SOUTH CAROLINA STUDIES


Unit 2; Day 3
THEME = FOLKLORE & FOLK ART IN THE UPSTATE                                  SCIENCE

LESSON TITLE: Distinctive Fracture Patterns in the Blue Ridge
OBJECTIVES: Students will be able to explain the geologic reasons behind rectangular landscape patterns.
PRIMARY STANDARDS ADDRESSED: Science 8th - III.B.1.g;  III.B.3.k, l 
PRIOR SKILLS REQUIRED: ability to identify rock and mineral samples using identification keys
TEACHER BACKGROUND INFO: SC MAPS Teaching Manual, pages 2-2 to 2-4;  Rock & Mineral


Identification section of earth-science textbook 
LOGISTICS: 1 @ 50-minute class – large tables or other work area – students work in cooperative groups
MATERIALS:  6 @ Table Rock Topographic Map (SC MAPS); 6 @ Table Rock Lithograph (SC MAPS); wet-erase pens; 6 @ Table Rock sets of rocks & sediment; cardboard, scissors, wide transparent tape; hand lenses/microscopes; Student Work Sheet; 6 @ Upstate Satellite Image (SC MAPS) [optional];
PROCEDURES:

   1. Ask students why they think Table Rock Mountain stands out so dramatically from the surrounding landscape.  Make a list of possible causes for this effect on the blackboard (or use overhead projector).  When all ideas have been written down, go down the list and briefly ask students what they would need to know or find out to prove that this particular cause was responsible for the Table Rock topography. 
   2. Divide class into six cooperative groups and pass out copies of the Table Rock map and aerial photograph along with several wet-erase pens.  Have students trace out, with a wet-erase pen, all stream courses they can find in the upper left hand quadrant of the lithograph.  Tell students they can refer to the topographic map if they are having trouble locating streams.  Circulate to groups to make sure they are tracing the drainage patterns correctly.  When all groups have finished, ask students to look for a pattern in what they have drawn.  Discuss with the class what factors might cause such a pattern to form.  Also discuss why stream network lines are not always exactly parallel or what might cause angles to vary. 
   3. Now ask students to trace, with a wet-erase pen, the cliff margins at the top of Table Rock Mountain.  Review how to recognize bare rock on an infrared aerial photograph if necessary.  Ask students whether this new data supports or doesn’t support their previous interpretation of the rectangular stream pattern.  Have them look at the photo and see if they can find any other cliff sides following the same pattern. 

   4. [optional] Hand out copies of the Upstate Satellite Image to each group and ask them to determine if the Table Rock rectangular pattern matches the fracture pattern they observe on the image.  Ask them to come up with reasons why the two patterns might or might not be similar.
   5. Collect maps and pass out rock and sediment samples, and identification charts, to each group along with materials to make slides (see Student Work Sheet).  Have students use the identification chart and the hand lens/microscope to identify the two rocks and the minerals in the sediment.  Ask students to determine whether the sediment is derived mostly from both of the rock types or only from one.
   6. Ask students to use their analysis of the stream sediment to infer which of the two rock types they think make up the cliffs of Table Rock Mountain and why. 
SAMPLE CULMINATING ASSESSMENT:   
· Ask students to write a paragraph explaining how Table Rock Mountain came to stand out so much from the surrounding landscape.
· Hold up a sample of an unknown metamorphic rock and have students compare and contrast it to the samples they have studied.
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STUDENT  WORK  SHEET

LESSON TITLE: Distinctive Fracture Patterns in the Blue Ridge
a.  ROCK & MINERAL IDENTIFICATION (Part I) - Table Rock Sediment analysis of sand grains
MAKING SAND CARD SLIDES

(modified from an activity written by George Duane, 7/15/98)
(follow these directions to make your very own sand sediment slides)

Materials:
3x5 or 4x6 index cards;   scissors;   wide clear tape;   hand lens/magnifier/microscope
Procedure: 

1. Remove a very small amount (about a couple hundred sand-sized grains) of sand from the sediment sample you have been given.  Don’t try to count grains, just make an educated guess at how much to use.
2. Fold an index card in half. Use scissors to cut a small triangle (about one inch on each side) out of the middle of the folded edge. Unfold to reveal a diamond cutout.

3. Place wide, clear tape over the diamond on one side of the card; be sure to cover the opening completely.

4. Turn card so sticky side of tape faces up. Carefully sprinkle a small amount of sand onto sticky side of tape. Less is better. If you use too much sand, you won’t be able to see the individual grains.

5. Place wide clear tape over the other side of the card – on top of the sand grains - sealing in the sand.
6. Write the location where the sediment was collected clearly on the card.
7. Observe the sand grains with hand lens, magnifying glass, and/or dissection microscope.
8. Use the identification keys provided to identify as many minerals as you can that are present in the sand.

 

Minerals found in Table Rock stream sediment sand grains = ________________    ______________



_________________       _________________
__________________       ___________________



_________________       _________________
__________________       ___________________

b.  ROCK & MINERAL IDENTIFICATION (Part II) - Table Rock Sediment analysis of gravel and rock  
(use rock & mineral identification keys from textbook or other provided resource)
Lighter colored Table Rock rock = ______________  Darker colored Table Rock rock = ________________

Rocks found in Table Rock stream gravel = _________________        ____________________



_________________       _________________
_________________       ________________


Minerals found in Table Rock stream gravel = _________________        ____________________



_________________       _________________
_________________       ________________

c.  Write a brief statement about whether you think the sand and gravel in the stream is derived from one major Table Rock rock type (light or dark color) or is derived from both about equally.  Explain why you came to that conclusion after analyzing your sand and gravel sediment samples. 
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TEACHER  ANSWER  KEY
LESSON TITLE: Distinctive Fracture Patterns in the Blue Ridge
1.  . . . why they think Table Rock Mountain stands out so dramatically . . . . list of possible causes . . . .

    Answers may vary.  This Table shows some examples of possible causes and what evidence students would need as ‘proof’.

	Cause or Event Producing Mountain
	Evidence We Need to Find

	Surrounding area moved down by normal faults
	Normal faults located around Table Rock Mountain

	Episode of uplift pushes Table Rock up
	Reverse faults located around Table Rock Mountain

	Ancient native peoples carved away area around mountain 
	Historical accounts that refer to “carving” activity by people

	Massive flooding caused erosion around Table Rock area
	Massive flood deposits of rock material downstream 

	Differences in rock types cause different erosion rates
	Different weathering & erosion rates for Table Rock rocks


    The best answer is that a combination of resistant rocks and parallel rock fractures have given the mountain its current shape.  However, do not tell the students this answer yet, instead tell them that they will be investigating several geological features of the area in hopes of finding some clues as to what really happened here.
2.  . . . .  ask students to look for a pattern . . . .  what factors might cause such a pattern to form.  

    Answers may vary, but any patterns and factors mentioned must account for the obvious parallelism.  There are actually two sets of intersecting fracture patterns shown by streams that meet at nearly right angles (but not exactly 90º).  The cause of these fractures is regional metamorphism that affected this region during the Paleozoic Era of geologic time. 
     Also discuss why stream network lines are not always exactly parallel or what might cause angles to vary.
    Answers may vary.  Students should eventually realize they are looking at a generalized checkerboard pattern that might have been twisted, bent, or distorted in some local areas and not completely developed enough to show in other areas.  
3.  . . . .  Review how to recognize bare rock . . . whether this new data supports . . . their previous interpretation of the rectangular stream pattern.  Have them look at the photo and see if they can find any other cliff sides following the same pattern.
    Due to high reflectivity of all wavelengths of light, bare rock shows up as almost pure white on the infrared photograph.  Other cliff faces in the upper half of the lithograph also parallel the general regional trend, but not as closely.. 
     Does the Table Rock outline match the rectangular stream pattern?
    The orientations of the sides of Table Rock should match the stream pattern in a general sense, but not exactly.. 
4.  [Optional] . . . .  determine if the Table Rock . . . pattern matches the fracture pattern . . . on the image.  

    The pattern of the satellite image shows long, parallel lines running from SW to NE similar to part of the Table Rock pattern.  These lines are from large faults created during the collision of plates and the building of the mountain belts.   
     Ask them to come up with reasons why the two patterns might or might not be similar.
    The entire Appalachian (Blue Ridge) area experienced the same geological history so stresses and geological features should be similar.  But satellite image is taken from too great a distance to reveal small scale patterns or local rock fractures.
5.  . . . .  identify the two rocks and minerals . . . . determine whether sediment derived . . . from both or one. 
    The lighter rock is granite gneiss and the darker rock is amphibolite.  The dark colored minerals are mostly amphibole with some biotite mica while the light colored minerals are mostly quartz, feldspars, and muscovite mica. The sediment pieces dominated by dark minerals probably come from the amphibolite and the sediment pieces dominated by light minerals probably come from the granite gneiss. Note: of all the minerals present quartz is by far the most resistant to chemical weathering so the percentage of quartz in a sample should increase as the sample is taken farther from the source rock.
    a.  ROCK & MINERAL IDENTIFICATION (Part I) - Table Rock Sediment analysis of sand grains
    The great majority of sand grains will be quartz, but there should be a few other mineral grains mixed in.  Students should be encouraged to focus on the non-quartz grains.  One such analysis yielded the following percentages
  8. Use the identification keys provided to identify as many minerals as you can that are present in the sand.

 

Minerals found in Table Rock stream sediment sand grains = __traces of amphibole & garnet____



_quartz (80%)_____       _muscovite mica (4%)__
_biotite mica (4%)____       _feldspar (12%)___

   b.  ROCK & MINERAL IDENTIFICATION (Part II) - Table Rock Sediment analysis of gravel and rock  

    The pieces of gravel should look very much like the two Table Rock rocks, or at least like some of the minerals contained in those rocks.  The larger pebbles will basically be rock fragments while the smaller pieces may be individual mineral grains.  It is important that students see the connection between the original rock and the stream sediment.

Lighter colored Table Rock rock = _granite gneiss___  Darker colored Table Rock rock = _amphibolite gneiss__


Rocks found in Table Rock stream gravel = _granite___        __amphibolite_____          __gneiss___       


Minerals found in Table Rock stream gravel = __quartz (72%)_____        __feldspar (18%)____



_muscovite mica (4%)___               _biotite mica (4%)___
        __amphibole (2%)_______

   c.  . . . . sand and gravel in the stream is derived from one . . . or is derived from both about equally. . . .  

    Students should recognize in their sediment gravel pieces and mineral grains from both rocks, but it should be obvious that the light minerals, especially quartz, make up the largest component of the sediment meaning either that the lighter rocks break up more easily or that the lighter rock fragments hold up better and so hang around a lot longer than the darker minerals.  The fact that most of the larger rock fragments are light colored should help students determine that the light colored rock is actually more resistant and that the darker rock weathers and disintegrates more quickly.   Note that the feldspar pieces are easier to identify in the larger sample size because the shiny cleavage surface is more obvious.
6.  . . . infer which of the two rock types they think make up the cliffs of Table Rock Mountain and why.

    Since the light-colored rock is composed of minerals that are more resistant to weathering it is likely the cliff-forming rock that holds up Table Rock Mountain.  Also note that the larger pebbles in the sediment are mostly light colored indicating that the light colored rock does not break down as quickly as the darker rock.  Therefore, the white cliff rocks do not break down as quickly and therefore stand higher on the landscape.  Be sure students realize how this conclusion relates to their initial hypotheses at the beginning of the lesson.
SAMPLE CULMINATING ASSESSMENT:   

· Ask students to write a paragraph explaining how Table Rock Mountain came to stand out from the surrounding landscape.

    An short example would be:  “As the Appalachian Mountains were slowly raised higher and higher, erosion became more and more active.  Although wind and rain pounded all the newly exposed rocks equally, some of the minerals cracked and disintegrated more quickly than others and areas underlain by less resistant rock were eroded much more rapidly.  The more resistant rocks were left standing high above the surrounding rocks, forming the mountain we know today.”
· Hold up a sample of an unknown metamorphic rock and have students compare and contrast it to the samples they have studied.
    A good example to use is Mica Schist.  This is a fairly common South Carolina metamorphic rock, but is very different in texture from the two major rock types found on Table Rock Mountain.  Students should focus on differences in texture and mineral composition.
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