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ABSTRACT

Sediment cores providing-a sfrétjgraphic record of approxi-
mately the last 7750 radiocar@éﬁwyegrs BP were taken from two
small lakes near.L111ooet, British,Co1qmb1a. These Takes are
located near the boundary between Intefior DouQ]qs Fir and
Ponderosa Pine—Bunchgrass biogeoc11mat%c zones, and it .was -
hoped that the sediments would contaih a record of any climatic
shifts occuring within this climatically transitional area.

Pollen, spores, and plant aéd‘mo11usc macrofossils were
‘examined for such a rgcbrd, and used to reconstruct Tocal as

well as regional changes in the environment. In particular,
attention was paid to thosg condjfions which hﬁght represent a
pékiod of maximdm warmth/drouaght during the postglacial, and those
which might have some impact upon prghistoric native peoples, |
1ﬁ;re1ation to the Lillooet Archaéo1ogica1'project.

Diagrams were constructed of pollen influx and relative
frequency values, andiof the raw macrofossil counts. The
dﬁagrams were zoned into "biostratigraphic" units on the«baslﬁ
o% visual examination. Two p611en zones were fecogniged in '
Phair Lake and three in Chilhil Lake, the larger and 01Heﬁ of
the two. The lowermost pollen zones (CL-T an& PHL-1) both
could be interpreted as_indicating drier conditions, which
tE}minated about the time of Mazama volcanic ash deposition.

J In Phair Lake, these drier conditions ceased circa 6200
radiocarbon years BP, and thé p511en record 1nd1cate§ stabﬂél

moister conditions above fhis 1eve§;, In Chilhil Lake, conditions

SRR EE



have become moistersincé about 7000 radiocérbon years BP,\with
drought conditions reéppearing between circa 6100 and 6300
years BP,
The dating of these changes is made possible by both radio-
carbon samples and -ash layers. Three fihiocarbon dates and
twe ash 1éyers, identified as Bridge River and Mazama tephras,
date the Phair Lake sediments, while two va]id'radiocarbon datés
and one ash layer (Mazama) date the Chilhil core.
Tﬁeamacrofossi1 diagrams were zoned independently 6f the
pollen diagrams, but there is some correspondence between
macrofossil zone boundaries and the major pollen zone boundaries.
The~macrofossi1 data, however, were in general 1ess'compfaceqt
ihan the pollen data, and'provided additional information for

L

the\interpretation of locatl environmental conditions.
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INTRODUCTION

Two perménent 1§kes wére selected for pollen analysis néar
the boundary be;?éen Krajinafs_(1969) Interior Douglas Fir and .
ﬁonderosa Pinéiéuhthgﬁaséfgiogépc]imgtic zones, in the vicinity
of Lillooet, Eritish-Co1uﬁgia. This area wés selected for two
reasohs.  F1rst1y,‘jt waserTt that this type of transitional
-area would exhibit greater sensitiVity to any postglacial
changes in climate which might affect the vegetatibnf Sdéh
changes, if present; were apparently largely ﬁaskediafasifes
further south and west down the Fraser Valley whére ;Bré
coastal conditions prevail (Mathewes 1973; Mathewes and Rouse
1975). Secondly, it is within the study area of the Lillooet
‘A%Chaeo1ogica1 Project, directed by Dr. Arnoud Stryd. It was’
hoped that paleoenvironmental data fnqm;these lakes would
coﬁtribUte to an understanding of the“arcﬁaeo1ogica1 record
of human occupation of this area.:

ThJs the purposes of this study are sevéfa]: to provide
a recoﬁstructionvof the postglacial vegetation of -the Lillooet
area, to determine if“a»period of maximum warmth/drodghf(i.e.,
a Xerothermic or Hypsithermal) occured in this presumably
sensitive area, to look for evidence of other Holocene climatic
changes and finally, to relate, if possible, thfs information
to known settlement patte?ns of the prehistoric peoples in- .
habiting this area. To these ends, palynological studies,

supp]emented by macrofossil analysis of both plant and mollusc

remains, and some analyses ‘of sediments, were carried out. The
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”Fesults'from the two lakes were compared both to eacH other

W

and td”other sites within British CdTUmbia.

It wasahoped that at least one of the cofes examined

would provide a complete record of the postb]acia] sequence,

a period of about 10,000 to 11,000 years (Ryder 1978). How-

ever, radiocarbon dating of the basal sediments indicates that

both lakes were formed at some time subsequent to the wasting
and withdrawal of the main body of ice. The relatively recent
basal dates are undoubtedly a function of the geography and

nature of the genesis of the two lakes

»



1. THE STUDY AREA.

1.1 Description of the Sites

The Takes selected were ﬁhair Lake- and Chi]hi}gLake near
Lillooet, in the Interio}>P1ateau region of BritiSh{C01umb1a
(see Fig. 1). The lakes are only 7.1 kilometers apart, but-
are sepérated by the Fraser.Canyon and Fountain‘Ridge. Othéru
diffefences in setting which may contribute to differences
in the nature of\tﬁé%@epositfona] records of the two Takes
are describedlbéfbﬁf /

Phair Lake*fﬁO?éG' 30" N, 121° 52" 40" W; Fig. 2) is
located on the West side of the Fraser Canyon, about 8 kilo-
meters south of thé town of Lillooet. It is situated at the
base of the CoastMountains at an elevation of abpuf 705 meters,
on one of the complex benches pfg]acié] till, glaciofluvial
‘material and colluvium that Tine the Fraser River. The bench
slopes fairly gradua11y'to the east, with steepgr's1opes-f0ung"
to the north and west. The northern slope is in part an un- |
vegetated talus slope, risiﬁg to a maximﬁm'efﬁvation of about
884 meters. Herévihe bedrock is exposed, a comb]ex of
Triassic or pre-Triassic slate or chert (Duffel and McTaggart
1952).’ To the west is the main bulk of the Coast Range, with
Mt. Brew rising to a height of approxiﬁate]y 2,320 meters.
According to Duffel and McTaggart (1952), the bedrock of this
slope consists largely of Tower Cret?ceous granodiorites, and
there is a fault line just to the east of the Take separating

the materials of the Coast Mountains from the argillites,
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"Map of the study area, illustrating

Biogeoclimatic zones, adapted from
Mathewes (1978).



Biogebclimafic Zones

Alpine Tundra
Ponderosa Pine- Bunchgrass
Interior Douglas Fir |
Engelmann Spruce - Subalpine Fir
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volcanic conglomerates and tuffaceous sandstones of the
Lillooet group. | -
Topographic maps indicate a permanent outlet from Phair
Lake, but no in]ét+%%Féam. In fact, tﬁergﬁis a sﬁa]}ncreek';
which enter§ the lake frOm.the west, whiéﬁumay be me]twafer'
from ¢.h1§her elevation glacier or seepage fromxa spring.
: . t

It was not possible to trace the creek to éhy gréat height

abovéﬂthe»1ake. The outlet channel is clearly visible, but

“‘at present contains no water.and is overgrown with vegetation.

* This channel appears to have been purpbée&yégjpcked with

earth, perhaps tovfacfiitate'cattle graéihg %g%und the lake.
The VTake itself is small {about 270 m by ngrh) and has one
re1§tive1y deep basin near,its centre, which reaches a depth
of about 4.9 m.

Chilhil Lake lies farther to the east and north (50° 39"N;
121° 47' 58" W; Fig. 3), in the Fountain or Three Lakes Valley
which lies between Fountain Ridge and 'the Clear Range. This
valley runs -almost due northwegt—southéast for about 19.2 km,

the product of two fa%1t111nes; It debouches at either end

~into the Fraser Canyon.

0f the three lakes fou;d in the valley, Chilhil is central
and actually lies at the highest point on the valley floor,
an elevation of slightly less than 915 m. Kwotlenemo Lake
lies to the north and is drained by the northward flowing
Fountéin Creek. Cinquefoil Lake lies to the south and is
drained by the southward flowing pinquefoi] Creek. Chilhil
itself, the smallest of the three lakes, lies within a topo-

graphic depression, suggesting that it is a kettle lake. There
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Photograph of PhaTF{Lgke.showiqg
surrounding forest. - The core is
being taken from the anchored boat."

‘Photograph of Chilhil Lake, loeking
\ westward from sparsely treed pasture
to relatively undisturbed forest on
fﬂihe other s1de of the lake.
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are no appé}ént input or output channels surrounding Chilhil,
eithér marked on the topographic map or evident in the field,
and ther; is no c1éar sign of any past 1nterconnection§ between
the lakes. These field ‘observations contradict Rydér (1976),
who identifies an in1et‘§t%gam dewing info the north end of
Chilhil Lake. o AW
While Chilhil .is a*?airTy small Take (about 760 m by 305 m),
it should be noted that it is much Ta;ger than Phair Lake,
with a surface area of about 2.3 hectares as ‘compared with 0.5
hectares. It is é]so moré& uniform in depth and somew;at shallow-
er - random depth soundings indicated a maximum depth of only
4.1 m. ’ ‘
The mountain ranges which border the;vé11ey are the dis-
sected remnants of the Interior Plateau, and Trise to
. similar elevations of about 1800 m, though the moré extensive
Clear Range includes some higher peaks. Fountain Ridge consists
of Cretaceous rocks of the Jackass Mountain Group, composed
mostly of greywacke, argillite and conglomerates, and fauited
-sandstones (Duffel and McTaggart 1952). The %ﬁear Range con-
sists of the Spences Bridge Group, of similar material p]ug
some volcanic rock (Ryder 1978). G1ac%§1 till mantles the valley

itself, with what Ryder (1976) calls “"mudflow" covering the

valley floor.

1.2 Glacial History

Both sites were alaciated. During the last alaciation,
accumulation occured primarily in the Coast Mountains, and .
' AS

.)ﬁ

/
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‘the idce genérai]y flowed eastward, transverse to the valleys

~
r

(Ryder 1976). N |

‘The date of delaciation is in question. Ryder (1978,
p. 63) states that "..%..no absolute dates related to de--
glaciation have been determined from within the‘Eillooet
~area". Basal peat from a bog af Jesmond, 55 km north of
Lillooet, has been-dated at 9210.f 150 radiocarbon years BP
(Before Present), while mudf]oﬁs within an alluvial fan at
Lochnore Creek, 18 km south of‘Lilloqet have been dated at
11,285 ~ 1000 years BP (Ibid). Thus at least portions of
the study aréa may have been ice free by 11,000 radiocarbon
years BP. |

Wasting of ice occured first on the crests of fhe ranges,
while massive fongues of ice remgined in the mainiva11eys,
“Eventually this ice me]ted as well, 1eavin§ only isolated ice
blocks in outwash and morainic material. thi1hi1 is most
likely a kettle lake, which formed as a result of ice-melt
subsequent to general deglaciation of the sufrounding area.
The orﬁgin bf Phair Lake is unclear. Its shape is not éuggestive
of a kettle Take but would seem to indicate the presence of a
fawlt Iine,ror formation‘as a result of a rotational slump.

Ryder (1978) reports several neoglacials in the mountains
around Li1ldbet, involving postglacial expansion of  high-
elevation glaciers, between 5800 to 4900 years BP, 3300 to 2300

years BP, and 1000 to 0 years BP.
i
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1.3 lBiogeoc1imatic Zones

Both lakes are found within the Interior Douglas Fir
biogeoclimatic zone of Krajina (1969). Chilhil, located some
200 m or so higher in elevation, represents the wet subzone

1

of that zone. Thus, while the transition to Ponderosa Pine-
Bunghgrassﬁzone is located only a few hundred meters to phe‘
east“éf Phair Lake, the nearest trde expression of this driér
zone neér Chilhil is found at thé’ﬁéﬁfhrand south ends of

the Fountain Valley, along the Fraser R%ver.

At higher elevations immediately west of Phair Lake, and
to both the west and east of Chilhil, is Enge]mann Spruce-
Subalpine Fir zone vegetation. Farther to the west, species
characteristic of Mountain Hemlock and Coastal-Western Hemlock
zones appear. There is also somé Afpiée,Tundng in the Coast
‘Mountains and to the east in-the C1ear Range (Fig. 1).

This. gbnation is significant as regards regiona1 p011eﬁ
rain, since Phair Lake would seem tol11e in the path of*tHe
prevailing westerlies. Thys»wfnds WSLTd éarry pollen frﬁm |
the high-elevation biogeoc1imat{t‘zones as well as the surround-
ing InteridfTDouglas Fir zoné.ri N

- ‘Chi1h1f also seemsA;o lie in the pafh of fhe wester]iés,
but during;the time spent at th%:;§£§> winds appeared'tb follow
the length o% tﬁééQéiJey, b%ﬁWingﬁ?¥ﬁ$fgﬁ3 south. Of the two
1akes;-Chi1hi1 might therefore be mare Tikely to receive a
pollen rain containing palynomorghs;characte???%ic of the

Tower elevation Ponderosa Pine-Bunchgrass zone, which would

form a significant proportion of the Phair Lake influx only



10.

if the zone boundary were to shift upslope. -
No climatic data were quéntitative]y measured at either
site: Instead, ifformation as to general climatic conditions

were taken from Krajina (1969§ see Table 1).

1.4 Vegetation

- The vegétation of the sites was examined on two occasions,
-and identified following the nomenclature of Tay]or:and MacBryde

(1977). The natural cover around both lakes is somewhat dis-
= ;

P

turbed,Bj road cuts and pastureland, and'both sites are present-
ly used fdr cattle grazing. A number of 1htroduced';pecies
are present -on disturbed ground at both sites.

'Speciestfo&hd at PhairfLake are typical of the Interior
Douglas Fir zone, including bothICTimax and riparian communities.

The dominant upland tree species surrounding most of, the Take

is Pseudotsuga menziesii var. glauca (for common names, see

& .
Appendix I), with occasional Pinus pondersa in the vicinity.

- Other tree species found encircting the lake are Populus

-

tremuloides, which forms a stdndAdn the south-facing slope

lying to the north of the 1ake; Betula papyrifera, B. occidentalis,

Acer glabrumvar. douglasii, Alnus 1ncana, and Salix spp.
‘The birches and maple are most abundan% on the flat low delta
.area formed by the input stfeam. The alders and willows are

confined largely to the lake's edge. One large Thuja plicata

was found in the small ravine incised by the input stream.

Shrub species noted around the lake are Junigerus

scopulorum, J. communis, Amelanchier alnifolia, Cornus sericea
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and Crataequs douglasii (both of which are riparian.species),

Mahonia aquifolium (a wet subzone species) Prunus virginiana,

Ribes divaricatum, R. 1rriguUm,_5& lacustre, Rosa acicularis,

R. nutkana, Rubus parviflorus, Sambucus racemosa, Shepherdia

. . ) :
canadensis, Spiraea betulifolia, Philadelphus lewisii, plus

the disturbed aground species Rubus idaeus, R. leucodermis

and Symphoricarpos alba. Confined to the marshy area of the.

inlet are Oplopanax horridus and Ribes viscosissimum, both

riparian- species.

Herbaceous species found include Actaea rubra, Allium

cernuum,' Aquilegia formosa, Aralia nudicaulis, Arnica

cordifolia, Aster conspicuus, Astragalus miser, Carex spp.,

Clematis occidentalis, Corrallorhiza striata, Cypripedﬁum Sp.,

Disporum trachycarpum, Equisetum arvensis, E. hyemale, FFagaria

virginiaha; Goodyera db10ngifo1j&, Galium sp., Poa sp., Pyrola

virens, Smilacina racemosa, Solanum americanum, Streptopus

amplexicalus, Urtica dioica, and Viola adunca.

Very disturbed ground a1sovsupported the following species;

Achillea millefolium,* Bromus tectorum, Capsella bursa-pastoris,

Cirsium sp., Epilobium angustifolium, Fragaria virginiana

subsp. glauca, Plantago major, Poa pratensis, Potentilla sp.,

Stellaria longipes, Taraxacum officinale, Tragopogon sp.,

Trifolium repens, and Viola sp. - ; ‘ .

Species found only on the talus slope include Artem{sia

frigida, A. cf ludoviciana, Heuchera cylindrica, Penstemon

fruficosus var. scouleri, Phacelia hastata, and the fern

Woodsia.

Emergents and agquatics include Carex rostrata, C. aquatilis,
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Chara sp., Potamogeton sp. and Sparganium sp.

The area around Chi]hi] Lake is much more disturbed, wifg
open pasture to thgvsouth; dnd treed pasfure to the east and
north (Fig. 3). Re]étive]y undistUrbed forest is found on
fhe—west bank of ﬁhe lake,. as well as at higher elevations in
the Fountain Ridge and Clear Range.

Tree species found include. Pseudotsuga menziesii var.

glauca, Pqpu]us tremuloides (particularly in the treed pastures),

and Acer g1abrum‘var. dou§1ésiﬁ. Some Betula papyrifera was

present at -the southwest end of the lake, but all the individuals

were dead. Shrubs found include Juniperus communis (a key

species in the treed pasture), J. scopulorum, Amelanchier

alnifolia, Mahdnia gﬂuifo]ium and Paxistima myrsinites (2 spp.

of fhe wet subzone), Prunus virginiana, Ribes lacustre, Ribes

spp., Rosa sp., Rubus idaeus, Shepherdia canadensis, Spiraea

Betulifolia and Symphoricarpos alba. ATso in the vicinity,

though not immediately around -the lake are Ceanothus velutinus,

C. sanguﬁneus, and Vaccinium sp. (blueberry). S

Herbaceous species include Achillea millefolium, Agropyron:

spicatum, Allium cernuum, A. validum, Allium sp., Anemone

multifida, Aquilegia sp., Arabis holboellii, Arabis sp.,

Arctostaphylos uva-ursi, &stragalus miser var. serotinus,

Astragalus sp., Bromus tectorum, Buglossoides arvensis, Carex

concinnoides, Carex spp., Caryophy11aceae,Cerastium vulgatum,

Cirsium cf edule, Corydalis aurea, Delphinium nuttallianum,

Bescurainia pinnata, D. richardsonii, Disporum trachycarpum,

Festuca sp., Fragaria virginiana, Heuchera cylindrica, Hieracium

sp., Lathyrus ochroleucus, Linnaea borealis (a wet subzone
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- species), Lithosperum4rudera1e, Medicago sp., Orithilia secunda,

Poa pratensis, Pga sp., Polemonium pulcherrimum, Potentilla

anserina, P. cf nivea, Ranunculus glaberrimus var. ellipticus,

Sedum 1anceoL9£um, Sonchus sp., Streptopus amplexifolius,

Taraxacum officinale, Trifolium sp., Vidla canadensis, V.

adunca, Urtica dioica and Woodsia sp.

On the mudflats at thé lake's edge were found Chenopodium

capitatus, Po]ygonhm sp., and Ranunculus cf sce]erafus.

Submerged or emergent . aquatic vegetation included Chara sp.,

and species of Potamogeton and Myriophyllum,

Also found in the Fountain Valley are occasion£1 Pinus
ponderoéa, particularly at the south and north ends of the
valley (the closest appears to be about 2.6 km from the north

end of the lake). Pinus contorta is found in a dense sténd

about one-third of .a kilometer from the south end of the lake.
GQing’farther south towards the Fraser River are some cleared
_areas supporting grasses and Ar;emisia species.

At higher elevations, the occasional Abies and Picea

were visible.
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2. METHODS

2.1 Field Methods

Two trips were made to the lakes under study, the f{rst
in June of 1976 and the second in May of 1977, to retrieve
lake sediments for analysis and to carry out a.gua11tat1ve
survey of the vegetation. Both‘1ake§ were sam51ed ffom anchor-
ed boats using a hand-operated 5 cm diameter Livingstone piston
COrer; with a 7 cm diameter casing to maintain thelintegrity
of the bore hole. The Toose upper sediments were sampled
using a Bfown\corer with a clear plastic sampling tube.

An attempt>was made to retrfeve sediments from the deepest
poftion of both Takes as determined by sounding with a disc
and chain, in order to seéﬁre the longest continuous reéords
6frsed1mentation. _In Phair Lake, a’smal1, relatively deep
basin (4.5 to 4.9 m bf water) near the centre of the lake was
sampled. On the first trip, 285 cm‘of matéria1 including 50
cm of Brown core were retrieved, before coring was halted by
a layer of compacted woody peat. On a second trip, the basal
portioh was vretrieved from the same 1o¢a11ty, resulting in
a total core length of 374 cm.

.Sampling at Chilhil Lake may not have occured in the deep-
est bart of the lake, but soundings failed tobiﬁdicate any
portion of the lake much greater than 4 meters in depth. The
sediments werérremoved from 4.1 meters of water near the centre
of the lake and consisted of approximately 50 c¢m of Brown

core and another 360 cm of material retrieved with the Livingstone
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sampler. On-.closer examination, it was found that the upper

portion of-the first section from the Livingsfon sampler
represented contaminatioh,ﬁand after analysis (whichkcpnfirmed
the contamination), the upper 20 cm of material was discarded
(see Fig. 4). Thus the final length of this core was 390 cm,
‘not 410 cm. | -

’Brown cores were storei in their plastic tqbes 1n.an
upright position to prevent mfxing. The other sediments were
extruded from the Liviﬁﬁstone corer, wrapped in a]um{num foil,
and labeled. A]] mater1a1s were transported to Sgﬁmn Fraser
University and stored at 4 degrees ‘Celsius W Unt11 ana]ysed

"A third field session was undertaken in September of 1978,
priméri]y to expand the vegetation survey. Unfortunate]y,,que
to time constraints, this trip provided 11tt1e quant1tat1ve data
to add to the species Tists prepared during the first two
trips (see Section 1.4 and Appendix I). Soil surface samples
for pollen anaiysis were, however, collected from the vicinity
of both Phair Lake and Chilhil Lake. These samp1es consisted
of the upper Eentimeter of soil or a moss polster. More .
detailed analyses of vegetation (i.e., percent cover) were
- made for the 1 m by 1 m quadrats from which the samples were

taken at Phair Lake.

2.2 Sample Preparation

Pollen Samples

In the laboratory, 1 cc plugs of material were taken from
the cores at 5 cm intervals for pollen analysis. The surfaces

. of the cores were first scraped to remove contamination that may
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Stratigraphic comparison of sediments
from the Brown core (A) with those
from the upper portion of the first )
section of Livingston core (B), Chil-
hil Lake.
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héve occured when the coré segments were extruded &rom the
tubing in the field. These subsamples were stored in labeled
and sealed glass vials and refrigerated until processed. Dry
weights were not determined.

Samples were processed using a modification of the methods -
of Faegri and Iversen (157%). Treatment involved Qsing hot
6% KOH,kWO% HC1, 52% HF, followed by acetolysis solution
(9 parts acetic anhydridé to 1 part sulfuric acid). The ;amp1es
were then q1§persed~in ethanol, followed by Tertiary Butyl
Alcohol, and stored in silicon oil. Processing bf b]ay-rich

-4
samples entailed an additional step. Due to the slow action of

the HF and-the problem of silico-fluoride preéipitatfon, a

modification of the method described by Cwynar et al (1979)
was used. Warm 5% Sodium Pyrophosbﬂate was added following

treatment in KOH and HC1 to deflocculate the clays and'thereby

increase the effectiveness of the subsequent HF treatment. The

sediments were resuspended in . Na4P207 following acetolysis
and passed through a 7 micron mesh screen, using gravity
filtration. This produced relatively silicate-free sampies
in most cases.

Soil surface samples were similarly processed, but a
1argerramount of material was used (10 to 20 cc ), and screeﬁed
carefully through a 250 micron mesh sieve subsequent to treat-
ment in KOH. Moss pd]sters were’probe§sed using acetolysis
on1y, unless they contained a great deal of sediment, in.which
case HF was used.

To allow determination of pollen concentrations and influx

values, and to gauge the effects of procéssing on preservation,
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two prepared tablets of Eucalyptus pollen were added to each

subsample before,proééssing. One. tablet (as prepared by Jens
stockmarr, batc% N61j903722)vconta1ned approximafe1y
16,180 < 1460 pollen grains.in a matrix of calcium carbonate,
soluble in HCT.

.S11des for microscopy were prepared usingla dropvor two
of the final sediment-silicon oil suspension, mounted under a
No. "O" covers1jgﬁ;*P%1ynomorph“count1ng was done at 400 times
magnificatfon using a Zeiss microscope, while difficult
fdentificationg necessitated usingrimmersion\oi1 and a‘magnifi-
cation of 900 times. |

The remainder of both cores wés rewrapped and replaced
in a refrigerated room until further samples were required.
This included resampling for those levels which, for one ‘
reason or another, had to be reprocessed, as well as matéride
for radiocarbon’aaéing, macrofossil analysis, and sediment
analysis.

Sediment Analyses

The analysis of sediments was limited, a]though an attempt'
was made to fd11ow the classification system bfrTroe1s-Sm1th
(1955) as modified by the International Geological Correlation
Program (Berglund 1979). The sediment; wére classified largely
on the basis of appearance (e.g., co&bur) and elasticity.

Also, 2 cc subsamples were‘taken at 10 cm intervals, except
in the Brown core,and those segments used for radiocarbon

dating. These were used to determine dry weights, loss on
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'1gn}f%on}va1ues; and ash weights.

| Wet weights were .first measured, and then the'mdterfifgiﬁgby
‘were dried at temperdfures of between 105 degrees and 110
degrees CeTsiqs for twenty—ggur hours. Because thq corés
were stored for a considérab]é Jengfh ofrtime before these
subsamples were taken and processed, dehydration may}have
occured 1in partéfbf the cores, and. thus esti@ates of water
content may be unreliable. i , |

Losé on ignftion was determined by burning the samples
(transferred to porceiain crucibles) in a muffle furnance
at 350 degrées to 400 degrees Celsius for eight hours,
as recommeﬁded by Hesse (1971). Many of the samples came
from calcareous sediments (mostly mar]); and thus the loss on
ighitién figure§ should be considered as only general
indicators of the presence of organic matter. .

Ashing to determine ingrganic carbon contents was also
carried out in a muffle furnace at temperatures of 800 degrees
to 850 degrees Celsius for three hours. A thirty minute
burn was attempted for some Chilhil Lake samples, but combustion
was generally found to be incomplgte.

The ash weights derived h@ﬁg'ﬁst been corrected to account
for the 5% to 10% of ,organic carbon not combusted at the low
temperatures_used for the loss on ignition tests (Hesse 1971),
or,thé structural water released from claysaand estimated
as the equjvaient of 5% of the Weight of therc1ay in the sample
(Bear 1964). It was simply noted that there is actually less

inorganic carbon and more organic carbon than measured,
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especially where L.0.I. values are high, and that 1norganic'

carbon estimates for clay-rich sediments should be Tlower.

Macrofossil Analysis

The last samples to be taken were those for macrofossil

mfgpa1ysis, since this involved slicing the remainder of the

core into 5 cm 1long chunks. The possibly contaminéted
exterior of thesé segments was carefully scraped, and then
these:samp1es were wet sieved, using detergent as a de-
flocculent, through a 500 micron mesh screen. The residual
gediment greater than 500 microns was retained for ana]ysis.
ngp]es were selected at 10 cm intervals, énd all seeds,,
molluscs, p]éht and woodwfragments were removed for identifi-
cation and’counting using a Wild stereomicroscope. These
materials were then stored in g]aés vials in a mixture of
alcohol and water to brevent fungal and bacterial growth.:
The presence of other macrofossiis, suéh as Daghniq ephippia,
ostraéods,'and fupga1 spores was noted but theée were not

saved; nor are they discussed in this thesgs.
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2.3 Identification

Pollen and Spores -

A total of 400 grains was 1n1t1a1iy counted per Tlevel;
this count was subsqueﬁt]y raised to 450. It was considered .°
unnecessary to further iﬁcreasé the count to 500 grains, since
there is little or no differepce in the 95% confidence intervals
for 450 and 500 grains (Maher'1972). Traverses were spaced
SO thag;po matter what the concentration, some pollen was counted
near thevé%gé of -the -coverslip,’as well as in the centre of the
slide, to éoﬁpensate %or any drift of the small grains towards
the edges. . . "ﬂ‘g
Palynomorphs were identified using the keys given 1h

Faégri and Iversen (1975) and Kapp (1969), as well as reference
material from British Columbia. In most cases identification
is to the genus level only; in some tases, to family. For
example, Thuja and Juniperus are both present aﬁ Phair Lake,
but‘sﬂntewit was not deemed possible tQ séparate their pollen
with §ny certainty, these pa]ynomorbhs were classified only
as "Cupressaceae". At Chilhil Lake, only Juniperus species
are present, and all CUpféésaceae could be attributed to that
genus.

‘Identjfication to §bec{es level is occésiona]]y possible,

particularly where a genus is represented(byka single species

"Within the study area. In some cases "cf" or "Type" designations

were used. Botanica]'ﬁqm¢n§1ature throughout this paper follows

that given by Tay]or.ana'MacBryde (1977) .
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An attempt was made to §epanate the pb]]en of pine species.
D1p]oxy1gp and Haploxylon pines were.separated using the
criteria given by -Hansen and Cushing (1973). These authors
note that subgenus Hapibxy1on pine grains have "verrucae or
scabrae on the furrow membranes %n an areolate or<sem1-
areolate battern", while those of subgenus~Dﬁb{6§yTbn have a
membrane which is p§11été”6iﬂna; only scattered scabrae
~(Ibid., p. 1183). They also note that the latter have a

sharper tranS1t1on between “the-cap and furrow membrane Other

character1st1cs a]so d1ffer, ‘but the above two\were\most

,Liee1a \\\\“‘

type on the pollen diagram, but probabjy represents Pinus

e A A,

cons1stent1y useful in 1dent1f1ca¥7333??3»na

Haploxylon pine pollen is referredwto'as Pinus™

albicaulis which occurs at subalpine elevations in this area

(Mathewes 1978). The subgenus Diploxylon includes both

~Pinus contorta and P. ponderosa. Due to the ecological

significance of Pinus ponderosa as a species of the drfer
ecotones, an attempt was made to distinguisb between these
two spec1es |

The state of preservation of most grains, their large
number, and,their positioning on the slide made it difficult
to use qua]jtafive,differences noted by Hansen and Cushing
(1973, pp. 1786-7), such as the shape of the bladder
(spherical in ponderosa, hemispherical in;contorta), the
length of intersection af b1adde?“and_furrow membrane (short
in ponderosa, long in contorta), and preeence of a marginal
frill. Instead, it was decided to attempt to separate the‘grains

on the basis of size, looking at total length, corpus breadth



24.

and a measure of bladder length (see Fig. 5). Alley (1976,
p.71138) nqtes that ”grains'of P. Eonderosa are consistently
- larger than‘thosé of P. contorta", and thét the'b1adders'of
the former tend to be greater than half of the central body

in ;1ze, while those of the latter are less than half.

A
Y

a- body length
b. corpus breadth

\/ ¢. Dbladder length

- Fig. 5 - Dimensions measured on
Pine pollen grains.

Reference material from British Columbia was examined to
determine if there was indeed a consistent difference in size

between the species. One hundred grains were .€xamiped from

each of two slides of Pinus contorta (represénting popu]ations

from Cassiar and Aspen Grove) and two of P. Eqnderdsa
(representing populations from Princeton énd-Mahoney Lakéi.”
These'measﬁrements indicaxéd that while tofé] lTength and
COrpus 1engtH were hig%]y variable, havﬁng a great range within
each sampfe, b]adder 1ength'was ngs variable: Difference of

means tests 1nd1qate that the differences in bladder lengths

Dbetween the two populations of Pinus contorta, and between

the popg]ations of P. contorta and P. ponderosa are signifi-

cant ét the 99% confidence interval. The two populations of
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Pinus ponderdsa were sufficiently alike that there was no

significant difference in means at either the 9%% or 95%
cogfidence interval. |

'  However, there is still sufficient ovéf]ap'between bladder
lengths of the two species as to make their separation,some<\
what arbitrary (see Fig. 6). Probabiiity suggests that fogbthe‘
referen;é material used, .the dividing line is 26 to 27 ocular
units (or 31 to 32.4 microns; ocular units being used as a

unit 'of measurement to faci]itate the consideration of large

¥

numbers of ‘pollen grains), with,Pinds ponderosa bladders
~excéeding that ]ength;' '
The fossil material was then examined, and between‘ZB and -

. . . '
30 whole pine grains were measured as to bladder lTength, in hopes

of producing a ratio of Pinus contorta to P. gonderosa @hich

~could “then be extrapolated to thé rest of,the Diploxylon
graihs found at a level. This was eventua11y abandoned, as
the arbitrary ngture of the division into the two species on
the basis of bTladder length becamehépparent. Histograms of
the bladder sizés measured per level 1nd1cated'no bimodality,
but approximated a normal distributfan. This, coupled with
the fact that the reférence méteria] used to set up the size
‘classes did not come ffoﬁ thg géﬂdy area, nor were there
reference slides of P. gondérbsa‘and P. contorta from the same
site, caused the author to abandon the attempt to séparate
the two species. ‘ »

It might be noted that Mack (1971), who ]ooked at

_corpus breadth in a large number of reference slides from a

variety of'10ca]es, found that "neither range nor standard
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Bladder lengths of Pinus contorta
and Pinus ponderosa, based on counts
of 100 pollen grains per slide.

One ocular unit equals approximately
1.2 microns.

1
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devﬁation_qf corpus breadth can be used to separate these
species " (p. 265). ‘He found bimodal and even trimodal size
curves for a single species, and great variations in size
wfthin a species over as small a disfancé as 75 kilometers

(Ibid).

Besidés this natural variétion within and between
populations, one might also consider that some of- the graﬁns
measured were deformed or altered by .the processing, which
may not. have been the same as that for the reference material
kdata on processing were not available for all reference
slides). There might also have been differential breakage

between the two species, which would be significant since

only whole pine grains were measured.

Macrofossils

Plant macrofossil remains were identified as far as
possible using a number of reference texts, including
Montgomery (1977), Martin and Barkley (1961), Katz; Katz,
and Kipiaﬁi (1965). Cdmparison with reference matéria]
collected in the field or taken from the University of |
British Columbia Herbarium was made whenever possible.
Photographs of se1ected'p1ant macfofbssiis are shown in
Plate 1. -

Molluscs provided a somewhat greater difficu]ty, since
reference material was not available. Reference works most
used were Ward énd Whipple (1959), and the extended paper
by Clarke (1973). Nomenclature of molluscs within this

paper follows Clarke (Ibid).
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Molluscs found belonged to either the c]asé Pelecypoda
(the bivalves, referring to the 2-Va1ved calcareous shell
within whfch they are enclosed) or the class Gastropoda (the
univalves). A1l Pelecypoda found belonged to thé super-
family Sphaerjacea, the pill clams, and to.the genera

Sphaerium or Pisidium. These two genera were not .separated,

since this would have involved a more detailed examination
of the specimens than time allowed.

Gastropoda found belonged to two subclasses, the Prosbj
branchs (gill-breathers) and the Pulmonata (lung breathers).
Identification was to genus and occasionally to species.

Pulmonates include the species Physa jennessi skinneri and

indeterminable Physa sp., Promenetus, Gyraulus deflectus

(see Plate 2a), Helisoma cf corpulentum (Plate 2b), H.,

trivolvis (P1ate 2e) and other undifferentiéted Helisoma spp.,
and Lymneids (of Lymnaea spp., P1atel2d). Prosobranchs

include Amnicola (from Chilhil Lake only) and Valvata sincera

heliocoidea (Plate 2c).

2.4 Radiocarbon Dates and Ash Layers

A total of four samples were taken from Chi]hf1 sediments
for radigcarbon analysis. A basal segment (380 to 390 cm )
sent to Teledyne Isotopes yielded an anomalous date of |
4860 I 130 years BP (I-10,044) though it falls about 80
centimeters be1ow.the diffuse ash layer 1denf1f1ed as Mazamé
(ca. 6600 years BP) by J.A. Westgate (pers. comm.). The

overlying material (370 to 380 cm ) yielded a date of
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7750 - 180 years BP (Wat - 360).

A fgird sample (200 —'210 cm) was selected on the basis
oflpo11en anaJygis, and marked an 1nérease in arboreal pollen.
This was dated at 4415 & 165 years BP (GX-6233). The final
sample (65 to 70 cm) was taken from a.portion of the core
marking a transition from gyttja to mar], and is still await{ng
analysis at the new Simon Fraser radiocarbon dating 1aboratdry.

Only one aéh layer, identified as Mt. Maéama in origin,
was found in the sediments, at 302 to 302.4 cm.

Phair Lake has a more complete set of dates provided’by a
total of 3lrad10carbon-samp1es and 2 identifiable ash Tlayers.
The “basa1” date was‘probided by 15 c¢m of dark silty clay
(325 to 340 cm), originally thought to be rich in organic
material Eut in fact quite poor in organics (see Chapter I11).
_This yielded a date of.6780 ¥ 260 years BP (i-10,0430, which
may be somewhat young though it is not in conflict with the
location of the Mazama ash at 302.5 to 305 cm.

A éecond radiocarbon sample was taken at 280 to 285 cm,
within a bryophyte peat. This was dated ét 5930 t 115 years
BP (I1-9709), again consistent with the sample's position in
relation to the Mazama ash. We1€/éboye this sample, at
143 cm, and withiﬁ marly sediments is a thin ﬁayer‘of ash
identified as Bridge River (ca. 2400 years BP) by J.A.Westgate
(pers. comm.). This ash fall was not observed in Chilhil Lake.
It may have been screened out by the Fountain Ridge, or may

in fact be present but too diffuse to be noticeable, since

Chilhil is a larger and more windswept lake.
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The final sample comes from a shelly gyttja, just abévé
a transition to marl. (101 to 106 cm ) and dates at
1985 I 145 years BP (1-9708). |
| ‘Accumulation rates for both lakes are shown in Fig. 7
which plots radiocarbon yéars BP against depth of sediment

in centimeters.

2.5 Data Analysis and Diagrams

Relative fﬁequencies, concentrations and pollen.influx
values were calculated on the Simon Fraser IBM computer using
a Fortran IV program, Polldata Mark 3, written by Drs. Birks

and Huntley of Cambridge University. ~

~

‘The pollen sum used consisted of all upland Species,
categorized as Trees, Shrubs, and Herbs (including Pteridophytes).
Some herbaceous species known to inhabit mudflats were in-
cluded. Excluded were aquatic species, unknowns and in-
determinable grains (those too broken or corroded to be
gidentifiab]e). Cyperaceae Qere classified as aquatics a1;
though upland species may be present, since it is difficult
to distinguish between Cyperads of different locales, and since
the aquatic sedges would seem to be predominant. Those
categories excluded from the pollen sum were ca]cu1ated onva‘
sum equal to the pollen sum p1d% the sum of thémse]ves.

Thus a number of local and entomophilous species are
included in the sum, desbite some recommendations to the con-
trary (Wright and Patten 1963;'Maher 1972). Janssen (1959,

cited Wright and Patten 1963, p. 446) recommended the exclusion
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Fig. 7

Sedimentation in Chilhil and
Lakes.

Phair
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*of lake -edge species such as Alnus. This was attempted for.

Phair Lake, Where such species as Alnus, Salix and Betula
compr1§e a 1arée proportion of the 'pollen sum, but tHe
resultant Eiagram"was of Tittle value. It would be necesséry
to use a much Higher count per 1éye1, such as 400 non-local
grains, befbre this might produce a reasonable diégfam. This -
would not eliminate the problem of species such as Betula,
which may be Tocal in terms of their input at Phair Lake but
which are also a component of the regional vegétatiqn.

The .inclusion of 1oca{ and entomophilous speciesnis here
justified'on the basis thét for some species the counts per
level &are so low that inclusion makes Tittle difference, thaf
sometof,these species are actually widespread'and~a signifi-
éanf‘cohponent of the vegetation thouah under-represented in
the pollen (e.g., Rosaceae), and that some of these species
reflect lTocal conditions which ﬁay in fact be 1ﬁf1ugﬁéedﬂby
regional climatic conditions. Also, as GordbngandﬁBirks
(1972, p. 964) noFe,vépecies with less than 5% o?ythe pollen
§um may be important in interpretation.

Also included in the po]]en\sum is a category entitled
"Other Pollens". This includes herbaceous species represent-
ed by only one or two occurences 1n‘the core, and was set up

-to reduce the length of the pollen diagram. In Chilhil Lake,

this category includes Boraginaceae, cf Circaea, Gentiana,

Linnaea borealis, c¢f Lysichiton americanum, Sanguisorba

canadensis, Scrophulariaceae, and Violaceae. In Phair Lake

it includes Boraginaceae, Gentiana, Lamiaceae, Polygonum cf

erectum, P. cf punctatum, Scrophulariaceae, and Violaceae.
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[

Pollen concentration was determined by adding a known

quantity of exotic pollen (Eucalyptus) to a known quantity

of sediment (1 ¢cc ), such that the number o% fossil gkains_p%r
unit sediment;equa]s the number of exotics added times the
number of fossil grains counted, divﬁded by the number of
exotics counted (Stockmarr 19771).

The concéntfations are affected by less of pollen due
to incomplete processing (<1%), losses due to incomplete L
settling during centrifuging, énd the sampling error introduced
by the tablets, which is most significant and which widens the
confidente interval tg the point that small differences Betweeh S
. samples are not interprefab1e (Bonny 1972). Sfockmarr (1971)
‘eéfimates thererror resulting from use of the tablets at about
39 (which seems toorlow), and notes that as the pollen count
increases, total error decreases but the percent of that error
due to use of the tablets increases.

The concentration values were used to derive influx values,

]4dafes and

using the accumulation rates derived from the C

ash layers. Relative ;requencies and inf]ux values for those

species found are plotted against depth in the diagrams, which

were initially drawn by the computer. The influx diagrams

use the same §pec1es as the diagramgrof relative frequency, for

calculating total tree, shrub and herbaceous pollen influxes,

' but a number of species with very small #nflux vaiues are not

'ﬁ]otted‘separate1y. o
The macrofossils are diagrammed using histograms of raw

counts of each species (expressed as numbers pér approximately

.98 cc  of sediment) plotted against depth. Due to the great
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variation in the total numbey{of macrofossils per 1sve]

(ranging fgzm 0 to greater tﬁgﬁgtgbd), relative frequencies

for the species found were not calculated. It was felt that

“the absolute numbers of macrofossils provided sufficientv

information for interpretation. Separate diagrams were

constrtcted for plant materia]s and for mo11us¢$.

| Seeds and fruits were categorized as aquatics, mudflat

and marsh species, and upland species, while other plant macro-

fossils (such as conifer needles) were placed in a separate

category. Molluscs were dtVﬁded into Pelecypoda and Gastropoda.
%

——

2.6 Zonation
T

The po]]en'ZOne boundaries are defined as "narrow strati-
graphic segments characterized by large qualitative or quanti-
-tative changes in pollen spectra", sep;rating pollen zones,
whith are ”biostratigraphic units with internal consfstencyt
and differentiated by an assemblage of pollen types occuring
with certain frequencies" (Yarranton and Ritchie, 1972). While
there are a number of statistica] techniques and computer
programé designed to identify either boundaries or zones,
various workers (e.g., Yarranton and Ritchie 1972; Gordon and
Birks 1972) have found a good correspondence between tones
selected on viéua{ criteria and those generated by these other
techniques. Zone boundaries in this thesis were drawn "by ‘
eye" wheré changes were obvious.' | ‘

The zonatipn for both relative frequency and influx

diagrams is based on the relative frequéhcy diagram, although

\ .
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influx dgta would seem to supportﬂa;s]ight]y different zonation
in Phair Lake. However, these influx values may be unreliable

due.to difficulty in ascerfaining rates of accumulation below

,tﬁé~Mazama ash in Phair Lake.

“5‘Macrofossil diagrams were zoned independently of the
po]1en data and of each other, also by visual inspection.
Zones are designéted by the initials of the site. Thus
po]]én zones are labelled PhL for the Phair Lake pollen
diagrams and CL for.theﬂ£hijhj1 diagrams: Macrofossi] zoées
fér these lakes are desién;?:d by PhLP and'PhLM (Phair Lake

plant remains and Phair Lake molluscs, respective]y), and - .

CLP and CLM (Chilhil plant remains and mo]]usfi‘i).
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3. RESULTS

3.1 Phair Lake

~Sediment Stratigréphy and Dating

The basal portion of the core consists of an é]most pure

blue gray clay (argilla steatodes; Troels-Smith 1955) suggestive

of ice contact, or possibly input from some high a]titﬁde

melting glacier. From aboyt 340“cm‘ depth up-to 320 cm ,-tﬁis

clay becomes increasingly dark, aimost black. At first this

blackish co]our_wés ascribed to ofganic content, however analysis’

of the sediments 1ndfcated that the material islin fact a

black silt. Water Eontent is low, averaging 25.5% (see éig.

8), as are 1o$s on ignition (averaging 1.85%)and ash va1$g§'

(averaging 3.1%;both this and L.O.I. éré expressed as %;bf dﬁy

Qeight in Fig. 8).  Particle size sepqration was also carried

out for some of this matgrial and the results (Table 2) again

suppbrt the contention that this is a silty c1ay: |
A radiocarbon date from this sediment requi;éd 15 cm ;f

core to obtain\§uffﬁc§£nt éérbohvgor dating. ExtraPo1ating‘«

from this date of 6780 t(é%O years BP (I-10,045) produces a

'basé1 date of 7050 years BP. The carbon date may be somewhat

too young, sincédit suggests a sediment depositiO?Atime of

approximately 6.67 years per centﬁmete} for the entire section
of core be]ow the Mazama ash. Ih particu]ar,vit éuggests that
only 180 years were required for the taccumulation of 27 cm 'of.

material, 10 cm of which represent peat. While it is possible



Table Two . )
NI

Particle size analysis
.of two basal clay segments of the

Phajr Lake core

% of voTume

Particle size . 316-320 cm 320-325 cm
< 250 microns 21,7 - 27.0
250 to 75 microns 50.0 31.1 -

>75 microns 28.3 41.9

that there was an excéedingly rapid input of silt between about
330 and 31é‘cm, it seems Tikely that there is an error }n
the accumulation rate. ’ o

At 315.6 cm, the sediment changes abruptly. There is
a Tayer of wood (detritus‘1ignosa, Troels-Smith 1955), which
may mark a hiitus in the deposition of éed{ments, supercedéd
by a moss peat (turfa bryophytica, Ibid.), which contains
some large fragmenfs of wood and herbaceous matter. As is
expected,*béth water content and. Toss on ignition values
increase sharply within'this spongy 0fganic material (averagiag
81% and 59.5% respecfivé]y). Ash weights remain lTow (about .
2.9%). |

There afé two dates within this peat layer , which is
42 cm thick. One is provided by the Mazama ash (302.5 to
305 ¢cm ) and the other by a C'* sample from a depth of 280
to 285 cm (near the top of the peat; see Fig. 7). The

depositidn rdte between these dates is approximately 33.5

years per ¢cm. Therefore, if one assumes a constant rate of

i
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Analysis of Sediments from Phair Lake.
Loss on ignition and ash values
expressed as percent of dry weight.
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deposition throughout the peat, one can estimate that peat
deposition began ca. 6935 years BP and ended ca. 5645 years

BP. This suégests that if the lowermost 014 date is correct,
thé actual date must be very close fo the oldest estimate givén
(6780 + 260 years BP), and the basal date is approximately

7260 years BP. B

At 274 cm there is a 1ayef of fine, almost matted
dé{ritus,ﬁwhicn may represent a hiatus in deposition. Above
th}s is an abrupt sﬁift to a shelly marl (1limus cafcareous;
~Troels-Smith 1955), which continues to 106 cm. It is light
tan in colour and contains laminae of varying thickness. Some
are reddiéh‘in colour, perhaps suggestinghoxidizing conditions,
- and é few thin layers are black. ’These lTatter seem to be
associated with the présence of mollusc shells, and may represent
a fire and/or erosion zone marking a greafer influx of
terrestrial materials. Theré is a d@fjnite fire zone at 254.5
om ;consisting'of charcpa] and fe]tedizetritus.

The marl is characterized by the presence of shells
(Troels-Smith's testae moﬂ1u€corum, 1955), and\by-1owraoss on
ignition and therefore org?nic carbon values, and high in-
organic carbon values as indicated«by the loss on ashing
‘(averaging 36.3%). Water contents are moderate, decreésing
with increasing depth (frém_about 79% to 61%) reflecting
increasing compression’ofhthe sed{ments.

The -date provided by the Bridge River ash at 143 cm
gives an accumulation rate of approximafe1y 25.3 years per cm
below the ash§ 24.75 years per cm if one excludes all peat

from this calculation and considers only the marly deposits.
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At 106 cm there is yet another rapid change in sediment .
typé, from marl to a dark olive-brown gyttja (1imus detrituosus,
Troe1s-Sm1th 1955). A radiocarbon sample dates the start of

I 145 years BP (1-9708). This yields

this deposit at 1985
a deposition fime of about 10.4 years per cm in thq 37 cm
of marl above the Bridge River tephra. The apparently more
rapid deposition of maték1a1s in this upper portion of ﬁar]
may be a pfoduct of the lesser compression of these sediments,
‘or it may reflect an uneven rate of debosition, as suggested
'by the presence of the laminae. |

The gyttja has a high water content, averagiﬁg about
92%. The uppermost sed{ments were, in fact, -almost totally
1iquid, but no samples we;e taken from the Brown égre for
sediment analysis. Loss on ignition values for“thé.gyttja*
were on average fairly high (47%) and ash‘va1ues were low
(averaging 5.1%). |

The average accumulation rate above the'upper C]4 date

~

is about 19.2 years per cm, though the loose, uncompacted

upper sediments probably represent_a much shorter span of

-
. %

time.

~

Pollen Stratigraphy o : : et

Pollen presefvation begins at about 320 cm. Below this
depth sediments are essentially sterile, and most of the few
pollen grgins found are corroded, suggesting a rapid rate of
deposition. It may also be_that a surface suitable for pollen

deposition and preservation was not formed until some time
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immediately brior.tb thevMazama ash fall.

Only two pollen zoneS are identified in the relative
frequency and po1fen influx diggrams (Figs. 9 and 10). Zone
PhL-1 (320 to 290 cm ) is characterized by relatively Tow
percentages of arboreal pollen (AP),particu1ar1yﬂlﬁ£§ and Betula,
witﬁ peaks in Pinus and Abies. There are also high values of
grass pollen and some Pteridophyta spores, notably Eguisetuﬁ

and Pteridium adui]inum, the bracken fern. It is the aquatic

pollen, however, which truly differentiates this zoﬁe - in
particular the high percentages of Cyperaceae and Typha
latifolia. Eguisefum spores might also represent an emergent

aquatic horsetail, such as E. fluviatile (see Discussion).

Zone PhL-2 occurs above 290 cm (ca. 6180 years BP),
from which point the erra]] bo]]en profiles éré rather
coﬁp]acent. Both pine and alder show wide level to Tevel
fluctuations (from 10 to 40%), high values of Alnus usually
coinciding with Tow values of Eiﬁgg, but no trends are>apparent.
Few trends are notiCeable in the noh-arborea] pollen (NAP), ‘

except for the slight increase in Artemisia in the bottom :

third of this zone, and decline in Artemisia and Poaceace above this

point. Equisetum, Cyperaceae and Typha decline.

Tt 1slpossib1e to recognize an upper subzone, perhaﬁs
representing disturbance within this zone, from about 20 cm
to 0 cm depth, which is marked by reductions in Pinus,

Pseudotsuga and Alnus percentages, and an increase in Betula.

There, is also a slight “increase in CUpressaceae and Populus

tremu]oides,po]]en: but this probably reflects differential

preservation (Sangster and Dale 1961). Among other categories,
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Fig. 9

Phair Lake pollen percentage
diagram.

Unshaded portion of curves indicates
10Xs exaggeration.
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'there are small peaks in pollen of the shrubs Spiraea and

Corylus, as well as herbace6u§ Fabaceae. Assuming. a constant
rate of deposition, this subz;ne would date froh about 385
years BP. However, considering the loose and uncompacted E
nature of these layers, it seems Tikely that this date is too
old. | ‘ |

The same zonation is applied to the influx digﬁfam (Fig. 10).

Zone PhL-1 is characterized by high influx values of

Cyperaceae and Typha latifolia, and.the tree species Rinus

and Abies. There are also peaks in influx of Picea and

Pseudotsuga menziesii, though these are nbt/ref]ected in fhe‘

relative frequencies.

-In PhL—Z there is a gradual increase in total influx as
one moves upwards in the coke, dec]ihing again rapidly in
the upper 50 cm. There are two major peaks in influx. One
is féund at about the level of the Bridge Rivqr ash, and is made
up lTargely of Alnus and Betula, two local species. Thé\other B
is found at a depth of about 80 cm in the gyttja, and is |
produced by an increase in thevinf1ux of all upland specieS  /Qﬁ’
This suggests an increase in the deposition or preservétion ﬁ
of the palynomorphs, and since there is no change ihfsediment
af this poﬁnt, one might suggest that this peak is 1in féct
due to increased inwashing of paTynomorphs via precipitation

’ ! G x C. AL s .
or wind. The very small increases in Abies and Picea, two

@

. /
high elevation species, indicate that wind is not the key

factor.

It might be rnoted that using primarily relative frequencies

of Equisetum, Cyperaceae and Typha latifolia, the zone boundary



Fig. 10 Phair Lake pollen influx diagram
‘ (selected pollen and spore types).

Unshaded portion of curves indicates
10Xs exaggeration.
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i

o : , )
should’obviously be placed at 275 cm, corresponding to the

uppef 1imit of the peat layer.

Macrofossil Stratigraphy

Zonation of the plant macrofossil diagfam (Fig. 11)415
simple. -Zone PhLP-T, below 325 cm, 1is characterized by a
paucity of material. Macrofossils found consist almost entire-
ly of wood fragments and rootlets, three fragments of

Pseudotsuga needles and one Pinus ponderosa needle.

Zone PhLP-2 corresponds to zone PhL-1 of the pollen diagrams
(325 to 290 cm ), and is marked by an abundance of Scirpus

“achenes, as well as occasional Potamogeton (Plates la and 1b)

and Carex c¢f comosa.
Zone PhLP-3 corresponds to pollen zone PhL-2 (290 to
0 cm ) and is chargcterized by the seeds and fruit scales of

Betula papyrifera and B. occidentalis, as well as by the

consistent presence of Pseudotsuga menziesii needle fragments.

The mollusc record (Fig. 12) is somewhat more complex.

)

‘Below 275 cm (zone PhLM-1) mollusca are generally absent.

Zone PhLM-2 extends from approximate{y 275 cm to 110
cm, or the full extent of the marl. This zone is.divided into
- three subzones. PhLM-2a (275 to 210 cm, about 5650 to 4050

years BP) contains relatively large numbers of the Pulmonates

Gyraulus deflectus and immature Helisoma species, and moderate
numbers of Pelecypoda. '
Subzone PhLM-2b (210 to 145 cm ) is characterized by

large numbers'of Pe]ecyboda, and few of any of the Gastropoda,
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o
Fig. Tt

Phair Lake plant macrofdssil diagram.

For key to Lithology,
(Figs. 9 and 10).

see pollen diagrams
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AQUATICS  MUDFLAT UPLAND SPP. Needle  Fruit
and MARSH SPP. , fragments scales

Radiocarbon DEPTH
Years BP Lithology (cm)

loI.A

: RN D
: i Posol
" ’ LI I Dox
R ] : B .
: b ox . s I
100 : 1) % x : i P
1985:+145 S : SRR 2% I
v N . < -3 ool
ccc u . x x [ - B R
ugy Gl 1 : x x x . - m [ 3
Mcw N : x Do g vl
Bridge River ash 2400 o, vell | x : 1 1= T TR
eUoU x : ' b po-o
y usu : 1 [ > m
UOoyoUus] |- E . P : PO
U uu : Do ;omoo
E5 : . ST
u-veve||-200 : | 1 T s i
o m:cc : . [ Lo
0 veu : Dol « 4w
U U U6 L - ] [ | P
U0 UoU : - :
Tt : P
U veu D% 1 :
ueu vell- . x : : ]
uey U P Dot . Lol %
[URGAY ool -l P A | ] -
=l ] o N Do T 10 .
5930115 «J,YIMV Lo - Do RN oo Do Do o
-1 300 - ToTmemT eI MM T T N | ity miiil Wi
a X OIS Co : Lo F : b

Mazama ash 6600

6780+260 Jk t -] -----lu.-w.------u.-.” =mr=d .w{w-lp“-.m----.w A e -

X indicates presence Count per 100 ml sediment



47 .

with the exception of some immature Lymneids near the lower
part of this szzoneL In subzone PhLM-2c (745 - 110 cm

2400 to 2000 years ago), the number of Pe]ecypodsrdeclines,

!

while Gyraulus deflectus and immature Helisoma species increase
- F g

s]ight]y,“and H. ¢f corpulentum, Physa jennessi skinneri, cf

Lymnaea species and Valvata sincera helicoidea all peak.

Zone PhLM-3 might also be divided into three subzones,
the Tower {110 to 50 c¢m ) and upper (25 to 0 cm ) lacking any
molluscs. .Some molluscs, mainly Pelecypoda, eraulugrand
Va]vata are found between 25 and 45 cm (about 480nto 860
—x
years BP).

The molluscan stratigraphy seems to correspond more
closely wyfh the sedimentary column than do the pollen data,

as might be expected.

—

P
-~

Phair Lake Surface Samples

The results of analysis of the eightvsoii surface samples
and the one moss polster are included in Appendix 2 (Table 3),
along with percent cover values for ihe 1 m2 quadrats from

which“the;éamp1es were taken. The relationship between percent

‘cover and representation in the soil pollen assemblage is not

constant, due in part to the nature of pollen dispersal of;Some

species, and the inadequacy of using a T m x T m quadrqt

I3

to estimate the input of tree species. In some cases, a very

high percentage cover is related to high po]]én percentages
(e.g., Betula in samples 7 and 8 from the vicinity of the in-

put stream). In a number of cases species not actually in the
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Fig. 12

Phair Lake mo]]usc diagram.

} of
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quadrat but nearby contributed greatly to the soil pollen.

Some species (e.g., Abies, Picea, Tsuga mertensiana, and "Pinus

albicaulis type) are obviously present as a result of transporf

from,h%gher e]evation;.
in some of the Eamp]es, insect po]linated or poor pollen- .
producing species afe represented in the assemblage. Some- |
times{'though not always, this was re]atédvfo the presence
of thege species within the quadrat. In this case, the
percentage repkesentation in the p011en is generally much 1éss
7than the percent cover, due to the presence of species nearby
which are large pollen proddcers. .Also, some species (e.g.,
Ga]ihm) are not represented in the po]]en»record éven when
present on fhe site of the éamp]e. ' |
To overcome the prob]ems of local ovér—representation
of some species and more closely approximate the incoming"
pollen rain, the surface samples were aggregated to produce
a single histogram of p011eh frequencies from the vicinity
. of Phair Lake (Fig. 13), as recommended by Adam and .
Mehringer (1975).
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Fig. 13

-

Phair Lake surface samd\es,
aggregate diagram.
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3.2 Chilhil Lake

Sediment Stratigraphy and Datfng

The basal material (380 to 390 cm ) consists of a stiff,
grey clay-gyttja. - A radiocarbon sample from this material
produced a date of 4860 T 120 years BP (;—10,044), which was
4def1ned‘asAaﬁoma1ous because 1t'oqcured'wel1 below the Ma;am;
~ash known to date at approximately 6600 yeafs BP.

Above 380 cm -the clay becomes increasingly brown in colour
and dominated by gyttja unti] by 325'Cm. the sediment is an
almost pure gyttja. A ;édiocarboh'samp1eitaken from th§#c1ay-
gyttja at 370 to 380 cm provided a date of 1750wf>180 years
BP (WAT-360). By extrapolation of acéymg1ation rétes, the
very basal sediments date from about 7986 years BP (range
from 7760 to 8166 years BP).

The sediments ané very uniform, with gyttja extending
to about 104 cm, above which.]eve1 increasing amounts of marl
are present. There are variations 1% colour, the abundance
of molluscs, and the presence of herbaceous detritus. Shells
are particularly abundaht between‘104 cm and 221 cm, and plant
fibres aré abuhaant below this 1eve1.hlfhere is é band of very

d}dark; almost b1aek gyttja between 221 and 230 cm which contains
fjhe drganic ma;ter. | _ |

The sediment analysis ref]ects/thétgenera1 uniformity of
the gyttja (see Fig§’14). Water content remains fairTy uniform
to a depth of about 325 cm (averaging 73.7%), below which
depth it decreases steadily, due to increasing proportions‘

of clay and silt, and increasing compression of sediments.
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Analysis of sediments from Chilhil Lake.
Loss on ignition and ash values expressed
as percent of dry weight.

»%
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Loss on 1gn%fﬁon percentages (indicatinag organic carbon)
averages a}ound 25.4%. 1t increaées below 210 cm,_ as does
herbaceous detritus. A small peak in L.0.I. at 225 cm cor-
responds with the blackish 1aye} mentioned above.

Loss on ashing values average 19.5% and tend to bé
lowest where L.0.I. values are highest. There seems to be,
in general, an inverse re]ationship’between L.0.1. and ash values

in this core, until a depth of 325 cm, below which both

decline steadily as silt and clay contents Thcrease. It might

be noted that water contents and L.0.I. values are lower, and
ash values higher in Chilhil ‘than in the Phair Lake gyttja..

There are two dates from within this sediment. One is

~provided by a layer of Mazama ash at about 302 cm_depth, and

the second is a C]4 sample taken from a depth of 200 to 210 cm:
This date, 4415 ! 165 years BP (GX-6233), marks’both an 1nEréase
in Pine pollen percentages and a decrease in organic carbon
within thé sedihents as one moves upwards in the core.

 Based on these datés, sédiment depésition times are

approximately 15.75 years pér cm ‘below the ash, 22.5 years >

‘per cm between the ash and the upperfradiocarbdn sample, and

21.54 years per cm above thig sample. Using these values
the appearance of 1ncreasingvam6un?§ of marl at 102 cm dates
at about 2196 years BP, and'the bécurence of a band of pure
shelly marl be%ween 90 and 70 Cﬁv at y937’to 1506 years BP.
The stratum of mar] 1scharacter1£ed by lower water content§
(about 68%) and L.6.I. values (14%) and higher ash values
(32%5 than the gyttja, a pattern also found in the Phair Lake

mar].

-



N~

54-a,.

\
]
At e
;
Fig. 15 . Chilhil Lake pollen pErfentage )
diagram. ¢

—_—

. j
10Xs exaggeration. §

o,

™

Unshaded portion offcu;qu indicates
1.



55,

Above the maf1 there is a transi:?éh back totgyttja; and
a loose dark,o11vé-gkey gyttja occurs from about 45 cm to
*the‘surface. A third radiocarbon‘samp1e which would confirm
of?négate the dates suggésted for mar]l deposition was submit-

ted for dating.

Pollen Stratigraphy

Palynomorphs are present in all sedfments.samp1ed, including
the basal clayey materials. Three pollen ;ones*have been
identified (Figs. 15 and 16).  ° ‘

Zone CL-1 extends from the basal sediments to 330 cm
(about 7042 years BP) and is characterized by relatively Tow
arboreal pollen values (between 53% and 73%). Pinus ranges

from about 29% to 52%, Picea and Pseudotsuga are less than

5% of the total; .and Tsuga heterophylla and Acer glabrum just

appear in this pollen zone, the former .reflecting long distance
transport (see Discussionj, and the Tatter a local occurence.
Noﬂ-arborea] po11eh‘va1ues are high, due to high counts of
Artemisia,‘a:smai1 peak in Tubmliflorae, increasing amounts

of Poaceae (to a maxfmum of about 15% at 360 cm 2, as well

as peaks 1in Biﬂgl; Bréssicaceae, Chenopodiaceae (to 19% at

395 cm ), and spores of Ptéridium aquilinum. Influx values

for these species also indicate peaks, and overall influx
values average 2528 grains per cm2 per year.

Zone €L-2 (330 to 205 cm }-might be described as
transitional. Arboreal pollen freduenc%es gradually increase

from values of between 61% and 72% near the bottom to better
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.than 83% atfthe top of the zone. Little of this increase is
a}product;bf increasing pine values. Mo§t’of it is a result

~of gradual increases in Pseudotsuga menziesii (to a maximum

of 11% ﬁear the top of the'zone), and Picea, as well as slight

increases in Populus, Cupressaceae, and Tsuga heterophylla
poT]eh. Alﬂgg values are consistently high. |

This zone could be subdivided 1nto.three subzones. A
subzone CL-2a (330 cm  to 300 cm, just above the Mazama
ash)'is characterized by a peak in Pine pollen and the dis-
appearance of ChenOpodiaceae.r Subzone CL-2b (about 300 tm
to 275 cm, <ca. 6550 to 5985 years BP) is marked by reduced
Pine values, increases in both Chenopodiaceae and Rumex po]lén,

and a peak in Typha latifolia. In the third subzone, CL-2c

(275 to 205 cm ), Pinus, Pseudotsuga and Picea percentages

1ncreasé, and Salix peaks. Artemisia and Poaceae, which until
this point had remainéd fairly high, begin to decline.
Chenopodiaceae levels again drop significantly: There are

also peaks in perceﬂﬁages of three aquatic species, Potamogeton,

Myriophyllum and cf Sparganium.

This threefold division is not at all marked in the Influx

diégram {fig. 16); only the peak in Myriophyllum pollen is un-

"equivocd1 in the latter. In general, influx values are lower
than in zone CL-1, averaging about 1720 grains per‘cm2 per year.

In the upper zone, CL-3 (205 or 4415 years BP,to O cm)

arboreal pollen values are .consistently high, largely as a

i

resu1t76¥w5n increase in values of Pinus. ‘A1l other tree

species remain fairly cgnstant, with the exception of Alnus,

which declines slightly, and Tsuga heterophy]]a;“hﬁ{éﬁ7ﬁas
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Chilhil Lake pollen influx diagram
{(selected pollen and spore types).

Unshaded portion of curves
10Xs exaggeration.

pre”

indicates
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incfeased slightly from zone CL-2. The tree sum ranges from
about 75%{t0 88%, dropping in the upper 75 cm.

The most important herbaceous genera are Artemisia,
Chenopodiaceae, andAPoaéé;e, but théfr values are much keducéd

from the preceding zone. Important aquatics are Cyperaceae

and Myriophyilum, )
This zone'mig’h’f‘ alsoube ;ubdi_\’/ided‘, with subzone CL-3a
(205 to 75 cm ) as described §bove, and subzone CL-3b above
75 cm characterized by a drop in Pinus percentages to a minimﬁm
of 41% and increases in Poaceae from about 6% to 15%. The
upper 25 centimeters are also distinguished by small peaks

G
in Tubuliflorae, Ligu1jflorae, Brassicaceae, Fabaceae, and

Polygonum erectum type pollen. .Cyperaceae all but disappear,

and there are peaks in the percentages_of’Po1xgohum cf amphibium,

Potamogeton and Myriophyllum.

fhis naturally does not show up in the inf1uxfdiagram;
since ho correction of rate of depositign was appTied to the’
very loose upper sediments. Influx ave;;ges about 2740 grains
per cm2 per year below 50 cm, and only about 1064‘grains‘

per cm 2 per year above that level.

 Macrofossil Stratigrapﬁy v

... The boundaries of the pollen zones match with only a Tittle

TTIO'CHV'F"T-CEt ion the zonation of the p'}'arrt' macrofossil diagram—— -

(th. 17). Zone CLP-1 (from 330 cm to 370 cm, the bottom
20 cm of the core having been used for radiocarbqn—dating

and therefore not available for macrofossil analysis) is
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Fig. 17

Chilhil, Lake plant macrofoss11
d1agram

~For _key to. L1tqplogy, ‘see po]]en d1agrams
(Figs. 15 and 16). B
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characterized by high values of Potamogeton achenes, some

N

Zannichellia palustris (Plate 1j) and one small peak in

Alisma achenes (Plate lc), among aquatic species. Also

numerous are fruits and -achenes of Rumex maritimus (Plate

le), achenes of Ranunculus sceleratus (Plate 1d),‘1enticuTar
Cypefaceae (Plage 1g), cf Scirpus, and especially seeds of
Chenopodiaéeae (P]ate~1h). ' ‘

Zone CLP-2 is, Tike CL-2 in the pollen diagrams, a transi-
tion zone, extending from 330 cm to about 190 cm. Like its
counterpart, this macrofossil zone also Tends itself to sub-
division, but perhaps op]y into two subzones. The lower sub-
zone ClkR-2a (350 to 245 cm. ) contains initially high values

of Potamogeton and Chenopodiaceae, which then decline. At

280 cm, there are peaks in Zannichellia palustris, lenticular

Eleocharis species, Ranunculus sceleratus, Rumex maritimus,

and Chénopodiaceaq. This is the equivalent of pollen subzone
CL—ZB, but in this diagram it occupies a éing1e level. Above
this peak these spécies all but dfs;pﬁéar; Subzone CLP-2b
(245-190 cm ) is characterized by abunaant achenes of Najas

- flexilis (Plate 11). , , . |

In Zone CLP-3 (190 cm to 0 cm ), ﬂgigg_aj] but disappears,

and larger numbers of Potamogeton, Zannichellia palustris,

Ranunculus sceleratus and Chenqpodiaceae feappear, though these
do not approach their abtindance in ione CLP;1. Lenticular |
Cyperaceae all but disaﬁpear, and Séirpus achene§ make their
first major appearance. | ‘ B

There %is a lack of macrofossil matérial between 75 and 90

cm  (the marl), then the macrofossils feappear, only to decline

>
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Fig. 18

Chilhil Lake mallusc diagram,

For key to Lithology, see pollen diagrams
(Figs. 15 and 16).



“againin the Tooser upper ;ediménts.& N ‘

| The zonation of the,mollusc diagram (Fig. 18) differs
-somewhat. Zone CLM-] (370 cm t07215 cm, ehcompassing a
period from about 7670 to 4640 years BP) contains virtually

: 4 - , - x
no -molluscs, with&the exception of a few Lymneids, Gyraulus

def1ec§us,,1mmature'He1isoma sp. and Promenetus sp. foundi
‘between 350 and 370 ém.

ione CLM?2 (215 to 0 cm ) 1is mafked'byvan abundance of
mo11us¢af and can be subdivided into three subzones. Sub-

“

zone CLM-2a (215 to 105 cm,- or about 2260 years BP) has Tow

'to high values of Pelecypoda, and high counts of Lymneid TN

g | \

species, Gyraulus deflectus, Helisoma and Promenetus ;ﬂé;ies; )
. S - o

Subzdne CLM-2b begins at a - point where marl contents in
the gyttja‘becomes noticeab1e,»and continUes~t6 66 cm; or .,
"about 1300 years BP. Thié sub;one is domihated b;'Pe1ecypoda,
wh1ch reach their highest va]ues in the core here, as well
as Gyrau]us deflectus, Helisoma cf corpulentum, and two spec1es
’wh1ch irst appeatr in this subzone, namely Valvata s1ncera
hélico1$ea.and‘Eﬁ1§* Jenness1 y1nner1 Promenetus and Lymneidg
are also present. - o - |

I

, N e
The fiﬂg)’subzone; CLM-2c, begins with the deposition

7anéw of,fﬁéreasing/amounts of gyﬁtja. In this section of core,
mof]uscs are much less abundant@ aﬁd Helisoma species all but
disappear. The absence of mo11uscs may be due to the type of-
sediment,~qr may in fact be due to their loose, uncompacted
nature, especially above 40 cm. 'This also suggests that the
molluscan assemblage may not represent a single re]at1ve1y

short period of deposition, but may be a tempora1 compos1te,
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due to the sinking of heavier shells jntd a-loose substrate.

q

Chilhil Lake Surface Samples

#

lA total of nine surface samples were ana1ysed.from akpund
"Chj1h11 Laké: seven soil samples and two moss po1sters;‘ Per-
. cent coveg'd3t57were not gathered from these sample sites,
.but the génera1 nature of the vegetation was noted. The pollen
Ce1at1velfrequenc1e§ are given in Table 4 in Appendix 2.

As fof the Phair Lake data, the .results of analysis of
the $amp1es were aggregated to produce a single compos%te

histograh (Fig. 19).

<4
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Chilhil Lake soil surface samples,
aggregate diagram.
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ki

4. DISCUSSION

4.1 Vegetation History

Intrbduction

There was almost perfect correspondence between pollen
zones and plant macrofossil zones, though these were set up
wholly independently of each other, in both Phair and Chilhil

lakes.

LS

Phéﬁr Lake

lone PhLP—]band the pollen-poor basal éediments below
320 cm consist of a black §ilty clay which merges into a blue-
”Q;ey c]ay,k Even after processing with Sodﬁum pyrophosphate
and HF to remove silicates, fewer than 20 pollen grains
per slide were found, and most of these tended to be greatly
corroded or broken. A count of 100 po]]en grains at 320 cm
required scanning five slides, and produéed an assemblage

consisting of Pinus, Pseudotsuga menziesii, cf Cupressaceae,

Alnus, Poaceae, Pterid?@h aqu%]inum, Polypodiaceae and single

grains of Picea, Betula, Tubuliflorae, Fabacede, and Ranuncuil-

aceae. There were also a number of unknown and indeterminable
pa]ynoﬁ;ths.

The macrofpssi] zone (325 to 374{cm ) is essentially
sterile, with the exception of soﬁéf;oot1ets, a fragment- of a

Pinus ponderosa needle at 370 to 374 cm, and three fragments

of Pseudotsuga needles at 350 to 355 cm.

L
The radiocarbon date from this sediment suggests that
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the 10Q pol]en’concentration is due to é véry.rapid rate of
deéésition, resu1tiﬁ%;1n\1nf1ux vajues 6f less than 250 grains
per cm2 per- year. The corrbded nature of the po]]eh suggests
some “inwashing of terrestrial materials, but this is -
contradicted to some extehd by the Tack of macrofossils.

It is possible that the basal clayey sediments actually
represent a period when there was little vegetation to |
contribute either pollen or ma¢rofossi1s, but this is nof“%jw%;
supported by the record which does exist. The presence of

Pinus ponderosa and Pseudotsuga needle fragments suggests

that these species were present in the vicinity of the site.
It seems more likely that the blue gray clays were a product
vof ablation of high elevation g]ﬁciers, the meltwater of which
fed into Phair Lake. The lack of varves is explained by the
probable shallowness of the water body. ‘ |
Assuming‘a constant fate of accumulation withih a sediment
type, thHis zone daées from about 7000 to 7260 years BP,
Zones PhL-1 and PhLP-2 extend from about 320 cm depth
(325 cm in the macrofossil diagram) to 290 cm, circa 6180

years BP. The pollen zone is characterized by maximum values

in Pinus, Abies and Picea, both in terms of relative frequencies

and influx values. Pseudotsuga values are moderately high,

and Alnus and Betula are at their minima.

- Despite high percentages for some tree species, total
arboreal pd11en 1$_at its 1owest.1n the core, ranging from
51.4% to 81% (avv_er‘aging about 65.5%). The high non-
arboreal pollen total (averaging 34.5%) is made up largely

of grains of Salix, Poaceae, Equisetum, Pteridium aquilinum
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and Polypodiaceae. A]%hdugh the NAP percentages are similar
to. those measured in grassland-forest transitions areas in
the nearby Hat Creek:Va11ey (Hebda 1979, unpubl.), the species
composition is unlike any modern transifiona] assemb]agei;

Instead, the above herbaceous species plus Typha latifolia

and Tubutiflorae are typical of bogs (McAndrews 1967.) and marshes.

The sediment type fs a moss peat containing wood and herbaceous ;

detritus. Some of the wood was identified as.coniferous. -
Boggy conditions withrsha11ow wéter are suggested by

sediment type, pollen, as we]J!as mac;ofossi1s. Nearly all

the plant macrofgssils~fouﬁd“be1ong to the Cyperaceae (Carex

cf comosa and Scirpus sﬁe@ies), coinciding with peaks in

Cyperaceae pollen. There are also remaihs of Betula, and a

|
1

few conifer need]e fragﬁents,ﬁinc1uding f Picea, which may
indicate spruce growing on or nearbthe marsh. This would
explain the higher relative frequencies and 1nf1ux va1ues of -
this taxon in this zone.

Achenes of Potamogeton and Chara oogonia suggest that

while the lake may have been muéh reduced in depth, there
was still some open water, at least 0.7 m deep based on the
ecology of Chara (Rawson 1934).

Zones PhL-2 and PhLP-3 extend from 290 cm to the surface.
Here the pollen diagram becomes fairly complacent, with wide
feve1 to level f]uctuétions in some specigs (e.g., Pinus and .
Alnus) but no marked trends. Arboreal pollens have increased |
to an average of about 85% of the total pollen rain, contributed

largely by Betula and Alnus. Pseudotsuga increases slightly,

qnd Abies and Picea remain fairly steady, having declined
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slightly from the preceding zone. Pine values are generally

lower than in the previous Tlevels.

There is a reduction in non;érborea1 pollen, particu1ar1y
of the bog species, and this fs supported by both the sediment
record'and plant macrofossils. Peat persists to 274 cm
depth, whereupon it is replaced by a marl. Between 290 cm
and 275 cm, Cyperaceae macrofossils diigpyear, and palynomorph

frequencies of Equisetum, Cyperaceae, and Typha latifolia

decrease, sugéesting deepening lake levels and a greater develop-
ment of open water. This conclusion is supported by the

presence of Potamogeton achenes and an increase in Chara

oqgonia; Note that the high percentages of Equisetum spores
are suggestive of an aquatic sbﬂrce, since at present relative
frequencies in'soil samples tzken near terrestrial horsetails
are much Tower (see Table 3, Appendix 2).

Plant macrofossils consist mainly of seeds and fruit
scales of Betula species, seeds of Alnus, Pinaceae, and Acer

glabrum, conifer needle fragments (especially of Pseudotsuga

Tgpziesii) and deciduous leaf fragments which suggests an (
open lake surrounded by a closed forest dominated by Douglas - -
fir.

Moister conditions are also supported by the increase in
Alnus (Hebda, 1979, unpubl.), and cooler conditions would

seem to be suggested by the appearance of a number of montane/

subalpine/boreal taxa such as Thalictrum, cf Valeriana

sitchensis, and Polemonium pulcherrimum. Paxistima myrsinites,

N
a shrub of the wet subzone of the Interior Douglas Fir bio-

geoclimatic zone, also appears in the pollen record for the
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first time.

Ndn-arboreé] pollen comprises about 17% of the total
pollen raiﬁ, rahging,from 11% to 21%, until 210 cm (circa
- 4100 years BP), when it drops to 14%, with a range of 8%
to 19%. This is the prqduct oﬁ_d decline in Pgaéeae and
Artemisia values, which had remained fairly constant F}oé
the preceaing zone. These AP-NAP frequencies are indicative
qf a closed forest. Hebda (1979) records NAP values between
12 and 20 percent in closed forest in the Hat Creek Valley
which compare with soil surface samples collected from the
present forest around Phair Lake. There are some differences
between modern and fossil assemb1age§, however. Alnus and
Betula would appear to be over-represehtéd in the Take samples

and Pseudotsuga and Einus are under-represented, largely be-

cause the former taxa are lake-edge species, occur along the
input stream, and thus depbsit more of their po11én directly
into the water. This suggests that Tower Pinus frequencies
in this zone are an artifact of increased inputs of local
polien types, as evidenced by the reciprocal nature of pine
and alder pollen fi;qupncies. A

However, Pinus influx values are also 1owef. Influx -
values in general rangé from 130 grains per cm2 per year in.
the loose upper sediments, to 5480 grains per cm2 per year
at 80 cm (éirca 1540 years BP). This peak fs a product
of increases in the influx of all species, 1nd1cating;soﬁe
sort of depositional event. A Tower peak at 140 cm (around
2400 years BP) is comprised only of Alnus and Betula, and

therefore reflects some local event which either increased
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the extent of thesé species or increased erosion of the 1akeg >
shores _on which they occur (the latter is not suggested by>f

the %géiments). Total influx values in this zone are lower

than in the preceding zone. Heusser and F1orér'(1973),

work1n§ in western Washington, found a reduction in 1nf1uX
values related to development of closed forest conditions,

when fhis forest was dominated by a re]ativé]y poor pollen

producing species, comparable to Pseudotsuga menziesii at

Phair Lake. |

The sediment change at 106 cm, from lTacustrine marl to
gyttja (at 1985 * 145 years BP) is not accompanied by any
change: in pollen or plant macrofossi1s. The only change Sn
this zone occurslin the upper\25 cm, where there is a decline

in arboreal pollen and increase in non-arboreal pollen sug-

gestive of disturbance of the forest cover.

Chilhil Lake

Zones CL-1 and CLP-1 occur below 330 cm, or about 7040 g
years BP. The pollen zone is characterized by low arboreal
pollen values (averaging 63.5%, and r;nging from 56% to 68%),
~and high non;érborea1 pollen percentages (an average of 36.5%v
and ranging from 32 to 43%).
- Pine values are particularly low (gengra]]y between 30

and 48%), as are perééhtages of Pseudotsuga and Picea. Un-

common pollen types which first appear in this zone are Acer

glabrum and Tsuga heterophylla. The'appearance of hemlock

pollen (ca. 7600 years BP) probably reflects its establish-

- o

e
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ment in the Coast Mountains to the west of Phair Lake, rather
than locally.

The non-arboreal fraction is compéised largely of "prairie"
species, and the percentages of Poaceae (which increases from
approximate}y 5% at the bottom to about 15% at the top of the
zoné) are typical of brairie veéefation (Webb and McAndrews s
1976; McAndrews and Wright 1969). " Other species found in
relatively large numbers in this'zone are Chenopodiaceae
(which reaches a maximum of 19%), Tubuliflorae, Bgmgi,

-

Brassicaceaegfbteridium aqu111num; Polypodiaceae,

Selaginella wallacei, and K?temisia.

It is posSible that this assemblage represents open
"grassland”, on the Sasis of creatéf than 40%‘NAP, particutarly
Poaceae, Artemisia, Tubuliflorae and Liguliflorae, and less
than 40% Pinus in the surface samples. However, the composi-
tion of the NAP in TRe Chilhil sediments is quite different,
‘and is also unlike any of the surfacelsamphes collected from
the vicinity of the lake (see Table 4, Appendix 2), including
samples from open pastureland and mudflat areas. |

Instead this assemblage seems to represent species of
prairié lakes subject to fLugPuations in level and drying out
in summer. This is supporféa by the macrofossil recdrd, which

is dominated by what are termed "drawdown species", weedy/ annuals

of Tow lake levels which colonize "mud exposed during drolughts"

(Birks, 1973, p. 180). The species found include Ranunculus

sceleratus and Rumex maritimus var. fueginus, both of which

produce light, easily transpgfped seeds, and Chenopgdiaceae,'
: a7

the seeJ&&of which are not ad?pted for floating and which
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therefore are concentrated in large numbers near the lake
shore (Ibid., page 183).
Lake edge species present include lenticular Cyperaceae,

trigonous Carex sp., Scirpus c¢f validus, Scirpus species, ?

Scirpus (which resembles Po]ygonum‘]qpathifq1ium: a species
of fluctuating lake margins, see Plate 1f), Polygenum sp.,

and Alisma (Plate 1c). The most abundant open water species

found are Potamogeton (P. pectinatus and P. cf fo]iosus)'and

Zannichellia pa16€;?ﬁ§, both capable of tolerating alkaline

Frar.

waters with a high conductivity (ca. 1250 pmhos; Birks 1973,

page 188). Also found-are small numbers of Ceratophyllum

\demérsum (Plate 171), a species of eutrophic lakes, and the

achenes of Myriophyllum and Najas flexilis. Naias is a deep

water species and is less tolerant of high conductivity, but

it is found in such low numbers, though it is a heavy seed
producer, as to suggest that it was rare or occured far from
the sampling site. Chara, an alga of open water, occurs but

5 ..
is not common . ~ There are also a few seeds of upland species,

-

such as Shepherdia and Rosaceae. L

There is in general a good correspdndence betw;en the
occurence of a species in the macrofossil record and;ffé
occurence in the pollen record. The exceptions to tfis are
some of the aquatic species, which are not represented in
the pollen.

These data all suggest tHat at this time (more than
7040 years BP) conditions of drought existed, leading to

reduction of water levels. The sampling site was apparently

much closer to the shore. Most of the aquatic species found .
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PLATE 1

FOSSIL SEEDS AND FRUITS FROM LAKE SEDIMENTS

‘iqul

A11 scales in mm.

Potamogeton pectinatus L. achene. Ch%Jhi] Lake,
340-345 cm.

Potamogeton sp. achene. Chilhil Lake,
340-345 cm.

Alisma sp. achene. Chilhil Lake,
330-335 cm. )

R
Ranunculus sceleratus L, achene. Chilhil Lake,
370-375 cm.

Rumex maritimus L. calyx. Chilhil Lake,
340-345 cm.

TN s
?Scirpus sp., cf Polygonum lapathifolium achene.
Chilhil Lake, 340-345 cm.

Lenticular Cyperaceae achene. \%5%1h11 Lake,
350-355 cm. ,

Chenopodiaceae seeds. Chilhil Lake,
370-375 cm.

Najas flexilis (Willd.) Rost. and Schmidt achene.
Chilhil  Take
370-375 cm.

-

Zannichellia palustris L. achene. Chilhil Lake,
350-355 cnm. -

Myriophyllum sp. nutlet. Chilhil Lake.
340-345 cm. SR

Ceratophyllum demersum L. fruit. Chilhil Lake,
345 cm. £




73-b.




74.

are tolerant of high conductivity or eutrophic conditions,
as would occur if evaporation rates increased and 1ake levels
dropped.

- There is a small but regular amount of charcoal and
ca;bonized seed found in the'sedimenis of this gone, which
;Qggésts that during the dry summers fire would sweep along
the shorelines. Fire frequency might explain the re1ative1y

high values of Pteridium aquilinum, a heliophytewhicech is

fire adapted (Rymér 1976). It is also possible that the peak
1h'ﬁteridigm is due to increased erosioﬁ of surroundiné s]opéé,
related to increased amounts of open ground as produced by
drbught or fire. That any fncredse in erosion is not due to
increased precipitation is indicated by the abundance of species
ﬁ of prairie lakes and mudflats. |

Pollen 1nf1ﬁx values are moderate, averéging 2450 grainsu
per cm2 per year, and'ranging.from 1850 to 3250 grains per cm2
per year, comparable to influx values for Manitoba prairies
(1000 to 2000 grains; Davis et al 1973, p. 17). The relative-
1y high 1nfiux values at the base of the core in clay-gyttja
suggest that thig basal level, ca 8,000 years BP, may not
representrthe’ear11est deposition of sedimenté. It also sug-
gests that when the lake opened up (that is, by the melting
of an ice block buried in the ground moraine), the rest of @he
valley was already supporting a vegetation cover which in- ‘

cluded Pinus and Pseudotsuga.

~

Zone CL-2 extends from 330 cm to 205 cm and zone CLP-2
from 330 to 190 cm. The pollen zone (circa 7040 to 4415 *

165 radiocarbon years BP) is characterized by increased
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relative frequencies of Pinus, though values which range from

dbouf 34% to afpeak of 51% are still fairly low, Pseudotsuga,

and Picea. This results in an increase in overall arboreal

pd]]ens to an average of about 76%, ranging from 69% to 86%.
The decline in non-arbbrea] pollen is due tp the dis-

appearance or decline of many of the "prairie" species found

in the preceding zone. Rumex and Chenopodiaceae drop drastica]]y;

except for small peaks between 280 and 290 cm (6100 to 6330

years BP). Pteridium aquilinum declines and disappears, and

Polypodiaceae, Selaginella cf wa11acé1, Brassicaceae, and
Tubu]jf]orae'deciine. Poaceae and Artemisiq percentages
continue steady until the upper third of the zone, and then
decline; Poaceae from 11-17% to about 6%, and Artemisia from
about 3-8% to 3.5% or less.

Although percentages of Poaceae are still high enough to
be 61assified as "grassland", the generally lower NAP va]Les,
which ave;age around 247% gre more suggestive of a transition
between grass and closed forest (Hebda 1979, unpubl.). The
pollen rain resembles that recorded for the western forest
border in the Northern Great Plains, with Artemisia values
of about 5%, Chenopods 1%, and Rggg?ae ébout415% (McAndrews.
and Wright 1969, pg. 41).

Examination of influx values indicates no real increase
in arboreal pollen influx. In fact, total influx values
have declined from the preceding zone to about 1680 grains
" per cm2 per year. This decline and the increase in tree
species percentages is due to a rédhction in NAP values. This

suggests that there has been no alteration of upland vegetation,

/,O-f

f

T



L T,

76.
but a reduction in the extent dfrthe mudflats with their
species, a conclusion suppofted“by the macrofossil evidence.

Macrofossil subzone CLP-2a (330 to 245 cm, or ca, 5300
years BP) conta1ns most of the species found in zone CLP-1,
but proportions and abundances are different. in general,

[

there is a reduction in the numbers of .the "prairie" and

"drawdown" specjes Zannichellia palustris, Ranunculus sceleratus,

AT < . : . .
Rumex /maritimus, and Chenopodiaceae, as well as in lenticular

;

Cyperaceae. Other lake edge and marsh species (Scirpus, Carex

and Alisma) remain much the same. Brassicaceae (c7 Rorippa,

-a taxon often found in sedge swamps) appears for the first

time. Among aquatics, Potamogeton and CeratOphy11dm demersum

remain constant, while Najas flexilis increases slightly.

Thewekteption:to thié occurs between 280 and 285 cm
(6100 to 6220 years BP). At this level there is a resurgence
of all 0} the "prairie"” and’”drawdown“ species, especially

Chenopodiaceae, though this peak is smaller fhan that found in

zone CLP-1. There is also an increase in Scirpus and Eleocharis,

and a decline in Potamogeton and Najas.. Above this level there

is a decIine in all species.
This subzone is suggestive of stab111z1ng lake 1evaL\\
Mudflat deveﬁ%pment is..less extens1ve, except for one brief’

period when summer droughts reoccur, between 6100 and 6300

ﬁﬁ,lgars BP. -There is little evidence for any marked increase

in water Tevel.
- A‘g—_";-‘/_‘\ - .‘-&:’—‘\—ﬂ«\

Subzone CLP-2b (245 to 190 cm, or 5300 to about 4100 )

years BP) does contain evidence for higher water levels. <

R

T B
This subzone COnt7Hns very low numbers of Ranunculus, Rumex,

!

/
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Zannichellia, Chenopodiaé%ae, and’ lenticular Cyperaceae.

Alisma, Myriophyllum and Ceratqphy1}um“éiébabsent. What

characterizes this subzone, however, is the abundance of Chara

oogonia and Najas flexilis achenes, suggesting water too deep
for emergents, stébi]ized lake levels, and a lower conductivity.
The mean preferred conductivity of Najas is only 180 pmhos
(Birks 1973, p. 188). |

Note that this zone corresponds with Birks' (1973) find-
ings in M}nnesota, namely that weedy an%ua] speciés basically
dfsappear and water levels increase after aBout 5000 years BP.

Since Chilhil Lake lacks both inlet and outlet, this
1ncr§ase“in water debth undoubtedly reflécts either an 1ncreésef

in precipitation or decrease in rates of evaporation. Cooler

conditions are also indicated by the appearance in the pollen

record of the montane species Valeriana cf sitchensis and

Thalictrum, "

Zone CL-3 extends from 205 cm (4415 years BP), and

zone CLP-3 from 190 (ca. 4100 years BP), to the'surface._nThe
pollen zone-is\marked'by an increase in arboreal po1&en, 7
averaging 88% between 205 cm and 40 cm, and 75% above-45.
cm. This increase in AP is due mainly to an ﬁncrgggéf{ﬁ
Pinus percentages, which average about 57% throughou; this
zone (ranging from 45 to 68%i. The higher pine values areba
product of ﬁncreased pine 1nf1ux,xwhﬁch more than doubles

from the previous zone. There are also slight increases in

" Tsuga heterophylla and Pseudotsuga menziesii, while Abies and

Picea remain constant (the influx of all four species in-

creases). Alnus, Betula and Salix decline in the relative
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frequency diagram, but their €;f1ux values' actually remain
the same or, 1n the case of Alggé,‘ihcrease. However, the‘
large 1nérease§'fn;£iﬁg§ have the effect ofrma§king-this
change. |
In:the non-arboreal pollen, thg-]argest decjjhes are
in Poateae anq Artemisia,‘bothwof which drop to abproximate]y
~—half of their values in CL-2.~'A11 other specieé are%%ain;
tained at fairly uniform, low values. i
_ Influx va]ues'of NAP, However, have changed 1ittle from
‘ t{; preceding\zone; the differences between the two zones
are traceable largely to the much é}eater influx of arboreal
pollen, ‘indicative of a more productiveAc1o;ed forest.
Overall influx is gré;ter, ayeraging 2675 grains perkcm2 below
45 cm. -
Non-arboreal-pollen percenta@eg average 16%, comparable

to NAP values from Hat Creek Valley surface samples taken

. from closed forest (20%; Hebda, 1979, unpubl.). These

- ~

Bercentages a1§b“coﬁpare'Wfth NAP values in the Chilhil LakeA
soil surface ;amp1e aggregate diagrams (Fig. 19).
The pollen record suggests the deve1dpment of a closed
forest about 4415 years BP, which has remained fairly stable
until about 40 cm from the surface (ca. 860 years BP assuming
a constant rate of deposition), when Poaceae increases and
Eiﬂgé;}ercentages decline.
In the macrofossil record, there is'an increase in species

- of shallow eutrdphicwaters and mudflats in zone CLP-3.

Potamogeton species (especially P. pectinatus) increase, and

Ceratophyllum and Myriophyllum occur sporadically. Zannichellia



Poeg

AN
o
%

g9

palustris reaches its greatest abundance. Scirpus achenes

increase along with Ranunculus sceleratus, Rumex maritimus

and Chenopodiaceae, though #péég do not approach the abundance

ofﬁthé first zone. Najas flexilis, the deep water species,

all but disappears.
Thus water levels in Chilhil Lake would appear to have
dropped, perhaps due to renewed occurence of summer droughts

1ead1ng to the development of mudflats. However, the fewer

‘numbers of seeds and lower pollen counts of drawdown species,

reduced amounts of herbaceous detritus in the gyttja, and
abundance ofwgﬂgng oogonia suggestVthat‘water‘1evels are
greater than in zone CLP-1. It is also possible that lower
water levels reflect not prihari]y climatic conditions, but )

a hydrosere and the continued eutrophication of the'Také;

An exception to the above trend is a narrow band between

’T]O'and 75 c¢cm (about 2370 to 1615 years BP) in which all

species but Najas flexilis and Chara oogonia disappear or

or decline greatly. Not only do seeds of Ranunculus

sceleratus and Rumex maritimus disappear, and Chenopodiaceae

decrease, but the pollen of these species is~a1§b absent from
these levels. There are also minima in Cyperaceae and

Myriophyllum pollen. A1l this suggests a period of more stab]e

water ieve]s and/or deeper water, a conclusion supported by
the change in sediment from gyttja to marly materials, which

have been reported as being laid down in the deepest part of

a lake (Watts and Bright, 1968)-.

Above this band, as the sediments return to gyttja, there

e

is a return to species of shallower water. Abundance of macro-
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fossils decreases above 40 cm, “prdbab1y reflecting the un-
consolidated nature of the sediments.

Zone CL-3 seems to reflect increased effectiveness of
precipitation, leading to‘more extensive development of closed
forest. This change in precipitation/evaporation begins well
before the apparent expansion of the forest, with 1ess-‘v
pronounced lake Tevel f1uctuétions beginning with zone CLP-2,
and much deeper lake levels 6ccur1ng between 190 and‘245 cm.
This would seem fo represent reduced summer evaporation rates, .
-possib1y related to lower - temperatures, and perhapé an actual
‘increase in precipitation.

In the upper zone, the pollen and macrofossil evidence
appear somewhat contradictory. Thé pollen seems to 1nditate‘
moister conditions, while the.hacrofossi1s indicate shallower
lake levels and a return to the development of mudflat conditions.
' The contradiction may be more apparent thaﬁ/rea1. Meaﬁ
anhua] precipitation may have increased tp this peripd at the
same time as summer conditions have once agafn bgcdﬁé more
extreme, leading to greater f1uctuatio%s in water levels.

Or this may in fact represent a hydrosere, eutrophic conditions,

and the gradual infilling of the lake as time passes.

4.2 The Molluscan Record

Introduction

There is much less correspondence between molluscan
zonation and the pollen zones than exists between the latter

and the plant macrofossil zonation. The molluscan zones seem
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to relate more closely to sediment type.

Phair Lake o e

Zone PhLM-1, below 275 cm (circa 5650 years BP) is»
basically sterile as regards molluscs. This 1sAUndoubted1y
due to the nature of the subStrafes, a brjophytic peat between
274 cm, and 316 cm, and an apparently rapidly accumulated
silty clay below that. The presence of molluscs at 300 to
305 cm depth may represent contamination of the peat by a
small section of marl.

Zone PhLM-2 dis rich in molluscs, and extends from
approximately 275 to 110 cm (about 5650 to 2000 years BP), .
the ektent of the marl. It is divided into three'subzones.

The sudden appearance of molluscs in subzone PhLM-2a
(275 to 210 cm, or about 4050 years BP) is probably due to
their transport in mud on the feet of waterfowl, since all
species found are small, f1%F, of clinging habits' and
facultatively autogamous (Clarke 1969). The subzone is
characterized by relatively low numbers of Pe]ecypodavand

the pulmonate snails Gyraulus deflectus, Helisoma (including

H. cf corpulentum) and the occasional Physa species. The

pulmonates are typical of permanent eutrophic condjtions and®
rooted aquatic vegetation.

The large numbers _of immature individuals found suggestg
that the mollusc assemblage reflects &n actual biocoenose -
that is, that the species existed very near the site of
deposition. In turn, this suggests the presence of rooted

aquatic vegetation near what is now the deepest part of the
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lake, though there are no aquatic plant macrofossils preserved
in the sediments. Pelecypoda are less abundant, perhaps due
to the widespread occurrence of végetation, and there are
relatively few whole specimens, suggésting that these weréﬁ
transported somewhat further than the Gastfopogs before;? .
deposition. ?

Subzone PhLM-2b occurs between about 270 cm and 140-145
cm (around the Bridge River ash horizon; circa 2400 years
BP). This subzone is dominated by Pelecypoda, which dre
represented both by single valves and numerous entire specimens.
Gastropods include arwide variety of Pulmonate genera -

immature Physa species, Lymneids, Gyraulus deflectus, Helisoma

cf corpulentum, and Helisoma species, but none of these:are

abundanttl A Prosobranch, Valvata sincera he11coid§§?'ﬁ€$es

its first appearance in the core in this subzoneu'wwhi1e all
the Gastropods a}e characteristic of permanent lakes containing
macrophytic vegetation, the presence of this Prosobranch,
the low numbers of Pulmonata, and the very large numbers of
Pelecypoda suggest deeper water conditions than in the
preceding subzone.» That eutrophic conditions still-prevail
in the lake is indicated by the 1ncreased'spec1es richness
and the presence of some species (e.g., Gyraulus) which prefer
eutrophic waters. Howéver, as a function of higher Tlake
levels, one might expéct reductions in the concentration of
dissolved nutrients and in turbidity, and a‘grea%er oxygén
content. The substrate also appears to be more stable.

In subzone PhLH-Zc'(about 145 ¢cm to 110 cm depth,

or 2400 to 2000 years BP) the proportions of species again

L&
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change to indicate reduced water levels and/or increased

eutkophicatiqn. Pelecypoda and Valvata sincera helicoides

are still present but much reduced 1n'numbers, particularly

the former. Pulmonates increase in abundance and diversity.

Lymneids, Helisoma cf corpulentum, Helisoma éBecies and

immature Helisoma, and Gyraulus deflectus are again numerous.

Physa c¢f gyrina appears, and P. jennessi skinneri, a species

of dense vegetation and shallow water, is consistently present.

Helisoma trivolvis, which prefers permanent, eutrophic waters,
appears for the first~tjme:

The third zone, PhLM-3 (110 cm to the surface of the,
sediments) coincides witH the development of loose gyttja,
and is characterized by an absence of mollusca, except for a
band between 25 and 45 cm (ca. 480 to 860 years BP). In this
- layer, overall ﬁumbers are low, but species fouhd tnclude

immature Physa, Lymneids, Gyraulus deflectus and Helisoma .

species. Pelecypoda and Valvata sincera helicoidea dominate,

suggesting a brief period of deeper water and more stable

substrates. No change in the sedimentary column was noted.

Chilhil Lake

Zone CLM-1, below 215 cm (circa 4640 yeakszBP) is
basically sterile, with the exception of a few specimens of

Pelecypoda, Lymneidae, Gyraulus deflectus, Helisoma cf

corpulentum, Helisoma species and Promenetusrfound between 350
and 370 cm (about 7670 to 7450 years BP). This assemblage
is dominated by pulmonates, mostly species requiring shallow

&

water and dense macrophytic rooted vegetation, as is found at
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PLATE 2

SEDIMENTS

MOLLUSCS FROM LAKE

A11 scales in

140-145 Tm.

25-30 cm.

Helisoma cf corpulentum.

mm.

Gyraulus deflectys.” Chilhil Lake,

Chilhil Lake,

Valvata sincera helicoidea. Phair Lake

30 cm.

Stagnicola elodes. Chilhil Lake,

40-45 cm.

Helisoma trivolvis. Chilhil Lake,

40-45 cm.

-
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this level (zone CLP-1).

Why molluscs then disappear for 135 centimefers is un-
‘c1ear. It may be that conditions around 7450 years ago were
so severe (i.e., eutrqphicafion was so advanced and water
1evéﬁ§ so unstable) that the molluscs were actually excluded
from the lake. It is more Tikely that molluscs continued to
occur, But not in the vicinity of the coring site.

Zone CLM-2 (215 ¢cm to O cm ) is characterized by abundant
mollusca, and is divided into three subzones. The start of
this zone corresponds roughﬁy‘tp‘the start of éo]]en zone

CL-3, and the middle of plant macrofossil subzone CLP-2b,

" the Najas flexilis maximum. _

| Subzone CLM-Za k215 to 105 cm, about 4650 to 2260 years
BP) thus begihs in an abparent deep water period and continues
through a period of apparently shallow water, for the full
extent of the gyttja. This subzone contains low numbers of

Pelecypoda and the Prosobranch Valvata sincera helicoidea,

species of stable deeper watér, and numerous pulmonates of
“ N

shallow, eutrophic waters - Lymneids, Gyraulus deflectus,

Promenetus, and moderate numbers of Helisoma species, including

H. cf corpulentum and H. trivolvis.

This seems to contradict the plant maérofossi] data, but
these Pu]moﬁétes do not become abundant unfi] about 180 cm
depth (abouf\%BBO years BP). In older sediments, the specimens
preserved may/represent a thanatocoenose, 1nd1viﬁua1s trans-

ported to the coring site from some other location within the

lake. Or the Najas may have been transported from nearby
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;deeper waters, since the seeds readily float up to 100 meters
from the plants (Muenscher~1967; Birks 1973). At any rate,
the data does suggest a reduction in lake levels within this
~subzone, corresponding to the lower portion of zone CLP-3.
There is a small peak in the Prosobranch Amnicola (cf limosa), .
a species indicative of shallow water, rooted vegetation and
unStab]e conditions, above 160 cm (about 3450 years BP).
Subzone CLM-~-2b extends from about 105 to 60 cm (about
2260 to 1300 years BP) and correlates withythe incidence of
marl in the sediments, and the evi&ence for deep water conditions
in the plant macrofossi] diagram. This increase in depth is

confirmed by the molluscan assemblage in which Pelecypoda and

Valvata sincera helicoidea reach their maxima. The Pulmonates

still occur in the sediments. Lymneids and Promenetus are

reduced in numbers, and Gyraulus deflectus and Helisoma species

abundant. Their presence indicates that the water levels
deepened only slightly, and that conditions were probably
eutrophic.

Physa jennessi skinneri appears above 80 cm depth and

peaks. This is a species of shallow, eutrophic, well-vegetated
areas, suggesting reduced water levels above this depth,

though numbers are low and suggesti@e 6f a thanatocoenose until
about 70 to 75 cm. However, this species is alsocharacteristic
of eutrophic waters, and has been known to .move to depths of
five meters (greater than the present water depth of the site)
during warm summers (Clarke 1973; pg. 372); Thus the presence
of this species means less than it might except as an indicator

of eutrophication.
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One might note that whereas the ea?TﬁéEt molluscan
assemblage contained at least four species of Gastropoda,
this assemblage contains at ]ea;t éight, which is in keeping
with Okland's (1969) finding of an averade of 7.2 speciés
of Gastropoda on gyttja in southeastern Nokway, and only 3.2
spécies on clay. The increase may be due to substrate changes,
time elapsed for immigration of new species, or may reflect
“increased enrichment of the lake. (Phair Lake exhibited a_
similar increase in specie% numbers from three to at least
six, the 16wer diversity p;obéb1y a reflection of the smaller
size of this lake). N

Subzone CLM-2c, 60 to 0 cm, 1is again gyttja. There is
a reduction of all species, with very few Pelecypoda occuring,
related perhaps to renewed instability of fhe substrate and
growth of vegetation. This subzone may in fact be a continua-
tion of subzone CLM-2b, since basically the same speﬁies are

found, and an artifact of the lack of compaction of the sedimeﬁté.

4.3 Comparison of Phair Lake and Chilhil Lake

The two lakes differ in their origin. Chilhil Lake, which
dates from about 8000 years BP, is a kettle lake which explains
itsmorphology (extremely regular), the lack of input and output
channels, and fhe fact that open water seems to have occured
at some time subsequent to deglaciation, when the sSurrounding
Slopes and valley floor were already vegetated. Birks (1976;
p. 396) notes that "ice blocks in terminal moraine may not

melt for several thousands ofayearé". The appearance of
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Chilhil Lake occurs dur}ng a period of apparent maximum drought,
and probably warmth (t6 initiate melting), which ends by about
7040 years BP. ,

Phair Lake's ofigin is more puzzling. The presence of
a "pothole" which forms"thq central, deepest portion of the
lake is suggestive of‘a ke£t1e hofe, produéed by the melting
of é remnant block of ice, but the shape of fhe lake itself
suggests that it is a product of a rotational slump of bed-
rock material. This may have occured as a result of the under-
cutting of the soft shale whigch makes up the talus slope to
the north, and would explain the sharp line of the north shore
of the lake.

Phair Lake probably originated between 7250 and 7700
“years BP depending on whether maximum or minimum values for
the basal C]4 date are used, and whether the accumulation rate
is assumed to be constant within a sediment type or between
radiocarbon dates. The actual basal date may be greater, since
the lower 35 cm of material consists of a fine blue-grey
clay which appears ice-contact in origin. Some authors reéort
an extremely slow rate of accumulation for such sediments
(e.g., 1 cm per 190 years; Pennington 1972, p. 88). Howe?er,
it seems un]ike]y that thgse clays have a late glacial origin,

14 7
. date derived.

because of the macrofossils found and the C
Instead they would seem toxref1ect rapid ablation of a high
elevation glacier durihg a period of warmth and drought.

Above about 340 cm this clay coﬁtains increasing aﬁounts‘

of black silt, and appears to have accumulated extremely

rapidly, possibly leading to a great reduction in water levels

TN

o,
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and even the infilling of théfake7 Around 6940 years BP,

the silty clay is abrdpt]y rep]acedxby a layer of ligneous
peat, suggestive of a possible hiatus in sedimentation, and
the devé1opment of terrestrial conditiohs. .Above this point,
water levels apparently increase, pr9ducing‘f1rst a mdss—sedge
' peat; and then a moss peat.rﬂ | a

This peat layer corresponds roughly to macrofossil zone

CLP-2a in Chilhil Lake (see Fig. 20), which represents a

'period of- increased, .and more stable water ]Qvé¥s. The apparent
increase in watér deptH;at Phair Lake may be due to blockage

of the outflow channel or;some other 1o;;ﬁ;pvent; its coincidence
with 1ike conditions at Chilhil suggests a ;;QionaT cause.

In fact, the pollen and macrofossil records in Phair
‘Lake indicate increasingly open water above 6180 ye&rs BP, while
in Chilhil Lake the last e;pansion of brairie species indicative
of dfought occurs between about 6100 and 6300 years BP with
stable, deeper water levels above this. “

Pollen and plant macrofossils at Phair Lake above this
1ev§1 are fairly unchanging, representative of c]gséd Interior
Douglas Fir biogeoclimatic zone forest, with the exception
of?za‘g_signnificanvt decline in the pollen percentages of Poaceae and
Ar&émisia at about 4100 years BP. In Chilhil _ Lake, Artemisia

and Poaceae do not decline until about 4415 I 165 radiocarbon

years BP, with high Pinus and Pseudotsuga values indicative

of the modern forest..vegetation appearinb above this Tevel.

e

Both Takes also exhibit some sign of regioné] disturbance
in the upper most sediments. In Phair Lake there is a decrease

in Pinus and Pseudotsuga and an increase in relative
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Fig. 20
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Comparison of Zonation in Chilhil
and Phair Lakes.
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frequencies of Betula, Corylus, Spiraea, Fabaceae, and

herbaceous Rosaceae in the upper 25 ¢m (circa 480 years before
the present assuming a constant rate of deposition above

the upper radiocarbon date). In Chilhil Lake, Poaceae in-

creases and Pinus decreases above 40 cm (about 860 years BP),
and Liguliflorae, Fabaceae, Brassicaceae, and Po]ygénum cf
erectum all increase above 15 to 20 cm (320 to 430 years BP).
In neither lake is there a sudden 1hf1u*’of charcoal which
might explain this as fire-related, nor is there a radid-

carbon date available from the ubpermost materials, which in

Va

both lakes are extremely loose and unlikely to have accumulated
at the same rate as the deeper, more compacted sediments.
Thus, in these major trendé there 15{} good égreement
~between the records of the two lakes. Differences are’ found
when the m611usc record is analysed in relation to inferred
water depth. Even so, there is agreement until about 4100
years BP, with both lakes indicating deepening waters to this
point. However, above this level, between 4100 and about-
2400 years BP, Phair Lake appears to deepen, while Chilhil
becomes shallower. There~is a brief period of sha]]owﬁwater
in Phair lLake between 2400 and 2000 years ago, while Chilhi]
Lake appéa;s to deepen over a comparable period (circa 2400
to 1600-1300 years BP). Abo;e these levels Chi]hi} again
becomes sha]]owef. Data from Phair Take is not clear. While
"some authors report gyttja deposited in shallower water than

mar]l (Watts and Bright, 1968), the opposite has also been

reported and may be true of this smaller lake.
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4.4 Comparison with other sites

A nﬁmber of recent informally-zoned paiynb1ogica1 ana]ysés
from British Columbia, and northwestern North America have
provided evidence for warmer drier conditions beginning fairly
early in the postglacial, and prevailing until about the
level of .the Mazama ash (see Fig. 21).

The data from Chilhil Lake seems to correspond with a

. number of these findings. Mathewes and Rouse (1975), working

on a core from Pinecrest Lake near Yale, B.C., which is near
the fransition between Coastal Western Hemlock and Interior
Douglas Fir zones, found evidence for warmer conditions
beginning around 10,400 years BP, peaking around 8620 ! 135
years BP, and ceasing just prior to the Mazama ash fall.

Ip+Chilhil Lake, maximum conditions of drought and warmth ~

occured between about 8000 years BP (the bottom of the ;ore)

7 and 7040 years BP, with re]étive1y dry conditions persisting

to about 6100 years ago. Phair Lake is less clearcut as
regards conditions prior to 7000 years ago, but also indicates
drier conditions persisting until about 6180 years BP.

Alley (1976), working on the Kelowna Bog in the Okanagan
of B.C., found evidence for an increase in aridity between
8400 and 6600 years BP, as indicated by low AP values, and
increases in Artemisia, Chenopodiaceée, Cyperaceae, Poaceae,
and Typha species (species which are abundant in zone CL-1
of Chilhil Lake), He found Eﬁat marsh species decline and
arboreal pollen iﬁCﬁeased above‘6600 years BP, with modern

vegetation arriving circa 4500 years ago.
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These conclusions are similar to those contained in an
unpublished report by Hebda (1979) from the Hat Creek Valley,
which is near the study site of this paper. Here, the period
of maximal warmth anﬂ drought occurs below thé Mazama ash,
with cooler and moister conditions prevailing from just below
the ash to about 4500'years BP, w&éﬁ modern vegetation be;
come¥ established. These dates é;é:very similar to those
derived at éhair and Chilhil Lékes, where Poaceae and
Artemisia levels finally drop and modern assemblages appear
about 4100 years BP in the former and 4400 years BP in the
latter. k

Al1 1n-a11, the lakes examined in this study produced
results which correspond fairly well with data from a number
of other sites. Most of these are recent studies, with good .
radiocarbon dating, and‘informa1 schemes of zonation which do
not attempt to superimpose classical Holocene divisions on
the pollen data. Most of the relevant studies come from the
northwest, but there are several from more eastern sites which
have produced similar results.

Schweger and Hickman (1980) note a maximum in warmth and
drought in central and eastern Alberta between 8700 and 6300
years BP, marked by low lake levels and increased fire
frequency, with increasing water 1eve1s“occur1ng between 6000
and 4000 years BP. |

And even farther to ‘the east, Craig (1972) working in
northeastern Minnesota, dated the major period of prairie
advance gs(occuring between 8300 and 6500 years ago, with a

peak at 7000 years BP. He found that moister conditions
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Summary of inferred climatic changes
,during the Holocene from sites in
Washington and British Columbia.
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did not become pronounced until about 3000 yedrs ago.

2

4.5 Conclusions

The Hypsithermal

The concept of postglacial fluctuation in é]imate has been
a matter - for much debate and discussion. Von Post (1930,
C?ted in Sears 1935) first)postu1ated a period of méximum
warmth and dryness, or Xerothermic, based on the analysis
of northern bogs. This led to a three-fold division of the
Europeaﬁ postglacial, into a period of gradual climatic
amelioration, followed by the Xerothermic, followed by. a
period of climatic deterioration. Traditionally this Xero-
thermic was dated between about 8000 and 3000‘years ago (Sears
1942), and earfy palynological workers in North America applied
a zonation b%sed on these dates, with some modification.
Hansen (1955) described the period of maximum warmth as

occuring between 7500 and 3000 years ago in the dry interior

of British Columbia, with a peak around the time of the

v
—

Ma/ama ash,

Deevey and Flint (1957) modified thix/z;stem, abandon-
ing the term "Xerothermic" in favour of a formally defined
“Hyps%therma1 Inte}va1“, abandoning the earlier term because
it 1mp11és too much that is unknown and is at best of local
‘application (Ibid., p. 182). To fﬁ??iperiod were assigned
basically the same range of dates that had delimited the
Xerothermic.

Evidence for this "universal" period of maximum warmth
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and drought has been sought in particular and with greatest
success from lower lTatitudes and altitudes, and arid
continental areas. Studies from wet coastal areas (e.g.,
Heusser 1955) did not provide clearcut and unequivocal evidence
for a classical Hypsithermal. If such postg1acia1Achanges
did occur, they "evidently Qére not of sufficient intensity
to cause detectable vegetation shifts" in such regions
(Mathewes 1973, p. 2101).

The Lillooet area might be considered an almost ideal
location in which to look for evidence of a Hypsithermal.
It is continental, in an area of transition between the dry
Pondero§a Pine—BunchQ}ass and wetter Interior Douglas Fir bio-
geoé]imatic zones, and éontains several permanent lakes. |
While the narrow nature of the biogeoclimatic zones and the
wide ecological tolerances of many of tHe species found will
mask many of tHe shorter term fluctuations, one might expect
larger-scale changes to show up in the pollen or macrofossifw
recora.
’ In fact, there is evidence for a period of greater
warmthAand drought in the cores from Chilhil and Phair Lakes,

during which time lake levels were at a minimum. However,

-t

this perjod does not correspond to ‘the classical Hypsithermal.
The driéét period seems to end by about 7000 years ago, with
fairly dry conditions persisting until about 6100-6200 BP.
Above this date, conditions reflect increasing moisture, with
"modern" vegetation established by about 4100 to 4400 years

BP.
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Neoglacials

In addition to a period of greafer warmth and drought
there ha;e apparently been several periods of renewed alpine
glaciation during the Holocene, or neog]acia]s'(Ryder 1978).
Many of the c]imatié fluctuations which produced these neo-
glacials were "of such short duration they did not effect a
substantial response in the vegetation" (Heusser 1973; p}‘
303). One might expect some record of these periods in Phair
Lake, if not Chilhil, since it is located at the foot of the
high Coast Mountains and is fed by a stream which apparently
descends from high elevations. |

Ryder (1978) describes three main neoglacials in the
vicinity of Lillooet, occur%ng between abou£‘5800 to 4900
years BP, 3300 to 2300 years BP, and 1000 years ago to the
present, with local glacier development greatest within the
last 300 years. -

The neoglacials are not recorded in the pollen diagrams
of efther lake, but may bé reflected in changes in water Tevel.
vThe deepening water levels in Phair Lake between about46180
years BP and 5650 years BP (when the peat disappears) suggest
moister conditibns Wchh might be associated with the first
neoglacial (note that Alley, 1976, reports that neog]aciq]s
show up as moister conditions):

The deeper water in this 1aEe Between 4100 and 2300 years
BP seems to overlap with the second neoglacial. There is
no evidence of moisterrconditions in the upper 1000 years or

so, and those changes which do occur seem to suggest drier

conditions.
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Chilhil Lake does not seem to contain evidence of the
neoglacials. The developmenf/of stable deeper watér between
5300 and 4100 years ago overiaps with the first period of
alpine g1acjér re-expansion, but does not fully correspond
td(it and in fact largely precedes it. Water levels are lower
between 4100 and 2300 years BP, indicating drier conditions
during the second neoglacial, and higher between 2300 énd about
1600-1300 years BP when there was no g]acierﬂdeve]opﬁent.
Again, the upper 1000 yéars or so seem to record a drying
trend.

Thus Phair Lake levels may reflect short term‘changés
in regiona] con@itfons to a greater extent than does Chilhil

Lake.

Human Settlement

Native peoples haVé inhabited the Lillooet area since
about 9600 yearé BP, moving into the region following de-
glaciation from the Columbia Plateau (Sanger 1970). Thése
people seem to have been largely hunters and gatherers, as
representéd by the "Lochnore €omplex" (Ibid). |

AThese huntgrs were eventually disp]aced by the Nesikep
tradition, which ofig{nated in the interior. of British
Columbia and which was characterized by a high degree of —
adaptation to, the new environment. They not only practiced
a system of hunting and gathering.thaf apparently utilized
several hiogeoclimatic -zones b;t also utilized salmon resources

to a greater extent. The appearance of this tradition has been

dated by Sanger (1970) at about 7000 years ago, which coincides
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with the end of the period of maximum drought as recorded

in Chilhil Lake. Radiocarbon dates put forward by Borden
(1979) suggest a more recent date for the Nesikep tradition
(circa 5635 X 190 years BP, GX-408). This coincides with the
cessation of peat accumulation in Phair Lake, also indicating
moiéter conditionsf

The pollen and macrofossil records of the Tast 3000
years in this area suggest that conditions have been relative-
ly constant, with only a slight drying trend showihg up iﬁ
Chilhil Lake since about 1600 years BP, and possib}y in Phair
Lake since about 2400 years BP. The reasons for and
effects of this trend are not known but it does not appear
to have had a major impact on the environment.

There is no evidence of native activity in tHe pollen
record, mainly because they were not an agricu1tur51 people.
Turner (cited in Kennedy and Bouchard, 197835 page 42)
reports that they_did practice burning of hillsides to

encourage growth of species such as Amelanchier alnifolia,

but since fire is frequent in this area, it is impossible to
attribute any particular impact t6 the native peoples.
White settlement of the area began circa 1858, with the
Gold Rush (B.C. Lands Service Bulletin #5, 1968). In the
early 1860's ranching and farming were practiced in yhe Bunch-
grass prairie along the middle Fraser River. De]ibgrate burning
was practiced to improve rangelands. g
Nonetheless, there is no clearcut sign of this activity
in ‘the pollen record, unless one wére to reéssess the dates

determined for the increase in NAP in both Phair Lake (above
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25 cm ) and Chilhil Lake (above 40, and particularly above
15-20 cm ). Assuming a constant raté of deposition, these
predate the start of white setfiement by several hundred years.
However, these sediments are so 1pose that these materials
could conceivably represent only the last hundred years or

SO. o B

*

4.6 Summary

The following points summarize the conclusions of this

paper:

.

1. The pollen and pTant mécrofossi1 records correspond and
indicate maximum warmth and drouth preceding circa 7000 years
BP in Chilhil Lake, and possibly in Phair Lake. Moisture
increases above this 1eve1; but conditions remain fairly dry.
until about 6200 years BP. Above this point conditions are
moister and possibly cooler. There is no evidence for a_

classically dated Hypsithermal period.

2. "Modern" vegetation pollen assemblages appear circa

4100 years BP in Phair Lake and 4415 ! 165 years BP in Chilhil
Lake, and persist until the upper centimeters of the cores.
The apparent time lag between Phair Lake and Chilhil may be

a function of the former's location at lower elevations at the

foot of the Coast Mountains, or C]4 dating error.

3. Molluscan macrofossil assemblages were useful in estimating
relative water depths, which correlated more or less closely

with the levels suggested by the plant macrofossil remains.
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4. There is some correlation Between Phafr Lake water levels
and the occurrence of neog1acia1;periods?>though the last
period of ice advance (circa 1000 years BP to the present)
does not seem to be reflected in this Take. MWater levels in
Chilhil Lake do not aﬁpear to correlate with neoglaciations -

in fact, conditions appear drier during these-periods.

5. Conditions have been relatively stable in the last 3000
years. No major changes were observed which might influence
settlement patterns or hunting.and gathering activities of the
native,pe6p1es of the area, unless the increase in NAP record-
ed in the upper sediments of the two Takes reflects actual
drought conditions and not disturbance subsequent to white
settlement of the area. If this does represent a drier period,
it is difficult to see what impact this might have had on
the environment and the native peoples - a decreaée in water
1eve1s particularly during the summer months, an expansion
of the Ponderosa Pine-Bunchgrass zone, and increased frequency
of fire are possible results.

More important is the apparent correlation between the
appearance of the Nesikep tradition in the area, and the

development of moister conditions.
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APPENDIX 1

SPECIES LISTS FROMVTHE PHAIﬁ LAKE
AND CHILHIL LAKE AREAS

CHILHIL LAKE SPECIES LIST

© f
ASPLENIACEAE
Woodsia sp.
CUPRESSACEAE
Juniperus communis L. - common mountain juniper
J. scopulorum Sarg. - Rocky Mountain juniper
PINACEAE K R

3

Pseudotsuga menziesii var. glauca (Beissner) Franco -

Interior Douglas fir

SALICACEAE

Populus’tremuloides var. tremuloides Michx. -

Trembling aspen

BETULACEAE

Betula papyrifera Marsh. - Paper birch

URTICACEAE

Urtica dioica subsp. gracilis (Wats.) Hitchc. -

Stinging nettle

POLYGONACEAE

PoTxgonum Sp.
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CHENOPODIACEAE

Chenopodium capitatum (L.) Asch. -

Strawberry blite

CARYQOPHYLLACEAE
Cerastium sp. - Chickweed
RANUNCULACEAE
Anemone multifida Poir. - Cl1iff anemone
Aquilegia sp. - Columbine
Delphinium nuttallianum Pritz. - Nuttall's delphinium

Ranunculus glaberrimus var. e]]ipticus Greene -

Sagebrush buttercup
R. c¢f sceleratus var. multifidus L. -

Celery-leaved buttercup

BERBERIDACEAE o

Mahonia aquifolium (Purghﬁﬁhﬁtt. - Shining Oregon Grape.
FUMARIACEAE -
Corydalis aurea Willd. - Golden Corydalis

BRASSICACEAE

Arabis c¢f holboellii var. retrofracta (Grah.) Rybd. -

Holboell's rockcress
Arabis sp.
Descurainia pinnata (WaTt.) Britt. -

Western tansy mustard
D. richardsonii var. viscosa (Rydb.) Peck -

Mountain tansy mustard

CRASSULACEAE

Sedum lanceolatum Torr. - Lance-leaved stonecrop
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GROSSULARIACEAE
Ribes lacustre (Pers.) Poir. - -
Black swamp gooseberry o
Ribes sp. '
ROSACEAE

Amelanchier alnifolia (Nutt.) Nutt. -

Saskatoonberry
Fragaria virginiana Duchesne - Wild strawberry

Potentilla anserina subsp. anserina L. -

Common silverweed
Prunus virginiana L. - Common chokecherry

Rosa c¢f acicularts Lindl. - Prickly rose

Rubus idaeus subsp..m§1an61asius (Dieck) Focke -

American red raspberry
Spiraea betulifolia subsp. lucida (Dougl.)
Taylor and MacBryde - Birchleaved spiraea

FABACEAE ~ )

Astragalus miser var. serotinus (Grey) Barneby -

Weedy milk vetch
Astragalus sp.

Lathyrus ochroleucus Hook. - Cream coloured peavine
Trifolium spp. - Clover
CELASTRACEAE
Paxistima myrsinites (Pursh) Raf. - Myrtle boxwood
ACERACEAE

Acer glabrum var. douglasii (Hook.) Dippel -

Rocky Mountain maple.

VIOLACEAE —~

Viola c¢f adunca subsp. adunca Sm. -
Early blue violet
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VIOLACEAE (Continued)

El

V. canadensis subsp. Rydbergii (Greene) House -

Canada violet

£y

ELEAGNACEAE

Shepherdia canadensis (L.)»Nutt. - Soapberry

HALORAGACEAE

Myriophyllum sp. - Water milfoil

ERICACEAE

Arctostaphylos uva-ursi (L.) Spreng. - Bearberry

PYROLACEAE

Orithilia secunda subsp. secunda (L.) House -

- One-sided wintergreen

POLEMONIACEAE

Polemonium pulcherrimum Hook. - showy Jacob's ladder

w

BORAGINACEAE

Buglossoides arvensis (L.) Johnston~- Corn gromwell

Lithospermum ruderale Dougl. - Columbia gromwell
CAPRIFOLIACEAE
Linnaea borealis L. - Western twinflower

Symphor{éarpos albus (L.) Blake - Common snowberry

ASTERACEAE
Achillea millefolium L. - Yarrow’
Cirsium sp. - Thistle

‘Taraxacum officinale Weber - Dénde1ion




{
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POTAMOGETONACEAE
 Potamogeton sp. - Pondweed
CYPERACEAE
Carex concinnoides Mack. - Northwestern sedge
Carex spp.
POACEAE
Agropyron c¢f spicatum (Pursh) Scrbn. and Smith
Bromus tectorum L. - Cheat grass
Poa pratensis L. - Kentucky bluegrass
LILTACEAE

AT11ium cernuum Roth - Nodding onion

»,A}*va11dum Wats. - Swamp onion

AlTium sp.
Disporum trachycarpum (Wats.) Benth. and Hook.

Wartberry fairy-bell
Streptopus amplexifolius (L.) DC. -
Clasping-leaved twisted stalk,

106.
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PHAIR LAKE SPECIES LIST

ASPLENIACEAE

? Athyrium filix-femina (L.) Roth =
Common lady fern
Woodsia cf scopulina D.C. Fat.

EQUISETACEAE

Equisetum arvense L. - Common horsetail

E. nyemale subsp. affine (Engel.) Calder and Taylor -
v \{ N S
Scouring rush -

CUPRESSACEAE
Juniperus communis L. - Common mountain juniper
J. scopulorum Sarg. - Rocky Mt. juniper
Thuja plicata Donn. - Western red cedar
PINACEAE ' .
Pinusbponderosa Dougl. - Ponderosa pine

Pseudotsuga menziesij var. glauca (Beissner) Franco -

Interior Douglas fir

SALICACEAE

Populus: tremuloides var. tremuloides Michx. -

Trembling aspen
Salix spp. - Willow

BETULACEAE

Alnus incana (L.) Moench - Mountain alder
Betula occidentalis var. occidentalis Hook. -

Water birch
B. papyrifera Marsh. - Paper birch
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URTICACEAE

Urtica diofca subsp. gracilis cf var. Tyallii
(Wats.) Hitchc. - Lyall's stinging nettle.

CARYOPHYLLACEAE

Stellaria longipes Goldie - Longstalked starwort.

RANUNCULACEAE

Actaea rubra (AIT-) Willd. - Red baneberry
Aquilegia formosa Fisch. - Sitka columbine

Clematis occidentalis subsp. Grosserrata (Rydb.)

Taylor and. MacBryde - Western blue clematis

BERBERIDACEAE

Mahonia aquifolium (Pursh) Nutt. -

Shining Oregon grape

LS

BRASSICACEAE

Arabis holboellii Hornem. - Holboell's rockcress

Capsella bursa-pastoris (L.) Med. -

Shepherd's purse
Descurainia pinnata (Walt.) Britt. -

Western tansy mustard
SAXIFRAGATEAE-

Heuchera cylindrica var. cylindrica Dougl. -

Roundlead alumroot

GROSSULARTIACEAE
Ribes divaricatum Dougl. - Coastal black gooseberry
R. irriguum Dougl. - ladaho black gooseberry
R. Jacustre (Pers.) Poir - Black swamp gooseberry
R. Viscossissimum var. viscosissimum Pursh -

Sticky currant



109..

RN
HYDRANGEACEAE
Philadelphus lewisii Pursh, - Lewis' mock orange
ROSACEAE

_Amelanchier alnifolia (Nutt.) - Saskatoonberry

Crataegus douglasii var. douglasii - Black hawthorn

Fragaria vifgjniana Duchesne - Wild strawberry

F. virginiana subsp. glauca (Wats.) Staudt - ‘
Blue-Teaved wild strawberry : - (fJ
Potentilla sp. - Cinquefoil '

Prunus virginiana L. - Chokecherry ‘ a

Rosa acicularis subsp. sayi (Schwein.) Lewis -

Prickly rose
R. c¢f nutkana Presl. - Nootka rose
Rubus idaeus subsp. melanolasius (Dieck) Focke -

~ American red raspberry
R. -leucodermis var. leucodermis Dougl. - .

§1ack raspberry

| o

parviflorus subsp. parviflorus Nutt. -

Western thimbleberry.
Spiraea betulifolia subsp. lucida (Dougl.)
Taylor and MacBryde - Birch-leaved spiraea

FABACEAE
Astragalus miser Dougl. - Needy milk vetch
Medicago sp. - Medic
Trifolium repens L. - White clover

Acer glabrum var. douglasii (Hook.) Dippel -
Rocky Mt. maple ‘

VIOLACEAE

Viola adunca Sm. - Early blue violet

Viola sp.
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ELEAGNACEAE

Shepherdia capadensis (L.) Nutt. - Soapberry

ONAGRACEAE

Epilobium angustifolium subsp. circumvagum Mosq. -

Fireweed

ARALIACEAE

Aralia nudicaulis L. - Wild sarsaparilla
Oplopanax horridus (Sm.) Miq. - Devil's club

CORNACEAE

Cornus sericea L. - Red-osier dogwood
PYROLACEAE

Pyrola chlorantha Sw. - Green wintergreen
HYDROPHYLLACEAE

Phacelia hastata subsp. hastata Dougl. -

Silverlead phacelia

SOLANACEAE

cf Solanum americanum var. nodiflorum (Jacq.)
Edmonds - Black nightshade

SCROPHULARTACEAE

Penstemon fruticosus of var. scouleri (Lindl.)

Crong. - Shrubby penstemon
PLANTAGINACEAE
Plantago major L. - Common plantain
RUBTACEAE

Galium sp. - Bedstraw
|



CAPRIFOLIACEAE

Sambucus racemosa L. - Elderberry
Symphoricarpos albus (L.) Blake - Common snowberry

LTSRNl O

ASTERACEAE - | R

Arnica éordifo1ia Hook. - Heart-leaved arnité

Artemisia frigida var. frigida Willd. -
Fringed or prairie sagebrush .
A. cf ludoviciana Nutt. - Western mugwort

Aster conspicuus Lindl. - Showy aster

Cirsium sp. - Thistle
Sonchus sp. - Sow-thistle
Taraxacum officinale Weber - Dandelion

Tragopogon sp. - Goatsbeard

CYPERACEAE

Carex rostrata Stoke&f- Beaked sedge

Carex spp.’

POACEAE

Bromus tectorum L. - Cheat arass

Poa pratensis L. - Kentucky bluegrass

Poa sp.

SPARGANIACEAE

Sparganium sp. - Bur-reed

LILTACEAE

Allium validum Wats. - Swamp onion
Disporum trachycarpum (Wats.) Benth. and Hook -

Wartberry fairy-bell
Smilacina racemosa (L.) Deaf. - False Sglomon's seal’
?Streptopus amplexifolius (L.) DC. - Clasping-leaved

or cucumberroot'tQistedsta]k
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ORCHIDACEAE

Corallorhiza st}iata Lindl. - Striped coral?root

Cypripedium sp. - Lady's slipper
Goodyera oblongifolia Raf. - Western rattlesnake -o

plantain.
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- APPENDIX 2

POLLEN DATA FROM SOIL AND MOSS
POLSTER SURFACE SAMPLES FROM
PHAIR AND CHILHIL LAKES

h

Processing and analysis of these surface samp]eé;are
described in the section of the thesis entitled "Methods".
Re]ative\frequehcies were calculated, based on a sum that
included all but the unknown, indeterminable, and aqﬁétic'
grains (if any). These data are shown in Tables 37énd 4 under
the heading "R.F.". Palynomorph concentrations were not |
determined. .

Percent cover data are also shown for Phair Lake,
‘representing vegetation cover in the T m by 1 m quadrats

from which the surface samples were taken. These data are

placed under the heading "% C" in the Table.

.



TABIE 3.

SPECIES

Abies

Picea

Cupressacese

Pinus

Pinus monticola type
Pseudotsuga

Tsuga heterophylla
T. mertensiana
Acer glabrum

Alnus

Betula

Populus

AP

Caprifoliaceae
Ceanothus
Paxistima myrsinites

Salix

Liliaceae

Poacseae
Cyperaceae
Artemisia
Tubuliflorae
Liguliflorae
Polygonum
Chenopodlaceae
Caryophyllaceas
Brassicaceae
Saxifragacease
Rosaceae

Fabaceae

Aralla nudicaulis
cf Oplopanax
Mahonisa agquifolium
Rumex acetogella
Galium

Epilobium
Plantago

Equisetum
Cryptogramma

Lycopodium
Selaginella
Polypodiaceae

Unknown
Indeterminable

PHAIR LAKE SOIL SURFACE SAMPILES.

=

W
F we
° o o o o ° °
= vl Nonn W FE

~N Wi oo+

@

0.5
0.5

0.5

-
[ ]

&

5.0

SAMPIE NO.

# % cover -data missing.

2. 3. e
RP 4 RF %C RF %c
3.1 2.9 1.5
3.1 3.8 2.
0.9 0.7
h3.6 4.8 31.8 0.8
0.2 O.h 0,2
23.3 19.2 9.0 14.1 30.0
1.1 0.9 0.9
1.1 0.l 0.2
l.1 2.0
4.0 8.0 15.0 7.7
2.7 7.3 36.5
0.2 0.2
83.3 88 .14 96.7
30.0
- 0.7
10,4 30,0 L.y 25.0 1,1 5.0
0.4 1.3 25.0 0.2 2.0
0.2 0.7 0.
0.7 20,0 1,1 1.0
Oy 6.8 0.2
0.l
0.7 0.2
0.2 L[.8 0.2
.0
0.l . 0.2
0.7 15.0 0.2 4.5
0.2 0.2 0.2
O.,'l' OOLI- 1.0
0.2
0.2 0,2 0.2
0.2
1.6 1.1 0.7

Se
RF %c
1.8
2.2
12.3
36.6
0.2
16.2
1.3
50,0
8.3
11.8 50,0
0.4
91.1
007 500
4.0 8.3
0.7
0.7
0.4
0.7
40.0
0.2
0.2
0.2
1.0

tx! indic

6. 70 1
P
RF % RF  %C | RF
2.0 OOL‘- 002
2.0 0.7 1.3
0.7 0.2 ' 1.1
35.3 9.0 17.7
0.2
7.9 4.5 0.9 9.5
0.9 0.2
0.2 0.l
0.7 1.1
2.0 15.8 17.5
38.6 70.1 1004 35.8
0.l 1
90.5 98l 8.8
.
0.2 -
0.2 0.l
0.7 0.9
2.6 T.3 0.7 .2
0.2 Ouly 1.8
Ouly O.t
0.2
0,2 0.2
2.6 20,0 0.2
0.2
. 30,0 |
002 ’-l.op
2.0
1.8
1.3
|
0.2 |
0.5 | 0.
0.4 | 0.2
1.5 1.1 2.l

&

N W
HwHOOMOOOF O
[ ]
OFoOoONFONMDONN D

100

Te5

ates presence.
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moss polster

RF

=

92.3

O
0.2

2.2 x

0.6
0.2
0.6
0.2

0.2 x

0.2

%C



TABLE . CHILHIL LAKE SOIL SURFACE SAMPLES.
PALYNOMORPH RELATIVE FREQUENCIES, IN #%.

SPECIES SAMPIE NO. AND DESCRIPTION
treed treed Douglas Douglas Douglas moss polster moss polster
pasture pasture  Fir forest Fir foresi Fir forest mudfiat pasture (forest)  (pasture)
1. . 2. V 30. R -h-o 50 - 60 ’ 7' 80 9.
Abies 2.6 2.2 3.1 2.9 20“- 1.1 009 2.6 2.“,
- Picea 3.1 609 303 Ll.o? LL.O 249 2.6 )4.03 5.2
Cupressaceae le5 0.7 2.4 0.2 0.2 0.9 O.l4 1.1 Olly
Pinus 57 07 6106 L|.602 52.3 5602 31.0 Ll-lce Sloh. 6,4,.5
P. monticola type 0.l 0.2 , 0.2 0.2 0.2
PSGUdOtsuga 1208 h.oé 28 ol 31.3 26 08 “.09 10.8 20,0 1906
Tsuga heterophylla 0.7 0.2 0.7 0.9 0ol 0.9 0.9 0.6 0.6
T. mertensiana 0.7 0.2 0.7 Ok 0.4 0.2 0.2 0.2 0.2
Alnus 2.0 1.3 Ll.oh. 2,0 2.2 3.1 2e2 2.8 2.8
Betula Oo; 0.2 105 1.3 00,4. 0.2 8.% Ooh, 0.2
Populus O, . 0.2
AP 82.0 78.3 90.6 96.0 93.0 4S.h 60.6 83.6 96.1
Ceanothus 0.2 0.2
Ericaceae ‘ 0.2
Shepherdia canadense 0.2
Paxistima myrsinites 0.2
Liliaceas 1.7
Poaceae 8.4 10.8 L4sO 1.8 3.5 30.3 646 Te3 1.8
Cyperaceae 1,3 2,0 0.9 0.7
Artemisia 0,7 0.7 0.2 0.2 0.2 0.2 0.2
Tubuliflorae 0,7 0.l 0.2 3.6 0.7
Liguliflorae 2.0 2.2 0.2 0.4 2.0 20.9 O.ly
Polygonum cf erectum 3.6 0.2
Polygonum 1.0 0.7
Rumex 0.7 1.8
Chenopodiaceae 0.2 Oult 0.2 0.7 1.5
Caryophyllaceae 0,2 0.2 0.2 0.2
BraSSicaceae O.Z O.L‘, 0.2 0.2 O.Z 7.1 209
Ranunculaceae 0.2 0.2 0.2 2.2 0.2
Saxifragaceae 0,2 0.2 0.2 0.2
Fumariaceae 0.2
T T —Ros&ace8e - 0.,_‘. - 0.2 - e O. 17A~ 002 002 .2
Fabaceae 0,9 0.9 0.2 l.1 0.9 o.L4 0.2
Apiaceae 0.2 O.ly
cf Urtica 0.2
Cryptogramma 0.2
Lycopodium : 0.2 0.9 0.2
Polypodiaceae 0.2 0. 2.6
Selaginella 0,2 1.3
Myriophyllum 0.2 -
(&)
Unknown O,l 0.y 0.2 0.7 0.2 1.5 0.2 y
Indeterminable 2e2 1.3 1-5 103 007 103 105 103 006
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