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OUT-OF-PHASE HOLOCENE CLIMATIC TRENDS I N  THE MARITIME AND 
CONTINENTAL SECTORS OF THE ALASKA-CANADA BOUNDARY RANGE 

MAYNARD M. MILLER AND JAMES H. ANDERSON 

ABSTRACT 

Comparative f i e l d  s tud ies  of Quaternary g l a c i a l  sequences and 
palynological  p ro f i l e s  i n  kett le-hole bogs a re  described with re- 
spect t o  t h e  coasta l  and i n t e r i o r  f lanks  of the  Alaska-Canada Bound- 
ary Range o n  a t ransect  from Juneau, Alaska (Taku D i s t r i c t )  t o  At l in ,  
B.C. (Cass iar  D i s t r i c t ) .  Special  a t t en t ion  is given t o  the  problem 
of out-of-phase glacio-climatic f luctuat ions  i n  the maritime versus 
cont inenta l  sectors  of t h i s  Cordil leran region, within the  framework 
of secular  changes s ince  Valders time ... ca. ,  10,500 t o  1l ,000 y r s .  
B.P. 

Based on radiocarbon dating of key horizons i n  the  s t r a t i g r a p h i c  
sequence, a t ab le  of c l imat ic  trends i s  noted f o r  each region where 
today the  mean annual sea-level p rec ip i t a t ion  regimes a r e  228 cm 
( in  the temperate Si tka  spruce and hemlock fo res t  of the Juneau 
sector)  and 25 cm ( i n  the  dry semi-arid white spruce and pine 
f o r e s t s  of t h e  At l in  sec to r ) .  References t o  "warmer and d r i e r "  and 
"warmer and wetter" designate p rec ip i t a t ion  regimes i n  each sec to r  
which character ized a period of increased storminess i n  the  Thermal 
Maximum. A l l  other adject ives  (e.g., "warm", "cool") a r e  r e l a t i v e  
t o  the r e spec t ive  Thermal Maximum conditions i n  each sector .  The c l i -  
matic character iza t ions  a r e  in terpre ted a s  folloys:  

INTERVAL, YEARS B.P. 

5,500-3,250 
Ther- 
mal 
Maxi- 8,000-5,500 
mum 9,000-8,000 

10,000-9,000 
10,500-10,000 
11,000-10,500 

ATLIN (CASSIAR) 
DISTRICT 

warm-wet 
cold-dry (decreased 

storminess) 

warm wet 

warmer-wet t e r  (in- 
creased stormi- 
ness) 

warm-we t 
cool-dry 
cooler-drier 
cool-dry 
cooler-drier 

TAKU (JUNEAU) DISTRICT 

warmer-drier 
cooler-wetter 

cooling-wetting 
maximum warmth and dry- 

ness 
maximum warmth and dry- 

ness 
r e l a t i v e  wamisg-drying 
cool-moist 
r e l a t i v e  warming-drying 
cooler-wetter 
coldest  
coldest  (Valders equiv.) 

The s ignif icance of t h i s  c l imat ic  sequence is discussed i n  terms 
of secular  s h i f t s  i n  the  Arct ic  Front and re la ted storm path posi- 
t ions  along t h e  North Pac i f i c  Coast during the  Holocene. Corroborating 



information i s  introduced from known var i a t ions  of g l a c i e r s  i n  t h i s  
region s i n c e  A.D. 1500 and from analyses of meteorological t rends  
i n  the c o a s t a l  sec to r  where r e l a t i v e l y  continuous records have been 
maintained s i n c e  A.D. 1840. 

INTRODUCTION 

Some unique aspects of l a t e  Quaternary g lac ia t ion  on the  north- 
west coast  of North America a re  revealed by a comparative s tudy of 
bog palynology and morpho-stratigraphic sequences on t h e  maritime 
versus con t inen ta l  f lanks of the Coast Mountains i n  the Alaska- 
Canada border  region (Bostock, 1948). The main comparisons a r e  made 
on a 240 km t ransect  across the Northern Boundary Range from ;un- 
eau, Alaska (Taku D i s t r i c t )  t o  At l in ,  B.C. (Cassiar D i s t r i c t ) .  The 
r e s u l t s  of t h e  study are  discussed i n  t h i s  paper with s p e c i a l  a t -  
tent ion b e i n g  paid t o  the  detect ion of out-of-phase glacio-climatic 
f luc tua t ions  i n  the  coasta l  a s  opposed t o  the  i n t e r i o r  s e c t o r s  of 
t h i s  t r a n s e c t  over the  near ly  11,000 years s ince  t h e  advent of the  
Holocene. 

T ~ E  PRESENT GLACIAL POSITION 

The main glacier ized sectors  of the southern and northern Bound- 
ary Ranges inc lude  the  S t ik ine  Ice f i e ld  (north and west of the  St ik-  
ine  River) and  the  Juneau I c e f i e l d  (northwest of the  Taku River) a s  
noted i n  F i g .  1. Several hundred miles northwest of the Juneau Ice- 
f i e l d  and l y i n g  i n  the  St .  El ias  Mountains extends the  S t .  E l i a s  Ice- 
f i e l d  where, i n  the Yakutat Bay sec to r ,  Tarr and Martin (1914) s i x t y  
years ago i n i t i a t e d  the  pioneering glaciological  and g l a c i a l  geo- 
log ica l  s t u d y  of Alaskan g l a c i e r s  f o r  the National Geographic So- 
c i e ty .  These three  l a rge  i c e f i e l d s  represent most of the  main ex i s t -  
ing g l a c i a t i o n  i n  North America today. Each expanded t o  t h e i r  pre- 
sent ly  configurated form about 2,000 yrs.  B.P. They a r e  Neoglacial 
i n  age and a r e  not r e l i c t  from e a r l i e r  Pleistocene time. They re- 
present contiguous a reas  of interconnected highland val ley  g l a c i e r s  
which t o t a l ,  respect ively ,  about 2,600, '2,800, and 13,000 square 
km of n&&i and outflowing g lac ie r  tongues. They a r e  typif ied  
by the  Juneau I c e f i e l d  and i t s  receding Llewellyn Glacier (Pig. 2) 
on the  con t inen ta l  f lank of t h e  range and the  advancing Taku Glacier  
(Fig. 3). The Llewellyn Glacier dra ins  north from the  i e e f i e l d  i n t o  
the  dry i n t e r i o r  of the  northern B,C.-Yukon region, and the  Taku 
g lac ie r  is nourished on the  wet coasta l  f lank of the  range and fiows 
south t o  a t ide-water terminus. 

I n  a l l  of these sec to r s ,  today's g l a c i a l  posi t ions  a r e  c lose  t o  
the Neoglacial  maximum. This has been evidenced by lake varve stud- 
i e s  and radiocarbon dating of ice-buried fo res t  remains (Hanson, 1932; 
Kulp, Feeley , and Tryon, 1951; Cross, 1968; Mil ler ,  1956; Mi l l e r ,  
Egan and Beschel,  1968). In  some sectors ,  the  Neoglacial posi t ions  
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Figure 1, The Northern Boundary Range and che Juneau Icefield, 
in the Taku and Atlin Districts in the Alaska-Canada 
border region. 







represent the  most extensive advance of the  Holocene, Evidence is  
given by radiocarbon dat ing of muskeg peat (Heusser, 1952, 1953, 
1960, 1965; Heusser and Marcus, 1964) and dendrochronologic analyses 
of old spruce and hemlock f o r e s t s  invaded by g lac ie r s  during the  
l a t e  Neoglacial  (Lawrence, 1950; Lawrence and Elson, 1953). A s  f o r  
ea r ly  and middle Holocene conditions and, indeed, those of l a t e  W i s -  
consinan time, recourse must be made to  morphological and palyno- 
log ica l  information,  especia l ly  the  c l imat ic  records contained i q  
bog p ro f i l e s .  With respect t o  t h e  i n t e r i o r  val leys  and adjoining 
sectors  on t h e  cont inenta l  f lank of these mountains recent glacio- 
palynological measurements and in te rp re ta t ions  have been made and 
a r e  the  substance of t h e  following paper. These include a Holocene 
chronology and considerations of t h e  paleoglacio-climatic character  
of t h i s  region which l i e s  a t  the  northern end of the Cordi l leran 
Pleistocene I c e  Sheet. 

BIO-CLIMATOLOGICAL STRATIGRAPHY 

In  t h i s  s tudy ,  systemic consideration has been given t o  the  
palynology of kett le-hole bogs i n  the At l in  region of the Cassiar 
D i s t r i c t .  The palynokogical analyses a r e  by Anderson (1970), based 
on our f i e l d  work between 1965 and 1969. The purpose has been to 
compare Holocene sequences with those in terpre ted from muskeg bogs 
on the  Alaskan s ide  of the  Juneau I c e f i e l d  studied i n  an e a r l i e r  
Juneau I c e f i e l d  Research Program by Heusser (1952). In the  At l in  
sector  a t y p i c a l  low-elevation bog a t  730 m elevation (Mile 16) 
and a higher l e v e l  bog a t  1,035 m elevation i n  the upper Fourth 
of July Creek Valley a r e  i l l u s t r a t e d  i n  Figs. 4 and 5. The loca t ions  
of nine such key sample s i t e s  a re  shown i n  Fig. 6. Pollen and spore 
diagrams a r e  presented i n  Figs. 7 and 8 t o  show bog p r o f i l e s  a t  Mile 
16, near the  B.C.-Yukon border of the  At l in  road, and a t  Jasper  Creek 
about 40 km nor theas t  of the  Llewellyn Glacier terminus. From 
these and the  other pollen p ro f i l e s  obtained, a t en ta t ive  Holocene 
glacial-geobotanic-climatic chronology has been developed (Fig. 9).  
I n  t h i s  chronology, some per t inent  c l ima t i c  d i f ferences  a r e  out l ined 
i n  a comparison with Heusser's published sequence f o r  the  maritime 
s ide  of the  Boundary Range, 

By re fe rence  t o  t h e  r i g h t  hand column i n  Figs. 7 and 8, t h r e e  
d i s t i n c t  zones a r e  shown t o  represent gross vegetation changes i n  t h e  
At l in  sector  dur ing the  Holocene. These zones a r e  a l s o  revealed by 
the form of r e l a t e d  pollen p ro f i l e s ,  denoting the  nature  of con- 
temporaneous vegeta t ion.  Radiocarbon da tes  show tha t  the  boundaries 
between zones, however, a r e  not necessar i ly  contemporaneous from one 
bog t o  another .  The basal  (oldest)  zone is  the  shrub zone, charac- 
ter ized by a l d e r  and bi rch,  plus willow, g rass ,  Artemisia s p p .  and 
other Compositae. Here we find a low frequency of t r e e  pollen and 
dominance of shrub pollen. In the Mile 47, Jasper Creek and Wilson 
Creek bogs, t h i s  zone begins a t  the  base and extends well  up i n t o  
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Figure  6. A t l i n  Region map showing sampling s i t e s .  
Modifj-ed map c o u r t e s y  of t h e  Nat iona l  
Geographi c b o c l e t y  . 
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blue-gray c l a y  sediments, where the re  a r e  genera l ly  low p o l l e n  counts.  

Above t h e  shrub zone occurs a spruce zone, charac ter ized  by a 
rapid  i n c r e a s e  i n  the  dominating white spruce pol len  percentages.  
The pol len  coun t s  of t h e  p r inc ipa l  shrubs here  represent  willow, a l -  
de r  and b i r c h  and decrease t o  l e v e l s  in termedia te  between t h e  shrub 
zone and an over ly ing p ine  zone. The p ine  zone is the  uppermost and 
is cha rac t e r i zed  by high percentages of pine pol len  with r e l a t i v e l y  
lower spruce po l l en  percentages. Alpine f i r  g ra ins  a l s o  occur he re ,  
but  a r e  less f r equen t  i n  the  surface  (younger) s t r a t ig raphy .  

Sca rc i ty  of aspen and poplar pol len  i n  the  bog sediments has  
been a t t r i b u t e d  by Anderson (1970) t o  its low p r e s e r v a b i l i t y  i n  t h e  
a l k a l i n e  environment of t h i s  limestone region.  Actually today aspen 
is a very prominent cons t i tuent  of t he  vegeta t ion  of t h e  A t l i n  re-  
gion. 

I n  conjunct ion  wi th  the  palynologic sampling, seven bog sediment 
samples were obtained f o r  radiocarbon dating.  The Mile 16 Bog sam- 
p l e s  were t aken  a t  depths of 150 and 655 cm (Fig. 7). I n  the  Mile 
47, Mile 52 and Wilson Creek Bogs, radiocarbon samples were obtained 
a t  o r  near boundaries between major sediment types. Two samples were 
obtained from Mile 47 Bog, one of which was divided i n t o  organic  and 
inorganic f r a c t i o n s .  One sample each was co l l ec t ed  from Mile 52 and 
Wilson Creek Bogs. These permit t he  ca l cu la t ion  of probable sediment 
accumulation r a t e s  and an ex t r apo la t ion  of t e n t a t i v e  da t e s  t o  o the r  
1-evels. Cross co r re l a t ions  of key pol len  p r o f i l e s  between bogs he lps  
e s t a b l i s h  t h e  chronologic framework. I n  Fig. 8 ,  the  d a t e s  i n  paren- 
theses denote such correc t ions .  Although the re  can be e r r o r s  i n  t h i s  
kind of e x t r a p o l a t i c a  a t  l e a s t  i t  gives  an es t imate  of t h e  age and 
development o f  t h e  bogs. The age of the  bottom sediments i n  t h e  M i l e  
16  bog s e c t i o n  is suggested t o  be  approximately 8,000 yrs .  B.P. On 
a s imi l a r  b a s i s  t h e  o ldes t  sediments, determined by such c o r r e l a t i o n  
i n  the  Ja spe r  Creek p r o f i l e ,  were deposited a t  l e a s t  11,000 yrs .  
B.P. 

The ana lyses  g ive  some ind ica t ion  of the  e a r l i e s t  d a t e s  of de- 
g l a c i a t i o n  a t  the southern end of the  A t l i n  va l ley .  Also the  d a t e s  
a r e  commensurate wi th  c14 ages r e l a t i n g  t o  bog development s i n c e  de- 
g l a c i a t i o n  i n  adjoining highland sec to r s  N.E. of A t l in ,  inc luding 
the  Fourth of Ju ly  Creek Valley (Fig. 6) .  From t h i s  we know t h a t  
by no l a t e r  t h a n  9,000 years  B.P., most of the  A t l i n  va l l ey  was de- 
g l ac i a t ed  f o r  some 110 km south of t he  l a t e  Wisconsinan moraines. 
a t  t he  no r the rn  end of L i t t l e  A t l i n  Lake and hence t h a t  most of t h i s  
region was deg lac i a t ed  by the  beginning of the Holocene. I n  t h e  l a t e  
G lac i a l  t o  e a r l y  Holocene warning, f i n a l  r e t r e a t a l  pos i t i ons  of the  
i c e  were c l o s e  t o  the  loca t ion  of subsequently developed maximm Neo- 
g l a c i a l  moraines near the  present  periphery of the Juneau I c e f i e l d .  



CHRONOLOGIC INTERVALS OF THE HOLOCENE AND RELATIONSHIP 
OF STORM PATHS 

A p rov i s iona l  time sequence of Holocene c l imat ic  and g l a c i a l  
events f o r  the Taku-Atlin region i s  given i n  the  geobotanic chrono- 
logy of Fig .  9. Here n ine  d i s c r e t e  time zones a r e  shown, extending 
backward from the  youngest t o  the  o ldes t  ( i . e . ,  t o  Valders t i m e  
about 11,000 yrs .  B.P.). Related changes i n  genera l  storm path 
pos i t ions  a r e  idea l ized  diagrammatically i n  Fig. 10. These s h i f t s  
i n  pos i t i on  have been r e l a t e d  t o  a so lar -c l imat ic  con t ro l  mechanism 
(Mil ler ,  1956, l972b, 1973). The chronosequence and zonal  charac- 
t e r i s t i c s  i n  successive t i m e  i n t e r v a l s  a r e  out l ined  i n  t h e  following 
tabula t ion .  

Time I n t e r v a l  I 

This per iod  inc ludes  t h e  present  t o  about 750 yrs.  B.P. and 
e s s e n t i a l l y  embraces the " L i t t l e  I c e  Age". This included minor 
f l u c t u a t i o n s  i n  l a t e  Neoglacial c l imate  and r e l a t e d  g l a c i e r  va r i a -  
t i ons  dur ing  t h i s  most recent  i n t e r v a l  of increased g l ac i a t ion .  I n  
the  At l in  r eg ion ,  t h e  c l ima t i c  charac ter  was genera l ly  warmer and 
d r i e r  than t h e  preceding i n t e r v a l  but  wanner and wet ter  on t h e  coas t  
( see  below), wi th  minor f luc tua t ions  respect ive ly  between we t t e r  and 
d r i e r  condi t ions .  Actual ly ,  t he  palynological  method is  not  sen- 
s i t i v e  enough t o  r evea l  the  short-term c l ima t i c  pulsa t ions  of t he  
" L i t t l e  I c e  Age"; however, g l ac io log ica l  and glacio-meteorological  
techniques have been applied t o  de l inea te  such f luc tua t ions ,  Thus, 
a three-fold warming and cooling pa t t e rn  superimposed on a genera l  
warming t rend e spec ia l ly  notable  s ince  the mid-1700's has been we l l  
documented f o r  the  period s ince  deposit  of the  ifirst major L i t t l e  
I ce  Age moraine around 1,600 A.D. (Beschel & Egan, 1965). Further-  
more, t h e r e  is evidence i n  the  bogs of an increase  i n  p r e c i p i t a t i o n  
during some of these  f luc tua t ions  including a recent  re juvenat ion  
of subsurface i c e  and growth of pa lsas  i n  the  higher e l eva t ion  bogs 
(Fig. 5)  r e l a t e d  t o  regional  cooling s ince  the l a t e  1940's  (Anderson, 
Mil ler  and Tallman, 1974; and Tallman, 1974). All ied wi th  t h i s  
t he re  has been a s u b s t a n t i a l  bu i ld  up of g l a c i e r  i c e  i n  the  ice-  
f i e l d  sec to r s .  I n  f a c t ,  a l l  of t he  g l a c i e r s  s ince  the  1950's a t  
higher e levat ions  have responded t o  l a t e  Neoglacial c l ima t i c  per- 
turbat ions  (Miller ,  1970, 1973) , supporting the  contention t h a t  t he  
Arct ic  ~ r o n t l  throughout the  Holocene s h i f t e d  back and f o r t h  across  
the  a x i a l  zone of t h e  Bcundary Range shared by the  Taku and d t l i n  
D i s t r i c t s .  I n  the  genera l ly  warm-moist s i t u a t i o n  of today, t h e  

l ~ h e  l i n e  of demarcation between the  high pressure anti-cyclonic 
cont inenta l  weather condi t ions  and the  low pressure cyclonic 
marltime condi t ions  on the  coas t .  
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storm paths2  have a s t rong ly  maritime o r i en ta t ion  with f r eez ing  lev- 
e l s  s i g n i f i c a n t l y  higher than i n  the  preceding in t e rva l .  Associated 
wi th  t h i s  has  been downwasting and genera l  r e t r e a t  of g l a c i e r s  w i th  
low n6ve's and a notable  thickening and advance of g l a c i e r s  wi th  h igh 
ngvbs. 

Time I n t e r v a l  I1 

For t h i s  period (2,500-750 B.P.) the  palynological  record  sug- 
g e s t s  cooler  and d r i e r  condi t ions  than i n  the  " L i t t l e  I ce  Age". 
This involved a s i t u a t i o n  i n  which the average pos i t ion  of t h e  Arc- 
t i c  Front and associa ted  storm paths s h i f t e d  inland with increased 
dominance of t h e  maritime pressure c e l l  and lowered f reez ing l e v e l s .  
The r e s u l t  w a s  decreased storminess and l e s s  p rec ip i t a t ion  i n  t h e  in-  
land a reas  and a corresponding cooler  and wet ter  s i t u a t i o n  i n  t h e  
coas t a l  p a r t  o f  t he  Taku D i s t r i c t .  Associated with t h i s  were Neo- 
g l a c i a l  advances on lower n& g l a c i e r s  and r e t r e a t a l  conditions on 
high nkvk g l a c i e r s ,  Early Neoglacial advances i n  the  nor thern  Bound- 
ary  Range r e f l e c t  condi t ions  of lowered temperature and increased 
marit imity a c r o s s  the  range;  but  decreased storminess is  a l s o  ind i -  
ca ted  by the  inc rease  i n  dry  c l imate  vegeta t ion  i n  the  i n t e r i o r  A t -  
].in region r evea led  by the  bog pol len  record.  A g rea t e r  propor t ion  
of pine i n  t h e  A t l i n  va l l ey  r e f l e c t s  a higher frequency of f o r e s t  
f i r e s  r e s u l t i n g  from these  d r i e r  condi t ions  (Anderson, 1970). It 
is  s i g n i f i c a n t  t h a t  the  r e l a t i v e l y  cool-dry cl imate of the  A t l i n  
va l l ey  a t  t h a t  time was q u i t e  out-of-phase with the  c l ima t i c  char- 
a c t e r  of the  Alaskan coas t .  This r e l a t ionsh ip  was f i r s t  suggested 
by Mil ler  (1956, p. 512) t o  expla in  divergences i n  the c l i m a t i c  en- 
vironment of muskeg a reas  a t  low e l eva t ion  and g lac io-c l imat ic  
t rends  a t  h i g h  e l eva t ion  on the  Juneau I ce f i e ld .  The l a t e  Holocene 
(Time 11) cond i t ion  is  a l s o  considered comparable t o  the beginning 
of the Holocene (Time I n t e r v a l s  V I  and VIII ) .  

Time I n t e r v a l  I11 

Continuing wetness,from 3,250 t o  2,500 yrs .  B.P., is connoted 
by the appearance of a lp ine  f i r  i n  the  A t l i n  spruce f o r e s t ,  w i th  de- 
creas ing  temperatures,  lowered f reez ing l e v e l s ,  and reduced stormi- 
ness.  A t  t h e  end of t h i s  i n t e r v a l ,  mean Ju ly  temperatures apparent- 
l y  decreased t o  c lose  t o  the  present  l e v e l ,  about 12' C. A t  t he  end 
of the  Thermal Maximum t h i s  may be compared t o  the  sub-Boreal. 

2 ~ n  t h i s  c o n t e x t ,  storm path r e f e r s  t o  per iphera l  c i r c u l a t i o n  of the  
suba rc t i c  cyclone  and not  t o  the  t r ack  of t he  cyclonic c e n t e r  which 
i n  the  n o r t h e r n  P a c i f i c  a rea  moves gene ra l ly  i n  a no r theas t e r ly  
d i r e c t i o n  and hence normal t o  the  south and southeas ter ly  winds of 
t he  p e r i p h e r a l  c i r c u l a t i o n .  



Anderson's (1970) i n t e r p r e t a t i o n  is t h a t  it ended about 1,000 years  
l a t e r  i n  the  A t l i n  a rea  than i n  the  Taku D i s t r i c t  a s  reported by 
Heusser (1952), making it contemporaneous wi th  the  sub-Boreal of 
o the r  regions.  Nevertheless a t  the  end of t h i s  i n t e r v a l ,  t h e  Arc t i c  
Front s h i f t e d  inland and Neoglacial time began. With less stormy 
and coo le r  condi t ions ,  lowered f reez ing l e v e l s  presaged a resurgence 
of many of the  l a r g e  g l a c i e r s  on the  Juneau I c e f i e l d .  

Time I n t e r v a l  I V  

With Holocene temperatures and p r e c i p i t a t i o n  reaching t h e i r  maxi- 
mum from 5,500 t o  3,250 yrs .  B.P., mean Ju ly  temperatures were prob- 
ably  a s  high a s  13' c and p r e c i p i t a t i o n  was a s  g rea t  a s  a t  present .  
The warmer and wet ter  condi t ions  meant higher f reez ing l e v e l s  and in- 
creased storminess. Dominant t r e e s  were spruce with a lde r .  The low 
n6vd Boundary Range g l a c i e r s  shrank t o  t h e i r  post-Wisconsinan minima, 
wi th  some thickening of higher e l eva t ion  c i rque  g l a c i e r s  and the  high 
e s t  c r e s t a l  n&&. Main trunk g l a c i e r s  i n  the  At l in  va l l ey  receded 
we l l  up i n t o  the  Boundary Range, some mi l e s  south  of t he  present  
pos i t i on  of t he  Llewellyn Glacier  (Fig. 2).  On the  Alaskan c o a s t ,  
f o r e s t s  grew f a r  up i n t o  the  present  ice-covered val leys  of t h e  Taku, 
Mendenhall, Herbert and o ther  maritime g l a c i e r s .  Maximum downwasting 
of a l l  but  t he  h ighes t  Juneau I c e f i e l d  ndv& culminated the  progres- 
s i v e  deglac ia t ion  t rend t h a t  had begun i n  Time V I I  some 6,000 years  
e a r l i e r .  

More extens ive  and luxur iant  vegeta t ion  charac ter ized  t h e  apex 
of t h i s  i n t e r v a l ,  which compared t o  the  A t l a n t i c  period of o the r  re-  
gions and the  l a t e  Hypsithermal (Thermal Maximum) i d e n t i f i e d  by 
Heusser i n  muskeg on t h e  Alaskan Panhandle. The Arct ic  Front was 
posit ioned much nearer  t he  coas t  and s u f f i c i e n t l y  west of t he  Juneau 
I c e f i e l d  t h a t  even the  maritime Taku Glacier  (Fig. 3) had a terminus 
some 14 mi les  up-valley compared t o  i ts  subsequent Neoglacial maxi- 
mum. With increased temperatures t h e r e  was a l s o  increased atmos- 
pe r i c  turbulence and storminess responsib le  f o r  the  continuing we t t e r  
condi t ions .  

Time I n t e r v a l  V 

This period l a s t e d  from 8,000 t o  5,500 yrs .  B.P. I n  the  begin- 
ning,  regional  temperature i n  the  At l in  s e c t o r  approached present  
l e v e l s ,  marking t h e  beginning of t h e  Thermal Maximum. With i t s  waxing 
and waning phases, t h i s  extended over 5,000 years ,  about ha l f  of  the  
Holocene. P r e c i p i t a t i o n  i n  the  At l in  a rea  was a t  today's  l e v e l  (280- 
355 mm per year)  o r  h igher ,  i . e .  near ly  semi-arid, but i n  compari- 
son wi th  preceding t i m e  i n t e r v a l s  r e l a t i v e l y  wet3, thus promoting 

'use of t h e  t e r m  "wet" only des ignates  a wet p r e c i p i t a t i o n  regime 
r e l a t i v e  t o  t h e  d r i e r  and more con t inen ta l  condit ions charac ter -  
i z ing  t h e  preceding cool and d ry  spruce woodland and cooler  and 
d r i e r  tundra vegeta t ion  of time I n t e r v a l s  V I ,  V I I ,  V I I I ,  and IX. 
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widespread development of spruce  f o r e s t  vegeta t ion ,  

A t  the  o u t s e t ,  highland g l a c i e r  regimes were o s c i l l a t i n g ,  wi th  
chaages t a k i n g  p lace  rapid ly .  Overall  t he  trend was th inn ing ,  and 
r e t r e a t  of low-n&v6 g l a c i e r s ,  r e f l e c t i n g  a r i s e  i n  mean f r e e z i n g  
l eve l s .  A t  t h e  end of the  i n t e r v a l ,  t he  terminus of t h e  Llewellyn 
Glacier  presumably reached a pos i t i on  no t  f a r  from its p resen t  
pos i t ion .  

Time I n t e r v a l  V I  

During this shor t  i n t e r v a l ,  from 9,000 t o  8,000 yrs .  B.P., a 
s i g n i f i c a n t  a n d  in t e rmi t t en t  downwasting and r e t r e a t  of t h e  main A t -  
l i n  va l l ey  g l a c i e r  took p lace ,  with formation of t he  s e r i e s  of re-  
ce s s iona l  moraines and side-valley kame d e l t a s  a t  the  no r the rn  end 
of A t l i n  Lake. Ameliorating c l imate  i n  t h i s  i n t e r v a l  a t  t h e  onset  
of the  Thermal Maximum presaged the  change t o  warmer and moi s t e r  
condit ions f rom the  r e l a t i v e l y  cold and d ry  condit ions of t h e  pre- 
ceding i n t e r v a l .  I n  t h e  southern sec to r  t h i s  promoted growth of a 
spruce woodland. The Mile 47 and Mile 52 Bog a reas  (Fig. 6 )  were 
exposed a s  w a s  t h e  Mile 16 bog s i t e ,  although i c e  cores i n  t h e  ground 
moraine had presumably not  ye t  melted out  t o  c r e a t e  the  k e t t l e  i n  
which the  l a t t e r  bog developed. This time i n t e r v a l  is  considered by 
Anderson (1970) a s  a " th i rd  and f i n a l  subdivision of a period com- 
parable  t o  t h e  pre-Boreal i n  o ther  regions o r  the  contemporaneous 
Early P o s t - g l a c i a l  recognized by Heusser (1960) i n  Southeastern 
Alaska". 

The mean pos i t ion  of t h e  Arct ic  Front was again moved toward 
the  coas t  by dominance of t he  Polar  anticyclone.  The r e s u l t  was 
decreasing storm-tness and r a i sed  f reez ing l e v e l s  and cool-dry c l i -  
matic c o n d i t i o n s  In  t h e  Ar l in  a rea  compared t o  the r e l a t i v e l y  warm- 
ing-drying, though s t i l l  b a s i c a l l y  cool and mois t ,  condi t ions  which 
presumably w e r e  developing a t  the  c o a s t a l  f lank of the  Boundary 
Range. From g l a c i o l o g i c a l  i n t e r p r e t a t i o n s  (Mil ler ,  1963, 1961) , the  
consequence o f  t h i s  c l ima t i c  t rend would have been increas ing  re-  
t r e a t  of i n l a n d  g l a c i e r s  wi th  low nhv& and advance of both in land 
and maritime g l a c i e r s  with high nE?vks. G lac i a l  regimes may have 
been comparable to those  cha rac t e r i z ing  I n t e r v a l  I1 i n  t h e  e a r l y  
ha l f  of the  Neoglac ia l .  

Time I n t e r v a l  V I I  

Thle p e r l o d ,  from 10,000 t o  9,000 yrs .  B.P., was charac ter ized  
by a shrub rurtdra vege ta t ion ,  wi th  herbaceous tundra i n  t h e  nor thern  
sec to r  of t h e  Ai l in  region. The prevai l ing  cooler  and d r i e r  c l i m a t i c  
c o n d i t i m s  r ep resen ted  the  co ldes t  pa r t  of the  Holocene. Storminess 
was lessened because  the re  was l e s s  atmospheric energy. S i g n i f i -  
can t ly ,  pa lyno log ica l  i n t e r p r e t a t i o n s  suggest t h a t  cooler  and moister  



cond i t i ons  p r eva i l ed  along t h e  Alaskan c o a s t ,  w i th  i n l and  o r i e n t a -  
t i o n  of s torm t r a c k s  and notably  depressed f r eez ing  l e v e l s .  The main 
v a l l e y  g l a c i e r s  on t he  coas t  responded by crowding forward a s  d i d  
low in land  g l a c i e r s ,  inc luding  t he  t runk  g l a c i e r  down t h e  At- 
l i n  v a l l e y .  Highland g l a c i e r s  a l s o  became inc rea s ing ly  c h i l l e d  and 
r eve r t ed  t o  thermally po l a r  t o  sub-polar condi t ions ,  wi th  lessened  
f low r a t e s  r e s u l t i n g  i n  s t i l l - s t a n d s .  Extensive kame t e r r a c e s  on 
each f l a n k  of t h e  A t l i n  v a l l e y  i n  its nor thern  s e c t o r  co r robo ra t e  
t h i s  i n t e r p r e t a t i o n .  With low temperatures,  t h e  mean A r c t i c  Front  
probably aga in  s h i f t e d  in land  and f o r  long per iods  l a y  over  t h e  
southern  p a r t  of t he  A t l i n  reg ion .  Regional g l a c i a t i o n  a t  t h i s  time 
was l i k e l y  i n  t h e  Lesser  Mountain I c e  Sheet Phase of Miller (1964). 

Th i s  was t he  pre-Boreal i n t e r v a l ,  o r  e a r l y  P o s t g l a c i a l  according 
t o  Heusser ' s  (1960) i n t e r p r e t a t i o n ,  r ep re sen t ing  a g l ac io -c l ima t i c  
o s c i l l a t i o n  not  gene ra l l y  de l i nea t ed  elsewhere (al though i n  t h e  mid- 
con t inen t  chronology of t h e  Great Lakes reg ion  t he re  is evidence of 
a  post-Valders resurgence-Valders 11).  It a l s o  may c o r r e l a t e  w i th  
t h e  Sumas Stade of S.W. B r i t i s h  Columbia and t he  S i t takanay  s t a g e  
i n  t h e  Taku Valley of N.W. B r i t i s h  Columbia (Mi l le r ,  1956). 

Time I n t e r v a l  V I I I  

From 10,500 t o  10,000 y r s .  B.P., i n  t he  in land  s e c t o r s  t h i s  in-  
t e r v a l  r e p r e s e n t s  a s h o r t  o s c i l l a t i o n  s l i g h t l y  warmer and r e l a t i v e l y  
we t t e r  than  the  preceding and subsequent i n t e r v a l s .  The main A t l i n  
v a l l e y  t runk  g l a c i e r s  of Wisconsinan age apparent ly  then su f f e r ed  
a remarkably rap id  24-33 km r e t r e a t  from the  maximum late-Wiscon- 
s i nan  p o s i t i o n  a t  the  embankment moraines near  J ake ' s  Corner on t h e  
Alaska Highway (Fig.  6 ) .  They reached a s t i l l s t a n d  i n  t h e  v i c i n i t y  
of what is now Mile 24 on the  A t l i n  Road. I n  t he  Jasper  Creek and 
Wilson Creek bog a r e a s ,  t h e  vege t a t i on  changed from shrub tundra t o  
spruce woodland s i m i l a r  t o  b u t  d r i e r  than t he  present  vege t a t i on  
found a t  1,280 t o  1,370 m i n  t h e  A t l i n  region.  

0 
It is  suggested t h a t  mean J u l y  temperatures were above 10  C 

and t h a t  p r e c i p i t a t i o n  r o s e  t o  perhaps a s  high a s  205-250 mm per 
year .  The mean p o s i t i o n  of t he  A r c t i c  Front  was somewhat f a r t h e r  i n -  
land  than  i n  Time V I I ,  y e t  c l o s e r  t o  t h e  coas t  than i n  Time I X ,  
t hus  probably w e l l  south  of t h e  A t l i n  region.  At t h e  onse t  of t h i s  
per iod ,  t h i s  should have r e s u l t e d  i n  t h e  passage of increased  i c e  
from h ighe r  n k e '  g l a c i e r s  i n t o  the rnair, f i o r d s  on t he  coas t .  At t h e  
end, t h e s e  degraded i n t o  r e t r e a t  a s  f r eez ing  l e v e l s  lowered and 
s torminess  decreased. 

Time I n t e r v a l  I X  

This  i n t e r v a l ,  'from 11,000 t o  10,500 y r s .  B.P., is presumed a s  
t he  f i n a l  s t a g e  of la rge-sca le  Wisconsinan g l a c i a t i o n  i n  t h e  Taku- 



A t l i n  reg ion .  T h i s  g l a c i a t i o n  e s t a b l i s h e d  t h e  outermost  mora ine  
complexes w i t h i n  t h e  p e r i p h e r a l  d i s t r i b u t a r y  v a l l e y s  of t h e  Coast  
Range. I n  t h e  A t l i n  s e c t o r ,  t h i s  would be t h e  end-stage o f  embank- 
ment mora ines  which today a r e  c rossed  by t h e  Alaska Highway a t  t h e  
n o r t h e r n  end o f  L i t t l e  A t l i n  Lake (F ig .  6 ) .  I n  t h e  Taku D i s t r i c t ,  
i t  would be r e p r e s e n t e d  by t h e  o l d e r  s u r f a c e  t i l l s  and r e l a t e d  
slump d e p o s i t s  i n  Gast ineau Channel and Lynn Canal immediately s o u t h  
and west of t h e  Juneau I c e f i e l d  (F ig .  I ) .  Where t h e s e  t i l ls  l i e  
above t h e  h i g h e s t  marine t e r r a c e s  they a r e  somewhat s t a i n e d  and 
s l i g h t l y  wea thered .  Where exposed i n  t h e  lower f i o r d  a r e a s ,  j u s t  
above p r e s e n t  sea l e v e l ,  they a r e  o v e r l a i n  by t h i n  unweathered b lue-  
g ray  t i l l  and d iamic tons  which were i n i t i a l l y  l a i d  down i n  Time V I I I  
a s  d i s c u s s e d  above .  

I n  t h e  i n t e r i o r  A t l i n  r e g i o n ,  t h e  moraines and p i t t e d  outwash 
of t h e  Moose Bones Bog a r e a  and knob and k e t t l e  topography and g r a -  
v e l  t e r r a c e s  o f  t h e  White Mountain-Squanga Lake r e g i o n  i n  t h e  T e s l i n  
Valley were formed a t  t h i s  t ime.  I n  t h e  A t l i n  Valley,  t h e  M i l e  16 ,  
Mile  47, and M i l e  52 bog s i t e s  were s t i l l  covered by i c e ,  b u t  t h e  
Wilson Creek and J a s p e r  Creek bog l o c a t i o n s  had become exposed by 
g l a c i a l  t h i n n i n g  dur ing  t h i s  t r a n s i t i o n  i n t o  t h e  Holocene. 

V e g e t a t i o n  i n  t h e  v i c i n i t y  of t h e s e  bogs was shrub t u n d r a ,  in -  
d i c a t i n g  mean J u l y  tempera tures  of 7.8' t o  9' C and a mean p r e c i -  
p i t a t i o n  of p r o b a b l y  l e s s  than  203 mm. The c l i m a t i c  c h a r a c t e r  was 
c o o l e r  and d i r e r  t h a n  i n  any subsequent  i n t e r v a l ,  a l though  a  s h o r t  
comparable i n t e r v a l  a l s o  developed dur ing  per iod  V I I  a s  p r e v i o u s l y  
noted.  There  was a  c o o l e r  and m o i s t e r  c o u n t e r p a r t  a long  t h e  Alaskan 
c o a s t ,  a t  w h i c h  t ime t h e  i n l a n d  f i o r d s ,  inc lud ing  Lynn Cana l ,  were 
l a r g e l y  f i l l e d  w i t h  i c e .  The morphogenetic c h a r a c t e r  of t h i s  g l a -  
c i a t i o n  would be  e q u i v a l e n t  t o  t h e  In te rmedia te  Mountain I c e  Shee t  
Phase ( M i l l e r ,  1964).  From t h i s  and t h e  evidence of g l a c i a t e d  c i r -  
ques  w i t h i n  90  m of p r e s e n t  s e a  l e v e l  ( M i l l e r ,  1961),  i t  i s  con- 
cluded t h a t  f r e e z i n g  l e v e l s  were r i g h t  down a t  t i d e  water  and t h a t  
t h e  A r c t i c  F r o n t  had dominant i n l a n d  o r i e n t a t i o n .  A t  t h i s  t ime i t s  
mean p o s i t i o n  l i k e l y  r e s t e d  w e l l  over  t h e  A t l i n  reg ion .  

I n t e r v a l  I X  is a l s o  presumed t o  r e p r e s e n t  only p a r t  o f  a  l a r g e r  
i n t e r v a l  e x t e n d i n g  back i n t o  t h e  Wisconsinan Age. I n  may b e  com- 
p a r a b l e  t o  t h e  t a i l  end of t h e  P o r t  Huron maximum i n  t h e  American 
mid-cont inen t  chronology and t o  t h e  younger Dryas S tade  ( P o l l e n  Zone 
l c )  of t h e  European chronology.  D i s t i n c t  evidence of a n  a m e l i o r a t e d  
Two Creeks ( A l l e r b d )  i n t r a - g l a c i a l  fo l lowing  t h i s  s t a g e  i n  t h e  A t l i n  
a r e a ,  w i t h  c o r r e s p o n d i n g  m i l d e r  c o n d i t i o n s  i n  t h e  Taku ( c o a s t a l )  
a r e a s ,  i s  n o t  c l e a r ,  a l though  t h i s  may b e  represen ted  by t h e  condi-  
t i o n s  c i t e d  £ o r  Time I n t e r v a l  V I I I .  There fore ,  assuming I n t e r v a l  
I X  t o  r e p r e s e n t  on ly  t h e  l a s t  500 y e a r s  o r  so  of a  f i n a l  major  W i s -  
consinan g l a c i a t i o n  i t  could be  r e l a t e d  t o  t h e  La te  G l a c i a l  Phase 
111 s u g g e s t e d  by Heusser (1960) from pa lynolog ica l  s tudy of t h e  
North P a c i f i c  mari t ime r e g i o n  and t o  t h e  I n k l i n  s t a g e  of late-Wis- 



consinan g l a c i a t i o n  de l i nea t ed  by M i l l e r  (1956, 1972a) from s tudy  
of P l e i s t o c e n e  s t r a t i g r a p h y  i n  t he  contiguous Taku D i s t r i c t .  

THE WISCONSINAN-HOLOCENE BOUNDARY 

The second au thor  sugges ts  t h a t  I n t e r v a l  V I I I  (10,500-10,000 
y r s .  B.P.) could pos s ib ly  be t he  f i r s t  d i s t i n c t  subd iv i s i on  of t h e  
Holocene Epoch, a l though t he  f i r s t  au tho r  i n c l i n e s  t o  r e f e r ence  i t  
a s  a  Valders  equ iva l en t  (Bothnian i n  Scandinavia) .  This  l a t t e r  in -  
t e r p r e t a t i o n  would c o r r e l a t e  i t  w i th  t h e  Tulsequah s t a g e  i n  t h e  Taku 
Valley,  B.C. and wi th  t h e  upper blue-gray t i l l  and a s soc i a t ed  d i a -  
mictons i n  t h e  Juneau a r ea  (Mi l l e r ,  1956, 1963).  I n  Anderson's 
i n t e r p r e t a t i o n ,  t h e  lower Holocene-Wisconsinan boundary would r e s t  
a t  about  10,500 y r s .  B.P. and r ep re sen t  t he  beginning of pre-Boreal 
o r  Ear ly  P o s t g l a c i a l  time. With M i l l e r ' s  i n t e r p r e t a t i o n ,  t h i s  
boundary would be a t  9,500-10,000 y r s .  B.P. More recent  rad iocarbon  
d a t e s  i n  t h e  A t l i n  r eg ion  may favor  t he  l a t t e r  view. For example, 
t h e  broad upland g l a c i e r s  a t  t he  head of t r i b u t a r y  v a l l e y s  i n  t h e  
r e g ion  between Gladys, Su rp r i s e  and McDonald Lakes (Fig.  6)  a r e  now 
known t o  have begun downwasting and r e t r e a t i n g  between 9,000 and 
10,000 y r s .  B.P. This  i s  shown i n  bogs wel l  w i th in  a r e a s  of l a t e -  
Wisconsinan i c e  cover a t  t he  915 t o  1,065 m l e v e l  where pea t  
was developing a s  e a r l y  a s  9,800 t o  8,800 y r s .  B.P. The ev idence  i s  
rad iocarbon  d a t i n g  of hea th  twigs from t h e  base of t he  p a l s a s  i n  bogs 
of t he  up e r  Fourth of J u l y  Creek Valley (F ig .  5  and 6 ) ,  w i t h  d a t e s  P of 8,050 - 430 y r s .  B.P. (GX2694), and 9,315 y r s .  B.P. (GX2695). 

On t h i s  b a s i s  t h e  Holocene should be considered t o  r ep r e sen t  
t h a t  t ime s i n c e  t he  beginning of t he  f i n a l  major deg l ac i a t i on ,  i . e .  
i n  r e f e r ence  t o  formerly g l a c i a t e d  reg ions .  Another way of s t a t i n g  
i t  i s ,  t h a t  i n t e r v a l  of time s i n c e  the  l a s t  major g l a c i a t i o n .  I n  
a  p e r i g l a c i a l  o r  non-glacial  reg ion ,  t h i s  d e f i n i t i o n  should i nc lude  
the  i n t e r v a l  s i n c e  culminat ion of t h e  l a s t  large-magnitude f l u v i a l  
o r  p l u v i a l  change. Although t h i s  i n t e r p r e t a t i o n  of t he  Holocene 
can imply d i f f e r e n t  l eng th s  of t ime f o r  d i f f e r e n t  reg ions ,  i t  would 
appear t o  be a  more meaningful and app rop r i a t e  chronologica l  u n i t  
f o r  r eg iona l  a p p l i c a t i o n  than  t h e  a r b i t r a r y  time-span of 14,500- 
14,000 y r s .  B.P. suggested by Mercer (1972) a s  comprising t h e  pos t -  
Wisconsinan i n  terms of t he  time "s ince  g loba l  temperatures began 
t o  r i s e  toward f u l l y  i n t e r g l a c i a l  l eve l s " .  

SYWCHRONEITY AND THE TELECUNNECTION PROBLEM 

The descr ibed  sequence of b iogeoc l imato logica l  subd iv i s i ons  of 
t h e  l a t e  Wisconsinan and Holocene Epochs f o r  t h e  North P a c i f i c  
c o a s t a l  r eg ion  sha r e s  some s i m i l a r i t y  t o  sequences i n t e r p r e t e d  i n  
o the r  r eg ions  of t he  P a c i f i c  C o r d i l l e r a .  The b e s t  synchrone i ty  is  
found i n  s p e c i f i c  time i n t e r v a l s  of t h i s  chronology appl ied  s o l e l y  
t o  mari t ime reg ions  west  and southwest of t h e  c o a s t  mountains and 



a s  f a r  south  a s  Washington S t a t e  (Heusser, 1965). It d i f f e r s ,  how- 
ever ,  i n  i n t e r p r e t a t i o n  of the  c l ima t i c  charac ter  i n  corresponding 
time i n t e r v a l s  between c o a s t a l  and inland sec to r s ,  s p e c i f i c a l l y  
between the  maritime and cont inenta l  f l anks  of t h e  Alaska-Canada 
Boundary Range. I n  some cases  the  subdivision boundaries a r e  more 
o r  l e s s  contemporaneous, but i n  o the r s  they a r e  not ,  Further under- 
standing of t hese  kinds of d i f f e rences  must come from more d e t a i l e d  
comparative s t u d i e s  of Ple is tocene  and Holocene s t r a t ig raphy  on 
both f l anks  of t h i s  range and a t  both high and low e levat ions .  But 
pending t h i s ,  t h e r e  a r e  s t i l l  some s i g n i f i c a n t  i n t e r p r e t a t i o n s  t o  
be  made from our  observations.  I n  f a c t ,  the  very development of 
more p rec i se  te leconnect ional  evidence depends on one important r e -  
l a t ionsh ip  which has been e luc idated  by our i n v e s t i g a t i o n ~  t o  d a t e  
and t o  the au tho r s '  knowledge no t  recognized i n  any previous study.  
This is  t h a t  t h e  development of cool and moist condit ions i n  t h e  
Alaskan c o a s t a l  zone have been pa ra l l e l ed  by development of approxi- 
mately contemporaneous cool and s l i g h t l y  d r i e r  c l ima t i c  condi t ions  
i n  the  in land s e c t o r s  of nor thern  B.C. and t h e  Yukon. S imi l a r ly ,  
the development: of warn and r e l a t i v e l y  d r i e r  oceanic c l ima t i c  condi- 
t i o n s  on the  coas t  appear t o  have prevailed a t  times when the  in-  
t e r i o r  a r e a s  experienced a t rend toward r e l a t i v e l y  warmer and w e t t e r  
cl imates.  This  out-of-phase c h a r a c t e r i s t i c  demands ca re fu l  s c r u t i n y  
and ana lys i s  from a g l ac io log ica l  pos i t ion ,  

GEOGRAPHICAL AND LATITUDINAL INDICES FOR 
OUT-OF-PHASE CLIMATIC TRENDS 

To be  understood these  paradoxical  secular  trends r equ i r e  de- 
t a i l e d  comparison of t he  behavior of e x i s t i n g  g l a c i e r s  on opposi te  
f lanks  of the  range. The following conclusions derived from our 
study of g l a c i o l o g i c a l  regimes concern the  pas t  s eve ra l  c e n t u r i e s  
on the  Juneau I c e f i e l d .  They a r e  f i r s t  noted f o r  c l a r i f i c a t i o n  an 
then invoked a s  a reasonable explanat ion  of: t he  out-of-phase 
"anomaly. " 

The chief  f a c t o r s  causing f luc tua t ions  of modern g l a c i e r s  i n  
?he Alaska-Canada Boundary Range a r e :  (1) c y c l i c  changes i n  t h e  
l e v e l  (e levat ion)  of maximum snowfall ;  (2)  per iodic  l a t e r a l  s h i f t i n g  
of storm paths ;  and (3)  poss ib le  e f f e c t s  of changing temperature 
condit ions wi th in  the  i ce .  Taken i n  conjunction with known meteoro- 
l o g i c a l  t rends  a t  some 70 weather s t a t i o n s  on the  nor th  P a c i f i c  

e r p r e t a t i o n s  a r e  i n  agreement with the  usual  condi- 
wi th  deglac ia t ion  i n  high l a t i t u d e s ,  i. e. "warmer 

and wetter" condi t ions  (v. Fig. 9,  Time I n t e r v a l  I) accompanying 
a rise i n  temperature and "warmer and d r i e r "  condit ions typi fy ing t h e  
middle l a t i t u d e s  (Wi l l e t t ,  1965, p. 63). In  con t r a s t ,  condi t ions  
causing in t ense  g l ac i a t ion  a r e  genera l ly  colder and wet ter  (Time 
I n t e r v a l s  V I I  and I X ) .  Thus over t he  pas t  two cen tu r i e s  the genera l  
tendency i n  t h e  Boundary Range has been towards deglac ia t ion  i n  the  



high l a t i t u d e  s ense . . i . e . ,  a  high l a t i t u d e  index.  

"Warmer and d r i e r "  cond i t i ons  i n  t h e  l a s t  200 y e a r s ,  and "cooler  
and we t t e r "  cond i t i ons  i n  t h e  preceding 1,700 yea r s ,  has  been sug- 
ges ted  by t h e  po l l en  s t u d i e s  of Heusser (1952) i n  muskeg p e a t  bogs 
of sou thea s t e rn  Alaska. Such i s  t h e  cond i t i on  expected i n  middle  
l a t i t udes - - i . e . ,  a  middle l a t i t u d e  index. Th i s  apparent  d i f f e r e n c e  
between s e a  l e v e l  a r e a s  and t h e  p r e s e n t l y  g l a c i a t e d  s e c t o r s  of t h e  
highland as w e l l  a s  a t  comparable l a t i t u d e s  i n  t h e  i n t e r i o r  r eg ion  
would appear  t o  be  i n t ima t e ly  connected w i th  s e c u l a r  s h i f t s  i n  s torm 
b e l t s .  The problein a s  t o  whether more o r  less p r e c i p i t a t i o n  occurs  
a t  any one  l o c a l i t y  a t  any one time i s ,  of cou r se ,  a  ma t t e r  f o r  
s p e c i a l  s t udy  and one which must always be  i n t e g r a t e d  i n t o  t h e  re -  
g iona l  p i c t u r e .  We recognize t h e  d i f f i c u l t i e s  involved i n  a  theo- 
r e t i c a l  d i s cus s ion  wi thout  u se  of r eg iona l  a e r o l o g i c a l  d a t a  and a l s o  
t h a t  t h e r e  a r e  l i k e l y  o the r  c l ima to log i ca l  a spec t s  t o  be cons idered .  
Never the less ,  t h e  gene ra l  t r end  of changes i nd i ca t ed  ag ree s  w i th  t h e  
f i e l d  d a t a  concerning i c e  f l u c t u a t i o n s  i n  t h e  n th8  a r e a s  of t h e  pre- 
s e n t  g l a c i a l  pos i t i on .  

CONCLUSION 

We conclude t h a t  t h e  explana t ion  of d i f f e r e n c e s  shown i n  t h e  
c l i m ~ t o l o g i c a l  c h a r a c t e r i z a t i o n  i n  t h e  chronology of deg l ac i a t ed  
t e r r a i n  on oppos i te  f l a n k s  of t he  Boundary Range r e l a t e s  t o  s e n s i t i v e  
s h i f t s  of t he  a r c t i c  f r o n t  a c ro s s  t he  range  dur ing  l a t e  P l e i s t o c e n e  
and Holocene time and t o  concomitant v e r t i c a l  changes i n  f r e e z i n g  
l e v e l s ,  i . e .  l e v e l s  of maximum snowfa l l .  The na tu r e  of short- term 
s h i f t s  ha s  been cons idered  i n  g l a c i o l o g i c a l  r e p o r t s  t o  involve  80 
t o  90 and pos s ib ly  180,  940 and 2,400-2,600 year  recur rences  
(Mi l l e r ,  1973, p. 182).  But t he  geo log i ca l  and pa lynologica l  tech-  
n iques  and o the r  ev idences  upon which t h e  chronology i n  F ig .  9  h a s  
been based a r e  no t  a s  p r e c i s e  and won't permit  a conc lus ive  i n t e r -  
p r e t a t i o n  of such " cyc l i c i t y " .  There is, however, a  h i n t  of ap- 
proximately 1,000 and 2,500 year  i n t e r v a l  spac ings  and a  f u r t h e r  
imp l i ca t i on  t h a t  t h e  pre-Neoglacial  p a r t  of t h e  Holocene might re -  
p r e se n t  a n  8,000 t o  10,000 year  " i n t e r g l a c i a l " .  

Our exp l ana t i on  of t h e  opposing c l i m a t i c  c h a r a c t e r i s t i c s  found 
on oppos i t e  f l a n k s  of t h e  Boundary Range s t i l l  f i n d s  v a l i d i t y  when 
re fe renced  t o  t h e  L i t t l e  I c e  Age regime changes of e x i s t i n g  g l a c i e r s  
i n  t h e  t r a n s i t i o n a l  zone a f  t h e  Juneau I c e f i e l d .  The r e s u l t s  of our  
long-term g l a c i o l o g i c a l  r e s ea r ch  program (Juneau I c e f i e l d  Research 
Program) have,  t h e r e f o r e ,  served u s e f u l l y  t o  guide i n t e r p r e t a t i o n  
of t h e  complex pa leo-c l imat ic  c o r r e l a t i o n s  i n  t he  deg l ac i a t ed  sec-  
t o r s ,  The imp l i ca t i ons  of t he se  i n t e r p r e t a t i o n s  a r e  g r e a t  w i th  
r e spe c t  t o  the  comparison of pa leo-c l imato logica l  p r o f i l e s  i n  o t h e r  
r e g ions  where s torm pa th  s h i f t s  have had s i g n i f i c a n t  e f f e c t s  dur ing  
t h e  P l e i s t ocene  and Holocene. One such s e c t o r  where t h i s  a n a l y t i -  
c a l  approach should prove t o  be most u s e f u l  is  i n  t he  marginal  zones 



along t h e  sou the rn  pe r i phe ry  of t h e  Lauren t ide  I c e  Shee t ,  a c r o s s  a 
l a r g e  a r e a  of t h e  Northern American con t i nen t ;  and indeed even i n  
such a r e a s  a s  North Af r i c a  and Southern Europe and i n  Asia Minor 
and Hesopotamia where v a s t  changes of c l ima t e  have taken p l a c e  over  
t he  pa s t  15 ,000  yea r s  co inc iden t  w i th  t h e  r i s e  of c i v i l i z a t i o n .  
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