Earth Systems Science

Laboratory 5
Sedimentary and Metamorphic Rocks
Sedimentary rocks are rocks that form at the earth's surface from pieces of other rocks, deposited by water, wind, ice, or other surface processes.  Sedimentary rocks make up most of the rocks found at the earth's surface, and are the sources of many important resources, including building materials, oil, gas, coal, and much of the earth's usable groundwater.  Being able to distinguish different rocks and their origins helps the Earth scientist to understand Earth's surface processes and to unravel its history.  

Metamorphic rocks form when extreme heat and pressure are applied to rocks in the crust.  These original rocks, or protoliths, respond to these forces by recrystallizing into new rock types, all done without the rock melting.  Metamorphic rocks aid geologists in reconstructing the different forces applied through mountain building, plate tectonics, and igneous activity. 

In this exercise you will examine some common sedimentary and metamorphic rocks and learn to recognize how the origin of the rock is reflected in its texture and mineral composition.

Objectives:
By the end of this laboratory you should be able to:

· Identify the common types of sedimentary rocks.

· Infer the depositional environment from a sedimentary rock’s characteristics (roundness, sorting, etc).

· Identify common minerals present in sedimentary and metamorphic rocks.


· Understand the concept of superposition and use it to determine relative age.

· Use  minerals to recognize which metamorphic rocks formed from certain sedimentary and igneous rocks.
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PART 1: SEDIMENTARY ROCKS
Sedimentary rocks have two different classification schemes:  one for rocks formed from pieces of other rocks (detrital or clastic sedimentary rocks), and one for rocks formed by chemical precipitation and/or biological processes.

Clastic sedimentary rocks are named based on their grain size (that is, the size of the rock fragments that make them up).  Geologists give different grain sizes specific names, and name the rocks depending on the grain size.

	Rock name
	Grain size name
	Size
	How to recognize the size

	conglomerate
	gravel
	> 2 mm
	larger than the width of a pencil lead

	sandstone
	sand
	1/16 mm (0.00625 mm) to 2 mm
	visible to naked eye (barely, in the case of the smallest sizes)

	shale, siltstone, mudstone
	mud
	< 1/16 mm
	too small to see; subdivided into silt (0.0039 to 0.0625 mm) and clay (< 0.0625 mm)


Clastic sedimentary rocks also can have a number of different textures, which are important for determining the environment in which the sediment was deposited.

Sorting: Sorting refers to how similar the sizes of all the grains within the rock are.  If all the grains are similar in size (all coarse sand, for instance), the rock is said to be well-sorted.  If the rock consists of a mixture of different grain sizes (for instance, some gravel, some sand, and some clay), the rock is said to be poorly sorted.  Different sedimentary processes can result in different levels of sorting.  For instance, wind can only carry certain grain sizes of sediment, and when wind slows, it drops some grain sizes while it continues to carry others.  As a result, wind-laid sediments are very well-sorted.  Moving water also does a good job of sorting sediment.  Landslides, debris flows, and glaciers, on the other hand, can carry a wide range of grain sizes and tend to deposit them all at once, so their deposits tend to be very poorly sorted.

Roundedness:  Roundedness is a measure of how smooth the grains in a rock or sediment are.  A perfectly spherical grain is said to be very well-rounded, whereas as a jagged, sharp-edged grain is said to be angular.  Grains become rounded by grinding against one another.  The longer a grain is carried by water, the more rounded it becomes.

Biological or chemical sedimentary rocks are named based on the substance (mineral or non-mineral) that they are made of:

	Composition of rock
	Rock name

	Calcite (CaCO3)
	Limestone

	Calcite (very fine grains)
	Chalk

	Dolomite (CaMg(CO3)2)
	Dolostone

	Remnants of plant matter
	Coal

	Halite
	Rock salt

	Gypsum
	Gypsum


Some chemical sedimentary rocks, such as gypsum and rock salt, form when water evaporates.  Others (such as coal) form from biological processes.  Most limestone forms from either visible or microscopic fragments of calcite shells, but some can form from chemical precipitation as well.  Fossils in limestone are important clues to when and where the limestone was deposited.

1.1) Assign a name to all the sedimentary rocks (samples 16 to 26) in your tray. Choose from the following names: conglomerate, sandstone, siltstone, shale, limestone, chalk, dolostone, gypsum, rock salt, and coal. You will use one rock name twice.

PART 2:  METAMORPHIC ROCKS

Process of metamorphism

Metamorphic rocks are rocks that have been changed (in their minerals present, their texture, or both) by being heated (high temperature) and/or being buried (high pressure).  Recognizing the minerals and textures in metamorphic rocks can allow you to tell the story of how plate tectonics affects the deeper parts of continents.  Many more minerals can be found in metamorphic rocks than you learned in your minerals lab; if you continue taking geology classes, you will learn to recognize these minerals and tell the stories they record.

Protoliths of metamorphic rocks

2.1) Some metamorphic rocks are made up of the same minerals as their protolith (the rock they were originally, before becoming metamorphosed).  Examine the set of sedimentary and igneous protoliths, identify the minerals in them, and then decide which of the metamorphic rock samples (gneiss, quartzite, or marble) probably formed from each rock type. Record your answers in Table 2.1 on your answer sheet.
Naming and identifying metamorphic rocks

There are two basic ways to name a metamorphic rock:  based on its texture, or based on the minerals that it contains.

Many metamorphic rocks have some sort of layering, called foliation (from the Latin word for leaf).  Foliated metamorphic rocks are named based on their texture:

Slate: a metamorphic rock consisting of layers that break apart into flat sheets, and which does not contain visible mineral grains.  Most slates form from metamorphism of the sedimentary rock shale at fairly low temperatures.

Phyllite:  a metamorphic rock consisting of layers that break apart into flat, shiny sheets. Unlike slates, phyllites have shiny surfaces; unlike schists, phyllites do not contain visible crystals.
Schist:  a metamorphic rock that breaks into layers with visible crystals.  Schists can form from shale that has been metamorphosed to a higher temperature than slate, or from other sedimentary or volcanic rocks.

Gneiss:  a metamorphic rock consisting of layers of darker and lighter-colored minerals.  Some gneisses break along their layers, but most gneisses do not break nearly as easily as slates or schists. Some gneisses form from shales that have been metamorphosed to very high temperatures; others form from metamorphosed igneous rocks.
Metamorphic rocks that do not have foliation are named in a number of different ways, but most of them are named based on the minerals that make them up.  The two most common unfoliated metamorphic rocks are marble and quartzite.

Marble: a metamorphic rock made up of the mineral calcite.  (The term marble is used somewhat differently for building stone; swirly-textured rocks that polish well are called "marble" by stoneworkers, although not all of them consist of calcite.)

Quartzite:  a metamorphic rock made up of the mineral quartz.

2.2) Assign a name to each of the metamorphic rocks in your tray. Record your answers on Table 2.2 on your answer sheet. 
PART 3:  ROCKS OF THE FLORIDA RIVER VALLEY
Geologic maps
The ground beneath the pavement, buildings, plants, and soil is made of rocks, but those rocks aren’t the same everywhere. Geologic maps show what rocks are exposed at Earth’s surface (or below the pavement, buildings, plants, and soil) in different places. Geologic maps have many uses: they can help people identify potential geologic hazards, locate the best sites for building, understand the flow of groundwater and pollutants, and find resources from gravel to copper to natural gas to gold.
The rocks illustrated on geologic maps are divided into groups called formations, which consist of rocks of similar ages (but not always similar types). Formations are generally named after a place where they are found. (For instance, the Molas Formation is found at Molas Pass, and the Morrison Formation is named after Morrison, Colorado.)
At the end of this lab handout, you will find a geologic map of the Florida River basin. Each color represents a different rock unit. Notice how many different rock units are crossed by the Florida River between the campground and the Durango Nature Center! Water that enters the river flows across and through those rock units, and the minerals within the rocks may contribute to the material dissolved in the water. The strength of the different rock units shapes the landscape, controlling the locations of ridges and valleys.

3.1) The boulders used for landscaping on campus represent most of the rock units found in the Durango area. In this section of the lab, you will use your new rock-identification skills to figure out what rock types are represented by nine of the boulders.

Your instructor will give each group a GPS unit that has recorded the locations of six different boulder groups on campus. You can use the GPS to go geocaching – to find the location of the sites.
At each boulder (or set of boulders), figure out what rock types make up the geologic unit. Fill out table 3.1 on your answer sheet.

Using the Garmin GPSmap 60CSx to locate waypoints.

1.  Turn on the GPS by pushing the black button by the antenna.

2.  Press “Page” until you see the Main Menu.

3. Use the arrow buttons to highlight the Setup Menu and press the “Entr” button.

4. Use the arrow buttons to highlight the Units Menu and press the “Entr” button.

5.  Change the “Position Format” to UTM UPS
6.  Change the “Map Datum” to NAD27 CONUS

7.  Change the “Distance/Speed” to STATUTE

8.  Press “Quit” to return to the Setup Menu.

9. Use the arrow buttons to select the Heading menu and press the “Entr” button.

10. Change the “North Reference” to TRUE

11.  Wait for the GPS to acquire a location.

12.  Scroll through the different pages by pressing “Page”. The pages should be:

1. The “Satellite” page, which shows which satellites are being used to find your location.

2. The “Trip Computer” page, which shows your elevation, speed, and distance traveled.

3. A “Map” page. You can zoom in by pressing the “IN” button, and see a topographic map of the area.

4. The “Compass” page.

5. The “Altimeter” page.

6. The “Main Menu” page (which you have just used).

13. Calibrate the compass. Scroll to the “Compass” page and press the “menu” button. Highlight “calibrate compass” and press enter. Then hold the GPS level and turn slowly through two full circles in the same direction. (Follow the instructions on your GPS unit.)

14. To find a waypoint: Press the FIND button and select “Waypoint.”

15.  Choose one of the Geology 107 Lab 5 waypoints (Cutler Lab 5, Dakota Lab 5, Eolus Lab 5, Hermosa Lab 5, Ignacio Lab 5, or Leadville Lab 5).  Press the up or down arrow keys to highlight different waypoints, and then press the ENTER key when your chosen waypoint is selected.

16.  You can use the “Map” page or the “Compass” page to help you find your waypoint – try both and see what the strengths and weaknesses of each are.

17.  Walk toward the waypoint.  You won't always be able to walk in the exact direction the GPS tells you to go (there may be buildings, cliffs, rivers, etc. in your way), but the GPS will continually adjust the bearing and distance towards the waypoint as you move.

18.  The GPS has an accuracy of only about 15 feet, so you will need to look around for the site when you get close to it.  Each site is a large boulder (in some cases, partially hidden in the landscaping). Some sites include several boulders – look at them all.
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