
!"#$%&'%()*%+,-$!"#"$%&'()%*"($()#+',$!+'*"#$-.-.$/'($-.-0$&'$/$1..2$3&',$4#&5"'$3/6"$7"3"89$-...2:$);+',$*!&$(+44"#"'*$;"**+',;<$
$
$$$$$$$$$$$$$$$././<$0)1%($12()%3$)+$-+#"$$$$$=$$$$$$./.4<$0)1%($)+-,566%3$#+$%5(67$)8%$"),9$5$3(#+%$$
$
:1;%8,)<%-<$$

•! *";*$*>"$4"/;+?+3+*@$&4$;"+;2+%$#"%&#(+',$&'$43&/*+',$+%"$);+',$ABC$/'($&D*+%/3$4+?"#$
•! C"+;2+%$#"%&#(+',$&4$*#/DD"($!/8";$+'$*>"$+%"$,)+("$/33&!;$*&$2"/;)#"$4)'(/2"'*/3$D/#/2"*"#;$&4$*>"$+%"$3/@"#$

•! E<$@&)',$2&()3);$$F$$G$$$$$$!$$$#";+;*/'%"$/'($*>+%6'";;$
•! H2D3+%/*+&'$4&#$*>"$+%"$D/%6$/'($4#&5"'$3/6"=4I&#($%>/#/%*"#+5/*+&'$7"'8+#&'2"'*/3$/'($;/4"*@$+;;)";:$

$$

!"#$%&'()'!"#$%&'()%"*+!",-.&/)"0+!"1-)2"3+!"0/.-4&"5+!"6%7-8%'-"9+"""":";<=&..&>?@9"

EJK-0L$M1.1$$N"/;)#+',$43&/*+',$+%"$*>+%6'";;$!+*>$&D*+%/3$4+?"#;$/'($ABCO$$
/$*";*$%/;"$;*)(@$&'$/$4#&5"'$2&)'*/+'$3/6"$



$

<A"

<B"

<C"

<D"

Wavefield in a Floating ice layer (Stein et al. 1998)

Stress free plateFree ice layer
Waves: Lamb waves (An, Sn) + Shear-Horizontal (SHn)

Floating ice layer
*! Additional waves ~ Scholte wave (interface solid-liquid)
*! Modification of the dispersion branches of guided modes
*! Waves:  QAn, QSn ,QS (Q=«!Quasi!») + SHn

  floating plate

 
For freq x thickness < 50 Hz.m :

A0   =  leaky mode
QS  = Sholte / flexural
QS0 = axial / longitudinal
SH cannot be catched by the fiber

We record below the cutoff frequency of higher modes
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h

Lamb waves

Quasi-Scholte

Floating ice layer

Dispersion curves of the ice layer
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cQS0 = E
ρ(1 − ν2) (1)

(3)

W)'(/2"'*/3$/Q+/3$!/8"<$$ZC.$

W)'(/2"'*/3$C>&3*"$!/8"<$ZC$

H'8"#;+&'$&4$[$(+;D"#;+&'$\$%)#8";$

ZC$

ZC.$

B;;)2+',$!X.9TT$7;*/'(/#($+%"$8/3)":O$"]9$0$,+8";$@$$$$/'($$$$"]9$-$@+"3(;$9$

A+;D"#;+&'$%)#8"$"'>/'%"($?@$;8($4+3*"#+',$7N&#"/)$"*$/39$-.0M:$
);+',$;"8"#/3$;>&*;$



2020	
observation	

90	cm		 snow	

30	cm	 Snow	+	
water	

10	cm	 ice	

30	cm	 Ice	+	
water	

100	cm	 ice	

2021	
observation	

25	cm		 Wet	
snow	

45	cm	 Snow	+	
water	

60	cm	 ice	

Results	and	Conclusions	

Results		
	

	2020:	assuming	ρ	=	915	kg/m3	;	E	=	9.4	GPa;		ν = 0.33
																							h	=	0.56	m																																																										using	1-5Hz	band	
	

	2021	=>	assuming	ρ	=	915	kg/m3	;	ν = 0.33
	 	VQS0=1800	m/s;	E	=	3.4	GPa;	h	=	0.55	m						using	1-30	Hz	band	

	
	
Conclusion	
	
DAS	and	optical	fibers	seem	appropriate	for	ice	seismic	monitoring,	although	the	real	
Frozen	structure	is	more	complex	than	a	single	ice	layer.	
Next	step	will	be	to	experiment	the	method	on	thicker	and	stronger	ice	pack	and	monitor		
The	structure	along	time	
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