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ABSTRACT
Palynoiogical investigations of organi¢;riqh

. sediments from Muir Point Formation and basal Cowechan:
Head Formation on southernmost Vancouver Island have
determined six pollen zones. A study of modern pollen
spectra from the extant vegetation in southwestern
British»columbia was undertaken to aid in interpreting
paleoenvironments from the fossil bollen assemblages.
Six of the pollen zones (MP-1, MP-2, MP-3, MP-4, CE-B
andACB~4) are from the Muir Point Formation and. are
beyond the range of l4C.dating. They record evidence
of vegetation and clfmate-du:ing either the penultimate
interglacial or last interglaciéi when conditions were
at first warmer and/or drier than preseht) then

. succeeding to cooler and/or moister conditiohs. The
sixbh and youngest pgllen zone (MP-5) provides-eVidence
vof subalpihe.to near treeline Vegétation growing . in

'COol/éqld;Eéﬁditiehstﬁst prior to 43 000 years age
dufing,the'ea;lY-OLympiaAﬁon—glaciél in;ervai. These
 96lien’z§ﬁes>and ihterpretationS»are in“parp 

-A”épifélativg yith.estéblishediéones from;adeCent
.  Awashi9§t5? hnd eaSﬁeanYaﬁ§§uvgr Igland&f. |



INTRODUCTION
Pre-Wisconsin Pleistooene sediments occur at only
a few sites on southern Vancéuver Island (Hicock and’
Armstron%§§983) and infrequently in surface exposures,

tunnels and boreholes in the Fraser Lowland (Armstrong//\

-
A

1975, 1977, 1984; Hicock and Armstrong/i983) In
adjacent Washington State, however, evidence for the
sediments is more commonplace andftheir
lithostratigraphic charadteristics are better known
(Armstrong et et al (1965- Crande11/2965- Easterbrook/ﬁ
1969; Easterbrook et alL;é967- Easterbrook et a1/7
1981). Palynological investigations in the latter area
have greatly extended knowledge of pPalaeoecology and -
paleoclimates during the Pre-wisconsin interval
(Easterbrook et alk;g967 Hansen and Mack1n44949~
Heusserdg977- Heusser and HeusseEJISBI' Leopold and
Crandelgji957)

Recently H1cock and Armstronq (1983) examined Pre-

.W1scon51n 1nterglac1a1 sediments in southwestern

‘coastal»BrLtlsh Columbia. Theyltentatively correlated

the Muir Point Formation on Vancouver Island w1th

T'nghbury Sedlments in- the Fraser Lowland because of

1(Table l). By 51m1lar argumenA

the1r relatlve stratlgraphlc posltlons in relatlon to

these authors proposed

that it is. also poss1ble that the 1nterglac1a1

used1ments are correlatlve w1th the Whldbey Formatlon of
‘last (Sangamon) 1nterg1ac1atlon age in the Puget

'Lowland.



PreliminaryApalynological evidence from Muir Point
Formation was used to suggest that climate during
depos1t10n of-the unit was at least as warm as. present
(Hicock and Armstrong/2983) For this reason, and
because of their relat1ve stratigraphic positions, Muir
Point Formation and Highbury Sediments were tentatively
assigned a Sangamon Interglacial age.

Uncertainty persists, however, about the age of
the Muir Point formation and whether it is correlative
with the Highbury Sediments in the Fraser Lowland or
with the Whidbey Formation in the Puget Lowland. The
purpose of this paper is largely two.fold: 1) to
determine the palynostratigraphy of Muir Point
Formation on soUthernmost VancOuVer Island and attempt
correlation'with'the established palynostratigraphic
framework in western WaShington,fand 2) to determine
the details.of-paleoclimate during deposition of the:
formation.' In d01ng thls 1t is hoped that new light
m1ght be thrown on the age - of the boundlng sediments
and . geolog1cal h1story of the s1tes 1nvest1gated The
sed1ments 1nvest1gated 1nclude those exposed in the sea
_c11ff at Mu1r Po1nt, the holostratotype of the Mu1r
._Po1nt Formatlon, and sed1ments 1n the coastal slope at

iCordova Bay, the parastratotype (Flg.-l)

METHODS
To a1d 1n the paleoecologlcal 1nterpretatlons from

palynologlcal ev1dence, 23 surface samples were>

analysed from a var1ety of s1tes in the f1ve maJor

vegetatlon zones of southwestern British Columbla.



Particular attention, however,IWas paid to samples from
contemporary deposits such as floodplaln and lacustrlne”.
Lsedlments, bog and fen peats and estuarine deposits,
that are likely to correspond most closely with those
preserved*in the stratigraphic record. Where this was
not possible, moss polsters were sampled. The modern
spectra from the above samples and - from published
information elsewhere in the Pacific Northwest form the
bases for the paleoecological~interpretations.

At Muir Point the peat of Unit 4 was sampled at
10 cm intervals and the organic-rich silts of Unit 3 at
25 cm intervals, The latter sampling method, however,
frequently'led to the sampling of silts containing few
_or.no'palynomorphs, Thus, thin peats and organic~-rich
silts were sampled in preference. In Unit 6’on1y thin
peat lenses and organic—riCh'beds were sampled.
Systematlc sampllng of Un1t 3 at Cordova Bay was not
vattempted Sllts underlying the peat were sampled but
“ proved barren of palynomorphs, the peat was sampled at
10 cm 1ntervals of wh1ch the second hlghest sampled was
-barren. Th1n; organ1c-r1ch beds conta1ned by the
onerlylng lamlnated s1lty—clays were sampled at’
| approx1mately 50 cm- 1ntervals, but only the four lowest '
samples contalned suftlc1ent pollen for countlng.

Because of thelr llgn1t1c character 1t was found
”1that treatment of the Plelstocene samples w1th a.
Amodlrled acetoly51s procedure,‘xnvolv1ng the add1t1on

of a seven m1nute treatment w1th Schulze s solutlon to

Odelze the humlc material and a final very brief wash

e e i e ® =



in 1% KpCO3 produced the best results. Following this
the samples underwent differential centrifugation and
then the residue was stained with Safranin 0 and
‘mounted in polyvinyl alcohol. All the modern surface
samples, ‘however, were treated with the traditional
laboratory procedure of Faegri and Iversen (1975), but
the residue was mounted in polyvinyl alcohol.

Counts of 300 grainsbof pollen were attempted for
‘all samples, but could not be achieved in some of the
Pleistocene silts where Sparser assemblages were
encountered. Relative percentage frequenc1es of the
pollen were calculated exclusive of aquatics, semi-
aquatics. and spores. Identification of pollen and
spores was undertaken bylreference'to a modern
collection from British Columbia.

- The number of taxa shown for the modern pollen
spectra'(FigrAZ) has been reduced.to include onlylthose
’con31dered to“have some bearlng on the paleoecological
1nterpretations, the ‘remaining taxa recorded dur1ng
countlng are totalled in the numbered 'other*. |
"columns.: Spectra from Vancouver Island have. been
reported prev1ously (AlleyO 1979). However, these data ..
;thave been recalculated by the method outllned ear11er
‘Tand replotted thus allow1ng the s1gn1f1cance of the "

reg10na1 pollen ra1n to be- determlned more eas1ly and

, :make the dlagrams cons1stent w1th trad1t1onal "
‘presentat1on methods., Results from 51x add1t10nal

f'samples from h1gher parts of the Coast Mountains are
_also shown to complete the range of- spectra 11kely to

be encountered 1n southwestern Br1t1sh Columb1a and ' to



increase confidence in the general paleoclimate

interpretations}

MODERN VEGETATION AND CLIMATE

The extant vegetation of.Vancouver Island largely
comprises three major vegetation zones (Table 2): 1)
the Coastal'Douglas Fir Zone occupying the drier
‘eastern Vancouver Island coastal lowland; 2) the
Coastal Western Hemlock Zone occurring along the wetter
western part of the island and the lower/middle slopes
of the Vancouver Island Mountains, and -3) the
.ISubalpine'Mountain Hemlock Zone which extends to the
edge of the treeline (Krajinaj 1969).. At highest
elevations in the central Vancouver Island Mountains
climatic conditions are severe enough to produce. small,
scattered areas of Alpine Tundra. . A

Samples for analy51s of modern pollen spectra were
htaken from all four of .the above vegetatlon zones,
although because of poor acces51b111ty on- Vancouver
Island, samples from hlgher parts -of the Subalplne
’Mounta1n Hemlock and. the Alplne Tundra Zones were
obtalned from h1gh parts of the Coast Mountalns in’ the -

-Mount Waddlngton area. Wlth regard to samples from the.

-A,fAlplne Tundra Zone,'a few 51tes lay adJacent to the

RS

':Subalplne Engelmann Spruce-Subalplne F1r Zone and 51nce
some transport of pollen from here 1nto the Alp1ne :
,.Tundra may have occurred, a br1ef reference to domlnant

dtree species in the latter’ zone are made below.'



The Coastal Douglas Fir plant community extends
from sea level on the eastern slopes of the island‘up
‘to anraltitude«of approximately;450“m'along»the eastern
slopes of the Vancouver Island Mountains., Apart from
the dominant trees and their associates (Table 2)
common seral species include broadleaf‘maple (Acer

macrophyllum) and red alder (Alnus rubra) Lodgepole

pine (P1nus contorta) occurs sporadlcally on coeastal

bogs>or as a-seral species on drier sites, and western

white pine (Pinus monticola) is found at higher

elevations.
Along the western side of the island, the Coastal
‘Western Hemlock Zone ranges‘from the coast to over
- 1000 m_elevation, but is foundvabove;450 m along the
-drier eastern slopes of the Vancouver Island
Mountains. - “The zone - is d1v1ded 1nto the drier Douglas
‘F1r-Western Hemlock Sszone and an upper wetter Pac1f1c
;Sllver F1r-Western Hemlock Subzone (Krajlnaa>1969)
'Maple 1s again common along streanbanks throughout the
_zone. . A_e”‘

Douglas f1r (Pseudotsuga menz1e511) 1s the

ﬂprlnc1pa1 tree in the drler subzone where it is.
_lcommonly assoc1ated w1th western hemlock (Tsuga

-_jheterophylla), grand f1r (Ables grandls) and western

'Jred cedar (ThUJa p11cata) whereas S1tka spruce (P1cea

_51tchens1s) 1s very common along the coast.‘ In the"

‘:wetter subzone these taxa are assoc1ated w1th Pac1f1c

.s1lver or- lovely f1r (Ab1es amab111s) wh1ch is the

‘dom1nant climax species,
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The Subalpine Mountain Hemlock Zone occurs between
900 and 1500 m elevation on wetter western slopes of
the<mountains of southern Vancouver Island,‘but on the
drier eastern slopes rises to 1100-1800 m or even |
~higher. 1In the northern part of the'Vancouver Island
Mountains the vegetation zone may be found as low as
300-900 m a.s.l.

Dominant coniferous treespin the zone are mountain.

hemlock_(Tsuqa mertensiana), Alaska cedar

(Chamaecyparis nootkatensis) and Pacific silver fir.

Western hemlock and western red cedar are common
associate species at lower elevations. Stunted

specimens of alpine fir (Abies lasiocarpa) and

whitebark pine (Pinus albicaulis) make rare appearances

‘near treeline. In this upper part of the-vegetation

zone, subalpine parkland predomlnates, in which clumps

»of con1ferous trees are separated by extensive heather

1(Er1caceae) communltles. |

.Harsh climatic condltlons in the Alp1ne ‘Tundra

Zone ensure that only a few stunted con1fers and woody
'“fdec1duous plants surv1ve 1n ‘the most favourable
'*s1tes. At lowest elevatlons subalplne flr, wh1tebark‘
;:nplne and mountaln hemlock may occur 1n the krummholz
";_form.- A few modern pollen s1tes 1n the Mount'i
’fff.Waddlngton area “lie. adJacent to the Subalplne Engelmannt
d;f}Spruce Subalplne F1r Zone. Dom1nant trees 1n thlS zone

""gare the conlfers, engelmann spruce (Plcea engelmann11)

'and subalplne f1r, wh1ch often occur 1n assoc1at10n

- w1th the lodgepole and whitebark pines.
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MODERN POLLEN SPECTRA

COaStal‘Dodglas”Fir“ione‘

Pollen spectra in ‘this zone are characterlzed by

h1gh frequenc1es of arboreal taxa comprised largely of

Alnus (dominantly A.rubra). Alnus is a common seral

species in the Coastal Douglas Fir Zone and its pollen
is .thus overrepresented at the expense of pollen from
the conifers, in-partiéular, the dominant extant

spec1es Pseudotsuga menziesii, Abies grandis and Thuja

plicata (Alleye?979) Diploxylon pine pollen in this
zone and all other vegetation zones is largely

contributed by Pinus contorta. In the Vancouver Island

samples, pollen of Picea is entirely from P.sitchensis

whereas the high elevation samples from the Coast
Mountains would contain a high proportion of

P.engelmannii. The pollen grouped as Cupressaceae in

both thé Coastal Douglas Fir and the Coastal Western

’ Hemlock>Zoneslis'largelywcontributed byAThuja plicata

with minor amounts of Jun1perus (Junlper) and

ChamaeCYparls nootkatens1s. . o . e

The one 51gn1f1oantnocegrrenee'of grass
(Graminéae)‘polleh.bccurs"in“the'CoaStHDouglas'Fir
Zone,_obtalned from a sample on a sparsely treed meadow

‘.;borderlng an estuary a few kllometres east of Mulr

:Pant,‘ _ R

:CoastaltWesternﬁﬁeﬁioek

h . Apart from the one 51te at whlch Mzrlca 1s
overrepresented the pollen 1n’thls zone is almost
entirely comprised of arborea;-types of which Tsuga

heterophyila, Thuja and Alnus are. important elements,




Relatively low frequencies of pollen from Picea and

Pinus make appearances at a few sites, but Pseudotsuga

‘'pollen is again underepresented even. though this tree:
is locally important in drier parts of the vegetation
zone and is well represented at a number of sample
sites. |

Subalpine Mountain Hemlock

Although arboreal pollen again remains predominant
in this zone, nonarboreal types, in particular-from the
Ericaceae' are locally important. The latter probably
results from the preponderance of Ericaceous taxa in
the understory and open areas.of the Subalpine Mountain
" Hemlock parkland. |

Pollen of a number of arboreal species are well
represented'ineluding Pinus (diploxylon type), Picea,

Tsuga heterophyllag‘and.Alnus whereas Tsuga mertensiana

for the first time occurs in significant‘frequencies in
higher parts of the zone.

Pollen<from Valeriana sitchensis, is found at most

--sample 51tes in th1s zone and the higher A1p1ne Tundra

Zone._ Pollen of Valer1ana recorded on the river

estuary, however, is not from V. 51tchenSLS"hut from

some un1dent1f1able lowland" spec1es. e

"Alp1ne Tundra ' :__r--tfr,;i" l4'¢7fl e T

Pollen spectra from thls .zone show that there is’
con51derab1e dep051tlon of arboreal pollen from lower
.iyzones. It 1s 1nterest1ng to note that the frequency of

‘Plnus and P1cea pollen ‘is hlgher than in any of the

lower zones. Considerable pollen was prObably-being

contributed from.stuntedfspecimens of Pinus. contorta
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~and P. a1b1cau11s growing ‘near the sample sites. Of

the nonarboreal spectra, pollen from the ‘Compositae are
dominant at one.site and up to 4% Artemisia was

recorded at two other sites.

LITHOSTRATIGRAPHY

Muir Point

Eight separate units are recognized on the basis
of lithological differences and their relative
stratigraphic positions (Fig. 3). This paper is

concerned with Units 1 to 6.

a) Unit 1 - Basal till
‘Exposed at the. base ofithe cliff at its north-

western. extremlty is at least 10 m of compact till

‘characterlzed by abundant large clasts set in a gr1tty
. matrix (sand 51%, 511t 49%). Clasts are domlnantly of .

‘local or1g1n but the presence of a low percentaqe of

pink granlte and garnetlferous SChlSt suggests that the
ice. wh1ch transported them was of Cordllleran -

provenance. Tens1ona1 fractures, t111 wedges, shear

-»planes, and clast- fabrlcs (long axes), all formed at .

the .same t1me as t111 dep051t10n (ma1nly by-iodgement),

'.11nd1cate that ice movement was to the northwest along

- Juan de Fuca Stra1t (H1cock/1980 H1cock and Dre1manls(7

in press)
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b) Units 2, 3, 4 and 5 - Muir Point Formation

A succession of partly fossiliferous non-glacial
..fluvial sediments (with .lenses of d iamic‘t‘o‘n._..v'in .Unit 5)
unconformably overlie the till. These units comprise
the holostratotype for the Muir Point Formation (Hicock
and Armstrong[}l983). The beds plnch out to the
northwest against the basal till and the much younger
vashon Till, which, in this part of the‘cliff, makes
unconformable contact with_both the basal till anthuir
Point Formation (Fig. 3). |

The lowermost unit of the formation (Unit 2) is a
compact ferruginous'gravel wlth lenses of oxidized
organic—rich silt, 'and.limonite casts of former small
logs and branches. The thickness of the gravel is
unknown since its base lies‘below sea level along the
eastern part of the section. |

Unit 3 consists of organic—rich fluvial silts and
sands 1ntercalated with abundant allochthonous peat
layers, wood and occa51onal gravel lenses (Fig. 4).
Current - and rhythmlc beddlng up to 5-10 cm in ampl1tude
is common.- The lower 2 3 m- of the beds compr1ses

4'med1um—gra1ned, sllghtly weathered sands from wh1ch no

Hpalynomorphs were recovered, although larger plant

';fragments occur.‘ The organ1c r1ch beds grade upwards'

:1nto compact woody autochthonous peat (Un1t 4) wh1ch

: upasses laterally 1nto peaty 511t and mlnor sand.

Conformable on Un1t 4 1s up to 10 m of sandy

~grave1 (Un1t 5) conta1n1ng a large lens of- coarser—
gravel and_gravelly d;am1ctqn.; The latter is

interpreted as a mudflow or fan'deposit rather.than a
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till because, although a low percentage of Coast

Mountains lithologies are present (probably reworked
from older glacial sediments), no glacially polished,
faceted or striated clasts were observed. Extensive
searches for plant material in Unit 5 were unsuccessful
and analysis of lenses of fine sand or rare silt
revealed the sediments to be barren of palynomorphs.
Plant macrofossils ranging from grasses, sedges,
needles and cones of conifers, leaves of deciduous
trees, twigs, branches and logs are common throughout
Units 3 and 4. These remains 1nclude abundant leaves

of Salix sp. and Alnus Sp., needles of Pseudotsuqa

menziesii and cones of P, menziesii, Picea sitchensis

and Thuja plicata.

A portion of a log of ThUJa pllcata recovered from

'Unlt 4 was dated at >40 000 yr. B, P. (1- 8449), thus the

age of the organic- r1ch beds cannot be determlned

d1rectly.

'c) ‘Unit 6 - Organic-bearing.fluVial sediments

Un1t 5 is succeeded by a. sequence of organlc—rlch

~3“51lt, peat lenses, sands and gravel (Un1t 6) reach1ng a-

A max1mum thlckness of approx1mately 6 m.' These fluv1al -

'gfsed1ments are truncated by Vashon Tlll dep051ted dur1ng

"the Fraser Glac1at10n- the same t1ll 1n the

“northwestern part of the Cllff also makes unconformable

h rﬁcontact w1th Un1ts l, 3, 4 and 5 (Flg. 3) Although

'plant megafoss1ls occur- throughout the un1t, only the

lower two metres ylelded palynomorphs.u
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Radiocarbon dates on peat produced an age of
>40 300 (GSC-358); and on wood, ages of >40 000
(1-9443), >41 000 (GSC=2774) and 43 600 & 660
(Gsc-3295), the latter analysis being undertaken at
high pressure. A branch of Abies sp. produced the date
- for GSC =2774 and the log produc1ng GSC-3295 was

‘possibly Tsuga sp.

Cordova Bay

Five pre-Dashwood Drift units are recognized at
the western end of Cordova Bay. (Fig. S)A These form
the subJect of this paper s1nce the overlying sediments
have been adequately described by Alley (1979) and

Hicock and Armstrong (1983).

a) Unit 1 - Basal till

| Overlylng bedrock at .the westernmost edge of the
Bay are a few metres of f13$11e, s;lty sand lodgement
and layered undermelt t111. The orientation of striae.
and grooves on the surface of bedrock ‘roche moutonnees
1nd1cate that the ice. whlch depos1ted ‘the t111 moved
-from north to south (chock 1980) Larger clasts are .
domlnated by Vancouver Island and local 11tholog1es

e w1th about 9% granlte and 3% h1gh grade metamorphlc-

€'types be1ng derlved from the Coast Mountalns. '

Tf.bf Un1ts 2,,3, 4 and 5 -»Mulr P01nt Formatlon
The t111 1s unconformably over1a1n by up to 6 m of
compact, ferruglnous cross-bedded pebble gravel and

medium ‘sand conta1n1ng limonite casts of wood and
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oxidized wood fragments (Unit 2). Conformable on this
gravel unit are 5 m of-plant-bearing silt, clay, peat
beds and lenses, wood, and minor sand and mud (Unit
3). The thickest peat bed is an autochthonous deposit
and. produced the microfloral assemblages presented
later, but only four levels in the plant-bearing silt
andlclay contained adequate pollen7~ The latter levels
are allochthonous accumulations of leaf litter, fine
organic debris and abradeo wood particles.

Unit 3 is overlain by: 2-5 m of non-fossiliferous
interbedded silt, coarse sand and gravel (Unit 4); up
to 10 m of medium to coarse sand (Unit 5); and then
unconformably.by Dashwood Drift. Although there is no
clear evidence to indicate whether Units 4 and 5 are
part of the Muir Point Formation, or a proglacial
facies of the Dashwood’Drift, they are placed with the
former since-they appear t0’lie‘oonformab1y on Unit 3.

The age of the organic-hearing beds cannot be

determined directly-becauseﬁdates from a glaciomarine

facies of the overlying Dashwood Drift are infinite

(Alley/}979;rﬂicock‘and Armstrong/EQSB).
Hey {979 nd Amstrong [1983)

- .. STRATIGRAPHIC PALYNOLOGY.

- Muir Point gghi“'4ﬂ : -eﬁfl”ffkf_ :

Comparatlve pollen frequenc1es for sedlmentary

:unlts 3, 4 and 6 at Mu1r P01nt are shown in Flgures 6

and 7. Although the other non-tlll un1ts underlylng
unit 6 were also systematlcally sampled laboratory
analyses showed them to be barren of palynomorphs.

Five pollen assemblage zones’ can be- recognlzed from the-

pollen diagrams.
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Pollen Zone MP-1 consists of one sample between

6.3 m and 6.9 m where the highest frequency (65%) of

pollen of fséudotsuga found in the Muir Point Formation-
is recorded. Unfortunately the poor preservation.of
pollen from underlying sediments prevented the
determination of the lower boundary of MP-1,

Pollen Zone MP-2 occurs between 6.9 m and 8.4 m
and is defined on the basis of -the preponderance of
pollen'of the Gramineae, reaching a maximum of‘57% in
one level. No other zone at -Muir Point or Cordova Bay
displays such high frequencies.

Significant percentages of Pseudotsuga and the

Cupressaceae are present also, although these occur
<consistently through Zones MP-2 to MP-4, Notably rare

to infrequent arboreal taxa are Pinus, Picea and Abies.

The boundary between Pollen Zone MP-3 and .Zone MP-’
2 is'drawn on the basis of an upsurge_ln Alnus which
remalns an 1mportant component of the pollen comprls1ng
the Zone, butpwhloh declines near the top. Other .~
important elements of the~Zone are the arboreal taxa -

Cupressaceae and Pseudotsuga and the nonarboreal

Gramlneae, although the 1atter decllne s1gn1f1cantly 1n

Zone MPva‘ Other m1nor characterlst1cs of -the ZOne are

low frequenc1es of P1nus, P1cea and Ables.- Several

taxa not used 1n the calculatlon of the pollen
frequenc1es but wh1ch are commonly encountered are the"
Cyperaceae and ° spores of the Polypodlaceae wh1ch peak
strongly in the upper part of ‘the ZOne. Lou

frequenc1esuof marlne.dlnoflagellates occur in levels

14‘and 16.
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Rises in Pseudotsuga,.the Cupressaceae and Tsuga

heterophylla characterize Zone Mp-4. Other aboreal

taxa associated with this Zone are Alnus -and the

- normally greatly underrepresented Acer. Nonarboreal

associates are significant percentages of pollen from

the Gramineae, Ly51ch1ton, the: Rosaceae and the

Compositae. Significant peaks in the Cyperaceae and
‘'spores of the ‘Polypodiaceae also occur.

- Pollen Zone MP-5 (Fig. 7) incorporates only the
bottom two metres of sedimentary Unit 6 because' the
‘upper'few,metres to the contact with the Vashon Till

are too oxidized and no palynomorphs were recovered,

'Although this Zone is characterized by a high frequency

of arboreal pollen,Athese assemblages stand in marked

contrast to those ‘of the lower zones. Zone MP-5 is
domlnated by pollen of Pinus (ma1nly d1ploxylon type),

P1cea 51tchen51s and Ables with only .low percentages of

Tsuga, the Cupressaceae and Alnus, ‘whereas Pseudotsuga

' makes only a rare appearance 1n the three lowest sample

" levels. .A low percentage of Tsuga mertens1ana is found

'near the top of the ZOne.' Pollen of non-arboreal taxa
-"are poorly represented 1n the Zone and cons1st largelyi

-Tof the Gramlneae, Rosaceae and Compos1tae (1nclud1ng

;fArtemls1a), w1th m1nor but cons1stent occurrences of
arremisia :

Valerlana s1tchen51s.~ Durlng pollen countlng, a few

cysts of mar1ne dlnoflagellates were encountered in

sample levels 5, 8 "and 9.- o
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Cordova Bay

Identifiable.pollen could only be recovered from
the autochthonous peat and lower part of the‘overlying
plant-bearing silts and clays. The pollen'assemblages
are divided into two zones designated CB-3 and CB-4
(Fig. 8) this designation being employed so as to avoid
confusion with Zones CB-1 and CB-2 defined for~part of
the overlying Late Pleistocene sediments (Alle%;§§;9).

Pollen Zone CB-3 is defined on the basis of the -

high frequency of the Cupressaceae Alnus, Pseudotsuga

the Gramineae and Lysichiton. Pseudotsuga reaches its
maximum (34%) along with a strong peak in the Gramineae
(27%) low in the Zone. Higher in the Zone Pinus

(largely haploxylon type) and Picea sitchensis increase

but with concurrent declines in Pseudotsuga (min.. 4%)

and the Gramineae (min. 1%).
The lower boundary of CB-4 .is marked by upsurges
in the frequency of Picea (max. 38%) - ‘and Tsuga

heterOphylla (37%) in conjunction w1th an 1ncrease 1n,

the,percentage,of Abies. Parallel with these increases

‘ are marked decllnes in the frequenc1es of Pseudotsuga,

aat the top of the- zone.‘ Nonarboreal pollen is poorly

the Cupressaceae and Alnus to less than a few percent

q“grepresented in the zone and. at no level does the

~_frequency of. any of the taxa rlse above two percent.
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AGE AND CORRELATION

Southern Vancouver Island

All radiocarbon dates from the Muir Point
;Formatlon have been inflnite.(Hicock and Armstron%i;
1 1983) and'thus determination of the chronostratigraphy
in this paper relies”on correlation by palynology.

At Muir Point, a radiocarbon date of 43 600 % 660
years BP (GSC-3295) from Unit 6 suggests that these
organic-bearing sedfments correlate-with the Mid
Wisconsin Cowichan Head Formation of the Olympia
nonglacial interval (Hicock and Armstrongié983), whose
age probably extends back about 65 000 years B.P.
(Gascoyne et al. 1981). The high frequencies of pollen

of Pinus (in particular, diploxylon type), Picea,

Abies, Tsuga heterophylla and the rarity of Pseudotsuga
‘menziesfi.in conjunction with the oresence of marine
dinoflagellates suggests a COrrelation with pollen
assemblages from the early Olymp1a nonglac1a1 interval
on eastern Vancouver Island (Alley/3979) The marine
d1noflagellates also show that, locally, relative sea
level was 28-mﬂh1gher than preSent.'

LAt approx1mate1y the same t1me as - the 1nterval
:represented by MP—S palynofloras from Lynn Canyon in

the Fraser Lowland were domlnated by P1cea and Tsuga

;ymertens1ana (Hebda et al‘vﬂ983) -and - in adJacent western‘

LWash1ngton by Tsuga heterophylla, P1cea and P1nus

'(upper Zone 5 of Heusser/1977).

H1cock and Armstrong (1983) correlated Un1ts 2, 3,

4 and 5 at Cordova Bay w1th Un1ts 2, 3, 4 and 5 at Muir

. P01nt on, the ba51s of similar 11tholog1es and
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stratigraphic positions. This correlation is supported
by our palynological evidence: CB-3 probably correlates

with MP-3 because of high frequencies of Pseudotsuga

menziesii, Cupressaceae and Alnus.and significant
percentages of Gramineae. CB-3 is unlikely to
correlate with MP~2 which has a marine aspect whereas
CB-3 is entlrely terrestrial, or to correlate with MpP-1
which has very high frequencies.of Gramineae. .CB-4 has
‘no palyno-stratigraphic correlative at Muir Point,
although the fluvial aspect of the beds in which the
pollen assemblages occur suggests that they may. be
correlative with»theAfluvial gravels of Unit 5 at Muir
Point,

The fact that the Muir Point Formation underlies
Dashwood Drift at Cordova Bay is an indication that the
formation is at least'pre—wisconsin in age. AAlthough
-the correlative units at Muir Point dlrectly underl1e
the Cow1chan Head Formation, palynolog1ca1 ev1dence
1nd1cates that the beds are not an older- part of the
llatter formatlon. Pollen assemblages from the Cow1chan
Head Format1on are character1st1cally lacklng in ‘the

'Pseudotsuga men21es11, the arboreal spectra be1ng

.‘domlnated by P1cea and P1nus (Alle¥i§979 H1cock and -
Armstrong/§983). Because of the abundance of )
-;Pseudotsuga in the Muir Point Formatlon,,lts ;_g
f;strat1graph1c p051tlon at Cordova Bay, and 1ts p0551ble
<correlat1ve (nghbury Sedlments) 1n the Fraser Lowland
H1cock and Armstrong (1983) suggest a correlat1on w1th
the last 1nterglac1at10n. The underly1ng t1lls at Muir

P01nt and, Cordova Bay are thus regarded by them as
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‘f:the central and northern Puget Lowland (Easterbroohiiz

23

correlatives of the Westlynn drift in Fraser Lowland
(Armstron%i;975), or some older glacial deposits.

The above‘correlations are acknowledged as being
tentative and conclusive dating .will rely on the
results of inveetigation54currently in progress,
including amino acid and thermoluminescence studies.
The correlations we make below suggest that the Muir
Point Formation may correlate withdor predate the: last

major interglaciation.

Adjacent Areas

The Muir Point Formation-in southwestern British
Columbia is correlated with the nonmarine Whidbey

'Formation of Easterbrook et al. (1967) and Easterbrook

(1969) in northwestern Washington (chock and Armstrong/r>

v/

1983) Recent amino ac1d dat1ng of wood from the

,Whmdbey Formatlon shows that it is of. ‘Whidbey

Interglac1al (Sangamon) age (Easterbrook and Rutter/?

-1981, 1982- Easterbrook et al<3§981)

) The correlatlon of the Muir Point Format1on (in

'part1cu1ar, un1ts 3 and 4) w1th the Wh1dbey Formatlon

_wseems compel;lng 51nce the 11thostrat1graphy of the

»formatlons and of boundlng sedlments is s1m11ar (see

. Easterbrooﬁw9969 and Easterbrook et aéi};G?). An

“.ldentlcal succe531on of sedlments commonly occurs ' in

f
-~

1s correct then un1ts 1 ang 5 at Mu1r P01nt and Cordova

~Bay may be equlvalents of the Double Bluff Drift and

'.Possess1on Dr1fts, respectlvely (Interpretatlon 1,

);personal communlcatlon(}983) If the above correlat1on*‘



24

Table 3). -Paleontological evidence for correlating
Unit 5 with Possession Drift is lacking and the

interpretation that units 2 to 5 at both Muir Point ‘and

‘Cordova Bay are all part of the Muir Point Formation

(Hicock and Armstronqi§983) is preferred.
Palynological evidence also supports a correlation
between the Muir Point Formation and Whidbey

Formation. At the Useless Bay type section the largest. .

part of the Whidbey Formation is characterized by high

frequenc1es -of Pseudotsuga (Heusser and Heussez:g981)

‘and thus(]f;)51m11ar to . parts of the Muir Point

Formation. The abundance of Pseudotsuga in conjunction

with Alnus and the Gramineae (UB-4, UB-6 and UB-7 of

Heusser and Heusser 1981) suggests a correlation with

‘MP-1 to 4 and‘CB-3,_alth0ugh-the Cupressaceae are also

1mportant in -the latter assemblage zones. The

assoc1at10n of 51gn1f1cant amounts of Pseudotsuga and

T uga. heterophylla 1n UB-2- and CB-4. is also 51m11ar,

?alth0ugh~Alnus is also lmportant infthe former and

iPlcea 51tchens1s in the‘latter assemblage zones.

'Palynolog1cal ev1dence from Mu1r P01nt, however,

*ilndlcates that part of the Mulr P01nt Formatlon 1s of

~

_marlne or1g1n whereas Whldbey Format1on 1s regarded as-

~.wholly nonmarine. (Easterbrook et a1(ié967° Easterbrooﬁi?

'_,;_1968- Heusser and Heusserdmen R

A compar1son of the pollen zones from Mu1r P01nt :

-'and Cordova Bay w1th 1nterglac1al assemblages from

' northwestern Wash1ngton, however, suggests that a p

correlatlon with sed1ments of.penult1mate interglacial

‘age may'also be appropriate. Currently the
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geochronology of Pleistocene stratigraphic units in
northwest Washington is being re-investigated (see
EaSterbrook etialii?981). Until this review is
completed the stratigraphic correlation of the
classical units of'southern Puget Lowland (Crandell et
gl{iEQSS) to others elsewhere in North America will

- remain unknown Or; at best, tentative,l Thus, the old
names are avoided in this paper.

Apart from one zone (9-A) at the type locality
near Alderton (Heussep{§97l), and -at the Zenith
locality (Leopold and Crandell;ﬁ957), last interglacial
pollen assemblages elsewhere in northwestern Washlngton

record only low frequencies of Pseudotsuga or it is

absent.  On the other hand, a palynological examination
of peat from the Alderton type section for the -

penultimate interglacialArevealedfuniformly high

frequencies of Pseudotsuga in association withthigh
Alnus and’signifioant}Abies.(Zone 11 of Heusser
'1977). Therefore, pollen assemblage zones MP2, MP3 and
CB3 from the Mu1r P01nt Formatlon could well be:
correlated w1th Zone ll on the ba51s of the str1k1ng
51m11ar1t1es in thelr arboreal spectra.f Pollen Zones
MPl and CB4 are older and younger respect1ve1y than
_-Zone. 11. If th1s correlat1on 1s acceptable, then Mu1r
P01nt Formatlon could be of penultlmate 1nterglac1at10n'

. age and the underlylng tllls of the preced1ng

glac1at10n age -or older (Interpretat1on 2, Table 3).
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PALEOECOLOGY
. Comparison of the above fossil pollen with modern
pollen spectra presented earlier, and with modern and
Quaternary pollen spectras in adjacent areas, forms the
basis upon which the rollowing paleo-environmental

 interpretations are made.

MUir_Point Formation

Pollen Zone MP-2

Since Pollen Zone MP-1 consists of only one level
no interpretations are made herelapart from
acknowledging that locally Douglas-fir was by far the
most important forest tree probably with minor stands
of western hemlock growing in moister sites.

The association of high frequencies of Douglas-fir
and grass pollen in Pollen Zone MP-2 has-no-modern
counterpart in the pollen spectra of the coastal areas

"of the Pac1f1c Northwest | Heusser and Heusser (1981),
however, record . h1gh frequenc1es of Douglas—flr and

- grass pollen 1n_assemblages from the-Whidbey Formation
at.Useless Bay. They 1nterpret the assoc1at10n of

A these pollen as an open grassland poss1b1y on a
floodplaln or estuary, w1th large amounts of Douglas-‘_ .

fir pollen be1ng transported from adJacent uplands by

Aﬁ_;streams to ‘be depos1ted in the lowlands. Work -

relsewhere strongly suggests that con31derable volumes

'"of arboreal pollen is transported and dep051ted in .
sedge or grass dominated floodplalns and deltas by

streams (Hebda(i???)
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Clearly bouglas-fir was the dominant tree and, for
a greater part of'the?interval represented by MP-2, was _
more important than it is in the extant vegetation of
the Coastal Douglas Fir vegetation zone (Fig. 2).

Pseudotsuga menziesii is a very poor producer of pollen

and even the presence‘of a few percent of this taxon in
the pollen sum indicates that it formed a substantial
)
part of the extant vegetatlon (Alley 1979; Heussei{ZX
1978a, 1978b; Heusser and - HeusserJ9981° Mack et al.
22
1978; Mack et al [}979).
Only at the river estuary site in the Coastal
Douglas Fir vegetation zone, do pollen of grass and

Douglas-fir from important elements of the modern

spectra. Unlike Pollen Zones MP-1 and MP-2, the modern

pollen spectra at this site are'dominated by Alnus (as

is all of the Coastal'Douglas Fir Zone), reflecting the

importance of alder as a seral plant following the
clear1ng of the forests by logglng and other
d1sturbances.

Thus, Pollen Zone MP-2 could be 1nterpreted as a’

'-broad grassy floodplaln bounded by dry h1lls on which

'almost pure stands of Douglas f1r were grow1ng, whereas

m01st areas may have supported smaller stands of

_western red cedar.: An- alternat1ve 1nterpretatlon,A

'»however, may beﬁrelated to the 1nf1uence that changes

1n ‘river channel p051t10n and valley-floor
sedlmentatlon had on plant growth.- For example,'y
sedlmentary un1ts 2, 3 and 4 could represent a f1n1ng
upward sequence characterlstlc of valley alluv1at1onr

Unit 2 a channel dep051t succeedlng to sands and ‘then
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silts of Unit 3 as the channel moved away from the
sitei and finally to a peat bog in Unit 4. The
occurrence of rare dinoflagellates in a few levels in
Unit 3 is evidence of minor marine influence, uith
sedimentation taking place_possihly near the upstream
'llmit of a tidal channel or flat. Stands of Douglas-
fir_scattered across a grassland may have been growing
on the well-drained gravels of Unit 2 and sands of Unit
3, whereas'western red cedar survived in the wetter
sloughs of the developing floodplain. This
-interpretation is probably the most acceptable because
the sediments were fluvially transported and are more
likely to be dominated by pollen from the floodplain
elements of the vegetation rather than from adJacent
hills. Thls 1nterpretatlon is supported by the

presence of cones of Pseudotsuga menziesii and Thuja

pllcata along w1th Picea s1tchens1s in Unit 3 .-The

) occurrence of:: the latter 1s 1nterest1ng in v1ew of the )
1ow frequency of P1cea pollen, 51nce, although a number

.of sample 51tes chosen for analy51s of modern pollen )

; spectra were -in; prox1m1ty to ‘stands of Sltka spruce, it

';lrsipoorly represented in: the spectra. Thls is probably

lfa reflectlon that the spec1es 1s a relatlvely low

Vo

i:polleniproducer (Hebd3u§983) rather than other factors e

'ﬁd to transportatlon and preservat1on.w;f
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Pollen Zone MP2

Douglas~fir remains prominent in the fossil pollen

 spectra of Pollen Zone MP-3; generally the pollen

exceed 10% of the total in each level and reaches a

maximum of 26% near the top of the zone. The Z0ne,

however, is characterized by significant increases in
alder and western red cedar pollen.along with minor "
increases in spruce and fir and up to 12% of western.
hemlock pollen. In these respects, the spectra are
similar to those found in the Coastal Western Hemlock
Zone (Fig. 2), although western hemlock is lower and
Douglas-fir pollen in the fossil spectra.

Clearly the site of the present Muir Point was not
occupied by closed forest durlng MP-3, although-forest
may have exlsted adJacent to the 51te;' The presence of
wetland.meadow-rs suggested by several llnes of
eQidence : 1) 51gn1f1cant percentages of grass (max.
26%) and sedge (max. 27%) pollen occur; '2) macrofossils

of grass and sedges (some in growth p051t10n) .are

g common in the sedlments encompassed by Zone MP-3; and

3) the sediments are fluv1al whereas the presence of -

,rare marlne dlnoglagellate cysts (at levels 14 and 16)

1nd1cates that for a t1me, t1da1 or estuarlne

fcondltlons prevalled The latter 1mp11es that sea

level_was at least 10 m h1gher than present dur1ng the »
1nterval represented by MP~- 3. ,;,:; ?_ S L

It 1s probable that the character of vegetatlon

_represented by Pollen Zone MP-3 is more closely related

to edaphlc condltlons pecullar to the upper part of an

estuarlne plain that experlenced changes in channel
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position rather than in general climatic change. For
example, the expansion.of alder is probably a result of
the changes in the plain as the channel migrated
laterally near to the site, the latter also producing
an environment in which Sitka spruce and the sedges
expanded (lower MP-3) but in which the grasses
declined. As the channel meandered from the site and a
floodplain formed (upper MP-3), the swamp environment
enhanced the{growth of western red cedar (at the
expense of alder) and it reached its maximum near the
top of the zone. Expansion of grassy flats adjacent to
the channel may be the possible cause of a brief
peaking of the.Gramineae in‘upper.MP—3. Throughout .
Pollen Zone MP-3, however, Douglas—flr'must have
remained the most promlnent tree on drier sites on the
floodpla1n and ‘in the forests adJacent to 1t.
Pollen ZonesAMP—d and CB-3

The return of freshwater to boggy condltlons in
'Zones MP 4 and CB—3 is suggested by. the presence of .

pollen of cat- tall ( zp a), pond weed (Potamogeton),

;yellow pond 111y (Nuphar) and coast myrtle (Mxrlca). ‘

Although there are- no modern correlat1ves of these

'gfzones,'lt 1s p0551b1e that western red cedar -and’:

-western hemlock expanded along boggy parts of the
1';floodp1a1n, an 1nterpretat1on supported by the presence
mof s1gn1f1cant amounts of pollen of skunk cabbage

(_ys1ch1ton) commonly found in such stands. Douglas-

f1r remalned an' important’ tree probably both on drier

.‘parts of the floodplaln and in adJacent forests, as
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suggested by a significant increase in the frequency of
its pollen (reaching 40% in two levels),

| Changes in the structure of the floodplain
vegetation, perhaps as a result of a meandering
channel, can be inferred from'nonsynchronous'

" fluctuations in the major components of the arboreal

and of the nonarboreal pollen.

Pollen Zone CB-4

A significant change in the forest structure
occurred in this zone with new conditions favouring the
spread of spruce and western hemlock at the expense. of
Douglas-fir, western red cedar and alder. 1In these
- respects, the pollen spectra bear some resemblance to
modern spectra either in lower. elevations of the
Coastal Western Hemlock vegetation zone or in‘the
Subalpine Mountain ﬁemlock'zone. The fossil
~assemblages are also similar to modern spectra.from ‘the
coastal lowland forests of western Olymplc Peninsula
-'(Florer/;972° Heusser 1978) and found in the foss11
spectra of the early p;rt of pollen Zone 8 or in the
middle part of pollen Zone 2 from western Wash1ngton
(Heusser/u977) Arboreal spectra found .in M1ddle ~

//
HMHolocene assemblages (BC 4A of Hebda/E983) at Bear Cove

on northeastern Vancouver Island ‘are very s1m1lar to

It is unllkely that the spruce in. Zone CB- -4 .is

P1cea engelmann11, wh1ch 1s the ma1n contrlbutor to

modern spectra in the. Subalplne Mountaln Hemlock

vegetatlon zone, because this spruce: is a'Cordilleran
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Subalpine species not currently-found near sea level in
coastal British Columbia (Krajina[EQGQ). - Engelmann
spruce, however, did grow in the coastal lowlands of
the Pacific Northwest during the Fraser Glaciation
(Barnoskxd)1981 1984; Hicock et alv 1982) These
studies show that the - Engelmann spruce was associated
with s1gn1f1cant frequencies of pine, fir (alpine fir),

mountain hemlock and Pacific yew (Taxus brevifolia)

along with sage, grass and. alpine- herbaceous taxa. In
CB-4 the spruce is associated with high frequenc1es of
western hemlock and Douglas-fir, but the taxa recorded
in the Fraser Glaciation assemblages are rare or
absent, Thus, the spruce in CB-4 is probably Picea

Sitchensis, which thrives in moist coastal

situations. The fossil spectra are correlatives of
speCtra in lower elevations of the Coastal Western
"Hemlock vegetatlon zone an 1nterpretat10n agreelng with
that from 51m11ar assemblages of Middle Holocene age at
Bear Cove, northeastern Vancouver Island (Hebda/C?
1983) Such an 1nterpretat1on suggests a cllmatlc
AShlft to cooler and/or moisture conditions from those
of MP 4 and CB-3 51nce the ‘site at Cordova Bay . .
:currently lies in the - drlest part of Coast Douglas-fir
plant communlty.,_lfaj o o L "; ;_ L

Heusser (1977) 1nterprets the mlcroflora of hlS

‘;fpollen Zones 8 and. 2 as representlng spruce and western.

m~hemlock forests grow1ng in refugla on western Olymp1c
.gPen1nsula during the penultlmate and last glac1at10ns,
respectlvely.‘ Although there was a significant change
in cllmate durlng Pollen Zone CB-4 o6n Vancouver Island,

the presence of a few percent of Douglas fir pollen
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indicates that it is unlikely that subalpine forests

prevailed,

Cowichan Head Formation

Pollen Zone MP-5

Just prior to 43 000 years B.P. higher frequencies
of diploxylon (lodgepole) pine type pollen, spruce and
fir, along~withpsporadic occurrences of subalpine:
mountain hemlock and the herbaceous alpine/subalpine

indicator Valeriana sitchensis, occurred. The spectra

in, MP-5 have modern counterparts in present Subalpine
Mountain Hemlock to near Alpine Tundra vegetation zones
(Fig. -2).

During approximately the same interval of time
represented by MP-5, pollen assemblages in the Fraser
Lowland show that forests domlnated by spruce and |
mountain hemlock were growing in cool m01st condltlons
(Hebda et al{}é983).l Forests 51m11ar to the above grew

-concurrently in the Queen Charlotte Islands along the
" - central coast of Brltlsh Columbla where subalplne
»vegetatlon elements may have been depressed by at least
400 m (Warner et al ;9984) At the same t1me forests '
}domlnated by spruce and western hemlock with A
i 81gn1f1cant_f1r, mounta1n hemlock and p1ne were grow1ng
“in-a treeline .ecotone or subalp1ne forest condltlons on
«‘western Olymplc Peninsula (Heusser ﬁ972 1977)
_ The pollen assemblages in MP—S are also sxmllar to
‘early Fraser Glac1at1on spectra - (pollen Zone CB1l)
: reported from Cordova Bay (Alle%5l979) and late Fraser

-,Glaciation'spectra (pollen zones ML2 and SL1) from the
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southwestern Coast Mountalns of Brltlsh Columbia
(Mathewes£§973) In the latter'study,'however,
considerable alder pollen was also present, but these
form~only a small-portion of the arboreal'spectra in
MP-5. Late Fraser Glaciation spectra on western
Olympic Peninsula are also characterized byhhigh
frequencies of pine, spruce and fir along with western
hemlock and subalpine mountain hemlock-(HeusseEféS??).
Peats of'Whidbey Interglacial age ‘at Enumclaw and
Zenith in Washington are also characterized in part by
~similar arboreal spectra (pollen Zone-B at both sites,
Leopold and Crandelhﬁd957) These<pollen’assemblages
are regarded as spectra derived from the colder parts
of montane forests growing in cold and possibly moist

conditions,

PALEOCLIMATE

Throughout the . 1ntervals represented by the five’
oldest’ pollen zones (MP- , MP-2, MP-3, MP-4 and CB-3)
“there is no- compelllng ev1dence to suggest that changes
1n vegetatlon structure, .as’ 1nterpreted from the pollen'
,spectra, were the result of general cl1mat1c changes.
_Rather, the vegetatlon changes can’, be v1ewed ma1nly in.
lrterms of seral vegetatlon assemblages produced by .
'changes 1n edaph1c condltlons, resultlng from shlfts 1n
'tldal r1ver channel p051t10n by meanderlng._'
. However; the presence of the pollen of the
xerophytlc Douglas f1r in large quant1t1es throughout

all four pollen zones is indicative of a c11mate much

- warmer and/or drier than Muir Point and Cordova Bay
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currently experience, Significant percentages of

Douglas-fir pollen in the early to middle Holocene

-sediments of Saanich Inlet (Heusse€f§983) ‘Bear Cove

(Hebdai?983) and - Fraser Lowland (Mathewes£a973) were

used to infer the presence of warm/dry conditions of

the Hypsithermal. The Saanich Inlet data, however,
include relatively large quantities of oak pollen,
whereas only sporadic occurrences are found in the Muir
Point and Cordova Bay assemblages.

rThe higher temperatures and/or drier conditions of
the Hypsithermal Interval in adjacent western
Washington are also reflected by the presence of
significant frequencies of Douglas~fir pollen (Hansené}
1938; Hansen and Easterbrook<71974; Heusser;)1973,
'l974,r1977). Reconstructions of average July
temperatures for the Interval (HeusserJ)1973 1977;
Heusser: et alzjl980 Mathewes and Heusserj§98ll suggest
that they may have been almost 2 to 3°C higher than
present. Heusser (1977) and Heusser and Heusser
(1981), in commentlng on pollen spectra from the
Alderton _type sect1on and the. Whldbey Formation at
Useless Bay, note that the  maxima of Douglas fir and

alder pollen are h1gher than 1n all other pre-Holocene

- dep051ts stud1ed in western Washlngton and 1mply B

.:'unparalleled condltlons of warmth We draw -the’ same
conclus1ons about the- foss1l spectra contalned in the

’l four oldest pollen zones at’ Mu1r P01nt and in. CB 3 at

Cordova Bay.
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The younger pollen zone (CB-4) at Cordova Bay,
however, 'is interpreted as a climatic change to cooler
and/or moister conditions, particularly in view of the
great. decline in the frequency of Douglas-fir pollen.
The interpretation earlier that CB-4 represents .a
vegetation assemblage currently found in lower
elevations of the Coastal Western Hemlock éone would
imply a lowering of temperature by a few degrees. This
could have resulted in an increase in effective
moisture‘availability, or the decrease in average
temperature may have heen accompanied by an increase in
;precipitation.‘ | |

It is unknown whether the climatic deterioration
represents the onset of a glaciation or whether it was
a ceoler and/or moister phase during an interglaciation
(Table 3). We conclude that the latter applies since
the sediments ovetlying the bedded silt and clay of
pollen Zone CB-4 (un1t .3) have been interpreted as part
of the Mu1r P01nt Formatlon (Hicock and Armstrongé:)
1983). It is posslble that‘the ellmatic change also
resulted in‘alteted«stream regimes. and thus a change in
environment of dep051t10n, produc1ng the coarser,
sedlments of un1ts 4 and 5 at Cordova Bay and unit 5 att
“Muir Point.: ‘ | N
The pollen~assemblages‘1n Zone MP 4 ‘are regarded
.as hav1ng been derlved from plants grow1ng in subalplne
Ato near-treellne:forests;* Thls 1mp11es that condltlonS-'
.durlng the early Olympla nonglac1al interval were at
least cool or cold with significantly-more moisture

than Muir Point currently . .experiences. Average July
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temperatures are 1ike1y'to have been .3-5°C cooler and
average annual precipitation considerably greater

(Table 2).

CONCLUSIONS

Pollen assemblages from the Muir Point Formation
~are the oldest Pleistocene microfloras yet described
from British- Columbla. From a stratlgraphlcvv1ewpoint
the pollen assemblages have a significant bearing on
the interpretation of the-geOIOgiCal history at Muir
. Point and Cordova Bay. Should the Muir Peint Formation
be of 1ast3(Whidbey) interglacial'age then the Early
Wisconsin Dashwood Drift is absent at Muir Point and an
uncenformity occurs between Units § and 6 (Table 3).
If, as may equally be the case, the Mu1r Point
Formatlon is of penult1mate interglacial age, then
sedlments related to two major glac1at10ns (Early
Wlscon51n and an earlier glaciation) and the Whidbey
(Sangamon) Interglac1at10n are not represented at Muir
P01nt and a considerable hlatus is’ represented by the
unconformlty between Units 5 and 6.‘ In the latter
scenarlo, at Cordova Bay. only sedlments of Whldbey
-(Sangamon) 1nterg1ac1al ‘age and an earller glac1at10n
would not be represented.k.w:rm‘g "f; ‘ ;ﬁ}_"

Interpretatlon of paleocllmate from the f05511
E'pollen assemblages from Un1ts -3 and 4 at’ Mu1r P01nt and -
A»Unlt 3 at Cordova Bay record an 1nterglac1al cl1mate
—that was at first much warmer and drler than southern'
Vanconver Island eurrently experlences, bearing a

striking similarity to the paleoclimate interpreted for
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 the penultimate interglaciation and the Whidbey

N

Interglac1at1on in western Washlngton (Heusser 1977-

\

\/

Heusser and Heussez}lQBl)

Although there can be reasonable confideﬁce pléced
on the paleoclimatic interpretations outlined above, as
yet there is no certainty in dating by correlation with
similar palynological assemblages'in adjacent
Washington. Thus, the establiéhment4of:théiage of the

Muir Point Formation and its bounding sediments awaits

'dating by independent means; either at the type

section, at para-stratotypes on southern Vancouver

Island and Fraser Lowland or of correlatives in the

Pacific Northwest.
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CAPTIONS
Figures

1. Map showing location of sites mentioned in the
text.>

2. Modern pollen spectra from the major vegetation
zones in sOuthwestern British Columbia.

‘3. Stratigraphy of Pleistocene sediments at Muir
Point. ' |

4. Bedded organlc -rich sxlt and sand with darker peat
layers in Unit 3 at Muir Point. Two macrofossils
of wood branches are arrowed.

5. Stratigraphy of pre—Wisconsin Pleistocene sediments
at Cordova Bay.

6. Relative poilen and spore'frequencies-for Unit 3
and 4 of the Muir Point Formation at Muir Point.

. See Figure 3 for location. .

7. Relative pollen and spore frequencies for unit 6 of
the Cowichan Head Formatlon at Muir Point. See
‘Figure 3 for locatlon.

8. Relative pollen and spore frequencies for Unit 3 of
the Muir Point Formatlon at Cordova Bay. See
Flgure 5 for locatlon.

JTables

1;~'Geologic-event'units and'bossible lithostrati-
graphic equlvalents 1n southwestern Br1t1sh
" Columbia . and Puget Lowland.- -
'2.‘“Summary of 1mportant tree types and their ma1n
..;{cllmatlc requ1rements from the. four: major
;vegetatlon zones on Vancouver Island (source°'
~¢KraJ1na 1969) - ‘ '

) .3.A'Corre1at10n chart for pre Mlddle W1scons1n

Plelstocene sedlments in northwestern Washlngton
and southern Vancouver Island.
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TABLE 1 : i
(0
Lithostratigraphic equivalents (pze-Wisconsin Appr
Geologic-event correlations are speculative) equi
units of the Pacific . - _ stra
Northwest (Easterbrook Southern Vancouver Fraser Lowland ' Puget Lowland in t
et al. 1981) Island (Alley 1979; (Armstrong 1975, 1977; (Crandell 1965; recc
Armstrong & Clague Armstrong & Clague 19771 Easterbrook et al.
1977; Hicock & Hicock & Armstrong :. 1967; Easterbrook 1969;
Armstrong 1983) 1983) ° I Easterbrook et al.
Fraser Glaciation Fraser glacial Fraser glacial ;2;;%. Vashon drift Late
deposits deposits -t ' = ; Sut
Olympic nonglacial Cowichan Head Cowichan Head Quadyra Sediments Mid
interval Formation Formation 4 Sut
penultimate Dashwood Drift Semiahmoo Drift ey Possession Drift Earl
glaciation ) : - : Sut
last interglacial Muir Point Formation? Highbury Sediments? Whidbey Formation- Sang
glaciation older glacial Westlynn drift  § ' Double Bluff Drift 111
and Lt : ‘ ;
penultimate inter- nonglacial older drift - .. un-named sediments ?
glaciation sediments ~and sediments ’ :
glaciation ‘older arift ?



TABLE 2

Vegetation Zone

Dominant Trees

Common Associate

"

Av. Annual =

Mean Monthly Temps.

Trees Precip. (mm) - 7(°C)
f | Januaty, July
- ‘% . P » g ' .
COASTAL DOUGLAS - Pseudotsuga menziesii, Picea sitchensis (coast) 660. - 1520 ... ‘1 toi 4. 16 to ‘19
HEMLOCK ' ~ Abies grandis Quercus garryana,}' e T T
Thuja plicata Arbutus menziesil, '
o ‘ Tsuga heterophy;la. -
COASTAL WESTERN Pseudotsuga meﬁziesii, Abies grandis, .71650A~“§650- -4 to 5 13 to 18
"FIR Tsuga heterophylla, Picea sitchensis,. ' o R :
' . Thuja plicata.. ‘Ables amabilis,.
! Pinus monticola, B y o
; Pinus contorta. - i : o
SUBALPINE & Tsuga-mertenéiana, Tsuga~heterophylla,' ,17805£Q,4320f7“59}£ok-1 illtq 13
MOUNTAIN HBMLOCK - Ables amabilis, Thuja pllcata. « | S T R o
" Chamaecypar1is . s )
) nootkatensis.’ oy AE ‘
I_" ~ S !;_ . i !'.
ALPINE TUNDRA At lowest elevations None 700*7.2800¥ '{;ié t0‘77? 7 to 11

only: Tsuga mertens1ana,

Abies lasiocarpa,

Pinus albicaulis,
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