What are THESE rocks 
(and how did they form)?
By Sara Harris and Brett Gilley, University of British Columbia.

Contact: sharris@eos.ubc.ca

This activity is part of a series used in the first lab of the term, in an undergraduate introductory geoscience class for both majors and non-majors.  

No prior instruction is needed.

Goals:

By the end of this activity, students will be able to:

1. Infer how rocks formed based on observed characteristics.

2. Group rocks into categories based on inferred process of formation.  

3. Explain how one rock could be transformed into another rock, for any combination of rocks.

Activity summary:  

Activity 1: Small groups of students are given 4 rock hand samples per group (granite, conglomerate, sandstone, phyllite).  They are told that the four rocks represent the 3 basic categories of rocks, which geologists have categorized based on processes of formation.  Based on their observations, they decide which two rocks formed from similar processes.   Students receive no prior instruction, and thus need to use their observations and their current conceptions of how rocks form in order to make and justify their grouping.  After small groups have completed their grouping, they report their decision.  A full-class discussion ensues, revealing differences among the groups, from which emerges the three rock types and basic processes of formation for sedimentary, igneous, and metamorphic rocks.  
Activity 2: Students are given 3 more rocks to put in the appropriate groups, then challenged to draw the rock cycle using their groupings of seven total rocks.  

Assessment: 

If you only do Activity 1, for assessment, give students additional rocks and ask them to classify them into the appropriate groups.  Examples could include: gneiss, basalt, pumice, schist, etc.  
If you do both Activity 1 and Activity 2, give students additional pairs of rocks and ask how one could be transformed into the other.  

An appropriate precursor to this activity is “Is it a Mineral?”
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PRE-LAB PREP:
The following material will be supplied (Check to make sure you can locate all the supplies):


· Hardcopies of the student version of this lab, one per student
· 6 sets of 7 rocks each. The numbers refer to the labels on the rocks:  (1) granite, (2) conglomerate, (3) phyllite, (4) sandstone, (5) pumice, (6) basalt, (7) gneiss.  
· Newsprint pads (6 sheets per lab section)
· Markers (6)
· Rubber chicken
· Plastic egg
Goals:  By the end of this activity, students will be able to
· Infer how rocks formed based on observed characteristics.

· Group rocks into categories based on inferred process of formation.  

· Explain how one rock could be transformed into another rock, for any combination of rocks.

ACTIVITY 1: What are THESE rocks?
~20-30 minutes
When you introduce this activity, emphasize the role of PROCESS of formation in categorizing rocks (see paragraph below). 

Each group has a collection of 7 rocks.  For this activity, just look at rock samples #1-4.  

There are so many different individual rocks on Earth that it’s useful for us to group them into “types”.  We group rocks into “types” primarily based on the processes that formed them, processes which result in characteristics we can observe, similar to how we categorize other familiar things.  For example, if we were to group foods into “types”, we might define “dairy” – made from milk products, “fruits” – from the flowering parts of plants, or “grains” – seeds of certain grasses.  Within each category, there might be very different-looking foods (e.g. banana and blueberry).

There are three primary rock types on Earth.  Rock samples #1-4 cover all three of the types.  Which two do you think are from the same primary rock type?  Why?

(Instructor/TA –#2 and #4 should both be sedimentary)
From these samples, attempt to describe the general characteristics of the three different rock types.  Some of you probably know the names of the 3 rock types (it’s fine if you do and fine if you don’t).  Here, try to use your own observations to describe the general characteristics.  What characteristics are shared by two of these rocks such that you would categorize them in the same “type”?  Be sure to link your descriptions to the characteristics of THESE rocks.  

Type A (rock sample(s)_______):

Characteristics:

Type B (rock sample(s)_______):

Characteristics:

Type C (rock sample(s)_______):
Characteristics:

Instructor/TA:  Students’ “types” do not need to be in any particular order. During this exercise, circulate and ask leading questions to encourage students to articulate their observations.  Again, try very hard to listen, accept, ask questions, and not give away answers.  

Once groups are finished, summarize with the class. To start, ask each group for the two they put in the same category.  Write these pairs on the board (e.g. “2&3”, “1&3”, “2&4)  See which pairing was most popular.  We’ve had them all.  

Pick a pair of rocks that’s up on the board (start with something other than 2&4 if possible.  1&2 are good to start with.  3&4 is also good).  Draw out information about what PROCESSES form the different types.  You’ll need to point out some stuff, probably.  Here are some things to know:

Rock 1 (granite):  Compare 1 and 2.  Many groups put these together.  Ask what’s different about them?  You’ll probably hear various things, but try to get to the difference in how the pieces go together.  In the granite, the edges of the larger pieces are right up against one another (like puzzle pieces) and in the conglomerate, the edges of the larger pieces are separated by smaller stuff (“matrix”, “groundmass”).  That’s the key observation that indicates the processes which formed these two rocks are different.  Ask what process could have formed #2?  #1?  See Igneous Rocks below.  

Rock 2 (conglomerate): See above.  Also, some people group #1 and #2 based on similar colors.  Have all the groups hold up their #2.  Some of the conglomerates are very different colors (but some are similar to the granite).  Point out that all the #2s formed by the same processes, but are different colors, so that’s not very helpful in this case.  Process of formation – see Sedimentary rocks below.  

Rock 3 (phyllite):  This is the tricky one.  You can tell them that geologists spent decades figuring out this rock type, and we only gave the students about 10 minutes to do it.  So they shouldn’t feel at all bad if they didn’t see everything and make the geologist’s present-day interpretations of this rock.  Many groups put #3 and #4 together because they see layers.  Ask each group to hold up their #3 in the orientation in which they see the layers (oriented like a stack of pancakes).  There might be 1 or 2 that hold it with the long way roughly vertical, but most will hold it oriented like a book on a table.  There are actually two sets of layers in Rock #3.  The ones students usually see are the “layers” that formed when this rock was subjected to pressure perpendicular to those layers.  (as an aside, these are called “foliation planes” to distinguish from sedimentary layers, but there’s no need to bring up that terminology unless asked).  The other layers are relict sedimentary layers and their orientation is very different from the foliation planes.  In the sedimentary layers, you can see changes in grain size and composition.  These are the original sedimentary layers, and in this case, we can tell that the original rock was a sedimentary rock.  Now it’s a metamorphic rock and some of the minerals in it have been transformed from their original state into new minerals.  As an aside, many metamorphic minerals are greenish, and the greenish sheen to this rock is a clue that there are metamorphic minerals in it.  There is no way most students would have any idea about that, but occasionally someone does.  

Rock 4 (sandstone):  Layers.  Pieces stuck together.  So, loose particles got deposited somewhere, buried, and stuck together into a rock.  Not enough pressure to alter the mineral composition (or it’d be metamorphic).  What’s the color?  Iron staining (like rust).

NAME the types, eventually (igneous, metamorphic, sedimentary).  Some students will know these.  Assure the class that it’s OK if they do and OK if they don’t.  It’s NOT expected that they know this stuff.  

Igneous rock characteristics:  interlocking crystals, formed by cooling melted rock.  Crystals can be many different sizes.  Larger crystals typically form when cooling is slow (e.g. underground) and small crystals form when magma cools quickly (e.g. after erupting from a volcano).

Sedimentary rock characteristics:  pieces (clasts) of rock or mineral material in a matrix.  Pieces are NOT interlocking.  Clast size can vary widely.  Layering often evident, indicating compositional or grain size variations within a rock.

Metamorphic rock characteristics:  these ones are the hardest.  Metamorphic rocks form when pre-existing rocks are exposed to high temperature and/or pressure.  Some minerals recrystallize to new minerals (a green tinge to a rock often indicates the presence of metamorphic minerals).  In highly metamorphosed rocks (e.g. gneiss) minerals form bands (which look like layering and can be confused w/ sedimentary rocks by novices).  Many metamorphic rocks have foliation, or preferred planes along which they break, like the phyllite sample.  This also often looks like layering.  

ACTIVITY 2: The rock cycle
~10-20 minutes

How do rocks form?  Where are rocks forming today?  How does one rock turn into another?  How could the rock samples you have transform from one type to another type?  

With the questions above in mind, draw your own “rock cycle” using the rocks, newsprint pads, and markers.  What’s a rock cycle?  A diagram that shows the different rock TYPES joined together by different PROCESSES by which one rock type could get transformed into another rock type.  Typically the types are represented by boxes or circles and the processes that link them are represented by arrows.  

Add rocks #5-7 to your rock cycle.  Which categories should these be in?  
Instructor/TA:  Use these examples as demonstrations.  You can put the rubber chicken and egg on a piece of newsprint and draw the arrows and processes.  Or you can draw on the board.  
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Instructor/TA:  Circulate.  Sometimes students have trouble putting the other three rocks into the correct categories.  You can point out which ones they might reconsider.  Ask them if they recognize rock #5 (pumice), which is commonly used for pedicures or other exfoliation.  The #7 (gneiss) is often problematic.  Ask them to compare the layers in the gneiss to the layers in the sandstone.  Ask them to follow a layer around the rock.  In the gneiss, the layers change thicknesses over short distances, and sometimes pinch out.  In the sandstone, the layers are uniform in thickness as you follow one layer around.  Also, in the gneiss you can sometimes see interlocking crystals, indicating recrystallization.  About #6 (basalt), students often ask about the holes.  Ask how they think the holes formed and they’ll usually come up with gas bubbles (which is correct).  

Some groups will finish quickly.  They usually haven’t drawn arrows in all possible directions.  Ask them if…a metamorphic rock could turn into a sedimentary rock.  How?  Ask them if…a metamorphic rock could turn into another metamorphic rock.  How?  There should be arrows leading in all directions, including circling back to the same category.
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