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Binary Mixtures: Equilibrium Phase Diagram

Freezing temperature (liquidus) is a function of composition 

Solid that forms has a different composition (given by the solidus) than the liquid
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Ice Growth from a Salt Solution
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Additional boundary conditions
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erfcµ ⇡ C�1

C = C∞ + Ci −C∞( )erfc z / 2 Dt( ) / erfc a / 2 Dt( )
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The growth rate of a planar solid–liquid interface is limited by the rate of removal of solute.

a = 2µ Dt  C =
C0
ΔC
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erfcµ = 1� erfµ

Ice Growth from a Salt Solution



Melting versus Dissolving
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Evolution of Under-ice Melt Ponds
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“False bottom” freezes at the top 
while dissolving at the bottom.  
Appears to migrate upwards.

Melt ponds over Arctic sea ice
Posted on 27 March, 2017 by Stephen Burt

By Daniela Flocco

Melt ponds develop over Arctic sea ice during the melting season from the accumulation of melt water from ice
and snow. These have become increasingly important over the last few decades because they have been more
prevalent and absorb much more solar energy due to their dark colour compared to the highly reflective white
sea ice (Perovich et al., 2002). Where ponds form, the ice beneath becomes thinner due to increased melting.
Towards the end of the summer, the air temperature drops and a thin layer of ice forms over melt ponds. The
ponds’ melt water trapped in the ice acts as a heat store and does not allow the underlying ice to start thickening
until all the pond’s water is frozen. Ponds are up to 1.5 m deep and it can take over two months to freeze their
volume of water. Considering that ponds cover up to 50% of the sea ice extent their impact cannot be neglected
(Flocco et al., 2015).

Credit: Donald Perovich

A strong negative correlation exists between the change in successive mean winter ice thicknesses and the
length of the intervening melt season, suggesting that summer melt processes play a dominant role in
determining mean Arctic sea ice thickness for the following winter (Laxon et al., 2003). Another indication of
the importance of melt ponds in explaining thinning of sea ice is that melt ponds are present in the Arctic more
than in the Antarctic, where the sea ice thinning is less striking.

Weather and Climate @ Reading
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Constitutional Supercooling
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Slow salt diffusion relative to heat diffusion causes constitutional supercooling

Constitutional supercooling if
<latexit sha1_base64="7wM3sPb5fju+qR83DnDY6d1CToU="></latexit>

@T

@z
<

@TL

@z
= �m

@C

@z

From similarity solution, if

<latexit sha1_base64="NExC8rKA+8KSxmI3ivX9pyajqfY=">AAAB73icdVBNS8NAEJ3Ur1q/qh69LBbBU0hibeut4MVjhX5BG8pmu2mXbjZxdyOU0j/hxYMiXv073vw3btoKKvpg4PHeDDPzgoQzpR3nw8qtrW9sbuW3Czu7e/sHxcOjtopTSWiLxDyW3QArypmgLc00p91EUhwFnHaCyXXmd+6pVCwWTT1NqB/hkWAhI1gbqdsc9JkI9XRQLDn2Va3ilSvIsR2n6npuRrxq+aKMXKNkKMEKjUHxvT+MSRpRoQnHSvVcJ9H+DEvNCKfzQj9VNMFkgke0Z6jAEVX+bHHvHJ0ZZYjCWJoSGi3U7xMzHCk1jQLTGWE9Vr+9TPzL66U6rPkzJpJUU0GWi8KUIx2j7Hk0ZJISzaeGYCKZuRWRMZaYaBNRwYTw9Sn6n7Q9263Yl7flUt1bxZGHEziFc3ChCnW4gQa0gACHB3iCZ+vOerRerNdla85azRzDD1hvn358kD8=</latexit>

T1
<latexit sha1_base64="OtYP7M19TZ1D8B7turJyrzeia/c=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4GnoSs90CXjxGzAbJEHo6PUmTnoXuHiEM+QQvHhTx6hd582/sLIKKPih4vFdFVT0vFlxpjD+szMbm1vZOdje3t39weJQ/PumoKJGUtWkkItnziGKCh6ytuRasF0tGAk+wrje9XvjdeyYVj8KWnsXMDcg45D6nRBvprjX0h/kCtnGlXC9hhO0ydqr1uiEYV2qlInIMWaAAazSH+ffBKKJJwEJNBVGq7+BYuymRmlPB5rlBolhM6JSMWd/QkARMueny1Dm6MMoI+ZE0FWq0VL9PpCRQahZ4pjMgeqJ+ewvxL6+faL/mpjyME81CulrkJwLpCC3+RiMuGdViZgihkptbEZ0QSag26eRMCF+fov9Jp2g7Fbt8e1VoFNdxZOEMzuESHKhCA26gCW2gMIYHeIJnS1iP1ov1umrNWOuZU/gB6+0TjUSN9A==</latexit>

Tf

<latexit sha1_base64="EzvMpz/OrWS9wYwNTAZk7YyYJy4="></latexit>

Tf � T0

T1 � T0
&

r
D


eµ

2

<latexit sha1_base64="aC8/kUiLQGYXEqYGxFSkFsCxEqU=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0VwFSYxtnVXcOOyYl/QhjKZTtqhk0mYmQgl9BPcuFDErV/kzr9x0lZQ0QMXDufcy733BAlnSiP0YRXW1jc2t4rbpZ3dvf2D8uFRR8WpJLRNYh7LXoAV5UzQtmaa014iKY4CTrvB9Dr3u/dUKhaLlp4l1I/wWLCQEayNdNcaomG5guyretX1qhDZCNUc18mJW/MuPOgYJUcFrNAclt8Ho5ikERWacKxU30GJ9jMsNSOczkuDVNEEkyke076hAkdU+dni1Dk8M8oIhrE0JTRcqN8nMhwpNYsC0xlhPVG/vVz8y+unOqz7GRNJqqkgy0VhyqGOYf43HDFJieYzQzCRzNwKyQRLTLRJp2RC+PoU/k86ru1U7ctbr9JwV3EUwQk4BefAATXQADegCdqAgDF4AE/g2eLWo/VivS5bC9Zq5hj8gPX2CTHTjbc=</latexit>

T0



Segregation

Single ice lens

Solute expelled from continuous solid phase

30 minutes real time

Mushy layer

Solute concentrated in interstices

10 minutes real time

Water plus impurity

Ice



Two phase     (solid + liquid)

Two component       (water + salt)

Reactive porous medium

We seek an averaged description of local

Mean temperature

Mean interstitial concentration

Solid fraction

Darcy velocity
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Sea Ice is a Mushy Layer
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Thermodynamic Models of (quiescent) Sea Ice

so

The thermal inertia (specific heat capacity) of sea ice is dominated by 
the internal release of latent heat.
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Liquidus relates interstitial 
concentration to temperature
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Thermal-diffusion-controlled solidification has length scales proportional to κt

Summary

Rate of solidification of a mixture at a planar solid–liquid interface is limited by rate of 
transport of rejected solute with length scales proportional to

But rejected solute causes local constitutional supercooling and morphological instability ...

... leading to the development of a mushy layer, with length scales again proportional to 

Sea ice is a mushy layer.

Mathematical models of mushy layers give accurate predictions of their evolution once 
their salinity is known,

What determines the salinity of sea ice?
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Desalination Processes of Sea Ice

Interfacial fractionation

Brine expulsion

Brine pocket migration

Brine drainage

Flushing



Interfacial Fractionation
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V
<latexit sha1_base64="tQ9mGWgbxUBnudKtoAZCrw3jIUM=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiQxtnVXcOOyYl/QhjKZTtqhkwczE6GEfoIbF4q49Yvc+TdO2goqeuDC4Zx7ufceP+FMKsv6MApr6xubW8Xt0s7u3v5B+fCoI+NUENomMY9Fz8eSchbRtmKK014iKA59Trv+9Dr3u/dUSBZHLTVLqBficcQCRrDS0l1ryIblimVe1auOW0WWaVk127Fz4tTcCxfZWslRgRWaw/L7YBSTNKSRIhxL2betRHkZFooRTuelQSppgskUj2lf0wiHVHrZ4tQ5OtPKCAWx0BUptFC/T2Q4lHIW+rozxGoif3u5+JfXT1VQ9zIWJamiEVkuClKOVIzyv9GICUoUn2mCiWD6VkQmWGCidDolHcLXp+h/0nFMu2pe3rqVhrOKowgncArnYEMNGnADTWgDgTE8wBM8G9x4NF6M12VrwVjNHMMPGG+fiDeN8A==</latexit>

Ti

<latexit sha1_base64="ppkfqTsJQrCb5ymlQWidvtQClWM=">AAAB73icdVDLSgMxFM3UV62vqks3wSLUzZBp7WtX6MaFiwp9QTsMmTTThmYeJhmhDP0JNy4UcevvuPNvzLQVVPTAhcM593LvPW7EmVQIfRiZjc2t7Z3sbm5v/+DwKH980pNhLAjtkpCHYuBiSTkLaFcxxekgEhT7Lqd9d9ZK/f49FZKFQUfNI2r7eBIwjxGstDToODfFlsMunXwBmahaaZQRRGYFWbVGQxOEqvVyCVqapCiANdpO/n00Dkns00ARjqUcWihSdoKFYoTTRW4USxphMsMTOtQ0wD6VdrK8dwEvtDKGXih0BQou1e8TCfalnPuu7vSxmsrfXir+5Q1j5dXthAVRrGhAVou8mEMVwvR5OGaCEsXnmmAimL4VkikWmCgdUU6H8PUp/J/0SqZVNSu3V4VmaR1HFpyBc1AEFqiBJrgGbdAFBHDwAJ7As3FnPBovxuuqNWOsZ07BDxhvnzWgj2g=</latexit>

TL(Ci)

mush
liquid

<latexit sha1_base64="NExC8rKA+8KSxmI3ivX9pyajqfY=">AAAB73icdVBNS8NAEJ3Ur1q/qh69LBbBU0hibeut4MVjhX5BG8pmu2mXbjZxdyOU0j/hxYMiXv073vw3btoKKvpg4PHeDDPzgoQzpR3nw8qtrW9sbuW3Czu7e/sHxcOjtopTSWiLxDyW3QArypmgLc00p91EUhwFnHaCyXXmd+6pVCwWTT1NqB/hkWAhI1gbqdsc9JkI9XRQLDn2Va3ilSvIsR2n6npuRrxq+aKMXKNkKMEKjUHxvT+MSRpRoQnHSvVcJ9H+DEvNCKfzQj9VNMFkgke0Z6jAEVX+bHHvHJ0ZZYjCWJoSGi3U7xMzHCk1jQLTGWE9Vr+9TPzL66U6rPkzJpJUU0GWi8KUIx2j7Hk0ZJISzaeGYCKZuRWRMZaYaBNRwYTw9Sn6n7Q9263Yl7flUt1bxZGHEziFc3ChCnW4gQa0gACHB3iCZ+vOerRerNdla85azRzDD1hvn358kD8=</latexit>

T1

Marginal equilibrium
<latexit sha1_base64="Q4gcniJdrqrUrHv5KsQamYdh9EQ="></latexit>

@T

@z

����
i

=
@TL

@z

����
i

= �m
@C

@z

����
i

Fractionation
<latexit sha1_base64="pIciK+MYFtO+CSpm/wQRuora/3c="></latexit>

Ci � C1 =
✏

1� ✏

T1 � Tf

m
= O(✏)

<latexit sha1_base64="OJBtN4mQ28grwhF4DJ5ShZmcb5I=">AAACAnicdVDLSgMxFM3Ud31VXYmbYBFcDZm+uxAEXbhUsLbQGUomTTU0k4QkI5ShuPFX3LhQxK1f4c6/MdUKKnogcDjnXG7uiRVnxiL05uVmZufmFxaX8ssrq2vrhY3NCyNTTWiLSC51J8aGciZoyzLLaUdpipOY03Y8PJr47WuqDZPi3I4UjRJ8KdiAEWyd1Ctsh1QZxqWABzA7DqXLhkOsFB73CkXko1q1WUYQ+VUU1JtNRxCqNcolGDgyQRFMcdorvIZ9SdKECks4NqYbIGWjDGvLCKfjfJgaqjAZ4kvadVTghJoo+zhhDPec0ocDqd0TFn6o3ycynBgzSmKXTLC9Mr+9ifiX103toBFlTKjUUkE+Fw1SDq2Ekz5gn2lKLB85golm7q+QXGGNiXWt5V0JX5fC/8lFyQ9qfvWsUjysTOtYBDtgF+yDANTBITgBp6AFCLgBd+ABPHq33r335D1/RnPedGYL/ID38g54vZd6</latexit>

✏ =
D



<latexit sha1_base64="9orBita86Hq6dEnz+OEhzzt4rPw="></latexit>

T = T1 + (Ti � T1)e�V z/

<latexit sha1_base64="Wen1Z5WG1a+OyIIcVI0q7+yvNJE="></latexit>

C = C1 + (Ci � C1)e�V z/D



Brine Expulsion

Mass conservation 
<latexit sha1_base64="lH/ULFXfIhKYfwQ4dMA/UROP1G8="></latexit>

@

@t
[�⇢s + (1� �)⇢l] +r · (⇢lu) = 0

Darcy flux
<latexit sha1_base64="Th90gmLAQebLkbO6z0yfcKtV490="></latexit>

r · u =

✓
1� ⇢s

⇢l

◆
@�

@t

z
a(t)
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Redistributes brine and thickens mushy layer but doesn’t cause brine to leave layer

<latexit sha1_base64="Jd2L30fphAJBIrVgzi71oSMskH4=">AAACAHicdVDLSgMxFM3UV62vqgsXboJFcDVk+u5CKLhxWcE+oDMMmTRtQzOTIckIZejGX3HjQhG3foY7/8b0IajogcDhnHO5uSeIOVMaoQ8rs7a+sbmV3c7t7O7tH+QPjzpKJJLQNhFcyF6AFeUsom3NNKe9WFIcBpx2g8nV3O/eUamYiG71NKZeiEcRGzKCtZH8/ImElzB15Vj4yhUmuaB85ucLyEbVSqOEILIryKk1GoYgVK2XitAxZI4CWKHl59/dgSBJSCNNOFaq76BYeymWmhFOZzk3UTTGZIJHtG9ohEOqvHRxwAyeG2UAh0KaF2m4UL9PpDhUahoGJhliPVa/vbn4l9dP9LDupSyKE00jslw0TDjUAs7bgAMmKdF8aggmkpm/QjLGEhNtOsuZEr4uhf+TTtF2qnblplxolld1ZMEpOAMXwAE10ATXoAXagIAZeABP4Nm6tx6tF+t1Gc1Yq5lj8APW2ycXxpa8</latexit>

r =
⇢s
⇢l



Brine Pocket Migration

<latexit sha1_base64="Sk10n6o9Asgr3+VuCAY3PjVCdME=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVY8FLx4r2A9oQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7uZ+54lrI2L1iNOE+xEdKREKRtFKnawfhETNBuWKW3UXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny3OnZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieOtnQiUpcsWWi8JUEozJ/HcyFJozlFNLKNPC3krYmGrK0CZUsiF4qy+vk/ZV1buu1h9qlUYtj6MIZ3AOl+DBDTTgHprQAgYTeIZXeHMS58V5dz6WrQUnnzmFP3A+fwAe4o9m</latexit>nice

brine

<latexit sha1_base64="1J/5vqmCyB69d/1mBt4KPxfNKjA=">AAAB+3icdZDLSgMxFIYzXmu9jXXpJlgEVyUptZeFUHDjsoKdFtqhZNJMG5q5kGTEMsyruHGhiFtfxJ1vY6atoKIHAh//fw7n5PdiwZVG6MNaW9/Y3Nou7BR39/YPDu2jkqOiRFLWpZGIZN8jigkesq7mWrB+LBkJPMF63uwq93t3TCoehbd6HjM3IJOQ+5wSbaSRXUqHng+dDF5CZ4GzbGSXUQUhhDGGOeBGHRlotZpV3IQ4t0yVwao6I/t9OI5oErBQU0GUGmAUazclUnMqWFYcJorFhM7IhA0MhiRgyk0Xt2fwzChj6EfSvFDDhfp9IiWBUvPAM50B0VP128vFv7xBov2mm/IwTjQL6XKRnwioI5gHAcdcMqrF3AChkptbIZ0SSag2cRVNCF8/hf+DU63geuXiplZu11ZxFMAJOAXnAIMGaINr0AFdQME9eABP4NnKrEfrxXpdtq5Zq5lj8KOst0/GmZOd</latexit>

V = V k

<latexit sha1_base64="UD4tLu1zQcwuB6svo5U9Alcwrfs=">AAAB/HicdVDLSsNAFJ34rPVV7dLNYBFchSTGti6EggtdVugLmlAm00k7dDIJMxOhhPorblwo4tYPceffOGkrqOiBC4dz7uXee4KEUaks68NYWV1b39gsbBW3d3b39ksHhx0ZpwKTNo5ZLHoBkoRRTtqKKkZ6iSAoChjpBpOr3O/eESFpzFtqmhA/QiNOQ4qR0tKgVPY4ChiCLXgJrzMvCOFkNihVLPOiXnXcKrRMy6rZjp0Tp+aeudDWSo4KWKI5KL17wxinEeEKMyRl37YS5WdIKIoZmRW9VJIE4Qkakb6mHEVE+tn8+Bk80coQhrHQxRWcq98nMhRJOY0C3RkhNZa/vVz8y+unKqz7GeVJqgjHi0VhyqCKYZ4EHFJBsGJTTRAWVN8K8RgJhJXOq6hD+PoU/k86jmlXzfNbt9Jwl3EUwBE4BqfABjXQADegCdoAgyl4AE/g2bg3Ho0X43XRumIsZ8rgB4y3T0fyk+A=</latexit>

rT = Gk

Temperature
<latexit sha1_base64="E7XQ3tGcFKp0RSwhYmDgq7KQbu4=">AAACA3icdVDLSgMxFM3UV62vUXe6CRZBEEpSah8LoeBClxX6graUTJppQzMPkoxYhoIbf8WNC0Xc+hPu/BszbQUVPXC5h3PuJbnHCQVXGqEPK7W0vLK6ll7PbGxube/Yu3tNFUSSsgYNRCDbDlFMcJ81NNeCtUPJiOcI1nLGF4nfumFS8cCv60nIeh4Z+tzllGgj9e2DOjyH9T6Cp/Ay7jouHE9zs3477dtZlEMIYYxhQnCpiAypVMp5XIY4sQyyYIFa337vDgIaeczXVBClOhiFuhcTqTkVbJrpRoqFhI7JkHUM9YnHVC+e3TCFx0YZQDeQpnwNZ+r3jZh4Sk08x0x6RI/Uby8R//I6kXbLvZj7YaSZT+cPuZGAOoBJIHDAJaNaTAwhVHLzV0hHRBKqTWwZE8LXpfB/0szncDF3dl3IVguLONLgEByBE4BBCVTBFaiBBqDgDjyAJ/Bs3VuP1ov1Oh9NWYudffAD1tsn8GuV0A==</latexit>

T = T0 +Gk.x

Liquidus gives salinity
<latexit sha1_base64="t98ccs3wWM2Zt6vKwRKb0Sy/LCM="></latexit>

C =
1

m
(Tm � T0 �Gk.x)

Salt conservation

Migration speed
<latexit sha1_base64="w6L9r1RR8HiqWDX7DnH4UfsWAtk=">AAACBXicdVBLSwMxGMzWV62vqkc9BIvgxZKU2setoKDHCn1BW0o2TdvQ7GZJsmJZevHiX/HiQRGv/gdv/huzbQUVHUgYZuYj+cYNBNcGoQ8nsbS8srqWXE9tbG5t76R39xpahoqyOpVCqpZLNBPcZ3XDjWCtQDHiuYI13fF57DdvmNJc+jUzCVjXI0OfDzglxkq99GGjQ4JAyVsYXVx2pI3CWs+Dp/ZG0146g7IIIYwxjAkuFpAl5XIph0sQx5ZFBixQ7aXfO31JQ4/5hgqidRujwHQjogyngk1TnVCzgNAxGbK2pT7xmO5Gsy2m8NgqfTiQyh7fwJn6fSIintYTz7VJj5iR/u3F4l9eOzSDUjfifhAa5tP5Q4NQQCNhXAnsc8WoERNLCFXc/hXSEVGEGltcypbwtSn8nzRyWVzInl3nM5X8oo4kOABH4ARgUAQVcAWqoA4ouAMP4Ak8O/fOo/PivM6jCWcxsw9+wHn7BPBgl4w=</latexit>

V ⇡ DG

Tm � T0
if

<latexit sha1_base64="F1HpgkJ/kOsRkzffQTf4P+B1p+g="></latexit>

pocket size ⌧ Tm � T0

G

<latexit sha1_base64="VOEnwYEpMIqkQFuP1J1smrkFUS8="></latexit>

CV k · n = �Dn ·rC
��
boundary =

DG

m
n · k

salty

fresher

<latexit sha1_base64="rOkS2C4NleU5AIjfADdw2shrMAY="></latexit>

⇠ D


⇥ growth rate of mushy layer



<latexit sha1_base64="hYm1hrwg5PElk4UWScQYkkbdXxE="></latexit>

(1� �)
@C

@t
+ u ·rC = Dr · [(1� �)rC] + C

@�

@t

Temperature Gradient Zone Migration

<latexit sha1_base64="SqdhioQsavfrmTRDD2ys73aZ74I=">AAAB7XicbVDLSgMxFL3xWeur6tJNsAiuyoz46LKgC5cV7APaoWTSTBubSYYkI5Sh/+DGhSJu/R93/o1pOwttPXDhcM693HtPmAhurOd9o5XVtfWNzcJWcXtnd2+/dHDYNCrVlDWoEkq3Q2KY4JI1LLeCtRPNSBwK1gpHN1O/9cS04Uo+2HHCgpgMJI84JdZJzS4lAt/2SmWv4s2Al4mfkzLkqPdKX92+omnMpKWCGNPxvcQGGdGWU8EmxW5qWELoiAxYx1FJYmaCbHbtBJ86pY8jpV1Ji2fq74mMxMaM49B1xsQOzaI3Ff/zOqmNqkHGZZJaJul8UZQKbBWevo77XDNqxdgRQjV3t2I6JJpQ6wIquhD8xZeXSfO84l9VLu8vyrVqHkcBjuEEzsCHa6jBHdShARQe4Rle4Q0p9ILe0ce8dQXlM0fwB+jzB95/jqY=</latexit>D

<latexit sha1_base64="dhnKCi19qQtPnXVoUmxdCv1sisg=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEjx4LXjxWMG2hDWWz3bRLN5uwOxFK6G/w4kERr/4gb/4bt20OWn0w8Hhvhpl5YSqFQdf9ckpr6xubW+Xtys7u3v5B9fCobZJMM+6zRCa6G1LDpVDcR4GSd1PNaRxK3gknt3O/88i1EYl6wGnKg5iOlIgEo2glvx9GRA2qNbfuLkD+Eq8gNSjQGlQ/+8OEZTFXyCQ1pue5KQY51SiY5LNKPzM8pWxCR7xnqaIxN0G+OHZGzqwyJFGibSkkC/XnRE5jY6ZxaDtjimOz6s3F/7xehlEjyIVKM+SKLRdFmSSYkPnnZCg0ZyinllCmhb2VsDHVlKHNp2JD8FZf/kvaF3Xvun51f1lrNoo4ynACp3AOHtxAE+6gBT4wEPAEL/DqKOfZeXPel60lp5g5hl9wPr4BWaqOXg==</latexit>n

<latexit sha1_base64="ZN5kI1bo9VpPFsi9RCzZinw9sMA=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAbBU9gVHzkG9OAxgjGB7BJ6J5NkyOyDmdlAWPInXjwo4tU/8ebfOJvsQRMLGoqq7pnuChLBlXacb6u0tr6xuVXeruzs7u0f2IdHTypOJWUtGotYdgJUTPCItTTXgnUSyTAMBGsH49vcb0+YVDyOHvU0YX6Iw4gPOEVtpJ5tewlKzVFkHkVB7mY9u+rUnDnIKnELUoUCzZ795fVjmoYs0lSgUl3XSbSf5a9SwWYVL1UsQTrGIesaGmHIlJ/NN5+RM6P0ySCWpiJN5urviQxDpaZhYDpD1CO17OXif1431YO6n/EoSTWL6OKjQSqIjkkeA+lzyagWU0OQSm52JXSEEqk2YVVMCO7yyavk6aLmXteuHi6rjXoRRxlO4BTOwYUbaMA9NKEFFCbwDK/wZmXWi/VufSxaS1Yxcwx/YH3+AGX5k3w=</latexit>

@D

Salt conservation
<latexit sha1_base64="QcTOxwmJVw4rzkbrNGTqHWx5vjw="></latexit>

d

dt

Z

D
(1� �)C dV = �

Z

@D
n · [uC �D(1� �)rC] dS

<latexit sha1_base64="qiJKp+1B2gwyLVQnyP0YKt7KwjQ="></latexit>

@CB

@t
= � 1

m
r · [D(1� �)rT ] +

1

m
u ·rT



Migration of Climate Signals

<latexit sha1_base64="qiJKp+1B2gwyLVQnyP0YKt7KwjQ="></latexit>

@CB

@t
= � 1

m
r · [D(1� �)rT ] +

1

m
u ·rT

<latexit sha1_base64="RFbzdjZtpxXUCweARplALSTVz/8="></latexit>

@CB

@t
+r ·


D
rT

C
CB

�
= 0

<latexit sha1_base64="RRhUAgf0TwT5e11HXYdDrg5B4QE="></latexit>

@CB

@t
+r ·


DrT

Tm � T
CB

�
= 0

Bulk salinity migrates with ‘velocity’
<latexit sha1_base64="QR3GpllQpYiXzXsLFL5frHWcOGU="></latexit>

V =
DrT

Tm � T

<latexit sha1_base64="nL6td9YUNVdvllmBdzjqDZHF+Ds=">AAAB6HicdVBNS0JBFL3Pvsy+rJZthiRoJTNifuwENy0V0gR9yLxx1Ml5H8zMC+ThL2jTooi2/aR2/ZvmqUFFHbhwOOde7r3Hi6TQBuMPJ7OxubW9k93N7e0fHB7lj0+6OowV4x0WylD1PKq5FAHvGGEk70WKU9+T/NabNVP/9p4rLcLgxswj7vp0EoixYNRYqd0c5gu4iDEmhKCUkGoFW1Kv10qkhkhqWRRgjdYw/z4YhSz2eWCYpFr3CY6Mm1BlBJN8kRvEmkeUzeiE9y0NqM+1mywPXaALq4zQOFS2AoOW6veJhPpaz33PdvrUTPVvLxX/8vqxGdfcRARRbHjAVovGsUQmROnXaCQUZ0bOLaFMCXsrYlOqKDM2m5wN4etT9D/ploqkUrxqlwuN8jqOLJzBOVwCgSo04Bpa0AEGHB7gCZ6dO+fReXFeV60ZZz1zCj/gvH0C4eWM+Q==</latexit>

C
<latexit sha1_base64="Nsr4WxHchjMO8+rGyEU+vlQy9bA=">AAAB6HicdVDLSsNAFJ34rPVVdelmsAiuQhJjW3cFNy5b6AvaUCbTm3bs5MHMRCihX+DGhSJu/SR3/o2TtoKKHrhwOOde7r3HTziTyrI+jLX1jc2t7cJOcXdv/+CwdHTckXEqKLRpzGPR84kEziJoK6Y49BIBJPQ5dP3pTe5370FIFkctNUvAC8k4YgGjRGmp2RqWypZ5Xas4bgVbpmVVbcfOiVN1L11sayVHGa3QGJbeB6OYpiFEinIiZd+2EuVlRChGOcyLg1RCQuiUjKGvaURCkF62OHSOz7UywkEsdEUKL9TvExkJpZyFvu4MiZrI314u/uX1UxXUvIxFSaogostFQcqxinH+NR4xAVTxmSaECqZvxXRCBKFKZ1PUIXx9iv8nHce0K+ZV0y3X3VUcBXSKztAFslEV1dEtaqA2ogjQA3pCz8ad8Wi8GK/L1jVjNXOCfsB4+wQO0Y0W</latexit>

T

<latexit sha1_base64="aXaIFkGqnbZNqrBtwyJPB2UPyas=">AAAB9HicdVDJSgNBEO2JW4xb1KOXxiB4CtMhZrkF9OAxglkgM4SeTidp0rOkuyYQhnyHFw+KePVjvPk39iQRVPRBweO9KqrqeZEUGmz7w8psbG5t72R3c3v7B4dH+eOTtg5jxXiLhTJUXY9qLkXAWyBA8m6kOPU9yTve5Dr1OzOutAiDe5hH3PXpKBBDwSgYyXW08B09VZDcwKKfL9hF27YJITglpFqxDanXayVSwyS1DApojWY//+4MQhb7PAAmqdY9YkfgJlSBYJIvck6seUTZhI54z9CA+ly7yfLoBb4wygAPQ2UqALxUv08k1Nd67num06cw1r+9VPzL68UwrLmJCKIYeMBWi4axxBDiNAE8EIozkHNDKFPC3IrZmCrKwOSUMyF8fYr/J+1SkVSKV3flQqO8jiOLztA5ukQEVVED3aImaiGGpugBPaFna2Y9Wi/W66o1Y61nTtEPWG+fpuGSqQ==</latexit>

⇠
p
Dt
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Summary
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Brine-pocket migration is negligible
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◆
during growth

Bulk-salinity signal does not diffuse but is advected by thermal gradients
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CB

<latexit sha1_base64="nL6td9YUNVdvllmBdzjqDZHF+Ds=">AAAB6HicdVBNS0JBFL3Pvsy+rJZthiRoJTNifuwENy0V0gR9yLxx1Ml5H8zMC+ThL2jTooi2/aR2/ZvmqUFFHbhwOOde7r3Hi6TQBuMPJ7OxubW9k93N7e0fHB7lj0+6OowV4x0WylD1PKq5FAHvGGEk70WKU9+T/NabNVP/9p4rLcLgxswj7vp0EoixYNRYqd0c5gu4iDEmhKCUkGoFW1Kv10qkhkhqWRRgjdYw/z4YhSz2eWCYpFr3CY6Mm1BlBJN8kRvEmkeUzeiE9y0NqM+1mywPXaALq4zQOFS2AoOW6veJhPpaz33PdvrUTPVvLxX/8vqxGdfcRARRbHjAVovGsUQmROnXaCQUZ0bOLaFMCXsrYlOqKDM2m5wN4etT9D/ploqkUrxqlwuN8jqOLJzBOVwCgSo04Bpa0AEGHB7gCZ6dO+fReXFeV60ZZz1zCj/gvH0C4eWM+Q==</latexit>

C
<latexit sha1_base64="Nsr4WxHchjMO8+rGyEU+vlQy9bA=">AAAB6HicdVDLSsNAFJ34rPVVdelmsAiuQhJjW3cFNy5b6AvaUCbTm3bs5MHMRCihX+DGhSJu/SR3/o2TtoKKHrhwOOde7r3HTziTyrI+jLX1jc2t7cJOcXdv/+CwdHTckXEqKLRpzGPR84kEziJoK6Y49BIBJPQ5dP3pTe5370FIFkctNUvAC8k4YgGjRGmp2RqWypZ5Xas4bgVbpmVVbcfOiVN1L11sayVHGa3QGJbeB6OYpiFEinIiZd+2EuVlRChGOcyLg1RCQuiUjKGvaURCkF62OHSOz7UywkEsdEUKL9TvExkJpZyFvu4MiZrI314u/uX1UxXUvIxFSaogostFQcqxinH+NR4xAVTxmSaECqZvxXRCBKFKZ1PUIXx9iv8nHce0K+ZV0y3X3VUcBXSKztAFslEV1dEtaqA2ogjQA3pCz8ad8Wi8GK/L1jVjNXOCfsB4+wQO0Y0W</latexit>

T


