4
¢

and the complefe\results for the upper and - lower Biaéfish
: ¥ 4 . ’ ,
un1ts are g1ven 1n/Append1ces F .and G ~ the factor scores are:

N

shown in Figures 9 and 10.
(a) Lower Bluefish Unit,

The ~ lower Bluefish . un1t was combined into eleven
variables ‘(see Table 8) and yielded ‘six ffactors that,

~accounted for 92.4.pebcent of the total variance.

The plof of factor,scores fdr Faefor 1~(ngure 9) show
siightly poeitive values in thellowest part of the section,
generally zero or near zero values in the middle part of the
column and negat1ve values in the upper part of the section.
The factor is dominated pr1mar1]y, by two variables (Alnus
and Gramineae)'whose Lpadinés show a negative relationship
(-0.91 and -9.84 respéctively) (Table 8). The variables that

indicate eignijicant positive 1oadinbs are the _Arborea]

. b .
" group ~(O 65) gand to a lesser extent Corylus (0.40). The"

Factor 1 load1ngs can be compared favourably to the pollen -

diagram for the lower B]uef1sh unit. Corylus and the
Arboreal group (Picea anvafQUS} have the1r highest relative
frequencies in pollen Zones BF7 and BF8 which are at the

ase of the diagram (see Fig. 5). The significant poeitiVe

loadings Corylus and‘the Arboreal variable) for Factor 1

/a]so occur at ;he\base\gf the section. The negat1ve load1ngs

\
(Almus and Gramineae) oh\EaETp appear in the upper meter
of the fattor score plot (Fig. Z;T\ahd\ahjeggghnation of the

—

given in Appendices H and I, and the factor score plots are
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" pollen diagram (Fig. 5) also indicates Alnus and Gramineae
;tnCreasingk'in relative freqhency in the upper -part of the
diagram .(Zone BF5). None of the variables affecting Factor 1
pfay a s1gn1f1canﬂ- role in' the m1ddle part of the sect1on
and this is ver1f1ed by the near zero values for the

loadings of these var1abtes_in the middle part of Fig. 9.,
f
Factor 2 is loaded heavily by two var1ab1es, Betula ‘and

Cyperaceae (Table .8). The Betula: variable has a high

positive value (0.94);7 while Cyperaceae shows a high

negative value (-0.85) and«if‘tne pollen diagram (Fig. 5) is

‘ J o
examined ‘this inverse re]at1onsh1p is quite obv1ous (i.e.

where Betula is h1gh Cyperaceae is 1ow and vice vensa) The

factor score plot for Factor 2 (F1g 9) 111ustrates ‘two
areas with d1st1nct positive peaks (h1gh Betyla) and these
' peaks coincide with the  two Betula highs that occur - within

the lower B]uef1sh pollien diagram (Zones BF5 and 8F7 F1g

5). The factor scores . for the central port1on of the Factor>.

2 plot have zero or negat1ve va]ues and can be equated with

‘pollen Zone BF f5 (F1g 6) wh1¢h is de11neated by htgh

o <

percentages ofrCyperaceae pblTen.

. The toadings of Cyperaceae For,ﬁactor 3 (Fig. 9) ' are
characterized by two :positive peaKs one which occurs at
\"appfoiimate1y 10.5 meters, the other between 2 and 5 meters.
There is only one variable that shows a s1gn1f1cant pos1t1ve
loading for this factor and that is APtemISIa. (0.88; Table

8). The herb variable has a pos1t1ve value (0.46), but this
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does 'not carry as much ueight ~as ' the loading for the
Antemlsia var1ab1e The~only‘pollen»type with an important
negative load1ng 15 the Arbereal group (Picea a%d Pinu )
which has a va]ue o%)-o 58 The pos1t1ve peaks on the factor
score plot fpr‘ Factor 3'-(Fig. 9) can be corre]ated to the

vhigher~APtemlsla percentageskthat also appear in this part’

of the po]]en diagram (F1g 5). The negatiye vaiues¢in the

lower half of the Factor 3 plot can be attr1buted foq the
h1gher relative frequenc1es of the Picea and Pinus. pollen as
well as the lack of Artemisia pol]en Tbe/ negatlve factor
scores on Factor 3 near - fhe top of th1s unwt ‘are most 11ke1y

due to the reduct1on of AFtemISIa pollen, because conifers

are non-existent in this part of theepolleh d{agram, The °

“inverse relatioﬁship,athat 1s-shown tovexist ~in  Factor 3,
befween--Aﬂtemisia’ and the Arboreal. group he]ps support the
d1v1s1on of Zone BF6 into an "a" and "b" subzone (F1g7 5);
Th1s zone was or1g1na]]y subdivided because of the‘
appearance of APtemISIa and disappearance of Picea and

Prnus

Factor 4 disp]ayS»thhee positiye_peaks which occur at
"the 11.0, 7[5vand 2 meter marks (Fig. 9). The rest ‘of' the
factoh scores are characterized'by'loadings that are either

negative or zero. This factor is controlled by, one 'vaniable

(Ericaceae) With‘a-h{gh poeitiye loading (0.92) and another -

variable (Corylus) with a lower positive 1oading {0.55)
(Tab]e 8). The positive peaks all coincide with inefeases in

the relative percentage of Ericaceaeppollen and to a lesser

86



- . 869210 - £5GOP" £0960°

9¢LLO O 0 156080 o] SEAIH
60500 98L60 O- €96SL 0 T9595°0 L1610 O- W3ladv
6L2Z0° 0 €19FT 0 r9LE6 0 +or60 0 58110°Q- WV
6HLLL O €266€°0 oLLPO O LZLPB O 16400 ¥3dAD
69068 0 . L5801 "O- . 88Lv0°0 9€580°0 SEQLP"O ’ o1¥3
8P8EL O ) 6E£S01 0 ’ . 0¥600°0 S94L1°0 +2666°0 ' NV
S9Z1i "O- EYE06°0 " SI8LK'O 9966Z 0 LEBSO' O vs
1965Z 0 T 9LZLO'O0 . EBDEO O- L9900 0- 8LESE O 138
ZGEEO O '265L0°0- . LBZIOO SS0€0° O- STEBE O v¥3014d
S¥0LOVY " pyOL1OVA €¥010V4 _ T¥OLOV4 © 14010V d )
LINM HSI43NT8 ¥3ddN XIYLVW YOLOV4 QILVIOH XVWIYVA |
, : & 37gvL :
vEEGY O LEB9Y 'O . L9TBO O 66S6E O 68EGE 'O 40C8C 0O SHY3H
60000 096910 tLVBY O~ ‘£2888°0 19L9Z°0- - ZPOEO O W3lyv.
_TBEZI 'O~ °  019T O- £EESO O LyLO'O 82080 0- V' Ov8 0- NIWVYD
1L1G0°0 LP0OS0 'O ¥955€ O- Zv91zT 0 81v58 0O- 901020 3dAD
8z2z0°0 0Z8E6 O 9€11Q 0~ 080L1 0 EVE80 O- OLSEL O - « SEANYHS
rei8z 0" 809LZ O- €6£95 0 eyeze O- T 9KLTE'O L6S6Y 0. A8QD
16122 0- LY960°0 0EOTE O L8SE} O- ov091 ‘0 18090 0- - - . o1yl
TLHIO'O- . , OLIBO O- 6ZbZ0 O- 68vS) "0- 89860 0 L6S16 O- N1v
* 60916°0 LLLVO'O z6691 "0- LYSZO O TLIST O- 95100 s
s88LI 0- LSPTO'0-  £9820.0 . OVBLO O- " VEBFE'O TLLLLO . 139
OEOFT " O- TEJEZ'O- » 060EL'O . 97185 O- 52920 0- S0559°0 V3308V
93010v4d mmobuﬂm ’ . Pd010V 4 EJ0LOVA - TH01OVd 1 4010Vvd «

LINN Imwuwa.-m HIMODT XTYLVHN mo._.o«u. QI1Vi0H XVHWIYVA
> 8 378Vl : .



-

;extent the presence of Corylus at the base of the pollen~

.

: d1agram (F1g 5) -

-~

The Shrub variable (Shepherdia canadensis, Lonicera,
' Elaegnus, Myrica and Cornus canadensis) is the only variable

that denbnstrates_ a s1gnificant load1ng (0.94) on Factor 5

(Table 8). The posittve peaks ih the upper half of the-

Factor $ score plot are probably related to the presence of
Shepherdia pollen in this part of the diagram- (Fig. 5). The
lower. half of the plot illustrates peaks that can be

correlated to peaks in Myrica pollen.

Factor 6 is “heavily loaéed by the Salix variable

(0.92). The plot of the factor scores 1nd1cates that there
is no real pattern in this- Factor, and this is quite ev1dent

when the frequency of Salix in pollen d1agram is examined.

‘Sélix occurs thoughout the pollen diagram in relatively.

_abundant amounts and does not show any particular trends

that3might;be useful in helping zone the pollen diagram.

As*an aid {n zoning the pollen dtagram only the first

three factors wou]d appear to be of any usi in ver1f1y1ng.

the pollen zones . establ1shed in the previous chapter Factor
1 helps delineate Zones BF5 and BF8 based on the loadings
for Alnus, Gramineae and the Arboreal 'var1ab1es Pol]en

zones BF6 and Bﬁ7 (Cyperaceae and Betula zones) can be

conf1rmed w1th the a1d of Factor 2, wh11e Factor 3 is useful

in dividing pol]en Zone BF6 1nto an. upper (BFBa) and lower

(BFbb) Zone,based on the differences in Artemlsfa ~po]1en

L3
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percentages wversus the percentage of Picea and . Pinus

Arboreal group..

(b) Upper Bluefish Unit ' o

The upper Bluefish unit was grouped into nine variables -

..,s)

'which yielded five factors (see Ta -3) that accounted for

CUI
95.2 percent of the total vari G

_ ’,,,i *!w i»f“ N ‘*P 4,
. N : "* n"“‘"‘&@fy
The factor scores for actor 1

do not show much
var1at1on fran zero except for the h1gh pos1t1ve ‘vaiue at
', the surface of the co]qmn and three very small positive
peaks in the centre of the plot (Fig. 10). The variables
with high positive loadings are Picea (0.98), Betula &9;95)

and Alnus (0.95). Ericapeqe is also characterized by a

positive Jloading (0.41)'a1though this 4s not as s gnificantr'

as the’pther three variables (Table 9). The Factor | profile
(Fig. - iO) coincides with highs in the reiafive percentages
of the four variables, especﬁalﬂy the major-positive'peak at
the top of the co]umn, wh1ch can be correlated with Zone BF1

(Picea - Betula - Alnus) (see Fig. 6).
. . /

- Factor 2 is - characterized by posdtiyer'values for

Cyperéceae.(0;84) and herbs (0.80) (Table 9). Artemisia aléo
, ! v \

indicates a pdsitive loading (0.56) but the weight of this

}vvariablev is not as great as the loadings for the other two
‘variables. A compar1son of the factor scores for Factor 2
(Fig.. 10) . with the pol1en diagram for ‘the upper B]uef1sh

unit (Fig. 6) demonstrates with the exception of two samp]es
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(17, 19), that where the factor scores are positive, the
pollen frequencies for Cyperaceae and the hérb component
(especially Chenopodiaceae . - Amaranthus, Liguliflorae,
Tubuliflorae, CaryOphyllaqeae and Arablsg also attain their

highest level (Zone BF4; Fig. 6). ,
|

Graminéae haé the highest‘positiv; loading (0.93) on
Factor "3, fdlliowed by Artemisia (0.75) and to a lessef
dégree the herb component (0.53). An examination of the
féctnr score plot (Fig. 10) shows that the positive peaks
~can be corre]ated with the areas of the po]len diagram (Fig.
8) that illustrate relatively high percentages of grass
pollen (Zone BF3) as well as zoneé that contain high” grass
}and Artemisia pollen (Zone BF4b). Zones BF4a and BFdc can be
recognized bétween the areaé‘ that snow strong positive

'beaks, and are characterized by factor scores that are

around -zero.

The pattérns for -Factor 4 can be descr ibed by a

:positive loading of the Salix variable. The factor score

plot (Fig. 10) draws. a positive peak at - the base of ‘the

column,” and ‘this coincides with the relatively higher
lpercentages of Salix pollen that are present at the base of

the polien diagram (Zone ‘BF4a; Fig ).

The last significant factor (Factor 5) contains a major
positive peak and two minor positive peaks located ‘at the
centre of the diagram ‘(Fig. 10). The only variable that

shnws‘a significant loading on ' the factor is Ericaceae
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(0.89) and the increases in the pollen frequency of this

variable are synchronous with the appearance of the positive |

peaks in the factor score plbt (Fig. 10).

With the exception of Factor 5, all the factors are
useful 1in confirming the zones established for the upper
Bluefish unitﬂ Factor 1, which is loaded heavily by Plaea,
Betula and AInUs, produce; a patterh which would support
Zone BF1. Pollen Zone BF3 (Gramineae zone) can be justified
on the basis of the patterns illustrated by Factor 3. The
combination of Factors 2, 3 and‘ 4 helps substantiate the
-establishment of Zone  BF4, as well as deiineating the

. subzones BF4a, BF4b and BFic.

92



Chapter VI. Interpretations and Di:cuss{qn ,
Zone BF 8

A pollen sample documented lBy Matthews (1970), from
Edmonton,  Alberta shows an arboreal pollen spectra that is
very simjlar to the fossil‘arboreal component descr ibed in
Zone BF 8. The surface sample, which coﬁtains 15% pine, 25%
spruce, and 15% birch polien, was collected in a spruce
stand containing a few‘ larches; but Ho pines. The pine
pollen is derived from pine trees that exist on dry sites
within the immediate area (Matthews, 1970:249). There are
differencés. however, between the fossil pollen spectra
described from Zone BF 8 and the surface sample documented
by Mat\hews The major dissimilarity occurs in the
non- arborgg] component, where Cyperaceae pollen occurs in
significantly higher quantities in Zone BF 8 (30 - 35%),
,wheréas,b Matthews’ surface sample contains less than 10%
sedge pollen. This suggests that Cyperaceae was a fairly
impor tant cdmponent of the local vegetatﬁon of the study

site area.

4

If you 1gnore the Plnus pollen found in Zone BF 8, the
~ foss11 pollen recordv1s very similar to the surface pollen
spectra described by Birks (1977) énd Rampton (1971a) from
sedge swamps located in spruce forésts. The pine pollen
- present in Zone BF 8 never exceeds 10%,'suggesting that pine
was probably. part of the Eegional vegetation, but not

present in the vicinity of the study: site. The relative
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precent of éetula bollen'is also more abundant in Zone BF 8
than in either of the surfico pollen spectra described by
Birks and Rampton. If the Betula pollen was derived from
shrub birch, as was the case with the surface pollen results
of Birks and Rampton, this would suggest that the forest was
probably more open than the two modern analogues. Matthews
(1974a) has described a fossil po]len» record from Cape
Deceit, Alaska, which is very similar to the surface pollén
spectra described by Birks and Rampton. He suggests hi;
pollen record is representative of a forest tundra
vegetation, although he does state that it is difficult to
“conceive an 'analoéous contemporary woodland or forest
tundra community being represented by such‘ —a' small
peécentage of birch pollen" (1974a:1327). The pollen spectra
from Zone BF 8 does, howevef, have 15‘- 20% birch pollen and
therefore could be conceived of as a forest tundra type

vegetation. \ _

\

The presence of Corylus and Pinus pose some interesting
questions goncerning the age of this zdne. The modern day
nor thern 1imif of pine is some 200 kilometers to the scuth
while Corylus occurs near the southern boundary of the
boreal forest. The fact that these. two species occur so much
fur ther to "the south today suggests the climate must have
been milder during this time. THhis premise is further
sUpported iby Matthews (1370), who has described a fossil
pollen record from the Lost Chicken mine site, Alkaska. The

site 1is believed to be pre-Wisconsin in age. The sample was
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‘ . \
taken from frozen silts, and contains 15X PInus po!len, as

well as, significant amounts of Plcea (25%) and Betula (20%X)
pollen. Matthews suggests that the “presence of pine in the
Lost Chicken region is evidence of a warmer climate, even
warmer than during the early Holocene,” (Matthews,
1970:249) . Matthews further states that "the Lost Chicken
sample probably represents an interglacial,”(1970:249).
Corylus 1s also Known t§ be part of the Arcto-Tertiary
flora, and could be a remnant of that fiora. This could
suggest that the base of the lowet Bluefish unit maybe early

Pleistocene in age.

There are only four other published pollen records from
Alaska and the Yukon Territory that are believed to be
illinoian or older. Colinvaux (1964), has described a pollen
core from Imuruk Lake on the Seward Peninsula, western
Alaska. In his report, Colinvaux suggests that the base of
his ggre contains the complete Yarmouthian pollen record
frbm 4this area, which he describes as being predominantly a
tussock t&ndra’type of vegetation very similar to the modern
vegetation of the area.‘DQring the Illinoiaq, the vegetation
becomes more steppe like and this is replaced by another
modern type of tussock tundra during fhe warmer Sangamon.
Matthews‘(1974a) has suggested that Colinvaux’'s ecological
interpretation; in this part of the core are incorrect.
Matthews s;ates that the record does not represent a series
of alfernating glacial and interglacial environments and

that the entire Yarmouthian and I1linoian pollen record of



2l

Imuruk Lake ﬂis'_primékily a steppe tundra env;anment.
Furfhefmore,@MattheWS’bélieves tHat the bottom two thirds of
. the core,repreéents a glac{gT enQironmgnf ‘(steppe~ fundra).
CIf Matthews’ interpretations are correct then'the'basg of
'ColinvduX’s‘cdrefprobably does. not corre]éte wifh - the base

of the alluvial section at the study site. Whatever the age

of the core or the eéo]ogianAinterpretation (modern tundra

vs. steppe tundraf' ‘the vegetationallrecbrd at the base of .

the ImurukK Lake core is quite different from fﬁe base of fhé

~ section at the Bluefish study site.

*The oniy other pre-Iﬁ]inoian - I1linoian pollen record

comes from Cape Deceit, Alaska (Matthews, 1974a). This site

- just north of Imuruk Lake is a colluvial section as opposed

to a lake or bog core. The base of the section is believed
to be Cromerian (this is based on faunal assemblages) in

age. The Cerehian interval as described in England, is a

sefjés of glacial and interglacial fluctuations occuring .
400,000 - 900,000 years ago. During the Cromerian.

interglacial intervals at Cape Deceit, the pollen spectra ﬁs‘

interpreted as a fores; or forest tundra type vegetation.
The ‘earliest interglacial intervals were dominated by
spruce, while larch became the dominant tree during the

later interglacials. The glacial intervals are characterized

by pollen spectra that suggest the ,présence of sféppe 

tundras - (Matthews, 1974a). Cape Deceit was occupied by an
open sprﬁcevfbrest during a pre-Illinoian 1nterg]acial which

was replaced during the Illinoian by a herbaéeous tundra.
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- The herbaceous tundra was in turn succeeded by modern tundra

during the.Sangamon.

The vegetational record descriheé from the base of the
Cape Deceit section (Cromerian series) indicates a forest or
forest-tundra enviﬁonment thaf' is similar to. the record
established for the base of the Bluefish section. . The
differenbe,’however, is the absence of larch in Zone BF 8 at

Bluefish.

The last two pre-Illincian ‘pollen records have been
documented by Lichti-Federovich (1872,1974). Her work was

based on the analysis of sediments taken from a number of

alluvial sectfons along theﬁPOrcupine and 01d Crow ‘RiVefs

(see Fig. 2). Her Zone Va is interpreted as a pine-spruce
birch forest with"alder and hazel present as shrubs. This is

replaced by ‘a more open pihe-spruce-birch forest with less

‘herb dominatedA treeless communities (Zone '~ Vb). - ~The

vegetational hisfory during *Zone V is very similar to the

'pollenVSpectra described in Zone BF 8 from the study site.

The one major difference is the larger amount of Picea and
Pinus that is present in the poilen records estab]ishéd by
Lichti-Féderovich. This differehqe can be accoUnted for if
one takes into consideration where the study sites are

located. Most of Lichti-Federovich’s sections are located in

the middle of the 01d Crow/Porcupine Lake basins. Here the

arboreal component will have a much greater influence on the

pollen spectra, since there are no local or extra local
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pollen sources. The Bluefish study site_on the other hand,

is éitUated on the edge of the basinland t ore under
greater influence of the local vegetafion i.e.. the grea

abundance of Cyperaceae pollen.

From the pre?ieus discussion it would‘appear.thaf the
vegetation at the Bluef}sh site during Zone BF 8§ time was
pfobably an *open forest ‘type with spruce and to a 1eseer
extent pinerbeing the dominant'trees: Birch was also preSth
aTthngh it is not lknowh if. it was as trees of shrubs.
Hazel,"aider and willow were also sporadical]y present = as
the major sthb components. The relative abundance of heaths
suggests the forest was open. The dom1nance by Cyperaceae
pollen suggests sedge fen or meadow vegetat1on While fhe
lack of grass pollen also 1np11es a fen as _opposed~ to a
- meadow. Sphagnum and Selaginella  selaginoides are also
commen and the presence of S. séfaginoides_ suppofts .thev
interpfetation of moist woodland conditions. The climate of
the area at this .time would have to have been warmer‘ with

higher precipita;ion than at present.
Zone BF 7

The pollen spectra from thls zone is s1m1lar to Zone 4,
the Betula zone, described by Rampton (1971) from Antifreeze’
Pond;  Zone I from‘TuKtoyaKtuK 5 (Ritchie and Hare, 1971):
po]len assemblage type IV from the O01ld Crow - Porcupine
region (Lichti-Federovich 1972,1974) and pollen zone HL 3

documented by Cwynar ({980) from Hanging Lake. Livihgstehe’s



(1955} Zone II from arctic Alaska and Ager’s (1976) Zone 2

from the lakes in the Tanana Valley, Alaska also documents a'

birch polilen zone. As Lichti-Federovich . (1972) and Cwynar
{1980) have pointed out there‘is no easy modern analogue for

this Betula pol]en zone. And it has usually been described

\;gas-‘a shrub tundra vegetat1on dom1nated by dwarf b1FEh (see

abo;e\reﬁenegces)

T

Zone BF 7 at Bluefish, no doubt also represents a shrub

Qundra' 'environment dominated by shrub b1rch w1th a
substant1a1 sedge - ArtemISIa'- herb commun1ty on the better
dra1ned sites. The reduction of conjfer pollen especially

spruce.probably means that'the treeline, ‘was 'retreating to

the south, although it was stidl close enough to contribute

to the reg1ona1 po]]en ra1n A]ders, w1llows and er1cads
.were also present but perhaps confined to valley bottoms

\’and close 1o stream banks where there was - more mo1sture

Because of the reduct1on of ‘conifer po]]en and spores from

Sphagnum and Selaglnella selaganIdes and ‘the 1nterpreted
change from an open forest to a tundra type vegetat1on the
c1:mate must have become cooler w1th less precipitation. The
presence of Botrychlum is espec1a11y puzzl1ng as it usual]y

occurs in alpine meadows or on grassy slopes (Hu]ten, 1968) .

However, there does not appear to be enough evidence to //

suggest,afmeadow grass type vegetation.

Neither Colinvaux (1964) or Matthews (1974a)‘document a

similar birch zone around the Sangamon or I1lindian. Both
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- authors, 'describe 'tundra type vegetations at this time but

ne1ther contain po]]en spectra which have 50% b1rch pol]en

L1cht1-Federov1ch descr1bed a Betula zone for pallen

-aSSemb}age type IV wh1ch appears 1mmed1ate1y after the f1rst_

‘glacial ep1sode (possibly I]]1no1an)~1n the area. ’

/

Zone BF 6

This zoné"is the ‘major zpne from the lower Bluefish
unit. It is dom1nated by Cyperaceae pollen and the pollen
spgctra' show simi]arity' to the modern'vsurface.'sanples
obtained:from'sedge-moss'tundra,énvirdnménts,"(Ritchie aq§
 Lichti-Federovich, ~ 1967; Rampton, -1971a). Birch pollen
frequenc1es ‘are h1gher in thé’ Bluefish specfbé,_ however}
There is also a -very strong Eesémb]anée " to the pollen
spectra descrjbeg.byJSChwéger (1979)' frbm 'three a11u9131
exposur &€ élong the rKOyuKuk and “John. River in Central
A]éska. Schweger (1979:17) describes these as'representing:'

a  treeless - tundra vegetation with much
‘reduced shrub -component...The very high ™~

frequencies of Cyperaceae pollen impl1es a N

sedge rich vegetation; sedge fens, pioneer
sedge seres and sedge rich meadows must have
dominated the floodp]a1n vegetation.

-

ﬁowevér,JUniike Schweger’ s record Betula‘and Sphagnum appeab

to have been more abundant anound_thekBluefish eprsure.
h ? C 4

Jan Janssens (written communication) has  analysed

detrital - layers from the Tower portion (Zone BF 8b) of this

zone for fossilibryophytes;'Seyeh well preserved taxa wePe

-
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~ recovered, these include Callliergidium pseudostraminedm,
Calliergon richardsonii, Cratoneuron filicinum, Dicranum

groenlandicum, Ditrichum flexicaule, Drepanociadus spp. and

' SCohpidiQm' scOnplofdés.‘These'species are foUnd in a number

of environments including tundra and fen  type environments
‘as  well as bogs, rivers, wet meadows and lakes, bqt their
presence is not incompatible with the pollen taxa that have

been descrjbea from this zone.

Using the,aboVe information the'followihg vegetational

reconstruction is suggested for Zone BF 6b. The local"

végetation was probably an Qpén shrub tundrévtype‘yegétation
with Cyperaceaé being the dominant gﬁound cover occurring

‘both in sedge fens and sedge seres as'well-as being_dominant

in the upland regions.‘Sphagﬁum’mosses were praobably ‘also/

fairly common. Shrub birch would be re1afiye1y'common but .

not in the same quantityias Zone BF7, being more ‘sporadic.

Alder also appears to be slightly more -abundant than in

1previou5»2bnes.'The presence of Myricé type pollen indicates

fhat this‘shrubjwas'brobably preéent in the fens or in other

areas that were nelatively swampy or cqntained'sma]l shallow

g

bodies of water. The- re]a&iZiﬁzbundénce of spruce pollen

suggests . that spruce trees we part - of the regional

vegeta)ion but not * abundant rnear'the study site. Ericads

‘were probably common in the more mesic éiggs. An examination
of the habitat characterization of the minor pollen taxa
(Table 10} indicates that the majority of the polleh types

were vfound on dry gravelly or sand areas or along stream
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edges. The  herb’ component‘ inciudingf;Potentilla tyoe,
Papaver, Caryophyilaeeae, Arabis {ype. Sailfnaga _
tricuspidata type and Thalictrum Rlbes,‘gltella nuda type

and Epllobium were also probably present along stream edges

" The upper half of Zone BF6 (BFBa) is alvo“dominated by *
Cyperaceae poiien indicating that it wae‘sti‘irthe dominent
ground cover. But, with the heduction in "birch and alder
pollen and an incqease.‘in Artemisia pollen,  the local
_vegetation would appear to have become_even more tundra-1ike
with ‘the_ shrub compOnent much Eeduoed The consistent but
low percentages of Shepherdia canadensis poiien suggest that
.thTS shrub must have been part of the., shrub component albeit
' 1n smal] quantities. The reduction in Ericaceae and Sphagnum
pollen, and  the increase, in Artemisia suggest a'drief.
clinete. or better drained substrate. There appears to be
little 'eyidence, for trees evenfih the regionéi vegetetion
and‘whet lTittle conifer.pollen that is,phesentv is probabiy
the resuit‘ of '1ong distant transportation. This suggestev
that the treeline had retreated further to the south as then
climate became cooler and drier. The minor Herb component
appears to be a little richer in diversity when compared to
.6b,' but this could also be a refieCZion of the reduction of
arboreal palien rain making the herb component more visible .
becausei the herb bolien is.no ionger masked by‘the;a?boreai
component. Much of the herb component_is still the type of
evegetationeyou‘wouid_expect to find in alluvial environments
{ Anabis type, Potentille’type, Céryophyiiaeeae, Thal ictrum
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, Saxifraga tricuspidata type) especially along stream édges

and on sandy gravelly soils (Table 10).

Zone BF 5

The pollen spectra from Bluefish Zone BF 5, likewise
does not appear to hav% any easily recognizable analogues. A
similar pollen spectra occurs ih the pollien record from Cape
Deceit' (Matthews, 1974a). The spectra from above and below
peat 5 of the Deering Formation are différent in that the
. alder percentages are lower while the grass component ié at
1east’ 10% higher than the Bluefish spectra. Mat thews
describes _thfs,spectfa as representing é grassy tundra with
shrub birches. He further states that alder was probably
abundant regiona]]y,:and this would 1ndicaté an amelioratibn

of the climate (1974a:1377).

It would appear from the pollen sbectra that there was
‘a good rich shrub tundra present at this time, with birch
and aldér dominating an abundant shrub layeh. Thé open areas
were probably covered by sedge aﬁq;grass} with Sphagnum moss
also beigg abundant. The phesence 6f Pteﬁocarya is unusua]

becuase it no "longer exists in.Canada and was last part of

‘the Arcto-Tertiary flora fhat has been described by Wolfe:

(1972). 1Its presence could be the result of long distance.

transportation. probably from Asia'or else it is redeposited
material. There were no conifers present in the local

vegetation and based on the very 1low percentages the

regional. landscape was undoubted]y treeless and what little

Al
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conifer pollen there is, 1is related to long distance

-transportation.

(9

The increase in Betula, Alnus and Sphagnu% along with

the Tlarge amounts of Pediastrum suggest that there was an

ameliocation in the climate with temperatures rising and
precipitation increééing throughout the area during the time
of deposition of Zone BF 5. The presence of large amounts of
Pediastrum plus the consistent appearance of Iscetes tend to
indicate that there was}probably a body of water of some

form at, or very close to, the site.

The amelioration of the climate, that is suggested by

the pollen record, correlates with the general time
stratrigraphic fhamework of the study_site section. Zone BF
5 occurs just below the middle Bluefish unit, which is

thought to represent the Sangamon Intérg]ébial and therefore
f B

the climate of the region was probably getting warmer ' and.

more moist.

These four pollen zones (BF5 to’ BF8) récord the
vegetational and climétic changes that occured during the
deposition of the lower Bluefish unit sediments. The oldest
polien zone (BF8).jndicates én open spruce-pine forest was
present in the areé. The open forest was’replaced by a birch
shrub tundra (BF7) rich in sedges and Artemisia. A shrub
' tundra also characterizes!subZOne BFGb, but now Cyperaceae

dominates, although shrub birch and alder were present but

with reduced .frequency. An increase in Artemisia and further
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reduction in the arboreal and shrub components indicates
that the vegetation of subzone BF6a was open tundra.

Finally, one sees in zone BF5 the reappearance of

birch-alder shrub tundra. The four zones witness vegetation

changes from open woodland to open tundra and back to shrub

tundra.

lhéfig;;:;;ional history suggests, the region initially

experienced greater preciitation and warmer temperatures
than exist today (BF8), followed by increasingly colder
temperatures and much more arid conditions (BF6,7). Finally,

there is a return to a warmer and more moist climate (BFS).

It possible the c]imatic oscillations from warm to cold

and back to warm again might be used‘io establish a possible

time stratigraphic framework for the lower Bluefish unit.

This will be discussed in the final chapter
Zone BF 4

The pollen spectra from Zone BF 4 repfesents fhe

' classic "Her Zone" that has been described throughout

d

Eastern Beringia by numerous workers. This zone is dominated

by Gramineae, Cyperéceae and Artemisia and was first
described by' Livingstone (1955) from his studies in Arctic
Alaska; The interpretations of this zone have been quite
varied and have ranged from a gbassiand type environment
" descr ibed by Colinvaux (1964, 1967b) at the _‘Seward

Peninsula, to a fell-field and sedge-moss environment
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outlined by Rampton (13971a) from Antifreeze Pond (Zone 1,
3a, 3b). The most common 1nterretation is that the herb
zone represents a steppe-tundra environment. This has been
suggested by Matthews at Cape Deceit (1974a) and the
Isabella basin (1974b), by Ager (1975) for his pollen zone |
from the Tanana Valley, by Lichti-Federovich (1972) in her
pollen assemblage Type [1l from the 0ld Crow Basin and for
the pollen record deseribed by Sch\'lﬁodg5 (1976) for the

Epiguruk Il alluvial sections along the Kobuk River, Alaska. '

Similar herb zones have also been described by Terasmae and
Hughes (1966)"feom the Ogilvie Mountains and by Ritchie
(1972, 1977) from the MacKkenzie delta ‘ana TuKt?yaKtuK
Penineela, N.W.T.. The most recent documen;ation of the herb
zone\and the most thorough discussion of its interpretation
is by Cwynar (1980) from Hanging LaKe‘in the northern Yukon.
Although the interpretetions may be varfed, the one common
demominater about the herb zone is that it occurred
thoughout Eastern Berjngia in the late Pleistocene euring
the last Wisconsin ‘advance ane early.post glacial. This
suppbrts the earlier concluiion that Zone BF 4 is of late
Pleistocene and probably late WiSCOﬁSin. The base of the
Zone maybe 30,000 to 35,000 é.P.(Rambton, 1971a; Cwynar,
' 1980) .

There” are no conVincing modern analogues for the herb
zone although as Cwynar (1980) points out there ‘"are
. numerous surface pollen spectra from a]pineW\subarctic and

arctic regions that have two of the heﬁb dominants,
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Gramineae and Cyperacese, in sbundance,” (1980:67) but he
also points out that "these taxa, together with Artemis/a
and Salix, are of limited indicator value because they are
represented by many species of varying geographical, as wel!
as ecological, affinities.” (1980:67)

Zone BF 4 has been subdivided into three subzones based
on the changes in ratio of Cyperacese-Artemisia pollen and
the presence of pre-Quaternary spores. It s possible,
however: that these differences may not indicate changes in
vegetation and that the difference in the subzones might be
the result of changes in lithology within this zone. The
boundary between subzones BF 4a and BF 4b occurs where there
is a mérked change in lithology from samples that are 90%
sand to samples that are predominantly silt {contain less
than 10¥ sand). It might be possible that the change in
Cyperaceae-Artemisia ratio is a result of a grain size
change and is not related to a vegetational change. Subzone
BF 4c is differentiated from BF 4b by the presence of
pre-Quaternary spores as well ;s a relative decrease in
Artemisia afbng with a relative increase in Cyperaceae.
However, an examinafion of the indeterminate categories
indicates that there is a substantial increase in
indeterminate tricolpate-tricolporate pollen, which upon
re-examination could very well be badly preserved Artemisia
grains, and therefore Artemisia might be underrepresented in
this pollen zone. Based on these assumptidhs it is possible

that the entire Zone BF 4 shows very little vegetat{onal
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change and  that the only significant change is the
appearance of large amounts of pre- Quaternary spores. The

origin of these spdres w111 be discussed in Zone BF 2.

J¢

Using the above - information the vegetatipn of the.

region during this time (probab]y the late Wisconsin) was a

steppe tundra vegetation dominated by Cyperaceae , Gramineae

and ArtemISIa There were few, if any, shrubs with birch and

110

willow being the most common types Liguiifiorae type and””\

Arabls Iype were the most preva]ent of the minor ‘herbs wi th
Chenopodiaceae . type, Tubulifiorae type, Potentilia,
Caryophyilaceae Saxifraga hrrculus type, Polemonium and
Phlox - also consistently present. Many of the herbs
 associated with Zone BF 4 are found in aliuv1a1 enVironments
"and on river beds (see Table 10) which coincides w1th the

general setting of the study site at the time of deposition.

‘The region must have experienced arctic cold and very

arid condifﬁons during this time and _the climate  was
probably very similar to the ciimate—expe;ienced in a polar

desert. Ed
Zone BF 3

This zone is unlike any other zone in the pollen
diagrams. The presence of 60 - 80% Gramineae pollen has not
been documented as far as I Know in a modern surfaceipoiien
spectrum from North America. Artemisia is stii] relatively

‘common but Cyperaceae eventpaiiy disappears altogethtier.



Thepe is no mention of a similar type of zone in any fossil
pellen récord from North America. Lichti-Federovich (1974)

describes a zone (pollen assemblages type III, Zone E) from

the Pohcupine River (Site 8, see Fig. 2) which contains )

between 40 - 80% gréss, however this zone also contains 10 f”
30% spruce and 10 - 30% sedge. The pollen spectra from Zone
BF 3 indicates that ther_vegetétion was bredominantly a

treeless and shrubless grassland with Artemisia also'

present., [t seems unlikely that there were no other herbé{

but this is probably due to an over-representation of grass

~—__polien which would mask the minor herb taxa.

' Thebg\ére\ng extensive grasslands found in the northern
Yukon ?Buay; This is diue—i large part to the presence of
e\ln\\\\\ _

permafrost, which prevents the éFESses\jng developing their

extensive undérground root system. 'HowéCErwm\@pe‘ pollen

spectra from zone BF 3 suggests,‘that>grasslands mgy\have\\

exsﬁsted‘in fhis part of the Yukon in the  late Wisconsin.
Furthermbne, the presence of grasslands impliés the absence
of a shallow permafrost 1ayerl This means that. the soils

were warmer and better drained than they. are at the present.
Zone BF 2

- This zone is the major-stérife fossil pollen or spore
zoné that occurs near the top of the upper Bluefish unit.
This zone is doﬁinéted by pre-Quaternary Spores‘and occurs
in approximateTy the vsame stratigrébhic position: as the

major sterile zone that was found in thelPOPCUpine River

ki
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section ‘described by - LichtiéFederovibh‘ 1‘_(t1974‘).
Lichti-Federovich’s stehile zone.occurs between polten zones
E and F just betow the Holocene peats found at the top of
the al]uv1a1 section. Th1s sterile zone, along with the
other sterile zones in the uppeh Bluefish Unit, are somewhat
problehatica] because they create a gap in the vegetational
- record. There are a number of possibilities‘that can be used

to explain why this sterile fossil pollen zone exists at the

Bluefish study s1te

Or1g1na]1y it was thought that the presence or absence

of pol]en might be related to changes in grain size and'

polien sed1mentation throughout the section, but analysis of

the sediment proved to be ihconclusive (see Fig. 10 and’

Appendix C). Samples that. were high in sand content
- contained abundant pollen, while samples that were

predominant]y silt showed no particutar pattenn as to why

they contained pollen or were sterite. Most of the samples

in the middle silt unit from the upper B1uefish unit

»u_xconta1ned the same ratios of sand silt- clay and while some

of these~samp1es contained pol]en just as many samplies were

sterile. Therefore,\lt seemed untikely that gra1n size had'

any bear1ng on the presence or absence of po]]en

The calcium carbonate content also apbeared\tb have -no

effect on the presence or absence of pollen. If the caTétum‘_

carbonate content increases, you create alkaline conditions

in the sediment. Deposition of pollen into highly a]Ka]ine
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oll SAMPLE WITH
) POLLEN

021 SAMPLE WITHOUT

SANDY’ SILTY

-POLLEN (STERILE)
cLAay ' CLAY
50% { /S S 0%
N , ' SAND-SILT-CLAY . : ‘
B CLAYEY . N CLAYEY R )
SAND SILT
) 39, °
47
SAND . - s“_r oo
“SILTY SAND SANDY SILT 5.
i 3 ‘ : o 059 .
Srss o,
- /33 43 B 025 02|
SAND , 0% ' SILT

FigUre 11: Grain Size Analysis and Textural Classification
(after Shepard, 1954)
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conditions is detrimental'to the pollen grain and it will
11ke1y be destroyed Although the carbonate content d1d show

a very slight. 1ncrease as one progressed up the section it

does not appear to have affected the samples in relation to

there being po]len present or absent in the . . .sample,
especially since there are sterile zones in the lower parts

_of the silt unit,

Even if graih size and carbonate content did explain

the major sterile zone as well as the other sterile zones,

the oresenCe of the pre-Quaterhary 'spores Which begin. to
appear with the first aopearanCé of the sterite,zones, must
 be explained in terms of determining the source from whioh
these spores mtght be ‘derived. One possible source is

material uelunped in  or eroded from surrounding

‘pre-Quaternary bedrock. Rapid depoeition of sediment from a

debris flow for example, would 5150 dilute the bo]]en rain.

An _examination of aerial photographs failed to reveal.

potential sources from which thts. slumped material ‘might

come from, - espec1a11y areas that contained Devonian rocKs,.

as the spores appear ‘to be primarily Devon1an jnr_age. It'{

would help if more sed1mentolog1cal worK could be carr1ed

out on the»area 1n an aid to determ1n1ng direction of source

of sed1ment and from this trace back to an original source. |

Another alternative is that the pre—Quaternary spores' are

related to the advance and retreat of the last Wisconsin ice

sheet. It is possible that the spores are derivédv from d

bedrock (possibly’near.the Peel River) which has been ground
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up by advancing ice and deposited as outwash by the
glaciers. The spores would continue to be -deposited during

the retreat of the ice as material was\released from the

receeding mass of ice. The problem with both of the ahove :

suggestions  is -vhow " do you explain 'the alternating

ster1le pollen sterile zones 1n the lower half of the silt

unit (Zones BF 3’and BF 4a). There is one other problem with

the second suggestion and that is, if the ice sheets were

respons1ble for the depos1t1on of the pre- Quaternary spores,

as well as, the sterile zones and if the maJor sterile zone

_ along with the spores are present until the upper contact of

the silt un1t with the Holocene peats there mus t have been

little . if any sed1ment deposition at the study s1tejfrom'the

time of retreat of. the glaciers wuntil. the - onset of

widespread peat development during the Holooene The other
'poss1b1l1ty of course is that there is a maJor hlatus in the
sed1mentary record between “the overly1ng peats and the

uhderlying silts. Th1s wou id mean that you coulid have rapid

_ldeposition of the silts;, followed by a period of erosion and

eventually the development of‘the overlying peats. -

_ Ox1dat1on and/or mechan1cal deter1orat1on of the pollen

gralns are two alternatlve ways in which the pollen may have
been destroyed This would be especially true lin a near
shore delta1c envwronment s1m1lar to the one that ex1sted at
~the study s1te while the upper Bluef1sh un1t "was being
deposited. Consequently, if thejentlre‘upper unjtJWas laid

down as an near shore-deltaic sequence, one would ~expect
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that the above two processes would have been continually at

‘work destroy1ng the pollen,gra1ns being depos1ted.1n these

sediments. Therefore. the entire upper Bluefish -unit would

be expected to contain 11ttle or no pol]en, or at the- very
least a large number of degraded po]len grains. However,
Zones  BF "3 and BF 4, which are part of the upper Bluefish

unit, contafn abundant identifiable pollen graihst

Perhaps, the best explanation Jies in the type of

'climatic conditions that - might have ekisted in the'regton
during the late glaciat and ;earlyr post g]acia]b‘ If the
climate. was relatively harsh(e g‘ ﬂcold and fa1r1y dry)
there m1ght have been very 11ttle vegetation growing in the
area resu1t1ng in a decreased product1on of the pol]en ra1n
A]ternat1vely,»severe climatic cond1t10ns may have created a

s1tuat1on ‘more su1tab1e fort vegetative reproduction and

therefore. simi]arly reduced - the | pol]en - rain betng :

contr1buted to the f05511 po]len record.

Lr

Zone BF 1

The 'pollen' spectra from this zone is very similar to

foSsi]vpo11en~spectra 'descrjbed by ‘Rampton (1971a) from

- Antifreeze pOndi(Zone’S) and by Ager (1976) in .Tanana Vatley’

- (Zone 3b). L1cht1-Federov1ch (1972 1974)_a1so describes a

Plcea Betula-Alnus- Er1cad Zone at the top of her sections
from the 01d Crow Basin and the Porcup1ne R1ver The pollen .

‘ spectrum from ZonerBF,T is very similar to the present day

vegetation with spruce being the dominant"tree. Birch was
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~from the Bluefish study site. Rampton (1971) and Ager (1976)

also present but whether it was as a  tree or shrub is

difficult to tell. Based on other pollen records in the
Northern Yukon it seems aé‘if'birch was more common as a

shrub. Alder was also present as were members of the heath

family. This suggests that the vegetation was similar to

that of the present day northern boundary of the spruce
forest. It is difficult to say when 'this transition from

tundra type vegetat{on to forested conditions took place.

Almost all the pollen records from the Yukon and eastern

Alaska demoﬁstrate a Betula zone betweeh the tundra ione and

the forested zone. This shrub birch tundra zone is missing

both document the appearance of the spruce forest after
6,000 B.P. Ritchie and Hare (1971) indicate a similar Spruce
forest ‘around the Tuktoyaktuk Peninsula between*,B,SQO, and

5,500 B.P. Therefore all one can say ‘is that the invasion of

‘the area by the spruce forest must have occurred sometime

after 8,500 years before present.

Po]]en zones BF 1 to‘BF_4 document the vegetational and

c]fmatic changg' that took place durﬁng the depcsitiOn of

‘the  upper Blhefish wunit sediments. A steppe-tundra

vegetatidn dominated by the presence  of Cyperaceae}

~Gramineae ‘and Artemisia characterizes zone BF 4. There were

few, if any, shrubs, with bjrch and willow being the ‘most
common kfypés; Changés in the ratio of Cyperaceae, Gramineae

and Artemisia, as well as the appearance of pre-Quaternary

spores allowed Zone BF 4 to be subdivided' into three

e

"
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subzones. The steppe-tundra was replaced by a vegetation
that is predominaﬁtly a treeless, shrubless grassland (BF3).
Artemisia is still relatively common, but Cyperaceae
decreases towards. the top of the zZone eventually
disappearing. Zone BF 2 is a major stepile fbssi1 pollen or
spore zone that occurs,  near the fop of the wupper Bluefish
unif?\\Changes in sedimentation rates, as well as variations
in the ¥bssil pollen rain are two of the possible . reasons
for the presence of‘ this zone. Finally, thgre \k§\the

appeareance of a Boreal Forest that is very similar to the

present day vegetation. Spruce was the dominant‘tree,_with'

birch and alder common'in the shrub\]ayer{

Pollen zones BF 4 and BF 3 ‘suggest the region must have
experienced a polar desert type climate with arctic cold and

‘éxtheme‘aridity. The presence of grassland (BF 3) would

indicate the absence >of. a shalliow permafkost layer,

suggesting the soils were warmer and befter drained than
todays soils. Finally, we have climatic conditions (éF 1)

that are very similar to the present day climate.
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Chapter VII. Summary

Over the past ten years the Northern Yukon haS been the
focus of extensive research dealing with Quaternary
paleoecological and paleocenvironmental reconstructiohs. In
an attempt to establish a Quaternary vegetational record for
the Bluefish Basin and to add further information to the
reconstruction of the paleoecology of the Northern Yukon.‘an
alluvial section (67° 23’ W latitude, 140° 21.5' N
longitude) that ‘has been expoéed by the downcutting of the
Bluefish Riveh, was samp led fér pollen ahalysis. The study
‘section wasv chosen because it was iocafed on the western
edge of the Bluefish Basin, and would allow dbCumentation of
~ the héar‘shore sedimentary facies as . well as the near éhore
pollen spectré. The results obtained could then be Cthared
to other'workers who have‘dbcumenfed the ggo]ogy and pollen

history for the interior parts of the Bluefish Basin.

The stratigraphy can be ‘summarized as follows. The
partially exposed under lying bedrock lis a ’brecciateq
dolomite thét is Paleonié (possibly DéQonian) in age. A
lignite coal éeam overlies the do1omité and is considered to

be Teﬁtiary.(Oligocene)'or earliest Pleistocene in age.,,fhe

remaining sediments are all Quaternary in age and maybe
subdivided.iﬁto three major wunits. (1) A Jlower Bluefish
unit, which is characterized by organic valley fill

alluvium, is thought to have been -deposited prior to the

Sangamon Interglacial. The basal sediments might possibly be
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earliest Pieistocene in age. This unit was sampied for
pollen. (2) A middle Bluefish unit, which was not analysed
for pollen, is a channel fill deposit that was probably laid
down during the Sangamon. Interglacial. (3} An upper Bluefish
‘unft documents ~ the Late Wisconsin Glaciatioh and is
represehted by shallow water near shore lacustrine and
déltaic deposits. A peat\layer that overlies the section.(§
considered to be Holocene in age. The upper unit was sampled

for pollen analysis.

Pollen analysis revealed 'the lower Bluefish unit
contained abundant, well preserved fossi] pdllen. Over sixty
different pollen taxa Were»observed along with a variety of
mosses, ferns and algae. There were no pre-Quaternary spores
present in the lower unit. Pollen was abundant in the basél
parts of the upper B]uefish unit. 'However, the amount of
pollen gradually decreased as you proéeeded up Ehe seﬁtion,
Aevéntually becomiﬁg sterile near the top of the unit (Zone

BF 2). The upper Bluefish unit contained fewer pollen taxa

~ {about forty differentw taxa) and the general ‘level of -

présérvation wés much poorer, when compared with fhe 1owér
Bluefish unit. Pfe-Quaternary spores were present throughout
the upper ~Blﬁefishr unit, reaching their highest levels in
Zone BF 2. The dver]ying peaf unit'yieldéd large amounts of

well preserved pollen (Zone BF 1).

'The‘ polien data suggested the establishment of eight

‘pollen,zones.' Pollen zomes BF 5 to BF 8 outline - the
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vegetational and climatic changes that occurred during the
deposition of the lower Bluefish unit sediments. The
vegetational and climatic changes that tqok placé during the
- deposition of ' the upper “Bluefish unit are documented by
?pollen zones BF 1 to BF 4. The oldest pollen zone (BF 8)
indicates an open spruce-pine forest was presént in the
~area. Birch, hazel, alder and willéw were also present as
the méjor shrub componénts. The open forest‘was replaced by
a birch shrub tundra (BF 7) rich in sedges and Artemisia.
Zone BF 7 also shows a relative decrease in conifer poT]en
'suggesting that the treeline was retreating to the south. A
shrub tuﬁdra afso charactefizeé subzone BF 6b, but now
Cyperaceae is the dominahf' ground . cover. Although éhrub
birch xand alder were preseﬁt\it is with‘reduced frequency.
An increase in ’Artemisfa and fu}fher 'redﬁctions in the
»afboreal and éhPUb components indicates thét the vegetation
of éubzone BF. 6a was an open tundra. In,Zoﬁé"BE\S, one ‘sees
the reappearance of 5 good/rfth shrub.tundra,wifh.pirch and

alder dominating an abUndant‘shbub layer. The open aqeés

T

' were probably covered with sedges and grasses. A

steppe-tqhdra vegetation dominated by the presence of

- Cyperaceae, Gramineae-ahd Artemisia ch§racter12es Zone BF 4.

There were few, if any,\shrubs,'with birch and willow being.

: N
the most . common types.\\Ihe pollen spectra from Zone BF 4

repfesents the classic “‘HerB\gohe " that has &een described
throughout Eastern Beringia by numerous workeﬂs. Thevsteppe

tundra was replaced by a vegetation that is predominantly a
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treeless, shrubless grassliand. Artem/sia is stil] relatively
common“ but Cyperaceae has almost completely disappeared.
Zone BF 2 is a major sterile fossil pollen or spore zone
that occurs near the top of the upperpaluefish unit. Changes
in sedimentation rates, mechanical and chemical destruction
of the pollen grains, as well as variations in the fossil
pollen rain are just some of the possible reasons for the
presence of thfs zZone. Finally, there is the appearance of
the Boreal Forest, that. is very similar to the present day
vegetation. Spruce was the dominant tree, with birch and

alder common in the shrub layer.

" The vegetational history suggests, the region initially
experienced greater precipitation and warmer temperatures
than exist today (BF 8), followed by increasingly colder

temperatures and much more arid conditions (BF 6,7).

Eventually, there is a return to a warmer and more moist

climate (BF 5). Pollen zones BF 4 and BF 3 suggest the
region must have once again experienced a climate with

arctic cold and extreme aridity. The presence of grassland

in Zone BF 3 would indicate the absence of a shallow

permafrost layer, suggesting the soils were warmer and

better drained than todays soils. Finally, we have climatic

conditions (BF 1) that are very similar to the present day

climate.

The lack of a tighter chronological framework for . the

étudy site section is ohe of the problems that éxist in this
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thesis. However, with the use of the pollen data and the
inferred climatic changes, along with the small amount of
dating control available, it is possible to suggest a time
stratigraphic framework (see Table 11). As previously
mentioned (see Chapter 3) the near shore lacustrine and
deltaic deposits of the upper Bluefish unit have been
correlated with the youngest glaciolacustrine sediments
found in the central parts of the Bluefish Basin. This would
suggest the upper unit wa; deposited during the Late
W¥sconsin Glaciation. A Late Wisconsin age is further
suppor ted by the pollen record, which indicates the Bluefish
River study site was covered by a 'herbaceous’ vegetation
(Zones BF 3 and BF 4) at the time of deposition of the upper
unit. Rﬁsearch by other workers has shown that this 'herb’

zone was present throughout the interior Yukon and Alaska in

the Middle and Late Wisconsin. The overlyihg peat layer has.

been correlated to the extensive peat layerf\that deve loped

throughout the Bluefish Basin during the Holocéhg.

The middle Bluefish unit is a channel fil] deposit th;t
has been correlated to other fluvial and deltaic sediments,
which exist at similtar stratigraphic levels in other parts
of the Bluefish Basin. The presence of spruce logs within
this unit along with a > 54,000 radiocarbon date suggest
this wunit is older than most of the Middle Wisconsin and is
probably Early Wisconsin or Sangamon in age. A Sangamon age

is supportéd by a number of workers who believe the climate

was warm enough at this timé'for the tree line to re-advance
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from the south.

The most difficult unit to try and assign some type of
dating control is thé lower Bluefish unit. The’valley fill

alluvium sediments that comprise the lower unit were

correlated to fluvial and deltaic deposits in other parts of .

the Bluefish Basin (see Chapter 3). Unfortunately, because

Y

there is such poor dating control on the age of these

sediments, they could range in age  anywhere - from
pre-!1linoian  to Sangamon. However, =~ the . climatic
oscillations that“caﬁ be inferred from the bolﬁen record for
the 1bwer Bluefish wunit can allow one to propose the
following time stratigraphic table (see Table 11). The warm
and moﬁSt' climate that is guggested by the presénce of .a
rich shrub tundra (BF 5) at the top of the lower unit and
just below EheAmiddle Bluefish unit.(which is thought to be
- Sangamon) , indicates the upber part of the lower wunit is
probably Sangamon:in age. The cbldef and more arid climatic
condifions that aré inferred by the open shrub-tundra (BFQ
6b)k and the steppe-tundra(BF 6a) are probabiy indicative of
the Illinoian Glaciation. The shrub birch tundra that
éharacterizes lone BF 7 ‘suggests that the climate in the
Bluefish Basin was warmer and more moist than thé\ climate
thét existed for Zone BF 6. The'replaceﬁent of a shrub-bjrch
tundra (Zone BF 7) by a steppe-tundra Vegetation (Zone BF 6)
infers a detioration of the c]imafe. This climatic change ié
prdbably indicative of the onset of the [T1linoian

Glaciation, and  therefore means, that Zone BF ‘7 s
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pre-lI1linoian in -age. The oldest pollen zone (Zone BF 8)

indicates climatic conditions that were warmer and more

‘mofst than at any other time, including today. The sediments
»frém the lower most pérts of‘thé lower Bluefish uhit’ are
’,thefefofe, probably -pre-Illinoian and maybe Early
Pleistocene.

I

The increasing amounts of information being gathered in
the Bluefish Basin will eventually lead to a better time

stratigraphic framework. A better undefétandiﬁg of the

stratigraphy, improved. dating; control and further

palececological reseanéh will all hopefu]ly, lead to a

greater undérgtanding of the Quaternary palecenvironmental

reconstructions For'the Nonfhérn Yukon.
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APPENDIX A

list of plant species collected from the Bluefish River study
site

- Anemone narcissiflora L. subsp. interior
- Anemone parviflora
- = Arctostaphvylos rubra
- Aster sibiricus
- Astragalus alpinus L. subsp. alpinus
. - Betula glandulosa .
- Caltha palustris I. subsp. arctica’
- Cardamine pratensis L. subsp. angustifolia
- Carex aquatilis L. subsp. aguatilis ‘
-~ Carex capillaris :
- Carex scirpoidea
- Carex vagilnata :
- Cnidium cnidiifolium
- Draba cinera
- Epilobium angustifolium L. subsp. angustifolium
- Equilsetum arvense : :
- Egquisetum scirpoides :
- Eriophorum vaginatum I. subsp. vaginatum
= Galium boreale ‘ ’ '
~ Hedysarum alpinum L. subsp. americanum
- Ledum palustre L. subsp. decumbens
- Ledum palustre L. subsp. groenlandicum
~ Melandrium taimtrense
- = Oxycoccus microcarpus
- Petasites frigidus
- Potentilla fruticosa
~ Rhododendron’ lapponicum
- Rosa aclicularis
- Rubus chamaemorus o
- Salix alaxensis L. subsp. alaxensis
~ Salix arbusculoides
- Salix glauca L. subsp. acutifolia
- Salix lanata 1. subsp. richardsonii
- Saussurea angustifolia
~ Seneccio yukonensis :
- Solidago - multiradiata Ait. var. multiradiata
= Stellaria longipes
- Toefieldia coccinea A
- Vaccinium uliginosum I. subsp. alpinum
-~ Vaccinium vitis-idaea L. subsp. minus




APPENDIX B

Paleoenvironmental Studies, University of Alberta

Palynology Laboratory

Processihg sediments for Pollen

1., Weigh out 10-15 g. of sediment into 100 ml., beaker. Add

25 ml. of 10% NaOH, stir well with wooden stirring rod,
boil gently with constant stirring on hot plate for 5
mlnhtes. Fllter immediately through a fine screen, (coarse
screenrlf sediment is very peaty) into 150 ml. beaker,

retaining sand and coarse particles in original beaker,

Add 10 ml. distilled water to coarse fraction of sadi-

- ment remaining in beaker, stir, then swirl for 60 seconds,

Allow to settle for exactly 30 seconds, pour supernatent’
suspension onto screen., Repeat with a second“porfion of

10 ml. distilled water. Wash the fine sediment- on the

‘screen with a few drops of water. Transfer contents of

beaker to Nalgene centrifuge tubes, balance tubes by -
means of céntrifugeetube'balance. centrifuge, decant
supernatent llquld Wash sediment in bottom of centrifuge
tube with 10 ml. of water to which a few drops of 10%:
NaOH have been added, balance tubes, centrifuge. decant.
Repeat if neceésary ﬁntil supernatent liquid is no longer
heavily coloured,by humatés.

Add- a few drops of conc, HCL to the sediment, stir well.
When the:inifiai reaction has subsided, add a little

more HCL, stir again. Continue adding HCL until no
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further effervescence occurs, balance tubes, centrifuge,
Decant.

Add about 15 ml., of ZnBrz'soln. (sp. gr. 1.8-2,0), stir,
Balance centrifuge tubes, Stopper tubes with rubber
stopper, shake gently, and release any accumulated ?
pressure, Stopper again, shake fér exactly 3 minut:;.
then centrifuge for 20 minutes. Carefully filter with
suction the zinc brbmidg solution through glass filter
paper in Nalgene Buchner funnel. Do not discard the
filtrate: pour the filtrate into the bottle labelled
"Used ZnBrz". Roll up the filter paper on which the
pollen is now deposited, place the wad in a clean

Nalgene centrifuge’tube.

CAUTION: USE MASK, GLOVES and APRON. DO NOT BREATHE

VAPQURS. Cautlously add a feﬁlﬂrops of hydrofluoric acid

(HF), swirl. When the VLOIQ'ffsractlon subsides, add a

little more HF, swirl azaint ».a total volume of

15-20 ml, HF, stir with a clean wooden stirring rod,
looéely stopper with Nalgene stopbers. heat in boiling
water bath on hot plate for 1 hour. Allow to .stand at
room temperature in hood overnight,.

Cehtrifuze. decant, gdd 10 ml. conc. HCL, stir thoroughly,
allow to boil in water bath on hot plate for ¢ minpte;.

-

cautiously stirring once during the 5 minute period,
///‘

Centrifuge while stiIi hot, decant. Repeat process at

least six times.

(Transfer if desired to 15 ml. glass centrifuze tube).



7.

Wash with 10 ml. distilled water, cgntrifuge, decant.

Wash with 10 ml., glacial acetic acid, centrifuge, decant.

Acetolysis, etc., (as for peat samples).

Processing Peat for Pollen

1,

Place peat samplé in 100 ml. beaker. Add 20 ml. of 10%
NaOH, stir well with wooden stick, boil gently with

constant stirring on hot plate for 5 minutes. Allow to

cool, pour off supernatent through fine screen into

150 ml. beaker, fetaining most of the peat in the
originai beaker., Wash peat in beaker with several 10 ml.

pbrtions of distilled water, pouring off supernatent

5

- each time through screen, Transfer the liqu1d~to Nzl rere

centrifuge tube, centrifuge, decant. Wash materiz. in
bottom ¢of tube with water to which avfew drops of 10%

NaQOH have been added. Centrifgge. decant. Repeat if

necessary until supernatent is straw coloured,

Wash with 10 ml. glacial acetic acid (transfer if desired

to 15 ml. glass centrifuge tubes).

. CAUTION: make up acetolysis mixture. Measure out the

desired multiple of 9 ml., of ace-ic anhydride into 125 ml,
flask. To this, add cautiously in several portions with

swirling, the desired multiple of 1 ml. conc. HQSOu.

Add 10 ml. of acetolysis mixture to centrifugg tube, Stir -

well with clean stick., Heat for 3-5 minutgs in boiling

water bath on hot plate., Cool. Cehtrifuge. decant. o

4

Wash with 10 ml. glacial acetic acid. Centrifugze, decant.

Washy with 10 ml. distilled water. If it is desired to
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stain erains, add several drops,of'Safraninfb‘at this

stagze., Centrifuse, decant.

‘Wash with water to which a few drops of 10% NaOH have

 béen addéd. Centrifuge,.decanf.

Wash with 10 ml. of 98% ethyl alcohol, Céntrifugé.
decant., | |

Wash with 10 ml. of acetoﬁe. Centrifuge. decant.
Suspend the pollen in a few mls of acetone, pour 1nto
vial, wash tube w1th a few drops of acetone, bour

into v1al. To vial add 2-3 drops of glycerol, allow to
evaporate overnight. If necéssary add,mor&vglycerol-‘ |

and mount on microscope slide.

-Altérnativély. add a few drops of glycerol to the

pollen in the centrifuge tube and transfer to the vial

by means of a disposable pipette. Mount on slide.
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APPENDIX D

list of Pollen Percentazes gData Matrix) for the Iower

Bluefish Alluvial Unit - each pollen type is assiegned
the follow1nz number:

Picea o -

1
Pinus -2
Tarix 3
‘Betula - 4
Tsuga . - 5
’ Pseudotsuga - - . ' - 6
". Pterocarva -7
Salix - 8
- Alnus . - 9
Ericaceae ' - 10
Corylus 11
"Lonlicera : ‘ 12
Elaegnus ' - 13
Shepherd;ahqgnaden51s ' - 14
Cornus .¢ e is - 15"
Myrica ¢ N.Jﬁ' - 16
Cyperaceae . --17
Gramineae - 18
Artemisia . ‘ - 19
Chenopodiaceae- Amaranthus - 20
Tubuliflorae - 21
Liguliflorae . - 22
- Compositae: ' '
- Saussurea - =23
‘ - - Hellanthus type = = - 24
Ranunculaceae: .
= Caltha type - 25
- Anemone type : . - 26
- Ranunculus type - 27
- Undifferentiated - 28
Thalictrum - - _ - 29
Rosaceae: , ' L
; -, ~ Potentilla type - - 30 ¢
- Dryas type - 31
- Rubus chamaemorus - 32
¢ - Undifferentiated - 33
Caryophyllaceae - 34
Polygonaceae: '
-~ Bistorta type : . = 35
- Amphibium type - 36
‘~ Aviculare type - 37
Rumex-Oxyria - 38
Sax#fraga: ' P
'~ Tricuspidata type - 39
-~ Oppositifolia type = 40
- Hirculus type ' - 41
42

cf. Mitella nuda -



Ribes

Umbeliferae
Cruciferae: _

' . = Arabis type

- Cardamine type

- Undifferentiated
Onagraceae:

. - Circea
Portulacaceae:

- Claytonia«type
Gentianaceae:

- Gentiana type
..Scrophulariaceae
Leguminosae
Labiatae:

- Galeopsis type
Papaveraceae - :
Valeriana "
Plantago
- Polemonium
Liliaceae:

- Undifferentiated

~ Maianthemum type
- Allium type
Potamogeton
Typha
Myriophvllum spicatum
Nuphar

Tt
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APPENDIX E

trix) for the Uooer

e t ata M
Bluefish Alluvial Ungt - each pollen type 1s asslgned

the following number:

Picea

Pinus

Populus

Betula f

§aI{x

Alnus

Ericaceae

Shepherdia canadensis
Cyperaceae

Gramineae

Artemisia

Moo RN Ne W, SP=n UL S o

- 1C

Chenopodiaceae-Amaranthus -

Tubuliflorae
Liguliflorae
Compositae:

- Antenaria

- Taraxacum
Ranunculaceae:

- Undifferentiated
Thalictrum
Rosaceae:

-~ Potentilla

- Dryas

- Rubus chamaemorus

- Rosa acilcularis

- Undifferentiated
Caryophyllaceae
Polygonaceae:

- - Bistorta type

- Amphibium type
Rumex-0xyria

Saxifraga:- ©

'

.7 - Oppositifolia type; -

v - Hirculus type
Ribes '
N Umbelliferae
0 Cruiferae:
S - Arabis type

- Undifferentiated
Onagraceae:

- Epilobium
Gentianaceae:

- Gentiana type
Labiatae: .

- Galeopsis type

- Undifferentiated
Papaveraceae
Polemonium
Phlox

Typha
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FACTOR FACTOR FACTOR PACTOR FACTOR FACTOR SAMPIE

1 2 ‘ 3 4 5 6 NQC,
-2.231 1.588 -0.267 -0.541 -0.625 -0,232 108
~2.782 1.199 -0.459 0.204 -0.,108 -0.158 1¢7:
-1.872 0.518 -0.735 -0.015 0.006 ~-0.506 106
~-2.1€4 0,923 -0.710 -0.,327 -0.547 0.501 105

-1.553 -0.134 -0.888 -0.008 -0.253 0.0k 10k
-1.433  -0.633 -0.734% -0.150 0.232 1.415 103

-0.129 -0.649 1,156 -0.161 -0.996 -0.413 102
-0.808 -1,031 0.824 0.880 -~0.724 0,362 101
-1.101 -0.927 1,149 2,062 0.161 -0.380 100
0.153 -1,098 0.897 0.244 0,096 0.409 99
-0.168 -1,092 2,117 0.563 0.392 -1.269 98
-0.554 -0.878 -0,298 -0.499 1.573 -0.776 97
0.172 -0.661 2,668 =-0,196 -1,486 0,536 96
-0.312 -0.273 1,403 -0.559° -0.379 -0.154 95
-1.104 -0.,444 1,012 0.264 0,134  0.302 ol
0.730 -0.837 0.502 -0.729 1,991 -0,807 93
-C.069 -1,235 0.467 -0.641 1,006 0.842 92
-0.062 -0.842 0.025 -0.852 0,520 1.501 91
0.439 -0,825 1.455 -0,779 -0.44B -0.395 90
0.845 - 0,406 0.917. -0.837 2.554  0.799 89
0,189 -0.,127 0.739 -1.247 -0,226 2,642 88
0.260 -0.560 0.171 -1.368 0.187 2,016 87
-0.033 0.077 -0,829 -0,640 -0.341 -1,307 86
0.537 ~0.27?5 -1,096 =-~1,226 0,288 -0.981 8s
0.549 0,208 -0.272 -1.192 -0.931 =-1.412 8L
0.236 ..0.012 0,202 -0.217 -0.229 -0.575 83
0.846 -0.831 -1,288 - 0,209 1.916 =-1.307 <§&82
0.536 -1,047 -0.865 0,651 =-0.619 -0.292 81
0.285 =-0.,394 -1.,268 0,430 1,279 -0.191 80
0,548 -0.364 -0.489 0.880 -0.854 -0.974 79
-0.136 - 0,045 " -0,835 0,627 1,250 =0.932 78
-0.731 . -0.312 -0.560 2.746 0.419 0.61L4 77
0.521. 0,018 -0.056 0.322 0,227 -1,223 76
-0,241 0,345 -1,505 -1,329 -0.290 0,637 75
0.560 0,118 -0,696 =-2,298:..-1,070 =-0,532 74
1,034 2,688 0,237 1.466 1,641 2,691 73
0.915 2,787 1.336 0,281 -0.490 -0.668 72
0.869 1.535 0,217 0.424 1,628 -0.665 71
0.427 2,734 1,562 -0,089. -0.079 -1,485% 70
1.427 1,081 -0.501 0.306 -1.387 0.889 = 69
0.485 0.251° 0,028 =-0,311 -1,218 -0.532 68
1.217 0,009 =-1,09% 1,017 =-1.,322 0.668 67
0,139  0.209 -0.750 0.045 0.560 0,081 66
-~ 0,885 -0.616 -0,476 2,683 -1.275 0.112 65
0.975 -0.041. -1,106 -0.849 -1.104 0,581 e
1 0.558 63

.705 -0.586 -1,307 0.757 =-1.055
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es for the Upper Bluefish Alluvial Unit

FACBOR FACTOR FACTOR FACTOR FACTOR SAMPL
1 2 3 4 5 NO , W

5.154  -0,993 -0.578 0.099 -0.221 61
-0.418 -0,668 -0.871 "-0,283 -0.2%% 59"
-0.418 -0.668 -0.871 "X0.283 -0.2 ,
-0.418 -0,668 -0.871 -0.283 -0.233 55
-0.418 . -0,668 0,871 -0,283 -0.233 53
-0.4k18 -0.668 -0.871 -0.283 -0.233 51
-0.,418 -0.668 -0,871 -0.283 -0,233 49
-0.418 -0.668 -0.871 -0.283 -0,233 47
-0.262 -2,041 2.314  0.506 0,119 4s
-0.418 -0,668 -0.871 -0.283 -0.233 43

0.540 -0.413 1.362 -0.125 0,243 41

0,004 1,135 1,556 0,668 0,079 39

0.111 1,375 -0.360 -~0.133  0.046 37
-0.419 -0,668 -0.871 -0.283 -0.233 35
-0.419 -0,668 -0,871 -0.283 -0.233 33

0.664 1.548 0.626 -1.585 -0.979 31 .
0,037  0.351 -0.326 -0.226 5.079 29
0.156 1,823 -0,439 -0.476 -0.237 27
-0.418 -0,668 -0,871 -0.283 -0.233 25

0.266 1,368 -0,409 -0,432 . 0.746 23
-0.418 -0,668 -0.871 -0.283 -0.233 21
-C.233 . -0,290. 1,443 -0,623 0.77 19
-C.368 -0.523 . 1,789 -0.334 -0.257 17
-0.199  0.708 . ‘1,292 -1,192 0,625 15
-0.182 1,004 1,270 -1,597 - -0,338 13

0.015 0,953 =-0.064 2,439 -0.460 11
-0.210 0.834, 0,435 0.995 -0.379 9
-0.102  0.055 0.748 1,742 -0,315 7 : :
=0.,261 0,484 0,545 0,996 0,025 s |

3
1

0.084 1,954 -0,232 -0.442 -0,465
-0.197 . 0.953 -0,518 ©3.113 -0.,037
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FIGURE 5 RELATIVE PERCENT POLLEN DIAGRAM-
STATION HH 75-24, BLUEFISH RIVER, YUKON TERRITC
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- - FIGURE 6. RELATIVE PERCENT POLLEN DI/
| STATION HH 75-24, BLUEFISH RIVER, YL
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