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Abstract

Crystal and Fantasy caves were monitored since some years both for air and water temperature. Such temperatures vary along the year due to the influence of the seasonal changes outside. Here the results of a study on the propagation of the heat wave from the surface sea water to the pools of water inside the caves are reported.
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INTRODUCTION

Some boys, who found a hole in the ground, discovered Crystal Cave in March 1905. A couple of year later the owner of the land visited the cave and decided to develop it. On January 8th, 1908 the cave was opened to the public who could walk on a pontoon bridge. Four year s later, a tunnel was excavated in order to have an easier access to the cave.

[image: image1.wmf]In 1907 another cave was discovered in the vicinity of Crystal cave and was opened to the public in 1912 only intermittently, as Wonderland cave until 1931. The cave was reopened on June 30th, 2001 as Fantasy cave after its redevelopment involving the replacement of the lighting plant and the improvement of the original staircase and trails.

Fig. 1 - Map of Bermuda showing the location (*) of the Crystal and Fantasy Caves.
TEMPERATURE MEASUREMENTS

Air and water temperatures were measured weekly, in Crystal cave since October 1998 and in Fantasy cave since November 2001. Notwithstanding the large error affecting each measurement because the thermometers have a scale divided in degree Fahrenheit where the values may be estimated with an uncertainty of about 0.5°C, the long series of data allowed the achievement of some interesting results.

Bermuda Weather Service kindly supplied air and surface seawater temperatures. According to the actual data, the information was transformed from the original °F into °C. A sinusoidal best fit was calculated for each series of values with the FitSin Programme (Giorcelli, 1998).  The generic equation of a sinusoid being:

y=A+B*sin(2(x+)/T)

where y is the temperature (°C), A is the average temperature, B is a coefficient equivalent to one half the amplitude of the sinusoid, x is the time (days),  is the phase delay with respect to x = 0 (1st January 1998) and T is the period (= 365 days). 

[image: image2.wmf]Fig. 2 - Water temperatures (°C) measured in Crystal Cave vz. days form Jan. 1st, 1998. A sinusoidal best fit is reported.

[image: image3.wmf]
Fig. 3 - Air temperatures (°C) measured in Crystal Cave vz. days form Jan. 1st, 1998. A sinusoidal best fit is reported.

Obviously the temperature wave, originated outside by the seasonal variation, propagates into the cave through different mechanisms (water, air) with a delay and attenuation depending on the mechanisms involved for each station. In Fig. 1 and 2 the diagrams of water and air in Crystal cave are reported.

Table 1 - Delays of the heat wave between outside and the caves
	Station
	Date of Max

(days from 1/1/1998)
	Date of Max 

(day of the year)
	Delay

	Outside, surface seawater
	225
	August 13th
	-

	Outside, air
	224
	August 12th
	-

	Crystal Cave, water
	268
	August 13th
	43

	Crystal Cave, air
	244
	September 1st
	20

	Fantasy Cave, water
	265
	September 22nd
	40

	Fantasy Cave, air
	230
	August 18th
	5


In Table 1 the delays of the heat wave between outside and the caves are reported. The date of the "summer" peak and the delay with respect to the outside peak are given both as days from January 1st, 1998 and as days of the year. A first examination of these data shows that the temperatures of the surface seawater and air outside vary synchronously. Water temperatures in both caves varies with a delay of about 40 days, i.e. this is the times required by the heat wave to propagate from the outside sea into the caves through the anchialine environment. 

For the air temperature, it takes 20 days of delay with respect to outside to have the summer maximum in Crystal Cave while only 5 days are found for Fantasy Cave. This means that air temperature inside the caves depends mainly on the air exchanges along the access to the caves. The air circulation in Crystal Cave is dominated by a two entrances system, consisting in the long tunnel descending into the cave and the original entrance. In fact an air current is evident in the region immediately below the natural entrance, while the rest of the cave, occupied by a tidal lake remains relatively isolated. For Fantasy Cave, on the other hand, the delay is shorter on account of a minor thickness of the rock layer above the cave and an immediate connection with outside.
CONCLUSION

Notwithstanding the very poor quality of the thermometers used for the measurements into the caves, and therefore a relatively great uncertainty of each measurement, it was possible to calculate a sinusoidal best fit, which allowed the estimation of the delay of the propagation of the heat wave. This delay, which was practically the same for both caves, supports the hypothesis of rather similar connection between the caves and the sea. 

On the other hand the evaluation of the attenuation of the heat wave was not possible, as it is evident from the distribution of temperature values in Fig. 1 and 2. In fact there are frequently clusters of such values, in correspondence of integers of the thermometer scale.  The attenuation of the heat wave would have supplied another piece of information on the cave climatology as it was obtained, e.g., in Kartchner Caverns, Arizona, US (Cigna, 2001) 

The new monitoring systems operating in both caves since March 2005 with data loggers, will ensure better records of temperature (and CO2 concentration in Crystal Cave) both from the point of view of continuity as well as the smaller error associate to each measurements. Therefore in the next future more reliable evaluations of the cave environment will be drawn.
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