
Material 
Autonomous temperature sensors, data 

loggers, have been placed in the 

Diamond Lake in Minnesota, 

Minneapolis, USA. The depth was 

shallow (<1 m) at the measurement site. 

Temperature sensors were about 1-2 

inches apart attached to the plastic rope 

tied to the floater on one side and 

anchored with the piece of metal on the 

other side of the rope. 

Results 
Hourly measurements revealed the 

temperature changes of the ice 

frozen over the lake as well as the 

temperature record of the water 

under the ice. The ice that formed 

over the lake was soon covered with 

the snow. Snow isolated the ice from 

the daily air temperature changes. 

Sensors that were frozen deeper 

within the ice showed dumped and 

delayed thermal fluctuation from the 

surface. The sensors that were frozen 

at the bottom within the ice showed 

continuous, almost constant, 

temperature near freezing. However, 

all of the sensors that were within 

the liquid water below the ice 

showed thermal variation indicating 

significant 12 and 24 hour 

periods.Fig.1 
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Discussion and Conclusions 

The heating is more efficient than cooling indicating that 

the heat source is coming from the ground below (Fig. 2). 

We have correlated these variations with the tidal forces 

from the solar system bodies and found that during the 

maximum of the tidal gravity forces, when both the Moon 

and the Sun gravity forces were additive, the variation of 

the temperature correlated with the daily tides (Fig 3). If 

the tidal forces are responsible for the thermal 

fluctuations measured, the lake must be connected to a 

large fault system whose ridged blocks cause water to 

circulate and transfer the heat from below.  

The amplitude spectrum (Fig 4) shows maxima at 24.0, 

12.1 and 8.0 h. The relevance of the 8 and 12 h periods 

questionable due to its the spiky character due to 

insufficient amplitude resolution of the digitized 

temperature. Spectrum resolution of only 1.5 h at 24 h 

period (0.7 h at 12 period) does not allow to distinguish 

among the tidal components, whose periods differ by 

fractions of hour.  

Fig. 2 

Fig. 3 
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