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Part O

Glacial Feature in Pics from Social Media
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Part 1

10Be Exposure Dating



Beryllium-10, 1°Be

Symbol

Names

Protons (2)
Neutrons (N)

Natural
abundance

Half-life (t1/2)

General
1 OBE

beryllium-10, 10Be,
Be-10

4
6
Nuclide data

trace

1.39 x 10° years

Long compared
to end of Ice Age

Short compared
to age of typical
rocks

S



Produced by
neutrons
from cosmic
rays
Interacting
with oxygen
in rocks




production rate is
3.6 atoms per year per gram

In quartz



production rate
thought to be fairly constant

when averaged over
hundreds of years



10 grams

432,000 atoms of 1°Be
since end of Ice Age

mixed with

4 4x10% atoms of oxygen




penetration depth of
neutrons into rock is a few
centimeters



rock buried
more than a meter
for more than 10 million
vears has no °Be

no production
and slow radioactive decay



rock quarried
by glacier




rock transported
by glacier

\.




glacier melts
rock now exposed to
cosmic rays
10Be starts to
accumulate




sample rock,
measure 10Be,
infer exposure age




Part 2A

Using Erratic Boulders to date the end of the Ice Age



Part 2A

Erratic Boulders
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'“Be ages

O <18 ka

O 18-20 ka
O 20-23ka

@ 2:3-27ka
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about

5,000 year age difference
between the two moraines
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Green Pond

e




|

Grandpa Rock, along Suffern - Bear Mt Trail

Unsolved mystery: why the big age difference?

O‘

Cl# age of core
bottom

20

exposure age
of boulders

age, ka
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Part 2B

Using Erratic Boulders to Determine Ice Flow Directions



Erratic Boulder

andstone Boulder

Gneiss Ledge




Sandstone is a very
common
sedimentary roc

so lots of places
sandstone could
have come from






Fossil
imprints of
Brachiopod
shells

might help
to reduce
source
possibilities



Puddingstone on Schunemunk Mountain

very recognizable
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Part 3

Eskers
(subglacial stream beds)
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what do
subglacial

streams look
like?



radar image of
englacial
/
subglacial
stream

Northing [m]

englacial
within glacier
subglacial

- 158000

beneath glacier

: 2216 mil

ice

12
=
i

wElevat




0008651 - [w] bulynion

wy SINY YbIH

apny|

3600 3800 4000
Easting [m] - 669000

has
meandering
character



Wintoe - May 2018

_ _ e radar can image
. ._«-.H—_é._‘ - . seasonal

s changes
=n = ...._.l....-rt-._.”_tru:*#-h:ﬂ".-:rl-..._

Summer - August 2019 water
' X conduit

— : _ in glacier
T T St TS e e (red arrows)

= - = ""l-‘l_l.,.'}-:_pr_hrl-'_
= == -

- -
- = - -
E =

1350 1400 1450 1800 glacial bed
Easting [m] - 671500 vellow










before
and after
glacier melts
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Dallas Abbott, on an esker, Whitten Woods, Ashland, New Hampshire




Esker composed of sand
and gravel with
occasional glacial
boulders

Boulder with glacial straie, in an esker, Whitten Woods, Ashland, New Hampshire




Esker, with a younger lake surrounding it



Blueberry brambles on northern section of esker



Esker, Lower Range Pond, Poland, Maine
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Eskers
confirmation an area was subglacial

indicator of direction of subglacial water flow



But beware: differential erosion can create features that mimic eskers

A. Late Pliocene or
Early Pleistocene Surface
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Part 3

Drumlins
(subglacial sediment hills)
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Drumlins

shaped like
a roche moutonnette

A BUT direction reversed!
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Peak
Side View

Blunt end Tapered End

Plan
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¥ | Stratified diamict —7a,7] Diamict
1 |Y__¥] Muddy diamict 2 [¢2 2] Gravel 3| A | Massivediamict 4 | ¥V | Upperdiamict
———1 Mud Sand

Diamict = poorly
sorted sediment



Google

Imagery B7025 CNES / Alrbus, Landsat / Copernbous, Maxar Technologles, Map data @2025
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Figure 1. Location map for Rutford Ice Stream. White arrows show
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(solid black lines). WAIS—West Antarctic Ice Sheet.
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Origin hypothesis 1:
Some sort of flow instability in a wet, viscous
layer of till at the bottom of the glacier

Origin hypothesis 2:
Accumulation of sediment in originally
air- or water-filled cavities in the bottom of

the glacier



Hypothesis 1:

glacier —

wet, soft sediment shear  shear shear shear




Hypothesis 1:

/'
%&




Hypothesis 2:

glacier —
T

wet, soft sediment




Hypothesis 2:

glacier —

AL

wet, soft sediment




Drumlins
confirmation an area was subglacial

indicator of direction of glacial flow



But beware: if you mistake them for a roche moutinnee
vou’ll reverse the glacial flow direction!

drumlin roche moutinnee
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