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Pollen analysis of a 752-cm core from Mono Lake, Mono
County, California indicates generally high lake levels 11,600—
7000 *C yr B.P., moderate lake levels until ca. 4000 *C yr B.P.,
and fluctuating levels to the present. Drying events, with lake
levels near or below the historic minimum are dated ca. 8800,
4000, 2400, and 1100 “C yr B.P. Chronologic control is provided
by six radiocarbon dates and six volcanic ashes. The rate of upland
vegetation change is greatest 11,000, 4000, and 1130 *C yr B.P.
Juniperus and Sequoaidendron pollen declines 11,000 yr B.P.,
marking the transition from late-glacial juniper woodland to Ho-
locene steppe. High values (5-20%) of Sequoaidendron pollen are
unique to this study and may indicate the presence of these trees
east of the Sierra crest. The pollen-based reconstructions of cli-
mate are generally cooler and wetter than today, with relatively
dry but cool climate during the early Holocene. The contrast
between higher lake levels and more arid vegetation during the
early Holocene can be explained by insolation-driven seasonality.
Greater summer insolation produced summer drought, but lower
winter insolation led to greater snowpack, greater spring runoff,
and higher lake levels. Increased Artemisia and other Compositae
pollen percentages mark the establishment of modern vegetation
ca. 2000 “C yr B.P. During the late Holocene, the pollen-based
reconstructions of climate generally match the Mono Lake fluctu-
ations proposed by Stine (1990), but fewer fluctuations are re-
corded. © 1999 University of Washington.

Key Words: Quaternary; vegetation; California; palynology;
climate change; biogeography.

INTRODUCTION

develops at ca. 13 m depth in open water; salinity increas
from 82 g I'* to 92 g I'* at that depth. Sodium is the major
cation (28 g I'), and chlorine (17.5 g1, carbonate (15.75 g

I "), sulfate (9.8 g1"), and potassium (1.4 g1), are the other
major ions.

The chief aquatic animals are brine shrirdgtémia monica
and brine flies Ephydra hiany which live on green algae
(Nannochloris, Ctenocladus cricinnajusdiatoms WNitzschia
frustulum), and cyanobacteria (Mono Basin Ecosystem Stud
Committee, 1987). Fish and cladocera presently do not live
the lake.

Meteorology and Hydrology

Three-fourths of the annual precipitation falls as snow in th
western Mono Basin, but the proportion of summer rainfa
increases eastward (Vorster, 1985). Total annual precipitati
ranges from 127 cm at the Sierra Crest to less than 16 cm e
of Mono Lake. Near the lake, soil moisture is below the wilting
point (moisture deficit) from April to October (Kruse, 1990).
Mean monthly temperature on the valley floor ranges from 0°
in January to 20°C in July.

Surface runoff originates almost entirely in the Sierra Ne
vada during spring snow melt. But flow is year round in sever:
of the streams entering the west side of the lake (Fig. 1
Surface flow from other watersheds may contribute minc
groundwater recharge to the lake (Kruse, 1990).

Paleoenvironmental Studies

Mono lake is a large (150 ki hypersaline lake (Mason, Mono Lake has been the topic of paleoenvironmental inve
1967) at the heart of a closed basin in eastern California atigihation since 1.C. Russell (1889) described its Pleistocer
western Nevada (Fig. 1). The region is characterized by grefiorelines and glacial moraines. Detailed reconstructions
topographic relief (3980-1950 m) and geologic heterogeneitgte-Quaternary and Holocene lake levels have been made
The Sierra Nevada to the west is comprised of granitic afilitnam (1950), Lajoie (1968), and Stine (1990). The Pleist
metamorphic rocks, but most of the basin is covered wittene shoreline at 2134 m (Fig. 1) formed while the lak
Holocene volcanic deposits, alluvium, Pleistocene lake depasrerflowed into the Owens River system through an outlet ez
its, and glacial outwash and till. of the lake.

In historic time, lake level has fluctuated from 1960 to Lajoie (1968) concludes that Mono Lake last overflowel
1942 m, and generally has been falling during the last 70 3,000 *“C yr B.P., with rapid desiccation interrupted abou
Mean water depth is 19 m and the maximum depth is 51 11,000™C yr B.P. The high-stand is approximately contem
southwest of Paoha Island (Schetlal., 1967). A pycnocline poraneous with the final (Tioga 4) Sierra Nevada glacial ac
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FIG. 1. Map showing location of Mono Lake and the 1986 core site.

vance (Phillipset al., 1996). Stine (1990) proposes an interand Owens lakes. The sediments of Walker Lake (Fig. !
mediate lake level (1980 m) ca. 3800 ca. yr B.P. withrovide a detailed record of climatic change from 30,000 t
lowstands ca. 1800, 1000, 720, 550, 380, and 190 ca. yr B1B,000*C yr B.P., but the lake, which is now 35-m-deep, driec
The 1800 and 1000 ca. yr B.P. minima are below the histoffiom ca. 15,000—4658C yr B.P. After the lake’s refilling, an
lowstand (1942 m; Stine, 1990). interval of low lake level 2500—-2100C yr B.P. is recorded by
Reconstruction of late-Pleistocene climate and vegetatitre pollen and seeds of halophyfuppiaand radiocarbon-
for the region include palynological studies of Black Lakelated tufa deposits. However, the climatic interpretation of tr
(Batchelder, 1970; Fig. 1), Walker Lake (Bradbuey al., lake-level record is complicated by diversions of the Walke
1989), and Owens Lake (Woolfenden, 1996; Litwen al., River into and out of the lake basin (Bradbuwetal., 1989).
1997). The most complete Black Lake core (Batchelder, 1970)Pollen analysis of Owens Lake core OL-92 likewise i
dates to 11,350'C yr B.P., and contains five volcanic ashedruncated by early Holocene lake desiccation (Woolfende
The pollen assemblage is dominated Bynus (pine) and 1996; Litwin et al., 1997). The late-glacial pollen spectrum
Cyperaceae (sedge). Peak percentagesAoibrosia and is dominated byJuniperus(20—60%), and the early Holo-
Chenopodiaceadmaranthusindicate low effective moisture cene spectrum by increasingmbrosia, Artemisia,and
during the early Holocene (11,350-523(C yr B.P.), with Chenopodiaceadmaranthus.Packrat midden analysis pro-
maximum aridity 6000—-7008C yr B.P. A similar chronology vides a similar vegetation chronology. Middens from the Ala
of early Holocene aridity (10,000—45066C yr B.P.) is docu- bama Hills (Koehler and Anderson, 1995), just north of Owen
mented by Anderson and Smith (1994) for high-elevation lakéske (Fig. 1), record the demise of juniper woodladdir(i-
and meadows of the Sierra Nevada. perus utahensjsand the establishment of Holocene taxa suc
Early-Holocene aridity resulted in the desiccation of Walkeas wolfberry Lycium andersoni 11,000—8000"C yr B.P.
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Pollen frequencies in the middens are similar to those bbn dates are not used in calculating sedimentation rates in
Owens and Black lakes, with juniper pollen dominating duringore. The wood sample at 60—70 cm contains only 0.4 g C, a
the full- and late-glacial time, and the Holocene assemblaite date of 1950"C yr B.P. (Table 1) is older than the
dominated by ChenopodiaceAearanthus, Ambrosia, Arte-underlying tephra and radiocarbon dates. The date of 4€D5

misia, and other Compositae. yr B.P. is rejected in favor of the date on pollen (AA 6873
Table 1; Longet al., 1992). The date of 12,260C yr B.P. at
METHODS 365-375 cm is clearly wrong and illustrates the potentic

hazard of dating small plant remains or charcoal from lak

The sediment core was taken in 280-cm water depth on thediment.
western margin of Mono Lake (Fig. 1) on August 31 and Eight volcanic ashes are present in the core (Table 1). Fi
September 1, 1986, when the water surface elevation wafsthese are identified by Sarna-Wojcicki as Mono Cratel
1945 m 3 m above the historic minimum. The coring localityashes, which are differentiated based on stratigraphic cons
was selected on the delta of Post Office Creek to ensure raprdtions and hydration rind thickness (Onken, 1991). Two ¢
sedimentation and to provide terrestrial plant macrofossils fire ashes are from Mount Mazama (6700 and 698G B.P.,
radiocarbon dating. Table 1). Mono Lake is the southernmost reported occurren

Volcanic ashes were analyzed by Andrei Sarna-Wojcickf these ashes. The ash at 200 cm (ca. 37G0/r B.P., Table
and Jill Onken, and radiocarbon samples were sent to Béjawas overlooked during preliminary description of the core
Analytic and the University of Arizona NSF accelerator faciland it has not been studied. The ash at 445 cm is a Mol
ity. Because the carbon cycle of Mono Lake is not in equilibCraters ash that has not previously been reported or dated.
rium with the atmosphere, bulk sediment, which contains theThe resultant age model (Fig. 2) for the Mono Lake cor
remains of aquatic organisms, cannot be used for radiocarlsbows only one apparent gap in sedimentation of greater th
dating. Sufficient wood was present at 60—70 cm for dating layfew centuries duration, between 60 and 70 cm depth (56(
standard methods, but accelerator-dating samples were hai2B0 “C yr B.P.), bracketed by the North Panum and Mon
picked terrestrial macrofossils. Tephra 2 ashes (Table 1). In general sedimentation is slow

Routine pollen extraction, including the addition of tracer€p.52 mm/yr) after 7000°C yr B.P. than before (0.94 mmi/yr,
acid digestion, and acetolysis, produced abundant, wehig. 2).
preserved pollen (Davis and Kailey, 1990). The identification The various sand layers in the core (Table 1) may result fro
of Sequoiadendropollen is based on the presence of a papilldowstands, flood deposits, avalanche debris, or un-recogniz
Although this morphological character also appearSequoia volcanic tephra. Sand layers at 1, 62—69, 160, 217-225, 59.
and Taxodiumpollen, the presence of these taxa in the Sierf#7 cm (Table 1) probably represent lowstands. The surfa
Nevada during the late Pleistocene is not plausible. Cupraesnd layer is correlated with the historic lowstand when th
saceae pollen probably is mostlyniperuspollen, butCalo- lake surface was near the elevation of the sediment surface

cedruspollen might also be present. the coring site. The sandy units, including the surface on

Dates used for the lake core are interpoldf€@idates, based generally match hot—dry intervals discussed below. The te
on the radiocarbon analyses presented in Table 1. sandy layers below 666 cm (955(C yr B.P.) may record lake

drying, but they could result from floods or avalanche debri:

RESULTS AND INTERPRETATIONS The dense layer of thinolite tufa from 661—666 cm indicate

intensely cold water. Shearmahal. (1989) have analyzed the

The 752-cm core consists of finely laminated gyttja (lakdevelopment of thinolite in Great Basin lakes. The thinolite
mud), sands, and volcanic ashes (Table 1, Fig. 2). The entirgstals diagenetically replace ikaite, which forms ca. 0°C. Fc
core was black and emitted a strong odor of hydrogen sulfid&ite to form in the sediment, the entire water column mus
when first taken. The core slowly oxidized to dark yellowishave been near freezing. The thinolite zone (611-666 c
brown (10YR 3/4). Distinct laminations from 230 to 594 cn{9000-9520 yr B.P.), Table 1) matches a cold period in th
(Table 1) are currently under study. The sediment stratigrapblymate reconstruction (discussed below).
of the core is similar to that of cores taken by Stine (1990) andThe pollen diagram (Fig. 3) is dominated Bynus (up to
Newton (1994), except that it is longer and more complet®0%) andArtemisia(sagebrush, 10—-20%). Arboreal types (Cu
Newton (1994, Fig. 11) presents an illustration for the core thatessacead,suga mertensiana, Quercumd Sequoiadendron
does not match the description in Table 1. In particular, | ségiant sequoia)) are relatively abundant, and non-arboreal typ
no evidence that the thinolite crystals at 611-666 cm aage generally scarce. The pollen concentration is higher (ave
redeposited. | see no erosional surface at the base of #uye 60,600 grains/cth before 700"C yr B.P., and lower
thinolite unit, and the basal layer of sand (748—-752 cm) is thifgverage 24,500 grains/¢jrfrom 7000—-2000“C yr B.P. The
is not cross-bedded, and is not a volcanic ash. higher sedimentation rate during the earlier period (0.94 mn

Six radiocarbon dates and six volcanic ashes provide chgg; Fig. 2) yields a much higher pollen accumulation rate
nologic control for the core (Table 1, Fig. 2). Three radiocabefore 7000*C yr B.P. (5700 grains/cfyr vs. 1270 grains/



246 OWEN K. DAVIS

TABLE 1
Mono Lake Core Sediment Stratigraphy, Radiocarbon Dates, and Volcanic Ashes
Sediment C date Volcanic Reported
depth depth Lab “C age ash depth Volcanic ash ash age
(cm) Sediment description (cm) number (**C yrB.P.) (cm) identification (**C yr B.P.)
1-62 Gyttja, silty, laminated from 37-59 cm, 65 North Panurh 560+ 20
sand 0-1 cm
62-69 Sand, wood fragments (€fopulug 60-70 Beta-21036 19560 110°
common
69-130  Gyttja, silty, laminated from 147-154 cm 72 Tephta 2 1200+ 40
130-230 Sand and silt, dense sand units at 160, 140-150 AA-2517 2086 135 Tephra 3 1730+ 30
217-225 cm, volcanic ash at 135 and 200-205 AA-6873 37360 200 Unidentified (373& 60)
200 cm, ostracods present below 200 cm 200-205  A-6267 4605 60°
230-594  Gyttja, finely laminated ca. 10 laminations  365-375 AA-2518 12:2600° 349 Mazami 6700+ 100°
per cm, volcanic ashes at 349, 363, 450-460 AA-2519 74820 363 Tsoyowata 6990+ 300
405, and 445 cm 405 Mono Craters ? (7200)

445 Crooked Mdw. Al 7270+ 80
594-597 Sand (ca. 8880 yr B.P.)

597-611  Gyttja, very finely laminated ca. 13 600-610 AA-2520 899@ 105
laminations per cm

611-666 Large thinolite tufa crystals, upright and 655-660 AA-5802 945@ 95
penetrating sediment layers

666-752  Gyttja, coarsely laminated ca. 2 710-720 AA-4692 10,765 105

laminations per cm, thin sand layers
present at 684—-686, 704—705, 707-708,
713-715, 717-718, 720-721, 723-725,
731-732, 741-742, and 748-752 cm

#0Onken (1991).

® %C data not used in age model.

¢ Mehringeret al. (1977).

¢ Davis (1978).

¢ Identification by A. Sarna-Wojcicki.

cm?/yr). Given the relatively minor changes in pollen percenta. 7800™C yr B.P. In surface sample studies, Andersol
ages ca. 7000°C yr B.P., it is unlikely that the different (1990) found thaBequoiadendropollen drops to background
accumulation rates result from vegetation change. Rather, tlidues 5%) within 1 km of big tree $equoiadendron
changes in sedimentation and accumulation rates probably greves.Sequoiadendromppears to have occurred east of the
due to changes in pollen transport to the lake, i.e., greatierra Crest, near Mono Lake, during the early Holocene, b
discharge of the streams flowing into the western margin of tidthout macrofossil confirmation, an alternative explanation ¢
lake (Fig. 1) prior to 7000"C yr B.P. The increased pollenstrong transport of pollen from the western Sierra Nevac
concentration after 2006'C yr B.P. can be given a similar cannot be eliminated.
interpretation, high stream discharge carrying pollen and clas-Coenobia and zygospores of freshwater algaetrfococ-
tic sediment into the lake. cus, Pediastrumand Spirogyrg are common below 620 cm
The major features of the pollen diagram (Fig. 3) includ@250"C yr B.P.). These microfossils indicate low salinity, but
modest increases (5%) of ChenopodiacAasranthusand their presence in the thinolite unit (Table 1) suggests the
Sarcobatugpollen 9000-50006"C yr B.P. and establishment ofoccupied a freshwater epilimnion above saline hypolimnior
modern pollen frequencies after 208 yr B.P. These fea- which implies a deep lake. Today a chemocline develops
tures are consistent with other pollen diagrams of the area (FI@ m depth in open water (Mason, 1967), but the surface wat
1; Black Lake (Batchelder, 1970); Alabama Hills (Kohler ané usually hypersaline, so water depth 40 m above the thinoli
Anderson, 1995)) that call for early-Holocene aridity. Likeunit (Table 1) is not unreasonable (i.e., lake surface ca. 1980
wise, the higher*$10%) Cupressaceae values prior to 11,006f. 1980 m for 3800 ca. yr B.P. maximum (Stine, 1990) an
“C yr B.P. and the increase&temisiaand Chenopodiaceae-2134 m for pluvial maximum (Putnam, 1950)).
Amaranthusafter 2000*C yr B.P. are consistent with these Low percentages oBotryococcus, Pediastrunand Spiro-
studies. However, the abundant (5-208€quoiadendropol- gyra from 670 to 720 cm (10,000-10,80¢C yr B.P.) are
len is a unique feature of this diagram (Fig. 3). The frequencibsacketed by peak values of these types and for charcoal (F
are <1% after 10,700°C yr B.P., and the latest occurrence i8). Also, Sequoiadendrorand Cupressaceae percentages fa
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tions for the interval are similar to the rest of the early Holo
cene (Fig. 4).

Figure 4 illustrates the calculation of vegetation chang
and climate based on Mono Lake pollen stratigraphy. Ve
etation change is computed as the squared chord distar

}950)
1 1200 0.52 mml/yr

730
(4605)

'E 300 between adjacent samples (Jacobson and Grimm, 1986). 1
3 % 1 Mono Lake (12,260)  calculations are based on 17 upland pollen types with pe:
7 3400‘_ Age Model abundances greater than 2%. These analyses show varia
g 8 500 4 ity in the early and late Holocene, and peak values of chang
s ] 0.94 mm/ 11,000, 4000, 2400, and 113{C yr B.P. The 11,000°C yr
o 2 1SAND 00 9% mmiyr B.P. peak marks the decline of Cupressaceae$eqlioia-
THINOLITE - 4 dendronand the increase dinuspollen (Fig. 3). The 4000,
700+ 2400, and 1130°C yr B.P. events coincide with sand layers

1076550,

A —V—————1+——————— in the core (Table 1) and likely reflect major upland vege
asveleanieash 9 2000 4000 6000 8000 10000 tation change coinciding with Mono Lake lowstands. Sim
Age (“Cyr. B.P.) ilarly, the frequent peaks of vegetation change (Fig. 4) an
FIG. 2. Sedimentation age model for the Mono Lake core. Averagg']e numerous S_and Iayers (Table l) may indicate near dryn
sedimentation rates shown for after and before 7000 yr B.P. Small numbers@fethe lake during the early Holocene. One of the coldes
radiocarbon ages of sediment, dates (squares), or volcanic ashes (triangeggnts in the record (9400 926 yr B.P. (654—640 cm),
“+" symbols are positions of pollen samples. Numbers in parentheses are pr 4) coincides with the thinolite unit in the core (Fig 2)
used in age model. Sediment composition shown at left. Nine narrow (less tiBa\ ' hinolite i 520 814 B.P e
2 cm) sand layers between 685 and 742 cm are not shown. ut no thinolite is p_resgnt at cm ( yr B.P.), an
even colder event in Figure 4.

The climate reconstructions (Fig. 4) are based on compa
during this “low algae” interval (Fig. 3). The dates match thosgon of each fossil sample with a database of 1400 contemp
of the Younger Dryas, so environmental change coincidefatry surface samples (Davis, 1995). Annual precipitation ar
with this event is recorded; however, the climate reconstruemperature are calculated as the average of the precipitat
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FIG. 3. Summary pollen diagram for the Mono Lake 1986 core. Positions of age controls are shown on left. “A” is volcanic ash. “C” is a radiocarbo
for the sediment. Lines to the right of filled curves are<l®xaggerations. Algae and charcoal (far right) are not included in the pollen sum, but their abunda

are recorded as percentages of the pollen sum.
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(Fig. 3) probably result from oxidation during lowstands anc

5

8 047 reworking during subsequent highstands.

Z 03] Mono Lake

é 0.2 Rate of Change CONCLUSIONS

g 0.1 12005 Late-Glacial and Early Holocene: 11,600—-706 yr B.P.

200 Precipitation 1233% Lake levels were high but fluctuating based on sediment

% 12 5 6008 tion rates, pollen concentration, moderate percentages of fre:

Q,w_' _______________________________________________________________________________________ 400% water algae, and sand layers. Before 96@yr B.P., the lake

g ] Temperature i M A 200§ was deep (surface elevation ca. 1980 m (Stine, 1990)) a

S 8- o chemically stratified, based on the coincidence of thinolite tuf

g (saline hypolimnion) and freshwater algae (fresh epilimnion]

e 67 The high sedimentation rates and high pollen concentratic
T T T T T T indicate that stream discharge from the adjacent Sierra Neva

12000 10000 8000 6000 4000 2000 0

" range was sufficient to maintain relatively high lake levels

CyrB.P. However, the 8806C yr B.P. (594-597 cm) sand layer (Table

FIG. 4. Reconstruction of vegetation change and climate for the Mond: Fig. 2) may record a drying event. If so, it was of muct

Lake 1986 pollen core. Vegetation change calculations are squared chehibrter duration than the desiccation of other lakes in tt
distances between adjacent samples, corrected for sedimentation betwegfion (Bradburyet al., 1989; Litwin et al., 1997).

dated horizons. Climate reconstructions are averages for best analogs (squarer.he transition from Iate-glacial to Holocene vegetation—
chord distances<0.14) in a 1400-sample database of modern samples. “DR”

is Dechambeau Ranch highstand. M is Marina lowstand. marked by reduced CuPressaceae aﬁquOiade,ndron
percentages—took place 11,086C yr B.P., accompanied by
high vegetation-change rates. The high (2®éyuoiadendron

and temperature values of the modern analogs. Note that s%ﬂ-uis are a unlquehfeattjlre gf thet Mfo?;]) L;ke pollentst:fc:j
ples older than 11,008C yr B.P. (with highSequoiadendron |%rg)lfgqucgapmay ;\\{;e t'lve easl 0 E tllerra ctres - AT
values) do not have analogs (Fig. 4), so no climate values gt% dyih ’ f preclzlpl ation was ?Werl,( ut IO\IiverI emlperar
calculated. The temperature in modern giant sequoia grm{ggel ar?. h Leretore, owter evaporation teg batr? EVels el
(10-15°C; Harveyet al., 1980) is higher than the early- IVely igh. Low empera4ures are suggestea by the presence
- thinolite tufa 9520—9000°C yr B.P. and the low temperature
Holocene values shown in Figure 4. .
. , . . ..recorded 9400-9208'C yr B.P. (654—640 cm, Fig. 4), and
The climate reconstructions show considerable varlablhf S .
. . ' precipitation is suggested by the elevated values
during the early and late Holocene, corresponding to freque : S
. . enopodiaceadmarantusand Sarcobatugollen, which in-
pulses of vegetation change (Fig. 4). Compared to the lafe . .
. ; - . Icate development of halophytic vegetation.
glacial, the average climate (smooth curve in Fig. 4) is rela-
tively dry and cool—ca. 100 mm less and 0.5°C below lat@igdie Holocene: 7000—4008C yr B.P.
glacial values. Note that the uppermost values (modern) are o _
drier and hotter than nearly all of the preceding values (Fig. 4). This period is characterized by lake levels more consta
This is consistent with LaMarchet al’s (1984) anomalously than during the preceding interval, based on preserved fi
large historic tree-ring widths for the White Mountains, but ngiédimentary structure and the absence of sand layers. T
with Graumlich’s (1993) tree-ring reconstructions of climatgresence of ostracods (Table 1) implies water less saline tr
for the western Sierra Nevada. during the subsequent late-Holocene, so lake-levels were |
Sharp temperature peaks precede the 4000 and ¥€3p termediate (1980-1950 m (Stine, 1990)). Charcoal percentag
B.P. vegetation-change maxima (Fig. 4). The coincidence fd reconstructed temperatures generally were raised dur
these peaks with vegetation-change maxima and sand lay8fs Period, suggesting climatic control of fire.
(Table 1) |nd.|cate that high temperatures led to lake IOWStanIE:?te Holocene: 4006°C yr B.P.—Present
and vegetation change. However, the lowstands apparently
produced gaps in the sediment record so that detailed reconThe last 4000“C yr are characterized by fluctuating lake
struction of lake history is not possible. For example, the satelels. Three intervals of peak vegetation change coincide wi
layer from 62—69 cm is bracketed by volcanic ashes dated 56Ostands ca. 4000, 2400, and 1160 yr B.P., when the lake
and 1200*C yr B.P. (Table 1). The vegetation change calcisurface was near or below the historic minimum of 1942 mr
lated for this interval is the second greatest in the core, blihese events coincide with reconstructed low precipitation
Stine (1990) records two lake-level fluctuations during thisigh temperature (Fig. 4) and gaps in sedimentation (Table :
time period, indicating a gap in the sedimentary record. HighEpllowing the 4000*“C yr B.P. drought,Pinus percentages
percentages of deteriorated pollen during the last 3600/r exceed 80%, the highest values in the core (Fig. 3), ar
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reconstructed precipitation reaches maximum values (Fig. 4¢obson, G. L., and Grimm, E. C. (1986). A numerical analysis of Holocer
This interval is marked “DR” in Figure 4, indicating correla- forest and prairie vegetation in central Minnesdfaology67, 958—-966.
tion with Stine’s (1990) Dechambeau Ranch highstand. Tﬁeehler, P. A, e_md Anderson, R. S (1995). Thirty thousgnd years of veget
subsequent low-precipitation interval 2400 is labeled “M,” tion changes in the Alabama Hills, Owens Valley, Califorr@uaternary

. . . Research3, 238-248.
CorreSpondmg to Stine’s (1990) Marina lowstand. Further Cq{Fuse, S. M. (1990). “Climatic Water Budgets, Effective Moisture, and Ele:

relations with _St'ne,s detailed chronology O.f lake fluctgatlons vation in the Southern Sierra Nevada, California, 1951-80." Documer
are not possible, due to apparent gaps in the sedimentaryubmitted to Cooperative Park Resources, U.C. Davis.

record. Lajoie, K. (1968). “Quaternary Stratigraphy and Geologic History of Monc
The percentages of low elevation shruBstémisia, Eriogo-  Basin.” Ph.D. thesis, University of California, Berkeley.

num,other Compositae, and Chenopodiac@aearanthuyare LaMarche, V. C., Graybill, D. A., Fritts, H. C., and Rose, R. R. (1984).
higher after 2000%C yr B.P., as the modern vegetation of Increasing atmospheric carbon dioxide: Tree ring evidence for growt
Mono Basin developed. High charcoal percentages indicat§"hancement in natural vegetatigeience2s5, 1019-1021.

- : : Litwin, R. J., Adam, D. P., Frederiksen, N. O., and Woolfenden, W. B. (1997
fires were common in the developing sagebrush steppe. ! ' : ; : ' ’ '
ping sag PP An 800,000-year pollen record from Owens Lake, California: Preliminan

analysesIn “An 800,000-Year Paleoclimatic Record from Core OL-92,
ACKNOWLEDGMENTS Owens Lake, Southeast California” (G. I. Smith and J. L. Bischoff, Eds.)
pp. 143-160. Geological Society of America Special Paper 317.
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