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Mechanical	response		depends	on	.mescale	of	loading	



GPa=	

Hobbs	(1974)	

Porosity			(poroelas.c	effects	well-known)	
	
Grain	size	(No	effect	on	elas.c	proper.es)	

Elas.c	proper.es	

There	is	a	modest	temp-dependence	for	elas.c	
response.	What	else	affects	unrelaxed	modulus?	



Modulus	with	impuri.es?	
	
Greatly	reduced	if	melt	(above	TE)	
Similar	if	subsolidus	
	

Can	calculate	modulus	from	Vp	and	
Vs	(P	and	S	wave	speeds)	

[Spetzler	and	Anderson,	1968]	



Flow	law	
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[Goldsby	and	Kohlstedt,	2001]	

Where	n	is	the	stress	
exponent,	p	is	the	grain	
size,	U	is	ac.va.on	energy,	
R	is	the	gas	constant	and	T	
is	temperature.	

Viscosity	of	ice	is	well	known.	
An	empirical	flow	law	relates	
stress	to	strainrate:	



Sta.c	grain	growth	

232	

Sta.c	grain	growth	depends	on	ini.al	
grain	size,	temperature	and	grain	
boundary	mobility,	which	is	influenced	by	
bubbles	and	insoluble	impuri.es	(through	
“k”)	

[Azuma	et	al.,	2012]	



MIT	4/29/13	

Twiss	[1977]	applied		
energy	balance	between	grain/		
subgrain	and	free	disloca.ons	

σ	is	stress		
Γ	=	μ/(1-ν)	
μ	is	shear	modulus	
ν	is	Poisson	ra.on			
d	is	subgrain	size	
b	is	burgers	vector	
K	and	p	are	constants	
	
(assumes	all	disloca-ons	are	
edge,	all	boundaries	are	simple	
-lt,	and	crystals	are	elas-cally	
isotropic)	
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Raj&Pharr [1986] looked at 
many materials to determine 
K and p
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Grain/subgrain	size	piezometer	for	deforming	
materials	[see	Jacka	and	Li	for	ice-specific	
piezometer]	



What’s	the	non-ice	stuff?	

Near-Infrared Spectra 
indicates ice (blue) and 
non-ice, hydrated material 
(red) are on the surface

Some non-ice 
candidates: 

- Na2SO4·nH20 

- MgSO4·nH20 

- Na2CO3·nH20 

- H2SO4·nH20 

- NaCl·2H20 



How	does	non-ice	stuff	affect	the	
microstructure?	

Do	not	picture	a	bunch	of	salt	with	specks	of	pepper.	These	are	all	soluble,	so	if	it	was	
ever	liquid	and	froze,	it	will	have	eutec.c	microstructure.		Composi.on	of	first	melt	will	
be	eutec.c,	regardless	of	ini.al	bulk	comp.		

All	candidate	salts/acids	form	“simple	binaries”	with	ice	



Scale	depends	on	ΔT	during	
solidifica.on	

Classical lamellar eutectic	

Two phases grow side-by-side into the liquid 
with velocity, V
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How	does	non-ice	stuff	affect	the	
viscosity?	

In	McCarthy	et	al,	2011,	I	found	that	ice+magnesium	sulfate	
had	higher	viscosity	(at	low	stress)	but	weaker	(lower	
fracture	toughness?)	at	high	stress.	



The	salts	are	more	briple	at	condi.ons	where	
ice	is	s.ll	duc.le,	which	means	the	eutec.c	
displays	semi-briple	behavior	(as	well	as	lower	
mel.ng	temperature	and	once	even	at	par.al	
melt	a	lower	modulus)	

Where	might	you	find	eutec.c	material?	
Anywhere	you	had	mel.ng	and	refreezing.	


