


















rivers' natural method of handling high water flows. All of the sediments have probably been
deposited since the last ice age melted back about 11, 000 years ago. Buried in those sediments
are bedrock highs. Some of those bedrock highs extend almost to the land surface. Walnut Cave,
which is located west of the ticket building on the flood plain, is one site where the bedrock
extends almost to the surface. The field west of the picnic area slopes upward to the west to the
edge of the woods. That surface probably formed as the river meander intrenched itself and
eroded eastward into Mystery Cave. Both the slope and the current flood plain were created by
the South Branch.

The sinkhole west of the picnic area in the edge of the woods has been dye traced. The
dye from that trace was the only dye we have yet recovered from Saxifrage Springs. Water does
not flow into the sinkhole except after large recharge events and the sinkhole cannot be a
significant source of the flow from Saxifrage Springs. It not at all clear what route the dye
traveled from the sinkhole to the Saxifrage Springs. The dye could have traveled south, under the
South Branch and then flowed east to Saxifrage. It can have traveled south of the Disappearing
River system in Mystery Cave. Alternatively, the dye could have initially travel north and east
and then turned southeast and traveled under the Disappearing River system to emerge at
Saxifrage Springs. This second possibility is a much more complicated route but is consistent
with our current ideas on the source of the flow from Saxifrage Springs.

Miscellaneous

30) What is the humidity in the cave?

The relative humidity in Mystery Cave is close to 100% much of the time, in most places ­
- but interesting things happen in the places and at the times when the relative humidity is not
100%. The relative humidity can locally be above 100% when the temperature outside is warmer
than that in the cave. These are the conditions that prevail during the visitor season at Mystery
and are therefore the ones guides may encounter during tours.

Two different processes can operate, sometimes at the same time, to raise the relative
humidity in the Cave above 100%. Near entrances warm moist air can flow into the cave. If that
air starts enters the cave with an absolute humidity (dew point) greater than that in the cave, as
the air is cooled by contact with the walls of the cave, relative humidities of > 100% will be
formed. When that occurs, part of the water will condense to form fog in the air or water
droplets on the cave walls. Such warm, moist air is less dense than normal cave air and so the fog
or condensation drops will be most evident on the ceiling of the cave. The ceiling of the Mystery
I entrance room is often covered with condensation drops on warm summer days. They are
particularly evident on the flat metal plates between the rock bolts.

The second process involves warm water flowing from the river into the cave streams.
When the temperature in the cave streams rise significantly above the cave temperature, the
streams begin to add water vapor to the cave air. On hot summer days, dense fogs are often
observed in the lower stream levels as water evaporated from the stream condenses in the cooler
cave atmosphere. This same phenomenon is often seen above surface rivers and lakes in the fall

106

--- --_._-------



when the atmospheric temperature falls below the water temperature. The warm moist air and
fog from the underground rivers in Mystery rise upward until they cool and condense their excess
water.

Relative humidities of less than 100% occur in the opposite situations when cold dry air
enters the cave in the winter or when the water in the lower level streams falls below cave
temperature. The cold dry air is denser than cave air and tends to flow along the floors of the
cave passages. The frostwork along the lower walls of 5th Avenue in Mystery IT, particularly
from the entrance east toward Gardern of the Gods, was produced by evaporation of cave waters.
The effect of the cold stream waters is not as pronounced because the cold, dry, dense air that
forms directly above the streams does not rise and therefore tends to isolate the rest of the cave
from the cold water.

31) How long does it take rainwater to reach the aquifers?

This is the first question to ask about aquifers. Aquifers are defined as natural geologic
materials that yield useful amounts of water. Aquifers are separated and partially isolated by
relatively impermeable geologic materials collectively referred to as aquitards or confining
units. Aquifers are recharged by the fraction of precipitation that infiltrates through the soil
rather than evaporating or running off the surface through rivers and lakes. The portion of
rainwater that infiltrates through the soil varies enormously. In the Mystery Cave area Broussard
and others (1975) show an average rainfall of about 31 inches per year. About 24 inches of that
water is lost to evapotranspiration. The remaining 7 inches per year runs off or infiltrates through
the soil. The water that infiltrates travels through the near-surface aquifers and then resurges in
springs and flows down the rivers.

Rainwater can reach the watertable in an upper aquifer on a time scale of minutes.
Rainwater may also take hundreds to thousands of years to reach the top aquifer. Remember that
most rainfall evaporates or runs off and never reaches the aquifer. In the area around Mystery
Cave, the time to the top of the first watertable is in the fast part of this time range. That portion
of the rainwater over Mystery Cave that infiltrates can reach the cave on time-scales as short as
minutes and probably rarely takes longer than months. Even over an area as small as Mystery
Cave there is not a single time scale. There is rather a whole range of time scales.

Once the water reaches the top of the watertable, a number of different things can happen.
Much of the water in and around Mystery Cave flows to Seven Springs. It only take a few hours
to a few days for the water to flow to Seven Springs once it reaches the underground rivers. In
other areas the water that reaches the water table may recharge deeper aquifers where the
residence times can be tens of thousands of years.

32) What per cent ofrunoffadds to our water problem?

In the vicinity of Mystery Cave the runoff (both surface and groundwater) corresponds to
about 7 inches per year. That water ultimately supplies all of the ground water and surface water
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in the region. All of that water travels over (as surface runoff) or through (as groundwater
recharge) the surface of the land and picks up what ever human activities have placed on and in
that land surface. Runoff is both 100% of our "problem" and 100% of our "resource". When
there is more or less water on the surface or in the subsurface than we want, or when that water
has picked up contaminants from human or natural sources, a "problem" exists. When the quality
and quantity of the surface or groundwater corresponds to our needs then it is a desirable
resource.

33) Does the Mississippi affect our stream or groundwater in any way, if so how?

The Mississippi River is the regional base level toward which all surface and groundwater
around Mystery Cave is flowing. However, the Mississippi is far downstream from Mystery Cave
in both distance and elevation. The Mississippi River does not directly affect the water quality or
quantity in the cave area.

34) We never see sanitary landfills in the area. Why? Where are they?

Fillmore County's only landfill, the Ironwood Sanitary Landfill, was established in the early
1970s on the north bank of the South Branch of the Root River south of Spring Valley. The
Ironwood Landfill is about 3.5 miles west of the Mystery Cave I entrance and is upstream of the
cave. The site was originally constructed as a series of five tailings ponds for an iron ore washing
and shipping facility. In late 1979, 1,400 barrels of illegally buried industrial waste were
discovered in Ironwood. Those barrels were removed in winter and spring of 1980. When
excavated, 500 ofthe barrels were empty.

The groundwater beneath the Ironwood Landfill was found to be heavily contaminated
with the industrial solvents that had been in the barrels. A groundwater pumpout operation was
begun to control the spread of the contaminants in the subsurface and to eventually clean up the
groundwater. That pumpout operation is ongoing at the present time and will continue for the
foreseeable future. The solvent levels in the contaminated water pumped out of the landfill
correspond to a couple of barrels of solvent per year at the current pumpout rates. The
contaminated water is pumped into a pond on the site. The solvents are allowed to evaporate
from the pond and then the pond is dumped into the South Branch. As part of this study, we
tested a sample from the South Branch at Mystery I for the solvents in the contaminated pumpout
water from Ironwood. None of the solvents were detectable at the Mystery I entrance or in the
lower stream levels.

Ironwood Sanitary Landfill was closed in the early 1980s. This left Fillmore County
without a landfill. For several years, the waste stream from Fillmore County was hauled to a
landfill in Howard County, Iowa. Fillmore County then constructed a composting and recycling
center in Preston. For the last several years, all of Fillmore County's waste stream has been
recycled and composted.

Other counties in southeastern Minnesota have landfills constructed in the 1970s. Most if
not all of those landfills show evidence of groundwater contamination to some degree. Olmsted

108



County's original landfill near Oronoco is a Super Fund Site. Olmsted County constructed a
garbage burning/resource recovery operation in Rochester, closed the Oronoco landfill, and
constructed a new, modern landfill for the ash from the garbage burning operation and for that
part of the waste stream that is not burned or recycled. The new landfill has elaborate, state-of­
the-art liners and leachate collection systems designed to prevent groundwater contamination and
was carefully located in a non-karst part of Olmsted County.

35) Do landfills or farm pond'S drain into the aqu~fers? If they do, can they contaminate the
water?

Yes. Any facility that is not very carefully engineered to prevent groundwater or surface
water contamination will probably contaminate the groundwater, the surface water or both. It is
only in the last few years that landfills and ponds in the area have been constructed with liners.
The MPCA has identified 22 community waste water treatment lagoons and three industrial
lagoons in southeastern Minnesota. Three of those community lagoons have catastrophically
failed to date (Alexander and others, 1993). There are thousands of manure storage lagoons,
ponds and runoff control structures that have been built in the area, but no inventory of them
exists. A number of these structures have failed, but no centralized records of these failures are
kept.

36) What are the correct names of the local aquifers?

Geologic nomenclature is very boring to most people -- but the question was asked. The
aquifers are named for the rock units that comprise them. In addition, there are several group
names that are also in use. The definitive source for the nomenclature Minnesota rocks and
aquifers in the Minnesota Geological Survey. The most recent publication on the subject is
MossIer (1987).

All of the bedrock aquifers above the Decorah Shale aquitard have historically been
lumped together as the upper carbonate aquifer in Minnesota. That term is falling into disuse as
more and more evidence accumulates that these rocks comprise at least two and perhaps three
reasonably separate aquifers. Nonetheless, you will encounter the term in the literature and hear
people using it.

There is growing evidence that the Maquoketa Formation, particularly to the southwest of
Mystery Cave, acts as an aquitard. The Dubuque Formation is not usually considered an aquifer
although there is obviously water flowing through and from it at several places in Mystery and in
other caves of southeastern Minnesota. The Dubuque Formation just can't get no respect from
most hydrogeologists. The new Fillmore County Atlas is mapping the Dubuque together with the
Maquoketa. Cavers know and love the Dubuque, however, for the big "Dubuque walking
passages" that often develop in the formation.

The Galena Group is the main aquifer in which Mystery Cave is developed.
Hydrogeologists conventionally call it the Galena aquifer and use a four letter code, oGAL, to
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represent it. The Galena Group consists (from the top down) of the Stewartville Formation, the
Prosser Limestone, and the Cumrningsville Formation. Before MossIer's (1987) work the Galena
was taken (in Minnesota) to be a formation and the Stewartville, Prosser and Cummingsville beds
were taken to be members of that formation. MossIer upgraded the Galena to a Group and the
Stewartville, Prosser and Cummingsville to formations. In any Minnesota publication dated
before 1987, the old nomenclature was used. In some of the publications dated after 1987 the
new nomenclature is used.

One of geology's notorious "state line faults" occurs along the Minnesota/Iowa border. In
Iowa a few miles south of Mystery, the Galena Group includes the Decorah and Dubuque
formations. The Prosser and Cumrningsville are lumped together as the Dunleith Formation and
the Stewartville is called the Wise Lake Formation. (We told you this was boring.) The water in
these rocks pays no attention to all of this nomenclature chauvinism and simply flows down hill.
The Galena aquifer is an important water source in much of northeastern Iowa and consists of the
equivalent rock formations to the Minnesota Galena aquifer.

37) What aqu~fers do the neighboring communities get their water from?

All of the neighboring communities have municipal wells that are cased and grouted into
aquifers below the Decorah-Platteville-Glenwood aquitard. Spring Valley has two wells which
produce water from the Prairie du Chien-Jordan aquifer and one which produces water from the
St. Peter-Prairie du Chien-Jordan aquifer. Wykoff has two Jordan aquifer wells. Fountain has
one Prairie du Chien-Jordan aquifer well and a new Jordan aquifer well. Preston has two Jordan
aquifer wells. Greenleafton has a St. Peter aquifer well. Ostrander has a Prairie du Chien aquifer
well. The new well at Mystery I is a St. Peter aquifer well.

All of the municipal wells are producing water that .entered the aquifers before 1953. The
Spring Valley and Ostrander municipal wells are producing water that has been in the ground for
about 30,000 years.

38) Does mixing ofwater from different aquifers occur?

Yes. Mixing occurs both naturally and artificially. If an aquifer were completely
surrounded by perfect aquitards, that aquifer would contain no water. All aquitards leak to some
degree. In addition, erosion has truncated the aquitards.

Natural mixing occurs when the water flowing along the top of an aquitard reaches either
the edge of the aquitard or a natural break in it. The Decorah Shale-Platteville Limestone­
Glenwood Shale is conventionally mapped at the aquitard below the Galena aquifer. A regional
study of the relationship between the Galena aquifer, the DecorahIPlatteville/Glenwood aquitard
and the underlying St. PeterlPrairie du Chien/Jordan aquifer by Delin (1991, p.1) concluded that
"about 54 percent of recharge to the [St. Peter-Prairie du Chien-Jordan] aquifer in the area
contributing water to Rochester is from a zone along the edge of the Decorah-Platteville-
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Glenwood confining unit." This effect is the dominant source of recharge to regionally important
aquifers.

Artificial mixing occurs in wells that are open hole in more than one aquifer. Such wells
can no longer legally be drilled, but many older multi-aquifer wells exist. Some of these are still in
use and many of them have been abandoned. These multi-aquifer wells represent major threats to
the water quality in the lower aquifers.

39) Are there wells tapping into the same water supply as what we see in the cave?

Yes. Large scale dye traces in the early 1980s of the entire South Branch of the Root
River demonstrated that several local shallow wells are directly connected to the same flow
system as Mystery Cave. These traces were prompted by the discovery of groundwater
contamination by industrial waste at the Ironwood Landfill, which is a few miles west and
upstream ofMystery Cave. As far as we know, several of these shallow wells are still in use even
though wells can not legally be completed in this near-surface aquifer today. However, these
wells were drilled before the modern codes for constructing water supply wells were established
in 1974.

40) How far does the Galena aquifer extend laterally?

Hundreds of miles. There are Galena wells in the southern edge of the Twin Cities and the
aquifer extends across most of south central Minnesota, through Iowa and further south and east.
The groundwater flow in the aquifer is, however, divided into a series of separate groundwater
basins of varying sizes. Mystery Cave is near the lower end of a groundwater basin that extends
to the headwaters of the South Branch in Mower County.

41) What are some practical examples of how the water quality could be improved? What can
be done to clean up the water in s.E. Minnesota?

All kinds of things can be done to clean up the water in S.E. Minnesota. The list of
practical, tested techniques to improve groundwater quality is much too long and changing too
rapidly as it grows to give even representative examples. A large number of dedicated individuals
are helping with the effort. The people are at least as important as the techniques. We will list
only a few relevant examples of success stories:

1) The Interpretative Staff at State Parks can build a strong groundwater education and conser­
vation component into their cave tours. It is difficult to imagine a more effective environment
to get the message across. Very high success rate!

2) Stop disposing of waste materials in sinkholes. The change that has occurred in the last 15
years in southeastern Minnesota's karst lands has been truly amazing. Disposal of anything in
sinkholes was a common activity a few years ago. Now almost everyone accepts that such
dumping is a dangerous, socially unacceptable activity. Education and common interest were
the keys.

3) Recycle materials rather than dispose of them after only one use. The reduction of the
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stream is very significant.
4) Reduce the over application of fertilizers and pesticides in agricultural production. Set real­

istic yield goals, count credits for carryover from previous crop practices and manure applica­
tions, and adjust the application downward. Iowa decreased the amount of nitrogen fertilizer
applied to farm land by over one million pounds and still produced their largest crop on
record.

5) Maintain and upgrade individual septic systems. EPA studies have repeatedly indicated that
individual septic systems are the largest single source of groundwater pollution in the U.S.
Properly designed, installed, and maintained septic systems do a much better job of treating
the sewage than improperly designed, installed, or maintained systems.

42) What do you consider the most important message to convey to the public about
groundwater?

That we (everyone who lives, works, or plays in any area) are responsible for protecting

groundwater quality and quantity in that area. It is our past activities that have impacted the

groundwater quality. It is our efforts that will improve or degrade the resource in the future.

Groundwater does not start or stop at property or political boundaries. Groundwater is a
renewable resource that can be managed successfully only by the combined efforts of all people
who affect the resource. "Out of sight" is not out of your water supply and "no person is an
island" . The changes that can be wrought by people working toward a common goal are
unlimited -- as is the potential for damage by thoughtless, short-sighted actions.

The recipe for success is very simple:

1. Learn about how your groundwater system operates.
2. Do all that you as an individual can do to lessen the impact of your activities on

your groundwater system.
3. Share your knowledge and coordinate with your neighbors to extend and

expand the impact ofyour individual efforts.
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