Geology 2 – Physical Geology Lab

Lab #6 – Sedimentary Rock Identification

Student Outcomes:

· Be able to identify and name the seven common sedimentary rock types examined in lab

· Recognize and understand textures that differentiate clastic and non-clastic rocks

· Understand why sedimentary rocks are classified by both texture and composition.

· Be able to identify and name the minerals common in the different types of sedimentary rocks.

· Be able to interpret and describe the depositional environment of each of the seven common sedimentary rocks.

Materials:

· Part I - Six stations of sedimentary rock samples with accompanying photographs and figures.  

· Part II – List of terminology used is the study of sedimentary rocks

· Part III – 13 mystery sedimentary rock samples

· Hand lens or magnifying glass

· Student textbook with the descriptions of the sedimentary rocks

Logistics: The lab is in three parts.
Part I – Rotate to various stations at which you will observe various samples of sedimentary rocks.  Become familiar with the differences in texture and mineral composition of the different sedimentary rocks.  Some stations also have accompanying photographs and figures with important information about the rocks and their depositional environments.  Answer the questions on the lab worksheet.

Part II – Add your notes and definitions to the list of new terminology for your own use.

Part II - Determine the names of thirteen mystery sedimentary rock samples.

Part I. Classification, Characteristics, and Identification of Sedimentary Rocks
Sedimentary rocks are commonly composed of material that has been weathered, transported, and deposited by various processes at the Earth’s surface, including flowing water, wind, waves and glaciers.  The weathered sediments are then compacted and cemented into rock.  Other types of sedimentary rocks form by precipitation from solutions. 

· Classification of Sedimentary Rocks fits into two major categories:

1) Clastic rocks are composed of fragments or particles of other rocks.  Clastic rocks are classified by texture (grain size) and composition.  Examples are shales, sandstones, and conglomerates.

2) Non-clastic or Chemical rocks are composed of interlocking crystals.  There are two subcategories of chemical rocks:

· Inorganic chemical rocks are precipitated directly from water usually by evaporation or chemical changes in water chemistry.  Examples are halite and gypsum.

· Organic chemical rocks are composed of fragments of shells or hard parts from invertebrate animals.  Limestones and cherts can be from organic sources.

· Composition:  Most sedimentary rocks are composed of materials that are abundant in other rocks and are stable on the surface of the earth.  The majority of sedimentary rocks are composed of only five constituents:  1) quartz, 2) feldspar, 3) calcite, 4) clay minerals, and 5) rock fragments.  

1) Quartz is one of the most common components of clastic sedimentary rocks.  It is abundant in granitic rocks and continental crust.  Quartz is extremely hard, resistant to weathering, and is chemically stable at the Earth’s surface.  Quartz is a common product of weathered igneous rocks.  It also occurs as a silica solution that precipitates as a cement for clastic rocks.  Remember in our first walking field trip lab we saw the Monterey Formation?  It is shale cemented with a silica precipitate derived from the bodies of small siliceous marine diatoms.

2) Feldspar is the most common mineral in the Earth’s crust and is a very common constituent of sedimentary rocks.

3) Calcite is the major component of limestone and is the most common cement for sandstones and shales.  Calcite is derived from feldspars typical found in igneous rocks.  It is also a common chemical precipitate derived from calcium carbonate shell fragments of small sea organisms, which form accumulations on the sea floor.  

4) Clay minerals are derived from the weathering of silicates, especially feldspars.  Feldspars are common in the earth’s crust and they decompose easily, thus comprising the large amount of the clay minerals found in sedimentary rocks.

5) Rock Fragments are pieces of pre-existing rocks.  They form the primary constituents of clastic sedimentary rocks.

· Texture:  Texture of sedimentary rocks refers to the grain size and grain shape of which the rock is composed.  Texture provides important clues about the distance the sediment has been transported and the environment in which it was deposited.   There are two basic texture types of sedimentary rocks:  1) clastic (fragments of minerals and rocks), and 2) non-clastic (usually crystals that have grown by precipitation from solutions)

1) Clastic texture refers to the size, rounding, and sorting of the particles of which the sedimentary rocks are composed.  

· Grain size can range from large blocks to fine dust.  

· Coarse-grained particles are over 2 mm in diameter

· Medium-grained particles are 1/16 to 2 mm in diameter

· Fine-grained particles are less than 1/16 mm in diameter.

· Rounding refers to the roundness of the particles and depends on the amount of abrasion they have undergone.  It is a rough measure of the distance of transportation of the particles.  Non-rounded particles are called angular and have sharp edges.  

· Sorting refers to the separation by particle size.  Sorting provides important clues to transportation history and depositional environment.  

· Well-sorted material is composed of one dominant grain size and composition.  These sediments result from extensive transportation that has sorted the material to same size and shape, such as that produced by wind and water erosion. 

·  Poorly-sorted material contains particles of different sizes, shapes and composition.  Landslides and glaciers do not sort particles.

2) Non-Clastic texture refers to the interlocking crystals of which the rock is composed. Crystalline textures can be coarse-, medium-, fine-grained, or microcrystalline.  Crystallization forms from inorganic evaporites where minerals precipitate from seawater, lakes or groundwater; or from organic accumulations of the calcium carbonate or siliceous marine life hard parts, such as diatoms.

Classification of Sedimentary Rocks

	Clastic
	Texture
	Composition
	Rock name

	
	Coarse grained 

   (>2 mm)
	Rounded particle of any rock type – quartz dominant
	Conglomerate

	
	
	Angular grains of any rock type – quartz dominate
	Breccia

	
	Medium grained

 (sand sized)

 (1/16 to 2 mm)
	Quartz and rock fragments 
	Sandstone

	
	
	Quartz with lots of feldspar
	      Arkose

	
	
	Dark color, quartz & feldspar with lots of clay and rock fragments
	      Greywacky

	
	Fine grained

  (silt or clay size)

  (<1/16 mm)
	Quartz and clay minerals
	Shale

	
	
	
	

	Chemical

(organic & inorganic)
	Medium to coarse grained
	Calcite (CaCO3,) reacts with HCl, often gray in color
	Crystalline limestone

	
	
	Calcite (CaCO3,) reacts with HCl, many fossils or shell fragments present
	Fossiliferous limestone

	
	Microcrystalline, dense, conchoidal fracture
	Silica (SiO2)
	Chert

	
	Fine to coarse crystalline
	Halite (NaCl), resembles the mineral
	Halite

	
	Fine to coarse crystalline
	Gypsum (CaSO4(H2O), resembles the mineral
	Rock Gypsum


Identification of Sedimentary Rocks

The sedimentary rocks that will be on the rock quiz in lab will be the following seven common sedimentary rocks:

· Shale

· Sandstone

· Conglomerate

· Breccia

· Limestone

· Fossiliferous limestone

· Rock Gypsum

· Chert

Sedimentary Rock Stations

The rock stations in this lab give you an opportunity to closely examine a variety of sedimentary rocks.  You will gain experience in recognizing key components and textures found in sedimentary rocks that are essential for rock identification.  Many of the stations have photographs or figures that accompany the rock samples.  Look at the photographs and figures closely and study how they relate to the rock samples.  Use the lab, your text, and lecture notes to complete the lab worksheet.  

Part A – Clastic Sedimentary Rocks

1) Fine-grained clastic rock.  Shale is a very fine-grain rock composed of silt and clay-sized particles.  Individual particles are too small to be seen with the unaided eye.  Shale is often thin bedded or laminated.  It is one of the most common sedimentary rock types on Earth.  Shale is accumulates in very low-energy, quiet-water environments like lagoons, lakes, or deep seas.  What is the depositional setting and why?

2) Medium-grained clastic rocks include sandstone, which is composed of sand-sized particles.  Grains are usually rounded and well-sorted, showing the effects of erosion.  Calcite, quartz and iron oxides are the primary cementing agents. Sandstones accumulate in a wide variety of environments, such as beaches, deserts, floodplains, and deltas.  Look at these samples with a hand lens.  What is a depositional setting and why?

a) Quartz sandstone is composed almost entirely of quartz sand grains.  The individual sand grains are well rounded and sorted, just like on a beach or sand dune.  Quartz sandstone is an extremely mature sandstone.  A mature sandstone is composed of particles that have been abraded for a long time so that the less resistant and fine-grained particles have been weathered away by chemical and/or physical processes.  The remaining quartz particles are well sorted, well rounded, and highly resistant.  

b) Arkose is a type of sandstone that contains abundant feldspar and quartz particles.  It is also considered a mature sandstone because feldspar is fairly resistant to weathering, but not as much as quartz.  You can tell that not all the minerals are quartz, and they are not volcanic or rock fragments (compare to the greywacke below).  If the dunes of Seaside and Marina were cemented into rock, it might look like this sample.  Arkoses are commonly deposited in alluvial fans near granitic landscapes with rapid erosion.

c) Red sandstone is tinted red probably by iron (Fe)-bearing fluids that percolated through the rock. The red coloration makes mineral grain identification difficult, but these grains are probably quartz and feldspar, which would make this rock an arkose.  

d) Greywacke is sandstone with a considerable amount of dark minerals (clay?), and fine-grained material in them.  Greywacke typically forms along continental shelves where large rivers supply a large amount of terrigenous (from the land) material to the continental shelf.  They also form on continental slopes and submarine canyons where continental shelf material empties onto the continental slope in large undersea landslides.

3) Coarse-grained clastic rocks contain coarse-grained fragments held together by a matrix of finer-grained sand, clay and cement.  There are two types of coarse-grained clastic rocks. 

a) Conglomerates have individual particles that are well rounded and moderately well sorted in a finer matrix of sand and silt and cement.  This sample has rounded, gravel-sized pieces of black chert. In order to transport the large grains, the gravel must have been deposited in a fairly high-energy environment, such as alluvial fans, rivers, and beaches.  The smaller sized samples in the box contain gravel-sized grains of quartz pebbles. As you can see, the more resistant rock types usually end up as large particles in a conglomerate.  What is the depositional setting and why?

b) Breccia is another clastic rock that contains coarse-grained fragments held together by a matrix of finer-grained sand, clay and cement.  However, the individual particles in a breccia are angular and poorly sorted.  Breccia deposits are found in landslides and along fault zones where rock is crushed by movement.  What is the depositional setting and why?

Part B – Chemical Sedimentary Rocks

1) Limestone is composed entirely of calcite (CaCO3,) crystals.  All limestones react with HCl.  We have two types of limestone samples in lab.  

a) Crystalline limestone is composed of interlocking calcite crystals large enough to be seen with the unaided eye.  Crystalline limestone typically forms in warm, shallow seas.  

b) Fossiliferous Limestone is composed is composed of microcrystalline limestone that contains fossils.  Microcrystalline limestone is almost entirely of microscopic calcite crystals.  The matrix texture is uniform and dense. The fossils are remains of shells and hard parts of various marine animals that lived in warm, shallow seas.  Look at the sample with the trilobite fossil.  Trilobites are extinct marine animals that lived in the Cambrian Period, about 500 million years ago.  What is the depositional setting and why?

2) Evaporites are chemical precipitates that form when water evaporates from seawater and saline lakes trapped in restricted bays. Halite (NaCl) and Gypsum (CaSO4(H2O) are examples of evaporite sedimentary rocks.  They are composed almost entirely of aggregates of their prospective minerals.  Evaporites indicate sediments were deposited in an arid or semiarid climate.  They both are typically whitish, sometimes with light staining of various shades of red because of small amounts of iron oxides impurities.  Gypsum can be scratched with a fingernail.  Where would you find halite and gypsum forming today?

3) Chert is a common chemical rock composed of microcrystalline quartz.  Chert comes in a variety of colors and is characterized by a hardness of 7 and conchoidal fracture.  Chert forms both as an inorganic and a biochemical precipitate.  Inorganic origins include migrating groundwater, often through limestones, or through direct precipitation from seawater.  Biochemical sources include the accumulation at the bottom of the sea of the siliceous skeletons of microscopic animals called radiolarians.  Where would you expect chert to form today?

Part II.  Sedimentary Rocks Terminology

This list of new terms is to help you focus on the highlights of this lab.  Write definitions and make notes for your own use in studying. 

· Clastic sedimentary rock

· Fine-grained sedimentary rock

· Medium-grained sedimentary rock

· Coarse-grained sedimentary rock

· Sorting

· Rounding

· Cementation

· Microcrystalline

· Conglomerate
· Breccia
· Sandstone

· Mature sandstone

· Shale
· Chemical sedimentary rock

· Limestone
· Fossiliferous limestone
· Evaporites

· Halite (rock)

· Rock gypsum
Part III.  Mystery Sedimentary Rocks

Check out a bag of eight mystery sedimentary rocks.  Arrange the mystery rocks in numerical order.  Identify each of the samples using the characteristics of sedimentary rocks that you learned in Part I of the lab, lecture and your text.  Work in small groups and discuss your observations with your colleagues as you identify each sedimentary rock.  Choose from the names of the rock samples you reviewed in lab.  Write the name of each rock sample by number on the list below.  List by each sample the key characteristics you used to identify this sample.   If you get confused, go back to the relevant station in Part I of the lab for clues and to remind yourself of the characteristics and properties of sedimentary rocks.  

Rock identification takes practice.  It requires understanding sedimentary textures, recognizing key sedimentary minerals that you learned in the previous mineral lab, and understanding the various compositions of sedimentary rocks.  If you really get stuck, ask me for help.

Remember:  For the rock test you will need to identify and name only the seven rock names listed in bold in Part I.   (You’re welcome!)

36)

37)

38)

39)

40)

41)
42)

43)

Congratulations on completing the Sedimentary Rock lab!  You now know more about the world around you and how it works!
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