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Introduction 

Wells are vertical shafts that are dug by people 
to tap underground resources such as water, oil and 
natural gas. Water wells, an important human 
adaptation to situations in which surface water 
supplies are insufficient, are numerous in karst areas, 
where rainfall percolates rapidly into underground 
drainage systems, often via dissolutionally-enlarged 
joints, and there is a lack of permanent surface water. 

Some water wells, usually referred to as 
blowing wells, but also known as roaring, whistling, 
singing or weather wells, conspicuously vent and draw 
air, often alternately and in response to fluctuations in 
atmospheriC pressure. Such wells have been recorded 
in many locations, including karst areas primarily in 
Europe and North America, and their activity has been 
explained in a number of ways (Lewis, 1985a, 1985b). 

Some weBs blow because the shaft has 
intercepted a cave. In mid-latitudes, particularly 
where there is a natural entrance to the cave at a lower 
elevation, the shaft may pennit the cave to "breathe", 
so that warmer cave air escapes to the surface during 
winter and air is drawn in through the shaft during 
summer. Such cave air movements, driven by the 
differences between cave and atmospheric air pressure, 
have been documented in numerous caves with and 
without entrances at different elevations (for exampfes 
see Cournoyer, 1954; Faust, 1947; Lewis, 1988; Nigh, 
1970; Plummer, 1960; Schmidt, 1958). Warren Lewis 
studied the "breathing" of Coldwater Cave, Iowa, and 
determined that irregular air movement oscillations 
through the artificial entrance shaft with 55 to 70 
second and 6 to 30 minute periodicities were related to 
gravity acoustic waves (Lewis, 1981). In general, air 
movements in caves are caused by changes in 
barometric pressure or in the virtual temperature of the 
outside air (Lewis, 1988). Barometric pressure changes 
have been classified into five categories of events 
which differ in their wavelengths (Lewis, 1988): 

1. High and low pressure systems 
2. Solar and lunar tides and radiation 
3. The Jet Stream and local storms 
4. A mixed group including auroral discharges, 
earthquakes, atomic blasts and assorted noises 
5. Winter maritime storms 

Well shafts may also act as valves allowing the 
release of air pressure that has built up as a result of a 
rapid rise in water level in cave conduits. Such 
blowing wells function in a similar way to water
spouts in karst landscapes (Veni and Crawford, 1986)' 
which are associated with the following conditions 
<ibid, p. 52): 

1. Underground conduit flow 
2. Rapid and substantial flux in the conduit's stage 
height 
3. Features which create and maintain high air and 
water pressures until forceful venting of air, spray or 
wa ter occurs 
4. Moderately thick impermeable soils 

The Study Area in Bayfield County 

The Bayfield County well is located in the 
southwest corner of Section 8, Township 51 North, 
Range 4 West, just west of County Highway K some 4 
kilometers (2.5 miles) south of Sand Bay (Figure 1). 
The well head is at an elevation of about 277 meters 
(910 feet> above mean sea level, and at about 94 meters 
(308 feet) above the level of Lake Superior. 

Topographically, the well is located near the 
north end of the Bayfield Ridge - part of the upland of 
the Bayfield Peninsula. The peninsula is relatively 
high and rocky compared to most of the Lake Superior 
Lowland, and geologically it may be considered part of 
the Northern Highland. 

The bedrock is red-brown Precambrian to 
Middle Cambrian (?) age Chequamegon Sandstone of 
the Upper Keweenawan Bayfield Group (Craddock, 
1972; Paull and Paull, 1977). The sandstones 
developed along the south side of the Lake Superior 
Syncline (Figure 2). To the south they are separated 
from earlier Precambrian sandstones and 
conglomerates by the Douglas Fault, a high angle 
reverse fault dipping at 37-45 degrees to the south or 
southeast and along which the Bayfield sandstones 
have been downthrown some 2500 to 3500 meters 
(8200 to 11,500 feet) (Craddock, 1972), The 
Chequamegon Sandstone contains a few thin interbeds 
of red shale, siltstone and conglomerate, but it is 
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Figure 1: Location of blowing well, Bayfield County, Wisconsin. 
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composed predominantly of red, feldspathic, quartz
rich, unfossiliferous, and fairly well sorted sandstones 
(Craddock, 1972: Paull and Paull, 19m. The Bayfield 
Group is nearly flat-lying throughout the Lake 
Superior region, and dips greater than 10 degrees are 
rare (Craddock, 1972). Seismic refraction studies 
suggest that the Chequamegon Sandstone is about 152 
meters (500 feet) thick, but the total thickness of the 
Bayfield Group sandstones may exceed 2134 meters 
(7000 feet) (Craddock, 1972; Mooney et aI, 1970a,b). 
Along the Lake Superior coastline north of the well, the 
"Sand Caves", marine caves up to 18 meters (60 feet) 
long, have been cut into the sandstone where it crops 
out at about lake level. Cliffs in excess of 20 meters (66 

feet) high are interspersed with sandy beaches. 
Most of the Bayfield Ridge is capped by 

Pleistocene age glacial clays and sands up to 100 
meters (330 feet) thick. The southern part of the 
peninsula is covered by Great Lakean (Valderan) drift 
consisting of gravels, sands and clays that were 
deposited by ice sheets between about 11,850 and 5,000 
years B.P.. The northern part of the peninsula is 
mantled additionally by red clays and silts - lake 
sediments deposited in Lake Keweenaw, the ancestral 
Lake SUperior. 

Blowing wells apparently are not common in 
northern Wisconsin (G. Lind, personal communi
cations, 1989), but several have been reported from the 
Apostle Islands and from elsewhere on the Bayfield 
Ridge (G. Und and J. Matson, personal communi
cations, 1989). 

Behavior of the Blowing Well 

The well reported here is over 90 meters (300 
feet) deep, and thus its base is about at the moraine
sandstone junction. The well pipe is 15.24 centimeters 
(6 inches) in diameter. The well apparently 
conspicuously blew air at the time that it was drilled, 
on March 20, 1981 (G. Lind and H. Hyde, personal 
communications, 1989), and it has done so regularly 
since. In winter the periodic venting of warm air from 
the well is sufficient to melt snow around the well 
pipe. Conversely, the drawing of cold surface air 
during the winter often causes the well to freeze, and 
the owner erects a temporary shelter to combat this 
inconvenience. Using air pressure gauges and a 
manometer, air movements associated with the well 
have been monitored by the authors since April 1, 
1989. 

Although there is considerable fluctuation, 
measured air pressure associated with periods of 
blowing is up to 0.28 kilograms per square centimeter 
(4 pounds per square inch). Suction pressure is of 
similar magnitude. In common with blowing wells 
elsewhere, venting of air occurs during periods of low 
atmospheric pressure (typically when atmospheric 

pressure is below 1000mb), and drawing accompanies 
periods of high atmospheric pressure (typically 
1020mb or above). According to the owner, and 
confirmed by the measurements to date, blowing is 
more common than drawing, but it is yet unclear 
whether this reflects the greater frequency of low 
pressure weather systems or whether i,t is a function of 
the greater visibility of blowing behavior. Individual 
blowing episodes last from several hours to two days; 
drawing episodes typically are of longer duration, and 
may last up to a week. This probably reflects the 
longer duration of high pressure systems, and the 
relatively rapid passage of low pressure systems or 
depressions. The owner uses the well as an 
approximate barometer of impending weather 
conditions; "When the well blows hard, more often 
than not it is going to rain." (H. Hyde, personal 
communication 1989). This phenomenon has been 
noted in other blowing wells, and as such they are 
frequently termed weather wells (Lewis, 1985b). 

During venting, air temperatures within the 
well shaft at a depth of about 4.6 meters 05 feet) are 
7.2 to 10.0 degrees Centigrade (45 to 50 degrees 
Fahrenheit), approximating cave air temperature at this 
latitude (about 46 degrees, 54 minutes North). 

In view of the absence of a detailed geological 
log of the well, and the resulting uncertainties about 
the specific nature of the glacial drift and the bedrock 
at the base of the shaft, explanations of the well's 
behavior must remain speculative. Fundamental, 
however, is the exchange of air which results from 
pressure differences between the surface atmosphere 
and the well shaft itself. 

Since the geolOgical structure almost certainly 
precludes the involvement of karst caves, and since the 
littoral marine caves are of limited horizontal extent, 
any explanatory hypothesis must focus on the 
relationships between the sandstone bedrock, the 
unconsolidated glacial material overlying it, and the 
groundwater. The depth of the well, in excess of 90 
meters, suggests that its base lies close to the junction 
between the bedrock and the glacial deposits; it also 
suggests that the level of the aquifer which is being 
tapped is only slightly above that of Lake Superior. 

The outcropping of the sandstone along the 
take Superior coastline suggests that the base of the 
well may lie within the bedrock, but the magnitude of 
the air exchange between the well and the surface 
indicated a substantial subsurface air reservoir which 
would more likely be associated with gravel layers 
within the glacial drift. Gravels are not uncommon 
within the drift of the Bayfield Ridge; indeed gravel is 
extracted from numerous quarries throughout the 
peninsula. 

Although there are other possible 
explanations, the air exchange behavior of the weU has 
been replicated successfully by modeling a confin€d 
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gravel aquifer at the base of the glacial material (Figure 
3). Within an aquarium, sealed so that air pressure 
could be controlled and monitored, layers of mortar 
were used to represent the sandstone bedrock below 
and the clays above the gravel layer. A plastic tube, 
perforated at its lower end, represented the well. 
Water was added to approximate the level of Lake 
Superior and the gravel aquifer, and two pressure 
gauges were installed, one to monitor surface 
atmospheric pressure and one to monitor pressure 
within the vadose (unsaturated) zone of the gravel 
(Figure 3). 

As air is pumped into the sealed tank the 
surface pressure increases rapidly; pressure within the 
gravel rises more slowly, reflecting the time lag as air is 
drawn down the tube which represents the well. The 
time lag is the result of a) the restricted diameter of the 
pipe and b) the packing of the gravel. Eventually (in 
the model within about two minutes) pressures at the 
surface and within the gravel equalize and the drawing 
of air down the tube ceases. The process is reversed as 
surface air pressure is decreased by pumping out air. 
Again pressure within the gravel fans slowly, and there 
is a time lag (albout two to three minutes) during which 
air is drawn out of the gravel via the tube that 
represents the well. The drawing of air from the gravel 
ceases when the surface and subsurface pressures 
equalize. 

While this model necessarily is simplified and 
preliminary, it does provide evidence to support the 
hypothesis that the behavior of the blowing well in 
Bayfield County reflects air exchange between the 
surface and a confined subsurface gravel layer. While 
other hypotheses deserve attention, this scenario is 
consistent with the situation elsewhere (Lewis, 1985b), 
and it seems a probable explanation of the behavior of 
blowing wells throughout the Bayfield Peninsula. 
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