Geology Merit Badge

1. Explain what geology means.

Geology is the study of the earth – the materials that make up the earth, the processes that change the earth, and the history of the earth.

The word geology comes from 2 Greek words (meaning the story of the earth):

geo – earth or land

logos – story 

2. Make a collection of at least 10 different earth materials or geological specimens from your locality or an area of special interest to you. Label, to the best of your ability, classify, and explain the origin and use of the materials collected.

Alternatives: Present a collection of 10 different rocks, with specimens of sedimentary, igneous, and metamorphic rocks properly marked, cataloged, and displayed.

Or: Present a collection of 10 different minerals (or ores) properly marked, cataloged, and displayed. Also, identify each of the 10 minerals, and give their sources and possible uses.

Some common earth materials, rocks, & minerals:

Sand – derived from erosion of rocks; used in construction (for concrete, road building), glass-making, landscaping

Gravel - derived from erosion of rocks; used in construction (for concrete, road building), landscaping

Sandstone – composed of “cemented” sand grains; used in construction

Conglomerate – composed of “cemented” gravel; used in construction

Shale – composed of clay; 

Limestone – typically grey, white, or tan; used to make cement; buildings, & monuments

Granite – composed of quartz, feldspar, mica, and other minerals; used in construction (building stones); monuments; typically tan, grey, or white overall in color; Pikes Peak composed of granite

Basalt – composed of solidified lava from a volcano; used in landscaping (“lavarock”); can be black, grey, or red in color

Obsidian – composed of solidified lava from a volcano; typically black in color, fractures like glass, with sharp edges; was used to make arrowheads

Quartz – common mineral, can be clear, grey, white, pink (rose quartz), violet (amethyst); used in jewelry, electronics

Feldspar – white, grey, or tan mineral

Mica – black, brown, or clear in color; can be easily separated into thin flakes/sheets; was used for window panes in the past; used for insulation

Halite - salt

Pyrite – “fool’s gold”; metallic yellow-copper color

3. Define rock. Discuss and define three classes of rocks. List the characteristics of each class, how they are formed, and how they are named.

A rock is a naturally occurring solid substance composed of one or more minerals that form an essential part of the Earth’s crust.

	Rock Class
	Subclass
	Characteristics
	Formed
	Named

	Sedimentary
	Fragmental (Clastic)
	Composed of particles derived from other rocks & transported to the place of deposition
	Cemented particles eroded from other rocks
	Named after the main particles (sandstone, mudstone, siltstone)

	
	Precipitates
	Particles are deposited in place (not transported)
	Preciptation or evaporation from water
	Name based on chemical composition -Limestone, Dolomite, Salt, Gypsum

	
	Organic
	Particles deposited in place (not transported)
	Formed from parts of organisms (plants ( coal; shell fragments ( limestone, chert)
	Name based on chemical/mineral composition

Limestone, chert, coal

	Igneous
	Extrusive
	Fine-grained – most mineral crystals not visible
	Quickly solidified from lava on the surface
	Named on mineral composition and texture:

Basalt, andesite, felsite, rhyolite, obsidian

	
	Intrusive
	Visible mineral crystals
	Slowly solidified from magma below the surface
	Named on mineral composition and texture: granite, diorite, gabbro, dunite

	
	silicic
	Have large amounts of quartz and feldspar; light colored (light grey, light green, tan, or pink)
	Formed by cooling from magma, either below or above the surface
	Named on mineral composition and texture:Granite, rhyolite, obsidian, andesite

	
	mafic
	Have large amounts of amphibole, pyroxene, and olivine; dark colored (black or dark greenish grey)
	Formed by cooling from magma, either below or above the surface
	Named on mineral composition and texture: gabbro, diorite, amphibolite, dunite

	Metamorphic
	
	May be fine-grained with few visible mineral crystals or coarse-grained with visible mineral crystals, typically exhibit a layering (foliation)
	Formed when heat and/or pressure are applied to existing rock, or hot solutions interact with an existing rock
	Named on mineral composition and texture: marble, schist, slate, gneiss

	
	
	
	
	 


4. Define mineral. Tell how to identify minerals. Tell how rocks and minerals differ. List five of the most common rock-forming minerals. Tell how they are identified. Tell how hardness, specific gravity, color, streak, cleavage, luster, and crystal form are used in identifying minerals. 

A mineral is:

Homogeneous and solid

A naturally occurring crystalline substance

A distinctive set of physical and chemical properties

Identifying minerals:

Hardness – using the Moh’s Mineral Hardness scale, one can identify the hardness of the mineral on a scale from 1 (talc) to 10 (diamond)

Specific Gravity – the weight of a mineral compared to the weight of an equal volume of water 

Color – the color of the mineral

Streak – the color of a mineral when it is powdered (by scratching on unglazed porcelain)

Fracture – the pattern with which a mineral breaks along uneven surfaces. Types of fractures:

Earthy fracture – breaks like clay

Uneven fracture – breaks like arsenopyrite

Conchoidal fracture – breaks like glass: quartz, obsidian

Cleavage – pattern with which a mineral breaks along smooth surfaces in regular directions

Cubic cleavage – breaks at 90 ( angles:galena, salt

Rhombic cleavage – breaks at 60( and 120( angles: calcite

Platy cleavage – breaks along thin flakes or plates

Luster – the appearance of a mineral in normal light

Glassy (vitreous) luster – looks like glass (quartz)

Earthy luster – dull, dirty appearance

Waxy luster – waxy appearance

Oily luster – appears oily

Silky luster – looks like silk

Metallic luster – looks like metal (pyrite, galena, gold)

Crystal form – shape of crystals (cubic, hexagonal, octagonal, et cetera)

Rocks are composed of minerals; although in some cases a rock may be composed of only 1 mineral (halite, limestone). 

5 most common minerals:

Quartz – conchoidal fracture, vitreous (glassy) luster, no streak, hexagonal crystal, 7 hardness, clear, white, grey, pink,violet, blue color

Feldspar – rhombic cleavage, vitreous luster, white streak, 6 hardness, white, grey, tan, pink color

Mica – platy cleavage, shiny luster, pale grey to black color

Hornblende – metallic to dull luster, green or black color

Calcite – vitreous (glassy) luster, rhombic cleavage, white streak, 3 hardness, clear to white color

5. Secure a topographic map of your community or an area of special interest to you. Explain the origin of the landscape, including any unusual features. Account for any influences of the landscape on the location of towns, parks, highways, railroads, airports, industries, or similar structures.
In the Denver area, the low area along the South Platte river was formed by erosion of the rocks by the river. Train tracks and roads tend to follow the low, flat ground along the river. Table Mesa is a flat-topped butte capped by basalt (a lava flow). The basalt is resistant to erosion, and has remained while areas around Table Mesa have been eroded. The mountains to the west were uplifted along a fault that runs essentially north-south. The Coors factory in Golden was located near Clear Creek for its water source. The airport was located in the flat plains east of downtown. Denver itself was located where 3 creeks/rivers came together. Mountain towns such as Blackhawk, Central City, Idaho Springs, Georgetown, Silverthorne, Empire, Leadville, Cripple Creek, and Victor were originally located near mines.

6. Draw a diagram of the hydrologic cycle and discuss its effects with your counselor.
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7. (c) Describe the major features of an ocean floor between the shorelines on each side.
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Starting from the shoreline to a depth of approximately 300 feet is the shallow portion of the ocean floor known as the continental shelf. From the edge of the continental shelf down to the abyssal plain is the more steeply dipping edge of the continent called the continental slope. The continental shelf and slope are underlain by continental crust. The deep, relatively flat ocean basins are referred to as the abyssal plains, and are underlain by oceanic crust. The oceans get shallower near the mid-ocean ridge. The mid-ocean ridge is a mountain range (mostly underwater, with some exceptions such as the Azores and Iceland) made of volcanoes where upwelling magma forms new oceanic crust. This new crust flows away from the mid-ocean ridge, causing sea floor spreading (continental drift).

8. Make a chart showing the geological eras and periods and show in what geologic time the rocks in your region were formed.
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Colorado has rocks which range in age from Precambrian to Cenozoic. Metamorphic rocks  of Precambrian age in the mountains are the oldest rocks in Colorado. Sedimentary rocks which overly these Precambrian “basement” rocks generally are Paleozoic in age. The “red rocks” of the Fountain formation west of Denver are Pennsylvanian in age. Mesozoic sedimentary rocks overly the Paleozoic rocks. These are the rocks which contain the dinosaur fossils found in Morrison, Dinosaur National Monument, and other parts of the state. Much of the rocks underlying the plains are Mesozoic in age. Overlying these rocks are the youngest rocks in the state – the Cenozoic rocks. The “castle” rock overlooking the town of Castle Rock in Cenozoic in age.

9. Discuss with your counselor the theory of continental drift.

The earth’s lithosphere (the solid outer part of the earth, which includes the surface) is composed of individual sections, called plates, which “float” like rafts on the molten asthenosphere. These plates can move in relation to each other, and consequently, the position of land masses in relation to each other changes through time. 

In the early 1900’s, a German geologist named Wegener noticed many similarities between the west coast of Africa and the east coast of South America. Both locations had similar plants, animals, and rocks, and the coasts of the 2 continents seemed to fit together. Wegener theorized that the 2 continents had once been together and had drifted apart over time; hence, the term “continetal drift.” In the 1960’s, studies of the ocean floor and mid-ocean ridges led to the theory of plate tectonics, which provided the driving mechanism for continental drift.

There are 3 basic types of interplate motion (motion of one plate relative to other another plate).
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Movement away from another plate, called spreading or divergence. At mid-ocean ridges, where new oceanic crust is created, plates on either side of the ridge are moving away from each other. For example, Europe and North America are moving away from each other, as they are on opposite sides of the mid-Atlantic ridge.
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Movement towards another plate, called subduction or convergence. At oceanic trenches, such as the one off of the west coast of South America, one plate dives below another plate. The plate which is subducted (the one diving down) eventually melts, and the resulting magma rises to the surface and forms volcanoes (the Andes Mountains in the case of South America). Large, deep-seated earthquakes also are associated with subduction.
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Movement parallel to another plates called transform or strike-slip faulting. When plates slide past each other along a fault zone, such as the San Andreas fault in California, large earthquakes are common.

The earth’s lithosphere is made of many large plates which move in relation to each other. This figure displays some of the major lithospheric plates.
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Tectonic Plates  - arrows indicate direction of plate motion

The 4 figures below indicate the motion of land masses from 170 million years before present to the present land configuration. Note the movement of North and South America away from Europe and Africa; the southward movement of Antarctica, and the northward movement of India.

           170 MYBP             100 MYBP             50 MYBP              PRESENT
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Motion of Land Masses from the Jurassic to Present

10. Discuss two environmental problems related to geology. Tell how land-use planning relates to geology. Tell why faulting, landslides, waste disposal, pollution, water supply, and subsidence are important in land-use planning. Give an example of poor use of land in your area or of an environmental hazard in your area related to geologic features or processes.

One environmental problem related to geology is expansive soils. Clays (bentonite, for example) expand significantly when wet and shrink back to their original size when dry. This expansion puts a significant stress on foundations, and can cause them to crack and shift.

A second environmental problem related to geology is acid run-off from mine tailings which contaminates surface water with a higher than normal acidity. The high acidity can kill the aquatic life normally found in the affected streams.

The location of faults, landslides, and landslide-prone areas are important in land-use planning because permanent structures should not be located where they can be damaged or destroyed by earthquakes or landslides. Placement of structures at the top of landslide-prone area, or excavation of earth at the base of the area can actually increase the likelihood of landslides.

Waste disposal is important in land-use planning because a suitable site and design for disposal and/or recycling of solid and liquid wastes must be found to avoid pollution and possible health problems.

It is important to consider pollution in land-use planning so that possible sources of pollution are minimized. For example, adequate mass transportation can help to minimize auto emissions.

Water supply must be considered in land-use planning, as adequate sources, storage, and treatment of water must be available for planned uses.

Both acid-runoff from mine tailings and expansive clays are environmental hazards in Colorado related to geology.

11. Describe five energy sources, how they occur, and how they are used today. Describe the source of the products supplied by your local utilities. Tell which of these products are related to geologic processes.

Some of the earth’s mineral resources can be taken used for fuel. Coal, oil and gas are collectively called fossil fuels, because they formed from organic (living) matter.

Uranium is also a source of energy that is taken out of the ground, but it is not a fossil fuel. These fuels that are mined are called non-renewable resources, because we can't replace them. That's why wise use of our raw materials is important. 

Coal, oil, gas, and uranium are most commonly found in sedimentary rocks, such as those which underly the plains to the east of the Rocky Mountains. You may have observed oil wells near the runways at Denver International Airport.  Coal is mined in Colorado, but the coal which you see in the long coal trains heading south to Texas comes from Wyoming. 

There are other sources of energy in Colorado also – electricity generated from hydroelectric energy (from water-powered turbines at dams) and wind energy from wind-powered turbines. A less important energy source is wood, which may be used to heat cabins in the mountains.

Some of the coal, oil, and gas used as energy sources in Colorado actually comes from Colorado. Colorado was an important source of uranium, but the use of nuclear power in the US is declining, and the 1 nuclear power plant in Colorado (Fort St. Vrain) was closed.

Renewable resources, such as hydroelectric power, wind power, and solar cells, are becoming more common.
12. a. Read a pamphlet about careers in geology. Tell what you learned.

Geology has many sub-specialties. 

                    Engineering Geology

                    Environmental Geology

                    Geochemistry

                    Geochronology

                    Geophysics involves the study of those parts of the earth

                    hidden from direct view by measuring their physical properties

                    with appropriate instruments, usually from the surface. It also

                    includes an interpretation of the measurements to obtain useful

                    information on the structure and composition of the concealed

                    zones, like the mantle and core. The link

                    http://www.antares.com.br/sbgf/sbgfwhat.htm has excellent

                    drawings showing what geophysics is all about

                    Geotechnical Engineering

                    Hydrogeology

                    Landslides

                    Mapping

                    Mineralogy & Crystallography

                    Mining & Natural Resources

                    Paleontology

                    Petroleum

                    Remote Sensing

                    Seismology - A seismologist is someone who studies

                    earthquakes and the internal structure of the earth, by analyzing

                    both natural and artificially generated seismic waves.To be a

                    seismologist you need an undergraduate degree in geology,

                    geophysics, or mathematics with post graduate work in

                    geophysics and seismology.

                    Software

                    Speleology

                    State Government

                    Stratigraphy

                    Tectonics

                    United States Government

                    Universities & Colleges

                    Volcanology

13. Discuss with your counselor what you have learned about careers in geology and how to prepare for them.

To prepare for careers in geology, you should take math and science classes in high school. Different careers will benefit from specific classes – for example, geophysics and seismology classes require advanced math and physics. Geochemistry and mineralogy requires a knowledge of chemistry, and paleontology would benefit from a study of biology.

