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Observation, Experiment, and Analysis of the Ice Spikes Formation
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Abstract: In this study, from January 2006 to February 2009, we observed 107 ice spikes formed in a natural state, and
analyzed their environment. We developed an experimental device to reproduce ice spikes in laboratory and successfully
made 531 ice spikes. We analyzed the process of the formation and the principle of how those ice spikes grow through
videotaped data of the formation in the experiment. In the natural world, when the surface of water and the lower part of
a vessel begin to freeze, a vent (breathing hole) develops at the surface where an ice is not frozen; this vent serves as
the seed of an ice spike. It is assumed that the volume expansion of ice in the vessel which occurs when water freezes
makes the supercooled water go upward through the vent and becomes an ice bar called an ice spike. In the laboratory,
however, when distilled water is poured into an ice tray cube and kept in the experimental device for about one and a
half hours at a temperature of —12-—13°C, a thin layer of ice then begins to develop on the surface of the water, the vent
is formed, and ice spikes form for about 10-30 minutes. These spikes stop growing when the end becomes clogged. Ice
spikes can be described as falling into seven categories of shape, with the apex type topping the list followed by the slant
type in the natural state and the vertical type predominating in the laboratory.
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Fig. 1. Map of study area (Mai Mountain).
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Fig. 2. Experimental device for the natural ice spikes (L) in the Mai Mountain area and the formed ice spike (R, height

34 cm).



Table 1. Observation of ice spikes in nature and their environment

Number of .. Number of ..
Site Date ice spikes ’ Tl\edrrijn?%) Sn(z:lf)all Date ice spikes Tl:fmn;m'z?é) Sn((;gall
(height=3 cm) ’ ) (height>3 cm) T
2006.1.3 3 -6.5 2007.1.11 3 -10.8
1.4 2 -8.3 1.12 1 93 trace
1.5 2 -12.5 1.13 2 -11.5
Mai 19 2 -10.8 trace 1.14 1 -13.8 trace
Mountain 1.10 3 -7.5 1.15 1 -10.1
2.1 4 -5.9 45 2008.1.4 2 218
22 i ©.8 {frace 1.5 3 -1.5
2.3 3 -13.7 trace 1.6 1 -7.9
2006.1.11 2 -6.2 2009.1.11 2 -10.3
1.12 3 -8.1 1.12 3 -10.7 02
24 1 -13.8 1.13 3 -10.1 0.1
Geryong 2.5 1 -11.1 1.14 2 -10.3 0.5
Mountain 2.6 4 -5.1 1 2009.2.15 3 -43
2.7 2 -35 0.4 2.16 3 -1.9
2007.1.13 3 -86 217 1 -10.1
1.14 2 -10.1 2.18 3 -8.1 trace
2006.1.6 2 -8.2 1.14 2 9.4
1.7 1 -11.7 1.15 3 -7.2
1.8 i -108 2008.1.4 4 4.6
1.10 2 27 15 1 -39
APT 22 3 -4.3 0.3 2009.1.11 2 -9.5
23 1 -12.1 trace 1.12 1 -9.8 02
2007.1.11 3 56 2.17 1 -9.7 0.1
1.12 2 42 2.18 2 -71.8 0.5
1.13 2 -7.3 2.19 2 2.9

Fig. 3. Experimental equipment to manufacture the ice spikes (L) and the interior (R).
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Fig. 4. Vent (diameter 10~11 cm) of ice observed in a reservoir.
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Fig. 5. Air bubbles inside the ice spike (height 8.2 cm).
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II. Inclined type: within 80° at the ice flat

VL Sporadic type: more than two formed

Fig. 6. Classification of ice spikes observed in the natural world.

Table 2. Classification of ice spikes observed in nature

Type Characteristic Form
I. Vertical 1t is formed when supercooled water is provided vertically without air current.
I Inclined It is formed when a vent on the ice spike has grown slightly slanted or when an air current keeps on affecting one direction.
1. Apex When the temperature is near —0°C and the temperature is slowly lowering.
IV. Bent It is formed when the pressure of supercooled water is weakened or when the air current affects it while growing.
V. Triangle It is formed over —3°C when the vent on the ice surface is large and when the supercooled water overflows.

VL. Sporadic It is formed when many vents on the ice surface exist and when the pressure is strong due to active ice formation.

VIL Pillar

When the vent is a large hole and has strong pressure, this makes supercooled water overflow and forms a thick short figure.

Frequency (%)

Type of lce spike

Fig. 7. Frequency of the type of ice spike.
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Fig. 8. Ice spikes generated by experimental equipment.
Fifteen ice spikes were generated among 21 cubes. Cube

size is 3.3 emx3.9 cmx3.5 cm.
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Fig. 1. Model on the formation of ice spikes after Byun et
al. (2004).
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