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Development and Stagnation of the last Pleistocene icecap in 
the Yellowstone Lake Basin, Yellowstone National Park, USA1) 

by G E R A L D M. R I C H M O N D , Denver , U . S . Geo log ica l S u r v e y 

With 3 figures 

A b s t r a c t . In late Pleistocene (Pinedale) time, the last of a series of Pleistocene icecaps 
developed in the Yellowstone Lake Basin. Initiated by a large glacier that entered the lake basin 
from the upper val ley of the Yellowstone River , the icecap gradual ly thickened until, at the glacial 
maximum, it had a maximum thickness of about 925 m, covered about 6,200 k m 2 , and comprised 
about 975 km 3 of ice. The cap overrode the basin divides in al l directions, including the high 
crest of the Absaroka Range to the east. 

After the maximum, the ice receded and then readvanced before stagnation set in. A sequence 
of discontinuous käme terraces record the gradual stagnation of the ice from a height of 280 m 
above the present level of Yellowstone Lake (2,360 m altitude) down to 33 m above the present 
lake, at which time the icecap was entirely surrounded by water. An ancestral Yellowstone Lake 
began to form at a height of 180 m above the present lake level northeast of the icecap and 
opened gradually southwestward into the basin at successively lower levels against the receding 
ice margin. It became an open body of water 21 m above present lake level about 11,000 years 
ago when the ice disappeared entirely. 

Z u s a m m e n f a s s u n g . Während des Jungpleistozäns (Pinedale) stieß als letztes Glied 
einer Serie von Vergletscherungen ein großer Gletscher aus der südlichen Absaroka-Range durch 
das hochgelegene Tal des Yellowstone River in nordwestlicher Richtung in das Seebecken vor. 
Während des Maximalstandes nahm der Gletscher 6200 k m 2 ein; seine größte Mächtigkeit betrug 
etwa 925 m, so daß sich die gesamte Eismasse auf etwa 975 k m 3 belaufen haben dürfte. Das Eis 
überschritt den Rand des Beckens in allen Richtungen und gelangte in die benachbarten Täler, auf 
die angrenzenden Plateaus und Gebirgsränder, die ebenfalls Eiskappen aufwiesen. Eine Verzah
nung des Hauptgletschers mit den Lokalgletschern ist an mehreren Stellen nachzuweisen. 

Nach dem Maximum des Vorstoßes taute der Gletscher teilweise ab, um später erneut vor
zurücken, jedoch nicht bis zum Maximalstand. Der dann einsetzende Abtauprozeß, der in meh
reren Phasen erfolgte, ist durch eine Folge von nicht zusammenhängenden Rückzugsbildungen 
(Kames-Terrassen, See- und Beckenabsätze) zwischen 280 und 33 m über dem jetzigen Seespiegel 
(2360 m) markiert. In einer Höhe von 180 m begann sich nordöstlich der abtauenden Eismasse 
zum ersten Mal ein Ur-Yellowstone-See zu bilden, der sich bei ständig sinkendem Wasserspiegel 
durch den zurückweichenden Eisrand allmählich in südwestlicher Richtung vergrößerte. Vor etwa 
11 000 Jahren, als das Eis vollständig verschwand, bildete sich 21 m über dem heutigen Seespiegel 
zum ersten Mal ein See mit offener Wasserfläche. 

Introduct ion 

Yel lows tone N a t i o n a l P a r k , l o c a t e d south of the 4 5 ° p a r a l l e l of l a t i t u d e , most ly in 
nor thwes te rn W y o m i n g , encompasses a b r o a d vo lcan ic p l a t e a u a t an a l t i t u d e of about 
2 ,500 m. To the wes t , th is p l a t eau descends about 700 m to the S n a k e R i v e r P l a i n . To the 
north, east a n d south the p l a t e a u is s u r r o u n d e d by m o u n t a i n s (Figure 1) t h a t rise as much 
as 1,000 m above i t . The p l a t e a u is m a d e u p of lower a n d m i d d l e Pleis tocene w e l d e d tuffs 
a n d rhyo l i t e flows ( B O Y D 1 9 6 1 , C H R I S T I A N S E N , O B R A D O V I C H a n d B L A N K 1 9 6 8 ) . S t ruc tur 

a l l y , the p la t eau lies a t the intersect ion of the nor theas t - t rend ing d o w n w a r p of the S n a k e 
R i v e r P l a i n — u n d e r l a i n b y upper Cenozo i c vo lcan ic rocks — w i t h s eve ra l north- a n d 
nor thwes t t rending f au l t block moun ta in s — under l a in b y P r e c a m b r i a n c r y s t a l l i n e rocks 
a n d Pa lezo ic a n d Mesozo ic s e d i m e n t a r y rocks. In the eas te rn par t of the P a r k is the 
A b s a r o k a R a n g e , m a d e up p r e d o m i n a n t l y of andesi t ic v o l c a n i c sediments a n d l a v a flows 
of Eocene and Ol igocene age (PROSTKA 1 9 6 8 ) . 

l ) Publication authorized by the Director, U. S. Geological Survey. 
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Fig. 1. Index map showing location of Yellowstone National Park and adjacent features mentioned 
in text. 

Y e l l o w s t o n e Lake B a s i n , in the sou th -cen t ra l par t of the P a r k , is bo rde red on the 
south a n d east by the Eocene volcanic rocks of the A b s a r o k a R a n g e , a n d is i r r e g u l a r l y 
filled to the north a n d w e s t by Q u a t e r n a r y rhyol i te tuffs a n d flows. The bas in contains 
Y e l l o w s t o n e Lake, one of the largest b o d i e s of wa te r in the wes tern U n i t e d S ta tes . Ye l 
lows tone R i v e r enters the l a k e from the south through a b r o a d canyon which heads high 
in the A b s a r o k a R a n g e to the southeast , a n d flows n o r t h w a r d out of the l a k e through 
the f amous Grand C a n y o n of the Y e l l o w s t o n e R ive r , l o c a l l y 400 m deep. 

Older P l e i s t o c e n e glaciat ions 

Evidence of three e a r l y a n d middle P le i s tocene g lac ia t ions — from oldest to youngest , 
the W a s h a k i e Point, C e d a r R idge , a n d S a c a g a w e a R i d g e Glac ia t ions — has been found 
in seve ra l ranges of the R o c k y M o u n t a i n s (RICHMOND 1 9 5 7 , 1 9 6 5 ) . The i r t y p e deposits 
a re in t he W i n d R ive r M o u n t a i n s , o n l y 1 3 0 k m from Y e l l o w s t o n e N a t i o n a l P a r k ( R I C H 
MOND 1 9 6 2 , 1 9 6 4 ) . These g lac ia t ions a re cons idered to be co r r e l a t i ve w i t h the Nebra skan , 
Kansan , a n d I l l inoian Glac i a t ions , r e s p e c t i v e l y , of the U . S . cont inenta l in te r io r ( R I C H 
MOND 1 9 5 7 ) . In Y e l l o w s t o n e Park , depos i t s of on ly one of these g lac ia t ions , be l ieved to 
represent the youngest o r S a c a g a w e a R i d g e Glacia t ion, h a v e been found. It is possible 
that the l o w e r and m i d d l e Pleistocene r h y o l i t e tufts a n d flows m a y concea l deposits of 
the e a r l i e r g lacia t ions . 

In e a r l y late Ple is tocene time, the B u l l L a k e Glac ia t ion , of ea r ly Wiscons inan age, 
formed a thicker and m o r e extensive i c e c a p in the Y e l l o w s t o n e L a k e bas in than that 
formed dur ing the last or P ineda le G l a c i a t i o n of late Wiscons inan age , w i t h which this 
pape r is p r inc ipa l ly conce rned . The o ldes t deposits of the Bu l l L a k e G l a c i a t i o n rest on 
a r h y o l i t e flow that has a n age of 1 5 0 , 0 0 0 y e a r s B. P. (Po t a s s ium-a rgon d a t i n g b y J . D. 
O B R A D O V I C H , wri t ten c o m m u n . 1 9 6 8 ) . T h e age of a second a d v a n c e of th is g lac ia t ion , 
as de t e rmined from the e s t ima ted rate of h y d r a t i o n and thickness of h y d r a t i o n r ims a long 
f rac tures in obsidian pebb les from end mora ines , is 8 0 , 0 0 0 ± 2 0 , 0 0 0 y e a r s ( IRVING 
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FRIEDMAN, wr i t t en commun . 1967) . W o o d from recessional l a k e deposits of th is g lac ia t ion 
y i e l d s a r ad ioca rbon age of >42,000 y e a r s B. P. ( W - 2 1 9 7 ) ( M E Y E R R U B I N , wr i t t en com
mun. 1968) . 

D e v e l o p m e n t of t h e last Ple is tocene icecap 

About 25 ,000 y e a r s ago , in l a te Ple is tocene t ime, d u r i n g the P i n e d a l e Glac ia t ion of 
l a t e Wiscons inan age , a complex of r e l a t e d icecaps formed in a n d near Y e l l o w s t o n e N a 
t iona l P a r k : in the Y e l l o w s t o n e L a k e Bas in itself, in the W i n d R i v e r M o u n t a i n s to the 
south, in the high p a r t s of the A b s a r o k a R a n g e to the southeast , in the S n o w y R a n g e and 
d r a i n a g e of the L a m a r R i v e r to the nor th , on the Bear too th P l a t e a u to the northeast , and 
on the Pitchstone P l a t e a u in the southwes tern par t of the P a r k . V a l l e y g l ac i e r s formed in 
ne ighbor ing ranges a b o v e 3,000 m in a l t i t u d e . Late Ple is tocene o rograph ic snowl ine , taken 
as the med ian a l t i t u d e be tween t e rmina l moraines a n d the highest points on c i rque head-
w a l l s in the region, w a s about 2,500 m. 

In the A b s a r o k a R a n g e east of Y e l l o w s t o n e Lake , sma l l g lac ie r s fo rmed in the cirques 
a n d began to a d v a n c e w e s t w a r d d o w n the v a l l e y s t o w a r d the l a k e . Southeas t of the l ake , 
v a l l e y g lac iers from the h igher pa r t of the Absa roka R a n g e coalesced in the broad deep 
uppe r v a l l e y of the Y e l l o w s t o n e R i v e r to form a s ingle l a r g e g lac ie r which flowed into 
Ye l lows tone L a k e Bas in . The lower end of this g lac ier a p p e a r s to have se rved as a nucleus 
for the deve lopment of a selfnourishing icecap that u l t i m a t e l y filled tha l a k e basin and 
overf lowed its r im . Th i s conclusion is based on several l ines of ev idence ( R I C H M O N D and 
P I E R C E 1 9 6 8 ) : 

( a ) Some t r i b u t a r y v a l l e y s east of the l ake conta in e r ra t i c s of igneous rock der ived 
from the h e a d w a t e r s of the Y e l l o w s t o n e R i v e r . 

(b) The l o w e r r idges a n d v a l l e y s lopes of the A b s a r o k a R a n g e are not grooved and 
scoured in a w e s t e r l y d i rec t ion as w o u l d be expected if v a l l e y g lac iers h a d flowed west 
across them. R a t h e r , t h e y are on ly s l i g h t l y modified a n d a r e covered by a th in veneer of 
g l a c i a l rubble, mos t ly l o c a l l y de r ived . 

(c) The t i l l in m a n y v a l l e y s east a n d south of the l a k e over l ies g r a v e l or l ake silt 
deposits in p r o g l a c i a l l a k e s d a m m e d b y ice in the l a k e bas in a n d then ove r r idden by it. 

(d ) V e r y few e r ra t i c s from the A b s a r o k a R a n g e occur wes t of the l a k e basin, and no 
e r ra t i cs from the r h y o l i t i c vo lcan ic p l a t e a u west of the bas in occur on its eas tern slopes. 

(e) F ragments of si l icif ied l a k e sil t a n d sand of Bul l L a k e age, de r ived from deposits 
beneath P ineda le T i l l a long the north shore of the l a k e , a re abundan t in P i n e d a l e Ti l l to 
the north. 

G r a d u a l l y the ice in the l ake bas in thickened a n d w h e n the upper v a l l e y of the Y e l 
lowstone R i v e r h a d been filled to a dep th of nea r ly 800 m the ice over f lowed w e s t w a r d 
across the T w o Ocean P l a t e a u (F igu re 2 ) . Here it scoured smal l l a k e bas ins elongate 
p a r a l l e l to the d i rec t ion of ice movemen t , rounded off the crests of c i rques m a r g i n a l to 
the p la teau , and depos i ted a thin g l a c i a l rubble conta in ing e r ra t i cs of basa l t , de r ived from 
the Absa roka R a n g e to the east, on the p l a t e a u surface. Wes t of the T w o Ocean P la teau 
the ice flowed south in to the d r a i n a g e of the Snake R i v e r , w h e r e it w a s 300 to 325 m 
thick and its erosive effects, in the form of s t reaming, g roov ing , and m o l d i n g of the l ands 
cape , a re v e r y m a r k e d . 

Along the east side of Y e l l o w s t o n e L a k e , the i cecap u l t i m a t e l y a t t a i n e d a thickness 
of about 925 m a n d over f lowed e a s t w a r d across the crest of the A b s a r o k a R a n g e . M a n y 
summits were shaped b y the ice in to l a r g e roches moutonees or iented to east, and the 
n o r m a l l y sharp crests of c i rque h e a d w a l l s were rounded b y the e a s t w a r d ove r r id ing ice. 
A few erra t ics of r h y o l i t e tuff, from the lower west slopes of the r ange , occur on a n d 
east of the crest. 
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Fig. 2 . Map showing maximum extent, inferred surface contours and areas projecting above 
surface of last Pleistocene ice cap in the Yellowstone Lake Basin. 

N o r t h e a s t of the l a k e bas in , about 6 to 8 k m north of the bas in r im, the i cecap came 
in contac t w i t h the L a m a r Glacier ( F i g u r e 2 ) . From here the b o u n d a r y of the icecap 
ex tended n o r t h w e s t w a r d , across the G r a n d C a n y o n of the Y e l l o w s t o n e R i v e r , a n d along 
the south f lank of the W a s h b u r n Range . In these areas the ice w a s about 150 m thick. 

West of the lake bas in , the ice o v e r f l o w e d the crest of the C e n t r a l P l a t e a u , w h e r e it 
p r o b a b l y w a s on ly about 100 m thick, c rossed the geyser bas ins a long the F i r eho le R i v e r 
to the wes t a n d ove r l apped the margin of t h e Mad i son P l a t e a u . 

S o u t h w e s t of the l a k e bas in , the ice o v e r f l o w e d the d r a i n a g e d iv ide a n d fil led the 
basins of Shoshone and L e w i s Lakes to a d e p t h of about 300 m. From Shoshone L a k e the 
ice e x t e n d e d southwest a c ro s s the saddle s e p a r a t i n g the Pi tchstone and M a d i s o n P l a t eaus 
a n d d o w n the d ra inage of the Bechler R i v e r , w h e r e it w a s cons ide rab ly a u g m e n t e d by ice 
from a l o c a l cap on the Pitchstone P l a t e a u . F rom Lewis L a k e , the ice f lowed south and 
joined a l a r g e r mass which extended s o u t h w e s t from the Y e l l o w s t o n e L a k e bas in across 
high m o u n t a i n s in the south-cent ra l par t of the P a r k and d o w n the d r a i n a g e of the S n a k e 
R i v e r . S p e c t a c u l a r g l a c i a l g rooves occur on severa l of the s u m m i t r idges . In deep v a l l e y s 
separa t ing the high m o u n t a i n s the ice w a s o v e r 520 m thick, bu t in the v a l l e y of the S n a k e 
R i v e r a t the P a r k b o u n d a r y , i t was on ly a b o u t 300 m thick. P a r t of this ice flowed south 
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a n d joined g lac ie r s f rom the Teton R a n g e to form a l a r g e p iedmont g l a c i e r in the bas in 
of Jackson L a k e ; ano the r pa r t f lowed wes t , along the south side of the Pitchstone P l a t eau , 
to jo in the tongue f lowing a round the nor th side of the p l a t e a u a n d t e r m i n a t e in a b r o a d 
i r r e g u l a r arc just sou thwes t of the P a r k . This ice w a s a l so cons iderab ly augmen ted b y ice 
f rom the local cap on the Pitchstone P l a t e a u . 

A t the g l a c i a l m a x i m u m , the Y e l l o w s t o n e L a k e Bas in icecap covered a n a rea of about 
6 ,200 k m 2 (F igure 2 ) a n d comprised abou t 975 k m 3 of i ce . Areas p ro jec t ing above the ice 
i n c l u d e peaks a b o v e 3,000 m a long the crest of the A b s a r o k a R a n g e a n d severa l summits 
be tween 2,500 a n d 3,000 m in the southern pa r t of the P a r k a n d south of the P a r k 
b o u n d a r y . Some h i g h l a n d s at about 2 ,700 m in the no r the rn and wes te rn pa r t s of the c a p 
a l so projected a b o v e the ice. 

S t a g n a t i o n of the P i n e d a l e icecap 

Fol lowing the P i n e d a l e g l ac i a l m a x i m u m , there b e g a n a complex h i s to ry of d o w n -
w a s t i n g , r e advance , a n d final s t agna t i on of the i cecap ( R I C H M O N D 1 9 6 8 a ) . A t first, the 
t h in western pa r t of the cap d o w n w a s t e d and, as u p l a n d s we re i n c r e a s i n g l y exposed, the 
ice separa ted in to seve ra l s tagnant masses a round which ex tens ive ice-contac t fluvioglacial 
s a n d and g rave l w a s deposi ted. A t th i s t ime, the a c t i v e ice front w a s a t leas t 5 to 25 k m 
from its former m a x i m u m posi t ion. Th i s ea r ly recession w a s f o l l o w e d b y a series of 
m i n o r advances d u r i n g which d iscont inuous end m o r a i n e s , ou twash g r a v e l p la ins , a n d 
thick embankments of hummocky t i l l w e r e deposi ted. T h e m a x i m u m ex ten t of these se
c o n d a r y r eadvances is shown in pa r t in Figure 3. To the nor th , the ice w a s sti l l in contact 
w i t h the L a m a r G l a c i e r ; to the no r thwes t it t e r m i n a t e d i r r e g u l a r l y a l o n g the crest of the 
C e n t r a l P l a t e a u ; to the southwest , it l a y in the d r a i n a g e of the Bechler R i v e r about 10 k m 
from its former s t and . To the south, i t w a s still in con tac t w i th p i e d m o n t ice from the 
Te ton R a n g e in the bas in of Jackson L a k e . 

Subsequent d o w n w a s t i n g and s t agna t ion of the c a p , though cont inuous , m a y be d i v i 
d e d into four phases on the basis of the a l t i tudes of d r a i n a g e outlets l e a d i n g a w a y from 
the ice, and the a l t i t u d e and charac te r of i c e - m a r g i n a l f luv iog lac ia l deposi ts . For con
venience , a l t i tudes a r e expressed in t e rms of height a b o v e the present e l e v a t i o n of Y e l l o w 
stone L a k e (2 ,360 m ) . Features assoc ia ted w i th each phase a re shown on F i g u r e 3. 

P h a s e 1. — A s the cap d o w n w a s t e d from its s e c o n d a r y a d v a n c e , up lands increa
s i n g l y projected t h r o u g h the ice a n d the Ye l lows tone L a k e Basin d i v i d e (F igure 3) began 
to be exposed. Emergence of the h igh T w o Ocean P l a t e a u caused s t agna t i on of ice to the 
southwest . I c e m a r g i n a l f luv iog lac ia l deposits in passes l e a d i n g across the p la teau show 
tha t me l twa te r s from thick ac t ive ice in the upper v a l l e y of the Y e l l o w s t o n e R i v e r f lowed 
wes t through them onto s tagnant ice . These passes, w h i c h range in a l t i t u d e from 570 m 
to 400 m above present Y e l l o w s t o n e L a k e , p r o b a b l y se rved as out le ts for on ly a short 
t ime . 

P h a s e 2. — After the ice h a d w a s t e d below the l e v e l of the h igh passes across the 
T w o Ocean P l a t e a u most of the d r a i n a g e w a s p r o b a b l y on the ice itself un t i l lower sec
tors of the Y e l l o w s t o n e L a k e Bas in d i v i d e became exposed and the i cecap w a s l a r g e l y 
confined to the bas in itself. D r a i n a g e out le ts across the d i v i d e became numerous and i ce -
contac t f luv iog lac ia l deposits fo rmed ex tens ive ly on the upper slopes of the basin. T o 
the east, v a l l e y g l a c i e r s in the A b s a r o k a Range s e p a r a t e d from the c a p a n d f luv ioglac ia l 
deposi ts formed in the in te rven ing v a l l e y sectors aga in s t s t agnan t ice d o w n s t r e a m (Fig. 3 ) . 
T h e highest of these deposits a re f rom 280 m to 190 m above present Ye l lows tone L a k e , 
a n d me l twa te r s f lowed east th rough the lowest pass across the range (F igu re 3 ) . N o r t h 
east of the l a k e bas in , m e l t w a t e r s d r a i n e d north onto the L a m a r G l a c i e r through passes 
260 m, 217 m, a n d 180 m above present l a k e level- E x t e n s i v e k ä m e t e r r ace deposits formed 
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in v a l l e y re-entrants , a n d l a m i n a t e d silts w e r e deposited in a n i c emarg ina l l a k e , ances t ra l 
to Y e l l o w s t o n e Lake, t ha t d r a i n e d north t h r o u g h the pass 180 m above present l a k e leve l . 
The a r e a of the Grand C a n y o n of the Y e l l o w s t o n e R i v e r w a s st i l l covered w i t h ice. West 
of the l a k e basin, i ce -contac t deposits a l o n g the l ake bas in d i v i d e l e a d wes t through 
outlets r a n g i n g from 225 m to 140 m a b o v e present l ake l e v e l . One outlet l e a d s southwest 
to k ä m e ter races and l a c u s t r i n e deposits f o rmed aga ins t s t agnan t ice in the basins of 
Shoshone a n d Lewis L a k e s . A l o n g the d i v i d e south of Y e l l o w s t o n e L a k e , a b r o a d h igh 
k ä m e 2 2 5 m above the p resen t l ake level m a r k s an ice-enclosed d r a i n a g e l e a d i n g south 
across the d i v i d e onto s t a g n a n t ice in the b a s i n of Hea r t L a k e a n d the v a l l e y of the S n a k e 
R i v e r . In the upper v a l l e y of the Y e l l o w s t o n e R ive r , k ä m e terraces w e r e formed a long 

•^Z DRAINAGE OUTLET. NUMBER REFERS TO PHASE OCCUPIED 
*»• ICE-CONTACT DEPOSITS OF PHASES 

i c e c o n t a c t d e p o s i t s o f p h a s e 3 
g l l a c u s t r a l d e p 0 5 i t 5 . n u m b e r r e f e r s t o p h a s e depos i t e d 

a r e a a b o v e o r b e y o n d m a x i m u m o f r e a d v a n c e 

Fig. 3. Map showing maximum extent of secondary readvance of last Pleistocene icecap, and 
deposits and drainage outlets of its stagnation phases. 



202 Gerald M. Richmond 

the v a l l e y w a l l s a n d in t r i b u t a r y re -en t ran t s be low an u p p e r l imi t of 190 m above present 
Ye l lows tone L a k e . M e l t w a t e r s d r a i n e d wes t through the pass south of T w o Ocean P l a t e a u 
(F igu re 3) unt i l the ice w a s t e d be low this threshold, 115 m above present l a k e level . 

P h a s e 3. — Fur the r d o w n w a s t i n g of the ice caused successively l o w e r käme ter
races to be deposi ted a r o u n d the n o w t o t a l l y s tagnant ice mass in the bas in . Dra inage to 
the east, west , a n d onto the L a m a r G lac i e r to the nor th h a d ceased. T h e last d r a i n a g e 
across the d iv ide to the south into the bas in of H e a r t L a k e w a s 76 m a n d the last into the 
bas in of Lewis L a k e w a s 67 m above present Y e l l o w s t o n e L a k e . The o ldes t m e l t w a t e r 
channel lead ing in to the G r a n d C a n y o n of the Y e l l o w s t o n e R i v e r , which p robab ly w a s 
st i l l filled w i t h ice, w a s 82 m above present Y e l l o w s t o n e L a k e . Ances t r a l Ye l lows tone 
L a k e cont inued to e n l a r g e s o u t h w e s t w a r d a t g r a d u a l l y l o w e r levels aga in s t the shr ink ing 
ice mass . Thick deposi ts of l a m i n a t e d sil t be tween 115 m a n d 33 m a b o v e present l a k e 
l eve l out l ine the ex ten t of the l a k e d u r i n g this phase. S i m i l a r deposits be tween 75 m a n d 
33 m above present l a k e level occur in v a l l e y re -en t ran ts a long the east side of the l a k e 
bas in . The absence of s im i l a r l acus t r a l deposits on the wes t side of the bas in suggests t ha t 
the ice l ingered aga ins t tha t slope in the shelter of the C e n t r a l P l a t eau . 

P h a s e 4. — The beg inn ing of phase 4 is m a r k e d by a prominent t e r r ace , 33 m above 
present l ake level t ha t ex tends essen t i a l ly a round the en t i re l a k e bas in . A n ice -marg ina l 
m e l t w a t e r channel l eads into the G r a n d C a n y o n (F igure 3) a t the same he igh t . This ter race 
shows that the r e m n a n t ice mass w a s en t i r e ly su r rounded b y at least a n a r r o w band of 
w a t e r a t this l eve l . S i m i l a r but d iscont inuous te r races occur a t 28 m a n d 24 m above 
present l ake level . These terraces a re l o c a l l y k ä m e ter races , m a d e up of p o o r l y sorted sand 
a n d silt , commonly covered by b o u l d e r y s lumped t i l l or solifluction debr i s a n d l o c a l l y 
charac te r ized b y d e a d ice depressions. Elsewhere they a re capped by beach deposits or 
l acus t r a l silt formed in i c e - m a r g i n a l l a k e s . In a few p laces they are cut on rock. 

In contrast a re the character is t ics of a w i d e s p r e a d t e r r ace about 2 1 m above present 
l a k e level that m a r k s the end of phase 4. Its deposits (F igu re 3) a re c o m m o n l y wel l - sor ted 
sand and g r a v e l . In p laces , these deposi ts a re thin, a re charac te r ized b y t y p i c a l beach 
crossbedding, a n d rest on a bench cut in to o lder fluvioglacial or l acus t ra l deposi ts , or rock. 
Elsewhere , they form l a r g e spits a n d ba r s , charac ter ized b y steeply d i p p i n g foreset bed
d ing , that could o n l y h a v e formed in a l a rge body of open w a t e r subject to p reva i l ing 
w e s t e r l y w i n d s a n d s trong longshore cur rents . A l though sma l l dead ice depressions occur 
in deposits of this t e r r ace a t the south end of the l ake , the deve lopment of the terrace on 
i s l ands in the l a k e a n d the w i d e s p r e a d d is t r ibut ion of the spits a n d bars c l e a r l y show tha t 
the icecap no longer ex is ted . F ina l d i s appea rance of the ice is be l i eved to have been 
be tween 10,000 a n d 12 ,000 y e a r s ago . 

If the Pleis tocene ended about 11 ,000 y e a r s ago , the final d i s appea rance of the icecap 
from the Ye l lows tone L a k e Basin a n d the complete open ing of Y e l l o w s t o n e L a k e a t a 
l eve l 2 1 m higher t han a t present p r o b a b l y coincided w i t h the beg inn ing of Holocene 
t ime . The l a k e a t the 2 1 m level m a y h a v e been d a m m e d at first by ice contac t deposits 
a n d s tagnant ice r e m n a n t s in the v a l l e y of the Y e l l o w s t o n e R i v e r nor th of the lake . S u b 
sequent lower ing of the l a k e a n d the deve lopment of l o w e r l a k e te r races a t 14, 10, 8, 5 
a n d 1.5 m above its present l ave l h a v e been cont ro l led b y erosion of h a r d l ake silts of 
Bu l l L a k e age a t the out le t . 

Holocene g l a c i a t i o n has been confined to cirques a n d v a l l e y s in the h i g h e r mounta ins , 
m a i n l y east of the l a k e . Three groups of advances a r e recorded ( R I C H M O N D 1968b) . 
M o r a i n e s of the oldest a d v a n c e s ( c u r r e n t l y classified as l a t e P ineda l e ) b e t w e e n 9,000 a n d 
7 ,500 y e a r s ago reach an a v e r a g e l o w e r a l t i tude of abou t 2 ,600 m. Those of the next 
younges t group of a d v a n c e s (Temple L a k e S tade of N e o g l a c i a t i o n ) , abou t 3,700 to 950 
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y e a r s a g o , reach an a v e r a g e l o w e r l imi t of about 2,875 m, a n d those of the younges t 
group of a d v a n c e s (Ganne t t P e a k S tade of N e o g l a c i a t i o n ) , about 400 y e a r s ago to the 
present, reach an ave rage l o w e r l imit of abou t 2 ,975 m. 
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