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North South

Water Flow

North-South Subglacial Drainage System 
funneled meltwater and sediments.



Esker continues north at 
least to Barre

Esker continues south at 
least to South Randolph

Esker continues north 
through Williamstown.



Glacial Lake 
Hitchcock

Glacial Lake Sediments

Ice flow and 
subglacial water 

flow to south.


Northward ice 
sheet retreat and 
growth of Glacial 
Lake Hitchcock.



Ridge, 2016



N
or

th
fie

ld
 M

ou
nt

ai
ns

G
re

en
 M

ou
nt

ai
ns

2n
d  B

ra
nc

h 
W

hi
te

 R
iv

er

1s
t  B

ra
nc

h 
W

hi
te

 R
iv

er

W
hi

te
 

R
iv

er
La

ke
 G

ra
nv

ill
e

La
ke

 R
ox

bu
ry

La
ke

 W
in

oo
sk

i

430 m

308 m 279 m

Small glacial lakes form in tributary valleys 
dammed by the retreating ice sheet.



279 m

Small lakes merge together forming an early 
stage of Glacial Lake Winooski
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Delta Sediments
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Glacial Lake 
Hitchcock

Glacial Lake 
Hitchcock

Ice-contact delta fed by sediments 
transported through a subglacial 
tunnel as the ice margin retreats 

(Larsen, 1987).





North South



Gravel

Silt/Clay

Glacial Lake Hitchcock

The gravel must have been deposited after Glacial Lake 
Hitchcock drained from the Second Branch valley.



Gravel Bar

• Deposited after Glacial Lake Hitchcock 
drained or lowered at least 32 m, enough 
so that the Second Branch valley was no 
longer filled with lake water.


• Were these deposited by a braided river 
system?

Gravel Bars

• If so, what was the source of all that 
gravel?



Glacial Lake 
Hitchcock

The Delta



Source of water to both 
build and erode the delta

• All of the meltwater from the 
receding ice sheet east of the 
mountains as well as some 
meltwater from west of the 
mountains flowed into and out of 
Glacial Lake Winooski.


• All of the meteoric water falling east 
of the mountains also flowed into 
and out of Glacial Lake Winooski. 

Glacial 
Lake 

Vermont

Glacial Lake Winooski



Ridge, 2016
Timing: When did Glacial Lake Hitchcock lower/drain?



Waterbury 
Reservoir

Muzzy 
Brook

Largest Extent of Glacial Lake 
Winooski

• Four Measure Sections of Varved Glacial 
Lake Sediments

• Waterbury Reservoir (S.F. Wright)

• Wrightsville Reservoir (S.F. Wright and 

Students)

• Montpelier (George Springston and 

Colleagues)

• Muzzy Brook (Fred Larsen)


• These have been correlated to 
Antevs’ (1928) Winooski Valley varve 
compilation which have in turn been 
correlated to the North American Varve 
Chronology.

Montpelier

Wrightsville 
Reservoir

Laurentide 
Ice Sheet

Outlet



Correlation of Glacial Lake Winooski Varves
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Waterbury 
Reservoir

Muzzy 
Brook

Timing of Glacial Lake Winooski

• Ice Margin Retreat Rates

• Muzzy Brook to Montpelier

• 5.9 km/20 yr = 295 m/yr


• Montpelier to Wrightsville Reservoir

• 6.4 km/21 yr = 305 m/yr 


• Upper Connecticut River Valley (Ridge et 
al., 2012)

• ~300 m/yr

Montpelier

Wrightsville 
Reservoir

Laurentide 
Ice Sheet

Outlet

Ridge et al, 2012

• How long did it take for the ice to retreat 
from the outlet of Glacial Lake Winooski 
to Muzzy Brook?

• 15 km/300 m/yr = 50 years

• 15 km/250 m/yr = 60 years
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Waterbury 
Reservoir 

~13,990 yr BP

Muzzy Brook 
~14,110 yr BP

Timing of Glacial Lake Winooski

•Glacial Lake Winooski existed ~14,170 
to 13,795 years ago (~375 years)


• During this time:

• A substantial delta grew in Glacial 

Lake Hitchcock

•Glacial Lake Hitchcock drained from 

the Second Branch valley

•Outflow from Glacial Lake Winooski 

eroded the delta and deposited those 
sediments in large gravel bars

Montpelier 
~14,090 yr BP

Wrightsville 
Reservoir 

~14,070 yr BP

Laurentide 
Ice Sheet

Outlet 
~14,170 yr BP

Breakout 
~13,795 yr 
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Correlation of Glacial Lake Winooski Varves
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Duration of Glacial Lake Winooski: ~375 Years
Abrupt increase in varve thickness in the upper Connecticut 

River Valley (Newbury, VT section, Ridge 1999)

Best estimate for when Glacial Lake 
Hitchcock drained (partially?)


~13,890±60 yr BP

~100 years to erode 
the delta and deposit 

the gravel bars



Ridge, 2016

Timing: When did Glacial Lake Hitchcock lower/drain?

~13,900 yr BP


