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What makes the thick curvy lines in frozen
puddles?

My sister recently sent this photo of a frozen puddle, a little over a foot
across. Something broke out a piece of ice in the upper right, but it's
mainly a complete glaze over the top. (The white dots are rimed snow
crystals. Click to zoom in and see.)
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Frozen puddle near Rattlesnake Ledge (Jan 10, 2013)

Notice how it has drained - the light color is due to the air underneath.
The lines are roughly concentric with the shape of the puddle, though
there can be considerable variation. On larger puddles or ponds, you
might just see these thick curvy lines just near the shoreline.



Lines on shore and surface

Or around something that anchors (holds) the ice, like a tree or reed of
grass.

Pond ice anchored to stems

Now the above two photos show both curvy lines and straight lines. T'll
just talk about the curvy ones here.

The thick, continuous curves show places where the ice is thicker
underneath. Other lines may mark the boundary where the ice thickness
changes. The ice thickness varies because of the way the meltwater
drained below the ice. The sketch below shows a puddle just starting to
freeze. We are viewing a cross-section, and the ice is coming in from the
edge.
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As the meltwater drains, it falls below the ice. But capillary, or surface-



tension forces make the liquid melt cling up against the lower parts of the
ice. It is like the meniscus around a glass. (If you put the bottom of a
glass into a pan of water and pull it up, you will see how the liquid clings
to the bottom of the glass. Same thing here.) So, as sketched below, a
gap forms around the edge.

Ice grows down along the meniscus at the edge of the gap, and thickens
wherever it presses up against the melt. The puddle continues to freeze
over, but the melt has continued to drain. So, as sketched below, more
gaps open up, roughly concentric with the previous gap.

And so, thin bands of ice grow downward where a meniscus of melt had
touched the ice. From above, these bands of ice appear as lines, roughly
parallel to the shore or whatever is holding the ice. The process I
sketched above can continue to make more lines, and eventually, the
water may drain enough to completely pull below the ice.

If you don't mind destroying nature's artwork for the sake of curiosity,
break a frozen puddle and feel the ridges underneath. Sometimes they
are very minor, hardly felt by your fingers, and other times, the bands
may grow down an inch or more. The thinnest lines in the first picture are
probably where the ice thickness just barely changes. But again, it is due
to the curvy meniscus.

So that, roughly speaking, is how those curvy lines form. If bubbles of air
had floated up, then they will also have a meniscus, and the meniscus
lines will freeze into curvy lines too.

Frozen puddles are super common, but they are incredibly varied and
often startingly beautiful. A whole Flickr photo group is devoted to them:
http://www.flickr.com/groups/frozenpuddles/

Gaze at them for fun. Or better, snap your own frozen puddle shots.

-JN
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Hello Jon
I just started reading this blog it is very cool. I sent a copy of your
book to my grandson Oren Nelson and am looking forward to reading



