Rocks and maps of Mammoth Cave

Part I: limestone and sandstone
First, let’s take just a few minutes to look at samples of limestone.  Dissolution caves form in limestone, which you have seen at Ohio Caverns – in one form, in the darkness of the underground world.  What does limestone look like in good lighting?  Find and identify the following kinds of limestone in a tray of sedimentary rocks: coquina, chalk, oolitic limestone, fossiliferous limestone, and (if it fits no other categories) limestone.  Descriptions are in your reading from last Friday, pp. 167-168 [220-222].

Next, find and identify the three sandstone samples in the same rock tray.  (It turns out that sandstone is also important to the formation of Mammoth Caves, so it’s good to know what sandstone looks like.)  Sandstone is described in your text from pp. 163-166 [215-219], but all you really need to know is that it is rock made up of sand particles.  

Part II: maps
Our next lab investigation involves studying the orientation of fractures in the Mammoth Cave system.  As an introduction to that investigation, we have been considering the processes of cave formation.  Today we look at the conditions necessary for cave formation, to figure out why caves are so well developed at the Mammoth Cave region, but not elsewhere – in other words, what is so special about the geology of that area?  (Why isn’t Springfield, Ohio, the location of world-famous caves??  We have limestone, too!)  Use the topographic map of Mammoth Cave, Kentucky, the map of the cave system, and the geologic map of western Kentucky to answer the following questions.


First, consider the topography of the region around Mammoth Cave.  The topographic map of the Mammoth Cave region shows two very different styles of topography.  How would you describe the topography of the southern half of the map?  [Flat? Rolling hills? Mountainous? Etc.]  How would you describe the topography of the northern half?  

Which half of the map has higher elevations, generally?

Speculate wildly: what could make the shape of the landscape change so dramatically over such a short distance?  Come up with at least three guesses.

Find Mammoth Cave National Park on the topographic map.  What river flows through the park?  

This river has cut down through rock layers over time (like the Yellowstone River, carving the Grand Canyon of the Yellowstone).  Considering the relationship between surface waters and the water table, what has happened to the water table beneath Mammoth Cave over time?

Refer to your book, p. 320-321[523-525], or your notes from previous classes: where do caves form, relative to the water table?  
Put those last two questions together: as the water table changed over time, what happened to the cave system that was developing in this region?

What evidence is there for that on the map of the park’s cave system?  (This is NOT the same as the topographic map!)

Passages in the cave system are not randomly oriented.  What are the two most common directions of passageways?  

What controls the orientation of such passageways?  (That is, why was dissolution concentrated along those directions?)

Look carefully at the southern half of the (topographic) map.  What karst features can you identify?  [See p. 322-323 [526-527] of your text for a reminder of what features are characteristic of karst topography.]  

How do those karst features form?

Find Mammoth Cave National Park on the geologic map of western Kentucky.  [Use the latitude and longitude markings on the edges of the maps if you’re not sure where Mammoth Cave N.P. is.]  Take a few minutes to get your bearings.  What geographic features can you correlate on the two maps?  

Find the region where the topography changes so dramatically, on the geologic map.  What else changes there? 

What are the map abbreviations for the two rock units that cover most of the area of your topographic map of Mammoth Cave?  

Note: these map abbreviations follow a rather rigid system of notation.  The first letter of a rock unit abbreviation, always capitalized, always designates the geologic age (period of the geologic time scale) of that unit.  The next letter is the first letter of the name of the formation.  If the formation name is two words, the abbreviation may include the first letters of both words.  For example, the map abbreviation for the High Bridge Group is Ohb, because it is Ordovician in age.  Notice that only the first letter is capitalized.  If a map abbreviation has two capital letters, as in MDc (Chattanooga and Ohio shales), it means that the unit spans the boundary between two geologic periods (Mississippian and Devonian, in this example).  

Now, find the names of the two rock units you identified in the Mammoth Cave region.  [Look under the “description of map units.”]  How old are these two units?

Now find those names on the stratigraphic column on the far left of the geologic map.  What kind(s) of rocks are found in each unit? 

How are these two rock units different from each other?

Which of the two rock units is made exclusively of calcium carbonate, or calcite?

Which of the two rock units is older?

Where in the park does the older rock unit show up, besides the southern half of the map?  

Now think in three dimensions….  Where else could you find that same rock unit, within the northern half of Mammoth Cave National Park?

Now, connect topography and geology… why are there caves below the northern part of this map, but not in the southern half?  What is the big difference between these two areas?

Sum it up: what conditions are present in this region that have allowed for the formation of the world’s largest known cave system?  For example, a moist climate, allowing water to soak into the ground, is one requirement.  Can you think of at least three more?

Finally, let’s consider the element of time.  Recent research (published in the Geological Society of America Bulletin, July 2001) indicates that the Green River began cutting down into the bedrock at Mammoth Cave National Park around 2 million years ago.  This is about the same time as the most recent series of Ice Ages began (not the most recent Ice Age, which was only a few thousand years ago, and was the last episode of a series of Ice Ages).  Geologically, this date makes sense: as the Earth’s climate cooled, more of the planet’s water became locked in ice sheets.  This resulted in the lowering of global sea levels: more water in ice sheets means there’s less water in the oceans.  When sea levels fall, rivers cut down.  Remember, the rivers have to flow down to sea level.  When sea levels fall, the rivers have to get to lower elevations by the time they reach the coast.  

So…. Let’s put that into perspective.  On the timeline below, label the time intervals when the rocks of the Mammoth Cave National Park region were forming and when the caves were forming.  Then consider when the speleothems formed, and add them to your timeline, too.

				Millions of years before present:

   400            350            300            250            200            150            100             50               0







Just for fun, take a minute to compare this timeline to other events you know about.  When did the volcanoes on the Big Island of Hawaii begin to erupt?  When did Mt. Mazama erupt, forming Crater Lake?  When were the three big caldera-forming eruptions in Yellowstone National Park? 
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