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OQutline

Introduction to active source
seismology

Applications 1n glaciated regions
A little on seismic waves

CReSIS and active source
seismology
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Sei1smology

Use of energy waves to Image the
interior of the earth

“CAT Scanning” the subsurface

Passive source -- record earthquakes
and use theilr energy to answer
geologic questions

Active source -- produce sound waves
to target specific subsurface regions
to study




Active Source
Seismology

e Produce a sound and record the
echo

« How long until echo received?
e Distance to subsurface layer

« How strong 1s echo?
e Subsurface layer properties



Seismic Reflection &
Refraction -- |

« Reflection: Sound wave reflects
at layer(s) of iInterest
e High-resolution at depth
- Constra!nts on subsurface
properties

e Refraction: Sound wave bends
along a layer boundary of
interest

e Can cover large regions more easily
e Cheaper and faster



Seismic Reflection &
Refraction —-- 11
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Why Apply to Ice
Sheets?

Determine i1ce thickness (radar
to0)

Englacial layers (ice fabric)
Presence of water

Glacier bed properties

e Bedrock vs. Ti1ll vs. Water

e Soft vs. Hard Till

Deeper subglacial structures

e Sedimentary basins, faults, crustal



Glaciology 101:
Geology and lIce Flow

Inland Grounding Line
Ice

Basement




Obtaining Active
Seismic Data

e Survey Seismic Line
 Drill Shot Holes

e Lay out Seismic Cables
e Shoot

e Record Data



Obtaining Active
Seismic Data




Seismic Sources..

Explosives
Sledgehammer
Vibroselis

Compressed-alr
gun




.In Glaciated
Regions --




obtaining
Seismic Data

Offset > Offset >
Source Receievers Seismic Traces
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Shot Record from
Bindschadler Ice
Stream, WA

Distance Along Line (meters)
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Seismic Profile Along
Kamb Ice Stream, West
Antarctica

Distance Along Line (meters)
2000 4000 6000 8000

ey
Illf“ uf’ﬂ# i ( -fy ; Mﬁ'g‘% | M JJ‘H ';'i'l”w il 'IWU'L?J*:"ITI ITU\)I]:'”:]* M’[:Nw Hﬂ Tg‘llhﬂﬁ j”’f'
W WM ﬂ‘*“ i i I "";'ﬂii"l”f%"ﬂﬂ e ; i ”ii’i‘“ it

HIAAANG ) Il-ul,mt ! rl:-l h’”n
i B ”"'”*”"*"”[ W A ’ TR ol W".”!ﬂ“\?'”* \”‘*,fh?ﬂf.‘ﬂ
ljh e N m\

#'z'u,s P V.

) j f. hﬁ ' IS A gl _n|1 t Ll

Ej’,ﬂ ..: 4:( \.‘; i i .ai,;:ﬁﬂjl .",", .ﬂ "IW i o Ul A SN M’f'ﬁ}[ Ir_ 3’-.' i '.'.'!,-{'!I. 1,_-,#-
i {

| l, i
i f hil ) fnﬁr,h
.-j:ﬂ W -I' IJJ\ I I] .'Illf i _H.. Wi “..

dag

(s19)3W) de}ING MoJag Y

oy
©
=
=]
LY
Q
0
E
Q
E
L —
Qv
=
=
-
(4"
=
S
|_

| w a‘“""*' "‘"
'.fii'fl "ii ;jh X ﬂ-

L Ilh.:'.'u Hyh i n*"l.:‘




Types of Seismic Waves

- Body Waves

e Compressional
or P-wave 1S
fastest

e Shear or S-
wave 1S
slower

e Surface
Waves:
Raleigh
waves, Love
waves, ‘alr
blast”,
“ground roll”




Seismic Velocity of
Body Waves

e Velocity = function of elastic
properties

e Reflection character 1s related
to seismic velocity and density

e Gives subsurface li1thology



Ilce and Seismology

 Firn: Vp = 1-3 km/s, density=.4-_.8
g/cc

e lIce: Vp = 3.9 km/s, Vs = 1.9 km/s

- Highly anisotropic, small temperature
dependence

e Water: Vp=1.5 km/s, Vs = O

e Tolls: Vp = 2.1-2.4 km/s, Vs = ??,
depends on porosity - important for
fast flow

e Sediments vs. crystalline rocks:
roughness, erosion potential,
fracture potential, water

transgo roee



Selsmic body wave

= shear modulus (rigidity)
bulk modulus (iIncompressibil

p = density

A <
[l



Influences of pu, Kk,
Density on Velocity

e Rock type, porosity

« Till vs. basement; water content;
deformation rate

e Flurd presence and type
e Water

e Temperature, microcracks,
fabric,
« Flow law of 1ce



CReSIS and Sersmics

e Subglacial imaging of
Jakobshavn Isbrae (Greenland)
and Thwaites Glacier (West

Antarctica)

e Both are among the largest
dischargers of 1ce 1In the
world

e Both are changing rapidly
(decadal)

e Neither has good (any?) basal
data



Seismics 1In
Greenland
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Summary

Active source seismology 1Is a
powerful tool i1n subglacial Imaging

Seismic energy 1s sensitive to
changes In elastic properties

Reflection seismic profiling can

image at & below the base of the Iice
sheet

For fast-flowing glaciers (and
rapidly-changing glaciers),
conditions at the base & below the
base are extremely important




