shown in red.
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Site Metadata

Length of Chronology (yrs)
O 2500 - 3000
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Figure 2: Lower Michigan with site symbolsdesignedo indicate temporal lengtéind sampling
resolution
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Figure 3: Google Earthmap of Sunrise Lake, Mkith coring locationsn the northern bay
indicated in thensetmap.
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Loss-on-Ignition Results vs. Age (cal yr BP)
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Figure 5: Lossonrignition (LOI) percentagesersus age (cal yr BP$eparate curves are shown
for the fractional percentage of organarbon (light green), mineral component (orange), and
carbonate sediments (blue)
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Figure 8: NMDS Biplot for Axes 1 and 2nd the position of the taxa with respect to thesnation
axes. Axis 1 differentiates latéleistocene 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 4Axis 3 differentiates all other assemblages from the Ambosia
dominated pollen assemblages of the late Holocene, which formed in response to EuroAmerican

settlemen and land sclearanggis 4 captures hydroclimate sensitivity of tree taxahwitesic taxa such
asTsuga Fagus andAcerclustered at one end and xeric taxa likgercusandPinusat 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 ib@®0 Yearbins, 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 s¢céoeshe
eleven1000yr timebinsfor the HoloceneEach time bin is represented by nine caloded contours.
Contours of Band 6 were chosen to represent the MTZ basd#depness of interpolation surface and

consistencyf its lateHolocene placementith other MTZ placementdHupy, 2012)
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Figure 15: Maximum rateof-change scorgslotted by averagabsolutedistancgin km) to the
MTZ and fitted with &.OESSsmoothing curve Points are again symbolized by latitude.
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Figure 3: NMDS timeseries for Cowden Lake
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Figure 10: NMDS timeseries foMinden Bog
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9/27/2023 10:40:00 AMppendix I. Sunrise Lake Pollen Counts

Depth Abies Picea Picea Picea Pinus Pinus
balsamea| glauca mariana | undiff banksiana/resinosa| 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 Picea Picea Picea Pinus Pinus
balsamea| glauca mariana | undiff banksiana/resinosg 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 Acer Acer Acer Acer Acer
undiff negundo | pennsylvanicum | rubrum | saccharinum | 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
1045 |5 0 0 0 0 22
1125 |25 0 0 3 0 21
1205 |4 0 0 3 0 23
1285 |4 8 0 4 0 28
136.5 |6 0 0 2 0 31
1445 | 3.26666 |7 0 0 0 29
1525 |5 0 0 0 0 17
1605 | 2.1 2 0 1 0 14
168.5 |5 0 0 1 0 20
176.5 |2 4 0 1 0 17
1845 |6 0 0 0 0 25
1925 |2.433333 |4 0 2 0 24
2005 |14 0 0 0 0 23
208.5 | 6.5 0 0 1 0 17
216.5 |19.0666 |0 0 1 0 26
2245 |55 0 0 0 0 20
2325 |19 1 0 0 0 26
2405 (14 1 0 0 0 25
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Depth | Pinus undiff | Acer Acer Acer Acer Acer
negundo | pennsylvanicum | rubrum | saccharinum | saccharum

2485 | 6 0 0 1 0 26
256.5 | 1.06666667 | O 0 1 0 21
264.5 | 9.86666667 | 1 0 3 0 33
272.5 | 2.66666667 | O 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 | O 0 3 0 25
312.5 | 7.06666667 | O 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 | O 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 | O 0 1 0 15
376.5 |14 0 0 1 0 11
384.5 | 3.26666667 | 1 0 2 0 10
3925 | 26 0 0 1 0 19
4005 |1 3 0 1 0 14
408.5 |12 2 0 1 0 21
416.5 | 6.9 0 0 0 0 9
4245 9.8 0 0 1 0 6
432.5 | 2.63333333 | 0 0 3 0 9
440.5 | 7.06666667 | O 0 0 0 5
448.5 | 3.46666667 | O 0 0 0 9
4645 | 0 0 0 1 0 8
480.5 | 8.8 0 0 0 0 0
496.5 | 12.2 0 0 0 0 0
5125 | 8.8 0 0 0 0 1
528.5 | 7.06666667 | O 0 0 0 2
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Celtis

Castanea

Carya

Betula

23
13
22
20
20
29
25
33
26
30
24
21

17
29

18
17

13
15
16
17
24

10
13
11

10

Alnus

Acer

undiff

0
2
0
0
0
0
0
0
0
1
0
1
0
1
0
0
0
0

Depth

4.5

8.5
125

16.5

24.5

32.5

40.5

48.5

56.5

64.5

72.5

80.5

88.5

96.5

104.5
112.5
120.5
128.5
136.5
144.5
152.5
160.5
168.5
176.5
184.5
192.5
200.5
208.5
216.5
224.5
232.5

240.5
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Depth Acer Alnus Betula Carya Castanea Celtis
undiff
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
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Depth | Cornus | Corylus | Cupressaceae/Taxacea Fagus Fraxinus Fraxinus
grandifolia | americanum| nigra
4.5 0 2 2 11 1 0
8.5 0 0 0 26 1 2
125 |0 2 1 24 0 4
165 |0 0 2 26 0 8
245 |0 1 2 25 0 6
325 |0 1 0 56 3 9
405 |0 0 1 71 3 4
485 |0 0 0 43 0 5
565 |0 1 0 68 3 15
645 |0 0 0 58 2 5
725 |0 0 1 83 2 5
80.5 |0 1 0 53 4 8
885 |0 2 1 33 5 8
965 |0 1 0 37 1 6
1045 |0 0 0 49 1 13
1125 |0 1 0 42 5 16
1205 |0 0 2 64 0 8
1285 |0 0 0 64 3 5
1365 | 0 0 1 52 7 6
1445 |0 2 3 73 1 4
1525 |0 0 0 67 7 3
1605 | 0 1 1 59 4 12
1685 | 0 1 0 66 3 8
1765 | 0 0 0 66 8 12
1845 |0 3 1 47 14 3
1925 |0 0 0 51 6 9
200.5 | O 0 1 47 6 5
208.5 | 0 2 0 40 1 12
216.5 | 0 0 0 49 9 6
2245 | 0 1 1 43 6 12
2325 |0 0 1 61 7 7
2405 |0 0 0 62 4 5
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Depth | Cornus | Corylus | Cupressaceae/Taxacea Fagus Fraxinus Fraxinus
grandifolia | americanum| 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
2725 |0 2 1 64 5 5
2805 |0 1 0 66 14 5
288.5 |0 4 1 54 7 8
296.5 |0 1 1 60 5 5
3045 |0 0 0 69 10 0
3125 |0 1 3 73 5 5
3205 |0 0 2 50 9 5
3285 |0 2 1 65 1 8
336.5 |0 0 1 98 12 7
3445 |0 2 2 72 2 7
3525 |0 0 1 72 10 7
3605 |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
3925 |0 0 1 42 3 10
400.5 | O 0 0 47 5 1
408.5 | 0 0 2 80 5 7
416.5 | 0 1 0 2 3 2
4245 | 0 3 1 2 0 1
4325 |0 1 1 0 2 5
4405 | 0 3 1 0 0 4
4485 | 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
5125 |0 2 5 0 0 4
5285 |0 5 0 0 2 3
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Myrica

Morus

Juglans nigral Larix

Juglans

cinerea

llex

0
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Depth

4.5

8.5

12.5

16.5

24.5

32.5

40.5

48.5

56.5

64.5

72.5

80.5

88.5

96.5

104.5
112.5
120.5
128.5
136.5
144.5
152.5
160.5
168.5
176.5
184.5
1925
200.5
208.5
216.5
224.5
232.5

240.5
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Myrica

Morus

Larix

Juglans
nigra

Juglans

cinerea

llex

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Depth

248.5
256.5
264.5
272.5
280.5
288.5
296.5
304.5
312.5
320.5
328.5
336.5

344.5
352.5
360.5
368.5
376.5
384.5
392.5
400.5

408.5

416.5
424.5
432.5

440.5
448.5
464.5
480.5

496.5

512.5
528.5
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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
1445 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
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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 a7 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 o8 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
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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
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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
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Depth

Liquidamb
er
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Depth

Ambrosia
sp.

Asteraceae
artemisia

Asteraceae
eupatorium

Asteraceae
iva

Asteraceae
xanthium

Asteraceae
undiff

4.5

67

5

0

0

0

0

8.5

N

12.5

16.5

24.5

32.5

40.5

48.5

56.5

64.5

72.5

80.5

88.5

96.5

104.5

112.5

120.5

128.5

136.5

144.5

152.5

160.5

168.5

176.5

184.5

1925

200.5

208.5

216.5

224.5

232.5

240.5

BB WINPFP ORENPIERNDAO OO WOINRARWWNWOAIRPINDN WS

BINIWIERLINDNNWOINOININEFPIRPPORERPODNPRNRPRPW®WERERPMNO|IFLP O

O OO0 O0O0000|0|0O0O000000|0|0o0o0o0o0|o0|o|o|lo|lo|lo|jo

O| OO0 O0OO0000|0|0O0O00000|0|0|o0|o0o0 o000 o|o|lo|lo|lo|jo

O| OO0 O0OO0000|0|0O0O00|00|0|0|0|o0|o0o0 o000 o|o|lo|lo|lo|o

OO0 O0O0O000|0|0|0O0|O0000|0|0|0|0|o00 000|000 o|lo|lo|o




104

Depth
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sp.

Asteraceae
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Depth Unidentifiable | Unknown | Other Pinus spp.| Acer spp. | Fraxinus
-degraded 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




Depth Unidentifiable | Unknown | Other Pinus spp. | Acer spp. | Fraxinus
-degraded 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 | 24 9
3
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




Appendix II. Sunrise Lake Lossn+Ignition (LOI) Weighs

12¢

Sample | Crucible | Depth Wi. Wt. Wet | Wt. 100 | Wt. 550 | Wit.
No. (cm) Crucible 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 55 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 | 9.26520 | 9.20830 | 9.20660
0

643 49 8.5 9.15750 10.1938 | 9.23390 | 9.18010 | 9.17810
0

10 63 9.5 9.13550 10.0149 | 9.25900 | 9.21960 | 9.21800
0

11 58 10.5 8.69690 9.71600 | 8.77960 | 8.73650 | 8.73490

12 60 11.5 9.08800 10.0767 | 9.17840 | 9.12840 | 9.12640
0

13 75 12.5 8.50580 10.5111 | 9.51560 | 9.46240 | 9.46030
0

14 62 13.5 9.03190 9.97750 | 9.11890 | 9.07870 | 9.07670

644 84 14.5 8.35490 11.1426 | 10.1478 | 10.0955 | 10.0931
0 0 0 0

645 63 155 9.18730 10.2196 | 9.27980 | 9.23650 | 9.23440
0

17 64 16.5 9.08390 10.1343 | 9.18890 | 9.14470 | 9.14180
0

18 91 17.5 8.23320 10.8596 | 9.97150 | 9.92810 | 9.92580
0

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 | 9.36670 | 9.31520 | 9.31380
0

22 118 21.5 9.26510 10.3985 | 9.40720 | 9.35890 | 9.35800
0

648 70 22.5 9.14030 10.2849 | 9.24560 | 9.20030 | 9.19790
0

649 120 23.5 9.08490 10.0574 | 9.13320 | 9.09070 | 9.08850
0

25 78 24.5 8.92590 10.0164 | 9.04120 | 8.99770 | 8.99480
0




Sample | Crucible | Depth | Wt. Wt. Wet | Wt. 100 | Wt. 550 | Wt. 1000
No. (cm) Crucible
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 | Depth | Wt. Wt. Wet | Wt. 100 | Wt. 550 | Wt. 1000
No. (cm) Crucible
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| 9.61810y 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

12¢



Sample | Crucible | Depth | Wt. Wt. Wet | Wt. 100 | Wt. 550 | Wt. 1000
No. (cm) Crucible
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 1135 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

12¢



Sample | Crucible | Depth | Wi. Wit. Wet | Wt. 100 | Wt. 550 | Wt. 1000
No. (cm) Crucible
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




Sample | Crucible | Depth | Wi. Wit. Wet | Wt. 100 | Wt. 550 | Wt. 1000
No. (cm) Crucible
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

12¢



Sample | Crucible | Depth | Wi. Wit. Wet | Wt. 100 | Wt. 550 | Wt. 1000
No. (cm) Crucible
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




Sample | Crucible | Depth | Wi. Wit. Wet | Wt. 100 | Wt. 550 | Wt. 1000
No. (cm) Crucible
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 3135 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

13C



Sample | Crucible | Depth | Wi. Wit. Wet | Wt. 100 | Wt. 550 | Wt. 1000
No. (cm) Crucible
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
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Sample | Crucible | Depth | Wi. Wit. Wet | Wt. 100 | Wt. 550 | Wt. 1000
No. (cm) Crucible
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




Sample | Crucible | Depth | Wi. Wit. Wet | Wt. 100 | Wt. 550 | Wt. 1000
No. (cm) Crucible
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

13¢



Sample | Crucible | Depth | Wi. Wit. Wet | Wt. 100 | Wt. 550 | Wt. 1000
No. (cm) Crucible
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 | Depth | Wi. Wit. Wet | Wt. 100 | Wt. 550 | Wt. 1000
No. (cm) Crucible
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

13¢



Sample | Crucible | Depth | Wi. Wt. Wet | Wt. 100 | Wt. 550 | Wt. 1000
No. (cm) Crucible
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 Ill. Sunrise Lake Charcoal Counts

Depth Dark (D) | Cellular Porous Spongy Fibrous
(cm) (©) (P) (S) (F)
0.5 19 13 0 3 6
15 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
55 194 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
135 18 32 0 1 67
14.5 37 36 0 1 67
155 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
195 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




Depth (cm) | Branched (B)| Lattice (L) Bordered P Other (O) Total (Calc)
BP

0.5 0 0 = 0 0 41
15 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
225 1 0 0 1 169
23.5 3 0 0 0 162
245 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
325 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

13¢



Depth Dark (D) | Cellular Porous Spongy Fibrous
(cm) (©) (P) (S) (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
715 219 179 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




Depth Branched | Lattice Bordered | Other (O) | Total
(cm) (B) (L) P (BP) (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
515 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
715 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

14C



Depth Dark (D) | Cellular Porous Spongy Fibrous
(cm) (©) (P) (S) (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
1115 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

141



Depth Branched | Lattice Bordered | Other (O) | Total
(cm) (B) (L) P (BP) (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
1115 1 0 0 0 103
112.5 2 0 0 0 101
113.5 3 0 0 0 126
1145 0 0 0 0 107

14z



Depth Dark (D) | Cellular Porous Spongy Fibrous
(cm) (©) (P) (S) (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
1235 65 23 1 0 50
1245 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
1315 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
1455 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

14¢



Depth Branched | Lattice Bordered | Other (O) | Total
(cm) (B) (L) P (BP) (Calc)
115.5 0 0 0 0 82
116.5 0 0 0 0 142
1175 0 0 0 0 125
118.5 0 0 0 0 211
1195 1 0 0 0 104
120.5 1 0 0 0 180
1215 1 0 0 0 131
122.5 1 0 0 0 136
1235 1 0 0 0 140
1245 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
1315 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

144



Depth Dark (D) | Cellular Porous Spongy Fibrous
(cm) (©) (P) (S) (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
1725 23 19 0 0 26
173.5 77 34 0 0 40
174.5 84 31 0 1 56
1755 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

14¢



Depth Branched | Lattice Bordered | Other (O) | Total
(cm) (B) (L) P (BP) (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
1725 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

14¢



Depth Dark (D) | Cellular Porous Spongy Fibrous
(cm) (©) (P) (S) (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
2135 67 40 0 0 48
214.5 54 22 1 2 31
2155 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




Depth Branched | Lattice Bordered | Other (O) | Total
(cm) (B) (L) P (BP) (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
2115 0 0 0 1 188
212.5 0 0 0 0 173
2135 0 0 0 1 156
214.5 0 0 0 0 110
2155 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

14¢



Depth Dark (D) | Cellular Porous Spongy Fibrous
(cm) (©) (P) (S) (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




Depth Branched | Lattice Bordered | Other (O) | Total
(cm) (B) (L) P (BP) (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

15C



Depth Dark (D) | Cellular Porous Spongy Fibrous
(cm) (©) (P) (S) (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
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Depth Branched | Lattice Bordered | Other (O) | Total
(cm) (B) (L) P (BP) (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




Depth Dark (D) | Cellular Porous Spongy Fibrous
(cm) (©) (P) (S) (F)
310.5 52 40 1 1 38
311.5 84 42 2 3 60
312.5 101 50 0 3 57
3135 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 a7 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

15¢



Depth Branched | Lattice Bordered | Other (O) | Total
(cm) (B) (L) P (BP) (Calc)
310.5 1 0 0 0 133
3115 1 0 0 0 192
312.5 4 0 0 0 215
3135 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

154



Depth Dark (D) | Cellular Porous Spongy Fibrous
(cm) (©€) (P) (S) (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

15¢



Depth Branched | Lattice Bordered | Other (O) | Total
(cm) (B) (L) P (BP) (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

15¢



Depth Dark (D) | Cellular Porous Spongy Fibrous
(cm) (©) (P) (S) (F)
388.5 46 23 2 4 56
389.5 34 12 0 0 25
390.5 45 a7 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




Depth Branched | Lattice Bordered | Other (O) | Total
(cm) (B) (L) P (BP) (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
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Depth Dark (D) | Cellular Porous Spongy Fibrous
(cm) (©) (P) (S) (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




Depth Branched | Lattice Bordered | Other (O) | Total
(cm) (B) (L) P (BP) (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
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Depth Dark (D) | Cellular Porous Spongy Fibrous
(cm) (©) (P) (S) (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
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Depth Branched | Lattice Bordered | Other (O) | Total
(cm) (B) (L) P (BP) (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




Depth Dark (D) | Cellular Porous Spongy Fibrous
(cm) (©) (P) (S) (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
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Depth Branched | Lattice Bordered | Other (O) | Total
(cm) (B) (L) P (BP) (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
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