ESC120 Earth Science Labs

60 points total  

Lab Exercise Three
Rocks
Introduction
Deciphering the Earth’s history begins with rocks because they bear testimony to their origin and subsequent history.  Most rocks are aggregates of crystals and grains of one or more minerals.  Rocks are classified as igneous, sedimentary, and metamorphic based on how they form.  All the three groups of rocks, however, are closely related to one another as shown and explained by the concept of rock cycle. As a result, there are no sharp boundaries to separate these rocks. (Please read textbook for details). 
In this lab exercise, we will study samples of igneous, sedimentary, and metamorphic rocks to reach the following learning objectives:

1) Recognize common igneous rock textures, namely, aphanitic, phaneritic, porphyritic.
2) Be able to explain the origin of an igneous rock based on its texture.

3) Understand how igneous rocks are classified and be able to identify an igneous rock based on its texture and composition. 

4) Understand the formation process of detrital and chemical sedimentary rocks and be able to distinguish a detrital sedimentary rock from a chemical sedimentary rock.

5) Be able to identify common detrital and chemical/biological sedimentary rocks. 
6) Understand sedimentary environments and be able to use textures, structures, and composition of a sedimentary rock to recover it’s forming environment. 

7) Define metamorphic foliation.  Be able to recognize foliation and distinguish metamorphic foliation from sedimentary layering through a hand specimen.  
8) Be able to identify common metamorphic minerals. 

9) Be able to tell the differences among the three types of rocks and analyze a rock (of any kind) to reach its name. 
Lab Activity One:  Common Igneous Textures and the Origin of Common Igneous Rocks
Background information  
Igneous rocks form from the cooling of magma.  Mineral crystals crystallize out of magma and vary in size due to the cooling rate. Crystal size is largely controlled by the environment in which the cooling process takes place. Igneous rocks with crystals that are visible with unaided eyes have a phaneritic texture (Fig. 3-1), whereas those with crystals that are not visible with the naked eye have an aphanitic texture (Fig. 3-2).  Igneous rocks with a phaneritic texture usually grow at a certain depth underneath the surface that allows for slower cooling and thus they are called intrusive igneous rocks. On the other hand, igneous rocks with an aphanatic texture formed on the Earth’s surface, and must have gone through a fast cooling process so that minerals did not have enough time to grow. An igneous rock consisting of crystals with sharply different sizes has a porphyritic texture (Fig. 3-3) which suggests that the igneous rock may have gone through two different rates of cooling. The large crystals are termed phenocrysts; and the smaller, surrounding crystals are termed groundmass, or matrix. Igneous rocks with no crystals are said to have a glassy texture caused by a very fast cooling process.  Igneous rocks with a glassy texture have a glassy appearance (Fig. 3-4). In some cases, rapidly escaping gasses during a very rapid cooling process may produce a frothy appearance similar to spun glass.  An igneous rock with a vesicular texture contains abundant vesicles ranging from a few millimeters to several centimeters in diameter. The vesicles used to be occupied by liquid or gas that later escaped from the rock due to a rapid cooling process on the Earth’s surface (Fig. 3-5). A rock with a vesicular texture is often composed of frothy glass (no crystals) and, thus, vesicular texture is often called glass texture in some textbooks (see Fig. 3-7).  Some igneous rocks do not form directly from liquid magma, but from volcanic ashes and fragments that have welded together after an explosive eruption, such as the eruption of Mt. St. Helen in 1980. These types of igneous rocks are called pyroclastic rocks.  Pyroclastic igneous rocks often have fragmental textures characterized by broken volcanic fragments of various sizes (Fig. 3-6).  
The color of igneous rocks varies with their compositions.  As shown in Figure 3-7, dark colored igneous rocks are usually rich in magnesium and iron and are dominated by mafic minerals (iron and magnesium rich minerals) whereas those light in color contain abundant felsic minerals (feldspar and quartz). Igneous rocks with mixed colors (dark and light) are said to have intermediate composition.  Igneous rocks are named based on both their composition and texture.  For example, an igneous rock with a course grained phaneritic texture and felsic composition is granite (Fig. 3-1). Figures 3-1 to 3-10 show some common types of igneous rocks. 
Questions 
Use the igneous rocks samples provided (Sample #8-14) to answer the following questions.  

1. Which of the rock samples provided for you have the following textures? (4 points)
Phaneritic: 12,13
Aphanitic: 11,14
Glassy: 9
Vesicular:8,10
2. Select two intrusive and two extrusive igneous rocks. Explain your reasoning. (4 points)
Intrusive rocks: 13,14 because you can see the crystals easily.
Extrusive rocks:  7,8,9 because they are grainier and glassier.  
3. Identify the samples of igneous rocks with the help of the igneous rock ID key (Fig. 3-11) and complete the rock identification sheet below.(7 points)
	Sample #
	Texture
	Color
	Dominant Minerals
	Rock Name

	8
	Vesicular
	Tan 
	Feldspar, augite 
	Pumice 

	9
	Glassy
	Dark brown
	Pyroxene olivine 
	Obsidian 

	10
	vesicular
	Dark brown 
	Mafic 
	Scoria 

	11
	Aphanitic
	Blackish 
	Mafic olivine 
	Basalt 

	12
	Aphanitic
	Gray 
	Amphibole plagioclase feldspar 
	Andesite 

	13
	Aphanitic
	Pink, gray, white
	Potassium feldspar 
	Granite 

	14
	Aphanitic
	Gray/pink
	Felsic quartz 
	Rhyolite 


Figure 3-11.  Igneous identification key. 
Lab Activity Two:  Sedimentary Rocks
Background information  
Sedimentary rocks form in basins (ocean, lake or other low lands) by any of these processes: 1) compaction of sediments, 2) cementation of sediments, and/or 3) direct formation of crystals precipitated from a solution during evaporation. Sediment is composed of loose or fragmental materials that are derived from preexisting materials through weathering on the surface. The fragments of sediment, called detritus, are transported by rivers and wind to the sedimentary basins where they are compacted and cemented into detrital sedimentary rocks. Chemical weathering dissolves rocks and the dissolved materials form a solution that is carried by rivers and groundwater into lakes and oceans where they are deposited as chemical precipitates or evaporates as chemical sedimentary rock. The forming process of chemical sedimentary rock is often combined with life processes of water-dwelling organisms and thus is often called bio-chemical sedimentary rock.
Textures and structures of sedimentary rocks can often provide us some critical information about their forming environment. Figure 3-21 shows characteristics of detrital sedimentary grains in terms of size, rounding and sorting. Well-rounded and sorted sedimentary particles suggest longer transportation by water or wind. Thus, a detrital sedimentary rock with a well-rounded and sorted texture suggests that rock might have formed further away from its source region where sediments is produced through weathering.  The most common sedimentary structure is layering or stratification. Figure 3-22 shows two common types of sedimentary layering. 

Sediment is deposited horizontally in a basin forming the original horizontal sedimentary layering or strata (Fig. 3-22). Some sedimentary stratification is not horizontal either because they formed from sand dunes or ripple by wind and water (cross-bedding), or tiled due to layer tectonic event (Fig. 3-23). Sedimentary textures and structures provide crucial evidence for geologists to recover ancient environments. For example, fine grained shale suggests that the rock was formed under a calm water environment (in deep lake, or marine); coarse grained conglomerate, on the other hand, suggests a rapid flowing stream and is often formed as part of alluvial fan; cross-bedding suggests either a desert (sand dunes) or beach (ripples) environment. Figure 3-24 shows some typical sedimentary depositional environments.  
Questions  

1. Examine the sedimentary rock samples (sample #23-30). Separate detrital from chemical sedimentary rocks. What is the major difference between a detrital and chemical sedimentary rock? (6 points)
Detrital sedimentary rocks: 23,24,25,26,30
Chemical sedimentary rocks: 27,28,29
Major different between them:  Detrital sedimentary rocks are comprised of detrital particles, and chemical sedimentary rocks are composed of crystals that were precipitated from water. Detrital particles are often rounded and sorted.
2. Identify the components (minerals or rock fragments) of each detrital sedimentary rock and name each sample using the sedimentary identification key (Fig. 3-12). (5 points)
	Sample #
	Major Components
	Particle Size (average)
	Name

	23
	Gravel 
	2mm
	Conglomerate 

	24
	Sand 
	1/16mm
	Sandstone 

	26
	mud
	1/256mm
	Shale 

	30
	Gravel 
	2mm
	Breccia 

	25
	Sand 
	1/16mm
	Arkose
	


3. Describe the forming processes of a composition bedding (Fig. 3-22 left) and a graded bedding respectively (Fig. 3-22 right). (4 points)
The composition bedding is made by the deposit of sedimentary components with several chemical composition throughout the different episode of deposition. Graded bedding is made by the deposit of sedimentary particles of various sizes at distinctive times.
4. Identify the chemical and biochemical sedimentary rocks provided by your instructor.(3 points) 
	Sample #
	Major Minerals 

(fine crystalline)
	Special Identification Property (react with HCL acid, salty taste, etc.)
	Name

	29
	Fine to coarse crystalline
	Calcite, Ca CO 
	Limestone 

	28
	Fine to coarse 
	Calcite, Ca CO
	Calcareous tufa 

	27
	Fine grained silicates and carbonates 
	Quartz 
	Oil shale


Lab Activity 3: Metamorphic Rocks
Background Information
Metamorphic rocks are formed at variable depths within the crust when pre-existing rocks, including igneous, sedimentary and older metamorphic rocks, are changed physically and chemically due to the change of temperature, pressure or both. During metamorphism, the texture or mineral compositions (or both) of pre-existing rocks, change under various metamorphic conditions at different depths (Fig. 3-25).  As the degree of metamorphism increases, pre-existing minerals might either grow larger through re-crystallization (for example, small calcite crystals in limestone grow into larger crystals in marble), or change mineral compositions through metamorphic reaction (for example, clay minerals are changed to micas, garnets, etc.).  Metamorphic grade is based on metamorphic temperature and can be estimated based on some index metamorphic minerals. Figure 3-26 shows forming temperature and some representative index metamorphic minerals.   
Questions
1. Examine the metamorphic rock samples (samples# 15-22). Separate foliated from non-foliated metamorphic rocks. (2 points)
Foliated: 18,20
Non-foliated: 15,16,17,19,21
2. Carefully study two of the foliated metamorphic rock samples and identify the elongated or sheeted minerals that define the foliation of each sample. (3 points) 
	Sample #
	Minerals that define the foliation

	18
	Fine grained

	20
	Fine grained muscovite


3. Compare a sedimentary rock that has layering and a foliated metamorphic rock (use the samples provided by your instructor) How can you distinguish sedimentary layering from a metamorphic foliation from a hand-specimen? Draw sketches to explain your answer if necessary. (2 points)
Metamorphic foliation is described as a sheeted metamorphic crystal that grow along the same route. Sedimentary layers form either from change of composition or particle sizes. Within every sedimentary layer, no particles or crystals develop along the same direction.
4. With the help from the metamorphic rock identification key (Fig. 3-28), identify the metamorphic rock samples. (8 points) 
	Sample#
	Foliated or Non-foliated 
	Grain Size
	Minerals (if identifiable)
	Rock Name
	Possible Parent Rock 

	15
	Non-foliated 
	Medium to coarse
	
	Amphibolite 
	Basalt 

	16
	Foliated 
	Very fine 
	
	Slate 
	Shale 

	17
	Non-foliated 
	Medium to coarse
	
	Quartzite 
	Quartz sandstone 

	18
	Foliated 
	Medium to coarse 
	
	Gneiss 
	Schist 

	19
	Non-foliated 
	Medium to coarse 
	
	Talc 
	Schist 

	20
	Foliated 
	Medium to coarse 
	Micas 
	Garnet schist
	Phyllite 

	21
	Non-foliated 
	Medium to coarse 
	Calcite 
	Marble 
	Limestone 

	22
	Non-foliated 
	fine
	
	Anthracite coal
	Bituminous coal 


5. What are two important criteria you can get from a hand specimen to determine metamorphic grade of a metamorphic rock?  (2 points)
The two important criteria are the size of the crystals and metamorphic minerals.
6. Picking up a rock randomly, how can you tell if the rock is an igneous, sedimentary or metamorphic rock?  If the rock is an igneous rock, what do you need to do to further identify this igneous rock and arrive at its name?  Please repeat this process for a sedimentary rock and metamorphic rock respectively. Use an additional piece of paper to answer this question if necessary. (10 points)
Metamorphic rocks have foliation, a lot of sedimentary rocks have layering, and igneous rocks comprise of interlocking crystals that are not foliated.
Sedimentary rocks you should first identify if the specimen is a detrital or chemical sedimentary rock based on whether detrital particles exist. You can determine if it is a detrital sedimentary rock by particle size.  For chemical sedimentary rocks, you can evaluate them based on the chemical composition.
Fore metamorphic rocks, you should begin by separate foliated from non-foliated metamorphic rocks based on whether foliation exists.
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