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ABSTRACT 

A 6.2 meter core of lacustrine sediment from Jackson Pond , Larue 

County,  Kentucky represent s the first continuous sequence from Kentucky 

permitting the vegetational reconstruction for the full-glacial through 

late-Holocene intervals . Jackson Pond is  a spring- fed pond situated 

within a karst-collapse basin underlain by Ste . Genevieve and St . Louis 

lime stone of Mississippian age . The site is  located at 3 7°2 7 ' N , sso 

30'W, 190 km south of the full-glacial limit of the Laurentide Ice 

Sheet .  Six sediment sample s  submitted for radiocarbon analysis provide 

an absolute chronology for the site for the last 20 , 460 years . 

From 20 , 460 yr B . P . to 20 , 330 yr B . P . the forest  community con­

sisted of a j ack pine (� banksiana) dominated boreal forest with a 

spruce (�) subdominant� The remainder of the full-glacial inter­

val ,  from 20 , 330 yr B. P .  to 16 , 800 yr B . P . , is marked by a co-dominance 

of j ack pine and spruce , and a limited population of the temperate 

specie s  oak (Quercus) , black ash (Fraxinus nigra) , elm (�) , sugar 

maple (� saccharum) , and hornbeam (Ostrya/Carpinus) . A spruce 

dominated open woodland repre sents the late- glacial interval ,  with 

pine remaining a subdominant .. The late · glacial is marked by a number 

of rapid biotic changes in which oak, spru ce ,  and black ash have a 

co-dominance of the arboreal taxa. The early Holocene , from 10 , 040 

yr B . P .  to 7300 yr B , P . , is characterized by a mesic northern hardwood­

conifer  open woodland with spruce , elm, hornbeam, oak , basswood (Tilia) , 

beech (Fagus grandifolia) , and hemlock (Tsuga) . The remainder of the 
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Holocene is  represented by an open oak savannah . Near the pond a 

suite of warm temperate arboreal taxa,  sweetgum (L iguidambar 

styraciflua) , blackgum (Nyssa) , and red maple (� rubrum) are 

established along with a swamp shrubbery of buttonbush (Cephalanthus 

occidentalis) , blackberry (�), and virginia willow (� virginica) . 

Full-glacial clima tic extremes reduced temperate taxa to near 

elimination,  with only a few cold-hardy species able to ma intain sparse 

populations 190 km from the maximum ice front . Late-glacial climatic 

amelioration is  marked by a decline in boreal taxa density , but without 

any significant replacement by deciduous taxa. During the Holocene an 

open oak savannah predominated , producing the "Barrens" observed by 

early Euro-American settlers .  Distributions of plant taxa are suggested 

to be dependent upon the environmental parameters established by major 

air mas s  systems . The changing positions  of the Maritime Tropical , 

Pacific , and Arctic Air Masses  determined the nature of vegetat ion 

around Jackson Pond . 
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I ,  INTRODUCTION 

The que stion of the vegetation composit ion of eastern United 

States south of the glacial boundary during the Wisconsinan glaciation 

has been an extensively debated issue in American phytogeography (Braun , 

1950 , 1955 ; Cain , 1943 ; Davis , 1976, 1981 ; Deevey , 1949 ; H. Delcourt , 

1979 ; Watts ,  1979 , 1983) . Palynological evidence now document s  that 

during the last full-glacial interval (23 , 000 to 16 , 500 yr B . P . ) boreal 

forests occurred as far south as Missouri , Tennes see , Georgia and the 

Carolinas (H. Delcourt , 1979 ; De lcourt et al . ,  1980 ; King , 1973 ; Smith , 

1984 ; Watt s ,  1970 ; Whitehead , 1981) . Maj or que stions remain , however ,  

concerning the vegetation patterns during full-glacial t ime s  near the 

ice front boundary . 

Thi s  is  primarily because few palynological site s with record s 

that extend to peak-glacial time s  (between 18 , 000 to 20 , 000 yr B . P . )  

have been investigated we st of the Appalachian Mountains (Wright , 1981) . 

Most palynological site s near the ice front (Figure 1) have been within 

deglaciated terrain and are therefore not indicative of full-glacial 

conditions (King , 1981 ; Ogden , 1966; Shane , 1975, 1976 ; Williams , 1974) . 

Full-glacial site s that have been studied within the unglaciated portion 

of southeastern North America (H. De lcourt , 1979 ; P .  De lcourt , 1980 ; 

De lcourt et al . , 1980 ; Smith , 1984 ; Watts ,  1970, 1980a ; Whitehead , 1981) 

all are at least 300 km south of the glacial boundary at it s maximum 

extent (Figure 1). Only one fu ll-glacial site with continuous sed­

imentation ,  Pittsburg Basin , Illinois ,  is located near the ice front 
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Figure 1 .  Location map for eastern United State s Quaternary 
pollen sites and the maximum extent of any Wisconsinan ice 18 , 000 
years ago . The area within the dotted line encompasses the Interior 
Low Plateau physiographic province . Captions are identified as 
follows ; JP=Jackson Pond , GS=Goshen Springs (P.  Delcourt , 1980) , WP= 
White Pond (Watts ,  1980a) , NC=Nonconnah Creek (Delcourt et al . , 1980) , 
AP=Anderson Pond (H . Delcourt , 1979 ) , CP=Cupola Pond (Smith , 1984) , 

" 
PB=Pittsburg Basin (Gruger ,  1972a , 1972b ) , CG=Cranberry Glades 
(Darlington, 1943 ; Watts ,  1979 ) , CB�Chatsworth Bog (King , 1981 ) , C• 
Carter (Shane , 1975 ) , S=Stotzel Leis (Shane , 1975 ) , SL=Silver Lake 
Ogden , (l966 ) ,  PL=Pretty Lake (Williams , 1974 ) , BG=Battaglia Bog 
(Shane , 1976 ) , RB=Rockyhock Bay (Whitehead , 1981 ) , BP=Bartow County 
Ponds (Watt s ,  1970 ) , BS•Boney Springs (King , 1973 ) , L=Longswamp (Watts ,  
1979 ) , and BU=Buckle s Bog (Maxwe ll and Davi s ,  1972 ) . 
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(within 60 km), and the radiocarbon chronology there is  ambiguous 

(Gr�ger ,  1972a,  1972b ) . 

The paucity of late-Quaternary paleoecological information between 

the ice boundary and known southeastern sites has led to considerable 

controversy concerning the nature of full-glacial vegetat ion within 300 

km of the glacial maximum. Three differing interpretations of the 

sparse paleoecological data have been proposed in recent year s .  Wright 

( 1977 ,  1981)  has suggested that periglacial tundra was generally absent 

from Ohio to South Dakota during the period of ice advance . He 

suggested that ice lobes advanced so far into the area primarily because 

of the region ' s low elevation , within a climatic regime not as severely 

cold as tundra vegetation would require . Wright (198 1) , however ,  did 

postulate that a tundra fringe could have developed within northern 

Indiana and Wisconsin because conditions would have been colder in more 

northerly latitude s .  Site s farther to the south such a s  Chatsworth Bog 

in central Illinois (King , 1981) may have been in a warmer climatic 

regime and therefore have lacked tundra environments .  Wright ( 19 77) 

envisioned that the full-glacial and late-glacial boreal fore st was mark-

edly different in composition from that of today , with a glacial-age 

spruce forest predominating and populations of deciduous trees such as 

oak (Quercus) , elm (�) , and black ash (Fraxinus nigra) remaining in 

favored locations . A predominately boreal forest of spruce and some 

northern pines is projected by Wright ( 1981) as extending from known 

southeastern site s to  the ice front itself. 

" 
Gruger (1972a , 1972b) has suggested that the pollen record from 
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Pitt sburg Basin indicated that temperate deciduous fore st was the dom-

inant vegetation during the full-glacial interval within 60 km of the 

ice front in central Illinois .  
II 

Gruger ' s  paleoecological interpretation 

included spruce populations  as occupying only local areas . 

A third view (P .  Delcourt and H .  Delcourt , 19 79 ; King , 1981 ; 

Martin , 1958 ; Maxwell and Davis ,  19 72 ; Whitehead , 1973) is  that tundra 

was pre sent along the southern flank of the Laurentide Ice Sheet both 

east and west of the Appalachian Mountains. Evidence for thi s inter-

pretation consisted of periglacial geomorphic features associated with 

permafrost within 150 km of the full-glacial ice margin (Pewe , 1983) , 

low pollen influx , and pre sence of tundra indicator species in full-

glacial and late-glacial sediment s .  Estimate s of the distribution of 

full-glacial tundra range from a discontinuous tundra belt (P .  De lcourt 

and H .  Delcourt , 1979 , 1981) to a broad band of tundra 100 km wide south 

of the ice front (Martin, 1958 ) . 

Simple southward displacement of pre sent-day vegetational zone s ,  

however ,  was unlikely (Maxwe ll and Davis , 19 72 ; Whitehead , 19 73) . The 

dynamic climatic systems found during full-glacial and late-glacial 

time s were different from those of today (P .  De lcourt and H.  Delcourt , 

1984) . The individual re sponse s of plant taxa to climatic change may 

have re sulted in full-glacial  and late-glacial plant communitie s con-

siderably different in composition from those found today . 

In the Mid-South region , between Tennessee and southern Ohio- Indiana-

Illinois ,  only sparse late-Quaternary paleoecological data are available . 

In September of 1981 , I identified a full-glacial palynological site , 
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Jackson Pond , near the town of Magnolia in Larue County , Kentucky (370 
' 

27 ' N ,  85°30 'W,  Magnolia 7 . 5 '  U . S . G . S .  topographic quadrangle ). The site 

is a lacustrine pond approximate ly 75 km northeast of Mammoth Cave and 

190 km south of the full-glacial ice boundary . The site is  located 

within the Interior Low Plateau (Fenneman , 1938) , near the boundary 

between two of its physiographic subdivi sions , the Pennyroyal and the 

We stern Coal Fie ld (McFarlan, 1943 ) . Local re lief is  approximately 20 

meters ; the surface area of the pond covering approximate ly 3 ha. 

Jackson Pond provides the first continuous palynological record spanning 

the last 20 , 000 years of full-glacial through Holocene time s in a 

location between the former ice front boundary and mid- latitudinal south­

eastern sites (Figure 1) . Paleoecological analyses from Jackson Pond 

therefore provide critical new data on full-glacial vegetat ion compo­

sition and plant specie s migrat ions in response to  dynamic climatic 

change during the late Quaternary within this re latively unstudied 

region . 

6 



II, ENVIRONMENTAL SETTING 

Jackson Pond is  a spring-fed sinkhole located within a karst region , 

underlain by Mississippian-age Ste. Genevieve and St . Louis  limestone s 

(Moore , 1975) . The pond lie s one kilometer northwe st of the cre st of 

the Dripping Springs Escarpment (Figure 2) , a prominent physiographic 

feature marking the border between the Western Coal Fie ld and the 

Pennyroyal (McFarlan , 1943) . The Dripping Springs Escarpment is sit­

uated generally along an east-we st trending fau lt and forms a we ll­

developed continuous ridge stretching from the Ohio River southwe st in 

an arcuate pattern to the area of southwe stern Kentucky we st of the 

Tennes see River .  The e scarpment , noted for its  deeply dis sected cliff­

bordered valleys , large sinks and dismembered drainage systems , con­

sists of limestone knob s capped by sandstone . The region to the immed­

iate north-northwe st of the e scarpment is  noted for its wealth of karst 

basins and contains the famous Mammoth Cave complex . 

Jackson Pond lie s near the transition between the Mi ssissippian 

Pennyroyal to the east , with it s gently rolling karsted plains , and the 

adj oining Pennsylvanian sandstone and conglomerate of the maturely 

dissected We stern Coal Fie ld plateau to the west . Jackson Pond' s 

locat ion is therefore within a diverse physiographic region where land­

scape element s of both the Pennyroyal and the We stern Coal Field are 

evident . The Dripping Springs E scarpment provide s a steady reservoir 

for spring-fed recharge of collapse basins at the base of the ridgeline 

(Brown , 1973; Jillson ,  1927; Moore , 1975) .  Many of the deepest sink­

hole s are located at the heads of lime stone valleys where they meet the 
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Figure 2. Location map for Jackson Pond and surrounding 
drainage. (Magnolia 7 . 5 '  U .  S .  G .  S .  topographic quadrangle). 
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Dripping Springs Escarpment . Lower groundwater recharge is  enhanced by 

development of sinkhole s ,  as we ll as the tendency for sinking streams 

to flow into the e scarpment (Brown ,  1973) . Also , slumping sandstone , 

shale , and conglomerate from either the escarpment-capping Cypre ss 

Sandstone or nearby Pottsville Group provide a source of material for 

clogging nearby sink-collapse basins . The drainage area encompassing 

Jackson Pond is typical in this  re spect because the regolith represents 

a surficial veneer of slumped rock debris of sandstone , shale , or 

conglomerate s mixed with re sidual clayey soil derived from weathered 

limestone . The Ste . Genevieve and St . Louis formations provide a maj or 

source of ground water for springs (Moore , 1975 ; Otton , 1948) . 

Although many karst basins are found along the Dripping Springs 

Escarpment , Jackson Pond has particular attribute s which have con­

tributed to it s long permanence . It lie s within a large basin in which 

numerous sinkhole depre ssions are found. The large basin is  bounded on 

all side s by low rolling hills or the e scarpment itself .  This is  an 

ideal location for the development of deep karst basins (Brown , 1973) . 

This  topographic position has provided the basin with a steady supply of 

surface recharge from the Dripping Springs Escarpment, surface runoff 

from the surrounding hill s ,  and the abundance of water within the Ste . 

Genevieve and St . Louis  lime stone s have combined to provide a steady and 

reliable source of water for the development of a permanent pond . 

The vegetation of the Interior Low Plateau region was characterized 

by Braun ( 1950) as Western Me sophytic Forest .  This  region includes a 

mosaic of vegetational type s rather than a single type of climax 
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vegetation , and is  a transitional area between the true Mixed Me sophytic 

Fore st to the east and the Oak-Hickory Fore st region to  the we st . 

Vegetation composition is strongly influenced by local environmental 

conditions such as soil fertility, depth to the ground water table , 

mineralogic composition of the underlying bedrock , and topography , as 

we ll as by regional climatic controls . Mixed me sophyt ic fore sts are 

particularly prominent in the eastern portion of the study region. 

Forests  dominated by oak and hickory (�) are more prevalent in the 

west . 

Oak and oak-hickory fore sts were dominant in the pre settlement 

fore st of the We stern Coal Fie ld plateau . This  oak-hickory forest type 

was also present on upper slope s of the adj acent border region bounded 

by the Dripping Springs E scarpment (Braun , 1950) . Where streams cut the 

e scarpment , a much more me sic condition prevailed . The se ravine slope s 

were characterized by white pine (� strobus) , ye llow birch (Betula 

allegheniensis) , beech (Fagus  grandifolia) , shellbark hickory (� 

� ) , butternut (Juglans cinerea ) , tuliptree (Liriodendron tulipifera) , 

magnolia (Magnolia macrophylla , Magnolia tripetala) , red maple (Acer 

rubrum) , sugar maple (Acer saccharum) , holly (!lex opaca) , blackgum 

(Nys sa sylvatica) , sourwood (Oxydendrum arboreum) and white ash 

(Fraxinus americana) . This mixed me sophyt ic forest was common along the 

slope s of ravines and a more xeric oak-hickory was dominant on upper 

slopes .  Where valley floors developed , sweetgum (Liguidambar 

styraciflua) and sycamore (Platanus occidentalis) were common in 

riverine fore st s .  The We stern Coal Field was therefore a mosaic of 
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different forest communitie s .  The plateau and upper slope s were dom-

inated by oak and hickory . Lower slope s were occupied by a mixed 

me sophytic forest with a diverse as semblage of tree specie s including 

dominant s of beech and sugar maple . Valley areas were often swampy and 

contained sweetgum and sycamore . 

The adjoining Mississippian Plateau was characterized by an exten-

sive prairie community when the earliest Euro-American settlers arrived 

in the region (Mclnteer , 1942 ; Sauer ,  1927 ; We ller ,  1927) . The se early 

settlers thought that the absence of trees  indicated poor soil , and 

that the most productive land was covered by dense fore st s .  The prairie 

was named "the Barrens" on Filson ' s map in 1784 . The barrens area was 

depicted on Filson ' s map as occupying a narrow be lt from the Ohio River 

just we st of Louisville southward to the Tenne s see state line and we st-

ward to  the Cumberland River .  The arc-like distribution o f  barrens 

corre sponds with the area immediately south of the boundary formed by 

the Dripping Springs E scarpment . Although early hi storic accounts 

emphasize the treele ss  conditions , some limited areas were fore sted , 

particularly gallery fore st s within river valleys . Early Euro-American 

sett lements such as Elizabethtown , Bowling Green and Hodgenville , we re 

u sually e stab lished in these wooded areas (Mc lnteer ,  1942) . According 

to Sauer ( 192 7 :  127) : 

It cannot , therefore be regarded as a re lic grassland , but 
mu st be considered as an area in which edaphic conditions 
were unsuited to  tree growth , or one that had become 
defore sted , in which the fore st islands and tongues were 
remnant s of a vanished forest , not outpost s of an invading 
fore st . 
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Jackson Pond therefore lie s within a transitional area between the 

forested We stern Coal Field and the prairie barrens area to the south 

and east . The location.of Jackson Pond within lime stone terrain 

suggests  that the flora in the immediate vicinity of the pond would be 

more similar to that of the Pennyroyal Barrens area . 

The presettlement vegetation of southern Larue County included 

relict prairie outliers known to exist in Grayson County to the we st of 

Jackson Pond (Bryant , 1977) . Sauer ( 1927 :  127) noted that Gilbert Imlay , 

Land Commissioner in the Back Settlement s ,  indicated around A . D .  1792 

that south of Elizabethtown there was an "extensive plains , which 

stretches upward s of one hundred and fifty mile s in a southwe st course • •  

" Thi s  plain corresponds to Filson ' s barrens area which encompas se s  

the study area of southern Larue County around Jackson Pond . Mesic 

forests grew along the Dripping Springs E scarpment one kilometer south­

east of Jackson Pond , providing presettlement vegetational mosaics of 

prairie s and forests . 

Sauer (1927) has documented the settlement of the Pennyroyal region 

as occuring from A . D .  1780 to A .D .  1820 (Figure 3) . In A . D .  1780 the 

region w� s virtually uninhabited , with 5000 people in the area by 1790 

and 150 , 000 by 1820 . Euro-American impact upon the region as recorded 

in the sediments of Jackson Pond would therefore be initially found 

within this period . 

Barton ( 1919)  has published account s of the amount of standing 

timber in Kentucky , tabulated by countie s in the early twentieth 

century.  Barton ' s study indicated the composition of  fore sts in  Larue 
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Figure 3 .  Euro-American settlement of the Pennyroyal 
Physiographic Province . 
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and the adj acent counties of Hart and Green (Table 1) . Overall , specie s 

of oak were dominant , with other tree s such as beech , chestnut (Castanea 

dentata) , hickory, and poplar also present in significant percentages .  

Land area surrounding Jackson Pond today i s  primarily in pasture or 

cultivated for corn. A narrow belt of trees ,  primarily oak, hickory , 

sweetgum, and maple , grows around Jackson Pond at an elevation just above 

the typical high-water mark for the pond . Beyond this outer perimeter 

of the pond , trees  in the adj oining terrain have been cut and the area 

is now a pasture except for a low swampy area connecting Jackson Pond 

to  another permanent pond in a sinkhole 350 m to the east ( Figure 2 ) . 

Buttonbush (Cephalanthus occidentalis)  grows extensively at the fringe 

of the pond in the zone characterized by seasonal oscillations  in water 

level .  Jackson Pond is  covered by  a thick mat of  water lilie s (Nuphar) , 

with several small pools of open water (up to four meters diameter) 

within the central port ion of the pond . According to Mr . Jackson, the 

current owner,  Jackson Pond contains a permanent pool of standing water 

and has not dried out in the last 50 years . During the most severe 

drought s ( i . e .  the 1930' s and the 1950 ' s) the maj ority of the pond basin 

lacked standing water except for a s mall pool at the geographic center 

of the basin. Even then, sediment out side of the permanent pool remained 

moist . Average yearly fluctuat ions in water leve l are small , approx-

imately 50 em. In addition to Nuphar presently covering much of the pond 
I 

surface , aquatic plant s within open pools of water include knotweed 

(Polygonum) , swamp loosestrife (Decodon verticillatus ) , bladderwort 

Utricularia) and sedges (�) . 
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PERCENTAGE MEASUREMENTS OF WOOD VOLUME BY COUNTY 

Larue Hart Green 
Trees County County County 

White Oak 15 . 70 9 . 30 4 . 60 

Black Oak 23 . 50 46 . 70 55 . 10 

Post Oak 6 . 20 2 1 . 10 0 . 00 

Chestnut Oak 13 . 00 0 . 00 0 . 00 

Beech 0 . 01 0 . 00 17 . 20 

Poplar 0 . 01 3 . 80 4 . 90 

Hickory 13 . 70 8 . 50 9 . 30 

Maple 0 . 06 o.oo 0 . 86 

Sycamore 0 . 03 0 . 00 0 . 3 7 

Chestnut 24 . 30 6 . 20 4 . 60 

Gum 0 . 00 3 . 20 1 . 80 

Locust 0 . 00 3 . 20 0 . 00 

Walnut 0 . 00 0 . 00 0 . 85 

Other Trees � 3 . 70 0.34 

Percent of 
Land in Forest 23 . 49 40 . 52 21 . 51 

Percent of 
Land in Prairie 
or Cult ivation 76 . 51 59 . 48 77 . 49 

Table 1 .  Measurement s of standing timber in Larue, Hart, and Green 
Counties , early 1900 ' s (adapted from Barton, 1919 ) . 
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The pond is situated within an area mapped within poorly drained 

soils of Melvin silt.loam (Arms et al . , 1979) . This  soil type is 

common within nearly level (0 to 2% slope s) upland depres sions , 

floodplains and karst valleys .  Melvin soils are subj ect to flooding 

and ponding for brief period s during rainy seasons . Soils of Melvin 

silt loams are considered of limited urban use due to high hazard of 

sporadic flooding , extreme wetne s s  and a seasonally high water table 

(Arms et al . , 19 79 ) . 

Mean annual precipitation is  130 em, with approximately 50% of the 

rainfall occuring between April and September (Arms et al . , 1979 ; 

Visher ,  1929) . Average winter temperature s for December through 

February are 2°C ,  with freezing temperature s occuring on 70 to 85 days 

each winter and the average frost- free period ranging from 180 to 185 

days a year . Average summer (July) temperature s range from a minimum of 

23°C to a maximum of 43°C (Arms et al. , 1979 ; Visher ,  1929 ) . 
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III . METHODS 

Fieldwork 

A series of 7 . 5-minute U . S . G . S .  topographic quadrangle maps was 

inspected for northern and western Kentucky , southern Ohio , Indiana , 

and Illinois in order to locate natural lake s ,  pond s or swamps for 

prospective full-glacial palynological sites .  Each topographic quad­

rangle was rated for it s site potential in terms of natural ponds or 

swamp s ,  utilizing four criteria for identification of prospective site s .  

The pond first had t o  be permanent ly wet in order t o  prevent oxidation 

of plant fossils . Secondly ,  the pre sence of a fringe of swamp fore st 

indicated a high water table and minimal disturbance by man . Thirdly ,  

in order to  provide a record o f  pollen influx that would reflect change s 

in vegetat ion independent of sedimentation patterns , closed basins were 

located that contained neither stream inlets nor outlet s .  Fourth , 

formal name s on a map indicated possible historic permanence .  I ident ­

ified a series of high-potential site s near Mammoth Cave , Kentucky , 

along a north- south transect from Elizabethtown to Monroe , and cored the 

be st of the prospective site s ,  Jackson Pond , in the Fall of 1981 .  

At Jackson Pond , a 110 em length sediment core was recovered only 

10 m from the edge of the pond . Subsequent analysis revealed excellent 

pollen and plant macrofossil pre servation , with a shift from boreal to 

deciduous dominance of specie s at 95 em sediment depth . A second trip 

in the Fall of 1983 was to retrieve a complete sediment core from the 
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deepe st pool at the geographic center of Jackson Pond . A wooden raft 

was constructed and attached to two four-man inflatable raft s .  Concrete 

anchors positioned at all four corners of the wooden platform stabilized 

the position of  the raft for coring activities .  Two sediment core s ,  

83-A and 83-B ,  located at a d istance o f  one meter apart , were re·covered 

from the center of the pond . Core segments were retrieved in meter­

length drives with a modified Livingstonesquare-rod pi ston corer (Wright , 

1967) . A chain hoist used to extrude the deeper drive s made penetration 

and removal of core segment s from deep within pond sediment s possible . 

All core segment s were de scribed in the field , including depth interval 

be low platform surface , sediment color (Mun sell Color , 1975) , and grain 

size . The cores were then wrapped and placed in 1-m long wooden boxes .  

All cores were subsequently stored in a refrigerated room in He sler Hall 

at the University of Tennes see , Knoxville . 

Laboratory Analysis  

Sediment core 83-B was analyzed for pollen and loss-on-ignition 

(LOI) with sample s obtained with a l-cm3 calibrated brass  sampler (Birks , 

1976) . Volumetric sediment sample s  were taken for estimates  of bulk 

density , mineral and organic component s  of the sediment , and calculation 

of sediment influx . The amount of water remaining in the sediment was 

determined by first weighing each sample , then baking it overnight at 

l00°C .  Following cooling o f  the sample ,  i t  was reweighed and re sidual 

water loss (the difference in weight in g/ cm3 sediment ) calculated . 

Organic content , carbonate minerals  and non-carbonate minerals were also 

calculated by the los s-on-ignition procedure of Dean ( 1974). All sample s  
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were heated at 550°C for one hour ,  cooled , and rewe ighed for we ight los s  

due t o  the combustion of organic material . Then , the sample s  were heated 

again at 1000°C for one hour,  cooled , and reweighed to determine the 

amount of carbonate minerals . The we ight of the remaining re sidue cor­

responds to  noncarbonate minerals (Dean, 1974) . 

For palynological analyse s ,  each l-cm3 sediment sample had one or 

more tablets of Eucalyptus globulus pollen grains (Stockmarr batch 

number 903 772)  added t�it be fore chemical proce s sing . Each tablet 

contains an average of 16 , 180 Eucalyptus pollen grains , which are used 

along with tabulation of native -pollen grains and spore s to calculate 

palynomorph concentrations within the sediment sample (Maher ,  1977) . 

The number of Eucalyptus tablets  needed for each sample was determined 

by preliminary pollen analysis of selected levels , in which a single 

Eucalyptu s tablet was added to each sample . Fossil palynomorph to exotic 

pollen ratios in the se sample s  were then used to determine the number of 

Euc�lyptus tablets  required for an adequate ratio calculation of pollen 

influx for differing sections of the sediment core . 

All sediment samples were chemically treated using a palynomorph­

extraction procedure modified from that of Faegri and Iversen (1975) 

(See Appendix A for a description of the chemical procedure used ) . 

Macroscopic organic matter ,  clay minerals , and silicate minerals are 

thereby removed , producing a concentrated re sidue of pollen grains and 

spores . All slides were prepared by placing several drops of silicone 

oil with a vicosity of 2000 centistok�on the center of the slide . A 

portion of the palynological re sidue was then mixed with the silicone oil 
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and spread across the area to be covered by the cover slip , thus min-

imizing se lective distribution of pollen grains beneath the cover slip. 

All pollen count s were made by starting at the right-hand corner of the 

coverslip and thoroughly covering either half or the entire coverslip 

with traverse s at uniform-distance intervals .  A minimum of 300 arboreal 

(tree) pollen grains was counted for each sample , along with spore s of 

shrub s ,  lianas , herbs , ferns , and aquatic plants  encountered on the 

sy stematic transect s .  All slide s were routinely counted using a Leitz 

Dialux 20 microscope at a magnification of SOOX with 12 . 5  X eyepieces 

and a 40 . 0  X NPL oil-immersion objective (numerical aperature 0 .70) . 

When identification required more optical re solution , a drop of anisole 

was placed on the surface of the coverslip and a magnification of 1250X 

was achieved with a 100 . 0  X NPL oil-immersion objective (numerical 

aperature 1 . 32) . 

All conifer grains were tallied as complete grains when the cap and 

one attached bladder were observed . Isolated conife r bladders were 

tallied as units of � grain . Tetrad palynomorphs were counted either as 

complete dispersal unit s when all four of the individual bladders were 

present or as individual grains when isolated . Fragment s of other pollen 

type s were tallied as complete if more than half of the grain was pre s-

ent. Percentage s for arboreal pollen grains (AP) we re calculated based 

on the total Tree-Pollen Sum (a minimum count of at least 300 grains ) .  

Percentages of non-arboreal pollen grains (NAP) were calculated based on 

a total Upland Pollen and Spore Sum. Non-arboreal pollen type s included 

shrubs ,  lianas ,  upland herbs , ferns , horsetails , club mosse s ,  and 

unknown type s .  Obligate aquatics and indeterminable palynomorph grains 
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were calculated based on a Total Upland Pollen and Spore and Aquatic 

Sum. Fifty-eight pollen sample s  were counted , spaced at approximate ly 

400 to 700 year intervals in the Pleistocene sediment s and 800 year 

intervals in the Holocene sediment s (30 em apart and five centimeters 

apart re spective ly). E stimation of the depth inte rvals that corresponded 

to a given time inte rval was based upon initially broad spacing of sam-

ple s  throughout the sequence and e stabli shing a pre liminary chronology . 

A finer temporal re solution was used for a late -glacial section ( 100 

year intervals with 2 . 5  em spacing) in which rapid biotic changes within 

a short span of time were identified . Literature and re ference slide s 

for palynological identification were avai lable from the Program for 

Quate rnary Studies  at the University of Tennessee , Knoxville . Key 

literature used for identificat ion included : Amman ( 1977) ; Bassett et 

al. ( 1978 ) ; Berglund and Praglowski ( 1961) ; He lmich ( 1963) ; Kapp ( 1969) ; 
I 

Lieux ( 1980a , 1980b) ; Lieux and Godfrey ( 1982) ; McAndrews et al . ( 1973) . 

Measurements of the internal cap diameter of pine pollen permits 

the separation of northern and southern Diploxylon Pinus due to size 
............ 

variation (Whitehead , 1964) . Six sample s were studied , five from full-

glacial and late -glacial sediment s at 2000 year intervals and a sixth 

from the hi storic zone . One hundred grains were counted from each of 

full-glacial and late -glacial sample s ,  with 50 grains counted from the 

historic sample due to lowe r pine percentage s of only 8% of the AP 

(be low the pollen threshhold of greater or equal to 12% of the AP needed 

for local repre sentation , H .  De lcourt and P. De lcourt , 1985) . Following 

identification procedure s e stabli shed by Amman ( 1977)  northe rn diploxylon 
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pine was identified as either j ack pine (Pinus banksiana) or red 

pine (Pinus re sinosa) . 

Six sediment segment s were subsampled from core 83-B ; the volume 

of each segment was chosen to contain five grams of organic carbon as 

calculated from the loss-on- ignition analysis . The se segment s were sub­

mitted for radiocarbon analy sis at the Laboratory of I sotope Geochemistry 

University of Arizona , Tuc son,  Arizona . A gas-proportional counter was 

used for the youngest radiocarbon sample ,  and a liquid- scintillation 

counter used for the remaining five , older sample s .  

As semblages of plant macrofossils were examined from core 83-B , 

with a total of 29 macrofos· sil sample s  se lected for analysis .  Macro­

fossil sample s  were centered on stratigraphic leve ls associated with 

pollen spectra , with macrofossil sample s  processed for all recognized 

pollen zone s .  All samples consisted of a 5-cm vertical section o f  core 

noo c� ) which was sieved through USA Standard sieves with me shes of 

2 12 pm, 150 pm, and 90 pm. All seeds and fruit s ,  conifer needles ,  other 

recognizable plant debris , and insect s were picked out and pre served in 

a macrofossil preservative consisting of 35% water ,  50% glycerin and 15% 

formaldehyde . Taxonomic literature and re ference collections were avail­

able for comparative purposes at the Program for Quaternary Studies ,  

Knoxville , Tennessee . Particularly use ful reference s included: Berggren 

( 1969 ) ; Delcourt et al .  ( 1979) ; Martin and Barkley ( 1961) ; Montgomery 

( 1977) ; Schopmeyer ( 1974) . 
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Pollen Zonation 

The CONSLINK (constrained single-link cluster analy sis )  program of 

Birks (1979) was used to distinguish time s of greate st change in the 

pollen-percentage diagram as an aid to developing local informal pollen 

assemblage- zones for the Jackson Pond record . CONSLINK uses a dis� 

imilarity coefficient , the Manhattan Metric to compare the composition 

of stratigraphically adjacent pairs of pollen sample s .  The Manhattan 

Metric is calculated as d ( j , k) "' I( Pij - Pik) • · In. this equation "d" 

is  the unweighted dissimilarity between two"adj acent levels  j and k, Pij 

is  the total difference in the pollen spectra of level j ,  and Pik is 

the total difference in pollen spectra of level k (Prentice , 1982) . 

Modern Analogues 

One quantitative method of reconstructing past vegetat ion is the 

use of dissimilarity coefficient s between fossil and modern pollen 

assemblages to derive modern analogue s of the fossil spectra . H .  

Delcourt and P .  Delcourt ( 1985) have compiled for calibration a total 

of 1684 modern pollen sample s  between 25° and 60� latitude and 50° to 

1050W longitude , encompassing tundra , prairie , and boreal through warm­

temperate fore sts of the eastern North America . 

Utilization of the se data has permitted the identification of cod ­

temporary analogue s for fossil  pollen levels at Jackson Pond . The three 

be st analogue determinations for each of the three coefficient s of dis ­

imilarity were calculated at 1000 year intervals , from the surface sample 

designated 0 yr B . P . (years before pre sent ) to 20 , 000 yr B . P .  (based 

upon age s interpolated using the radiocarbon chronology ) . The three 
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analogue procedures used were Euclidean Di stance , Chord Di stance , and 

Standardized Euclidean Di stance , each weighing pollen taxa different ly 

for dominant , sub-dominant and rare taxa (Prentice , 1982) .  The 

dissimilarity coefficient for Euclidean Distance is  weighted toward s 

the dominant taxa , Chord Distance de-emphasizes dominant taxa , and 

Standardized Euclidean Distance we ighs all taxa equally , stan�ardi�ing 

them based upon the observed variance in the total data set . 

In the formulas used in calculating the dissimilarity coefficients ,  

Pij represent s the pollen percentages of taxon i in pollen spectrum j ,  

Pik repre sents the pollen percentages of taxon i in pollen spectrum k ,  

1 repre sent s the summation over all  taxa , d (j , k) represents the diss-

imilarity between pollen spectra j and k ,  and Si represents the standard 

deviation of taxon i in the data set . The formulas are : 

Euclidean Distance 

d (j , k) = 4,..,.---(P
_
i

_
j ---P-i-k) 2 

Chord Distance 

d (j , k) = Jf (Pij - Pik) 2 
i 

Standardi?.ed Euclidean Distance 

d (j k) = If (Pil - Pik)'2 ' Y . si 

Analogue re sult s are presented in tabular form in Appendix B .  

Palynomorph Influx 

Studie s of the contemporary pollen rain in eastern North Amer1�a 

have demonstrated statistically significant re lationships between pollen 

percentage s and vegetation composition (Delcourt et al . , 1983 ; Webb and 
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McAndrews , 1976 ; Webb et al . , 198 1) . Of particular importance to this 

study is the determination of the influx or accumulation of pollen 

and spore s ,  which has been quantitatively correlated with the structure 

of vegetation surrounding the depositional environment ( Davis ,  1969 ; 

Davis et al . , 1973 ; Ritchie and Lichti-Federovich , 1967) . A number of 

studies utilizing modern pollen rain determined by both pollen traps and 

surface- sediment sample s ,  as we ll as influx estimate s  based upon fossil 

pollen sample s provide a guide for interpretation of palynomorph influx 

from fossil pollen site s .  Value s o f  palynomorph influx in tundra en­

vironment s range from 5 grains to 1000 gr · cm-2 .yr-l (Ritchie and Licht i­

Federovich, 1967 ; Birks , 1973 ; Davis ,  1969 ; Lamb , 1980) . The transition 

from a tundra to a taiga or open spruce woodland , as documented by 

Ritchie and Lichti-Federovich (1967) , has value s of 2 75 grains up to 

2000 gr • cm-2 • yr- l . Ritchie and Lichti-Federovich (1967) have indicated 

that palynomorph-influx values in an open conifer fore st are 3000 to 

12 , 000 gr • cm-2 · yr- l . Within thi s broad influx range others , such as 

Lamb ( 1980) and Ritchie ( 1967) , have interpreted boreal forest s .  It is 

likely that distinguishing open woodland s from boreal fore st s may require 

addit ional data ,  such as non-arboreal  pollen percentages to characterize 

the extent of forest openne s s .  In thi s  study tundra wi ll be considered 

any leve l in which influx is le ss  than 1000 gr · cm-2·yr- 1 and NAP value s 

are 25 to 40% of the Upland Pollen and Spore Sum. A taiga to open 

spruce woodland wi ll consist of an influx of 1000 to 5000 gr•cm-2•yr- 1 

with NAP value s of 18 to 40% of the Upland Pollen and Spore Sum. Boreal 

forests  wi ll have greater than 5000 gr· cm-2 · yr- l and NAP value s of le ss  
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than 15% of the Upland Pollen and Spore Sum. Deciduous fore sts in 

Michigan were found by Davis et al . (1973) to range from 7700 to as 

-2 -1  high as 84 , 000 gr · cm ·yr . Lower value s indicate an open deciduous 

woodland . Prairie vegetat ion wou ld be indicated by low influx (less  

than 1000 gr • cm-2 ·yr- l) ,  high non-arboreal pollen percentage s ( more 

than 25% of the Upland Pollen and Spore Sum) , and indicator specie s 

(Davis et al . , 1973 ; P .  Delcourt and H .  Delcourt , 1981) . These influx 

and NAP value s for definition of deciduous communitie s will be used in 

this study . 

Determination of influx value s can therefore be of considerable 

assi st ance in correctly identifying the biotic communitie s repre sented 

by fossil pollen spectra. Pollen influx data can he lp interpret pollen 

percentage diagrams where the decline of one taxon can increase the 

apparent percentage s of other ,  even though they may not have increased 

in actual numbers on the land scape . Influx rate s are determined by 

adding a known number of exotic palynomorphs to a given amount of sed -

iment for which the sedimentation accum1lation rate is known . In this 

study , Eucalyptus tablets with a given 16 , 180 grains per tablet have been 

used (Maher ,  1977) . The formula for calculating influx is as follows 

Davis et . al . , 1973): 

I = (n/a) • b • c d .  

In this equation , I equals 

of pollen grains counted in 

number of Eucalyptus grains 

palynomorph influx , n equals 

a given stratigraphic level ,  

counted , b equals the number 

grains in each Eucalyptus tablet , c equals the number of 

the total numbe r 

a equals the 

of Eucalyptus 

Eucalyptu s 
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t ablets added to 1 - cmJ of sediment and d equals the sediment 

accumulation rate in em/yr .  The re sulting influx rate s and con­

centrations for Jackson Pond are presented in Appendixe s C and D .  

Taxon Calibration 

Delcourt et al . (1984) have developed taxon calibrations for 

nineteen major fore st taxa utilizing Continuous Fore st Inventorie s .  

Percentage s o f  arboreal pollen from an extensive array o f  modern pollen 

samp le s  were compared to the percentage of growing stock volume of each 

taxon in commercial forest. inventories by Canadian and U . S .  forest 

services .  Calibrations were developed using geometric-mean linear 

regre ssion of pollen percent versus growing stock volume percent for 

paired sample s .  The resulting calibrations allow quantitative recon­

structions of past forest composition by factoring in differences in 

pollen productivity and pollen dispersability of various taxa which 

tend to re sult in e ither under- repre sentation and over-representation of 

pollen . Calibrations for 19 maj or tree taxa were u sed to recalculate 

arboreal pollen percentages in fossil-pollen samples into quantitative 

e stimate s of past forest composition (Appendix E) . 
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IV . RESULTS 

Lithostratigraphy 

Two core s ,  83-A and 83-B ,  were taken from an open deep pool in 

the geographic center of the pond . Total depth for each core ( from 

the surface of the coring platform) was , re spective ly , 720 and 718 . 5  

em. An impenetrable sand lens was encountered in both core s between 

715 and 718 em. For core JPK 83-B,  the distance from the coring plat-

form to the top of the water surface was 29 em; water depth was 64 em. 

The lithologic description of core JPK 83-B is as follows : 

Depth (em) 

93 

93 - 128 

128 - 157 

157 - 237 

237 - 293 

293 - 553 

553 - 559 

559 - 576 

576 - 579 

579 - 587 

587 - 591 

591 - 607 

607 - 612 

612 - 616 

6U - 621 

Lithology 

Water/Sediment interface . 

Fibrous peat becoming more consolidated toward s 
the base ( 10YR2/0 ) .  

Silty fibrous peat ( 10YR3/2 ) . 

Organic silty clay ( 10YR3/2) . 

Organic silty clay (10YR3/l) . 

Silty clay with sparse organic matter ( 10YR3/l) . 

Silty clay ( 7 . 5YR2 /0) . 

Silty c lay (10YR3/l) . 

Slight ly silty clay ( 7 . 5YR2 /0) .  

Silty clay ( 10YR3/l) . 

Slight ly silty clay ( 7 . 5YR2/0) . 

Clayey silt with sparse particle s of  vivianite 
starting at 599 em ( 10YR3/l) . 

Slightly silty clay ( 7 . 5YR2/0) 

Clayey silt ( 10YR3/l) . 

Slightly silty clay ( 7 . 5YR2 /0) . 30 



621 - 625 

625 - 633 

633 - 677  

677  - 682 

682 - 717 . 5  

717 .  5 - 718 • 5 

Clayey silt with abundant vivianite ( 10YR3 /l) . 

Slightly silty clay ( 7 . 5YR2/0 with mott ling of 
10YR3/l) . 

Slight ly silty clay ( 7 . 5YR2/0) . 

Slightly silty clay ( 7 . 5YR2/0 with mottling of 
10YR3/l) . 

Slightly silty clay ( 7 . 5YR2/0) . 

Silty sand (5YR2 /0) . 

Los s-on-Ignition analy sis (Figure 4) showed a re sidual water con-

tent in the sediment ranging from 30. 7% to 88 . 8%.  The uppe rmost peat 

zone from 93 em (the sediment/water interface) down to 140 em depth had 

an average water content of 80%. Organic content of the oven-dry sed-

iment ranged from 5 . 4 to 72 . 9%,  with the peat zone characterized by 

the highe st percentage s of 25 to 72 . 9%.  Below 150 em depth organic 

matter was significantly less , ranging from 5 . 4  to 11 . 9%.  Calculated 

carbonate minerals ranged from 1 . 5  to 4% of the oven-dry weight , with an 

average of about 3 . 2i'o . Loss-on-Ignit ion data showed calculated carbonate 

content throughout the core as le ss than four percent of the overall dry 

weight . Becau se of the high clay content , the calculated carbonate con-

tent probab ly reflect s the release of water-of-hydration from minerals 

(Dean , 1974) rather than significant input of freshly eroded carbonate 

into the sediments .  Loss-on-Ignition data is available in Appendix F .  

Chronology and Sediment Accumulation Rate s  

Six radiocarbon dates (Table 2 )  were used t o  provide an ab solute 

chronology for the sediment core . The dates were internally consi stent, 
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Figure 4. Loss-On- Ignition results. 
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Table 2 .  Sediment accumulation rate s and times for Jackson Pond . 

Sample Depth Time Elapsed 
Radiocarbon In em Midpoint Between 
Age (Lab Number Depth Midpoint Sediment 
(yr B . P .  +/ -lSD for Date ) (em) Depths (yr) Interval 

0 (A . D .  1983) Sediment 
Surface 93 . 0  
93 . 0  em 

153 40 .0 
120+/ - 50 128- 138 

(A-3870) 133 . 0  
820 2 7 . 5 

940+ 1-80 155-166 
(A-3871) 160 . 5  

9100 60 . 0  
10 , 040+.' - 190 215-226 

(A-38 72 )  220 . 5  
1820 49 . 5  

1 1 , 860+/ -250 263-277 
(A-3873) 2 70 . 0  

5890 240 . 0  
17, 750+/ - 2 70 505- 515 

(A-3874) 510 . 0  
2580 195 . 0  

2 0 , 330+ '- 630 700- 710 
(A-3875) 705 . 0  

130 13 . 5  
20,460 e st .  718 . 5  718 . 5  

Average Average 
Sed iment Sediment 
Accumulation AccuDPJ la t ion 
Rate of Time of �cm/Irl �Irlcml 

0 . 26 3 . 83 

0 . 03 29 . 82 

0 . 01 151 . 67 

0 . 03 36 . 77 

0 . 04 24 . 54 

0 . 08 13 . 23 

0 . 08 13. 23 



ranging from 120 yr B . P .  near the top of the core to 20 , 330 yr B . P .  at 

the base . The uppermost radiocarbon determination was taken partly 

within the historic rise in Ambrosia type pollen . The radiocarbon date 

of 120+/ - 50 yr B . P . , along with low value s for carbonate in the LOI 

result s ,  verifie s that the radiocarbon date s from this site require no 

correction factor to compensate for old carbon potentially introduced 

by solution of lime stone . 

Calculated sedimentation rate s derived from the radiocarbon deter­

minations (Table 2) show a high sedimentation rate for full-glacial and 

late-glacial time s (20 ,460 to 10 , 040 yr B . P . ) ,  a slow Holocene rate 

(10 , 000 to 120 yr B . P . ) ,  and a very rapid sedimentat ion during the his­

toric period . Comparative depositional rate s for six palynological site s 

are depicted on Figure 5 .  A striking correlation of sedimentation rates 

i s  found , with site s clustering into main two groups . Jackson Pond , 

Cupola Pond , and Anderson Pond all show rapid full-glacial and late­

glacial ,  slow Holocene , and rapid hi storic sedimentation rate s .  Goshen 

Springs and Lake Annie provide a record almost the reverse , with slow 

full-glacial and late-glacial and rapid Holocene and historic sed­

imentation rates .  White Pond lie s intermediate between the group s ,  with 

a relatively linear sedimentat ion rate . 

Rates of Palynomorph Influx 

Influx rate s at the base of the sediment core from 20 , 460 to 20 , 330 

yr B . P .  ranged from 8600 to 15 , 000 gr • cm- 2 •yr- l , with an average of 

11, 800 gr · cm-2 ·yr- l (Figure 6 ). From 20 , 330 to 16 , 800 yr B . P .  influx 
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Figure 5 .  Comparative sedimentation rate s of six southeastern 
lacustrine site s .  (modified from P .  De lcourt , 1984). 
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Figure 6. Total palynomorph and mineral influx re sults .  
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value s ranged from 3000 to 8800 gr • cm-2 · yr-1 , with an average of 6070 

gr· cm-2yr- l . From 16 , 800 to 11 , 300 yr B . P .  influx value s ranged from 

1800 to 4200 gr · cm-2 . yr- l , with a 3330 gr · cm-2 · yr- 1 average . Influx 

rates then rose temporarily to 8200 gr • cm-2 •yr- l be fore falling to an 

average of 2500 gr • cm-2 · yr- l . Low influx rate s were maintained 

throughout much of the Holocene interval from 10 , 000 yr B . P .  to 120 yr 

B . P . , with a peak at 5500 yr B . P .  of 9900 gr • cm-2 ·yr-1 . The increase 

between 940 yr B , P .  and the historic time of Euro-American sett lement 

may me rely be a reflection of the radiocarbon date ' s  effect upon apparent 

influx value s than a re al increase in palynomorph influx . Historic 

occupation of the area ,  however , is correlative with a significant in­

crease in influx up to 55 ,000 gr • cm-2 •yr- l , reflecting extensive erosion 

of upland soils , downslope transport , and acce lerated deposition of 

pollen and minerals in the basin . 

When mineral influx rate s are compared to the palynomorph influx 

some paralle l trends  become apparent (Figure 6 ) . During full-glacial 

time s mineral influx was approximately 0 . 940 g · cm-2 • yr- l , but dropped to 

0 . 0490 g · cm- 2 .yr- l at 17 , 800 yr B . P . , this corre lating with a similar 

decline in pollen influx value s .  The full-glacial pollen influx decline 

can therefore be in part attributed to a decrease in mineral sediment 

influx from the catchment area .  From that point until historic occupa­

tion mineral influx and pollen influx are unre lated . During the 

historic interval , however ,  a dramatic increase occurred in the influx 

of both mineral sediment and pollen ,  indicating the pollen increase to 

be a re flect ion of the increase in mineral sediment . 
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B iostratigraphy 

Five informal biostratigraphic zones have been recognized based 

upon changes in the pollen spectra .  These were the � Zone , occurring 

from 718 to 705 em (20 ,460 yr B . P .  to 20 , 330 yr B . P . ) ,  the �-� 

Zone , occurring from 705 to 255 em (20 , 330 yr B . P .  to 1 1 , 300 yr B . P . ) ,  

the Fraxinus Zone , occurring from 255 to 220 em (11 , 300 yr B . P . to 10 , 040 

yr B . P . ) ,  the Ostrya/Carpinus Zone , occurring from 220 to  203 em (10 , 040 

yr B . P .  to 7300 yr B . P . ) ,  and the Quercus Zone , occurring from 203 to 93 

em (7300 yr B . P . to the present ) . The Quercus Zone was subdivided into 

the � Subzone , occurring from 203 to 180 em (7300 yr B . P .  to 3900 yr 

B . P . ) ,  the Carya Subzone , occurringe from 180 to 140 em (3900 yr B . P . to 

120 yr B . P . ) ,  and the Ambrosia Subzone , occurring from 140 to 93 em (120 

yr B . P .  to the present ) .  CONSLINK was usegul in d istinguishing several 

of the zones , but performed poorly across the Pleistocene/Holocene tran­

sition because of major ,  rapid changes in pollen as semblage s .  Rather 

than to split out numerous pollen zones consisting of one or a few samp­

les each for that time interval (11 , 300 yr B . P .  to 10 , 040 yr B . P . ) ,  as 

indicated by re sults of CONSLINK, I have designated the interval a maj or, 

transitional Fraxinus Zone . The re sults of palynomorph and macrofossil 

analysis and individual taxon influxes are illustrated in Figures 7 to 

12 , with numerical documentation of each in Appendixes G ,  H and I .  

� Zone (718 to 705 em depth , 20 ,460 yr B . P .  to 20 , 330 yr B . P . ) . 

In this zone the arboreal pollen sum, calculated as percentage of 

total arboreal pollen (AP) , was dominated by � and �· Pinus 

comprised 61 to 70% of the AP , with Picea a maj or secondary taxon 
41 



Figure 7 .  Percentage diagram o f  selected tree pollen. 
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Figure 8 .  Percentage diagram of selected tree and shrub pollen . 
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Figure 9 .  Percentage diagram of selected upland herb pollen . 
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Figure 10 . Percentage diagram of selected fern, fern allie s ,  
and aquatic plants .  
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Figure 1 1 .  Plant macrofossil diagram. 
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Figure 12 . Palynomorph influx diagram for selected taxa . 
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consisting of 20 to 26% of the AP. Minor element s were Quercus at 4 to 

5%, Ostrya/Carpinus at 3% and trace amount s of Fraxinus nigra-guadrang­

� type , f!!I!, Ulmu s ,  Acer spicatum, � negundo ,  and Cupre ssaceae 

(Figure s 7 ,  8 ) . The total percentage of deciduous taxa within the AP 

sum equalied 10%. The percentage of non-arboreal pollen (NAP) , cal­

culated on the basis of the total Upland Pollen and Spore Sum, was very 

low (Figure 7) . Cyperaceae , Gramineae and Artemisia together attained 

only 7% of the total pollen,  with all NAP only 9 . 5% of the total pollen 

sum. The only aquatic pollen recorded was Myriophyllum alterniflorum. 

Total palynomorph influx value s ranged from 15 , 000 to 8600 gr · cm-2 · yr- l , 

averaging 11 , 800 gr · cm-2 · yr- l  (Figure 6) . Selected taxon pollen influx 

value s are , � (6700 to 8400 gr • cm-2 • yr- l) ,  Picea (1600 to 3600 gr · 

cm-2 · yr- l) ,Quercus (300 to 700 gr · cm-2 • yr-l) ,  and Cyperaceae ( 120 to 

500 gr . cm-2 ·yr- l) (Figure 12) . Macrofossils recovered include needle s ,  

sterigmata ,  a seed , and a needle fragment of Picea . Also found were 

Chara · oogonia and a seed of Rorippa (Figure 11) . 

�-� Zone (705 to 255 em depth , 20 , 330 yr B . P .  to 11 , 300 yr 

B . P � .  This zone , dominated by Picea and Pinus ,  is discussed in two part s ,  

the first interval ranging from 20 , 330 yr B . P .  to 16 , 800 yr B . P . , and 

the second from 16 , 800 yr B . P .  to 11 , 300 yr B . P .  � percentage s 

increased rapidly at the beginning of the 7.one to 56 . 9% at 700 em, with 

a range of 41 to 68% within the interval . Pinu s decreased from 61 to 

35% at 700 em, and fluctuated briefly , unt il at 15 , 780 yr B . P . it began 

to drop in percentage composition of the AP steadily throughout the 
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remainder of the zone . Secondary taxa were � with a trace to 1 . 5%,  

Fraxinus nigra-guadrangulata type and Fraxinus pennsylvanica-americana 

type 0 to 1 . 6%, Betula a trace to 1%, Quercus 0 . 9  to 5 . 5%,  and Ostrya/ 

Carpinus l . �o 2 . 6% .  Present in trace quantitie s only were Salix , �. 

£!!I! and Acer saccharum (Figures 7, 8) . Total deciduous AP varied from 

2 to 14%, with the lowe st percentage recorded at 18 , 000 yr B . P .  Mean 

value s for Diploxylon � pollen-cap measurement s were 33 . 6  pm at 

20 , 300 yr B . P .  and 34 . 9  pm at 18 , 300 yr B . P . , with the range of variation 

re spectively , 25 . 70 to 47 . 00 pm and 26 . 00 to 48 . 41 pm (Figure 13) . The se 

value s place the pine popu lation we ll within the mean range of northern 

Dip loxylon pine s .  Also , morphological attribute s suggest j ack pine 

rather than red pine . Non-arboreal pollen remained minor , 5 to 7% of the 

Upland Pollen Sum. Cyperaceae ranged from 2 to 6% and Gramineae 2 . 5  to 

4%. Trace amount s of Artemi sia, Thalictrum, Bidens type , Ambrosia type , 

were found . Aquatics pre sent in trace amount s were MYriophyllum 

exalbe scens type , Myriophyllum alterniflorum, and Sagittaria (Figures 9 ,  

10) . Influx value s during this interval ranged from 3000 to 8800 gr·  

cm-2 · yr-l , with an average influx of 6070 gr • cm-2 · yr- l (Figure 6) . 

Se lected taxon pollen influx value s (Figure 12) were , � (870 to 

2400 gr · cm-2 . yr- l) ,  Picea (1500 to 5400 gr · cm-2 · yr- l) ,  Quercu s (98 to 

180 gr • cm-2 · yr-l) ,  Ostrya/ Carpinu s (45 to 160 gr • cm-2 · yr-l) ,  and 

Cyperaceae ( 142 to 482 gr • cm-2 · yr- l) .  

The remainder of the zone , from 16 , 800 yr B . P .  to 11, 300 yr B . P . , 

was dominated by � at 41 to 62% and Pinus 9 to 45%. Secondary 

arboreal element s were Abie s ,  a trace t o  5%, Ostrya/Carpinus 1 to 2 . 7%,  
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Figure 13 . Measurements of Diploxylon Pinus pollen ( internal 
cap diameter) for selected levels . 

-----
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Salix a trace to 2%, Quercus 3 . 5  to 9%, Fraxinus nigra-guadrangulata 

type and Fraxinus pennsylvanca- americana type 1 to 5%, and � a 

trace to 1 . 6% .  Trace taxa were Populu s ,  Carya and Acer saccharum 

(Figure 7 ,  8) . Total deciduous AP ranged from 7 to 20%, with repre sen-

tation of deciduous tree �axa rising gradually within this interval .  

Mean value s of  Diploxylon . � pollen-cap measurement s were 34 . 5  )lm 

at 15 , 800 yr B . P .  and 34 . 6  pm at both 14 , 300 and 12 , 100 yr B . P .  (Figure 

13) . All three sample s  were within the range of value s for northern 

Oiploxylon pine , with morphology indicating jack pine . The NAP ranged 

from 18 to 38% of the Upland Pollen and Spore Sum, increasing signif-

icantly over the value s recorded in the previous portion of the zone . 

Cyperaceae ranged from 7 to 24%, Gramineae 2 to7% ,  Spiraea 0 to. 2% , 

Corylus and Alnus rugosa- serrulata type a trace to 2%. Other NAP pres-

ent in trace amount s were Bidens type , Thalictrum, Potentilla , Achillea 

type , Sanguisorba canadensis , Chenopodiaceae/Amaranthaceae and 

Umbelliferae . Aquatics pre sent were trace amount s of Coleogeton and up 

to 2% Sagittaria (Figures 9 ,  10) . Influx value s ranged from 1800 to 

4200 gr • cm-2 · yr· l , with an average of 3330 gr · cm-2 · yr- 1 , approximately 

half that found from 20 , 330 to 16 , 800 yr B . P .  (Figure 6) . Selected taxon 

pollen influx value s (Figure 12) are � (210 to 1300 gr · cm-2 · yr- l) ,  

Picea ( 785 to 1310 gr • cm-2 · yr- l) ,  Quercus (77  to 232 gr • cm- 2 ·yr- l) ,  

Ostrya/Carpinus (4 to  35 gr • cm-2 • yr- l) ,  and Cyperaceae (77  to 232 gr · 

cm- 2 ·yr- l) .  The decline in spruce and pine influx value s is indicated , 

with a corre sponding increase in sedge (Figure 12 ) . 
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Macrofossils recovered from the entire �-Pinus Zone included 

Picea needle s ,  needle fragment s ,  seed s and sterigmata.  Also found was 

a single Abie s needle at 18 , 300 yr B . P .  (550 em depth) . Seeds and 

fruit s of Najas gracillima , Najas flexilis ,  fh!!! oogonia, Carex comosa,  

Potamogeton endocarps ,  lenticular � achene s ,  Myriophyllum farwellii , 

and Scirpus ce spitosus type were also recovered (Figure 11) . 

Fraxinus Zone (225 to 220 em depth , 11 , 300 yr B . P .  to 10 , 040 yr 

!.:!..: ) .. This  zone marks a period of rapid biotic change . The rapid 

fluctuations of pollen percentage s are considered repre sentat ive of a 

real vegetation re sponse rather than contaminat ion from another leve l .  

The reasons for this  are several : ( 1) the zone is within a single un­

broken segment of core of a homogenous sediment type ( there is no break 

between two core sample s  to sugge st pos sible cont amination) ; (2 )  the 

fluctuat ions of pollen percentage s are dominated by several peaks of 

Picea , but each is  progre ssively smaller than the previous one ; (3) 

contamination from other levels  would tend to homogenize rather than 

produce spike s in the data.  

Quercus rose rapidly to 53 to 55% of the AP , dominating the arboreal 

taxa . Secondary taxa were � 7 to 19%, Ostrya/Carpinus 4 to 8 . 5%, 

Fraxinus nigra-guadrangulata type 9 to 10%, � 1 . 5  to 7%, and � 

1 . 5 to 6% . Found as minor element s were � saccharum 1%, Ulmus a trace 

to 1 . 5%, Abie s a trace to 2% and Populus a trace to 1 . 5%. Pre sent in 

trace amounts only were Liguidambar styraciflua , Juglans ,  and � 

rubrum (Figure s 7 ,  8) . Cephalanthus occidentalis appeared for the first 
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time and reached 13 to 18% of the NAP ,  with other taxa repre sented by 

� rugosa- serrulata type 2 . 5  to 4%, Cyperaceae 6 to 7% and Gramineae , 

Hypoxi s ,  Bidens type , and Ambrosia type at 1%. Aquatics are represented 

by trace amounts of Nuphar , Coleogeton and Sagittaria ( Figures 9 ,  10) . 

This  was followed by a rapid but brief re surgence of � which 

dominated the arboreal spectra at 55%, with secondary taxa of Quercus 

and Fraxinus at 14% each . Minor elements were � 2%, Ostrya/Carpinus 

3%, � 1%, Carya 1 . 5%,  and trace s of Fagus grandifolia , � negundo , 

and Acer saccharum (Figure 7 ,  8) . Non-arboreal pollen , representing 26% 

of the pollen sum, consisted of � rugosa-serru lata type 2%, 

Cyperaceae 16%, Gramineae 3 . 3%, Thalictrum 1 . 5%,  Bidens type 1%, 

Ambrosia type 1%, and a trace of Hypoxis  (Figure 9, 10) . Influx values 

ranged from 4000 to 7000 gr . cm-2 · yr- l  ( Figure 6) , with Pice a ,  �. 
Quercus and Cyperaceae reaching , re spectively ,  influx value s of 1630 , 

220 , 430 , and 655 gr · cm-2 · yr-l . (Figure 12) . 

This  � dominated portion of the zone is  folowed by a shared 

arboreal dominance among three taxa , �. 21 to 43 . 5% ,  Quercu s 25 to  

35 . 7%, and Fraxinus 7 . 5  to 22 . 5%. Minor taxa were Ostrya/Carpinus 5 to 

7 . 3%, � 1 to 5 . 5%, � 1 to 5 . 5%, Salix 0 to 3%, !� saccharum a 

trace to 1 . 5%, and � a trace to 1%. Pre sent in trace amounts were 

Fagu s grandifolia , !!!!.!., Tsuga, Betula ,  Juglans ,  Liguidambar styraciflua , 

Castanea ,  � saccharinum ( silver maple ) ,  and Celtis/Maclura (Figure s 7 ,  

8) . Non-arboreal pollen was 22  to 30% of the total Upland Pollen and 

Spore Sum, consisting primarily of Cyperaceae 5 . 5  to 9%, � rugosa­

serrulata type 5 to 6%, Cephalanthus occidentalis a trace to 8%, 
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Gramineae 2 to 3 . 51. ,  and Hypoxis ,  Bidens type , and Ambrosia type at 1 

to 31.. Present in trace amounts were Artemisia and Umbelliferae . 

Aquatics pre sent wer� !Y2h! latifolia , Nuphar, Sagittaria , and Eupot ­

amogeton in trace amounts (Figures 9 ,  10 pp 47 ,49 ) . Influx values 

ranged from 2200 to 8200 gr • cm-2 · yr-l , averaging 5000 gr • cm-2 •yr- l 

(Figure 6 p 39 ) .  Selected influx values are Quercus ( 602 to 2922 gr · 

cm-2 ·yr-2 ) ,  Picea ( 16 to 1557 gr • cm·2 . yr- l) ,  and Ostrya/Carpinus ( 10 7  

to 480 gr · cm-2 • yr-l ) (Figure 1 2  p 53) . 

Ostrya/Carpinus Zone (220 to 203 em depth , 10, 040 yr B . P. to 

7300 yr B . P . ) .  Arboreal pollen in this zone was dominated by Quercus 

39 to 50%, Ostrya/Carpinus 5 to 2 61.,  and � 5 to 28 . 5%.  Minor taxa 

were Fraxinus 1 . 5  to 81., � 2 . 5  to 51., � saccharum a trace to 11., 

and £!!l! 1 . 5  to 6%. Trace taxa were Salix , Fagus grandifolia , Tsuga , 

!!!£!, Juglans , and � rubrum (Figure s  7 ,  8 pp 43 , 45) . Non-arboreal 

pollen varied from 19 to 301. of the Upland Pollen and Spore Sum. Non­

arboreal taxa identified included Cephalanthus occidentalis 0 to 1%, 

� 1 to 6 . 51. ,  � rugosa- serrulata type 2 to 4%, Cyperaceae 6 to 

11%, Gramineae 1 to 61., Ambrosia type 1 to 1 . 51., Bidens type 2 to 4%, 

and Hypoxis a trace to 31.. Aquatics found were Nuphar 1 to 4%, Typha 

1atifolia 1 to 21., and a trace pre sence of Sagittaria and Eupotamogeton 

(Figures 9 ,  10 pp 47 , 49 ) . Influx values varied from 1600 to 3300 gr · 

cm-2 ·yr· l , averaging 2500 gr · cm·2 · yr-l (Figure 6 p 39) . Selected influx 

values (Figure 12 p 53) are Quercus (502 to 1300 gr • cm-2 · yr-l) ,  Picea 

(25 to 420 gr · cm-2 · yr-l) ,  Ostrya/Carpinus (260 to 597 gr · cm· 2 · yr- l) ,  
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� (55 to 110 gr · cm-2 · yr- l) ,  and Cyperaceae ( 180 to 234 gr • cm-2 · yr- l) .  

Macrofossils were extremely rare in this zone , consisting of only Chara 

oogonia and insect fragment s (Figure 11 p 51) . 

Quercus Zone : � Subzone (203 to 180 em depth , 7300 yr B , P ,  to 

3900 yr B , P , ) , This subzone was dominated by Quercus at 42 to 60% and 

� 13 to 30%, with � ri sing very rapidly from 0 to 17% at the 

base of the zone . Other arboreal taxa pre sent as secondary element s 

were total Fraxinus 4 to 13 . 5%, Ostrya/Carpinus a trace to 5%, Ulmu s a 

trace to 2%, Carya 4 to 9%, Castanea 1 to 4%, Nyssa a trace to 2%, 

and Liguidambar styraciflua 1 to 5 . 5%,  � saccharum a trace to 2%, and 

Acer rubrum a trace to 1 . 5% .  Also pre sent as trace taxa were Populu s ,  

Betula, and Celtis/Maclura (Figure s p 43 ) .  Non-arboreal pollen ranged 

from 24 to 38% of the total Upland Pollen and Spore Sum. Non-arboreal 

type s found included Cephalanthu s occidentalis 10 to 22% ,  Rubu s 1 to 

6 . 5%, � virginica a trace to 1 . 5%, Gramineae 2 to 8%, Cyperaceae 1 to 

5%, and � rugosa- serrulata type a trace to 6 . 5%. Found in trace per­

centage s were Corylus ,  Bidens type , Thalictrum, and Umbe lliferae . 

Aquatics consisted of trace numbers of Polygonum hydropiper type , Typha 

latifolia ,  Sagittaria , Nuphar , Coleogeton , and Eupotamogeton (Figure lO . 

p 49 ) . Influx value s ranged from 3900 to 9900 gr . cm-2 · yr- l , averaging 

6400 gr . cm- 2 · yr- l (Figure 6 p 39 ) ,  Selected pollen influx values (Figure 

12 p 53)  are quercus ( 1280 to 3540 gr· cm-2 .yr- l) ,  Ostrya/Carpinus 

(50 to 530 gr · cm-2 · yr-l) ,  � (490 to 1470 gr · cm-2 ·yr- l) ,  Carya ( 70 to 

310 gr . cm-2 · yr- l) ,  and Gramineae (80 to 200 gr • cm-2 · yr- l) .  Macrofossils 
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found in this interval consisted of seeds of Polygonum undifferentiated 

and Proserpinaca palustris (Figure 12 p 53) . 

Quercus  Zone : £!!!! Subzone ( 180 to 140 em depth, 3900 yr B . P . to 

120 yr B . P . ) .  This  subzone was dominated by Quercus at 55 to 67% of the 

AP . Secondary AP were £!!!! 4 to 11%, Fraxinus 4 to 11%, Salix 3 to 

6 . 4%,  Nyssa 1 to  5%, Liguidambar styraciflua 3 to 5 . 5% ,  Juglans a trace 

to 1 . 6%,  Castanea 1 . 5  to 3%, Populus a trace to 2%, � saccharum a 

trace to 2%, and � rubrum a trace to 1%. Present as trace taxa were 

Liriodendron tulipifera and Magnolia (Figures 7 ,  8 pp 43 , 45) . Non-

arboreal pollen repre sented 36  to 45% of the total pollen sum, with � 
1 . 5  to 6 . 5%, Cephalanthus occidentalis 11 to 23%, Gramineae 7 to 17% ,  

Cyperaceae 1 t o  4%, and � virginica a trace to 1 . 5%.  Present as 

trace taxa only were Ambrosia type , Bidens type , Petalostemum, Artemisia . 

and Thalictrum. Aquatics pre sent were Polygonum hydropiper type a trace 
. . 

to 2 . 5% ,  and traces of Sagittaria , Typha latifolia,  and Polygonum 

aviculare type (Figure 9 ,  10 pp 47 , 49) . Pollen influx ranged from 

4000 to 1 7 , 000 gr • cm- 2 · yr- 1 , averaging 9 770 gr • cm-2 ·yr- l (Figure 6 p 

39) . Selected taxon pollen influx values (Figure 12 p 53) are Quercus 

( 1500 to 5920 gr · cm-2 · yr-1) ,  � ( 110 to 510 gr • cm- 2 · yr-1) ,  Carya 

( 110 to 1170 gr • cm-2 · yr- l) ,  and Gramineae ( 198 to 2210 gr · cm-2 ·yr-l) .  

Macrofossils  recovered within this  interval include fruits and seeds 

of Polygonum ramosissimum type , Rubus ,  Polygonum ?ndifferentiated , 

Nuphar , Proserpinaca palustris , Cephalanthus occ identalis ,  Dulichium 
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�rundinaceum, Scirpus cyperinus type , Sagittaria latifolia, and 

Liguidambar styraciflua (Figure 11) . 

Quercus Zone : Ambrosia Subzone ( 140 to 93 em depth , 120 yr B , P ,  to 

present ) .  The AP in this subzone was dominated by Quercus 55 to 66%. 

Secondary taxa were � 3 to 5%, Fraxinus 4 to 9%, £!!I! 4 to 7%, 

Castanea 0 to 3 . 3%,  Nyssa 1 to 3%, Liguidambar styraciflua 3 to 6%, 

Juglans 1 to 3%, Ulmus 1 to 5%, and Populus ,  � rubrum, and � 
saccharum at a trace to 2% . Present as trace taxa were Tilia, Tsuga , 

Fagu s grandifolia , and � saccharinum (Figures 7 ,  8 pp 43 , 45) . 

Diploxylon � pollen-cap measurements of 50 pine grains at 95 em 

depth had a mean value of 41 . 5  pm and a range of 31 to 50 �m. These 

values identify the pine population as southern Diploxylon pine (Figure 

13 p 57) . Non-arboreal pollen reached 36 to 44% of the total pollen 

sum. Non-arboreal pollen identified were Cephalanthus occidentalis 

7 to 21%, Ambrosia type 2 to 18 . 5%, Gramineae 6 to 9%, � virginica 

1%, Cyperaceae 1 . 5  to 5%, Chenopodiaceae /Amaranthaceae 1%, Bidens 

type 1%, and � 2%. Present as trace taxa were Plantago lanceolata , 

Plantago major , and Thalictrum. Aquatics found were Nuphar 0 to 4 . 5%,  

and a trace taxa of Polygonum hydropiper type , Sagittaria , Coleogeton ,  

and 1IPh! latifolia (Figures 9 ,  10  pp 47 ,  49) . Influx values were 

high , ranging from 10 , 700 to 56 , 000 gr· cm-2 · yr- 1 , averaging 22 , 880 

(Figure 6 p 39 ) .  Selected pollen taxon influx value s (Figure 12 p 

53) are Quercus (4100 to 22 , 110 gr · cm-2 • yr- l) ,  Carya (350 to 2170 

gr . cm-2 • yr-l) ,  Gramineae (860 to 3 760 gr · cm-2 · yr- 1) ,  and Ambrosia 
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type (62 to 4210 gr • cm-2 · yr-l) .  Macrofossils found were Dulichium 

arundinaceum, Liguidambar styraciflua , Nuphar ,  and Polygonum 

ramosissimum type (Figure 11 p 50) . 

Modern Analogue Analysis 

Modern analogues were determined for Jackson Pond at 1000 year 

intervals using three dissimilarity coefficient s ; Chord , Standardized 

Euclidean and Euclidean (Figures 14 to 16) . This has permitted a 

quantitative approach in determining modern vegetation analogue s for the 

Jackson Pond palynomorph record from the present day to 20 , 000 yr B . P .  

Plotted analogue sites for Chord Distance (Figure 14) show a north 

to south progres sion through time the last 20 ,000 years . From 20 , 000 

to 12 ,000 years ago analogues are located in central Canada just south 

of Hudson Bay in regions characterized by spruce and j ack pine . From 

11 ,000 to 7000 yr B . P .  they are found farther to the south , clustered 

within a Beech-Maple forest association around the Great Lake s .  The 

remainder of the record , from 6000 to 1000 yr B . P . , places analogues 

within Oak-Hickory or Western Me sophytic regions . 

Standardized Euclidean Distance (Figure 15)  analogue locat ions for 

10 ,000 to 20 , 000 years ago are within northern hardwood or boreal 

forest associations in Canada, but are scattered and display no con­

sistent trends as found in Chord Distance . The c luster of Beech-Maple 

analogues found in Chord Distance is also pre sent , although only at 

8000 and 9000 years ago . Analogues for the remainder of the record , 

( 7000 to 1000 years ago) , are within the Southern Evergreen forest . 
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Figure 14 . Location of modern analogues as determined by Chord 
Di stance . Numbers are in thousand s of years . Position of numbers 
refers to following geographic locations ; 1 , 2 , 3 , 6•Franklin County , 
Tennes see , 4 , 53East-Central Illinois , 7mWashtenaw County , Michigan , 
8 , 9 , 10 , llaNortheastern Illinois ,  12=Timiskaming District , Ontario , 
13 , 14 , 15 , 16 , 17 , 18•Sioux Lookout District , Ontario , 19 , 20�Eastern 
Area,  Ontario . The position of the solid triangle indicates  the 
locat ion of Jackson Pond . 
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Figure 15 . Location of modern analogue s as  determined by 
Standard Euclidean Distance . Numbers are in thousand s of years . 
Position of numbers refers to following geographic locations ; 1 , 2 ,  
3 , 6=White County , Arkansas ,  4 , 5�Adams County , Missi ssippi , ?•Garland 
County , Arkansa s ,  8 , 9•Dane County ,  Wisconsin, lO•North Bay District , 
Ontario , 11=-Bas St . -Laurent , Quebec , 12 , 19=Ha•tte Gatineau , Quebec ,  
lS•Temiscamingue , Quebec ,  16�Sioux Lookout District , Ontario , 1 7 , 18• 
Eastern Manitoba , 20=Eastern Area,  Ontario� The position of the 
solid triangle indicate s the locat ion of Jackson Pond . 
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Figure 16 .  Location of modern analogues as determined by 
Euclidean Distance . Numbers are in thousands of years . Positions 
of numbers refers to following geographic locations ; 1 , 2�White 
County , Arkansas , 3 , 6 , 7•East-Central Illinois ,  9aNortheastern 
Illinois , 8 , 10=Dane County , Wisconsin , ll�Litchfield County , 
Conneticut , 12=Kapuskasing District , Ontario, 13•Timiskaming 
District , Ontario , 14-Quevillon , Quebe c ,  15 , 16=Charlevoix , Quebe c ,  
1 7 , 18•Sioux Lookout District , Ontario , 19=Central Quebe c ,  20• 
Haute Gatineau , Quebec . The pos ition of the solid triangle 
indicates the locat ion of Jackson Pond . 
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Euclidean Distance (Figure 16) follows a pattern which appears to 

position itself as intermediate between the Chord and Standardized 

Euclidean analogue patterns . Before 10 , 000 years ago analogues are 

scattered through Canada in mixed hardwood-conifer and boreal assoc­

iations , with the exception of 11 , 000 yr B . P .  which was within an oak­

che stnut region in northeastern United State s .  From 10 , 000 to 8000 

years ago analogue s are within the Great Lakes Beech-Maple as sociations . 

The remainder of the analogue s ,  from 7000 yr B . P .  to 1000 yr B . P . , are 

within Oak-Hickory , We stern Me sophytic and Southeastern Evergreen 

associations . 

Coefficients of dissimilarity for all three method s used here are 

plotted on Figure 17 . Chord Distance coefficients have a maximum value 

of 14 , whereas both Euclidean and Standardized Euclidean Distances  have 

no maximum values .  The se are no standard cutoff value s available which 

indicate either acceptable analogue s or those which should be rejected . 

Therefore , the re lative range of value s and the geographic scatter of 

analogue site s are used to determine acceptable analogue site s .  

Given the relative patterns on Figure 17 all three methods appear to 

show close analogues for full-glacial and late-glacial t ime s from 20 , 000 

yr B . P .  to 12 , 000 yr B . P .  At 11 , 000 yr B . P .  all three then show a time 

in which analo�1e s do not corre spond closely with the pollen record . 

The maximum effects of thi s poor analogue time are found from 11 , 000 yr 

B . P .  to 10 , 000 yr B . P . , after which there is a gradual progression to 

closer analogues throughout the Holocene . Only Chord Distance , however,  

provides  an orderly north to south progre ssion of analogue sites  from 

72 



Figure 17 . Comparison of modern analogue s using coe fficients 
of dissimilarity . 
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the full-glacial through Holocene time s ,  following a natural thermal 

gradient . This  continuation of close dissimilarity coefficient value s 

and a progre ssive latitudinal shift in analogue sites through time , with 

as sociated clustering of analogues during similar pollen asemblage zone s ,  

indicates Chord Distance a s  the be st analogue method . Smith (1984) also 

found Chord Distance provided the be st analogue s for Cupola Pond when 

using all three of the dissimilarity method s .  This  superior analogue 

definition provided by Chord Distance is  due to its  de-emphasizing dom­

inant taxa but not weighing all taxa equally . Thu s ,  the taxa present as 

minor , relatively unimportant component s are considered , but not given 

equal weight with the important dominant taxa . This  minimize s local 

"noise" provided by the minor taxa . Also , the maj or dominant s are not 

given a disproportionate emphasis  which can remove nece ssary sub-dominant 

information useful in determination of close analogue site s .  

Quantitative Vegetation Reconstruct ion 

Taxon calibrations , depicted in Figure 18 , were used to correct for 

difference s in pollen productivity and dispersal as it biase s the palyn­

ological record . The lowermost � Zone was not repre sented in the 

analysis because the taxon calibrat ion program analyzed data in 1000 

year intervals ending at 20 , 000 yr B . P . , just be fore the � Zone began 

at 20 , 330 yr B . P .  A note of caution , however ,  is nece ssary . Taxon 

calibrations are , just as percent ile data ,  unable to differentiate veg­

etation density . Also , taxon calibrations do not reflect localized con­

ditions such as basin size and topographic feature s which can affect the 
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Figure 18 . Reconstructed fore st composition based upon taxon 
calibration for maj or tree species .  
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pollen record . It does permit , however ,  some correction of pollen data , 

which then result s  in more reliable interpretation of changes in veg­

etation composition . Therefore , paleoecological interpretations in the 

following section will consider vegetat ion reconstruction data in 

determination of vegetation composition .  
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V .  PALEOECOLOGICAL INTERPRETATIONS 

Interpretations of Palynomorph Influx 

The que stion of long-distance transport and it s effect upon pollen 

sequences and pollen influx is crucial to interpreting the pollen data 

from Jackson Pond . This is of part icular importance when discussing 

tundra or taiga environment s ,  where it is now documented that the pre s ­

ence o f  arboreal pollen is often the result o f  long distance trans­

port , whereas non-arboreal pollen represents the local vegetation 

Birks , 1973 ; Nichols and Ke lly ,  1978) . The low pollen productivity of 

tundra and spruce -dominated taiga make the se areas particularly sus­

ceptible to over-repre sentation of  non- local pollen.  Similar difficul­

ties are encountered in interpretation of transitional communities 

between deciduous fore st and prairie . 

Long-distance transport of pollen is now a we ll-understood phen­

omenon (Barry .et al . , 198 1 ;  Elliot-Fisk et al . ,  1982 ; Nichols ,  1970 ; 

Tylde sley , 1973) . Pollen studie s  have shown that arboreal pollen can 

be transported hundreds of kilometers and significantly alter pollen­

percentage spectra of low palynomorph influx (Nichols , 1970 ; Nichols and 

Ke lly ,  1978) . The que stion is no longer whether long-distance pollen 

transport is a factor but rather to what degree it has affected the 

palynological record . Raynor et  al . ( 1974) have found that pollen tend s 

to be transported in discrete cloud s ,  re flecting the tendency for pollen 

to be distributed over a wide area when meteorological conditions are 

favorable . Deposition of thi s pollen can then be affected dramatically 
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by rainfall , which act s  as an effect ive means of washing out and 

depositing the pollen (McDonald , 1962) . 

Studie s of long-distance transport of pollen in tundra regions 

have shown conclusively that areas of low pollen productivity will be 

disproportionally affected by the pre sence of pollen transported over 

long distances .  Areas of high productivity will minimize the se effect s 

by producing much higher quantitie s  of pollen locally and "drowning 

out" long-distance pollen. Recent studie s have approached this problem 

of low influx and long-distance pollen transport south of the Laurentide 

Ice Sheet. From late-Wisconsinan sediments in Minnesota (Birks , 1981 ) . 

analyzed fossil pollen type s that were unlikely for ecological or phyto­

geographical reasons to have grown in Minnesota in the past . Certain 

pollen type s showed statistically significant trend s through time 

whereas others were trend- free in the ir di stributions . Birks (198 1) 

interpreted distributions of thi s  latter group to. reflect the migration 

and prevalence of plant taxa to the south of Minne sota . Trace appear­

ance s of the se taxa may indicate their increase in abundance or migra­

tion into regions to the south which were serving as a re servoir area 

for the exotic pollen found in Minne sota . Another recent study , by Webb 

et al . (1983 ) , examined the percentages of certain arboreal pollen taxa 

in southern Quebec following ice retreat . They found that Quercus . 

pollen was most wide spread at 9000 yr B . P . , and then decreased in amount 

until 6000 yr B . P .  This  pattern was interpreted to re flect the long­

distance transport of some Quercus pollen into an area of treele ss veg­

etation. As fore sts developed to the north , the pollen productivity 
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increased and minimized the representation of the long-distance 

transport .of Quercu s pollen. 

The se studie s indicate that long-distance transport of pollen 

along the southern flank of the Laurentide could have affected pollen 

percentage s in areas of low influx such as deglaciated site s in the 

Midwe st . Influx rate s and non-arboreal percentages therefore are 

crucial in any interpretation of tundra , open boreal parkland s or 

prairie -deciduous woodland transition areas . 

Paleoecological Record at Jackson Pond 

Jackson Pond provides a continuous vegetational history from full­

glacial climatic extreme s from about 20 ,460 yr B . P .  through the Holocene . 

This  is the first record studied with pollen influx in the area within 

300 km of the Laurentide Ice Sheet that spans most of the Woodfordian 

Subatage (23 , 000 yr B . P .  to 12 , 500 yr B . P . )  of the Wisconsinan Glac­

iation (Delcourt et al . , 1980 ; Willman and Frye , 1970) . The full-glacial 

period peaked by 18 , 000 yr B . P . , with climatic amelioration noted by 

16 , 500 yr B . P .  in oxygen-isotopic studies of planktonic foraminifera in 

the we stern Gulf of Mexico (Kennett and Shackleton ,  1975 ) , pollen studies 

in the southeastern United State s (H. Delcourt , 1979 ; De lcourt et al. , 

1980 ; P .  Delcourt and H.  Delcourt , 1984) , and first retreat of the 

Laurent ide Ice Sheet (Dreimanis ,  1977 ; Pre st , 1970) . Fu ll-glacial con­

ditions lasted until approximate ly 16 , 500 yr B . P . , after which there 

was a late -glacial period of transition until  Holocene climatic patterns 

were established about 12 , 500 yr B . P .  (P. De lcourt and H. Delcourt , 

1984) . 
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Pinus Zone (20,460 yr B . P .  to 20,330 yr B . P . ) . Re lat ively high 

pollen influx , ranging between 8600 to 15 , 000 gr · cm-2 •yr�l , and low 

NAP value s (9 to 10% of the Upland Pollen and Spore Sum) document the 

pre sence of a closed boreal fore st during this zone . Based upon the 

high pine percentage s ,  pine-pollen influx , and pine pollen-cap meas­

urement s ,  the vegetation surrounding Jackson Pond was dominated by j ack 

pine . Subdominants of spruce and fir grew with limited populat ions of 

deciduous tree s ,  including oak, e lm,  black ash, and hornbeam.  Spruce 

macrofossils from this  zone indicate that it was growing immediate ly 

around the pond . 

Today , j ack pine grows be st in the boreal fore st region of Canada 

in climate s  characterized by warm to cool summers and cold winters . It 

can maintain itself on very dry to well-drained nutrient-poor soils 

(Fernald , 1970 ) . Spruce is today found in boreal fore st s within both 

well-drained nutrient- rich fore st soils in upland s and in wet poorly­

drained bottomlands (Fowells , 1965 ; Gleason and Cronquist , 1963) . The 

ability of black spruce (� mariana) and red spruce (� rubens )  

to maintain their populations today within wet poorly-drained bottom­

land soils , and the recovery of spruce macrofossils  at Jackson Pond are 

interpreted as evidence that , during this zone , spruce was concentrated 

around the pond , with j ack pine dominating the uplands .  During thi s 

interva l ,  cool summers and cold winters limited evaporation , re sulting 

in a permanent high water level .  The ab sence of shrub s and pre sence of 

Myriophyllum alterniflorum indicate the exi stence of a deep , open-water 

pond . 
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Picea-� Zone (20 , 330 yr B . P .  to 11 , 300 yr B . P . ) . From 20 , 330 

yr B . P .  to 16 , 800 yr B . P . ( full-glacial times ) , northern pine s declined 

rapidly and then fluctuated around 25 to 45% of the AP , with spruce 

becoming the fore st domin3nt . Total pollen influx (5300 to 8800 gr · 

cm-2 · yr-1) and NAP percentage s ( 10 to 12% of the Upland Pollen and Spore 

Sum) continue to indicate a closed boreal fore st ,  with spruce and pine 

sharing co-dominance of the upland s .  Plant macrofossils o f  � and 

� document the presence of spruce and fir .  Deciduous  taxa ranged 

from 2 to 10% of the AP , with the lowe st percentage at approximately 

18 , 000 yr B . P . , peak full-glacial time s .  Oak i s  the only deciduous 

taxon to be repre sented in the pollen spectra at all stratigraphic leve ls 

during this period , and it fell to below 1% of the AP at the strat­

igraphic level of 520-cm depth . Other deciduou s taxa such as hornbeam 

and black ash were present as minor taxa , with elm and sugar maple pres ­

ent only as  scattered occurrence s in the arboreal-pollen record (Figure 7 

p 43) . The pollen spectra therefore reflect increasingly harsh envir­

onmental conditions as the glacial environment reached its peak at 

around 18 , 000 yr B . P . , with populations of deciduou s taxa such as oak , 

elm, hornbeam, sugar maple , and black ash becoming severely limited . 

Some alder (� rugosa- serrulata type and Alnus crispa) grew 

immediately around the pond . A deep , open-water pond is  indicated by 

pollen of the
.
perennial aquatics Myri�phyllum alte rniflorum, 

Myriophyllum exalbe scens type , and Sagittaria. Myriophyllum 

alterniflorum is  today common in lake s and rivers , mostly within 

calcareous terrains of the northeast United State s ,  across the Great 
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Lake s and north to Newfoundland and Alaska (Fernald , 1970 ; Muenscher 

and Conrad , 1944) . It is found consistently , up to 2% of the Upland 

Pollen and Spore and Aquatic Sum through this zone . Pre sent as a 

palynomorph with sporadic occurrence through this  zone , the 

Myriophyllum exalbe scens type is  today found over the same area as 

Myriophyllum alterniflorum but extends farther to the south into 

Indiana and Illinois (Fernald , 1970) . 

Aquatic macrofossils were dominated by fh!!! oogonia ,  Najas 

flexilis seeds ,  and Potamogeton endocarp s ,  with le sser numbers of seeds 

of Najas sracillima and achene s of Carex comosa type . While those 

identifiab le type s have differing geographic di stribution s ,  the prev­

alent range is a northeastern United State s-Great Lake s distribution 

(Fernald , 1970 ; Muenscher and Conrad , 1944) . The lack of strictly 

temperate species in the plant-macrofossil assemb lage is compatible with 

boreal conditions indicated by fos sil  pollen evidence . 

Quantitative reconstructions of fore st composition , based upon 

taxon calibration s ,  indicate spruce as the dominant taxon , reaching 65 

to  80% of the past forest composition . Pine was the primary subdominant , 

with fir populations consistently representing about 8% of the fore st 

dominance . Consi stent members of the forest community included decid­

uous  taxa such as ash , oak ,  elm and maple . The closest modern analogues 

indicated by Chord Distance clustered in the boreal fore st of Canada 

within regions classified by Rowe ( 1972)  as the Hudson Bay Lowlands and 

Northern Coniferous vegetational as sociations (Figure 14 . p  67) , which 

are today dominated by fore st s of white spruce and black spruce . The se 
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extant fore sts include mode st populations of j ack pine , balsam fir 

(� balsamea) and outpost s of white elm (� americana) , and 

eastern white cedar (Thuja occidentalis) . Vegetat ion density can vary 

from dense , closed boreal forests to open woodlands depending upon 

local site conditions . All analogue site s from the full-glacial pollen 

spectra are located south of the lower southern fringe of the Canadian 

permafrost region (Rowe , 1972) . 

A boreal fore st therefore surrounded Jackson Pond through peak 

glacial time s .  A forest of intermixed spruce and pine dominated the 

upland s ,  with spruce and fir dominant in moist valley soils . Some 

deciduous taxa , including oak , elm, sugar maple , black ash and �ornbeam 

(Ostrya or Carpinus) , were pre sent through much , and perhaps all of the 

zone as very minor populations scattered through the fore st . A high 

water leve l is  indicated for Jackson Pond , reflecting conditions of 

e ither low evaporation rate s or high precipitation . 

From 16 , 800 yr B . P .  to 1 1 , 300 yr B . P .  ( late-glacial times ) , spruce 

remained the forest dominant , while steadily declining values for pine 

indicate it s g�adual reduction in its  population size . Minor amount s of 

fossil pollen of both hemlock and white pine , the sole repre sentative of 

Haploxylon pine in eastern North America , were found throughout this  

interval .  Deciduous taxa were primarily repre sented by oak , hornbeam, 

ash , sugar maple and elm,  all of which formed minor fore st components .  

Calculation of individual taxon influx (Figure 12 p 53 )  indicates the 

reduction in populations of both pine and spruce . Although pollen influx 

from both taxa declined , there i s  a greater degree of influx reduction 
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for pine . Significantly , there is  no corresponding increase in influx 

value s for other arboreal taxa , most particularly the deciduous 

elements .  The fore st canopy throughout this interval was thinning out ,  

with a gradual reduction of pine and spruce but without significant 

replacement of the boreal elements by deciduous taxa.  Total-pollen 

influx (1800 to 4200 gr • cm·2 · yr- l) and increasing percentage s of NAP 

(21  to 38%) indicate that the fore st became more open , leaving a spruce-

dominated open woodland with a subdominant of j ack pine and minor 

element s of fir , black ash , oak , e lm,  hornbeam, and sugar maple . 

Reconstruction based upon taxon calibrations reflect a similar pattern , 
. 

although underrepresented pollen type s such as maple and hemlock show 

some apparent increase in percentage composition of the reconstructed 

forest c�nity . Modern analogue s determined by Chord Distance con-

tinued to be located within Rowe ' s  ( 19 72) Hudson Bay Lowlands and 

Northern Coniferous regions . 

Myriophyllum alterniflorum declined , with some sporadic presence of 

Myriophyllum exalbe scens type . A northern perennial , Sanguisorba 

canadensi s ,  characteristic of boggy ground , wet meadows , and stream 

banks (Fernald , 1970 ; Gleason and Cronquist , 1963) appeared consistently 

throughout the interval .  Sanguisorba canadensis  is pre sent ly found from 

Newfoundland to Manitoba , south to Indiana and Ohio , and infrequently in 

the Appalachian Mountains south to Georgia (Gleason and Cronquist , 1963) . 

Cyperaceae dominated the NAP , with Gramineae also significant . The 

paucity of shoreline shrubs such as willow and alder are interpreted as 

evidence that the pond remained open with aquatic s and wetland herbs 
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growing within and along the fringe s of the pond . 

Macrofossils of specie s of wetland-aquatic plant s were recovered 

throughout this zone , although there was a noticeable shift in the over­

all composition of the type s f��nd . At approximately 16 , 500 yr B . P . , 

seeds of Najas gracillima became common while the numbers of seeds for 

Najas flexilis declined . Endocarps of undifferentiated Potamogeton 

continued to be recovered but were supplemented by the appearance of 

Potamogeton spirillus . Also recovered were plant macrofossils of 

of . Myriophyllum farwelli , � comosa type , and Scirpus ce spitosu s . 

The shift in plant-macrofossil type s is  correlative with the change in 

pollen influx and species  abundance and reflect s a change in aquatic 

environments assoc iated with the developing late-glacial climatic 

regime . 

Fraxinus Zone (11 , 300 yr B . P .  to 10 , 040 yr B . P . ) .  At 11 , 300 yr 

B . P . ,  changing climatic conditions were reflected in the first dramatic 

shift away from a spruce-dominated forest . Spruce declined to as little 

as 7% and oak reached 55% of the AP . Other deciduous taxa , hornbeam, 

hickory , sugar maple and elm also increased in percentage composition 

of the arboreal-pollen spectra . A screen of buttonbush and alder 

developed within the littoral zone around the pond , with the aquatic  

Sagittaria increasing to  2% of the total pollen sum. Although Cyperaceae 

declined , the remainder of the upland herb and aquatic community 

changed very litt le . 

At 10 , 800 yr B . P . , there was a brief biotic reversal of the trend 
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toward e stablishment of a temperate biota.  Spruce again attained dom­

inance ,  reaching 55% of the AP while oak dropped to 14%. Significantly , 

there was no similar dramatic fluctuation in other deciduou s arboreal 

taxa , although many taxa such as hickory and hornbeam declined in pollen 

percentages .  Black ash rose to 14% of the AP while elm ,  sugar maple , 

fir and black walnut continued to  be pre sent . The primary evidence for 

a biotic reversal was the replac�ment of oak by spruce in the pollen .per­

centage diagram (Figure 7 p 43) . Buttonbush declined markedly ,  with alder 

and willow remaining as littoral- �one shrubs .  Pollen o f  upland herb s 

and aquatic s showed no significant change , except for a re surgence of 

Cyperaceae . 

From 10 , 600 yr B , P ,  to 10 , 040 yr B , P . , a northern hardwood-conifer 

biotic as sociat ion was established in central Kentucky . Oak , spruce , 

and black ash shared dominance with , re spective ly , 25 to 36%, 21  to 44%, 

and 8 to 23% of the AP . It is likely that the black ash , typically 

found in bogs , along streams or in poorly drained wood s with a high water 

tab le and frequent standing water (Fowells 1965) was as sociated with 

spruce within the lowland valley surrounding Jackson Pond . Me sic decid­

uous taxa such as beech , basswood , and hemlock appear as a suite of 

taxa for the first time and were probably located on moist soils of 

slope s and valley bottoms . Buttonbush briefly expanded as a shrub 

along the pond perimeter but declined to near absence by the end of the 

interval , with alder ,  willow and hazel remaining a consi stent part of 

the littoral thicket.  Populations of Nuphar , Utricularia, Brasenia 

schreberi , and !I2h! expanded or became locally e stablished within this 
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interval . 

Plant-macrofossil evidence documents a changing environmental and 

biotic community within this zone . Plant macrofossils  characteristic 

of the preceding �-� zone were eithe r scarce or absent . Among 

the se are , for example , Potamogeton spirillus ,  two Na1as specie s ,  and 

Chara . Seeds of the aquatic B�asenia schreberi were recovered for the 

first time . 

Value s of total-pollen influx (2200 to 8300 gr · cm-2 · yr- l) indicate 

an expansion of oak fore st during time s of high influx , with open spruce 

woodland dominant during periods of low influx within thi s  interval.  

Initial influx spikes of oak may indicate the expansion of populations 

of cold-hardy oak specie s such as bur oak (Quercus macrocarpa) , northern 

red oak (quercus rubra) , and swamp white oak (Quercus bicolor) . The se 

oak specie s ,  which today tend to have a northern di stribution within 

temperate latitudes ,  may have provided the initial seed source for 

no�thward expansion into late-glacial boreal forest s with subsequent 

climatic amelioration as boreal taxa were reduced or eliminated . 

The rapidly fluctuating nature of this zone makes it difficult for 

taxon calibration or analogue s to be as precise in recognition of the 

varying as semblage s as pollen percentage data .  Chord Distance indicates  

that the best modern analogue for 11 , 000 yr  B . P .  is  located within beech­

maple forests of the Great Lake s Region .  This analogue reflect s the 

temperate forest community that e stab lished itself following the drop in 

� and �  at 1 1 , 300 yr B . P .  Quantitative fore st reconstruct ions 

based on taxon calibrations emphasized the dramatic shift in dominance 
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of tree taxa during this interval , with oak attaining dominance , pine 

be ing eliminated , spruce populations declining markedly ,  the initial 

appearance of hickory , basswood and beech , and the population ex­

pansion of elm,  sugar maple and ash . 

Ostrya/Carpinus Zone ( 10 , 040 yr B . P .  to 7300 yr B . P . ) . Spruce 

declined within this early-Holocene interval , while hornbeam rose to as  

much as 26% of the AP and oak dominated the arboreal taxa . Ostrya and 

Carpinus are found today in a variety of environmental situat ions , with 

both taxa often being found associated with moist woodlands ,  ravine 

bottoms and slopes near streams (Curt i s ,  1959 .; Gleason and Cronquist , 

1963 ; Radford et al . , 1964 ; Steyermark , 1963) . It is therefore probable 

that an expansion of both Ostrya and Carpinu s occurred around Jackson 

Pond . Mesic fore sts also included elm, hemlock , beech , and basswood , 

which all increase or maintain a consistent portion of the pollen spectra 

within this interval . 

Non-arboreal taxa also indicated an increase in soil moisture and 

pond water level .  Nuphar and Txpha expanded to 4% and 2% re spectively 

of the to�al pollen sum. Other aquatics appearing sporadically included 

Sagittaria and Eupotamogeton . Cyperaceae , Bidens type and Hypoxis all 

increase , each being repre sentative or submersed or shore line herb s .  

The decline o f  buttonbu �h , which thrive s in swampy conditions ,  also 

indicate s higher water levels  which have pushed back and /or eliminated 

buttonbush locally . Alder remained as a local shrub surrounding the 

pond . Total pollen influx (1600 to 3300 gr • cm-2 · yr- 1) and high NAP 

90 



value s of 19 to 30% of the total pollen sum indicate an open woodland . 

Chord Distance analogues for this time remain within Braun ' s  ( 1950) 

beech-maple forest region . Curtis (1959) has characterized the 

Wisconsin portion of this region as me sic hardwood forest in which the 

most important trees are sugar maple , bas swood , beech , slippery elm, 

red oak, and hornbeam.  The fore st composition surrounding Jackson Pond 

was dominated by oak,  with spruce in decline . Mesic taxa such as 

hemlock, bas swood , beech and elm were found along moist me sic slopes and 

valley bottoms . Immediately around the pond , which had reached a high 

water level covered with lilie s ,  were populations of hornbeam, black 

ash , sugar maple and alder .  Scattered through the woodland were other 

deciduous taxa such as hickory , black walnut , and butternut . 

Quercus Zone : Salix Subzone ( 7300 yr B . P .  to 3900 yr B . P . ) . A 

significant warming trend occurred within this mid-Holocene interval . 

Me sic taxa such as beech , basswood , and hemlock were eliminated , and elm 

declined to les s  than 1% of the AP . Hornbeam also declined drastically 

and was replaced by willow, which reached up to 30% of the AP . Warm­

temperate taxa including sweetgum, blackgum, and red maple were also 

established . Aquatic species which e stablished populations , as rep­

re sented by plant macrofossils , were Proserpinaca palustris and 

Polygonum. 

A warming trend is also indicated by the expansion of buttonbush 

to 22% and virginia willow to 2% of the total pollen sum. Alder was 

replaced by �· Wet land herb s  such as sedges and composite s all 
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declined . Grasse s  increased and Petalostemum, a prairie indicator 

(Steyermark, 1963) , appeared . Among aquatics , Sagittaria and TyPha 

remained but Nuphar was eliminated . Polygonum hydropiper type , often 

found in moist ground near streams and ponds ( Steyermark, 1963) also 

appeared consi stently within the paleoecologic record . 

Total pollen influx (3300 to 9900 gr · cm- 2 · yr- l) and NAP (24 to 38%) 

indicate an upland vegetational mosaic with open woodland dominated by 

oak and prairie openings .  Upland fore sts also included hickory , black 

walnut , chestnut , and cottonwood . Immediately around the pond , within 

the valley , were sweetgum, red maple , sugar maple , black ash and green/ 

white ash . Based upon taxon calibrations maple , cottonwood and blackgum 

were more prevalent than indicated on the pollen percentage diagrams . 

An extensive shrub-thicket of buttonbush , willow, blackberry , raspberry , 

and virginia willow grew immediately around the pond . The expansion of 

shrubs and decline in aquatics indicate swampy conditions due to either 

a lowering of the water table or greater seasonal fluctuations of the 

water tab le . 

Quercus  Zone : Carza Sub�one (3900 yr B . P .  to 120 yr B . P . ) .  During 

this  interval open grassland s expanded and the population of willow 

declined markedly .  Oak continued t o  dominate the woodland , with hickory 

as a subdominant . Lowlands around Jackson Pond continued to be occupied 

by sweetgum, blackgum, red maple and ash . Other deciduou s taxa pre sent 

were b lack walnut , butternut , sugar map le , magnolia , cottonwood , silver 

maple , tuliptree , chestnut , and hornbeam. Buttonbush continued to 
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dominant the shrub-thicket around the pond . Blackberry and grass  

increased and prairie plant s ,  such as Petalostemum, were pre sent locally .  

Polygonum hydropiper expanded in the low, seasonally fluctuating 

water levels of the pond . The local marsh was dominated by Dulichium 

arundinaceum, Sagittaria latifolia , Nuphar, and Proserpinaca palustris , 

with a littoral shrub community dominated by buttonbush and blackerry . 

Chord Distance analogue s were all located within the We stern 

Me sophytic Fore st region . Reconstructed fore st composition based on 

taxon calibrations ,  indicate that cottonwood and maple were locally 

important . Pollen influx v�lue s (up to 1 7 , 000 gr · cm- 2 · yr-l) and high 

NAP value s (36 to 45%) document the persistence of the vegetational 

mosaic of upland forests and prairie openings .  

Quercus  Zone : Ambrosia type Subzone ( 120 yr B . P .  to pre sent ) . 

Changes in vegetation during this  t ime interval , corresponding to the 

historic occupation of the region , reflects land c learance and cult­

ivation by Euro-American sett lers . Ragweed increase s and grass  remains 

as a maj or component of the non-arboreal community . Water level rose 

in the pond and Nuphar populations were re-established . Mesic taxa 

including elm,  beech , basswood , and hemlock reappeared . Local re­

establishment of mesic taxa may reflect lowered fire frequency during 

the historic period . This factor is particularly important because the 

rolling karst terrain and sinking stream drainage in the area surrounding 

Jackson Pond would not prevent the fire from spreading or protect veg­

etation . Disturbance- favored taxa such as Plantago major,  Plantago 
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lanceolata and Chenopodiaceae/Amaranthaceae all appear in the pollen 

record . Temperate , moisture-tolerant taxa such as sweetgum, blackgum, 

and red maple continued to grow around the pond , with buttonbush and 

blackberry growing as a screen of shrubs within the littoral zone . 

Tree taxa were dominated by oak, with hickory, cottonwood , black walnut , 

butternut , sugar maple , and ash pre sent as minor elements . Pollen influx 

increased by an order of magnitude due to high mineral influx assoc­

iated with Euro-American cultivat ion and soil erosion on the surrounding 

farmland of the Jacksons . 
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VI . CLIMATIC PATTERNS AND VEGETATIONAL GRADIENTS 

Crucial to any reconstruct ion of biota along the southern flank of 

the Laurentide would be the climatic regime associated with the glacial 

advance and retreat . Modern climatic systems in the eastern United 

State s are determined primarily by the patterns e stablished by the 

Arctic , Pacific , and Tropical Maritime Air Masse s (Bryson , 1966) . In­

teraction of the se air masse s  has been shown to corre spond close ly to 

the maj or biotic provinces  (Bryson , 1966 ; Bryson and Wendland , 196 7 ;  

Wright , 1968) . The climatic change s initiated by the advance of the 

Laurentide Ice Sheet would have correlative shift s  in the maj or air 

systems and their dependent biotic province s .  According to Bryson and 

Wendland (1967)  glacial time s would have had a different climatic pat­

tern, with the Laurentide ice sheet serving as both a barrier against 

the full force of the Arctic Air Mas s  and as the first major e ast-

we st oriented topographic feature encountered by the northward-moving 

Maritime Tropical Air Mass .  The Pacific Air Mass , redirected by 

Cordilleran ice , would have been funne led between the Arctic and the 

Maritime Tropical fronts ,  producing a c limatic tension zone from 37° to 

40°N latitude , with biotic province s adapting to this diffe ring pattern 

of air systems (Bryson and Wendland , 196 7 ;  Macintyre et al . , 1976) . 

More recently , P .  De lcourt and H.  De lcourt (1983 ; 1984) have used 

vegetational ecotone s through t ime to identify past positions of maj or 

climatic boundaries for the Maritime Tropical,  Pacific , and Arctic Air 

Masse s .  They have found synchronous change s of vegetation along broad 
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latitudinal belt s south of the Laurentide , postulating that the shifting 

climatic ?.one s operate as forcing functions for dependent biot ic zone s .  

At 18 , 000 yr B . P .  a narrow ecotonal area i s  believed to have separated 

the Pacific Airmass to the north from the Maritime Airmass to the south , 

with the boundary marking the mean winter position of the Polar Front 

(Figure 19) . Further ,  the Arctic Airmass was confined we ll to the north 

by the ice sheet .  Therefore , at 18 , 000 yr B . P .  the Polar Front was 

fixed at 33� latitude , with the Pacific Airmass extending throughout 

the year between 33o.N and the ice boundary while the Maritime Tropical 

Airmass dominated south of the 33�. latitude . At approximate ly 16 , 500 

yr B . P .  a strengthening of the Bermuda High is postulated to have caused 

a northward extension of the Maritime Tropical Airmass  during the sum­

mer season , with attendant increased mean summer temperature s and rain­

fall from the southeastern mid- latitude s to the southern flank of the 

Laurentide Ice Sheet (P . Delcourt and H. De lcourt , 1984) . 

I suggest that the climatic patterns projected by Bryson ( 1966) and 

redefined by P .  Delcourt and H .  Delcourt ( 1983 ; 1984) provide a crucial 

perspective for interpreting biot ic re sponse to paleoenvironments during 

full-glacial time s .  While the Polar Front i s  seen a s  occupying a mean 

33� latitude position , there would have been seasonal and annual fluc­

tuat ions in strengths and lat itudinal movement s of air systems . It i s  

probable that the Maritime Tropical Airmass would have on occasion 

penetrated to the ice front it self . Also,  the extremely cold Arctic 

Air Mas s  was prevented by the ice sheet from directly affecting the 
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Figure 19 . Location map showing pos it ions of maj or air mass 
boundarie s 18 , 000 years ago . (from P. De1court and H. De 1court , 1974) . 
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paleoenvironment . The se factors would have combined to  provide a 

climatic system quite different from that found in areas of tundra or 

boreal fore st environment s today. As Terasmae ( 1977 : 81) has pointed 

out , "The differences in atmospheric circulation and di stribution of 

vegetation at the se time s  must be properly considered in order to avoid 

erroneous conclusions based on indi scriminate use of modern analogue s . "  

The postulated climatic systems would have provided an environmental 

pattern in which the periodic infusion of the temperate Maritime Trop­

ical Airmass could have produced an ame liorative effect upon the paleo­

environment . 

The se ame liorative conditions are reflected in the record of 

periglacial feature s south of the ice front . In a recent review of 

periglacial environment s of North America Pewe ( 1983) ha s addressed 

this problem. Although he indicate s a continuous permafrost from eastern 

Washington to New Jersey , Pewe doe s note the lack of physical evidence 

for permafrost adj acent to the ice sheet from Illinois to the 

Appalachians .  Also , I would suggest that recent studies such as 

Frest and Fays ' (1980) work on Peoria Loe ss  mollusca indicate a possible 

band of tundra to taiga south of the ice front in this area .  

Areas to  both the east and we st of  the I llinois to Appalachian 

region provide strong evidence of permafrost conditions . To the we st 

within the Minne sota- Iowa Driftle ss  Region Black (1965a ,  1965b) and 

Flemal et al . ( 1973) have found both ice wedge casts and pingo scars , 

indicat ing continuous permafrost . Along the higher e levation 
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Appalachian Mountains widespread occurrences of patterned ground , rock 

streams and solifluction deposits have also been recorded (Clark, 1968 ; 

Goldthwait , 1976 ; Michalek, 1968 ; Pewe , 1973 ; Potter and Mos s ,  1968 ; 

Smith , 1953) . Finally , east of the Appalachian s ,  Walters (1978) has 

recorded more than 250 ice-wedge cast s within 80 kilometers of the 

former ice front boundary . According to Pewe ( 1973) ice-wedge cast s 

are found today in areas whe re the minimum winter temperature s are -15° 

to -20°C or lower,  with mean annual temperature s of -60 to -8°C .  The 

presence of ice-wedge cast s in New Jersey and the Minne sota- Iowa area 

is there fore reflective of a marked climatic change in which continuous  

permafrost is  likely. 

I conclude that the glacial climatic patterns re sulted in an en­

vironmental system for which we lack a contemporary analogue . It may 

be that , as Wayne (1967) has previously suggested , the area south of the 

ice front contained only scattered patche s of perennially frozen ground 

where local factors were particularly harsh . I suggest that somewhat 

milder conditions prevailed along the ice front boundary from Illinois 

to the Appalachians than is  pre sently encountered in contemporary boreal 

environment s ,  this permitting the survival of cold-hardy deciduous taxa 

near the ice front . 

Full-glacial vegetation near Jackson Pond was characterized by a 

spruce-pine boreal fore st with minor elements of fir,  oak, black ash , 

elm, sugar maple and hornbeam. There is  no evidence of a tundra , with . 

Jackson Pond ' s  location 190 km south of the maximal ice front placing it 

beyond any tundra fringe area.  The very low percentage s of deciduous 
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pollen indicate , however ,  that the climatic extreme s were probably too 

harsh for temperate taxa n1ch closer to the ice front . Whether such 

deciduous taxa survived at 50 or 150 km from the ice front is an inter­

e sting question, but in some re spects of limited importance . The record 

from Jackson Pond has provided a full-glacial sequence in which the 

pre sence of a limited number of deciduous taxa can be logically pos­

tulated only 190 km from the ice front based upon pollen percentage data 

and taxon calibration reconstructions . More importantly , many other 

temperate deciduous taxa were not found . The se included hickory , beech , 

basswood , red maple , sweetgum, blackgum, chestnut , tuliptree , magnolia , 

black walnut , butternut , and perhaps hemlock. The refugial areas for 

the se taxa were not within central Kentucky . 

Jackson Pond ' s  locat ion at 37°2 7 ' N , 85°30 ' W  places  it within the 

biotic zone dominated by the Pacific Air Mass during full-glacial time s .  

Significantly ,  it i s  not within the periphery of this zone a s  was 

Anderson Pond situated to the south . It therefore should reflect a 

different re sponse to  climatic amelioration than that found at Anderson 

Pond . As expected , the biotic re sponse at Jackson Pond differs con­

siderably in its temporal sequence of taxa re sponse from Anderson Pond . 

At approximately 1 7 , 000 yr B . P .  to 16 , 500 yr B . P .  a number of critical 

change s occur at Jackson Pond . Influx values decline , non-arboreal pollen 

percentages increase , macrofos sils change type s repre sented and mineral 

influx decline s .  The se changes reflect the development of a late­

gl:cial climatic system in which the Maritime Tropical Air Mass gained 

strength and became a more active component of the environmental pattern 
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in Kentucky. There . i s ,  however ,  a fundamental difference in the 

re sponse s noted at around 16 , 500 yr B . P .  at Anderson and Jackson Ponds .  

At Anderson Pond the nearby deciduous taxa to the south and the site s 

location at the periphery of the boreal fore st re sulted in an immediate 

influx of deciduous taxa . At Jackson Pond this deciduous immigration 

was delayed until 1 2 , 000 yr B . P .  to 1 1 , 300 yr B . P . due to it s more 

northerly latitude , where the Pacific Air Masse s  dominance was maintained 

for a m1ch longer span of time .  

The interplay of maj or air mass  systems i s  also reflected in sed­

imentation rates within lacustrine ponds north of the full-glacial Polar 

Front (Figure 5 p 37) . P. Delcourt (1984)  suggested that cool and moist 

conditions led to low rates  of evapotranspiration ,  high groundwater 

tables , and increased overland flow which , combined with increased 

freeze-thaw activity , led to high sediment influx into lacustrine basins .  

Jackson Pond ' s  sediment influx rate support s this c ontention as it 

follows the same sediment influx pattern found at Anderson Pond (H . 

Delcourt , 1979 ; P .  Delcourt , 1984) and Cupola Pond ( Smith , 1984) . Site s 

we ll south of the full-glacial and late-glacial Polar Front showed a 

markedly different trend of sedimentation due to a combination of factors 

including minimal summer precipitation , low sea level s ,  low groundwater 

tables or forested landscape s .  White Pond , in South Carolina , shows an 

almost linear sedimentation rate from full-glacial through Holocene 

time s  (Figure 5 ) , reflecting it s position just south of the maximal 

Polar Front boundary where it received increased moisture from the south 

but not the severe cold found to the north. 
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Climatic amelioration at around 11 , 300 yr B . P .  caused the first 

maj or biotic shift at Jackson Pond , with an expansion of deciduous taxa 

already in the area and the introduct ion of other deciduous taxa such 

as beech , hickory, b lack walnut and butternut . P .  De lcourt and H. 

Delcourt ( 1983) have traced the shift in climat ic �one s and associated 

fore st communitie s in the eastern United State s for the last 20 , 000 

years . Their reconstruction places the Polar Frontal Zone across  

Jackson Pond during this  time interval , from 12 , 000 yr B . P .  to 11 , 000 

yr B , P .  The Polar Frontal Zone marks the boundary at that time between 

dominance of the Pacific Air Mas s  and a co-dominance of the Maritime 

Tropical and Pacific Air Masses . Accordingly , dnring this interval 

Jackson Pond would have been positioned squarely within a maj or climatic 

tension zone . This  position i s  reflected in first the maj or shift away 

from a spruce dominated woodland and , more importantly , by dramatic 

shifts  in vegetat ion composition during thi s  interval . Minor fluc­

tuations in regional climatic regimes resulted in significant biotic 

change s along this tnesion zone , as recorded at Jackson Pond . 

By 10 , 040 yr B . P .  Jackson Pond had become e stablished within the 

co-dominating Maritime Tropical and Pacific Air Masse s .  At this time 

a taxon sequence occurred at Jackson Pond that can also be observed in 

the pollen record s of Anderson Pond and Cupola Pond . The site s have a 

fir peak immediately preceding a hornbeam peak, both following the first 

dramatic rise in oak . Each site record s a me sic fore st , but the 

latitudinal gradient provide s for a different temporal span and veg­

etat ion sequence . At Anderson Pond this me sic period , repre sented by an 
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Ostrya/Carpinus rise , occurred at 12 , 500 yr B . P . , and ended at 9500 yr 

B . P . , placing a 2000 to 2500 year time lag between it and Jackson Pond 

where it  occurred from 10 , 040 yr B . P .  to  7300 yr B . P .  Further,  the 

middle-Holocene Hypsithermal , dating approximately 7500 yr B . P .  to 3500 

yr B . P . , shows an immediate effect at Jackson Pond following the me sic 

Ostrya/Carpinus zone whereas at Anderson Pond there was a brief pe riod 

between the hornbeam rise and the onset of the Hyp sithermal.  The same 

biotic re sponse was found at each site , but at Jackson Pond the time lag 

re sulted in the hornbeam rise being followed immediate ly by dry xeric 

conditions . The underlying cause of the se biotic re sponse s in varying 

geographic localities may again be related to maj or air mas s  systems . 

In each site the shift to me sic Ostrya/Carpinus taxa occurred primarily 

just after the Polar Frontal Zone move s north of the site . I would 

suggest that the me sic period which follows repre sents an interval in 

which a combination of increased Maritime Tropical Air Mass  precipitation , 

decline of boreal taxa and continuation of mild temperature s provide s  

an environmental situation conducive t o  the expansion o f  me sic northern 

taxa. The over-riding controls enforced by the climatic air masses are 

therefore observed as crucial to accurately interpret ing change s in the 

paleovegetation . 

A dry period repre senting the local establishment of Holocene cli­

matic patterns followed this me sic community at 7300 yr B . P .  The 

migration into the area of various temperate taxa as a community , rep­

re sented by sweetgum, blackgum, red maple , and chestnut occurs at this 

time , with swamp shrubbery represented by buttonbu sh and virginia willow 
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also becoming prevalent . Low pollen influx and high NAP value s indicate 

an oak- savanna woodland . 

A significant increase in willow and sl ight increase in oak pollen 

influxes from 7300 yr B . P ,  to 3850 yr B . P .  may reflect the dominance of 

warm Hypsithermal climatic conditions , Increased temperature s during 

this time would have increased evapotranspiration and encouraged dry 

xeric upland oak as we ll as swamp related specie s around the pond . 

Willow,  such as black willow ( Salix nigra) or prairie willow (§!!!! 
humilus) , may have developed as either a shrub screen around the pond 

or as an understory type within an oak savanna during this period . 

Me sic deciduou s taxa which e stablished themselve s by 10 , 040 yr 

B .  P .  were eliminated dllring the Hypsithermal. Benninghoff ( 1964) and 

Kapp (1977)  have suggested that the Prairie Peninsula served as a 

filter barrier which kept the migration of me sic taxa sllch as hemlock 

and beech from moving northward through the Midwest . The elimination 

of me sic taxa at Jackson Pond during the early Holocene support s this 

contention of a Holocene filter barrier .  Warm and d ry climatic con­

ditions d·..1ring this interval eliminated or inhibited the spread of me sic 

taxa aro..1nd Jackson Pond . 

There has been considerable debate over the nature of the pre­

hi storic vegetation of the this  portion of Kentucky due to its re l­

atively treeless  condition when first obser;ed by Euro-!\merican settlers 

(Dicken , 1935 ;  Garmen , 1925 ; Mcinteer , 1942 ; Shaler,  1885 ; Transeau , 

1935) . This  gras sland dominance o E  the area led to i t s  being called 

the ''Barrens" by the se early sett lers . 
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A number of factors were postulated as causing the grasslands , 

including fire s ,  soi l ,  human interaction ,  and the c limate . Some 

( Shaler ,  1885) have suggested that the Barrens were a recent phenomena 

caused by indians burning areas to increase carrying capacity of the 

region for hunting .  Cited a s  support for this interpretation are the 

numerous accounts of the development of forested areas within the 

region following historic occupation. Jackson Pond ' s  record , however ,  

indicates a long-established savanna , not a recent aboriginally in­

duced phenomena . I would suggest that the prominent grass rise re­

corded in the Jackson Pond pollen spectra over the last 2000 years of 

the Holocene may reflect aboriginal impact . Burning by indians during ' 

this interval would have re sulted in the expansion of grasslands within 

an already dominant oak- savanna. Euro-American occupation of the ' 

region stopped both aboriginal burning and discouraged the natural 

spread of fire s .  The re-establishment of forests  following Euro­

American settlement may there fore not reflect a return to a "natural" 

biotic community , but rather control of fire frequency by settlers 

which permitted the e stablishment of denser fore st communities .  

Supportive evidence of this i s  observed at Jackson Pond , where me sic 

taxa are found in the historic Ambrosia zone for the first time fall­

lowing their decline around 7300 B , P ,  I t  therefore seems like ly that 

Mclnteer  (1942 ) was correct in suggesting a number of factors , including 

soil , fire frequency , and climatic controls were the primary cause of 

the Barrens . A sparsely forested community dominated by oak was 

e stablished in the early Holocene , with a rolling terrain , sinking 
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drainage , and thin soils encouraging fire frequency and maintaining 

the oak savanna until historic occupation of the region. 
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VII . CONCLUSIONS 

Maj or conclusions of this  study can be summarized as : 

1 .  During the full-glacial climatic extremes Jackson Pond was 

surrounded by a boreal forest dominated by spruce and j ack pine . 

2 .  Deciduous taxa were reduced to only 2% of the arboreal pollen 

sum at full-glacial extremes ( 18 , 000 yr B . P . ) .  The se taxa consisted 

of oak ,  hornbeam, elm,  black ash ,  and sugar maple . There is no 

evidence to indicate survival of other temPerate deciduous taxa . 

3 .  Late-glacial climatic amelioration at approximate ly 17p00 yr 

B . P .  i s  represented by a decline in the boreal components and 

replacement of the boreal forest with an open spruce-pine woodland . 

Despite the decline in boreal taxa , there is no corresponding increase 

in deciduous taxa . 

4 .  The late-glacial/Holocene transition period is  marked by rapid 

biotic fluctuations in which oak , black a sh and spruce co-dominated . 

5 .  An open oak- savanna characterizes the Holocene , indicating the 

"Barrens" observed by Euro-American settlers in early historic times was 

primarily a natural phenomenon. Some aboriginal impact during the last 

2000 years of the Holocene may have contributed to fire frequency and 

increased grassland s .  

6 .  The biotic associations found at Jackson Pond were a direct 

re sult of the interaction of maj or air mas s  systems . Changing positions 

of the Pacific , Maritime Tropical and Arctic Air Masses were responsible 

for establishing environmental parameters which controlled vegetation 

composition of the region around Jackson Pond . 
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APPENDIXE S 



' 

APPENDIX A 

EXTRACTION TECHNIQUE 



CHEMICAL TREATMENT OF SAMPLE S 

1 .  Transfer  sediment and exotic pollen to a 15-ml polypropylene 

centrifuge tube with 10 ml hydrochloric acid (HCL) , stir, heat 

several minutes in a boiling water bath until reaction with calcareous 

sediments and matrix of Eucalyptus tablets stops ; add 1 ml tertiary 

butyl alcohol (TBA) to wet particle s that otherwise might float on 

the meniscus ; centrifuge 2 minutes , decant supernant into a bucket 

containing sodium bicarbonate to neutralize excess  acid . 

2 .  Add 10 ml 10% potassium hydroxide (KOH) ; stir;  heat for 2 

minutes  on a boiling water bath . This  step disperses organics and 

breaks down humic substance s .  

3 .  I f  sandy or containing bits or organic matter ,  sieve through a 

250 �m mesh screen . Concentrate by cent rifugation, adding 1 ml TBA 

each time ; decant . 

4 .  Wash with 10 ml distilled water until supernatant is clear, 

stir, add 1 ml TBA, centrifuge , and decant after each water wash . The se 

washes remove humic substances and clay- sized particle s that , if not 

removed ,  would later interfere with dispersion. 

5 .  Add 10 ml 10% HCL,  stir , add 1 ml TBA, centrifuge , decant . 

6 .  Add 5 ml concentrated hydrofluoric acid (HF) , stir, heat in 

boiling water bath 20 minutes ,  stiring after 10 minute s ;  add 95% ethyl 

alcohol (ETOH) to  reduce density , add 1 ml  TBA, centrifuge , decant ; if  

still silty, repeat this step up to  4 time s .  This  step removes 

silicate minerals .  
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7 .  Add 5 ml concentrated HCL ,  stir, heat in boiling water bath 

20 minutes , stirring after 10 minute s ,  add ETOH , centrifuge , decant ; 

repeat if neces sary .  If  this  material threatens t o  boil over ,  squirt 

with ETOH in centrifuge tube . This step removes the silicofluoride 

gel that may form from HF reaction with silicate- rich sediment s .  

8 .  Rinse with 10 ml glacial acet ic acid t o  further dehydrate , stir , 

add 1 ml TBA, centrifuge , decant . 

9 .  Acetolyze with 4. 5 ml acetic anhydride + 0 . 5  ml concentrated 

sulfuric acid , added directly to each centrifuge tube and well- stirred ; 

heat 1 minute in boiling bath , stirring well after 30 seconds ; add 5 ml 

glacial acetic acid , stir, centrifuge , decant . 

10 . Rinse with 10 ml glacial acetic acid to remove the acid -

soluble products  of acetylation , stir, add 1 ml TBA, centrifuge , decant . 

11 . Rinse with 7 ml water + 3 ml 10% KOH to neutralize and disperse 

material , stir, add 1 ml TBA, centrifuge , decant . 

12 . Sieve through a 7 pm me sh screen , centrifuge , decant , repeating 

unt il supernant is clear . 

13 . Add 10 ml water + 1 drop 0 . 5% Safranin 0 stain, stir,  add 1 ml 

TBA, centrifuge , decant . 

14 . Wash with 10 ml TBA to dehydrate , stir , centrifuge , decant . 

15 . Transfer to labeled 1 dram vials with TBA, centrifuge , decant . 

16 . Add a few drops of silicone oil (2000 centistokes vicosity) , 

stir, allow TBA to evaporate overnight in a dust- free place . 
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APPENDIX B 

MODERN ANALOGUE DATA 



Table B - 1 Modern Analogues 

Re lative 
Site FIPS Coefficient of 

Yr B . P .  No . Code Latitude Longitude Di ssimilarity 

BEST 3 EUCLIDEAN DISTANCES 

0 1029 55049 43 . 07 -89 . 85 8 . 15 
0 50243 05087 36 . 10 -93 . 73 8 . 49 
0 50240 05145 35 . 17 -91. 75 8 . 55 

1000 50240 05145 35 . 17 -91 . 75 10 . 49 
1000 491 26901 41 . 80 -84 . 90 10 . 86 
1000 912 17902 38 . 57 -89 . 00 11 . 60 
2000 50240 05145 35 . 17 -91 . 75 11. 99 
2000 911 17901 39 . 42 -88 . 43 12 . 92 
2000 487 26901 42 . 18 -85 . 12 14 . 57 
3000 911 17901 39 . 42 -88 . 43 11 . 14 
3000 50240 05145 35 . 17 -91 . 74 13 . 97 
3000 50020 47017 35 . 80 -88 . 63 14 . 38 
4000 50020 47017 35 . 80 -88 . 63 16 . 56 
4000 911 17901 39 . 42 -88 . 43 20 . 19 
4000 909 17901 40 . 17 -87 . 65 2 1 . 95 
5000 50020 47017 35 . 80 -88 . 63 13 . 78 
5000 911 17901 39 . 42 -88 . 43 14 . 97 
5000 913 17903 37 . 75 -89 . 12 20 . 98 
6000 911 17901 39 . 42 -88 . 43 12 . 41 
6000 50020 47017 35 . 80 -88 . 63 13 . 76 
6000 772 18085 41 . 07 -85 . 97 14 . 42 
7000 911 17901 39 . 42 -88 . 43 12 . 31 
7000 50020 47017 35 . 80 -88 . 63 12 . 69 
7000 913 17903 37 . 75 -89 . 12 15 . 20 
8000 399 55025 43 . 13 -89 . 50 19 . 61 
8000 902 55131 43 . 33 -88 . 20 22 . 36 
8000 502 17901 42 . 33 -88 . 05 22 . 92 
9000 502 17901 42 . 33 -88 . 05 22 . 92 
9000 399 55025 43 . 13 -89 . 50 28 . 80 
9000 66 7 09005 41 . 72 - 73 . 29 29 . 56 

10 , 000 399 55025 43 . 13 -89 . 50 21 . 30 
10 , 000 477 26901 42 . 45 -84 . 78 24 . 90 
10 , 000 902 55131 43 . 33 -88 . 20 25 . 88 
11 , 000 667 09005 41 . 72 - 73 . 28 25 . 97 
11 , 000 1079 70014 48 . 00 -69 . 40 27 . 33 
11 , 000 1063 70002 47 . 63 - 71 . 23 27 . 78 
12 , 000 893 68KD1 49 . 55 -83 . 02 9 . 59 
12 , 000 688 68TD1 48 . 33 -80 . 50 10 . 72 
12 , 000 892 68KD1 49 . 72 -86 . 15 10 . 84 
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Table B-1 (continued) 

Relative 
Site FIPS Coefficient of 

Yr B , P .  No . Code Latitude Longitude Di s similarity 

13 , 000 688 68TD1 48 . 33 -80 . 50 10 . 39 
13 , 000 72 54 . 02 - 105 . 80 10 . 79 
13 , 000 879 68SLD 50 . 12 -90. 78 10 . 81 
14 , 000 699 70011 49 . 00 - 76 . 97 9 . 32 
14 , 000 277  63U74 56 . 33 -97 . 00 9 . 52 
14 , 000 280 63U99 55 . 00 -96 . 00 10 . 12 
15 , 000 1075 70002 48 . 27 - 7 1 . 67  9 . 72 
15 , 000 - 292 63U72 56 . 75 -100 . 25 10 . 53 
15 , 000 1077 70002 47 . 60 - 70 . 98 10 . 68 
16 , 000 1077 70002 47 . 60 - 70 . 98 7 . 51 
16 , 000 883 68SLD 51 . 35 -90 . 17 7 . 70 
16 , 000 292 63U72 56 . 75 - 100 . 25 7 . 70 
17 , 000 879 68 SLD 50 . 12 -90 . 78 7 . 08 
17 , 000 72 54 . 02 - 105 . 80 7 . 45 
17 , 000 283 63U96 54 . 67 -94 . 33 7 . 78 
18 , 000 879 68SJD 50 . 12 -90 . 78 4 . 37  
18 , 000 72 54 . 02 - 105 . 80 6 . 25 
18 , 000 279 63U84 55 . 00 -97 . 80 6 . 27 
19 , 000 584 70000 51 . 45 -78 . 53 6 . 94 
19 , 000 74 54 . 05 -105 . 72 7 . 63 
19 , 000 304 68PEA 51 . 12 -84 . 05 7 . 68 
20 , 000 988 70006 50 . 03 - 77 . 13 7 . 38 
20 , 000 307 68PEA 51 . 32 -83 . 08 8 . 60 
20 , 000 893 68KD1 49 . 55 -83 . 02 8 . 73 

BEST 3 CHORD DISTANCES 

0 645 42133 40 . 07 - 76 . 90 3 . 29 
0 50243 05087 36 . 10 -93 . 73 3 . 37 
0 1029 55049 43 . 07 -89 . 85 3 . 46 

1000 50005 47051 35 . 15 -86 . 20 3 . 34 
1000 917 17901 40 . 55 -90 . 17 3 . 78 
1000 50043 28081 34 . 15 -88 . 72 3 . 90 
2000 50005 47051 35 . 15 -86 . 20 3 . 85 
2000 50240 05145 35 . 16 -91 . 75 4 . 52 
2000 917 17901 40 . 55 -90. 17 4 . 52 
3000 50005 47051 35 . 15 -86 . 20 3 . 95 
3000 50240 05145 35 . 17 -91 . 75 4 . 20 
3000 50020 47017 35 . 80 -88 . 63 4 . 39 
4000 911 17901 39 . 42 -88 . 43 4 . 60 
4000 50020 47017 35 . 80 -88 . 63 4 . 62 
4000 50207 22099 30 . 34 -91 . 72 4 . 84 
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Table B-1 (continued) 

Relative 
Site FIPS Coefficient of 

Yr B . P .  No . Code Latitude Longitude Di ssimilarity 

5000 911 17901 39 . 42 -88 . 43 4 . 84 
5000 50020 47017 35 . 80 -88 . 63 4 . 87 
5000 50207 22099 30 . 34 -91 . 72 5 . 26 
6000 50005 47051 35 . 15 -86 . 20 4 . 36 
6000 50020 47017 35 . 80 -88 . 63 4 . 41 
6000 917 17901 40 . 55 -90 . 17 4 . 46 
7000 482 26161 42 . 33 -83 . 63 4 . 49 
7000 483 26161 42 . 33 -83 . 63 4 . 52 
7000 490 26901 41 . 95 -85 . 70 4 . 63 
8000 502 17901 42 . 33 -88 . 05 4 . 60 
8000 904 55133 43 . 15 - 88 . 43 5 . 04 
8000 1011 55123 43 . 68 -90 . 73 5 . 09 
9000 502 17901 42 . 33 -88 . 95 4 . 22 
9000 1011 55123 43 . 68 -90. 73 5 . 65 
9000 904 55133 43 . 15 -88 . 43 5 . 81 

10 , 000 502 17901 42 . 33 -88 . 05 4 . 81 
10 , 000 902 55131 43 . 33 -88 . 20 5 . 17 
10 , 000 493 18149 41 . 23 -86 . 63 5 . 24 
11 , 000 502 17901 42 . 33 -88 . 05 5 . 09 
11 , 000 1079 70014 48 . 00 -69 . 40 5 . 57 
11 , 000 989 70006 50 . 60 - 77 . 57 5 . 61 
12 , 000 893 68KD1 49 . 55 -83 . 02 3 . 66 
12 , 000 688 68TD1 48 . 33 -80 . 50 3 .  71 
12 , 000 894 68CD1 49 . 25 -81 . 72 3 . 74 
13 , 000 980 68 SLD 5l . oo -93 . 85 3 . 57 
13 , 000 883 68SLD 51. 35 -90 . 17 3 . 58 
13 , 000 893 68KD1 49 . 55 -83 . 02 3 . 64 
14 , 000 883 68SLD 5 1 . 35 -90 . 17 3 . 41 
14 , 000 980 68SLD 5 1 . 00 -93 . 85 3 . 43 
14 , 000 1075 70002 48 . 27 - 71 . 6 7 3 . 45 
15 , 000 980 68SLD 51 . 00 -93 . 85 3 . 07 
15 , 000 883 68SLD 51 . 35 -90 . 17 3 . 27 
15 , 000 983 68SLD 51 . 08 -94 . 18 3 . 47 
16 , 000 883 68 SLD 51 . 35 -90 . 17 2 . 64 
16 , 000 980 68SLD 5 1 . 00 -93 . 85 2 . 74 
16 , 000 983 68SLD 5 1 . 08 -94 . 18 2 . 88 
17 , 000 883 68SLD 51 . 35 -90 . 17 3 . 04 
1 7 , 000 893 68KD1 49 . 55 -83 . 02 3 . 16 
17 , 000 980 68SLD 5 1 . 00 -93 . 85 3 . 25 
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Table B-1 (continued) 

Relative 
Site FIPS Coefficient of 

Yr B ,:P, No . Code Latitude Longitude Dissimilarity 

18 , 000 883 68SLD 51 . 35 -90 . 17 2 . 39 
18 , 000 879 68SLD 50 . 12 -90 . 78 2 . 66 
18 , 000 893 68KD1 49 . 55 -83 . 02 2 . 82 
19 , 000 302 68PEA 5 1 . 03 -84 . 38 2 . 75 
19 , 000 1041 70002 47 . 63 - 70 . 93 3 . 08 
19 , 000 304 68PEA 51 . 12 -84 . 05 3 . 08 
20 , 000 307 68PEA 51 . 32 -83 . 08 2 . 82 
20 , 000 893 68KD1 49 . 55 -83 . 02 2 . 85 
20 , 000 892 68KD1 48 . 72 -85 . 15 2 . 9 7 

BEST 3 STANDARDIZED EUCLIDEAN DISTANCES 

0 50249 01119 32 . 43 -88 . 03 2 . 56 
0 50240 05145 35 . 17 -91 . 75 2 . 64 
0 50190 22073 32 . 53 -92 . 33 2 . 97 

1000 50240 05145 35 . 17 -91 . 75 2 . 58 
1000 50043 28081 34 . 15 -88 . 72 3 . 28 
1000 50243 05087 36 . 10 -93 . 73 3 . 40 
2000 50240 05145 35 . 17 -91 .  75 2 . 80 
2000 50037 28001 31 . 55 -91 . 20 4 . 16 
2000 50020 47017 35 . 80 -88 . 63 4 . 19 
3000 50240 05145 35 . 17 -91 . 75 2 . 64 
3000 50043 28081 34 . 15 -88 . 72 3 . 50 
3000 50243 05087 36 . 10 -93 . 73 3 . 54 
4000 50037 28001 3 1 . 55 -9 1 . 20 3 . 6 7 
4000 50020 47017 35 . 80 -88 . 63 4 . 05 
4000 50039 28149 32 . 30 -90 . 8 7 4 . 28 
5000 50037 28001 3 1 . 55 -91 . 20 4. 17 
5000 50039 28149 32 . 30 -90 . 87 4 . 40 
5000 911 17901 39 . 42 -88 . 43 4 . 47 
6000 50240 05145 35 . 17 -91 . 75 3 . 04 
6000 50020 47017 35 . 80 -88 . 63 3 . 05 
6000 50043 28081 34 . 15 -88 . 72 3 . 25 
7000 50184 05051 34 . 51 -93 . 27 2 . 96 
7000 395 55049 43 . 00 -90 . 10 3 . 21 
7000 768 51143 37 . 08 - 79 . 40 3 . 32 
8000 399 55025 43 . 13 -89 . 50 4 . 10 
8000 532 68NBD 47 . 03 -79 . 80 4 . 21 
8000 528 68NBD 46 . 18 - 79 . 42 4 . 62 
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Tab le B-1 (continued) 

Re lative 
Site FIPS Coefficient of 

Yr B . P .  No . Code Latitude Longitude Dissimilarity 

9000 399 55025 43 . 13 -89 . 50 3 . 70 
9000 528 68NBD 46 . 13 - 79 . 42 4 . 11 
9000 532 68NBD 47 . 03 -79 . 80 4 . 13 

10 , 000 532 68NBD 47 . 03 - 79 . 80 4 . 79 
10 , 000 399 55025 43 . 13 -89 . 50 5 . 35 
10 , 000 528 68NBD 46 . 18 -79 . 42 5 . 44 
11 , 000 1079 70014 48 . 00 -69 . 40 3 . 01 
11 , 000 1063 70002 47 . 63 - 71 . 23 3 . 14 
1 1 , 000 1043 36071 41 . 55 - 74 . 07 3 . 41 
12 , 000 988 70006 50 . 03 -77 . 13 1 . 55 
12 , 000 1063 70002 47 . 63 - 71 . 23 1 . 65 
12 , 000 1043 70002 47 . 63 - 70 . 90 1 . 65 
13 , 000 988 70006 50 . 03 -77 . 13 1 . 45 
13 ,000 72 54 . 02 -105 . 80 1 . 48 
13 ,000 879 68SLD 50 . 12 -90 . 78 1 . 50 
14 ,000 1075 70002 48 . 27 - 71 . 67 1 . 32 
14 , 000 1053 70004 49 . 80 - 74 . 55 1 . 43 
14 , 000 881 68SLD 50 . 42 -90 . 48 1 . 43 
15 , 000 1053 70004 49 . 80 - 74 . 55 1 . 47 
15 , 000 980 68SLD 5 1 . 00 -93 . 85 1 . 48 
15 , 000 883 68SLD 51 . 35 -90 . 17 1 .  51 
16 , 000 881 68SLD 50 . 42 -90 . 48 0 . 83 
16 , 000 293 63U72 5 7 . 00 - 100 . 83 0 . 87 
16 , 000 883 68SLD 51 . 35 -90 . 17 0 . 91 
17 , 000 72 54 . 02 -105 . 80 1 . 25 
17 , 000 879 68SLD 50 . 12 -90 . 78 1 . 27 
17 , 000 186 63000 58 . 67 -94 . 00 1 .  29 
18 , 000 72 54 . 02 - 105 . 80 0 . 99 
18 , 000 879 68SLD 50 . 12 -90 . 78 1 . 00 
18 , 000 988 70006 50 . 03 - 7 7 . 13 1 . 02 
19 , 000 715 70006 50 . 65 - 78 . 03 1 . 19 
19 , 000 74 54 . 05 -105 . 72 1 . 19 
19 , 000 717 70006 50 . 90 - 77 . 90 1 .  20 
20 , 000 307 68PEA 5 1 . 32 -83 . 08 1 . 31 
20 , 000 988 70006 50 . 03 - 77 . 13 1 . 34 
20.000 586 70000 5 1 . 98 - 78 . 07 1 . 42 

130 



APPENDIX C 

INFLUX CALCULATIONS 



Table C-1  Influx Calculations 

Depth Native Grains x Exotic Grs . Added/ x Sedimentation (em) Exotic Grs .  Counted Rate Influx 

95 527 . 5  48 , 540/617 . 3333 13 , 831 
100 514 48 , 540/ 777 10 , 702 
1.05 473 48 , 540/681 11 , 22 7  
110 477 . s  48 , 540/669 11 , 547 
115 508 16 , 180/184 14 , 889 
120 542 16 , 180/ 172 16 , 993 
125 506 . 5  64 , 620/333 32 , 810 
130 506 48 , 540/210 38 , 982 
135 523 64 , 620/201 56 , 127 
140 542 48 , 540/37 .0 OS 21 , 686 
145 554 48 , 540/48 II 17 , 087  
150 527 . 5  64 , 620/100 II 10 , 413 
155 565 64 , 620/78 I I  14 , 298 
160 496 32 , 360/37  I I  13 , 231 
165 494 48 , 540/39 . 0066 4 , 058 
170 486 64 , 620/48 4 , 325 
175 483 . 5  48 , 540/31  4 , 997 
180 401 32 , 360/ 14 6 , 117 
185 424 . 5  64, 620/25 7 , 253 
190 416 64 , 620/18 9 , 872 
195 416 64, 620/36 4 , 935 
200 444 32 , 360/24 3 , 951 
205 390 64 , 620/50 I I  3 , 332 
2 10 381 48 , 540/37 I I  3 , 299 
215 394 64 , 620/92 I I  1 , 829 
220 471 . 5  16 , 180/31 II 1 , 624 
225 392 64 , 620/152 . 0275 4 , 590 
227 . 5  399 . 5  64 , 620/ 166 I I  4 , 283 
230 420 . 5  64 , 620/248 II 3 , 017 
232 . 5  401 64 , 620/316 I I  2 , 258 
235 457 48 , 540 / 74 I I  8 , 243 
237 . 5  442 64, 620/ 111 I I  7 , 087  
240 411 64 , 620/182 I I  4 , 019 
242 . 5  457 64 , 620/98 I I  8 , 299 
245 441 64 , 620/ 144 I I  5 , 451 
247 . 5  435 64 , 620/316 I I  2 , 450 
250 442 48 , 540/215 I I  2 , 744 
255 411 64 , 620/260 I I  2 , 8 13 
260 449 16 , 180/ 107 I I  1 , 867  
270 485 48 , 540/278 I I  2 , 329 
275 504 48 , 540/250 . 0407 3 , 983 
280 504 32 , 360/ 167 I I  4 , 123 
310 467 32 , 360/206 I I  2 , 986 
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Table C-1 (continued ) 

Depth Native Grains Exotic Grs .  Added/ Sedimentation 
(em) X Exotic Grs .  Counted x Rate Influx 

340 459 32 , 360/142 . 0407 4 , 257  
3 70 458 48 , 540/281 I I  3 , 220 
400 403 32 , 360/ 126 I I  4 , 212 
430 362 . 5  64 , 620/336 I I  2 , 842 
460 424 16 , 180/69 I I  4 , 046 
490 343 . 5  64 , 620/296 I I  3 , 057  
520 354 32 , 360/148 . 0756 5 , 581  
550 350 64 , 620/193 I I  8 , 873 
580 352 . 5  16 , 180/81 I I  5 , 323 
610 349 32 , 360/ 173 I I  4 , 935 
640 346 . 5  48 , 540/206 " 6 , 172 
6 70 337 48 , 540/ 183 " 6 , 758 
700 347 48 , 540 /168 " 7 , 579 
710 339 . 5  16 , 180/48 " 8 , 652 
715 339 80,800/137 " 15,133 
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APPENDIX D 

PALYNOMORPH CONCENTRATIONS 



Table D-1 Palynomorph Concentrations 

Depth Native Grains/ Exotic Grains/  No . of 
(em) Exotic Grains Tablet Tablet s Concentration 

95 527 . 5/617• . 86 16 , 180 3 41 , 744 
100 514 / 777• . 66 I I  3 32 , 036 
105 473 / 68 1• . 69 I I  3 33 , 493 
110 477 . 5/ 669-:a . 72 I I  3 34 , 948 
115 508 / 184· 2 . 76 I I  1 44 , 656 
120 542 / 172• 3 . 15 I I  1 50 , 967 
125 506 . 5/333 .. 1 . 52 I I  4 98 , 374 
130 506 /210=- 2 . 41 I I  3 116 , 981 
135 523 /201-:a 2 . 60 I I  4 168 ' 272 
140 542 /37  = 14 . 65 I I  3 711 , 111 
145 554 /48 = 11 . 54 I I  3 560 , 151 
150 527 . 5 /100= 5 . 28 I I  4 341 , 721 
155 565 / 78 = 7 . 24 I I  4 468 ' 572 
160 496 /37  = 13 . 40 I I  2 433 , 624 
165 494 /39 = 12 . 67 I I  3 615 , 001 
170 486 /48 = 10 . 12 I I  4 654 , 966 
175 483 . 5/31 = 16 . 60 I I  3 757 , 224 
180 401 / 14 = 28 . 64 II 2 926 , 790 
185 424 . 5/25 = 16 . 98 I I  4 1 , 098 , 945 
190 416 / 18 = 23 . 11 I I  4 1 , 495 , 679 
195 416 /35 = 11 . 55 I I  4 747 , 516 
200 444 / 24 = 18 . 50 I I  2 598 , 660 
205 390 /50 "" '  7 . 80 I I  4 504 , 8 16 
210 381 /37  = 10 . 30 I I  3 666 , 616 
215 394 /92 = 4 . 23 I I  4 277 , 001 
220 471 . 5 /31 = 15 . 21 I I  1 246 , 097 
225 392 / 152= 2 . 58 I I  4 166 ' 977 
227 399 . 5/ 166-:a 2 . 41 I I  4 155 , 975 
230 420 . 5/248• 1 . 69 I I  4 109 , 376 
232 401 /316- 1 . 27 I I  4 8 2 , 194 
235 457 / 74 = 6 . 17 I I  3 299 , 491 
237 442 / 111· 3 . 98 II 4 25 7 , 585 
240 411 /182= 2 . 26 I I  4 146 , 267 
242 45 7 /98 ... 4 . 66 I I  4 301 , 595 
245 441 /144= 3 . 06 I I  4. 198 , 043 
247 435 /316• 1 . 38 I I  4 89 , 313 
250 442 /215• 2 . 06 I I  3 99 , 992 
255 411 /260=a 1 . 58 I I  4 102 , 25 7  
260 449 / 107= 4 . 20 I I  1 67 , 956 
270 485 /278= 1 .  75 I I  3 84 , 945 
275 504 /250= 2 .  02 II  3 98 , 050 

135 



Table D-1 (continued) 

Depth Native Grains /  Exotic Grains/  No . of  �cml Exotic Grains Tablet Tablets  Concentrat ion 

280 504 / 161- 3 . 13 16 , 180 2 101 , 286 
310 467 / 206• 2 . 27 I I  2 73 , 457  
340 459 / 142 .. 3 . 23 I I  2 104 , 522  
3 70 458 / 281  .. 1 . 63 I I  3 79 , 120 
400 403 /126- 3 . 20 I I  2 103 , 552 
430 362 . 5/536 .. 1 . 08 I I  4 69 , 89 7  
460 424 / 69 :a 6 . 15 1 99 , 507 
490 343 . 5 /296= 1 . 16 4 75 , 075 
520 354 / 148= 2 . 39 2 7 7 , 340 
550 350 / 193• 1 . 81 4 117 , 143 
580 352 . 5/81 "' 4 . 35 1 70 , 383 
610 349 / 173• 2 . 02 2 65 , 36 7  
640 346 . 5 /206· . 1 .  68 3 81 , 547 
670 337 / 183- 1 . 83 I I  3 89 , 313 
700 347 / 168· 2 . 07 II 3 100 , 477  
710 339 . 5/48 = 7 . 07 II  1 114 , 392 
715 339 �137• 2 . 47 I I  5 199a823 
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APPENDIX E 

VEGETATION RECONSTRUCTION DATA 



Yr II , P ,  

0 
500 

1000 
2000 
3000 
3500 
4000 
4500 
5000 
5500 
6000 
7000 
8000 
9000 

10,000 
1 1 , 000 
12 , 000 
13,000 
14 ,000 
1 5 ,000 
1 6 ,000 
1 7 ,000 
18 ,000 
19,000 
20 ,000 

� 
VJ 
()) 

ABIES ACE II 

0 8 . 04  
0 9 . 19 
0 9 . 06 
0 1 2 . 37 
0 5 . 89 
0 7 . 07 
0 9 . 61 
0 9 . 15 
0 10 . 31 
0 1 1 . 68 
0 1 1 . 3 7  
0 9 . 50 
0 9 . 1 3  

6 . 09  8 . )8  
6 . 35 10. 14 
7 . 86 5 . 47 
7 .  72 6 . 06 
8 . 24 0 
11 . 59- 6 . 35 

1 1 . 12 4 . 19 
9 . 06 0 
7 . 96 4 . 62 
8 . 16 4 .46 
8 . 93 4 . 18 
8 . 12 0 

CARYA CUPRESSACEAE 

9 . 89 1 . 39 
15,59 1 . 01 
1 2 . 34 0 

6 . 53 0 
12 . 78 0 

9 . 60 0 
4 . 85 0 
6 . 02 0 
6 . 18 0 
5 . 93 0 
6 . 28 0 
4 . 80 0 
5 . 96 0 
4 . 85 0 
1 . 29 0 

0 1 . 26 
0 0 
0 1 . 25 
0 1 . 23 
0 1 . 65 
0 0 
0 0 
0 0 
0 1 . 52 
0 1 . 42 

Table E - 1  Vegetat ion Rec onstruction Data 

serected ArbOreal Taxa 
Used In Reconatructlons 

't 

FAGUS FRAXlNUS JUGUMS POPUWS QUERCUS SALIX 

0 5 , 66 . 8 1  19 . 32 40 . 8 7  1 . 45 
0 5 . 5 7 . 35 6.47 4 5 . 1 1  1 . 35 
0 9 . 28 . 52 1 3 . 1 1  49 . 54 1 . 34 
0 1 2 . 70 0 1 1 . 98 44 . 52 5 . 41 
0 10. 28 . 03 8 . 05 4 7 . 29 8 . 09 
0 10. 74 0 5 . 58 4 1 . 22 1 3 . 1 1  
0 1 1 . 76 0 4 . 36 3 6 . 97 19. 59 
0 10. 02 0 6 . 57 39 . 20 1 7 . 70 
0 1 1 . 85 0 5 . 16 39 . 88 14 . 99 

1 . 25 1 J . JJ 0 5 . 15 39. 78 1 1 . 60 
1 . 24 7 . 29 0 1 3 . 12 4 1 . 69 8 . 42 
1 . 20 7 . 4 1  .43 9 . 52 3 5 . 79 9 . 10 
1 . 51 3 . 69 • 76 2 . 38 4 3 . 00  0 
1 . 44 3 . 16 . 15 0 34 . 02 0 
1. 7J 1 1 . 07 0 3 . 76 3 7 . 04  0 

0 1 1 . 20 0 5 . 81 17 . 67 0 
0 5. 74 0 3 . 1 1 3 . 90 .46 
0 4 .  78 0 3 . 16 5 . 46 0 
0 4 . 43 0 0 J. 79 . OJ 
0 3 . 8 7 0 0 4 . 66 0 
0 2 . 48 0 2 . 39 3 . 62 0 

1 . 4 1  1 . 44 0 7 . 45 2 . 52 0 
0 1 . 33 0 0 . 116 0 
0 2 . 79 . 2 1 0 2 . 09  0 
0 1 . 49 0 0 1 . 44 0 

TSUGA ULMUS NYSSA PICEA TILl A P INUS 

0 1 . 63 6 . 21 4 . 51 0 8 1 . 38 2 . 16 7 . 3 7 4 . 44 0 
0 .45 4 , 34 0 0 0 
0 1 . 19 5 . 28 0 0 0 
0 1 . 03 6 . 53 0 0 0 
0 '1 . 10 6 . 34 5 . 20 0 0 
0 1 . 14 5 . 98 5 . 70 0 0 
0 1 . 09 4 . 89 5 . 33 0 0 
0 1 . 08  4 .  7 7  5 . 31 0 0 
0 1 . 10 4 . 83 5 , 33 0 0 
0 1 . 2 1 4 . 14 5. 18 0 0 

1 . 28 3 . 2 7 3 . 99 10.01 3 . 6 7  0 
1 . 40 4 . 93 5 . 33 1 9 . 44 2 . 44 0 
1 . 29 5 . 19 4 . 44 28 . 48 2 . 48 0 

0 6 . 65 0 19 . 24 2. 7 2 0 
1 . JJ 1 . 37 0 4 7 . 98 0 0 
1 . 41 1 . 36 0 5 7 . 39 0 1 2 . 83 

0 1 . 13 0 56 . 1 7 0 19 . 79 
1 . 39 1 . 65 0 48 . 5 7 0 2 3 . 94 
1 . 30 • 79 0 4 5 . 6 7  0 26. 72 

0 . 8 1  0 5 1 . 03 0 10 . 6 2 
0 1. 22 0 53. 19 0 20. 16 
0 . 96 0 6 1 . 0 7  0 2 3 . 15 
0 1 . 40 0 7 6 . 48 0 1 . 96 
0 . 67 0 7 1 . 59 0 1 5 . 24 



APPENDIX F 

LOSS-ON- IGNITION DATA 



Table F- 1 Loss -On-Ignition Data 

weight · in grams 
Carbonate Non-Carbonate 

Depth Sediment Water Organic Mineral Mineral 
(em) Weight Weight Weight Weight Weight 

105 . 8555 . 7595 . 0653 . 0023 . 0284 
115 . 8845 • 7737 . 0808 . 0019 . 0281 
120 . 8802 . 7515 . 0870 . 0027 . 0390 
1 28 . 9981 . 8638 . 0489 . 0024 . 0774 
145 . 9725 . 6843 . 0721 . 0095 . 2066 
155 1 . 0366 . 5640 . 0392 . 0116 . 4218 
160 1 . 1517  . 6 150 . 0554 . 0117 . 4696 
165 1 . 1486 . 6300 . 0582 . 0114 . 4490 
175 1 . 1476 . 5437 . 0622  . 0214 . 5203 
180 1 . 3465 . 5439 . 0644 . 0257 • 7125 
190 1 . 4245 . 5182 . 0639 • 0262 . 8162 
200 1 . 2462 . 4412 . 0582 . 0268 . 7200 
210 1.  2986 . 4289 . 0555 . 0273 . 7869 
215 . 1 . 1848 . 36 38 . 0460 . 0159 . 759 1 
220 1 . 3769 . 4429 . 0502 . 0176 . 8662 
230 1 . 1996 . 5155 . 0466 . 0258 . 8167  
240 1 . 2608 o 5522 o 0473 o 0277 . 6417 
250 . 9887 .4272 o 0374 . 0221 . 5120 
265 1 . 1756 o 5266 . 0384 . 0129 . 5977 
2 70 1 . 1963 o 5312 . 0452 o 0145 . 6 179 
275 1 . 1149 o 5749 o 0338 o 0134 . 4928 
310 1 . 0338 . 5865 . 0315 • 0194 • 3964 
340 1 . 0224 . 57 76 o 0282 o 0189 . 3977 
370 l o 0835 o 6558 . 0275 . 0191 0 3811 
400 1 . 0087 . 6738 . 0344 o 0169 . 2836 
430 o 8832 . 5623 . 0347 . 0140 . 2722 
460 . 9203 . 5662 . 0246 . 0149 . 3936 
490 1 . 0056 . 6278 . 0252 . 0179 . 3347 
505 1 . 0533 . 5936 . 0503 . 0194 . 3900 
510 1 . 0642 . 5926 . 0551 0 0142 . 4023 
550 1 . 1587 . 5810 . 0271 • 0187 . 5319 
580 1 . 0904 . 6097 . 0441 • 0191 . 4175 
610 1 . 1476 . 6452 . 0385 . 0211 . 4428 
6 39 1 . 1567 . 6094 . 0349 . 0203 . 4921 
6 73  1 . 1397 . 5956 . 0342 . 0327 . 4772 
690 1 . 1922 . 5587 . 0546 . 0296 . 5493 
700 1 . 0514 . 4840 . 0505 • 0152 . 5017 
710 1.  0375 . 5028 . 0584 . 0137 .4626 

140 



APPENDIX G 

PALYNOMORPH TABULATION 



ABIES 
ACNEGUND 
ACRUBRUM 
ACSACNUM 
ACSACRUT 
ACSPICAT 
BETULA 
OSTRYCAR 
CARYA 
CASTANEA 
CELTMACL 
CORNFLOR 
CUPRESSX 
FAGUS 
FRAXINUX 
FRAXNIGT 
FRAXPNAM 
JUGCINER 
JUGNIGRA 
LARIX 
LIQUIDAM 
LIRIODEN 
MAGNOLIA 
NYSSA 
PICEAX 
PINDIPLX 
PINHAPLO 
PLATANUS 
POPULUS 
PRUNUS 
QUERCUS 
SALIX 
TILIA 
TSUGA 
ULMUS 
ACPENNSY 
AMELSORB 
!LEX 
VIBTRILO 
ALNCRISP 
ALNRUGOS 
CEPHALAN 
CORYLUS 

EXPLANATION OF ABBREVIATIONS 

ABIES 
ACER NEGUNDO 
ACER RUBRUM 
ACER SACCHARINUM 
ACER SACCHARUM 
ACER SPICATUM 
BETULA 
OSTRYA/CARPINUS 
CARY A 
CASTANEA 
CELTIS/MACLURA 
CORNUS FLORIDA 
CUPRESSACEAE 
FAGUS GRANDIFOLIA 
FRAXINUS UNDIFF 
FRAXINUS NIGRA TYPE 
FRAXINUS PENNSYLVANICA./ AMERICANA 
JUGLANS CINEREA 
JUGLANS NIGRA 
l:.ARIX 
LIQUIDAMBAR 
LIRIODENDRON 
MAGNOLIA 
NYSSA 
PICEA UNDIFF 
PINUS DIPLOXYLON UNDIFF 
PINUS STROBUS 
PLATANUS 
POPULUS 
PRUNUS 
QUERCUS 
SALIX 
TILIA 
TSUGA 
ULMUS 
ACER PENSYLVANICUM 
AMELANCHIER/SORBUS 
!LEX 
VIBURNUM TRILOBUM TYPE 
ALNUS CRISPA 
ALNUS RUGOSA 
CEPHALANTHUS 
CORYLUS 
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ITEAVIRG 
RUBUS 
SAMBUCUS 
SPIREAT 
CARYOPHY 
CHENOMX 
AMBROSIT 
BIDENSTY 
ACHILLEA 
IVA CILIA 
IVAXANTT 
XANTHIUM 
LIGULIFL 
CYPERACE 
OTHGRAMN 
PLANT LAN 
PLANTMAJ 
THALICTR 
PETALOST 
LABIATAE 
UMBELLIF 
RUMEX 
CORN CANT 
URTI CA 
RANCULAX 
HYPOXISH 
CANNA HUM 
ARTEMIS!  
SANGUICA 
POTENT IT 
GALIUM 
MALVACEA 
ONAGRACE 
ZEA MAYS 

CIRSCART 
CATTHAT 
MENTANTH 
POLYGHYD 
EUPOTAMO 
SAGITTAR 
TYPHANSP 
COLEOGET 
TYPHA.NSP 
NUPHAR 
POLYGAVI 
TYPHA. LAS 

!TEA VIRGINICA 
RUBUS 
SAMBUCUS 
SPIRAEA 
CARYOPHYLLACEAE 
CHENOPODIACEAE /AMARANTHA.CEAE UNDIFF 
AMBROSIA TYPE 
BIDENS TYPE 
ACHILLEA TYPE 
IVA CILIATA TYPE 
IVA XANTHIFOLIA 
XANTHIUM 
LIGULIFLORAE 
CYPERACEAE 
GRAMINEAE OTHER 
PLANTAGO LANCEOLATA 
PLANTAGO MAJOR 
THALICTRUM 
PETALOSTEMUM 
LABIATAE 
UMBELLIFERAE 
RUMEX 
CORNUS CANADENSIS TYPE 
URTICA 
RANUNCULACEAE UNDIFF 
HYPOXIS 
CANNABIS /HUMULUS 
ARTEMISIA 
SANGUISORBA CANADENSIS 
POTENTILLA TYPE 
GALIUM 
MALVACEA 
ONAGRACEAE 
ZEA MAYS 

CIRSIUM/ L:ARDUUS 
CALTHA TYPE 
MENYANTHE S 
POLYGONUM HYDROPIPER TYPE 
EUPOTAMOGETON 
SAGITTA RIA 
TYPHA LATIFOLIA 
COLEOGETON 
SPARGANIUM 

NUPHAR 
POLYGONUM AVICULARE TYPE 
TYPHA LATIFOLIA SINGLE GRAINS 
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SPHAGNUM 
UTRICULR 
MYRIOEXA 
ISOETES 
POLYGVIV 
MYRIOATT 
NYMPHAEA 
OSMUNCIN 
OSMUNREG 
BOTRYCH 
DRYOPTET 
CYSTOPTE 
POLYPDAC 
EQUISTEU 
LYCOINUN 
LYCOPOD 
LYCOOBSC 
PTERIDIU 
LYCOCOMP 
INDETERM 
UNKNOWN 
EUCANOS 

SPHAGNUM 
UTRI CULARIA 
MYRIOPHYLLUM EXALBESCENS TYPE 
ISOETES 
POLYGONUM VIVIPARUM 
MYRIOPHYLLUM ALTERNIFLORUM 
NYMPHAE A 
OSMUNDA CINNAMOMEA TYPE 
OSMUNDA REGALIS TYPE 
BOTRYCHIUM 
DRYOPTERIS 
CYSTOPTERIS 
POLYPOD IACEAE 
EQUISETUM 
LYCOPOCIUM INUNDATUM 
LYCOPODIUM UNDIFF 
LYCOPODIUM OBSCURUM 
PTERIDIUM 
LYCOPODIUM COMPLANATUM 
INDETERMINABLE 
UNKNOWN 
EUCALYPTUS GRAINS COUNTED 
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Appendix G include s total palynomorph counts by taxa per level .  

The numbers in the columns are correspond to depth intervals listed 

be low. 

J ACKPOND2 1 1 23 37 2 6  2 5 N  8 5  43 20W289 . LAKE GARY R. W I LK I N S 

58 . DE PTHS 1 1 3 .  VAR I ABLES 

SURFACE 95 . 0  9 5 . 0  9 5 . 0  o . o  0 . 0  

A3870 1 28 . 0  1 38 . 0  1 3 3 . 0  1 20 . 0  50 . 0  

A3 8 7 1  1 5 5 . 0  1 66 . 0  1 60 . 5  940 . 0  80 . 0  

A3872 2 1 5 . 0  226 . 0  220 . 5  1 0040 . 0  1 90 . 0  

A3873 2 6 3 . 0  2 77 . 0  270 . 0  1 1 8 60 . 0  250 . 0  

A3874 505 . 0  5 1 5 . 0  5 1 0 . 0  1 77 50 . 0  270 . 0  

A3875 700 . 0  7 1 0 . 0  705 . 0  203 30 . 0  6 3 0 . 0  

DE PTH 
095 . 0  1 00 . 0  1 05 . 0  1 1 0 . 0  1 1 5 . 0  1 20 . 0  

1 25 . 0  1 30 . 0  1 35 . 0  1 40 . 0  1 45 . 0  1 50 . 0  

1 55 . 0  1 60 . 0  1 65 . 0  1 70 . 0  1 7 5 . 0  1 80 . 0  

1 8 5 . 0  1 90 . 0  1 95 . 0  200 . 0  205 . 0  2 1 0 . 0  

2 1 5 . 0  220 . 0  225 . 0  227 . 0  2 3 0 . 0  2 3 2 . 0  

2 3 5 . 0  2 37 . 0  240 . 0  242 . 0  245 . 0  247 . 0  

2 50 . 0  2 55 . 0  260 . 0  270 . 0  275 . 0  280 . 0  

3 1 0 . 0  3 40 . 0  3 70 . 0  400 . 0  4 3 0 . 0  460 . 0  

490 . 0  5 20 . 0  550 . 0  580 . 0  6 1 0 . 0  640 . 0  

670 . 0  700 . 0  7 1 0 . 0  7 1 5 . 0  

r 
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Appendix G (continued )  

AB I ES 
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  o . o  

0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  o . o  0 . 0  o . o  0 . 0  o . o  

0 . 0  0 . 0  0 . 0  o . o  0 . 0  o . o  

1 . 0 0 . 0  4 . 0  1 .  0 0 . 5  3 . 0  
3 . 0  0 . 0  8 . 5  1 .  0 5 . 5  3 . 0  
7 . 0  9 . 0  1 5 . 0  1 1 . 0 2 . 5  6 . 0  
2 . 0  6 . 0  2 . 0  7 . 0  4 . 5  1 . 0 
4 . 5  3 . 0  2 . 0  2 . 0  3 . 0  0 . 0  
1 . 0 5 . 0  2 . 5  0 . 0  
AGNEGUND 
o . o  o . o  1 .  0 0 . 0  0 . 0  o . o  

o . o  0 . 0  1 . 0 0 . 0  0 . 0  0 . 0  
o . o  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

0 . 0  0 . 0  1 .  0 0 . 0  0 . 0  0 . 0  

o . o  0 . 0  0 . 0  o . o  o . o  0 . 0  

o . o  0 . 0  1 .  0 0 . 0  0 . 0  o . o  

o . o  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

0 . 0  o . o  0 . 0  0 . 0  0 . 0  0 . 0  

0 . 0  0 . 0  0 . 0  1 . 0 
ACR U BRUM 
1 . 0 3 . 0  1 . 0 4 . 0  3 . 0  3 . 0  

2 . 0  2 . 0  3 . 0  3 . 0  2 . 0  1 . 0 

3 . 0  1 . 0 5 . 0  0 . 0  0 . 0  2 . 0  

2 . 0  2 . 0  4 . 0  4 . 0  0 . 0  2 . 0  

0 . 0  1 . 0 0 . 0  o . o  2 . 0  0 . 0  

6 . 0  o . o  0 . 0  1 .  0 0 . 0  0 . 0  

0 . 0  0 . 0  o . o  0 . 0  1 .  0 0 . 0  

0 . 0  o . o  0 . 0  o . o  0 . 0  o . o  

0 . 0  0 . 0  0 . 0  o . o  0 . 0  0 . 0  

o . o  o . o  0 . 0  0 . 0  
ACSACNUM 
1 .  0 o . o  0 . 0  2 . 0  o . o  0 . 0  

0 . 0  o . o  0 . 0  0 . 0  1 . 0  0 . 0  

0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

0 . 0  o . o  0 . 0  o . o  0 . 0  0 . 0  

0 . 0  0 . 0  1 . 0 1 .  0 0 . 0  1 .  0 

o . o  1 . 0 o . o  o . o  o . o  0 . 0  

0 . 0  0 . 0  o . o  0 . 0  0 . 0  0 . 0  
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Appendix G (continued)  

o . o  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  o . o  o . o  0 . 0  
o . o  o . o  0 . 0  0 . 0  
ACSACRUT 
1 . 0 1 .  0 2 . 0  3 . 0  2 . 0  1 . 0 
3 . 0  2 . 0  1 . 0  2 . 0  2 . 0  3 . 0  
4 . 0  3 . 0  5 . 0  4 . 0  1 . 0 2 . 0  
2 . 0  4 . 0  2 . 0  1 . 0 2 . 0  2 . 0  
3 . 0  4 . 0  0 . 0  2 . 0  2 . 0  1 . 0 
5 . 0  4 . 0  2 . 0  4 . 0  3 . 0  1 .  0 
2 . 0  4 . 0  1 .  0 o . o  1 . 0 0 . 0  
0 . 0  0 . 0  3 . 0  0 . 0  0 . 0  0 . 0  
1 .  0 0 . 0  0 . 0  1 .  0 0 . 0  1 . 0 
0 . 0  o . o  0 . 0  0 . 0  
ACS P I CAT 
1 . 0 0 . 0  1 . 0 0 . 0  o . o  0 . 0  
0 . 0  o . o  0 . 0  o . o  0 . 0  0 . 0  
0 . 0  0 . 0  o . o  0 . 0  0 . 0  o . o  

0 . 0  0 . 0  0 . 0 0 . 0  0 . 0  o . o  

o . o  o . o  o . o  o . o  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 . 0  0 . 0  o . o  0 . 0  0 . 0  
0 . 0  0 . 0  1 . 0 0 . 0  0 . 0  o . o  

0 . 0  0 . 0  0 . 0  1 .  0 0 . 0  0 . 0  
B ETULA 
5 . 0  2 . 0  1 .  0 o . o  0 . 0  0 . 0  
3 . 0  4 . 0  o . o  2 . 0  0 . 0  2 . 0  
0 . 0  o . o  0 . 0  0 . 0  o . o  1 . 0  
o . o  1 . 0  o . o  o . o  1 . 0 2 . 0  
1 . 0 1 . 0 0 . 0  4 . 0  3 . 0  5 . 0  
;� . 0 11 . 0  1 .  0 o . o  2 . 0  0 . 0  
? . 0  1 .  0 1 .  0 1 . 0 1 . 0 1 .  0 
1 . 0 o . o  2 . 0  1 .  0 1 . 0 2 . 0  
1 . 0 1 .  0 0 . 0  2 . 0  5 . 0  1 . 0 
? . 0  1 . 0 0 . 0  o . o  
OS I RYCAR 
1 1 1 . 0  6 . 0  6 . 0  4 . 0  3 . 0  3 . 0  
3 . 0  5 . 0  4 . 0  7 . 0  6 . 0  6 . 0  
3 . 0  1 .  0 4 . 0  1 . 0 4 . 0  7 . 0  
3 . 0  6 . 0  8 . 0  1 7 . 0  62 . 0  69 . 0  
56 . 0  88 . 0  1 4 . 0  22 . 0  1 7 . 0  1 9 . 0  
27 . 0  4 3 . 0  6 . 0  25 . 0  1 2 . 0  8 . 0  
8 . 0  7 . 0  1 .  0 3 . 0  2 . 0  3 . 0  
5 . 0  3 . 0  5 . 0  6 . 0  3 . 0  3 . 0  
8 . 0  6 . 0  3 . 0  3 . 0  3 . 0  6 . 0  
8 . 0  6 . 0  1 0 . 0  1 0 . 0  
CARY A 
2 3 . 0  1 7 . 0  1 7 . 0  1 5 . 0  1 6 . 0  1 8 . 0  
22 . 0  2 1 . 0  1 7 . 0  2 1 . 0  38 . 0  1 8 . 0  
1 7  . o  29 . 0  1 8 . 0  1 2 . 0  29 . 0  1 0 . 0  
1 4 . 0  1 3 . 0  1 6 . 0  1 2 . 0  8 . 0  1 8 . 0  
8 . 0  4 . 0  6 . 0  8 . 0  1 0 . 0  2 . 0  
1 7  . o  1 8 . 0  3 . 0  1 9 . 0  5 . 0  1 .  0 

3 . 0  4 . 0  2 . 0  1 . 0 0 . 0  1 . 0 
o . o  1 . 0 1 . o  o . o  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  1 . 0 0 . 0  1 . 0 
0 . 0  0 . 0  0 . 0  1 .  0 
CASTANEA 
0 . 0  1 . 0 1 .  0 1 .  0 2 . 0  4 . 0  
1 0 . 0  9 . 0  7 . 0  5 . 0  4 . 0  5 . 0  
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Append ix G (continued) 

4 . 0  6 . 0  5 . 0  1 0 . 0  5 . 0  6 . 0  
1 1 . 0 1 2 . 0  2 . 0  4 . 0  o . o  o . o  

o . o  o . o  0 . 0  0 . 0  0 . 0  0 . 0  
3 . 0  1 . 0 0 . 0  0 . 0  0 . 0  0 . 0  
1 . 0  1 .  0 0 . 0  0 . 0  0 . 0  0 . 0  
o . o  1 . 0 0 . 0  0 . 0  o . o  0 . 0  
o . o  o . o  0 . 0  0 . 0  o . o  0 . 0  
0 . 0  o . o  o . o  0 . 0  
CELTMACL 
0 . 0  0 . 0  0 . 0  o . o  0 . 0  0 . 0  
o . o  o . o  0 . 0  o . o  0 . 0  0 . 0  
o . o  0 . 0  0 . 0  1 . 0  0 . 0  0 . 0  
o . o  1 . 0 0 . 0  0 . 0  0 . 0  o . o  

0 . 0  0 . 0  o . o  1 . 0 0 . 0  o . o  

2 . 0  o . o  o . o  0 . 0  0 . 0  o . o  

2 . 0  1 . 0 0 . 0  1 . 0 0 . 0  0 . 0  
o . o  0 . 0  0 . 0  o . o  1 . 0 2 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  o . o  0 . 0  
0 . 0  1 . 0 2 . 0  o . o  
COR N F LOR 
o . o  0 . 0  0 . 0  o . o  0 . 0  0 . 0  
o . o  o . o  o . o  1 .  0 o . o  0 . 0  
o . o  o . o  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  o . o  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  o . o  0 . 0  o . o  0 . 0  
o . o  o . o  0 . 0  0 . 0  0 . 0  o . o  

0 . 0  o . o  0 . 0  o . o  0 . 0  0 . 0  
o . o  0 . 0  0 . 0  o . o  0 . 0  o . o  

0 . 0  o . o  0 . 0  o . o  0 . 0  0 . 0  
o . o  o . o  o . o  0 . 0  
C:I I PRE SSX 
�· ' u 1 . 0 0 . 0  1 . 0 1 .  0 2 . 0  
1 . 0  1 .  0 0 . 0  o . o  0 . 0  1 . 0 
o . o  0 . 0  0 . 0  o . o  o . o  0 . 0  
o . o 0 . 0  0 . 0  o . o  0 . 0  0 . 0  
() , () 0 . 0  o . o  0 . 0  0 . 0  1 . 0  
o . o  o . o  0 . 0  o . o  0 . 0  , . 0 

o . o  2 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
o . o  1 . 0 0 . 0  2 . 0  o . o  0 . 0  
o . o  0 . 0  0 . 0  , • 0 1 . 0 0 . 0  
o . o  2 . 0  1 . 0 2 . 0  
FAGUS 
0 . 0  0 . 0  o . o  1 . 0 0 . 0  0 . 0  
o . o  1 .  0 , . 0 1 .  0 o . o  0 . 0  
o . o  0 . 0  0 . 0  0 . 0  o . o  0 . 0  
o . o  0 . 0  1 . 0 0 . 0  1 . 0 0 . 0  
1 . 0 2 . 0  , • 0 o . o  2 . 0  0 . 0  
4 . 0  , • 0 1 . 0 2 . 0  o . o  0 . 0  
0 . 0  0 . 0  0 . 0  o . o  0 . 0  0 . 0  
o . o  0 . 0  o . o  o . o  o . o  0 . 0  
1 . 0 o . o  0 . 0  0 . 0  0 . 0  0 . 0  
o . o  0 . 0  o . o  0 . 0  
FRAX I NUX 
o . o  1 . 0 2 . 0  o . o  1 . 0 1 . 0 
o . o  o . o  0 . 0  2 . 0  0 . 0  3 . 0  
0 . 0  4 . 0  9 . 0  3 . 0  4 . 0  2 . 0  
2 . 0  4 . 0  0 . 0  1 .  0 0 . 0  0 . 0  
o . o  7 . 0  2 . 0  3 . 0  5 . 0  4 . 0  
0 . 0  0 . 0  2 . 0  1 . 0 3 . 0  1 . 0  

o . o  1 . 0 0 . 0  0 . 0  0 . 0  o . o  

o . o  2 . 0  0 . 0  2 . 0  0 . 0  0 . 0  
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Appendix G (continued )  

o . o  o . o  o . o  1 . 0 0 . 0  0 . 0  
o . o  0 . 0  0 . 0  0 . 0  
f HI\XN I CT 
1 3 . 0 1 4 . 0  1 1 . 0 1 0 . 0  1 2 . 0  1 6 . 0  
1 2 . 0  1 0 . 0  8 . 0  20 . 0  1 0 . 0  2 2 . 0  
1 6 . 0  1 8 . 0  29 . 0  2 3 . 0  1 7 . 0  2 2 . 0  
22 . 0  3 1 . 0  1 3 . 0  1 9 . 0  5 . 0  1 0 . 0  
5 . 0  1 9 . 0  1 9 . 0  3 0 . 0  59 . 0  64 . 0  
1 3 . 0  1 8 . 0  40 . 0  26 . 0  2 9 . 0  26 . 0  
1 3 . 0  1 5 . 0  1 2 . 0  1 2 . 0  1 4 . 0  1 3 . 0  
8 . 0  7 . 0  8 . 0  6 . 0  4 . 0  2 . 0  
2 . 0  2 . 0  0 . 0  2 . 0  4 . 0  2 . 0  
1 .  0 1 . 0 1 . 0 1 . 0 
FRAXPNAM 
3 . 0  9 . 0  4 . 0  4 . 0  5 . 0  7 . 0  
3 . 0  3 . 0  2 . 0  3 . 0  2 . 0  1 1 . 0 
1 1 . 0 3 . 0  5 . 0  3 . 0  5 . 0  6 . 0  
1 . 0 4 . 0  3 . 0  2 . 0  0 . 0  1 .  0 
0 . 0  3 . 0  2 . 0  2 . 0  3 . 0  1 . 0 
o . o  0 . 0  2 . 0  0 . 0  1 .  0 2 . 0  
2 . 0  1 . 0 2 . 0  1 .  0 o . o  2 . 0  
2 . 0  2 . 0  1 .  0 0 . 0  1 . 0 0 . 0  
o . o 0 . 0  0 . 0  0 . 0  0 . 0  3 . 0  
1 . 0 o . o  1 .  0 o . o  
J U CC I N ER 
0 . 0  1 . 0 o . o  2 . 0  1 .  0 1 . 0 
0 . 0  0 . 0  1 .  0 2 . 0  0 . 0  2 . 0  
1 . 0 0 . 0  0 . 0  0 . 0  2 . 0  o . o  

o . o  0 . 0  0 . 0  1 . 0 2 . 0  0 . 0  
1 ,  0 1 . 0 1 . 0 0 . 0  1 . 0 1 . 0  
1 . 0 n . o  0 . 0  o . o  0 . 0  0 . 0  
o . u  u . o 0 . 0  0 . 0  0 . 0  o . o  

0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
1 . 0 o . o  0 . 0  o . o  2 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  
J UG LANSX 
1 . 0 1 .  0 1 . 0  2 . 0  2 . 0  1 . 0 
2 . 0  2 . 0  3 . 0  1 .  0 2 . 0  1 . 0  
1 . 0 3 . 0  1 . 1 1 • 1 0 . 0  0 . 0  
0 . 0  0 . 0  o . o  2 . 0  4 . 0  0 . 0  
2 . 0  o . o  1 .  0 1 . 0 0 . 0  1 . 0 
3 . 0  2 . 0  0 . 0  2 . 0  0 . 0  1 . 0 
o . o  1 . 0 0 . 0  0 . 0  0 . 0  o . o  

o . o  0 . 0  0 . 0  0 . 0  o . o  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  o . o  

o . o  o . o  0 . 0  o . o  
J UGN I GRA 
4 . 0  3 . 0  1 . 0  5 . 0  3 . 0  1 .  0 
2 . 0  2 . 0  2 . 0  2 . 0  1 .  0 1 . 0 
1 . 0  1 . 0 1 . 0 0 . 0  0 . 0  1 .  0 
0 . 0  0 . 0  1 . 0 0 . 0  1 . 0 0 . 0  
o . o  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

0 . 0  2 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  o . o  0 . 0  
0 . 0  0 . 0  o . o  0 . 0  0 . 0  o . o  

0 . 0  0 . 0  o . o  0 . 0  0 . 0  0 . 0  
o . o  0 . 0  0 . 0  0 . 0  
LAR I X  
0 . 0  0 . 0  0 . 0  o . o  o . o 0 . 0  
o . o  0 . 0  0 . 0  o . o  0 . 0  0 . 0  
o . o  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
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0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
o . o  o . o 0 . 0  o . o  0 . 0  o . o  

o . o  o . o  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  o . o  0 . 0  1 . 0 0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  o . o  0 . 0  
0 . 0  0 . 0  o . o  o . o  

L I QU I DAM 
1 4 . 0  1 3 . 0  1 8 . 0  1 4 . 0  1 3 . 0 1 2 . 0  
1 0 . 0  1 0 . 0  7 . 0  9 . 0  1 1 . 0 1 0 . 0  
9 . 0  1 2 . 0  1 4 . 0  1 7 . 0  1 1 . 0 9 . 0  
5 . 0  8 . 0  1 1 .  0 3 . 0  2 . 0  o . o  

1 .  0 0 . 0  o . o  0 . 0  0 . 0  0 . 0  
0 . 0  1 .  0 0 . 0  2 . 0  1 .  0 0 . 0  
0 . 0  2 . 0  0 . 0  0 . 0  0 . 0  o . o  

0 . 0  o . o  0 . 0  0 . 0  0 . 0  0 . 0  
o . o  0 . 0  o . o  1 .  0 0 . 0  0 . 0  
o . o  0 . 0  0 . 0  o . o  
L I R I ODEN 
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  1 . 0 1 .  0 0 . 0  1 .  0 
1 . 0 0 . 0  0 . 0  o . o  0 . 0  0 . 0  
o . o  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  o . o  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  o . o  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  o . o  

0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  o . o  0 . 0  0 . 0  0 . 0  
o . o 0 . 0  0 . 0  o . o  

MAGNOL I A  
o . o  o . o  0 . 0  o . o  0 . 0  0 . 0  
0 . 0  o . o  2 . 0  o . o  o . o  0 . 0  
o . o  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
o . o  o . o  0 . 0  0 . 0  0 . 0  0 . 0  
o . o  0 . 0  0 . 0  0 . 0  o . o  0 . 0  
o . o 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
o . o  o . o  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  o . o  0 . 0  0 . 0  o . o  

0 . 0  o . o  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  
NYSSA 
7 . 0  4 . 0  7 . 0  4 . 0  3 . 0  2 . 0  
2 . 0  6 . 0  9 . 0  9 . 0  9 . 0  1 5 . 0  
5 . 0  1 .  0 4 . 0  3 . 0  6 . 0  4 . 0  
1 .  0 2 . 0  1 . 0 0 . 0  2 . 0  1 .  0 
0 . 0  o . o  0 . 0  1 . 0 o . o  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  1 .  0 o . o  0 . 0  0 . 0  o . o  

0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
o . o  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  o . o  0 . 0  0 . 0  0 . 0  0 . 0  
P I CEAX 
1 . 0 o . o  0 . 0  2 . 0  0 . 0  0 . 0  
2 . 0  0 . 0  0 . 0  2 . 5  0 . 0  2 . 0  
1 .  0 0 . 0  0 . 0  0 . 0  0 . 0  2 . 0  
1 .  5 2 . 0  4 . 0  1 8 . 0  39 . 0  49 . 0  
86 . 0  29 . 0  1 3 3 . 0  1 1 8 . 0  72 . 0  66 . 0  
3 6 . 0  24 . 0  1 6 7 . 0  1 8 . 0  57 . 0  1 68 . 0  
1 48 . 0  1 44 . 0  1 89 . 0  1 7 5 . 0  1 79 . 0  1 62 . 0  
1 60 . 0  1 3 5 . 0  1 4 1 . 0  1 24 . 0  1 3 2 . 0  1 3 7 . 0  
1 70 . 0  1 50 . 0  2 1 4 . 0  1 64 . 5  1 6 1 . 0  1 67 . 5  
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20 1 . 0  1 76 . 0  6 5 . 0  82 . 0  
P I ND I P LX 
..,,, . 5 1 8 . 0  1 5 . 0  1 2 . 5  20 . 0  2 1 . 0  
1 0 . 5  1 1 . 0 1 1 . 0 1 3 . 5  1 2 . 0  1 2 . 5  
9 . 0  9 . 0  6 . 5  o . o  6 . 5  8 . 0  
1 . 0 1 . 0 2 . 0  1 1 . 0 3 . 0  6 . 0  
4 . 0  4 . 5  2 3 . 0  1 1 . 5 6 . 0  1 4 . 0  
1 4 . 0  6 . 0  22 . 5  5 . 0  1 4 . 5  40 . 0  
62 . 0  26 . 0  50 . 0  7 1 . 0  87 . 0  89 . 5  
1 02 . 0  1 1 8 . 0  1 28 . 0  1 27 . 0  1 3 8 . 0  1 3 8 . 0  
9 8 . 0  1 28 . 0  85 . 0  1 22 . 0  1 1 9 . 0  1 02 . 0  
77 . 0  1 1 0 . 0  224 . 0  1 89 . 0  
P I NHAPLX 
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  o . o  

o . o  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
o . o  o . o  o . o  0 . 0  0 . 0  o . o  

o . o  0 . 0  o . o  0 . 0  0 . 0  1 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
o . o  0 . 0  0 . 0  o . o  0 . 0  0 . 0  
o . o  1 . 0 1 . 0 0 . 0  0 . 0  1 . 0  
o . o  o . o  0 . 0  3 . 0  o . o  0 . 0  
o . o  1 . 0 0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  
PLATANUS 
o . o  o . o  1 . 0 0 . 0  1 . 0 :? . 0  
o . o  0 . 0  0 . 0  0 . 0  o . o  o . o  

o . o  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
o . o  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
o . o  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
2 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
o . o o . o  0 . 0  o . o  0 . 0  0 . 0  
o . o  o . o  o . o  0 . 0  o . o  0 . 0  
o . o  o . o  0 . 0  0 . 0  0 . 0  0 . 0  
o . o  0 . 0  0 . 0  o . o  

POPULUS 
6 . 0  :? . 0  5 . 0  3 . 0  3 . 0  3 . 0  
2 . 0  3 . 0  3 . 0  6 . 0  2 . 0  2 . 0  
II . 0 4 . 0  4 . 0  3 . 0  2 . 0  1 . 0 
:? . 0  1 . 0 5 . 0  3 . 0  1 . 0 0 . 0  
o . o  1 . 0 1 . 0 4 . 0  1 . 0 1 . 0  
o . o  1 . 0  1 . 0 3 . 0  0 . 0  :? . 0  
1 .  0 5 . 0  1 .  0 1 . 0 1 .  0 0 . 0  
1 . 0  0 . 0  0 . 0  o . o  0 . 0  2 . 0  
2 . 0  0 . 0  0 . 0  0 . 0  o . o  0 . 0  
0 . 0  0 . 0  0 . 0  o . o  
PRUNUS 
o . o  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
o . o  0 . 0  o . o  0 . 0  0 . 0  1 . 0  
0 . 0  o . o  0 . 0  0 . 0  2 . 0  0 . 0  
0 . 0  o . o  0 . 0  o . o  0 . 0  0 . 0  
o . o  1 . 0 o . o  0 . 0  o . o  0 . 0  
o . o  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
o . o  0 . 0  0 . 0  0 . 0  0 . 0  2 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  1 . 0 
o . o  1 . 0  1 . 0 o . o  0 . 0  2 . 0  
0 . 0  2 . 0  0 . 0  2 . 0  
QU ERCUS 
1 7 3 . 0  1 98 . 0  1 85 . 0  1 98 . 0  1 92 . 0  1 80 . 0  
1 86 . 0  1 90 . 0  206 . 0  1 72 . 0  1 92 . 0  1 75 . 0  
1 95 . 0  208 . 0  1 8 3 . 0  1 7 1 . 0  1 76 . 0  1 29 . 0  
1 5 1 . 0  1 49 . 0  1 85 . 0  1 44 . 0  1 53 . 0  1 3 7 . 0  
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1 1 9 . 0  1 46 . 0  79 . 0  94 . 0  1 06 . 0  1 07 . 0  
1 62 . 0  1 77 . 0  44 . 0  1 69 . 0  1 64 . 0  46 . 0  
11 5 . 0  6 7 . 0  29 . 0  22 . 0  1 7 . 0  2 5 . 0  
2 1 . 0  2 5 . 0  1 1 . 0 20 . 0  1 5 . 0  1 6 . 0  
1 1 . 0 8 . 0  3 . 0  7 . 0  8 . 0  1 7 . 0  
9 . 0  7 . 0  1 2 . 0  1 6 . 0  
SAL I X  
1 1 . 0  1 5 . 0  1 3 . 0  8 . 0  1 0 . 0  1 1 . 0 
1 6 . 0  1 7 . 0  1 4 . 0  1 8 . 0  1 0 . 0  1 3 . 0  
20 . 0  1 0 . 0  1 3 . 0  48 . 0  40 . 0  9 3 . 0  
86 . 0  62 . 0  45 . 0  5 5 . 0  2 . 0  2 . 0  
0 . 0  0 . 0  1 . 0 2 . 0  5 . 0  9 . 0  
9 . 0  2 . 0  1 .  0 2 1 . 0  6 . 0  1 . 0 
3 . 0  1 0 . 0  2 . 0  3 . 0  6 . 0  2 . 0  
1 .  0 5 . 0  2 . 0  1 .  0 1 . 0 1 .  0 
3 . 0  0 . 0  3 . 0  0 . 0  1 .  0 2 . 0  
2 . 0  0 . 0  1 .  0 2 . 0  
T I L l  A 
o . o  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
o . o  o . o  1 . 0 o . o  0 . 0  0 . 0  
0 . 0  o . o  o . o  0 . 0  o . o  0 . 0  
0 . 0  0 . 0  0 . 0  2 . 0  1 .  0 0 . 0  
1 . 0 1 . 0 o . o  0 . 0  0 . 0  0 . 0  
3 . 0  1 .  0 0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  o . o  

0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
o . o  0 . 0  0 . 0  o . o  0 . 0  0 . 0  
o . o  0 . 0  0 . 0  0 . 0  
TSUGA 
o . o  o . o  1 . 0 0 . 0  1 . 0 1 .  0 
0 . 0  0 . 0  o . o  0 . 0  2 . 0  0 . 0  
o . o  0 . 0  o . o  o . o  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  1 .  0 o . o  1 .  0 
o . o  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
2 . 0  o . o  0 . 0  1 .  0 0 . 0  1 .  0 
0 . 0  0 . 0  0 . 0  1 . 0 1 .  0 1 . 0 
o . o  o . o  1 . 0  0 . 0  o . o  0 . 0  
o . o  o . o  0 . 0  0 . 0  0 . 0  0 . 0  
o . o  o . o  0 . 0  0 . 0  
U LMUS 
4 . 0  3 . 0  6 . 0  8 . 0  1 0 . 0  1 1 . 0 
1 5 . 0  1 0 . 0  6 . 0  8 . 0  6 . 0  3 . 0  
2 . 0  o . o  4 . 0  1 .  0 2 . 0  2 . 0  
2 . 0  2 . 0  3 . 0  8 . 0  1 3 . 0  8 . 0  
1 4 . 0  1 6 . 0  1 7 . 0  1 . 0 7 . 0  5 . 0  
5 . 0  6 . 0  1 . 0 4 . 0  2 . 0  3 . 0  
3 . 0  4 . 0  1 .  0 3 . 0  3 . 0  1 . 0 
1 . 0 5 . 0  2 . 0  1 . 0 1 .  0 1 . 0 
3 . 0  2 . 0  0 . 0  1 .  0 2 . 0  0 . 0  
1 .  0 0 . 0  1 . 0 0 . 0  
AC PENNSY 
0 . 0  o . o  0 . 0  0 . 0  0 . 0  0 . 0  
o . o  0 . 0  0 . 0  o . o  0 . 0  0 . 0  
o . o  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  1 . 0 0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  o . o  o . o  o . o  0 . 0  0 . 0  
0 . 0  0 . 0  o . o  0 . 0  0 . 0  0 . 0  
0 . 0  o . o  o . o  o . o  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  
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AMELSORB 
0 . 0  0 . 0  0 . 0  0 . 0  2 . 0  4 . 0  
o . o  0 . 0  0 . 0  0 . 0  o . o  o . o  
o . o  0 . 0  0 . 0  0 . 0  0 . 0  o . o  
o . o  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  o . o  
o . o  0 . 0  o . o  0 . 0  o . o  0 . 0  
0 . 0  0 . 0  0 . 0  1 . 0 o . o  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  o . o  0 . 0  
o . o  1 . 0 o . o  o . o  
I L EX 
0 . 0  0 . 0  1 .  0 o . o  o . o  o . o  
0 . 0  o . o  o . o  0 . 0  o . o  o . o  
0 . 0  o . o  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  o . o  0 . 0  
o . o  0 . 0  0 . 0  0 . 0  0 . 0  o . o  
o . o  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  o . o  o . o  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  o . o  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  o . o  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  
V I BTR I LO 
o . o  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  o . o  0 . 0  
0 . 0  0 . 0  o . o  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  o . o  o . o  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  o . o  
o . o  0 . 0  0 . 0  0 . 0  o . o  o . o  
0 . 0  0 . 0  0 . 0  0 . 0  o . o  0 . 0  
o . o  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  o . o  o . o  0 . 0  o . o  1 . 0 
0 . 0  0 . 0  0 . 0  0 . 0  
A I .NCR I S P 
o . o  0 . 0  o . o  0 . 0  0 . 0  0 . 0  
o . o  0 . 0  o . o  0 . 0  o . o  0 . 0  
0 . 0  o . o  o . o  0 . 0  o . o  0 . 0  
o . o  o . o  0 . 0  0 . 0  o . o  0 . 0  
o . o  0 . 0  0 . 0  0 . 0  o . o  o . o  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  o . o  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  1 . 0 o . o  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  1 .  0 o . o  0 . 0  0 . 0  
0 . 0  o . o  2 . 0  0 . 0  
ALNRUGOS 
3 . 0  1 . o  1 .  0 0 . 0  2 . 0  2 . 0  
0 . 0  2 . 0  4 . 0  3 . 0  3 . 0  1 .  0 
2 . 0  2 . 0  1 . 0 0 . 0  1 . 0 0 . 0  
2 . 0  2 . 0  1 .  0 3 3 . 0  w . o  1 2 . 0  
1 0 . 0  8 . 0  1 0 . 0  1 2 . 0  2 3 . 0  20 . 0  
2 5 . 0  26 . 0  8 . 0  1 1 . 0 20 . 0  1 2 . 0  
2 . 0  4 . 0  3 . 0  6 . 0  6 . 0  9 . 0  
1 0 . 0  1 . 0 9 . 0  2 . 0  3 . 0  3 . 0  
3 . 0  0 . 0  1 . 0 1 . 0 ' 2 . 0  2 . 0  
1 .  0 2 . 0  1 . 0 
C E PHALAN 
45 . 0  5 3 . 0  43 . 0  3 3 . 0  56 . 0  76 . 0  
65 . 0  80 . 0  9 9 . 0  1 1 5 . 0  1 1 2 . 0  1 2 3 . 0  
1 25 . 0  5 3 . 0  68 . 0  1 08 . 0  75 . 0  39 . 0  
75 . 0  7 3 . 0  55 . 0  40 . 0  5 . 0  4 . 0  
1 . 0 0 . 0  5 . 0  1 1 . 0 1 8 . 0  3 . 0  
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20 . 0  3 3 . 0  o . o  8 3 . 0  60 . 0  0 . 0  
2 . 0  1 3 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
1 .  0 o . o  o . o  0 . 0  0 . 0  0 . 0  
o . o  o . o  0 . 0  0 . 0  0 . 0  0 . 0 
o . o  0 . 0  0 . 0  o . o  
CORYLUS 
o . o  o . o  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  1 .  0 1 .  0 o . o  2 . 0  
1 . 0 0 . 0  1 .  0 0 . 0  1 .  0 1 . 0 
0 . 0  ' 0 . 0  0 . 0  1 . 0 2 . 0  2 . 0  
1 .  0 4 . 0  2 . 0  o . o  2 . 0  4 . 0  
4 . 0  1 . 0 0 . 0  1 . 0 1 .  0 2 . 0  
0 . 0  1 . 0 3 . 0  3 . 0  0 . 0  5 . 0  
3 . 0  2 . 0  1 .  0 5 . 0  0 . 0  2 . 0  
2 . 0  3 . 0  0 . 0  1 .  0 0 . 0  1 .  0 
0 . 0  0 . 0  1 . 0 0 . 0  
I T EAV I RG 
2 . 0  2 . 0  1 . 0 0 . 0  1 .  0 3 . 0  
2 . 0  3 . 0  5 . 0  4 . 0  7 . 0  6 . 0  

9 . 0  3 . 0  2 . 0  3 . 0  5 . 0  6 . 0  
3 . 0  4 . 0  3 . 0  5 . 0  0 . 0  0 . 0  
0 . 0  o . o  o . o  0 . 0  0 . 0  0 . 0  
o . o  0 . 0  o . o  0 . 0  0 . 0  o . o  
0 . 0  o . o  0 . 0  o . o  0 . 0  0 . 0  
0 . 0  o . o  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  
RUBUS 
2 . 0  8 . 0  8 . 0  4 . 0  4 . 0  9 . 0  

1 4 . 0  8 . 0  7 . 0  1 1 . 0 1 0 . 0  1 6 . 0  
1 6 . 0  22 . 0  3 2 . 0  22 . 0  1 6 . 0  8 . 0  
9 . 0  1 2 . 0  9 . 0  1 .  0 3 . 0  0 . 0  
0 . 0  1 . 0 0 . 0 1 .  0 1 . 0 1 . 0 
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  2 . 0  1 .  0 1 . 0  0 . 0  0 . 0  

1 . 0 2 . 0  2 . 0  3 . 0  0 . 0  0 . 0  
0 . 0  o . o  0 . 0  o . o  0 . 0  1 . 0 
o . o  0 . 0  0 . 0  0 . 0  
SJ\MBUCUS 
1 . 0 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  o . o  0 . 0  2 . 0  
2 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  o . o  0 . 0  o . o  o . o  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  o . o  
0 . 0  0 . 0  0 . 0  0 . 0  o . o  o . o  
0 . 0  0 . 0  0 . 0  0 . 0  1 . 0 0 . 0  
o . o  0 . 0  0 . 0  o . o  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

0 . 0  o . o  0 . 0  0 . 0  
S P I REAT 
0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  1 . 0 1 . 0 6 . 0 0 . 0  
2 . 0  0 . 0  0 . 0  0 . 0  1 . 0 1 . 0 

o . o  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  
0 . 0  1 . 0 2 . 0  0 . 0  2 . 0  0 . 0  

o . o  2 . 0  0 . 0  1 .  0 0 . 0  1 . 0 

4 . 0  3 . 0  2 . 0  5 . 0  5 . 0  2 . 0  

8 . 0  6 . 0  5 . 0  1 . 0  1 . 0 0 . 0  
2 . 0  0 . 0  0 . 0  2 . 0  1 . 0 3 . 0  

0 . 0  0 . 0  0 . 0  0 . 0  
CARYOPHY 
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0 . 0  0 . 0  o . o  0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  o . o 0 . 0  o . o 0 . 0  
o . o  o . o  o . o  0 . 0  o . o  0 . 0  
o . o  o . o  o . o  o . o  0 . 0  o . o  

0 . 0  o . o  o . o  0 . 0  o . o  o . o  

o . o  o . o  o . o 0 . 0  0 . 0  o . o  

0 . 0  o . o  o . o  1 .  0 o . o  o . o  
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2 1 5 . 0  2 60 . 0  1 0 7 , 0  278 . 0  2 50 . 0  1 6 1 . 0  

206 , 0  1 4 2 . 0  2 8 1 . 0  1 26 . 0  3 36 . 0  69 . 0  

?'JG . O  1 4 8 . 0  1 9 3 . 0  8 1 . 0  1 73 . 0  206 . 0  

1 U 3 , 0  1 68 . 0  48 . 0  1 37 . 0  
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APPENDIX H 

MACROFOSSIL TABULATION 
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APPENDIX I 

PALYNOMORPH INFUJX DATA FOR SELECTED TAXA 



Table I -1 Palynomorph Influx Data For Selected Taxa 

ar· cm-2 ·yr-l 
Depth 

�J 
Cl.l 
Ill Cl.l 

( em) ll) Cl.l Ill Ill 

� ::I u Cl.l "" 
1:: Ill !: ll) 

� "" 111 C/l >< J.l "" 0 
>< Cl.l ::I "" Cl.l e J.l 
Ill u !: ....t Cl. Ill � J.l "" "" Ill :>. J.l 

rz.. ll.< ll.< Cl.l tJ C.!) < 

95 603 4536 419 262 26 642 288 36 7 1075 2543 
100 354 4122 499 124 0 374 312 166 978 1520 
105 404 4395 403 142 0 356 309 237 855 1544 
110 36 3 4788 338 97 48 302 193 193 1040 1765 
115 469 5627  527 88 0 586 293 263 1348 2198 
1 20 564 5643 752 94 0 658 345 345 1442 2508 
125 1425 12048 971 194 0 680 1036 1101 1943  4210 
1 30 2174 14637 1001 385 0 8 74 1309 1232 2542  3698 
135 1824 22107 1073 429 0 1180 1502 1717 3756 3648 
140 840 6881 1000 280 100 540 720 1080 2040 280 
145 1172 5922 370 185 0 370 308 648 2036 62 
150 355 3457 493 118 39 247 257 395 711  39 
155 430 4935 683 76 0 228 506 177  1771  126 
160 773  5548 667  27 0 240 267 133 2214 133 
165 147 1503 353 33 0 53 107 107 419 41 
170 107 1521 258 9 0 0 427 89 178 98 
175 299 18 17  268 41 0 6 7  413 62  403 134 
180 152 1968 458 107 30 122 1418 76 198 6 1  
185 239 2583 410 51 26 17 1471 68 307 17 
190 308 3536 830 142 47  24 1471 189 142 71 
195 166 2195 190 95 47 23 534 237 83  59 
200 107 1281 205 151 160 98 489 213  80 62 
205 68 1307 51 529 25 17 17  213  85  51 
2 10 158 1 186 95 597 424 60 17  181 43 61  
2 15 37 552 23 260 399 18 0 194 23  28 
220 14 502 100 303 100 16 0 182 93 17 
225  70 925 269 164 1557 269 12 234 176 47  
227  86  1006 375 235 1263 123 22 2 79 16 1 64 
230 72 760 480 136 516 43 36 251 100 7 
232 11 602 388 107 372 79 51 163 56 28 
235 307 2922 234 487 649 252 162 739 307 90 
237 289 2838 289 689 385 96 32 417  192 144 
240 30 430 430 58 1633 220 10 655 137 39 
242 345 3068 490 454 327 91 381 488 181 54 
245 113  2027 408 148 704 179 74 420 86 111  
247 6 2512 162 45 946 225 6 349 141 28 
250 10 279 93 50 918 248 19 509 161  25 
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Table I -1 (continued) 

41. 

Depth ea. 
:>.. (em) 

�� 
41 .., 
I1S 41 

fll 41 I1S I1S 

� =' u 41 ...-I 

l::l I1S l::l fll 

ID ...-I I1S fll >< .... ...-I 0 
>< 41 =' ...-I 41 m .... 
I1S u l::l .-1 � i .... ...-I ...-I I1S .... 

� p.. p.. rJl t,;) c.!) < 

255 27 458 116 48 985 1 78 68 28 7 96 34 
260 8 120 58 4 786 208 8 328 96 8 
270 5 105 63 14 840 341 14 485 1 10 19 
275 0 24 134 16 14 14 687 47 980 134 63 
280 8 204 122 24 1325 732 16 932 294 24 
310 0 134 64 32 1023 652 6 531 166 13 
340 9 232 102 28 1252 1094 46 816 148 9 
370 7 77  63 35 991 900 14 604 162 14 
400 0 209 84 63  1296 1327 10 481 219 10 
430 0 1 18 39 23 1035 1081 8 314 78 8 
460 0 153 19 29 1307 1317 9 630 229 9 
490 0 98 18 71 1513 872 27 142 62 26 
520 0 132 33 99 2479 1405 0 363 231 33 
550 0 76 0 76 5425 2155 76 482 253 25 
580 15 106 45 45 2484 1843 0 242 181 45 
6 10 0 113  57  42  2277  1682 14 269 127  0 
640 18 303 89 107 2983 1817 36 267 214 35 
670 0 180 40 160 4031 1544 40 220 60 40 
700 0 153 22 131 3844 2402 0 196 109 0' 
7 10 0 306 50 255 1650 5708 25 127 127  25 
715 45 714 45 446 3660 8437 89 491 89 89 
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