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Lake-level history for Birch Lake, Alaska, was reconstructed
using seismic profiles and multiproxy sedimentary analyses
including sedimentology, geochemistry, magnetic susceptibility,
and palynology. Twenty-two seismic profiles (18 km total) and
eight sediment cores taken from the lake margin to its depo-
center at 13.5 m provide evidence for low lake stands during the
late Pleistocene and Holocene. Thirty-one AMS radiocarbon
dates of macrofossils and pollen provide a century-scale chro-
nology. Prior to 12,700 *C yr B.P., the lake, which now over-
flows, was either seasonally dry or desiccated for prolonged
periods, indicating a severe period of aridity. Lake level rose
more than 18 m between 12,700 and 12,200 “C yr B.P. before
falling to 17 m below the level of overflow. Between 11,600 and
10,600 “C yr B.P. the water remained between 14 and 17 m
below the overflow level. Onlap sedimentary sequences were
formed during a transgression phase between 10,600 and 10,000
"C yr B.P. Between 10,000 and about 8800 “C yr B.P. the lake
was between 6 and 9 m below the overflow level. Lake level
again rose, approaching the overflow level, between 8800 and
8000 *C yr B.P. Seismic and core evidence of minor erosional
events suggest lowstands of 2—-6 m until 4800 *“C yr B.P. There
have been no prolonged periods of lake-level depression since
that time. The major restructuring of the climate system during
deglaciation evidently generated a complex set of fluctuations
in effective moisture in interior Alaska, which likely affected
eolian processes and vegetation development, as well as lake
levels.  © 2000 University of Washington.
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INTRODUCTION

Forecasts of future climate change are limited by our abilit
to model fluctuations in the climate system and to validat
these models with knowledge of past changes. The emphasis
most current paleoclimate research is reconstruction of pe
temperature changes, but fluctuations in the precipitatior
evaporation balance (P-E) are equally important and ha
recently been shown to occur over human time scales (Hod
et al., 1995; Curtis and Hodell, 1996; Binfordt al., 1997;
Abbott et al., 1997a,b). The Arctic and sub-Arctic are partic-
ularly sensitive climatically, as shown by recent work indicat
ing abrupt climatic shifts during the 19th and 20th centurie
(IPCC, 1990; Douglast al.,1994; Bradleyet al., 1996). This
paper reports the timing, magnitude, and duration of lake-lev
changes identified from seismic profiles (Moateal., 1994)
and core transects (Digerfeldt, 1986) at Birch Lake, near Fal
banks, interior Alaska (Fig. 1).

This is the first detailed, quantitative lake-level reconstruc
tion from Alaska based on stratigraphic analyses of sedime
cores and seismic data. The inferred shifts in P—E balance
the region provide important new paleoclimatic data on th
sub-Arctic (PALE initiative; Andrews and Brubaker, 1994),
which can be applied in several ways. Data may be compar
with those of other regions to assess long-distance and intt
hemispheric climatic teleconnections (PANASH initiative;
Bradleyet al., 1995). When combined with hydrologic mod-
eling, quantitative lake-level changes can provide estimates
paleoprecipitation (Barber and Finney, in press); these can
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FIG. 1. Map showing location in central Alaska of the Birch Lake study site, as well as Sands of Time and Jan Lake. Graphs of monthly precipitatiol
annual totals below the chart, are plotted from January on the left to December on the right with a vertical scale from 0 to 10 cm. Two points adehijlustr
this figure: (1) the seasonal distribution of precipitation and (2) the south—north and west—east moisture gradients.

compared with data from adjacent regions and with modeimterior Alaska it occurs between 13,000 and 12,060 yr
synoptic patterns to gain a better understanding of the causeBd?. (Edwards and Barker, 1994). Subsequent increases
P—E changes (Edward al.,in press). Paleoclimate data maypoplar and white spruce imply a further increase in temper:
also be compared with climate model output (e.g., Bartégin tures at 11,000-9000C yr B.P., coinciding with the northern
al., 1998) to assess model simulations of past effective molsemisphere summer insolation maximum. Multiproxy studie
ture (Mocket al., 1998). by Hu et al. (1996, 1998) indicated that the period betweel
Current knowledge of past temperature and effective mois1,000 and 8008'C yr B.P. was drier than present at Farewel
ture changes in Alaska is based mainly on pollen studidsake in the northwestern Alaska Range. Widespread eolic
Environmental conditions for critical periods (e.g., 18,00@ctivity during full-glacial time and intermittent reactivation of
12,000, and 6006'C yr B.P.) have been mapped and primargolian systems in late-glacial and early Holocene times al:
vegetational features have been identified (Barnoskyl., suggest generally arid conditions prior to the middle Holocen
1987; Anderson and Brubaker, 1993, 1994; Edwards a(ilenvé, 1975; Hopkinst al.,1981; Carter, 1993). Expansion of
Barker, 1994). Data suggest a marked increase in temperatoleck spruce and alder between 8000 and 68yr B.P.
and moisture during the glacial-interglacial transition. Warmesuggests wetter conditions.
growing conditions and a likely increase in the moisture bal- Lake-level records provide an independent and more dire
ance are indicated by a change from herb tundra to birameans to determine variations in the regional P—E balan
dominated tundra over all of northern Alaska north of théStreet-Perrott and Harrison, 1985; COHMAP, 1988; Harriso
Alaska Range. This change has been dated in the Tanana vadlegt Digerfeldt, 1993). Lake systems tend to respond rapid
(Fig. 1) to 14,000C yr B.P. (Ager, 1975), but at most sites inand be more sensitive to effective moisture changes than ve
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etation (annual-decadal vs century response) and usually haentify shallow-water environments and differentiate betwee
more highly resolved records than terrestrial eolian systemé$acustrine and subaerial sediments as additional methods
reconstructing lake-level changes.
METHODS Erosion surfaces were identified in cores by (1) abrug
transitions €1 cm) characterized by coarser-grained (fine san
Seismic Profiling and greater) sediments with high bulk density1( g/cn)
N . ' . underlying fine-grained organic-rich muds>10% organic
Twenty-two cross-lake seismic reflection profiles from Blrc_ atter), (2) highly fragmented shell material, (3) scour mark:

Lake were used to trace the acoustic stratigraphy and ideméfPfd (4) mud cracks. We used detailed core descriptions, sme

ﬁlurfaces assl())mgtegl Wlﬂ;]wategls\éechhangieS_ Th_e SEISMIC Rifye mineralogy, and radiocarbon stratigraphy to delimit erc
lles were obtained with an -Geopulse seismic Systelpy, ¢ races formed during low-water stands and subaer

(37 k.HZ) with andEhP(é 9820 digital grz:g);gc recordfer. Thsxposure. Shallow-water subfaciesd m water depth) were
acoustic source and hydrophone were to m apartfrom o nifie by comparison with modern shallow-water sedi

;(_he_ stgzrn _Of a /-m tla(oat. Emerggznt \éege]ctatlon n shhall(iw W_?_ ents, collected using a dredge, that are characterized by |
Imited seismic tracks to water depths of greater than 4 m. e presence of high concentrations of emergent vegetation

navigation was logged using the global positioning SySteg_‘coarse-grained matrix (silt to fine sand), (2) large amounts

(GPS) and by compass measurements. Seismic data were iatic plant macrofossilavivrionhviium and Potamoaeto
itally recorded with a DAT recorder for further processingabﬁj P Myriophy geton

d (3) sediments containing60% CaCQ composed of
Interpretations utilized both the unfiltered field records arlfglcifi(e()j macrophyte coatingsgand ofragmgnted gl?iStI’OpOd a
processed data filtered between 3 and 7 kHz. We used 1

“ ) X alve shells.
and 1500 m s* for the speed of sound in water and sediment, Sediment cores were taken on a transect from 2.5 to 13.5

respectively, to determine depth of reflectors and thicknessv%lter depth in the southern basin (Fig. 2) with a square-rc

sediment units. The instrumental error for depth of reﬂeCtOfJ?ston corer (Wrighet al., 1984). A single core was collected

on;;:tereq pr_ofllesf]ls al;)om:?é(_) Cr:nL K b d to identi rom the deepest part of the northern basin. Magnetic susce
e seismic profiles from Birch Lake can be used to identi bility was measured on whole cores at 2-cm intervals with

Omap sedimentary sequences and erosion surfaces associg&er ngton MS-2 Susceptibility Meter. Core lithology was de-
W'th Iake-l_evel Changesz despite two problems that affect_ tIf':g"rmined from smear-slide mineralogy and detailed core log
mterpr_etatl_on of acoustic records from shallow lakes. Flrémg’ including descriptions of Munsell color, sedimentary
aCOUSt'C_ _S|gnals may be qbscured by _exsolved_ gas from fuctures, and biogenic features. Other laboratory analys
composition ofin situ organic matter. Thls effe_ct is visible ONicluded water content, bulk density, and both organic matt
records throughout the northern basin and in patches of d calcium carbonate content by the loss-on-ignition (LOI

southern basin. A second problem occurs where sedim thod (Bengtsson and Enell, 1986). The laboratory measul

tr_ncknes_s _exceeds the water depth, and finging of the SOM&nts and detailed core descriptions were used to charactet
signal within the water column masks the seismic stratigrapfly, <odiment units and transitions

by overprinting multiples. Despite these complications, the
acoustic stratigraphy from Birch Lake is remarkably correla-
tive with the physical and geochemical stratigraphy obtained
from the sediment cores. One reason is the high impedance )
contrasts between different sediment facies encounteredS@ismic Stratigraphy
lacustrine basins.

RESULTS AND DISCUSSION

The two-dimensional perspective that seismic data provic
allows detection and mapping of erosion surfaces and onla
offlap sedimentary sequences that might otherwise go undet:

Although relative lake-level changes can be inferred fromed in single-core lake studies. For example, three erosic
analysis of a single, deep-water core, these estimates renmmirfaces and two onlap sequences are illustrated in Fig. 3. T
qualitative. Water-level variations can be quantified using coomlap transgression sequences resulted in organic-rich fir
transects to map and date the extent and timing of lake-legghined sediments being deposited at increasingly higher e
changes. Past lake-level changes were reconstructed usiatjons in the lake basin as water level rose. During periods
analysis of offshore changes in sediment facies determinedtgnsgression these newly deposited sediments formed a hi
core data. We used the methodology of Digerfeldt (1986Jensity contrast with the underlying shoreline sediments cor
supplemented by other lake-level indicators. The Digerfelgtised of coarse-grained mineral matter. This high impedan
method is based on determining changes with time in the deptintrast is detectable in the acoustic records.
of the sediment limit, which is the zone where the net accu- Detailed documentation of acoustic reflectors and sedime
mulation of fine organic material is low due to removal byayers is provided in Table 1, as well as an interpretation of th
waves and other physical processes. We have been ablelservations regarding changes in lake level. Comparisons

Sediment Core Transects
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radiocarbon dates from the same stratigraphic level are n
significantly different (compare CAMS-13587 with 13588 anc
CAMS-17026 with 18718). Reworking of organic matter is
possible during lake-level changes; therefore, only well
preserved macrofossils that werd00 um were used for“C
measurements. Accumulation rates were calculated using c
ibrated radiocarbon ages (Stuiver and Reimer, 1993) to es
mate the amount of time between dated strata.

Ager (1975) reported a series of conventional radiocarbc
dates from bulk-sediment samples at pollen zone boundaries
his Birch Lake record. The interpolated ages for the sam
boundaries in this AMS“C study are significantly younger,

* Scale
——
North om 500 m 1000 m

FIG. 2. Map of Birch Lake showing locations of seismic profile 1-2 and
cores K, F, I, D, G/H, and Z in the two lake basins. 0

the depths associated with acoustic layers (defined from seis-
mic profiles) with lithological units (defined by sedimentary

variations in the cores) show relatively consistent boundaries
(Table 2). The estimated match for depth and thickness of the
acoustic and sediment units is generally within the 30-cm error
range calculated for the filtered signal of 3—7 kHz used t&

-

process the seismic records. The match between the laie- |

bottom reflector (Bt) and the sediment—water interface in thfe
cores from deep watei(10 m) is poor, probably because the
water content of these fine-grained, organic-rich sediments is
high prior to compaction during the early stages of burial. The
relationship between the seismic reflectors and sediment units
improves to the=30-cm range below the Bt reflector.

Three low lake stands at18, 14-17, and 6—9 m below the 15
overflow level (BOL) were identified by mapping the distribu-
tion of irregular hummocky reflectors interpreted to be erosion

10 4

surfaces (Table 1). The basal reflector B-5 is characterized by _

irregular meter-scale hummocks that truncate underlying
strata. This reflector can be traced throughout all depths in
Birch Lake and is interpreted to be an erosion surface (ES-3),

indicating a period when the lake system was at least season- |

ally dry or completely desiccated. Two other sets of irregular

hummocky reflectors, ES-1 and ES-2, were identified in watérw__

depths above 9 and 17 m, respectively. The maximum depth%)f
the ES-2 unconformity corresponds with an onlap sedimentdry
sequence formed from 14-17 m depth. The maximum depths

of ES-1 and ES-2 are consistent at 9 and 17 m, respectively. ]
15

Radiocarbon Dates

Terrestrial macrofossils were not present in sufficient quan-
tity for AMS radiocarbon dates at most stratigraphic levels, so
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aquatic macrofossils were used when necessary to constrain théG. 3. Seismic profile 1-2 from the southern basin of Birch Lake, filtered

timing of important events. We estimatéC reservoir-age 5
associated with aquatic plant-macrofossils to be small for tﬁ

between 3 and 7 kHz, illustrates the acoustic stratigraphy along the transect
res K-G/H. Note the two sets of onlap sedimentary sequences formed duri
fe-level transgressions and erosion surfaces 1-3 highlighted by the illust

Birch Lake system (Table 3), in part because limestone is f@h in the lower part of the figure. The zones of gas accumulation are limite
found in the watershed. Two sets of paired aquatic—terrestri@the center of the lake and to the sill separating the two basins.
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TABLE 1
Description of Acoustic Reflectors and Layers
Reflector Layer Acoustic description Interpretation
Bt Continuous and traceable throughout the 2 basins, weaReflector Bt represents the lake bottom; water and organic matte

contrast in water in depths deeper than 10 m BOL content of sediments increase with water depth corresponding
with a decrease in grain size; the sediment-water interface
becomes difficult to identify accurately in deeper water

Bt to B-1 Faint parallel reflectors, draped, continuous, and High lake-stand, water level at overflow stage, and stable as

traceable throughout the two basins indicated by low variability in the acoustic and sediment
properties
B-1 Widespread, continuous, parallel character, stronger  Reflector B-1 could represent a small-scale low stahé m or

contrast and small amplitude hummocks in shallow less; however, possibly these features were formed by wave
water (aboe 6 m BOL) action or some combination of the two

B-1 to B-2 Draped, continuous, parallel, and traceable throughout High lake-stand, water near or at present overflow level; short
the two basins, small amplitude hummocks in periods of lower lake level as mucls 4 m BOL are suggested
shallow water (aboz 4 m BOL) by hints of erosion surfaces in acoustic profiles from shallow

water and by variations in sediment properties; however, these
characteristics could be the result of wave action

B-2 In water depths bel 9 m BOL this reflector is Reflector B-2 was formed during a lake-level rise from a low
continuous and parallel, but in water depths above 9 point 6 © 9 m lower to a level that approached or breached
m BOL this reflector is irregular, hummocky, and the overflow covering an erosion surface (ES-1) that had
has very strong contrast formed above the 9-m-BOL level
B-2 to B-2A Parallel and traceable in depths hel® m BOL Low lake-stand, water level between &dehm BOL
B-2A This reflector was not identified consistently in the 18 Reflector B-2A formed when water level decreased from
km of seismic profiles, but where present it is approximatel 5 m BOL to a level between 6 d® m BOL
parallel and traceable in depths b&l® m BOL
B-2A to B-3 Limited to depths bele 9 m BOL, parallel and High lake-stand, water level rose from 14 m to witti m BOL
traceable reflectors, gas obscures sediments in basin as indicated by shallow water sediments in Core K between
depocenter 5.3 and 4.8 m BOL
B-3 Strong contrast and parallel Rising water level from 14 m BOL to within BOL as

indicated by shallow water sediments formed in Core K
between 5.3 and 4.8 m BOL

B-3 to B-4 Parallel and traceable in water depths below 14-17 m Low lake stand; water level dropped at least to a level 17 m
BOL, onlap sequence between 14 and 17 m BOL, BOL resulting in erosion of sediments above the 17 m BOL
gas obscures sediments in basin depocenter level; an onlap sequence formed between 14 and 17 m BOL
indicates water level rose slightly during this time
B-4 Strong contrast, parallel, and limited to water depths  Small shallow lake with water level increasing from a low point
below 14 m BOL of 17 to 14 m BOL; an erosion surface (ES-2) formed in
depths above 14 m BOL
B-4 to B-5 Continuous and traceable in water depths below 14 m High lake stand; water level increased from complete desiccatior
BOL; irregular and hummocky in water depths above at 18.5 m BOL to at least 5.3 m BOL as indicated from
14 m BOL,; gas obscures sediments in basin sediments in Core K
depocenter
B-5 Very strong contrast, irregular, hummocky, and Reflector B-5 represents an erosion surface (ES-3) that formed
continuous throughout both basins; sonic ringing when the lake was desiccated, at least on a seasonal basis if
indicative of a strong density contrast not for prolonged periods

suggesting that the bulk-sediment dates were contaminatéder than the true age of deposition By8000 *‘C yr. The
with “old” carbon from the watershed (Table 4). This is aifference between the bulk sediment and macrofossil radit
common problem in Arctic lakes where carbon is stored on tlearbon ages is not as great after the initial transgressic
landscape for prolonged periods in soils (Abbott and Staffordpwever, they differ by 300 to-1000 yr, respectively.

1996).

In the Ager (1975) study, the increase in birch pollen o
curred at 14,730+ 830 ““C yr B.P. (I-8068), preceding the The suite of eight cores characterizes the depth—distance ¢
initial lake-level rise identified in this study, which dates tdribution of modern sediment facies along the transect and sho
approximately 12,306'C yr B.P. The AMS dates for the birch stratigraphic changes indicative of water-level fluctuations. Tk
rise of 11,500"C yr B.P. from aquatic macrofossils are interresults of sediment analyses from five representative cores (K,
preted to represent reasonable approximations, whereas Ithi2, and G/H) are presented in Fig. 4. The three unconformitie
bulk-sediment date of 14,736 830 *“C yr B.P. appears to be identified by seismic profiles are also noted in the cores. The ES

C‘S_ediment Core Transects



CENTRAL ALASKAN LAKE HISTORY 159
TABLE 2
Comparison of Acoustic and Sediment Boundary Depths
Core F Core | depth (m) Core D Core G/H
Sediment unit Acoustic Sediment Acoustic Sediment Acoustic Sediment Acoustic Sediment
Reflector transition depth (m) depth (m) depth (m) depth (m) depth (m) depth (m) depth (m) depth (m)
B-1 1to2 0.90 0.80 0.90 0.95 0.70 1.15 1.80
B-2 2t03 1.70 190 1.90 1.90 1.70 2.20 2.60
B-3 3/4to 5 or 5A 3.20 3.00 g 3.90
B-3 (ES-2) 3/4t0 6 2.60 260 3.20 3.00
B-4 50r5Ato 6 not present not present not present not present 3.70 g 4.5C
B-5 (ES-3) 6to7 2.80 2.85 3.40 3.30 4.20 g 5.00

Note.A “g” indicates not visible because of gas.

and ES-2 erosion surfaces are limited to water depths above 9 anSediment unit 7 forms the basal section underlying the ES.
17 m BOL, respectively, whereas ES-3 was identified in all corearface in all water depths (Fig. 4). This section is characte
from both the northern and southern basins. A summary of acoired by dry, compacted sediments with high magnetic susce
tic and sedimentary data and their interpretation in terms of latkility (100 to >500 Sl), coarse grain size, high wet and dry

level is presented in Table 1.

TABLE 3
AMS Radiocarbon Dates from Birch Lake Cores

bulk densities, low organic matterx@%), and low calcium

Laboratory number Depth Measured age Median calibrated age

(CAMS) Core (cm) Material measured (**C yr B.P.) (yr B.P.)
17032 K 370.5 >500 um aquatic macrofossil 4758 60 5540
17033 K 464.5 >500 um aquatic macrofossil 8786 60 9710
17034 K 477.5 >500 um aquatic macrofossil 10,036 70 11,235
17035 K 519.5 >500 um aquatic macrofossil 10,830 50 12,730
13592 K 548 >500 um aquatic macrofossil 12,016 70 14,000
13594 K 5715 >500 um aquatic macrofossil 12,186 70 14,220
13586 F 843 >500 um aquatic macrofossil 4278 70 4840
13587 F 907 >500 um aquatic macrofossil 6278 70 7180
13588 F 907 charcoal 6230 70 7110
13589 F 943 >500 um aquatic macrofossil 8068 130 8980
17029 F 974 >500 um aquatic macrofossil 10,496 60 12,410
17030 F 1006 >500 um aquatic macrofossil 10,636 60 12,560
13590 F 1030 wood 12,318 90 14,390
13591 F 1044 wood 11,938 70 13,910
17031 | 1227 >500 um aquatic macrofossil 9778 60 10,980
13583 D 1271 >500 um aquatic macrofossil 2328 70 2380
17026 D 1360 >500 um aquatic macrofossil 4798 90 5510
18718 D 1361.5 pollen 5106 120 5900
17027 D 1417 >500 um aquatic macrofossil 8458 60 9440
17028 D 1456 >500 um aquatic macrofossil 10,020 60 11,190
13585 D 1589 >500 um aquatic macrofossil 11,646 160 13,570
9586 D 1596.5 wood 12,308 90 14,370
13584 D 1611 >500 um aquatic macrofossil 12,020 90 14,020
25425 G/H 1530 pollen 4818 60 5580
25426 G/H 1604 pollen 6592 60 7400
25422 G/H 1604 >500 um aquatic macrofossil 6638 90 7500
25427 G/H 1643 pollen 848k 60 9450
25423 G/H 1691 pollen 9216 340 10,260
25424 G/H 1758.5 pollen 11,426 120 13,330
25420 G/H 1842 pollen 11,846 100 13,800
25421 G/H 1864 pollen 12,7886 60 15,080
22000 z 1690 >500 um aquatic macrofossil 12,446 200 14,560
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TABLE 4 carbonate content. These characteristics combined with e

Comparison of the Age of Pollen Zones Dated by Conventional  tremely low pollen concentrations (Bigelow, 1997) and the
Radiocarbon Measurements on Bulk Sediment (Ager, 1975) with  |ack of aquatic macrofossils support the interpretation that th
AMS Radiocarbon Dates on Macrofossils from This Study unit was deposited in a lake that desiccated at least on
Stratigraphic Macrofossil ~ Bulk sediment Laboratory Age difference seasonal basis if not for prolonged periods, resulting in th
level (*CcyrB.P) (“CyrB.P) number (*C yrB.P.) Oxidation of organic matter. The transition from sediment uni

7 to unit 6 is distinguished by decreased magnetic susceptib

Alder rise 7200 845@-150  I-8066 1250 ity, decreased dry bulk density (from1.4 to<1.2 g/cni), and

Spruce rise 8800 9185 325 1-8070 400 . .

Birch rise 11.500 14736 830 1-8068 3200 increased organic matter content (fren2 to ~5%) (Table 1).
(from Ager, 1975) The transition from unit 7 to unit 6 is abrupt (cm-scale) in core

Age
CalyrB.P. “CyrB.P.

5540 4750 + 60

9710 8780 + 60

11,235 10,030+ 70
12,730 10,830+ 50
14,000 12,010 £ 70
14,220 12,180+ 70

Bamaanasaynaaas sl e s e e M e e SR
25 50 0 0.5 1 15 0 10 20 30 400 5 10 15
Magnetic Susceptibility (SI) Bulk Density (g/cm3) LOI (%) Cal yr B.P.

Age

Calyr B.P. 14C yrB.P.
N

4840 427070

7180 6270+70
8980 8060+ 130
12,410 10,490 = 60

12,560 10,630 + 60
14,390 12,310 = 90
13,910 11,930 = 90

Depth (m)

|..||:|]||||-||I”|||.|.x-|.||| T T s s o | T
0 25 50 75 400 475 0 05 1 1.5 0 10 20 0O 5 10 15
Magnetic Susceptibility (Sf) Bulk Density (g/cm?3) LOI (%) Calyr8.P.

Age

00°G Calyr B.P. 14C yrB.P.
500° @y s LyBE

\— 10,880 9770 = 60

[rryrrr[rrrprrog r|_|_|'_|-|_|_|_|_|-|_|_m-r'_| [rrerqrrsrprrrrprror] [rrrryrrrrrrrror]
0 25 50 75 100 300 350 0 05 1 6 0 5 10 15 20 O 5 10 15
Magnetic Susceptibility (SI) Bulk Density (g/cm3) LOI (%) Cal yr B.P.

FIG. 4. Sediment analyses of cores K (2.8 m BOL), F (7.5 m BOL), | (9.6 m BOL), D (12.0 m BOL), and G/H (13.5 m BOL), including magn
susceptibility, bulk density, and loss on ignition (LOI) at 500° and 850°C. Core lithology was determined from sediment descriptions and srmézaersliogy .
Age—depth plots were made using calibrated radiocarbon ages.
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Age

CalyrB.P. “CyrB.P.
v——— 2380 2320+ 70

5510 4790 = 90

9440 8450 % 60

11,190 10,020 + 60
13,570 11,640 = 160
14,370 12,300 + 90

14,020 12,020 = 90

rn—n—rrn—rrr—r!—r'rl—!
0 25 50 75 100350 400 450 0 05 1 15 0 10 20 0 5 10 15
Magnetic Susceptibility (SI) Bulk Density (g/cm3) LOI (%) Cal yr B.P.

Core G/H

13.5

Age
CalyrB.P. “CyrB.P.

-
»
o

— 5580 4810 £ 60
£ 155 S
<

2

~ 16.5

£ 7400 6590 + 60
{ { { ) ': 9450, 8480 + 60
4 10,260 9210 + 340

“— 13,330 11,420 = 120

13,800 11,840 + 100
15,080 12,780 + 60

T T T v Iy [ TT T [ TT T [TT T [TTT
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FIG. 4—Continued

from all water depths and is identified as the erosion surfaoaly in cores from deeper than 17 m BOL, indicating it was
ES-3. formed during a regression phase and a low lake stand. Core
Sediment unit 6 is characterized by an increase in calciwontains the transition from unit 6 to unit 5A, which is char-
carbonate content in cores K and F, which corresponds to theterized dry compacted sediments with very low pollen cor
presence of concentrated shallow-water shell debris. The agatrations (Bigelow, 1997) overlain by sediments with ¢
of the base of unit 6 is 12,786 60 *“C yr B.P. (CAMS-25421) marked decrease in magnetic susceptibility, bulk density, ar
in core G/H, 12,4406+ 200™C yr B.P. (CAMS-22000) in core grain size. The transition from sediment unit 6 to unit 5A is
Z, and 12,180+ 70 “C yr B.P. (CAMS-13594) in core K. abrupt (cm-scale) and is identified as the erosion surface ES
These data indicate that the water level rose in both basins freimmwater depths above the limit of sediment unit 5A, the ES-
the paleo base-level at19 m BOL to near the overflow stageboundary occurs between sediment units 6 and 4.
within several centuries. Cores from deeper water contain onlySediment unit 5 is distinguished by an increase in she
fragmented shells and are characterized by greater magnetaterial and calcium carbonate content, suggesting shallo
susceptibility, coarser grain size, and higher accumulatievater conditions at core site G/H, which is currently more tha
rates. The transition from sediment unit 6 to unit 5 is foun@7 m BOL. Similarly, a decrease in magnetic susceptibility an
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an increase in shell material and aquatic macrofossils charaofthern and southern basins did not have a surfice connecti
terize sediment unit 5A. water levels rose at approximately the same time in bot
Sediment unit 4 occurs in cores collected from more thdasins, as indicated by the radiocarbon age of the ba:s
5 m BOL. Core K contains sediment unit 4A which is dacustrine sediments. The transition into lacustrine sedimer
shallow-water deposit formed during the same period, indicatecurred at 12,78G- 60 *C yr B.P. at 18.6 m BOL in the
ing that the lake was approximately 4—5 m below the overflogsouthern basin and 12,440200"‘C yr B.P. at 16.9 m BOL in
level. Decreased magnetic susceptibility, bulk density, amide northern basin. The younger age in the northern basin c
grain size, and increased organic matter content, charactebeeattributed to the higher stratigraphic level of the basir
sediment unit 4. The radiocarbon age of the base of this unitli&kewise, the radiocarbon age of the basal lacustrine sedimel
10,630+ 60 *C yr B.P. (CAMS-17030) in core F. Sedimentis generally younger at higher stratigraphic levels in the core
unit 4A is nearly pure calcium carbonate, with high concerirom the southern basin: (1) 12,78 yr B.P. at 18.6 m BOL,
trations. The radiocarbon age from the base of sediment uf#j 12,300+ 90 “C yr B.P. at 15.9 m BOL, (3) 11,93 70
4A is 10,830~ 50 *“C yr B.P. (CAMS-17035) in core K. The *C yr B.P. (CAMS-13591) at 10.4 m BOL, and (4) 12,180
top of sediment unit 4A has a radiocarbon age of 10,8300 70 *'C yr B.P. at 5.7 m BOL. The age distribution among core
“C yr B.P. (CAMS-17034) for core K. sites suggests that the transgression may have spanded
Sediment unit 3 is characterized in cores with sedimentC yr and may have had a complex history of small-scal
from more tha 9 m BOL (cores F, I, D, and G/H) by anwater-level fluctuations. Water levels reachef m below the
increase in organic matter content followed by a decrease. Tieerflow level, as indicated by a shallow water deposit in cor
increase in organic matter content is coupled with a decreasdirbefore falling again by 17 m between 11,600 and 11,4G0
magnetic susceptibility, grain size, and bulk density. The trapr B.P. (Fig. 5).
sition between units 3 and 2 is characterized by an interval of Supporting evidence within the region for an increase in th
lower organic-matter content (3% decrease), increased mB&gE balance over interior Alaska is found at several other site
netic susceptibility £10 Sl unit increase), and increased drpuring this period water levels also rose in Jan Lake in th
bulk density (0.2 g/crhincrease). The contact between unit¥anana Valley and Sands of Time on the Yukon Flats (Finne
4A and 2 in cores from ab@/5 m BOL is abrupt (1 cm) and et al., 1994, Fig. 1). Hamilton (1986) dated the Itkillik Il
marked by a shift from nearly pure calcium carbonate sedijtacier advance in the Brooks Range between 13,000 a
ments containing high concentrations of shell debr$@ 11,500%C yr B.P., and he correlated it with the McKinley Park
mm) to an organic-rich silt containing:10% calcium carbon- 1ll advance in the Alaska Range (Hamilton, 1994), whicl
ate. We interpret this sequence as a lake-level drop witkecurred between 12,500 and 11,500 yr B.P. (Ten Brink
erosion followed by a rise in water level forming erosiomnd Waythomas, 1985; Fig. 5). This evidence is consistent wi
surface ES-1. Organic matter content increases upwardwetter conditions between ca. 12,500 and ca. 11,5G0yr
deep-water cores in sediment unit 2 fropl0 to >15%. B.P. in the whole intermontane interior and in the Alaska an
Sediment unit 2 is characterized by an increase in orgarcooks ranges.
matter content at all water depths coupled with a decrease imAfter the initial lake-level rise in Birch Lake, water levels
calcium carbonate in shallow water cores. The rise in orgardecreased to-17 m BOL after 11,600“C yr B.P. and re
matter corresponds with a decrease in magnetic susceptibilitgined low until 10,600“C yr B.P. Shallow-water deposits
and bulk density in all cores. Radiocarbon ages for the basebafow 17 m BOL and an onlap sedimentary sequence th
unit 2 range from 878G~ 60 *C yr B.P. (CAMS-17033) in formed between 14 and 17 m BOL indicate a low lake stan
core K to 8060+ 130 *C yr B.P. (CAMS-13589) in core F. during this period. Low water levels are supported by ai
The transition from unit 2 to unit 1 is characterized by slightlgrosion surface formed above the 14 m BOL level.
higher magnetic susceptibility~5 Sl increase) and higher Bigelowet al.(1990) identified an increase in wind intensity
organic matter 3% increase). between 11,100 and 10,78 yr B.P. from grain-size shifts at
Sediment unit 1 is characterized by high organic carb@vlian sections along the Nenana River (Fig. 5). Although th
content in all cores coupled with low magnetic susceptibilitglimatic mechanism and link to the Younger Dryas remail
and bulk density. Radiocarbon ages from the base of sedimeontroversial, these findings are consistent with more-arid co
unit 1 are 4750+ 60 **C yr B.P. (CAMS-17032) from core K, ditions during this period. Further evidence of dune reactive
4270 + 70 *C yr B.P. (CAMS-13586) from core F, andtion during this time is found in the Teshepuk dune field ir
4790 + 90 “C yr B.P. (CAMS-17026) from core D. northern Alaska at ca. 11,008C yr B.P. (Carter, 1993).
Evidence from mountain glaciers indicates a general retreati
trend during this period in both the Brooks and Alaska range
Water levels in both basins of Birch Lake rose betweeronsistent with drier conditions.
12,700 and 12,20¢°C yr B.P. after the lake was either sea After ca. 10,600"C yr B.P., water in Birch Lake rose to
sonally dry or desiccated for a prolonged period, indicating awvithin 5 m of itsoverflow stage, as indicated by shallow-watel
arid phase prior to 12,708C yr B.P. Although initially the deposits in core K. Onlap sedimentary sequences betweer

Lake-Level History
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FIG. 5. Lake-level history of Birch Lake determined from seismic profiles and core transects. The thickness of the curve represents uncertainty i
levels. Correlation of transgression and regression phases with other studies is noted below the lake-level curve. Insolation changes fp®e @str1
B.P. relative to present are calculated from values given by Berger (1978a), Berger (1978b), and Berger and Loutre (1991). The insolation ttegivia is p
radiocarbon years for comparison with the Birch Lake data. Monthly insolation for the summer wet season (June—August) and transition months (I
September) peaks between 12,000 and 9000yr B.P.

and 12 m BOL in seismic profiles clearly show the lake The lake rose at 8800C yr B.P. and likely overflowed at
transgression. Ten Brink and Waythomas (1985) dated tleast on a seasonal basis after this time. The Birch Lal
McKinley Park Il advance between 10,500 and 9500 yr record indicates that early to middle Holocene climate be
B.P., roughly consistent with colder and/or moister conditiortmame increasingly wet, but was still drier than today. Nei
at Birch Lake. Sand deposition waned on the Nenana River ah@r acoustic nor sediment records show strong evidence
soils began to form during this period (Bigelat al., 1990). lower lake stands during the middle or late Holocene, im
Lower lake levels occurred during the early Holocene bglying that the hydrologic balance of the Birch Lake systen
tween 10,000 and 8800C yr B.P. as indicated by an erosiorhas remained positive since this time. Hints of low wate
surface in core K and a shallow-water deposit in core F. Thssands identified from seismic profiles suggest possible lo
period is marked by continued eolian activity, with considetake stands throughout sediment unit 2 until approximatel
able loess accumulation in the Tanana valleyw@el975). 4800 ''C yr B.P.
The eolian activity may reflect a drier climate directly or . .
increased alluviation of glacially derived material as mountaﬁ%ontrOIS Over Effective Moisture Changes
glaciers retreated under warmer and drier conditions. In eithefThe lake-level results from Birch Lake highlight four peri-
case, this is compatible with lowered lake levels. ods with different effective moisture characteristics: (1) a se
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vere phase of aridity prior to 12,766C yr B.P., (2) a two-step yr B.P. These wet phases appear synchronous among site:
increase in effective moisture between 12,700 and 10800 the Alaskan interior (Sands of Time and Jan Lake; B. Finne
yr B.P., (3) a prolonged period of drier than present conditionsmpublished data). The dry phase at Birch Lake (ca. 11,60(
between 10,000 and 480G¢C yr B.P., and (4) the late Holo 10,600™C yr B.P.) began prior to the onset and terminated i
cene, when P-E balance became more positive and Birch Lalke middle of the Younger Dryas interval.
overflowed (which made the watershed and therefore the lakeAs the Laurentide ice sheet waned, its effect on circulatio
record less sensitive to further increases in moisture balanaeduld have relaxed, and a westerly flow more typical of toda
Today in interior Alaska the main source of moisture is frowould have been reestablished (Bartletral., 1991). The first
air advected from the North Pacific in a westerly flow, prerapid rise in Birch Lake between ca. 12,700 and 12,2Q0yr
dominantly during the summer months. The strongly contineB-P. may be related to this major shift in hemispheric circula
tal climate means that during the short, hot summer, evapotian patterns.
tion levels can be high and water deficits are relatively The wet phases can also be roughly correlated with the tv
common. Edwardst al. (in press) discuss possible synopticperiods of accelerated sea-level rise identified by Fairban
scale variations that could give rise to different precipitationd989), Edwardst al. (1993) and Barcet al. (1996; Fig. 5).
evaporation patterns in the eastern interior of Alaska. Here Between 12,500 and 11,60¢C yr B.P., sea level rose from
focus on the larger-scale controls that may underlie the majtfd0 to 70 m below present (Fairbanks, 1989). The rate
changes in the late-Quaternary record, assuming that thesa-level rise slowed dramatically between 11,600 and 10,6
changes are representative of the Alaskan interior as a whdf€& yr B.P. Edwardst al. (1993) present New Guinea coral-
reef data that indicate a second rise, coupled with vigorot
Late-Pleistocene arid phase (pre-12,70CQ yr B.P.). Our ocean circulation, during the second half of the Younger Drya
results are consistent with past work that suggests a prolonged 11,200 U/Th yr B.P. The radiocarbon plateau makes cor
dry period during the late Pleistocene in interior Alaska, whigbarison of this second event and the record at Birch Lak
was considerably more arid than at anytime during the Holdifficult. However, the timing appears to be similar. Thus, ther
cene (Barnoskyet al., 1987; Bartleinet al., 1991; Anderson may be a possible hemispheric-scale link between more vi
and Brubaker 1993; Edwards and Barker, 1994; é¢dual., orous ocean circulation and increased advection of moistu
1996; Huet al., 1998). The presence of the Laurentide icato the Alaskan interior.
sheet, increasing summer insolation (greater than modern)The ice-sheet-circulation effect was presumably not th
cool sea-surface temperatures, and lower sea leve0Q m) cause of the dry phase between 11,600 and 10&D§r B.P.
are important factors that would have influenced climate at thieowever, summer insolation levels at 65°N were rising durin
end of the last glaciation. During the last glacial maximum, theeglaciation, and peaked between ca. 10 and 7% greater tt
Laurentide ice sheet generated a stable anticyclone that peesent during the period 12,000 to 9000 yr B.P.; value
flected westerlies southward of their modern track; this woulitbproached modern over the last few thousand years (Fig.
have reduced moisture advection to interior Alaska and gefhus, high levels of summer insolation, cool sea-surface ter
erated conditions drier than present (COHMAP, 1988). Thieratures, and sea-level still greatly lower than present m
pattern probably persisted until late-glacial time (Bartlein have combined during this period to produce conditions c
al., 1991). A cooler North Pacific probably had a moderatingelatively low effective moisture, perhaps enhanced by a les
effect on summer temperatures (Bartleiral.,1991). Peteett vigorous hemispheric circulation.
al. (1997) showed with modeling experiments that cooling
north Pacific sea-surface temperatures resulted in cooler atmoBrier-than-present early and middle Holocene (ca 10,000-
spheric temperatures and a strong decrease in precipitatiod890‘C yr B.P.). The early-Holocene lake lowering proba
adjacent regions. Thus a cooler North Pacific would likelgly reflects a suite of changes in the climate system. Levels d
result in drier conditions in interior Alaska. Sea level was monot fall as far as previously. Precipitation and evaporation wel
than 100 m lower than present prior to 12,78C yr B.P. probably greater than before, as the climate system develof
(Fairbanks, 1989), which left vast expanses of the Bering,truly interglacial character. The rapidly flooding continenta
Beaufort, and East Siberian shelves exposed. This would hatelves would have brought moisture sources closer to tl
increased the distance for moisture transport into the interioriaferior. Increasing sea-surface temperatures would probal
the continent, in contrast to present conditions. The combinkdve generated generally warmer and moister air masses t
effects of these factors are likely to have led to a much moaglvected eastward. On the other hand, high summer isolati
arid environment and to desiccated lakes or lakes at very l@and warmer air temperatures in the interior would have raise
stands. evaporation rates. The result appears to have been effect
moisture levels lower than those of the present during the ea
Two-step increase in effective moisture, 12,700-10;600 and middle Holocene.
yr B.P. The data from Birch Lake suggest two wet periods Birch Lake shows a clear rise at ca. 88¢fT yr B.P.,
punctuated by a dry phase between ca. 12,700 and 16%G00although it did not apparently permanently overflow at tha
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time. The mechanisms for this further rise are as yet uncleamaleohydrology of the tropical Andes from lake recor@uaternary Re-
but they may reflect the onset of positive feedbacks in the¢arch47,70-80.
climate system that would further influence temperature afgPot M. B., Binford, M. W., Brenner, M., and Kelts, K. R. (1997b). A 3500

moisture levels, such as might be generated by decreasinlggrerh:?aﬁéfnsiytg:sggﬂozlg‘gfllg\éel changes in Lake Titicaca, Bolivia

Sea-lce_ extent and a Ionger Ice'free_ season m_ the Bering iggr, T. A. (1975). Late Quaternary environmental history of the Tanan
(Bartlein et al., 1991) or the expansion of coniferous forest \jiey, Alaska.n “Institute of Polar Studies, Report 4,” Ohio State Univer-
across the region (Anderson and Brubaker, 1994). Given theity, Columbus.

interest in the possible feedback effects of coniferous forest @iderson, P. M., and Brubaker, L. B. (1993). Holocene vegetation and clima
the climate system (e.g., Foley al., 1994), the close correla- histories of Alaskaln “Global Climates since the Last Glacial Maximum”

tion between this moisture increase and the expansiftices ~ (H- E. W”%ht' J. E. KUtZ_bad:jv T Webgég/v. ';-C)R“dfj'maf" F-fA-_S"eet'
forest at Birch Lake and other lakes in the eastern interior of 0% and P. J. Bartein, Eds.), pp. 386-400. University of Minnesot

. . . Press, Minneapolis.
Alaska (Bigelow, 1397) should be further investigated. Anderson, P. M., and Brubaker, L. B. (1994). Vegetation history of northcer

. . tral Alaska: Mapped summary of late-Quaternary pollen d@tsaternary
Late Holocene moist phaseDuring the late Holocene the  ggience Reviewss, 71-92.
4 .
(past 4800“C yr B-P_-) values for most of the major controlszngrews, J. T., and Brubaker, L. (1994). The paleoclimates of arctic lakes ai
over the Alaskan climate system (sea-surface temperaturesstuaries (PALE): Goals and rationale of an international research progra

sea-ice extent, insolation) have been close to those of théournal of Paleolimnologyl0, 163-166.

present (Bartleiret al.,1991). Birch Lake began to overflow byBarber, V. A., and Finney, B. P. (in press). Late Quaternary paleoclimati
this time and apart from indicating that this is the wettest reconstructions for interior Alaska based on paleolake-level data and hydr
period in the past ca. 12,76fC yr B.P., its record provides no _ °%'¢ medels-Journal of Paleolimnology.

. . . . Bard, E., Hamelin, B., Arnold, M., Montaggioni, L., Cabioch, G., Faure, G.,
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approach to the reconstruction of past climate changes, and #)$\osky, c. w., Anderson, P. M., and Bartlein, P. J. (1987). The northweste
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. - - . P rtlein, P. J., Anderson, P. M., Edwards, M. E., and McDowell, P. F. (1991
was not characterized by unidirectional increases in tempePaLicin: P- J.. Anderson, P. M., Edwards, M. E., and McDowell, P. F. (1991
A framework for interpreting paleoclimatic variations in eastern Beringia

ture and moisture. On top of large-scale changes related t@aternary Internationallo, 73-83.

changing ice VOlume§ and .|nsolat|on, th.e.re may haYe beej@a!?‘tlein, P. J., Anderson, K. H., Anderson, P. M., Edwards, M. E., Mock, C. J
response to the hemispheric-scale modification of circulationthompson, R. S., Webb, R. S., Webb, T., Ill., and Whitlock, C. (1998)
that occurred before and during Younger Dryas time. OtherPaleoclimate simulations for North America over the past 21,000 year
patterns may only be fuIIy explained when we better under_Fetatures tof the siSmgIated gimgt\eﬂlsng4c;orgggrisons with paleoenvironmen
stand the effect of positive feedbacks (e.g., sea-ice, forest?ia-Quatermnary Science Revieus, 549-585.

i : -_::Bengtsson, L., and Enell, M. (1986). Chemical analysis‘Handbook of
cover) and the synoptic-scale patterns of climate VarlablllR?Holocene Paleoecology and Paleohydrology” (B. E. Berglund, Ed.). Wiley

that result from the major changes discussed here. Chichester.

Berger, A. (1978a). Long-term variations of daily insolation and Quaternar
ACKNOWLEDGMENTS climatic changesJournal of Atmospheric Scien@5, 2362-2367.
Berger, A. (1978b). A simple algorithm to compute long-term variations o
This work was supported by the National Science Foundation— daily or monthly insolation. Contribution 18, Universi@atholique de

Paleoclimates from Arctic Lakes and Estuaries Program (PALE)—grantLouvian, Institut d’Astronomie et de Geophysique, G. Lemaitre, Louvian
ATM-9200600 to the University of Alaska. A graduate fellowship and grants la-Neuve, B-1348 Belgique.
from the NSF-RTG at the University of Minnesota and the LimnologicaBerger, A., and Loutre, M. F. (1991). Insolation values for the climate of the
Research Center also supported the work. Field and laboratory assistance wigst 10 million yearsQuaternary Science Reviews§, 297—-317.
provided by Andrea Krumhardt, Michelle Luoma, Nancy Bigelow, Gale GarqBigelow, N. H., Beget, J., and Powers, R. (1990). Latest Pleistocene increa:

ner, Kaarin Tae, Lawrence Plug, and other students in the UAF Quaternary, \vind intensity recorded in eolian sediments from central Alagkaa-
graduate program. Discussions with Dave Hopkins and Dan Mann Wer&ernary Researct34, 160—168.

particularly beneficial to this work, as well as two anonymous reviews. This

PARCS Contribution 148. |'3§|gelow, N. H. (1997). “Late-Quaternary Vegetation and Lake-Level Change

in Central Alaska.” Ph.D. dissertation, University of Alaska, Fairbanks.
Binford, M. W., Kolata, A. L., Brenner, M., Janusek, J., Abbott, M. B., and
REFERENCES Curtis, J. (1997). Climate variation and the rise and fall of an Andeal
civilization. Quaternary Research7, 235-248.

Abbott, M. B., and Stafford, T. W. (1996). Radiocarbon geochemistry ®radley, R. S., Dodson, J., Duplessy, J.-C., Gasse, F., Liu, T.-S., and Markgr
ancient and modern lakes, Arctic lakes, Baffin IslaQdaternary Research v (1995). PANASH-PEP science and implementation. Paleoclimates of tt
45,300-311. Northern and Southern Hemispheres: The PANASH Project: 1-22. Pz

Abbott, M. B., Seltzer, G. O., Kelts, K. R., and Southon, J. (1997a). HoloceneGlobal Changes, International Geosphere—Biosphere Programme.



166 ABBOTT ET AL.

Bradley, R. S., Retelle, M. J., Ledlam, S. D., Hadley, D. R., Zolitschka, BHarrison, S. P., and Digerfeldt, G. (1993). European lakes as palaeohydrolo
Lamoureux, S. F., and Douglas, M. S. V. (1996). The Taconite Inlet lake cal and palaeoclimatic indicatorQuaternary Science Review, 2363—
project: A systems approach to paleoclimatic reconstructimurnal of 2348.

Paleolimnologyl6, 97-110. Hodell, D. A., Curtis, J. H., and Brenner, M. (1995). Possible role of climate
Carter, L. D. (1993). Late Pleistocene stabilization and reactivation of eolianjn the collapse of Classic Maya civilizatioNature 375, 391-394.

sand in northern Alaska: Implications for the effect of future cIimati(i_|Opkins D. M., Smith, P. A., and Matthews, J. V., Jr. (1981). Dated woor
warming on gollan landscapek “Continuous Permafrost. _Procegdlng_s, ,from Alaska and the Yukon: Implications for forest refugia in Beringia.
Sixth International Conference on Permafrost, South China University, Quaternary Researchs, 217-249

Vol. 1, pp. 78—83. Technology Press, Washan, Guanzhou, China.
Ito, E., Brubaker, L. B., and Anderson, P. M. (1998). Ostraco

COHMAP members. (1988). Climatic changes of the last 18,000 years: d't&‘-" F. S, . o N
servations and model simulatiorBcience241, 1043-1052. geochemical record of Holocene climatic change and implications for vec

. . tational in th thwestern Alaska RaQuet R h
Curtis, J. H., and Hodell, D. A. (1996). Climate variability on the Yucatan etational response in the northwestern Alaska Ra ernary Researc

Peninsula (Mexico) during the past 3500 years, implications for the Maya4g' 86-95.
cultural evolution.Quaternary Researchis, 37—47. Hu, F. S., Brubaker, L. B., and Anderson, P. M. (1996). Boreal ecosystel

Digerfeldt, G. (1986). Studies on past lake level fluctuatibméHandbook of development in the northwestern Alaska Range since 11,000 yrQi#-
Holocene palaeocology and palaeohydrology” (B. E. Berglund, Ed.), pp.!€Mnary Researci#5, 188-201.

127-143. Wiley, Chichester. IPCC Scientific Assessment (1990). Climate change: The IPCC Scientif

Douglas, M. S. V., Smol, J. P., and Blake, W., Jr. (1994). Marked post_lgth_Assessmenﬂn “World Meteorological Organization, United Nations Envi-
century environmental change in high-Arctic ecosystefsience 266, ronment Programme” (J. T. Houghton, G. L. Jenkins, and J. J. Ephraun
416-419. Eds.), p. 239.

Edwards, M. E., and Barker, E. D. (1994). Climate and vegetation in northétock, C. J., Bartlein, P. J., and Anderson, P. M. (1998). Atmospheric circt
Alaska 18,000 yr.Palaeogeography, Palaeoclimatology, Palaeoecology lation patterns and spatial climatic variations in Berindiaternational
109,127-135. Journal of Climatologyl8, 1085-1104.

Edwards, M. E., Finney, B. M., Mock, C. J., Barber, V., and Bartlein, P. J. (iMoore, T. C., Rea, D. K., Mayer, L. A., Lewis, D. M., and Dodson, D. M.
press). Potential analogues for paleoclimatic variations in eastern interio1994). Seismic stratigraphy of Lake Huron—-Georgian Bay and postglz

Alaska during the past 14,000 years: Atmospheric circulation controls ofcial lake level history.Canadian Journal of Earth Sciencgl, 1606—
regional temperature and moisture responQemternary Science Reviews. 1617.

Edwards, R. L., Beck, J. W., Burr, G. S., Donahue, D. J., Chappell, J. M. Apeteet, D., Genio, A. D., and Lo, K. K. W. (1997). Sensitivity of northern
Bloom, A. '-4 D[;‘ffel’ E.R. M., and Taylor, F. W. (1993). A large drop in  hemispheric air temperatures and snow expansion to North Pacific s
at_mozs3pher|é C/”C and reduced melting in the Younger Dryas documented grface temperatures in the Goddard Institute for Space Studies gene
with *Th ages of coralsScience260, 962-968. circulation modelJournal of Geophysical Researdi92, 23781-23791.

Fairbanks, R. G. (1989). A 17,000-year glacio-eustatic sea level record: InfpéNé’ T. L. (1975). The Quaternary geology of Alaska. United States Gec
ence of glacial melting rates on the Younger Dryas event and deep-ocean)gical Survey Professional Paper 385, 145 pp

circulation. Nature 342, 637—642. )
Street-Perrott, F. A., and Harrison, S. P. (1985). Lake level fluctuations.

Finney, B., Gardner, G., Edwards, M., and_ AbboFt, M. B. (1994). Late “Paleoclimate Data and Modeling” (A. D. Hecht, Ed.), pp. 291-340. Wiley,
Quaternary lake-level and pollen changes in interior Alaska. GSA Annuall\Iew York

Meeting, Seattle, 1994.
Foley, J. A., Kutzbach, J. E., Core, M. T., and Levis, S. (1994). FeedbacRlMiver, M., and Reimer., P. .J. (1993). Extgnd‘éﬂ data base and revised

between climate and boreal forests during the Holochiature371,52-54.  CALIB 3.0 "C age calibration progranRadiocarbors, 215-230.
Hamilton, T. D. (1986). Late Cenozoic glaciation of the central Brooks Rang&en Brink, N. W., and Waythomas, C. (1985). Late Wisconsin glacial chro

In “Glaciation in Alaska: The Geologic Record” (T. D. Hamilton, K. M. nology of the north-central Alaska Range—A regional synthesis and it

Reed, and R. M. Thorson, Eds.), pp. 9-50. Alaska Geological Society,implications for early human settlements. “North Alaska Range Early
Anchorage. Man Project” (W. R. Powers, Ed.), pp. 15-32. Natl. Geog. Soc., Washinc

Hamilton, T. D. (1994). Late Cenozoic glaciation in Alaska:The Geology ton, DC.
of Alaska” (G. Plafker and H. C. Bergs, Eds.), pp. 813—844. Geol. Soc. AnWright, H. E., Mann, D. H., and Glaser, P. H. (1984). Piston corers for peat ar
Boulder, CO. lake sedimentsEcology65, 657—659.



	INTRODUCTION
	FIG. 1

	METHODS
	RESULTS AND DISCUSSION
	FIG. 2
	FIG. 3
	TABLE 1
	TABLE 2
	TABLE 3
	TABLE 4
	FIG. 4
	FIG. 5

	ACKNOWLEDGMENTS
	REFERENCES

