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288 GRIGG AND WHITLOCK
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FIG. 1. Map showing Oregon study sites and other sites in Washington
(WA) and Oregon (OR) used for regional comparisons (ML, Mineral Lake;
DL, Davis Lake; BGL, Battle Ground Lake; IPF, Indian Prairie Fen; CA,
California; NV, Nevada). Insets show topographic maps of Little Lake and
Gordon Lake, with elevations in meters.

elevation forests comprise the Tsuga mertensiana Zone
(1500-2000 m elevation) and are composed of T. mertensi-
ana (mountain hemlock), A. amabilis, and minor amounts
of Picea engelmannii (Engelmann spruce), A. procera, P.
monticola, Pseudotsuga, and Chamaecyparis nootkatensis
(Alaska-cedar). In dry settings, Abies lasiocarpa (subalpine
fir) and Pinus contorta (lodgepole pine) are also components
of high-elevation forests. Open subalpine parkland of Pinus
albicaulis (whitebark pine), A. lasiocarpa, T. mertensiana,
P. contorta, and alpine herb species are found between 1900
and 2200 m elevation.

Little Lake (Lat. 44°10'N, Long. 123°35'W, 217 m eleva-
tion), which has a surface area of 1.5 ha (Fig. 1), is located
in the central Coast Range 45 km east of the Pacific Ocean.
It was formed ca. 42,000 cal yr B.P. by a landslide that
dammed Little Creek (Fig. 1). January and July averaged
temperatures from Noti, Oregon, 14 km to the southeast, are
4.4° and 18.4°C and mean annual precipitation is 1500 mm
(NOAA Climatological Data Annual Summary 1964—-1991).
Little Lake lies within the Tsuga heterophylla Zone, but the

local forest is composed primarily of second-growth Pseu-
dotsuga. The lake sediments have provided a pollen record
of the past 42,000 cal yr B.P. (Worona and Whitlock, 1995).

Gordon Lake (Lat. 44°21'N, Long. 122°15'W, 1177 m
elevation) is located in the western Cascade Range (Fig. 1)
in a small cirque of presumed late Pleistocene age. The
surface area of Gordon Lake is 2.6 ha. January and July
averaged temperatures from a nearby automated climate sta-
tion (Lat. 44°23'N, Long. 122°10’W, 1067 m elevation) are
0.83° and 15.06°C and mean annual precipitation is 2134
mm (K. T. Redmond, pers. commun., 1997). Gordon Lake
lies within the Abies amabilis Zone. The local forest contains
A. amabilis, T. heterophylla, Pseudotsuga, and A. procera
and minor amounts of 7. plicata and P. monticola.

METHODS

Cores from Little and Gordon lakes were obtained with
a 5-cm-diameter piston sampler (Wright et al., 1983). Sam-
ples of 1 cm® were taken every 4 to 8 cm (average of 177-
yr intervals) from Little Lake and every 4 to 8 cm (average
of 154-yr intervals) from Gordon Lake. Samples were pro-
cessed for pollen analysis with standard methods (Cwynar
etal, 1979; Faegri et al., 1989). Known amounts of Lycopo-
dium spores were added to each sample to calculate pollen
concentration (grains/cm®). Pollen was examined at 400 and
1000 magnification and identified to the lowest taxonomic
level possible based on modern pollen collections and pub-
lished atlases (McAndrews et al., 1973; Moore and Webb,
1978). Pollen grains not assigned to a taxon were called
““Unknown’’ or ‘‘Indeterminate’’ if corroded, degraded,
torn, or hidden. One thousand to 2000 terrestrial pollen
grains were counted for each sample. Terrestrial pollen per-
centages were based on a sum of terrestrial pollen and spores.
Percentages of aquatic taxa were calculated with the total
sum of pollen and spores. Pollen accumulation rates (PAR:
grains/cm*/yr) were determined by dividing pollen concen-
trations by deposition time (yr/cm) (Davis et al., 1973). Pol-
len zones were constructed based on the results of a con-
strained cluster analysis program (CONISS; Grimm, 1988).

Pinus pollen grains were separated into haploxylon and
diploxylon types if the distal membrane was preserved. The
haploxylon-type Pinus species in Pacific Northwest forests
are P. monticola and P. albicaulis. Their identification was
based on modern ecological associations, on phytogeogra-
phy, and, where possible, by the occurrence of plant macro-
fossils. Diploxylon-type pollen was attributed to P. contorta,
but Pinus ponderosa is a possible, although unlikely contrib-
utor. Pinus pollen lacking an intact distal membrane was
identified as ‘‘Undifferentiated Pinus.”” Pseudotsuga-type
pollen was assumed to represent P. menziesii rather than
Larix, which is rare west of the Cascade Range. Abies and
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Little Lake
Age (cal yr B.P.)
0 10,000 20,000 30,000 40,000 50,000
0 ! | ; | ! | | | ! J
4 — Age (cal yr B.P.) =-5083 +3140depth -
316depth® + 16.0depth®
g °
£ -
3 2 996
Q 12 T
16 —
B AMS ages
- 4 Mazama ash
20 ® Bulk sediment ages

Gordon Lake
Age (calyr B.P.)

0 6,000 12,000 18,000
0 1 I l | |

Age (cal yr B.P.) =2969 + 15747d' -
46133d? + 420180

g %]
K= .
=,
1]
o 12 —

16 —| WAMS ages

4 Mazama ash
-1 @ Bulk sediment ages
20 —

d=(d-m)/(M-m)

d = observed depth
d' = rescaled depth
m = depth of minimum date
M = depth of maximum date

Note: depth3 was highly correlated with other
predictor variables and was removed from
the equation.

GRIGG AND WHITLOCK

converted to calibrated years (cal yr B.P.) using the CALI
3.0 program (Stuiver and Reimer, 1993). Dates younger thaj
10,100 cal yr B.P. were calibrated with the bidecadal trex
ring data set and dates older than 10,100 cal yr B.P. wit
the U/Th and '“C coral data set (Stuiver and Becker, 199}
Stuiver and Pearson, 1993; Pearson and Stuiver, 199
Kromer and Becker, 1993; Bard et al., 1993). Ages >19,26]
14C yr B.P. were calibrated using methods described by Barf
et al. (1990) and Mazaud er al. (1991).

The chronology at Little Lake is based on 13 bulk radio
carbon dates, the age of Mazama Ash, and four AMS dates
(Table 1). The bulk-sediment dates were consistently 500 t
1000 cal yr older than the AMS dates. Similar age differ
ences noted in other studies have been attributed to ancien|
carbon from reworked organic material or submerged aquat
ics in carbonate systems (Tornqvist et al., 1992). The bed
rock surrounding Little Lake consists of noncarbonate volca

nic sediments. However, a steep catchment and relatively|

inorganic sediments (8—11% organics) suggest considerabl
allochthonous input during the late-glacial period; erosion
of ancient soils may have been a source of old carbon.

A weighted, third-order polynomial equation was used to
construct an age-vs-depth curve for the Little Lake core (Fig
2). The gradual changes in deposition rate generated with

this regression are consistent with those displayed by loss|

on-ignition data and lithology (Worona and Whitlock, 1995).
Four models using different combinations of weightings for
each date were considered in selecting the final age-vs-depth
model. The model chosen gave heavier weighting to AMS
dates and agreed well with regional pollen stratigraphic cor-

relations (Grigg, 1996). The four models differed in late-[

glacial age assignments by <150 yr.

Four bulk radiocarbon dates, the age of Mazama Ash, and|l

three AMS dates were used to construct a chronology for
Gordon Lake (Table 1). A weighted, fourth-order polyno-

mial was used to fit a sedimentation curve for Gordon Lake :
(Fig. 2). Two age models, with chronologies that differed
by <150 yr were considered; we use the model that gives]

heavier weighting to the AMS dates.
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The upper part of Zone L1.-2 through the base of Zone
LL-4 of Worona and Whitlock (1995) spans the late-glacial
period (15,700-10,200 cal yr B.P.). Based on our more de-

FIG. 2. Age-vs-depth curves and regression equations for Little Lake
and Gordon Lake. Age calculations were derived using calibrated ages (se¢
Table 1). Standard deviations for radiocarbon and calibrated ages are listed
in Table 1.
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FIG. 3. Pollen percentages for selected taxa and charcoal accumulation rates during the late-glacial period at Little Lake. Open curves represent fivefold
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no. grains Total sum of squares

exaggeration of black curves. Pinus includes diploxylon-type (P. conforta or P. ponderosa) represented by the open curve, haploxylon-type (P. monticola ot

P. albicaulis) shown with a hatched curve, and Pinus undifferentiated shown

with a black curve. Pollen zones were calculated using a constrained cluster

analysis (CONISS; Grimm, 1988). Radiocarbon age scale was derived using the CALIB 3.0 calibration curve (Stuiver and Reimer, 1993).

percentages of Alnus seen in Subzone LI.-3d (Heusser, 1978;
Mack er al., 1978). The subzone apparently represents a mixed
conifer forest composed of elements from mid- to low-elevation
forests west and east of the Cascade Range. P. monticola proba-
bly occupied cool, moist slopes, while Pseudotsuga was abun-
dant on dry, warm slopes.

Subzone LL-4 (11,000—10,200 cal yr B.P.; 9830-9230
14C yr B.P.) is similar to modern pollen percentages from the
Willamette Valley and low-elevation forests of the Cascade
Range (Heusser, 1978). Pseudotsuga was the dominant coni-
fer, and Quercus garryana grew in dry areas subject to fre-
quent fire. Corylus cornuta, Acer circinatum, and Polysticum
occupied the understory, A. rubra and Salix were present in
riparian areas, and Pteridium was seen in disturbed areas.

Gordon Lake

The late-glacial record at Gordon Lake is divided into
three pollen zones (Table 3; Fig. 4). Changes in pollen accu-
mulation rates are similar to those described for the percent-
age data. Zone GOR-1 (15,500-14,500 cal yr B.P; 13,040-
12,390 *C yr B.P.) is similar to modern pollen spectra from
subalpine parkland in the T. mertensiana Zone (Heusser,
1978), with high percentages of P. engelmannii, P. contoria,
Poaceae, Cyperaceae, and Artemisia. T. mertensiana, T. het-
erophylla, and Abies were probably present in smaller

amounts. High Picea percentages at the base of the zone
suggests that it was an important early colonizer of deglaci-
ated areas in the Cascade Range.

The presence of Abies, Pinus, Alnus sinuata-type, T. mer-
tensiana, and Dryopteris-type in Subzone GOR-2a (14,500
12,800 cal yr B.P.; 12,390-10,870 “C yr B.P.) indicates

GOR-2b

GOR-2a

a MC ages ‘
| equivalent 14

i ‘mid_ and
|(Heusser,
‘ cola, and

closed forest similar to the upper A. amabilis and lower §
T. mertensiana zones at present (Heusser, 1978; Sea and

Whitlock, 1995). Alnus rubra, Salix, and Spiraea were prob-
ably present in mesic and riparian areas. High percentages

of A. sinuata-type pollen imply areas of heavy snow accumu-
lation (Franklin and Dyrness, 1988). Subzone GOR-2b |

(12,800—11,000 cal yr B.P.; 10,870-9830 “C yr B.P.) re- |

sembles modern spectra from the T. mertensiana Zone, ex-
cept for the abundance of Pinus and Abies pollen, which is
similar to assemblages from high-elevation forests in the
eastern Cascade Range (Heusser, 1978). The forest was dom-
inated by Pinus (either P. monticola or P. albicaulis and P.

contorta), Abies (A. lasiocarpa, A. amabilis, and A. procera), |
and T. mertensiana. The local presence of Abies lasiocarpa
and T. mertensiana is confirmed by the occurrence of their '

needles within Subzone GOR-2b.

High values of Pseudotsuga-type in Zone GOR-3 |

(11,000—8500 cal yr B.P.; 9830—7760 **C yr B.P.) mark the f
beginning of the Holocene. Pseudotsuga-type, Pinus, and -

Abies percentages resemble those from modern forests at

800
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294 GRIGG AND WHITLOCK
DISCUSSION Vegetation Changes I(r;lfit::gg ggm'ﬁ
Annual Relative Sea
15,700-12,400 cal yr B.P. (LL-2a—LL-3c): Full-Glacial temperature  Level {m)
to Late-Glacial Transition 10000 —illeLake  Godontske Cold  Wam -0 0
. . i i S AN
The shift from open subalpine to closed montane forest 1| avercus, Poeudotsuga NI
at Little Lake between 15,700 and 14,850 cal yr B.P. implies 11000 |-ZAE Soraoh
a climatic warming equivalent to a 500- to 1000-m decrease i [ P— | F— '
in elevation. Present conditions of subalpine and montane 1] e !rgrgstm;;ﬂh
forests in the Pacific Northwest suggest that annual tempera- R 120007 ' I |w
tures increased by 2—3°C, but were still ca. 4°C below pres- o 7 ’
ent. Continued warming after 14,850 cal yr B.P. (LL-3a) is = 43000 Temperte
evidenced by the sudden appearance (within a century) of a Y Pseudotsuga | Closed
forest with Pseudotsuga, A. rubra, and Pteridium. These < ] Torast
taxa imply an increase in annual temperature of 3—5°C and 14000 | — e
a decrease in annual precipitation of 100-300 mm, com- 4 "‘$:‘n"1‘;:r:::s‘
pared to previous conditions. A prominent charcoal peak in 150001 M’Zr'l‘::‘e PlssiPinus
sediments dating from 14,900 to 14,850 cal yr B.P. precedes {1 forest | Insolation
the vegetation change and suggests a brief episode of in- 7] [Subalpine forest
creased fire activity (Fig. 3) (C. Long, unpublished data). 16000 o s

Pseudotsuga, A. rubra, and Pteridium are all disturbance-
adapted species; thus a shift toward warmer drier conditions,
coupled with one or a series of fires, would have enabled
the rapid vegetational change (Minore, 1979; Agee, 1993).
This vegetation and fire regime was apparently short-lived,
lasting <350 yr.

At 14,500 cal yr B.P. (LL-3b) the recurrence of a subal-
pine forest implies a return to cool humid conditions. The
sudden appearance of subalpine taxa suggests that they were
growing in the central Coast Range and could spread into
the Little Lake region with little delay. Warming is again
registered between 14,400 and 14,250 cal yr B.P. during the
transition to Subzone LL-3c by the reappearance of montane
and temperate taxa. A second charcoal peak, represented by
one sample, precedes high percentages of Pseudotsuga and
further implicates fire as a catalyst of vegetational change.
The dominance of Pseudotsuga and the presence of Abies,
P. monticola, and T. heterophylla from 14,250 to 12,400 cal
yr B.P. indicate that conditions were warmer and wetter than
before, although cooler than today (Fig. 5).

The vegetation at Gordon Lake between 15,700 and
14,500 cal yr B.P. (GOR-1) implies that conditions were ca.
3°C colder than present. Gordon Lake does not register a
warm period comparable to the Pseudotsuga interval at Little
Lake (LL-3a) (Fig. 5). The record does suggests that subal-
pine parkland was replaced at 14,500 cal yr B.P. by a closed
montane forest (GOR-2a) as a result of a 1-3°C warming
and a slight increase in precipitation.

Indian Prairie Fen, just north of Gordon Lake, also shows
a subalpine parkland between 16,400 and 14,500 cal yr B.P.
(Sea and Whitlock, 1995) (Figs. 1 and 6). A minor peak
(<2%) of Pseudotsuga pollen at Indian Prairie Fen between
15,750 and 14,750 cal yr B.P. may correspond with LI.-3a.

Winter July Insolation
precipitation  Anomaly 45°N (Wm?)

FIG. 5. Submillennial changes in vegetation and the inferred climate
during the late-glacial period at Little Lake and Gordon Lake. Variations
in millennial-scale climatic controls in the Pacific Northwest during the
late-glacial period are shown in the far right panel. July insolation anomaly
(difference from present) from Berger (1978). Relative sea level curve is
an estimate of changes in ice sheet volume (Fairbanks, 1989). Shaded area
indicates the Younger Dryas period in the North Atlantic.

A closed montane forest developed at Indian Prairie Fen
after 14,500 cal yr B.P. In the southern Puget Lowland,
Battle Ground Lake records an open Picea—Pinus parkland
and cool humid conditions from 18,000 to 13,000 cal yr
B.P., with little modification (Barnosky, 1985) (Figs. 1 and
6). The establishment of. closed forest occurred there after
13,000 cal yr B.P.

Several points may explain why a brief warming at 14,850
to 14,500 cal yr B.P. is thus far recorded only at Little
Lake. Evidence for the warming may have been overlooked
because of the coarse sampling interval of other records,
though not at Gordon Lake. In addition, the vegetation at
Little Lake is probably more sensitive to submillennial varia-
tions in climate and fire frequency, because of its location,
vegetation, or climate at that time. For example, the abun-
dance of fuels and relatively warm climate at 15,300 cal yr
B.P. may have made Little Lake more susceptible to fire
than sites near glacial margins. Fire, in turn, likely triggered
a response to short-term climate change at Little Lake.

12,400-11,000 cal yr B.P. (LL-3d): Pinus Period

At 12,400 cal yr B.P. an increase in P. monticola and
decrease in Pseudotsuga and A. rubra at Little Lake suggest

Ao (ralur R DY




‘J'd 1A 180 00011 PUe Q0S‘TT U29m1q (ad£1-uotAxopdey)
sMulg U1 9SEIdUT UB ‘ud oureld uelpu] 1y ‘d'd 1K [eo
000°TT PU® 000°€T U39M12Q 1SOMUMION ogIoed 343 Ul snuld
jo uorsuedxa Aq pardwr st aSueyo oneWIp [EUOCI3AI Y
‘(¢ *S1) uoneydoaid juepunqe
IIM SUONIPUOD JOJUIM 00D JO soudsisiod oy Sunsaddns
‘[eAIa)UI STY) UL SFURYD JOU OP safejuaoiad sa1qy pue puvisSud]
-1oui [ (6L6T “SIOUT]A) 3YInOIp Iowrwns £q poymuay] A[919A
-os s1 yowgm ‘pjikydoaasay p$ns] Ul SUI[OSp IYSIS Y} WOl
Sow0o 23ueYD ONRWI[D B JO I0USPIAD [BUONIPPY 'SISUIWNS
IOUIp ISWeMm UM 2I0J3Q UBY) frpeuoseas 107e13 sarjdwt
uonIsuel) SIYL, "] AN 18 vjoduuoul 'd Jo uorsuedxd o)
()1 SOPIOUIOD PUE }SII0] SUBIUOW onAydorex 0y onAydosaur
wo1y uonIsuen 9y} syrew (4Z-JOH) 'd'd 1K 182 00T pue
00871 USaM1aq 98] UOPIOD 1B sHuild UL STl uy

‘nonje1adoa ur )JIys d8re € Ul NSa!
0) ySnous jea1d jou sem Fulood Jey; sedIpUL ‘TOAIMOY
‘DypNULS Y PUB ‘DUDISUILLIW ], D21 SB Yons ‘soroads ouid
-[eqns puE AUBIUOW JO UISQY -uoneardojut siyy spoddns
OS[e ‘SAIBWIO PIWI SIOARY YOIYM ‘Ddgnd 'Y UL SULOIP YL
‘[[eJA0US QIOUI pUE SISIUIM I9[00D JO J[NSal ® A1oq1] 21oM
DSNSIOPNISJ JO SUI[IAP pue PjOdIUOUL °d JO uorsuedxa ‘sny[,
“(6L61 “QIOUTA) Y3NOIP ISISAT 0} Anjiqe S)l pue Mous pue
1501} 0) OUBII[OIUT SANE[AL SIT JO I[NSII B SE SUOHBAI[S MO
Je Juepunqe SI pSNSIOPNasd ‘SUONBA[D 43Sy e sermerodud)
P05 PUE SUOTIBAR[S MO] J& 1YSnoIp Aq paymw[ ST DjooyUOU
'd (8861 ‘SsPUIA( pue UIPYuRL{ ‘G961 ‘S[[omO,]) uonE[W
-NooE MOUS AABAY JIIA SIDJUIA P[OD PUEB SIdWIWNS KI1p uLres
£q pozualoRIRyd 918 ABPO) D]OdHUOUL “d JUEpUNqE yoddns
Jey) SBOIY °910Joq URY) SISUINS ISUP PUE SIAUIM I3]00D

“UMOYS OS[E 2I¢ JNUBPY YUON 3 Ul pouad seki(f Jo3unox 3 Jo pus pue Wels A, d¢-TT UOZ puE eg-T] ouoz jo uontsod ay)

MOUS SOUI[ PAYSE(] UCISUTYSEM WIAYINOS PUE U033 UINSIM UI SAIS WO adfy-v8nsjopnasd pue snuld Jo saZejuaorad uorjed [eroejd-ale] ‘9 "DIA

sabejusoled usjod

oy 02 0O
poeleen] b

oy 0c O oy 02 0
R

E

[T !

i Lol Lo bl

aje punoiy ajneg ua4 atlield uelpu|

oy 02 0O oy 0¢ 0 oF 02 0
.LLUJMLLUJJLU_LL]J.LLLJ Hl\ll IJ_LLL‘LLLU_‘ _OOOLL
— 00091
I T Y I W I R A EN — 00051
ee-T1 <
Tt AT - 31V >
«©
— 000¥ L i
(e}
L o
<
— 000l W
J v
— 0002t
og-T7 i
gT— — —Y—| — - 000!
AR rmanmnm b L L L gooot
d.-d 3 0 d o 0 WO
RS F L& e
‘\)o W o) 0(\\} W
by 67 (O ¥
X 6‘3‘
3 4
Q
@){en uoployn aye amn

S6T NOOTIO NI NOILV.LADIA TVIOVIO-HLY]

15983
pue ]

)
Po1935
211} 0]
1A e
-unqe
‘uone:
~RLIBA
8 Uol
*SPIO?
paYoo
aMry
0S8y

10e
pue |
1L e
puep
‘puey
uad

vare p
ST QAN
Ajewo
o St
suone
ayewr

(2




296

and increases in 7. mertensiana and Abies between 11,800
and 11,000 cal yr B.P., overlap with the Pinus period at
Little Lake and Gordon Lake (ca. 12,600-11,000 cal yr
B.P.) (Fig. 6). Battle Ground Lake has several peaks of Pinus
during the late-glacial period: an increase in diploxylon-type
(referred to P. contorta) from 15,750 to 14,750 cal yr B.P.,
followed by an increase in Pinus undifferentiated from
14,800 to 12,750 cal yr B.P. and finally by an increase in
haploxylon-type from 12,750 to 11,500 cal yr B.P. (Fig. 6).
The initial expansion of P. conforta has been ascribed to
favorable local edaphic conditions (Barnosky, 1985), but the
later haploxylon-type Pinus expansion (12,750-11,500 cal
yr B.P.) coincides with that in western Oregon, so suggests
a regional event. Davis and Mineral lakes in the southern
Puget Trough also show a peak in Pinus (mostly diploxylon-
type) that generally coincides with the Pinus interval in west-
ern Oregon (Barnosky, 1981; Tsukada er al., 1981).

One explanation for the Pinus period may be that summers
became progressively warmer and drier in the late-glacial pe-
riod (although conditions were not as xerothermic as in the
early Holocene), while winters remained cooler than at present.
Increased seasonality in the Pacific Northwest between ca.
13,000 and 11,000 cal yr B.P. is explained by the combined
effects of changes in the amplitude of the seasonal cycle of
insolation and the position and strength of the winter jet stream.
Variations in the seasonal cycle of insolation and in the size
of the Laurentide ice sheet have been shown to be important
controls of late Quaternary climate variations on millennial
time scales in the Pacific Northwest (Whitlock and Bartlein,
1997). Summer insolation was greatest between 11,000 and
10,000 cal yr B.P. (Thompson et al., 1993), which resulted in
higher summer temperatures and less precipitation. The corre-
sponding decrease in winter insolation would have been effec-
tive at keeping winter temperatures cooler than at present. Pa-
leoclimate model simulations for 14,000 cal yr B.P. indicate
that the jet stream had moved to its present position and that
the Laurentide ice sheet still produced a steep temperature
gradient at its southern margin, strengthening the jet stream.
The combination of these effects has been attributed to the
increase in winter storms in the Pacific Northwest during late-
glacial time (Thompson et al., 1993). Ice volumes were likely
large enough (Fairbanks, 1989; Peltier, 1994) to influence the
North American jet throughout the late-glacial period (Fig. 6).

An alternative explanation for the Pinus period may be
submillennial-scale climate changes associated with the
Younger Dryas event. If so, the evidence is most convincing
at Little Lake, where a cooling is registered between 12,400
and 11,000 cal yr B.P. The interval, however, lags Younger
Dryas cooling in the North Atlantic (12,900-11,600 cal yr
B.P.) by several centuries (Fig. 6). The already cool condi-
tions at Gordon Lake, Indian Prairie Fen, and Battle Ground
Lake may have obscured evidence of the beginning of a
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Younger Dryas event; however, as in the Little Lake record,
cool conditions at these sites ended abruptly and lag Younger
Dryas cooling in the North Atlantic.

11,000-10,200 cal yr B.P. (LL-4a): Early Holocene
Transition

After 11,000 cal yr B.P., the vegetation at Little Lake
was comparable to modern closed forests growing at low
elevations in the western Cascade Range. High percentages
of Pseudotsuga, Quercus, and Corylus indicate decreased
precipitation and warmer drier summers than before. After
11,000 cal yr B.P. Pseudotsuga forest was present at Gordon
Lake and Indian Prairie Fen, and Pseudotsuga and Quercus
grew near Battle Ground Lake (Fig. 6). The climate condi-
tions implied by these assemblages are attributed to the ef-
fects of increased summer insolation, including a stronger-
than-present eastern Pacific Subtropical High which is pres-
ently associated with drought in the Pacific Northwest (Fig
5) (Thompson et al., 1993).

Climatic Change in the Northeast Pacific Region during
Younger Dryas Time

Cooling during Younger Dryas time has been reported in
some, but not all, marine and terrestrial records in the north-
east Pacific region. Increases in 7. mertensiana or herb taxa
at 11 coastal sites in British Columbia between ca. 12,600

and 11,000 cal yr B.P. are interpreted as a shift toward cooler |
and wetter conditions (Mathewes, 1993). An increase in her- |

baceous taxa between 12,700 and 10,900 cal yr B.P. from
southeastern Alaska also suggests Younger Dryas cooling
(Engstrom et al.,, 1990). The coastal location of all these
sites suggests a transmittal mechanism that involves changes

in oceanic circulation (Mathewes, 1993; Hansen and En- |

gstrom, 1996). An oceanic mechanism is also implied by
evidence of increased bioturbation and cool-water planktonic
foraminifers between 12,970 and 11,200 cal yr B.P. from
the Santa Barbara Basin (Kennett and Ingram, 1995) and by

similar changes of Younger Dryas age in the Guaymas Basin |

in the Gulf of California (Keigwin and Jones, 1990).
Most records from the northeast Pacific, including those
in western Oregon, show that conditions throughout the late-
glacial period were not as cool as during the full-glacial
period. Another feature in common is that the late-glacial
cooling episode in the northeast Pacific lasted until 11,000
cal yr B.P., 600 yr after the end of the Younger Dryas event
in the North Atlantic. This discrepancy may represent lags in
the transmission of the Younger Dryas event to the northeast
Pacific region or, in the case of pollen records, lags in the
vegetational response to regional climate changes. The lack
of correspondence could also reflect age control problems
caused by the plateau in the radiocarbon calibration curve

between 10,900 and 12,300 cal yr B.P.; a broad range of
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