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Learning Outcomes

1. Be able to examine a rock and tell what category it fits into.

2. When you categorize a rock, be able to tell part of its story.
Discussion


We could classify rocks in any number of ways—color, exact mineral content, elements present, etc.  But since geologists are really interested in making stories about how the Earth came to be in its present state, we decided to classify rocks first by how we think they formed.  Secondarily, we classify them by properties that we think tell us even more specifics about how they formed.  In this lab, you will learn the basics of rock classification, so that you can tell stories about how particular rocks came to be.


The Rock Cycle.  Stories about how particular rocks came to be will always allude to the rock cycle.  The rock cycle describes how rocks are “born” and altered through time by various earth processes.  This and the next several labs will discuss concepts related to the rock cycle.
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Let’s begin our examination of the rock cycle with a “visit” to the Hawaiian Islands to the world’s most active and best-studied volcano, Kilauea. This famous volcano, like others across the globe, is the birthplace of thousands of tons of rocks.  The rocks are “born” as volcanic eruptions eject massive amounts of magma onto Earth’s surface. Remember that magma is a large body of hot liquid rock and minerals.  When the magma is ejected onto the Earth’s surface, it is classified as lava, which cools into a solid rock around the base of the volcano.  Rocks formed from cooled magma or lava are classified as igneous rocks. 


Moving east to Zion National Park in Utah, we find rocks that were formed under very different circumstances—for example, the well-known Navajo Sandstone Formation. This rock formation was made from ancient sand dunes. The sandstone rocks that make up the Navajo Sandstone Formation began millions of years ago as tiny grains of sand in a prehistoric desert. Over time, winds carried the sand and deposited it into giant sand dunes.  Eventually the sand was cemented together as sandstone due to minerals precipitated in the pore spaces from groundwater, and compacted due to overlying layers of sediment and rock.  Rocks that form by the aggregation of pieces of pre-existing rock and/or the precipitation of minerals from water are classified as sedimentary rocks. 


Although these sandstone rocks began as a collection of individual grains of sand, the sand grains themselves had to come from somewhere and something else. Where might these sand grains may have originated? The sand grains may have broken off rocks formed by igneous processes. Or they may have broken off older sandstone rocks. 


Now let’s “visit” east Greenland, where we find a third type of rock.  Millions of years ago there, magma deep inside the Earth forced its way into an existing rock and solidified. This created an igneous rock. Then, intense pressure in the Earth caused the rock to up-heave, fold, and crumple, until it recrystallized to became an entirely new rock—a metamorphic rock. That new rock now makes up a mountain formation in Greenland

Because the Earth is dynamic, rocks are always changing.  Minerals that make up rocks are constantly moved and acted upon by the environment. Environmental agents change one type of rock into an entirely new rock. The web of environmental processes that forms and changes rocks is known as the rock cycle (Figure 5.1).   The rock cycle is always at work and never ends.  Following are the three types of rocks that participate in the rock cycle:

	1. Igneous rocks are created when molten material such as magma (within the Earth) or lava (on the surface) cools and hardens. The hot material crystallizes into different minerals. The properties and sizes of the various crystals depend on the magma’s composition and cooling rate.  Igneous rocks that crystallized underground have bigger crystals, and those that crystallized above ground have crystals that are usually too small to see.

	2. Sedimentary rocks are made up of sediments eroded from igneous, metamorphic, other sedimentary rocks, and even the remains of dead plants and animals. These are called “detrital sedimentary rocks” because they are made from “detritus,” which is bits of broken up rock. They can also be precipitated from chemicals dissolved in water at the Earth’s surface.  These are called “chemical sedimentary rocks.”  These materials are deposited in layers, or strata, and then may be cemented and compacted into rock.  Most fossils are found in sedimentary rocks.

	3. Metamorphic rocks are produced when sedimentary, igneous, or other metamorphic rocks are recrystallized by heat and/or pressure. The word “metamorphic” comes from the Greek language, and means “to change form.”  



Telling Them Apart.  How can you tell what kind of rock a particular sample is, and specifically how it formed?  Sometimes it is hard, but if you know a few basic principles, you will be able to figure it out most of the time.  Here they are:

1. As mineral crystals grow, they often fill up the available space and grow together.  A rock that has nice, interlocking crystals that have all grown together is usually pretty strongly held together.  Therefore, igneous, metamorphic, and chemical sedimentary rocks usually feel pretty solid.  On the other hand, detrital sedimentary rocks that form from bits of older, broken up rocks, tend to be held together a little more loosely.  If you rub your fingers against them, you can often rub off pieces of sediment.

2. Mineral crystals like to grow big if they can, but they need two things to accomplish it.  First, they need time to grow.  Second, it helps if the temperature is higher, so that the molecules that make up the minerals can move around faster.  Therefore, igneous and metamorphic rocks often (but not always) have nice, big crystals.  

3. For both igneous and metamorphic rocks, crystal sizes actually range from microscopic to fairly large.  For igneous rocks, the size tells us something about how fast the molten rock cooled.  If the cooling was slow, because the magma was deep underground, then the crystals have time to grow fairly large.  If the cooling was rapid after the lava was ejected onto the surface of the Earth from a volcano, then most of the crystals will be too small to see.  

4. Minerals are crystalline (meaning they have ordered atomic structures,) so they also like to grow with nice crystal forms.  But to do this, they need space.  Therefore, minerals that grow from chemicals dissolved in water (chemical sedimentary rocks) and volcanic igneous rocks that form from lava that has gas bubbles often have spaces where nicely formed little crystals show up.  Also, volcanic rocks often have a few, nicely formed crystals that seem to be “floating” in a mass of material that has crystals too small to see.  That’s because those crystals formed when the molten rock was still underground, and they were floating in the magma.  Then the whole thing was ejected onto the surface and cooled rapidly.

5. Void spaces that look like gas bubbles are a big clue that you are looking at a volcanic igneous rock.  When magma is deep underground, there is too much pressure to allow bubbles to form.  As it moves up toward the surface, the pressure is released, and gases dissolved in the magma can be released to form bubbles.  All these bubbles forming actually drives the magma upward and causes volcanic eruptions.   (The same thing happens with soda.  When the lid is on, the bottle is pressurized, so the dissolved carbon dioxide stays in the water.  But when the pressure is released, lots of bubbles form.  If you have shaken the bottle, the bubbles often form even more quickly, causing an “eruption” all over your clothes.)

6. Many (not all) metamorphic rocks have crystals that are all oriented in the same direction.  This occurs because, at the time of their formation, they were getting squashed from the sides due to tectonic forces.  (Tectonic plates smashing together, etc.)

7. Usually, when minerals precipitate from chemicals dissolved in water, only one mineral forms at a time.  Therefore, most chemical sedimentary rocks are only made of one mineral.  For example, limestone is made of calcite, dolostone is made of dolomite, rock salt is made of halite, and rock gypsum is made of gypsum.  (Sometimes sandstone, a detrital sedimentary rock, is made almost exclusively of quartz because quartz is very resistant to weathering.  But if you rub its surface, it feels gritty and you might rub off some sand, so you can tell it is detrital.)

8. When a sedimentary rock that is made of only one mineral undergoes metamorphosis, its minerals usually just grow bigger, and interlock more strongly.  For example, marble is made of calcite, and is metamorphosed limestone (or dolostone.)  You can tell it apart from limestone because it has large, grainy crystals.  Quartzite is made of quartz, and is metamorphosed sandstone.  

Lab Activity 


The activity is simple.  Your TA will split you into about 4-5 groups, and hand out a set of three rocks to each group.  Each set will have one igneous, one metamorphic, and one sedimentary rock.  Your job will be to do the following:

1. Decide which category the rocks fit into.

2. Explain what clues you were using to decide, in each case.

3. For igneous rocks, tell whether they formed underground or aboveground (volcanic.)

4. For sedimentary rocks, tell whether they formed from bits of other rocks (detrital) or were precipitated from water (chemical.)

5. Tell the story of how each rock formed.


As time permits, the different groups can switch sets of rocks.  The TA will circulate through the groups and tell you whether you got the answers right—but only AFTER you have given it a try.  (“A try” isn’t just guessing at the identification.  You have to come up with reasons.)

Rock 1

· Rock Type:

· Reasoning:

· Detrital/Chemical or Volcanic/Underground?

· The Story:

Rock 2

· Rock Type:

· Reasoning:

· Detrital/Chemical or Volcanic/Underground?

· The Story:

Rock 3

· Rock Type:

· Reasoning:

· Detrital/Chemical or Volcanic/Underground?

· The Story:

Rock 4

· Rock Type:

· Reasoning:

· Detrital/Chemical or Volcanic/Underground?

· The Story:

Rock 5

· Rock Type:

· Reasoning:

· Detrital/Chemical or Volcanic/Underground?

· The Story:

Rock 6

· Rock Type:

· Reasoning:

· Detrital/Chemical or Volcanic/Underground?

· The Story:

Rock 7

· Rock Type:

· Reasoning:

· Detrital/Chemical or Volcanic/Underground?

· The Story:

Rock 8

· Rock Type:

· Reasoning:

· Detrital/Chemical or Volcanic/Underground?

· The Story:

Rock 9

· Rock Type:

· Reasoning:

· Detrital/Chemical or Volcanic/Underground?

· The Story:

Use the backs of the pages for more rocks.

