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I . © ABSTRACT ,

. A morphostratigraphic investigation of the latest
, Tleistocene and Holocene deposits of Grizzly Creek, Yukon
Territory,-and environs was conducted. - Basic objectives. were
(1) to describe the late Quaternary stratigraphy of Grizzly
Creek, (2} to plece any defined strati raphic sequence with-
in a precise chronologic. framework, (3) to interpret the
Grizzly Creek sequence with respect to any defined rggional -
siratigraphy, and (4) to discuss the paleoclimatic implica-
tions. Wiil! regard to the last objective, gradual vs abrupt
climatic change, and -Denton and Kerlen's model concerning
- Holocene "climatic variability is discussed. Bmphasis is
placed on Denton and Karlen's research. The data derived
. during field research at Grizzly Creek provides support for
e Denton and Karlen's model concerning Holocene climatic varia-
. tion. It was not possible, however, to derive a definitive
statement in support of their model. In this regard, the
difficulties involved in the establishment and association
¢ 7\ . of 4 precise chronologic framework proved a major barrier.

iid
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-implications paléoclimatiques.\:En ce qui congerne le dernier
‘objectif, les variations climatique¥ graduelles ou brusques, ainsi

- RESUME ; '

Wiscongin supérieur et Holocine dans la région de-Grizzly Creek,

Cette &tude porte sur 1a morphostratigraphie des dépbts dz::j/)
Territoire du Yukon. LeB objectﬁfs étaient: (1) de décrire la str

- tigraphie du Quaternaire ré€cent poyr Grizzly Creek, (2) d'organiger

les successions stratigraphiques dans un ordre chronologique bien

défini, (3) d'intefﬁrétég\la série Grizzly Creek en se basant eug ':\\\\"/_'
la stratigraphie régionale déja déf;qie, (4) et de discuter des .

+*

que le mod2le de Denton et Karlen trairant des variations cWjmatiques

" du Holocdne sont discutées. L'emphase -est mis surtout sur les

recherches de Denton et Karlen. 'L‘infdrmatidn recueillie sur le
terrain & Grizzly Creek appuie le modile de Denton et Karlen.

Cependant, i1 ne fut pas ‘possible d'aboutir 3 un appul inconditionmel

de leur mod3le. Et. 3 cet égard, la principale difficults rencontrée

~dans ce travail a trait a l'atablissepgnt d'une chronologie précise.

.
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) INTRODUCTION L

-\ Gengral Framework

. .(‘\'
A cheracteristic feature of the Quaternary.is the

extreme complexity and discontinuity of derived depésits.;
This is 50 oﬁvious,'in fact, that many Pleistocene scientists
have remarked that this period represents "an extremely anom-
alous time in earth history" (Matthews 19745 321). . Tnis writ
er (as.per Matfheys 1974: 321), however, mustladopt a?/éppoé—
ing view. Such complexity and'dj,scontinu:llty-ir'l Aall ‘probabil-
ity is a function of time and the anomelous nature of the
sedimenfary record in question is merely a refection of its
rel;tively recent age. In effect, thé complex and discontin;
uous nature of'fhe§€;§onsits too will become obscured with
time. The Quaternaéy, given this rationale, may ﬁ; coﬁceived
of as & model aesigned‘for grojection into the past_("the
Quaternaf; as the. key t&rkhe past" hatthews 1974: 321).

That which can be applied to the Quaternary as a
whole most certainly can be related, perhaps with %ven great-
er alacrity,|to its most recent seriesl..the Holocene. De-
posits of this time interval exhibit not only complexity
and discontinuit&,>a function of their very recent deposi-

pién, but in many instances are still actively in tﬁe
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process of accumulation and the implication with respect to

" the reconstruction of past environments is obv1ous. A wealth
of paleoclimatic data remains ée be discovered within these
deposits, and, possibly, this expresses well the 'state o£

the art' as it stands’ today. Our -understending of Hoioeene
climetes and their variation has only just begun to. gain mo-
mentum, and, perhaps significahtly, glaciology‘and glacial
gebmorphology have provided much of the impetus (e.g., liatthes

1939, .1941, 1945; end more recently, Porter and Denton 1967,
" Denton and Porter 1970, Denton and Xarlen i973).»

) Glac1ers, in this regard reSpond to & broad contin—

uvuz of cllmatlc changé/of quite variable frequency and mag-

2

'nitude, whereae other mediums through whic one could inter-

’ \ X
pret records of past climatic variation~(e g+, pollen sey

v

quences), frequently, are responsive only to a much. narrower

A"

range “0f such a spectrum (i.e., the portion stressing low

frequency/hlgh magnitude variation...Denton and Karlen 1973:

' 156; Wright 1976: 581-596). loreover, the sediments depoi-

ited by glaciers either directly or indirectly provide re-

‘cords of .their g%havioural resPQnee to changing climatic

' conditions, and it has been the recohstruction of such past

glacier response patterns through stratlgraphic inyestigap
tion which has -contributed so much to- curreﬁ? notions con-’
cerning Holocene climatic veriation. -~ - !

Matthes' research (1939,,1941, 1945) represented a



' K\\\\:iii:n:i:tribution to general themes concerning the chara?-
) - ger xpresslon,of glaciatlon_since the Pleistocerie. ZPrior
to the publication ff Matthes‘ investigations there existed
; .. - the w1despread belief that alpine glaecier systems in general
t;) VM were merely "shrinken remnanta of the 1arge glaciens of the
Pleistocene epoch" (Matthes 1941 2030) Matthes (1939; 519
= : and 1941 2030), on the ba51s of research undertaken in the
Sierra Nevada, q§veloped certain novel ideas concerning the
'rébirth! of these'éﬁg}l glaciers.. He felt this event was
. closeljrrélaféd to the onset "of the’present.relatigely cool
and mpié$ conditions‘h{&gr the Glima%ic optimup of the 3ost—
Pleistocepe had passed" and which began possibly 4000 yr ago
(Matthes 1941: 2030)‘ He' d631gnated this interval the Little
f Ice Age, gnd, after assumlng a synchroneity. wltharespect o
'_cllmatlc varlation between the United States and kurope, felt
its culmination Gccurred sometlme durlng the last 500 years.
lMatthes (1945 1181) eventually extended these ideas to a
- global level, and it has be!h Qn%y recently (Porter and Den~
ton 196%; Denton andf Porter 1970) that his reseirch %las un-
dergone modlficataoh and further extension. ) )

Denton and Porter (1970), synthesizing the results
of numer, recent\gﬁeld studies of a quite varied nature
(1 e., geochronology, paleobotany, pale0pedology, glaclal
geology, etc.) have managed to develop “and refine hatthes'
original work.’ They prOpose to replace Matthes‘ 'thtle Ice

*
.
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Age' with 'neoglaoiation', which they define ‘asg "the interval
of rebirth or renewed growth, and all aubaequent fluctuations,
og/;Zaciers after the time of maximum hypsithermal glacier
shrinkage" (Denton and Porter 1970t 102). Furthermore, they'
indicate that whereas the “hypsithermal interval orig%nally
was conceived of as a perlod of rather uniformly mild climate™
it has become apparent that various lower-order olimatic var-
iations "resulting in several early neoglacial episodes of
glacier expansion" did occur during this interval of time
(Denton .and Porter 19701 102). Tt would appear then that the
hypsithermal and neoglacmal,_as conceived by Denton and Por- -
ter (1970: 102), overlapped to 'a degrée. Their synthesis in-
dicates that three intervels of glacier expansion have marked
the last 6000 years of the Holocene (i.e., since the climatiC'
optimum) with the culmination of each occurring sometime within‘
_ the periods of time 5500-4500, 2800-2600, and 500-100 yr EP
respectively. | l
Stientists have long susPected "that short-term at-
mospheric cl4 ariations may reflect changes in solar activ—
1ty that in tu:;?:aused climatie change“-(Denton and Karlen
19731 157). The neader, in'this'regard nay refer to Stuiver
(1965), Bray (1971), and especlally Suess (1971)...a8 it is
" his "contention that past cl4 variations represent a paleo-
climatic curve" (Denton and Karlen 19731 202). Denton and

Karlen C1973), using this research as @ basis, have managed

X P
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to extend furthef general notions concerning neoglaciat;on.

) They synthesize & vast aﬁount of détg end in the pro-
cess provide for a model concerning climatic variability
through tﬁé Holocene. They &emﬁfgfrat? an apparent relatioﬁ-
ship befﬁeen "short-term CL4 varistions measured from tree

" ) :
rings" and "Holocene glacier and tree-line fluctuations dur—

ing the last 7,000 yr." (Denton and Karlem’1973: 156). Such

a relationship suggests that vari 7in solar output is.

causal with respect to quocéne climatic Variation...aq the
"most prominent explanation of’éhartbterm cl4 variastion in-
volves modulation of the galacgic cosmic-ray fiux Ey varfing
solar corpuscular activity“‘(ﬁenton end Karien 19731 156).
Furthermore, such variatioﬁ appears to have a recurrence in-
terval of ghout 2500 years, aﬁd, effectively, Denton and Kar-
len predict glacier expansion, with intervals of contraction
‘between, peaking at "200-330, 2800, ...5500..., 7800, 10,300,
12,800, and 15,309 calendar yr BP" (Denton and Karlen 1973
156) and so forth. They indicate in addition that such ex-

ﬁansional/cdntrac@??ﬁal iﬁte s last oximately_650-900g
end 1750 years resﬁg;;;;;;;jff:ius_ completing a 2500
yéar cycle. The model depicted may be described eas hiéh fre-
‘quency fluctuation of e rather low-order maghitude which one
can superimpose upon - the longer term glaciel/interglacial
¢limatic trends. . ! |

It is important not to conceive of such intervals as
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smooth curves alternating between glaoier advance and reces-
sion, and, in this regard, Denton and Karlen state that su~
rerimposed “on the broad intervals of glacier expension were
- many smaller variations" (Denton and Karlen 1973: 203). The
little Ice Age (1.e., and following common usage, defined as f&
_the last broad interval of glacier expansion) lustrates
this rather well with glacx€; oacillationa of even higher fre~
quency ‘and lower magnitude peaking "about 4.D, 1596-1620,
1640-1643, 1670-1680, 1720, 1740-1750, 1770-1780, 1816-1825,
and 1840-1850“ (dates refer to Little Ice Age oscillations
from the Alps...Denton and Karlen 1973: 171). '

benton end Karlen encountéred a variety of problems
during the develOpment of their model concerning climafic
?Vafiation through the Holocene. The variation they allude to
is considered synchronous within a global context and\research

undertaken in this direction must be comprehensive.

. difficulties relate to saaple 81zé" and representation,
ia this regard, "many of the rertinent data are qer;ved not\\\
from comprehensive field studies but from widely scattered
observations“ (Denton and Karlen 1973t 159). This is certain-
Iy true of the documentation regarding the earlier Holocene
€xpansional intervalg. In addition, their study is a compar;
ative one and until some measure of understanding is achieved
at local and certalnly reglonal levels must be viewed as ten-"

tative. Glaclers "within one region may experience divergent



behaviour due to differénces'in meteorological conditions,

" dynamic-response charac éristics, and net-budget distributions"
P

{Denton and Karlen 1973: 157 ‘and l59,...also, the reader _may
refer to Meier (1965) and Paterson (1969) for disdussion of

the extreme complexity ‘of the many relationships involved).
Thus, any future field study oriented toward 'filling in the
gaps', 50 to speék, should coﬁt;ibute measufabl& io this field
of endeavour. Denton and XKarlen (1973: 171), in this regard,
recently have g¢onducted ?xtensive field investigation of "Holo-
cene moraines froﬁting glaciers along the northeastern flank

of the St. Elias MHountains™.

-

A Regional Setting

"The St. Elias Mountains, an extensively glacierized
high-mountain system, trend from northwest o southeast
Ehrough southern Alaska and southwestern Yukon Territory"
(Deriton and Karlen 1973: 171). 4 vast array of related fea-
“tures ranging from peremnial snowianks through cirque and in-
dependent valley glaciers to a "large intermontane icefield...
¢rained on all sides by long valley glaciers" (Denton;and Kar-
len 1973: 171) are cheracteristic of this region (Fig. 1).
Thus, it becomes easy to understand that the St. Elias loun—
tains comprise’gn ideal setting wifhin which a wide range of
glacier-related studies can be undertaken, and even easier to

comprehend Denton and Xarlen's decision for choosing this ares,

that is, the: northeast flank of these mouﬂtains, "to overcome

-

™
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Fig. 1 TH: NORTHEAST ST. ELIAS MOUNTAINS...

(1) "Configuration of Maceuley-Kluane

glaciers"; (2) Configurwtion of St.

Llias glaciers today; (3) "Protable

flow directions of Macauley=-Kluene

glaciers"; (4) Approximate location

of Grizzly Creek study area; (5) Wel-

lesley Basin area;j...(Denton 1974: 884). -
, )
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some of the data gaps associated with Holocene glacier events" -
(Denton and Karlen 1973t 171). The stratigraphy and chrono-
logy of late Wisconsin and Holocene events from the northeast
St. Elias Hountaina and environs generally is well documented,
and, in this regard, discussion will turn to &. con31deratlon
' of the following events...the Kluane/hacauley glaCJatlon, de-

glaciation, end neoglaciation.

.

uring late Wisconsin time at the height of the Klu-
ane/hacaul ¥ glaciation a vast and complex glac1er—system
comprlsed the predominant feature of the landscape of . the
northeast St. Elias Fountains and surrounding area (Fig. 1).
Denton and Stuiver (1969a) and Rampton (1971), 1n this regard,
have made major contributions toward understandlng the devel-
opment of this glac1er-eystem. ‘Denton and Stui%er investi~
gated drift seqﬁbnces,from the Kluane Lake/Shekwak Irench area
and defined the Kluane.glaciation (i.€e, Mthe cllmatlc epl—
sode, characterlzed by glacial expan51on, during which the
Kluane tills were dep051ted" .Denton and Stulver 1969a: 210).
Rampton undertook stratigraphic investigation in the Whlte
-River/Snag-Klutlan ares, located ad;acent to but north and
somewhat west of Denton and Stuiver's study area, and there
deflned the Macauley glaciation (i.e., and following Denton
and Stulver & phraseology, 'the climatic episode, character-
ized by g1a01er expansion, during wh?ch the Macauley tills

were deposited'). Glacier ice of Kluane provenance expanding
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and flowing in-a generally northwest direction (11;:, glacier
' expansion "along the fnner valley of the Duke Depression and
the Shekwak Valley"...Rampton 1971: 292) eventually encoun-
tered ice of Macauley derivation moving very generall in a
northezst direction (i.e., glac1er flow "north o the
Icefield Ranges..., and...east from Alaska paral®el to the
‘upper reaches of tpe ]n'hite River" Ibid.). Coalescence occur-
red, and, uliimgtely, upon further expansion towards the ne;th .

&\ quite complex piedmont glaci yeloped in the We;les;ey_
Basin aree (Rampton 19714 2‘92-)‘:;1:\13@ culmination of the
Kluane /Macauley glaciation; as inferred from a radiocarbon
"dete of 13,660%£180 B.P....obtained on the bassl part of ia-
custrine sediments directly overlying Macauley deposits near
the Macauley glaciel limit" (Rampton 1971t 295), occurred ap-
proximately 14,000 yr BP (Rampton 1971t 295, and Denton 1974:
871).

Deglaciation as evidenee from the northeast St. Elias ~—~—
Mountains would indicate was a rapid event. Denton‘(1974: )
871), in this regard, maintains thet the "most striking late
Wisconsin event in the 8t. Elias Mountains was the nearly A
complete disintegration of Iacauley-Kluane ice within eﬁly

71,500 to 2,700 yr after attaining its meximum about 14,000 yr
B.P.". Indeed, radiocarbon dates of 12,500+300 yr o.P. (Y-1386)
and 11,270+200 yr BP (Y¥-2306) obtained, respectively, on "organic
silt...from base,of lacustrine silts that fill a kettle ie Kluane
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ice-~contact -stretified drifg" (Denton 1974: 877) and located
iT;iﬁgzvicinity_pf Kluane Lake,_and "organic silt and muskeg.;.
that rests oh\Macauley $i11" (Denton 1974t 877) end located
in the upper reach of the White River Valley quiteé close to
the present Russell Glacier terminus (Denton 1974: 884; and
Rampton 1970t 1240) prowfde substantial support for such a ]
éontention. Also, and In keeping with notiohs concerning the
repidity 6r possibly abruptness of this event, only limited
evidence oilglacier readvance or stillstand during genersl re-
cession. has been discovered. In this regard, Denton and Stui:
ver’(19§9a: 211) hypothesize that a "cross-valley belt of
jce-contatt features bordering the southeast part of Kluane
Lake...possibly record Epe outer position of a sitillstand or
readvance", and Rampton (1971: 296) maintains that a "rugged
spatulate-ghaped moraine near the Netazhat Glacier is the only
evidence of a major stillstand or readvance" from the Snag-
Klutlian area. <f -

— -
The amelioration of climate responsible for the rapid

end abrupt pattern of late Wisconsin deglaciation as inter-
' ‘ 1

-

preted from the St. Elias Mountains obviou

change of great magnitude. Glacier systems withdrew "rapid- k\\\//(/
ly to...present positions before 11,000-12,500 cl4 wpv (ven-

Yy was a climatic

ton and Karlen 1973t 173) and continued to recede thereafter.
Indeed, the interval of time following the Kluane/MHacauley

déglaciation, referred to as the Slims nonglacial interval
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(Dénton and Stuiver 1969a: 212), was asséciated at least with
respect to cert;;n glatiers with recession considerable dis- .
tancga upvalley from .current terhini positions. iﬁénton and ’
Stuiver (1969a; 2125, for example, have documented "a with-
drawa; of the Kaskawglsh glacier terminus more than 13.7 miles &
abﬁve its present position". Whether éuéh an extended re- =
traction reflected = regio@ai pattern of glacier behaviour
for the-northeast.St. Elias Mountains at that time has not v
yet been determined. The assumption that it did however does
not seem unwarranted. At a.n? rate, maximal glacier recession
most probably occurred about the time of the climatic op-
timum,. and available e&idence would suggest this occurre&,a-
_yai% 6000 yr B.P. Dentoﬁ and Porter (1970t 102), in this
regard, maintain that very "likely maximum shrinkage coin-
cided with the period of maximum warmth, which from various
lines of ef;dence is thought to have occurred sometimg>between
8,000 and 5,000 years ago, probgbly close to-é,OOO years ago".

The Slims nonglacial %nterval, defined ms the inter-
vael separating "the K@pane glaciation from the Neoglaciation™
V(Denton and Stuiver 1969a: 212), was a time-transgressive En- '
terval, Radiocarbon dates of 12,500£200 (Y-1386) and 9780480 yT 1P
(Y~1483) (Denton and Stuiver 1969a: 213) obtained from organic ma~
terisls found in associetion with Kluane drift and’ related lo-
cally to deglaciation iarovide minimum limiting dates for its

inception (Venton and Stuiver 1969a: 214). A4 radiocarbon
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determination of 2640+80 yt B.P. (Y- 35) obtained from "grass
buried in place at the base of Neoglaci ‘hoess near the terminus
of the kewulsh ‘Glacier" (Denton and Stuiver 196%at 214)
and‘;efé%id to the initiation of the Neoglaciation at this
locality provides an approximate date for the'termination of
this nonglacisl intervel.

The stfatigraphy and chronoiogy of the Neoglaciation
from the northeest St. Elias Mountains is well-documented
especially when compared to Holocene glacier sequences defined
elsewhere (e.g., the Colorado Front Range..tBenedict 1973, or
Baffin Island...Miller 1973). Benedict (1973: 597), in this
regard, malntains the "St. Elias sequence, with 31 relevant
radiocarbon dates, is the best contro}led of any currently
available". Effectively, the Neoglacial of the northeast St.
Llias llountains, as various radiocarbon determinations derivedL
from organic matefials and then related to the inception of
such a regime would suggest (e.g., 14¢ dates of 2780%90 (I-6490-C)
and 3440%130 yr BP (GSC-1702) obtained respectively from wood "in
orgaﬁic sllt layer loeated immediately belowvoutermost Holocene mo-.
raine"...Denton and n 1973: 166...0f the Seven Sisters
Glacier and "wood frizialxed deposits of spruce wood and or-
ganic sediment buried beneath Holocene till"...Denton and
Karlen 1973: 167...0f the Natazhat Glacier), began approxi~
mately 3000-3500 yr BP and is still c tly active (Denton
and Stuiver 1969b: 175).

TN
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- Detailed sﬁ;etigfaphic.investiga%iops of Holocene'
drift seguences (e.g., Denton end Stuiver 1969b; Ramptoﬁ>l9?9; .
Denton and Karlen 1973, 1977) from the northeast 8t. Elias
Mountains indicate that neoglaciation of this region was at
least two-phased. Bffectively, "014-dated fluctuations of
14 glacier termini show two major 1ntervals of Holocene gla~
cier expansion, the older dating from 3300-2400 calendar yr
8P and the younger corresponding to the Little Ice Age" (Den-
ton and Kfrlen 1973: 155). In addition, a minor interval of
&lacler expansion approximateiy 1250~-1050 yr BP, and which
rgpresents divergenoe from the overall pattern of Holocene
climatic variation as discussed by Denton and Karlen (1973,
1977), hés been documented from this region.‘ The signifi-
cance of such divergent behaviour with relation to thelr mod-
el has not yet been determined. It may be that some measure
of wnderstanding will eventually be achieved within g strict-
ly rejional context. |

Morainic comblexee derivative in part of each such

broad expansional interval do not necessarily front all glaciers
of the St. blias Hountains, and, in this regard, Denton end
Karlen (1973: 173) remark that not "all advances are recorded
by moraines fronting each glecier, probably because younger
Holocene advances overran older.moraines“. Direct evidence ////
of earlier Holocene glacier advances (i.e., of the broad ex- <

pansional phases culminating ca. 5300 and 7800 yr EP) from
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the St. Ellas Mountains is absehgy/and, possibly, a similar '
.explanaticn nay be involved. A% any faté, and given such a

preamble, it is interesting to note that Denton and Karlen's

approach emphasized the examination of "moraines fronting nu-

. merous glacieis te discover situations where older moraines

were preserved" (Denton and Karlen 1973: 173).

A local Setting

During the summer of 1979 field research was con-
ducted iﬁlGrizzly Creek, Yukon Territory, a locality repre- ,
sented by a long (ca. 15-16 km), narrow (ca. 1 lm), and high
" alpine valley situated on the periphery of the St. Llias Ice
Fields. A small valley glacier.and several smaller cirque //f\\\\‘
glaciers, each associated with massive ice-~cored Neoglacial
moraines, are features of this setting (Fig. 2). Such gla-
ciers are very sensitive to the\frequency and magnitude of
the climatic variation discussed by Denton and Karlen, and
consequently the question was raiged as to whether an inves-
tigation of the'late Quaternary stratigraphy of Grizzly Creek
would lend additional suppoft to their model. fhe probabili-
ty that evidence relating to certain of the earlier intervals
of Holocene glacier expansion is preserved in Grizzly Cféek
was considerable, and the key to understanding such a propo-
sition relates to the many massive and ige-cored moraines so

characte;istic of this locale. Recent advances of these small

glaciers (e.g., those of the Little Ice Age), very simply,



Fig. 2 THE GRIZZLY ORMEK LOCALE. . ,

§Ag Neoglacial drift;
B) Glaciers I to VI.
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were unable to overrun at least not i er& instance these A
very impressive morainic features (Denﬁif/and Karlen 1973,
1977). Thus, a record of Holocene glacier fluctuation rather

more extensive than' is usually the case was to be expected.

Research Objectives .

(1) to describe the late Quaternary stra-
tigraphy of Grizzly Creek, Yukon Territory,
and environs.

(2) to place ény defined stratigraphic se-
quence within a precise chronologic frame-
work. L N~

(3) to interpret the Lrizzly Creek seguence
with respect to anf defined regional Stra-
tigraphy. ) % ‘

(4) to discuss the paleoclimetic implications
of the Grizzly Creck data base. Denton and
Karlen's model .of Holocene climatic varia-
bility.will be emphasized.

!

3

Methodology

It is the‘contention of this writer, following the
writings of Willman and Frye (1970:‘38), "that multiple hier- }
archies, or schemes of classification based on different sets
of chéracteristics and criteria can and should exist side by
side, entirely independent of one another". -4 compreheﬁsiye
investigation éf the late Quaternmary stratigraphy of Grizgly
Creek and environs was sttempted and ih keeping with the con- \\\ﬁ
tention presented above a variety of classifications were

utilized. The scheme ultimately proving of most use was based
in morphostratigraphy with inpuﬁs‘from pedology end tephro-



.

*

18

chronology. Time stratigraphy provided ‘the general framework."

Rock-stratigraphy, in,many réspects the mainstay of
the Quaternary stratigrapher, proved untenable with regard
to the investigation of the late FPleistocene and Holocene de-

posits of Grizzly Creek. The achievement of stated research

obaectlves was largely depen@ent upon the recognltion of for-’

ﬁEf';htervala of glacier expansion through the differentia~-
tion of units of till each representative'of the advance of

a particular glacier. “Rock—strétigraphic units are defined
and récognized on tﬂe sis of observable lithology" (Willmen
and Frye 1970: 40) and the “fact that no obvious lithologic
dlfferences characterized the \units in question proved an ob-
vious difficulty. In addition, the absence of substantial
stratigraphic sections in the vieinity of key sites was to |
provide further difficulties. . Another approach with an em-
phasis directed towards other criteria was required.

Whereas it proved extremely difficult if not imp0881—
ble to delimit’ Grlzzly Creek tills with regard to obserVable
11thology, the accompliahment of such ‘an objective was cer-
tainly feasible uslng morphology as a basis. Morphdstréti-
graphic units are "defined as comprising a body of rock that
is identified prlmarlly from the surface form it displays" ~
(Willman and Frye 19703 43) and such an approach has particu-
dlar utility with/rggard to the stratigraphic investigation
of morainic systems £W1llman and_Frye 1970: 43-44). Indeed,
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. much of the investigation involved the mapping of lateral mo- @
raine remnents with resfect to thelr relative positions upon
the;yalleyside, and the difforentiation of terminal moraines
comprising quite geographically restricted morainic complexes.
Finally, while morphology obviously provides a wvery basic
component of the overall classificatory scheme in question,
soil and ash'stratigraphy'were to provide a specificity hith-
erto lackingJ It is to & consideration of these aspects that

.discussion will now turn.

oy soil, as defined in stratigraphy, is a weathered
zorié formed in a surface or nesr-gurface onvironment“ (Will-_
man and Frye '1970: 425:and with respect to the late Quater—
nary deposits of Grizzly Creek a consideration as to the de-
gree of development of such zoﬁos was found to be of use. It

" would seemn plausfole that the comparison of such zones be-
tween landforms, tentatively, couldlead to the establishment
of time equivalence. Birkeland (19743 258), in this regard,

warns that "cotrelations based solely on ‘soils do not come
easily...because 55};5 change laterally in their properties,
because the factor§’;e3ponsible for soil morphology commonly
change lateraliy" (i.e., a variety of ehvironments or facies
of soil formation are often characteristic of soil-strati-

graphic units). Nevertheless, if the stratigrepher can a-
chieve & qpasure of control over these factors, and the meth-

od is used in conjuﬁction with other kinds of observation, a
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certain viability should be retained. Such would be the case
if application were restricted to locales where a constanéy
with respect to environment could 1og;cally be asbumed.

This eﬁphasis upon degree of develoPment T weather-
ing profiles has utility within still another coz:ext. The
"stratigraphic ptility of a soil is to define an unconforma~
ble 'surface that can be identified and widely traced" (Will-
men and Frye 1970: 42) and through an.emphasis upon the over-
all degree of development of weathering profiles one could .
speculate end, in association w;th other kinds of evidence,
perhaps even obtain a crude estimate of the duration of the
unconfofmity. This approach proved useful in relation to the
tentative establishment of the 1imit of latest Pleistocene
glaciation in Grizzly Creek, and a v;riety of other observa-
tions...the development of alluvial fans, the presence/absence
of till, and the degree of glacial steepenirg of valley walls
relative to pgfition above or below such a projected limit...
provided some confirmatioﬁ. it would appear that a fairly’”’\\
substantial portion of the study area remained wglaciated b
during late Wisconsin time. ' ‘

4 prominent layer of volcanic ash deposited ca. 1460% '
70 yr BP (Y-1363) (Stuiver, Borms and Denton 1969: 219; Denton and
Stuiver %369b= 175) is a characteristic of many southweét
Yukon Holocene sequences, and was observed in many of the

soil profiles investigated this summer. It provides a valu~
o '

M
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able time horizon because "it is everywhere synchronous" ang

as such, "affords a means of correlating and determining the
relative age of Neoglacial drift" (Denton and Stﬁiver 1969b:
175).° lioreover, and with regafd-to Grizzly Creek, its value
could not be underempﬁasized because it represenfed the only
Imeana of.time control available. Material both suitable for
radiocarbon determination and associated with the stratigraphic
seguences/ in question was dif{icult to find.

'A serious difficulty then tAlvolved the placement of

eny defined stratigraphic sequence within a precise chrono-
'logic framework...a crucial point...as the cerrelation of
drift sequences to the various phases of glagier eXpansion as
outlined by Denton and Karlen was basic to the échievement*
of stateﬁ research objectives. Obviously, ash stratigraphy
will not provide for a chrbnologic framework per se. _The
stratigrapher after all can only date deposita relative to
such a time horizoﬁ&end then only when intimafely assocliated.
The significance of the ash layer is best demonstrated when
one realizes it effectively delimits the Little Toe Age.
Stuiver, Borns, and Denton (1969: 219), in this regard, re-
mark that a "reliable date for this ash layer will provide
future workers with a limiting age for Little/izé Age deposits
in this region". 1In effect, it provides the means to differ-

entiate drift seduencqs of the Liftle Ice Age from those

correlatilye %o earlier intervals of Holocene glacier expah—

sion.
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FIELD RESULTS

Pre-Neoglacial Events

.The Kluane glaciation defined as “the climatic epi-
sode characterizeq by glacisl expansion, duringlwhich the
Kluane tills were deposited" (Denton and Stuiver 1969a: 210)
is believed to be répresented in Grizzly Creek by an easily
.discerned and quite extensive hummocky moraine. The basis

. for this correlation is not derived from the exigencies of
aﬂy particular absolute dating technique, but, rather, from
a sequence of observation. (1) The extension of this morain-
‘ic deposit downvalley from the position of the Neoglacial

maximum of Grizzly Creek Glacier is considerable given the -

" local context and as such nust reflect a phase of major gla-

ciation. (2) The rolling and hummocky character of this de-
posit is exceptionally well-preserved, and, ﬁn this regard,
numerous high angle slopes were observed. Presumably,
deposité of the earlier and more extensive phases

of glaciation having been exposed to postdepositional modifi-
cation for longer periods of time wowld not exhibit this de~
gree of preservafibn. 1t is interesting to note that Rampton
(1971: 298), in this regard, has determined quantitatively
that the "average slopes on Mggauley non-oriented moraines"

are indeed more steeply inclined than those of the earlier

/

[
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and more extensive lirror Creek glaciatibn. (3) Finally, the
hummocky moraine in quest‘ion.represents the only obvious ev-
idence for major glaciafionvin Grizzly Creek Valléy.

The limit of the Kluane advance of Grizzly Creek Gla-
cier, tentatively, is situated 6.75 and 7.75 km downvalley
respectively from the positions of its lieoglacial max;mum and
presenf terminus. This proposed late Wisconsin limit is not .
marked by any easily diséerﬁible termingl moréine, and, con-
sequently, its projection and determination were based on
other'kinds of observation (e.g., the general character 'and
topographic expgpssiOn of "the valley, the degree of develop-
ment of weathering prdfiles, the size of alluvial fans, and
the degree of glacial steepening of valley walls relative to
position above or beiow such a limit) and.discussio will now
turn to a consideration of these.

The character of the valley changes abruptly from =a
very discernible hummacky moraine above the projected limit
to an Openfand Obviously subdued landscape below. .WEst (1977:
100), in this rega;d, maintains that gelifluction will result
in a émoothed landscape, and, that such "a landscape, smoothed
say, during the last glaciation in a periglacial region,‘con—
trasts greatly with the fresh landforms of the last glacia-
tion deposits". Possibly, then, this lower reach of Grizzly
Creek Valley comprised a harsh”periglacial environment dur-

ing the interval correlative to late Wisconsin time, and,

—
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this, in turn, might explain the apparent absence of till
presumably of the earlier and more extensive phases
of major glaciation below the glacial limit ;n‘question. The
processes operative in such an envirorment effectively would
have tered and masked the deposits and landforms resultant
of thesde earlier glaciations. It is interesting to hote giv-
en the immediate discussion that many of the periglacial fea-
tures observed in this lower reach of the valley generally
exhibited a more imposing development than those obs;rved up~-
valley of the proposed glacial limit where one would expéct
harsher prevailing conditions.

The degree of_weathéring felative to poéition above
or below the limit in question differs markedly. soil pPro-
files above typically exhibit shallow organic accumulations
of 6-7 cm developed on till oxidized to depths of 20-25 cm,
while below an extended weathering has resulted in the devel-
opment of what might best bg~termed a thick regolith. The
apparent absence of erratics in thé profiles examined below
the proposed glacial limit suggests primariiy that such a
regolith has developed in situ. This would appear a signif-
“icant observation as the only obvious change in the bedrock
geology in the enfire valley occurs at a point situated Jjust
above and below the soil profiles under consideration and the

'projected late Wisconsin limit respectively. Possibly, it

could be argued that such observed differences merely reflect

.
hl
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the broad range of soil formational environments undoubtedly
present within this locele rather than duration of weathering
fer se. However, 1t is difficult to envision such marked
differences on this basis alpne.

The development of alluvial fﬁns with respect to po-

L]

sition above or below the projected glacial limit is signifi-
cantly differént. Such features ére small and constricted
in appearance above, while they comprise  large and imposing
alluviel complexes below. It must be stressed that "many ad-
ditional interrelated factors, among which are rock type,
vegetation cover, steepness of slope, and climatic factors"
(Vernon and Hughes 1966: 11) Are related to the development
of alluvial fans, and, possibly, could ﬁe invoked to explain
such observed differences. Therefoqé, it might be stated that
any consideration as to the position of this glacial limit
based on relative size differences of alluvial fans necessar-
ily is suspect. However, it,becomes difficult indeed tc dis-
count the influence of a gIgciatioﬁ factor when consideration
is given the other observations alreédy developed. Ubserva-
tions concerning the size of alluvial fans relative to posi-
tion above or below the limit in gquestion then, when inter-
preted in this context tend only to provide additionel posi-
tive support for the\pr0poaed demarcation. '

Finally, glacial steepening of the valley wallé was

most obvious above the proposed limit. The conclusion that
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this lower reach of Grizzly Creek Valley remained unglaciated
during late Wisconsin time would appear reasonable.

The easily discerned and quite extensive hummocky mo-
reine apparently of the Kluaﬁe advance of Grizzly
Creek Glacier for purposes of immediate discussion might bet-
ter be termed en ablation complex. West (1977:.31), in this
. regard, indicates that a relationship exists between the sedi-
ment types comprising such coTplexes end effective deglacia-
tion patterns. He states that a "dowvmmelting in situ may pro-
duce a small amount of stratified drift, but a large amount
of till, much of which may be flow till" (West 1977: 31). i
The ablation complex under consideration heré is composed
primarily of till, most of which appeared to be flow till (as
per Boulton 1978, 1968). The quantity of stratified drift
definitely is minimal. Also, evidence of stillstaﬁd or re-
advance during general deglaciation was not discovered. Thefe—
fore, one could interpret the ablation complex in question
‘in terms of a major in situ down-melt, qnd, logically,. it
would follow that the regimeh of the late Wisconsin glacier-
syistem at this time must have been decidedly negative. le-
glaciation must have proceeded.rapidiy.

Lenton and Stuiver (1969a: 212) as discussed earlier
documented at least with respect to certain glaciers in the
5t. klias region recession considerable distances upvalley

from current termini positions. lMaximum glacier recession
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most probably occurred_sbout the time of the climatic op—
timum and available evidence would suggest this occurred some-
time within the interval 8000 to 5000 yr oP. Evidence indic-
‘ative of a similar behavioural response for Grizzly Creek Gla-

cier during the Hypsithermal was not discovered.

o v
Neoglacistion

The Neoglacial stratigraphy of Grizzly Creek, Yukon
Territory, as per stated objectives, will be (1) described,
(2) placed within a chronologic fremework (i.e., related to
the eastern lobe of the White River ash), and (3) interpreted
with réspect to the regional stfatigraphy. The drift stra-
tigraphy of glaciers I, II, and III (Fig. 3) will be desﬁribed
end placed within a chronologic framework in sqquencé but in-

terpreted in association. The relationships between these

particular glaciers through the Neoglacial are quite complex...’

said glaciers haviﬁg advanced and coalesced forming glacier
complexes‘of varied combination on at least several occasions
during the Neoglacial. Glaciers IV, V, and VI (Fig. 3) have
existed as independent glacierhsysteﬁs throughout Neoglacial
time and- their associated drift stratigraphies will be pres-
ented and interpreted according;y. |

Glacier I, II, and III

Neoglacial drift extends approximately 400 meters
downvalley from the current terminus position of glecier I.

Three advances variously represented by a massive, ice-cored
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Fige 3 The Grizzly Creek Locsale
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moraine (Fig. 4 IA)‘dévoid of lichen and vegetation, and two -
bench-like features (Fig. 4 1B and IC)‘composed of quite com-
pacted till and characterized with extensive lichen and veg-
etation development were differentiated. Iloraine Ii on the
basis of morphology (i.e., this morainic feature is massive
and obviously ice-cored), an absence of lichen and vegetation,
proximal position within the morainic sequence, and a simi-
larity in these respects with moraine IIia (Fig. 4) which is
associated with a radiocarbon date of 200100 yr BP (Johnson
1979: personal commWion) is believed to be of the Lit-
tle Ice ﬁge. The fact thatslateral morzine 1B and IC appear
to. have undergone similar degrees of down-wastage and exhibit
approximately the same degree of lichen and vegetation devel-

opment sﬁggests a close age-relation between these morainic
-

-

features. The fact that moraine IC is associated with the
eastern lobe of the White River esh would indicate ‘consider—
able antiquity, and, in this ;egardi moraine IC and possibly
moraine IB are of a Holocene glacier expansional interval
other than the Little Ice Age.

Neoglacial drift can be traced approximately 1000

———

meters downvalley from the present terminus position of gla- B
cier 1I. Tentatively, three advances represented by a se-
quence of lateral moraines (Fig. ¢ IIA, 1IB, and IIC) all of
which are essentially devoid of lichen and vegetation have

been recognized. loraine IIA is massive and lce-cored and

f
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Fig:*#“‘ﬁebg;acial Drift Sequences 4ssoc.
ith Glaciers 1, I1l, and IIl. -

&fer to text for discussion.
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can be traced along both east and west sides of this upper
reacﬁ of the valley. - The association of this morainic fea-
ture with a radiocarbon date of 200*100 yr BP (Ibid.) obtained
from organic material overrun by this moraine indicates a Little
Ice Age derivation: Moraine IIB was almost cdmpletely over-
run during the advance represented by moraine IIA, and, con-~
sequently, occurs only as isclated remnants of lateral moraine
situated at a slightly higher elevation than woraine IIA and
only on the east side of the valley. It was during the ad-
vance represented by moraine IIB that a telus-derived rock
glacier (Fig. 5 a) the former position of which is indicated
by its characteristic levee features (Fig. 5 b) was truncated.
In éhis regard, note the levee features (Fig. 5 c) associated
 with the talus-derived rock glacier lécated further downvalley
(Fig. 5 e). ;A deposit of talus situated immediately above
moraine IIB is all that remains of this truncated rock gla-
cier form. The angle of repose of this talus deposit could
only be described as unstable, and the fact that moraine IIB
hes not been overrun as jet would indicate its relatively Te-
cent derivation. It is felt that moraine 1IB represents an
advance which occurred during the Little Ice 4ge. Lioraine

1IC is represqugd by an isolated térrace feature situated on
the east side oi‘ ‘the valley at a still higher elevation than
moraine IIB. qdkaine 11¢ hés almost been completely overrun

by telus but can be traced laterally as a slight perturbation

/
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Fig. 5 ZFYhotograph Illustrating Relation--
) ghips of Neo&ac Drift Seguences
S0C. aclers 11, and 111

To Rock Glaclers & and 6. ﬁEfer to

e or Bcusslon.
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within the talus fans flanking it. Assuming continuity with
respéct to the gradient of this small valley glacier through
the Neoglacial this particular lateral moraine remnant was

projected downvalley (Fig. 6 Yrojection 2) in an effort to

~ determine the approximate terminus positibn of this glacier

et the time of moraine emplacemé§ﬁ. It is of inte%est to note
that such a projection lies just the downvalley side of the
’talus-deriv' rock glacier (Fig. 5 é) whigh moraine IIa has',
8o obviously cut into (Fig..s a). This suggests that the con-
siderab;e $olume of debris comprising this rock glacier form
was originally deposited as a terminal moraine during the ad-
vance represented by moraine IIC. The talusfderived flow form
derives its "material content from talus slopes on the valley
side"™ (Johnson 1978: 1503), not, as is suggested in this par-
ticular case, through glacial process.* The characteristic
levee features of this rock glacier type (Fig. 5 c¢) indicate
that a talus-derivation is indeed important, hoﬁever, it would
appear at least in this instance that a glacial-derived com-
ponent is of importance too. The éossibility that this par-
ticular flow form is of multiple origin, a composite, must |
not be discounted. At any rate, the intimate assdciation of
this debris landform with the‘ea§terﬁ lobe of the White River
ash would suggest considerable aﬁtiquity for this advance,

It would appear that moraine 1IC is derivative of a Holocene
expansional Interval other than the Little Ice Age.

)
i

i
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No obvicus morainic complex fronts glacier 11I, and,
consequently, it is much more difficult to achieve insight
into ité behaviour during the Neoglacial. Nevertheiess, evi-
dence does exist which suggests that this small ciréue gla-
cier has been behaving in accordance with the fluctuations of
giécier II. In this regard, note thé upward orientation of
moraine IIA, IIB, and Ilé\(Fig. 4 b). The implication-is that
glacier IIi, during the %ntervals of time correlative with the
advances represénted by moraines 114, 118, and IIC, Has advanced
and4merged with glacier II. The compressional forces set up
during these advances were of sufficient magnitude to cause a
locel expansion of ice of glacier II at point b in Fig. 4, and
vhich resulted in the upward orientation of these mo-

‘ The position of lateral moraine IC at the junction of
its associated tributary valley and the main trunk valley oc-
cupied at this point by glacier II (Fig. 4) indicates the con-
fiuence of these glaciers during the advance represented by

L

this moraine remnant. The elevation of moraine IC above lat:
eral moraine 1Iai (Fig: 4) suggests that moraine IIC, which is
elevated a similar distance above moraine 1IA, is representa-
tive of the same glacial advance. The upward orientation of

moraine IIC (Fig. 4 b) as discussed above indicates further

that glacier 1II was coalescent at this time too. The down-

valley projection of moraine 1IC 'as discussed earlier suggests
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that this glacier-complex extended to just the downvalley

side of the rock glacier outlined in Fig. 5 (Fig. 5 e), and,
this, in turn, suggksts that the bulk of this debris landform
was originallylempl ced as a terminal moraine during this par-
ticular edvance. The relation to tephra of* moraine IC and

the .rock glecier form just discussed indicates that this par-
ticular advance occurred during a Holocene glacier expansional
interval other then the Little Ice Age. Also, it would appear
the Neoglacial maximum was reached during this particular ex-

pansional interval. horalne IB with respect. to morphology and

Vllchen/vegetatlon cover is felt to be approx1mately the same

age as moraine IC, end, if so, may be interpreted as minor re-

.cession followed by readvance during this expansional inter-

vel.

liajor recession to at least current terminus positions
(refer to Fig. 4) and in all likelihood to ﬁositiona located
still further upvalley followed the Neoglacial advances just
discussed. The formation of the talus-derived rock glacier
outlined in Fig. 5 (Fig. 5 ‘a) would suggest that considerable
+ime elapsed before the intensé’advancgé of the little Ice Aée
whig; it is felt were responsible far the truncetion of this
rock glécier form (Fié. 5 a) occurred. The continuity of the
characteristic levee features off this particular rock glacier
type (Fig. 5 b) obviously has not been disturbed until recent-

ly. Such features,progfess uninterrupted past the point where
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would have expected truncation by the advence represented

The (upward grientation of moraine IIB as indicated
in fig. 4 (Fig. 4 b) suggests as discussed earlier that gla-
cier III was confluent duriné\yhe advance represented by this
moraine. It was not possivle to-determine whether glacier 1
was confluenp.at this tine.
loraine I4 on the basis of its distinctively similar
morpholog& and a camplete absence of lichen and vegetatibn
development as discussed earlier is considered correlative
with moraine IIA. The association of moraine I1IIA with a ra-
diocarbon date of 200£100 yr BP (Johnson 1979t pers. comm,) would.
indicate that thisimoraine at least is of the Little Ice Age. The
.. little Ice Age maximum of both glacier I and II then appears
’to have been attained during the adﬁances represented by these
ﬁoraines, and, obviously, these glaciers would not heve been
¢ coalescent at this time. In effect, the possibility that mo-
raine IA marks the little Ice Age maximum of glacier I wou;d

indicate tifat coulescence of this glacier with glacier II never

occurred during the little Ice age. The upward orientation
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of moraine IIA at point b in Fig. 4 however indicates that
glacier III very well may have been confluent at this time,
and, effectively, the fAct that the west lateral component
of moraine IIA can be trawed up-to and almost alongside gla—
cier III (Fig. 4) confirms such a contention.
Glacier IV

, Neoglacial drift extends approximately 1000 meters
downvalley from the present terminus position of this c1rque
glacier, and, with reference to stated research objectives,
a massife and predominantly ice-cored morainic complex com-
prised the most interesting feature of this drift sequence.
Five advances represented respectively by moraines IVA to
IVE (Fig. 7) were recognized. loraine IVA is massive and ice-~
cored, and merges with easily defined lateral moraines which -
extend back and up into the associated cirque. This particu-
lar moraine on the basis of the morphology just dessc::c‘:'Lbed-,.j:s:’:7
complete absence of lichen and vegetatlon, J%h proximal posi-
tion within the morainic complex, and a marked similarity in
these respects with moraine IIA which is sssociated with ra--
diocarbon control is also assigned to the Little
Ice Age. The oriéntation 0f moraine IVA within the complex
proper is of interest. It appears to have been deflected off
to one side an indication of the. formidable mass of this pre-
dominantly ice-~cored morainic complex. loraine IVb was al-

most entirely overrun during the emplacement of moraine'IVA,
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Fig. 7 NeoE;acial Drift Sequence 4ssoc.
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and, in this iegard, is composed largely of extensively dis-

turbed and overturned Elumps of ground. This moraine as evi-

denced by its remaining lichen/vegetation cover must have been

.
characterized with what might best be described as a moderate

lichen and vegetation development. lioraine IVL was not asso-
ciated with White River ash, and, consequently, is believed
$0 be of the little Ice Age. Moraines IVC, IVD, and |
IVy are all massive and ice-cored, and are all chqracterized
with quite complex vegetation associations and extensive 1i-
chen cover. The fact these latter moraines were all associ-
ated with White River ash indicetes they are part of a
Holocene expansional interval (s) other than the Little Ice
Age. lioraine IVE exhibits a‘greater degree of down-wastage
than moraine IVD and for that matter moraine IVC, and the im-
plication is that moraine IVE is considerably ‘older. It is
possible however that such dowu—wastgge is related to differ-
ential ablation of respective ice-cores. lioraine IVE is lo-
cated on the periphery of the complex proper and as such is
not as well-insulated, and also subject to greater rates of
basal erosion from Grizzly Creek which must have impinged upon
the base of this particular moraine on various occasions dur-
ing the past. The lateral moraine x; (Fig. 7) because of its
similar lichen and vegetation development, its relation to
tephra, and the fact it has been truncated during the advance

when moraine IVC was emplaced is felt to be associated with

e
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mora?ne IVﬁ. The lateral remnant Xp bécause of a distinctive
similarity with respect to degfee of obvious down-wastage is
felt to be associated with moraine IVE.

The relation to tephra of moraine IVE, IVD, and IVC.
indicates they are part ofwé Holocene expansionsl inter-
val (s).other than the Little Ice Age. Whether these moraines
are representative of ﬁhe same or aeveral‘éxPansional inter-
val (8) could not be determined. However, evidence which will
. be elaborated upon shortly suggests these morailnes are part
of the same expansional infewal. Tregtjng this last
statement as a postulate the followinglinterpretation can be
presented. The Neoglaciel maximum of this cirque glacier was
reached during the advance represented by moraine IVE. Ilinor
recession followed by readvance on at least two occasions i
represented reépectively by moraine IVD and IVC. Considerd-
ble time as indicated by the relation to tephra of these par-
ticular moraines elapsed before the intense advances of the
Little Ice Age believed to be represented by moraine IVb and
IVA set in. This hietus in time very likely is representative
of a Holocene glacier contractignal interval possibly the re-
cessional phase immediately preceding the Little Ice Age. It
was not possible to determine the actual extent of glacier re-
traction during this time interval.

Glacier V .
Heoglacial drift extends approximately 500 meters down-

velley of the present terminus position of this small cirque
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T
glacier. Four advances of this small cirque glacier repre-
sented respectively by moraines VA through to VD (Fig. 8) were
discerned. lMoraine Va comprises terminal and lateral compo-
nents of which all are massive, ice-cored, and devoid of li-.
chen and vegetation. Similerity in these respects with mo-
raine IIA which undoubtedly is of the thtle Ice "Age
suggests that moraine VA is of Little Ice Age origin
t00. lioraine VB comprises an obvious lateral moralne remant
which merges with what appears t0 be a terminal moraine. The
somewhat greater antiquity of this moraine with relation to
moraine VA i1s indicated by its more distal position within
this sequence, and by what-might best be termed an incipient
Rhizocarpon gfowth. Moraine VB is felt to be of Little lce

Age origin also. lioraines VC and VD possibly could

be described as 'Plugs' of moraine the result no doubt of nar-
rowing at these points within this tributary valley. Tne 1i-
chen and vegetation deveiopment of both moraine VC and VD
could only be described as extensive with complex vegetation
associations and considerable lichen cover being observed. -
White River ash was not Observed 1n assoclation with these mo-
raines, and, as a result, a deflnlte statement as to derlva-l
tion was not possible. However, the marked similarity between
thisg drift sequence and that of glac1er IV, which has been
related to the deposition of the' eastern lobe of the White

River ash (i.e., moraines IVC, IVD, and IVE are associated
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with tephra), sugcests the possibility that moraine V¢ ang
VD too are of g Holoceng expansional interfal other than the
Little Ice Age.

Glacier VI

Neoglacial drift extends approximately 500 meters
downvalley from the present terminus position of this small
cirgque glacier. ‘f'wo advances represented respectively by mo-
raines VIA and VIB (Fig. 9) were recognized. lhioraine VIA is
massive, ice-cored, and devoid of lichen and vegetatlon. its
distinctive similarity in these respects with moraine II4
which undoubtedly is of the Little Ice Age suggests
that moraine VIA also is g part of this most recent
Holocene €xpansional interval. loraine VIB is extensively
vegetated and consideration of this in addition to its outer-
most position wlthln this drift Sequence indicates greater
anthulty. Whether volcanic ash is or is not a38001ated with
- this latter moralnic feature was not determined, and, conse-
quently, a deflnite statement as to derivation was not pPOssim-
ble. However, the fact that all of the Neoglacial drift se-
quences examined this summer exhibited Little Ice Age moraines
fronted by or nested within Obviously much older Holocene mo-
raines of which nany were intimately associated with volcanic
ash and as such obviously of a Holocene glacier expansional
intervel other than the Little Ice 4Age auggests the possibility
that moraine VIB is as well. -

LY
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ATy Fig. 9 Neo%acial Drift Sequence Assoc.
/ acier VI. :
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PALEOCLIMATIC TMPLICATIONS AND DISCUSSION

Gradual vs Abrupt Climatic Change

Denton (1974: 890) points out that the Laurentide and
Cordilleran ice sheets were "at or néar late Wisconsin maxi-
mum positions-as late as 14,000 yr B.P." and that both under-
went major recession shortly thereafter. The Laurentide ice
sheet needed approximately 8000 years to undergo complete de-
glaciation, whereas the.Uordilleran which was approximeztely
half the sizg,required only 4000 yeéra. The immense ice vol-
ume, and consequ;ntly the extended melt period of the Lauren-
tide ice sheet, is obviously a factor to be considered. The
inertia of this vast glacier-system which undoubtedly resulted
in its preservation for some time despite the magnitude of
ény documented climatic amelioration must also be given con-
sideration. The implication is that the smaller a glacier-

system t%e more immediate its dymamic response, and, as such,

the better its ability as a paleoclimatic medium to reflect

the reality of & climatilc event. ‘

Thevst. Elias glaciér-complex attained its late Wis-
consin maximum about 14,000 yr BP, and underwent major reces-
sion very soon thereafter. This glac1er-complex, smaller
stlll than the Cordilleran ice sheet, required 1500-2700.years

to dissipate. Deglaciation, then, as evidence from the north-
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east.St. ¥lias Mountains would suggest, appears to have beeﬁ
a.rapid event. The significance of this statement, qithough
not.immediatei& pperent, is ffﬂﬁéﬁﬁf%ESt aﬁpreciéted when

one realizes it wmay have & di@gct'bearing upon “the important
question of whethgkr major glacial-interglacial climatic changes
can occur abruptly” (Denton 1974t 890). DLenton, in this re-
gard, maintains-that such a concept at least ddeserves seri-

' ous sbnsideration“ {1974: 890). |

. Geherally, traditional notions concerning late Wiscon-
sin glaciation of the nor&hegst St. Elias Mounfaina have em-
bodied the idea that all valleys, especially those peripheral
to the lcefield today, were occupiéd in. their entirety by gla-
cier ice. logically, such notions are dérived from the con-
cept of a vast and coalescent iate Wiéconsin glacier-complex,
which is believed to have dominated the regional landscape at.
this time. iherefore, the discovery that the Grizzly Creek ’/f?
villey glacier during l;te Wisconsin time may never have merged
with this rggionél‘giacier-complex, but, rather, functioned

as an independent glacier-system was imterestihg. This is of
interest from two.points—o -view. First, such a determination
challengstﬁge trad;tion concepi 6fuglaciation for thiﬁ re-

gion. ‘Second,. such a discovewyy may prove usg}ul with respect

to the question of abrupt climatic change.
The valley glacier-system occuy ying‘EE;z y Creek dur-

ing late Wisconsin time was substantiall smaller than the St.

N ' »
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¥lias glacier-complex thch underwent deglaciation over at - °
wmost 2700lyears and possibly in s little time as 1500 years.
The most obvious question which emerges at this point rélates
to the time which would have been réquire for the Grizzly
Creek valley glacier fo have undergone deglaciation. Field
evidence as-discussed parlier;suggests that locally degléci—
ation did indeed proceed répidly. However, the determination
of the actual time involwved fexhainéd a problem. Sl;allow ac-

cumulations of ﬁeat, which\very likely interface with till,

occupy .many of the depressions associated with the Grizzly
Creeg hummocky moraine. 4 sequence of radiocurbon dates ob-
fained from such org%nic d8posifs immediately overlying till,
and collected?alongf; transect or series of transects extend-
ing upvalley from-the proposed local late Wisconsin limit,
may provide insight to this question. If the range‘between

these dates proved to be narrv

(speculatively from 500-2Q00
years) then 1t could be concfuded that the concept of abrupt

climatic chénge must be givegn serious consideration.

Holocene Climatic Variation

The stratigraphy . chronology of the Neoglacial
drift sequences presented indicates minimally that two phases

of Holocene glacier expansion are represented in Grizzly

Creek Valley (i.e., the Little Ice Age and at least one ear-

lier Holocene expansional interval). Pegﬁhps the most obvi-

ous question which may be raised at this point questions which
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. earlier Holocene glacier expansional interval.(s) is (are)
in fact represented. Denton and Karlen (1973: 155) predict
glacier expansion, with intervels of contraction bet;een, ;
peaking at "200-330, 2800,...5300..., 7800, 10,300, 12,800
and 15,300 calendar yr BP" and so forth. ZEvidence exists,
vhich, alihough‘inconclusive, suggests that the earlier ex-
pansional interval represented ‘is that which culminated ap-
proximately 2800 yr BP. With regard to this latter point,
further discussion is warranted. ‘

Kluane /Maceuley deglaciation "began about 13,660
cl4 yr 3P...and glaciers had receded rapidly to their pres-
ent positions before 11,000-12,500 ¢*4 EP" (Denton and Kar-
1en( 1973: 173). " The expansional :i:nter'val, which culminated
15,300 yr 2P, then, occurred superimposed upon & late Wis-.
consin glacial maximum and therefore can be ruled out.

The glacief expansional intervals culminating 12,800
and 10,300 yr BP camnot be discounted with such ease. How-
ever, it could be stated that their representation in this
locale\is highly unlikely. The small valley and cirque sla~
ciers of Grizzly Creek may have receded to approximately the
positions they now occupy by 12,800 yr b, and, certainly,
to at least such positions by 10,300 yr BP. A glacier ex-
pansional interval occurring approximately concurrentl& then
could have resulted in the emplacement of moraines in the

very locations where such features were observed during the

R /
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summer of 1979. However, the fact that most of the moraines -
in question are obviocusly ice-cofed, and associated siopes
are still relatively unstable, suggests a more recent.deri-\
vation. Presumab;y, morainic deposits of the very early ex-
pansional intervals would not be so characterized. In this
regard, one would expect a substantial, if not a compiete,
wastege of any associated ice core and & much greater degree
of slope stability. I

Denton gnd Stuiver (1969a) have doccmented, at least
with respect tc certain glaciers in this region, recession
considerable distances upvalley ffom current termini positions.
IMaximum glacier‘recession most probably occurred at approxi-
mately the tlme of the climatic 0pt1mum, and available
evidence suggests that thle occurred sometime within the in-
terval_BOOO to 5000 yr BP. Evidence indicative of z similar
behavioural response for the Grizzly Creek Glacier was not
dis'c_:overed.l However, when consideration is given the magni-
tgde of the climatic amelioratioﬁ involved, the assurption
that Grizzly Creek Glacier did in fact respond at this time
with considerable recession upvalley from its current termi-
nus position does not seem unwarranted. The expgéiional in-
tervals culminating 7800 and 5300 yr EP then would -have oc-
curred as fluctuation superimposed upon ex%ended g}acier re~
traction. lioraines of these glacier expansional ictervals

would then logically have been deposited upvalley of, or at

!
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least in the vicinity of, current termini positions. They

would then have been easily overrun subseguently by glacier

édvanpes derivative of the expansional intervals culminating7/f~\‘_“

2800‘énd 200-330 yr BP. These two most recent expansional

pheses occﬁrred superimposed upon the longer term treﬁd of

secular cqpling which has characterized the latter Holocene

and as a result were much mdllrt.a extensive. ' ' L
The rationale presented above suggests thet the ear-

lier expansional phase in fact fepresented is thdat whicq'cul-

minated 2800 yr BP. In this regard, it may be highly'sig-

nificant that the oldest Holocene moraines discovered in this

region date to this expansional interval. In addition, and

with regard to St. Elias Neoglacial sequences, whenever it

has been demonstrated that a particular moraine predates the

erosition of the eastern lobe of the White River ash, and

‘meny of the moraines investigated this summer clearly 4id,

radiocarbon dating whenf;ssdciated inevitably has bracketeﬁ

such moraines within this expansional interval.

-Conclusion
The data derived during field research at Grizzly
Creek provide support for Denton and Karlen's model concern-
ing Holocene climatic variability. However, it was not pos-
sible to derivé a definitive statement in support of their
. hodel. There were severe difficulties involved in the es—'

tablishment and association of a precise chronologic frame-
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work. Thié problem substantially precluded the complete
fulfiliment of.reééarch objectives. The Grizzly Creek mo-
reines were only datablie relative to the deposition of the

m l%be of the Whiﬁe_River ash an event which occurred
approximately 400 yr BP. Consequently, it could only be
stated that phases of Holocene glacier expansion mini-
mally are represented in Grizzly Creek Valley. lioreover,
and after having assumed continuity with the regional stra~-
tigraphy, it was suggested that the expansional intervals
represented were those which culminated ca. 2800 and 200~
330 yr EP respectively. Numerous other scenarios, however,
are possible. For eiample, five moréihes comprise the mo-
raini complex aésociated with glacier IV, The possibiiity,
however 1kely, that each is derivative of a magor expan=-
sional in erval effectively out-of-phase with the model under
consideration must not be discounted. The difficulties in-
volved in the establishment and association of a precise
chronoclogic framework‘cannot:belunderemphasized. Denton
and Karlen's approach emphasized the examination of "moraines’
fronting numerous glaciers to discover situations where older
moraines were preserved“ (Dénton and Kerlen 1973: 173). Their
‘approach could be modified to restrict such exemination to
situetions where the probability of/establishing a precise

chronologic framework is high.
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