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Where Would You Explore for Fossil
FFuels in This Place?

THIS REGION EXHIBITS CLUES that it contains oil, gas, coal, or other hydrocarbon-based sources of
energy. There are oil seeps, exposed coal seams, and other features that may be related to hydrocarbons.
You will use the character and distribution of different rock types on the surface, along with some
subsurface information, to identify places to explore for hydrocarbon-based energy sources. This
nvestigation involves many aspects of geology, including sedimentary environments, structural geology,
sroundwater, and energy resources.

Goals of This Exercise:

° Observe the landscape to understand the geologic setting of
different areas, and read the descriptions of each location in
order to interpret the significance for exploring for fossil fuels.

e Use a stratigraphic section and descriptions of the rocks to
interpret the environment in which each rock layer formed.

e Use surface observations of geologic structures, along with the
geologic section shown on the side of the diagram, to interpret
the subsurface geology.

e Determine the best locations to explore for hydrocarbon-based
fossil fuels.

Procedures

Jse the available information to complete the following steps,
entering your answers in the appropriate places on the worksheet.
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Observe the features shown on the landscape to the right. Read the
text box associated with each area and consider what that statement
implies about the rock types and geologic structure in that area.

On the stratigraphic section, read the description of each rock
unit and interpret in what environment each unit formed. Next,
consider what implications each rock’s character has for that
rock’s potential role in the generation, preservation, or trapping
of fossil fuels.

Use the various types of structural information to characterize the
main geologic structures that cross the area.

Integrate your understanding of the rock sequence and the structural
geometries to predict what rocks would lie at depth beneath any
area, and whether any particular rock layer will be at a shallow,
medium, or great depth below the surface.

Draw the letters O, G, C, and S any place on the map that you think
has potential for oil (O), natural gas (G) including coal-bed methane,
coal (C), and oil shale (S). Note that not all of these types of
hydrocarbons may be present. You may decide to write a letter
(such as C for coal) in more than one location. If you do, label them
C1, C2, C3, etc,, in order of highest to lowest potential.

Write a justification for each of your proposed sites, including what
you think would be present in the subsurface and how you intend to
extract the resource.

1. The highest feature in the 2. On both flanks of the
area is a large ridge known as mountain, the sandstone
Tan Mountain, which is largely dips away from the ridge
composed of tan-colored crest, defining an anticline
sandstone. The sandstone is that has nearly the same
well sorted and is reportedly shape as the mountain.

a good source of groundwater

(i.e., is an aquifer). The sand-

stone unit is named after the 18.15.a1
mountain, and is called the
Tan Mountain Sandstone.

3. Wrapping around the flanks of the mountain is a sequence

of reddish and gray sedimentary rocks, which are shown on the cross
section with a pale reddish color. Local people informally call this
unit the carbon beds because the bottom part of the unit contains a
layer of coal up to 5 meters (16 feet) thick (too thin to show on the
cross section). The coal is exposed only here and there, but digging
beneath the surface has shown that the coal layer is fairly continu-
ous. Miners drilling into the unit while exploring for coal experienced
some minor explosions due to some type of flammable gas.
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4. The two valleys in the cen- 5. In one valley, the rock layers do 6. The eastern ridge, like the other two,

ter of the area are underlain not quite match up when geologists is an anticline. It is more eroded than the

by tan, dark gray, and brown compare the rocks exposed on the other two anticlines, and so exposes

shale, which geologists call mountains to either side. A zone of deeper rock layers. The Tan Mountain

the upper shale. This unit, col- crushed rocks marks a fault zone Sandstone caps the highest peaks and

ored tan on the cross section, along one of the mountain fronts. overlies a thick sequence of yellowish-tan

is the highest unit exposed in There are some springs and small shale. This shale is called the muddy

the area, except for some thin oil seeps along the fault, but overall shale, because water will not sink into 7. Some recently
gravels along the rivers and the fault does not seem to be very the unit when it rains and remains on the deposited gravels
mountain fronts. The dark-gray permeable because some type of surface, making a muddy mess. cover the older
and brown parts of the shale natural cement has filled in the pore rocks in a few places
emit an oily smell. Some long- spaces between the broken pieces ' These gravels
time residents claim that the of rock. are loose and

shale actually burns, but this unconsolidated.

has not been verified.

8. Followinc
up on the pres-

ence of the oil seeps
and an encouraging seismic-
i reflection survey, oil companies

drilled an exploration drill hole in a nearby
area, outside the area shown here. The drill hole
started in the upper shale and encountered the
sequence shown in the stratigraphic section below. The drilling
discovered units not exposed at the surface, including a brown, per-
meable, and oil-stained sandstone, called the lower sandstone, which under-
lies the muddy shale. Farther down is an organic-rich limestone with favorable
traces of oil. The lowest unit encountered in the drilling is a layer of salt. The
salt has contorted layers formed by flow.

Stratigraphic Section

9. In the central part of
the area is an odd circular
feature that seems out of place
in the rock sequence. The feature is
composed of salt and has a rough,
irregular surface because the salt is flowing
and spreading out in all directions. Areas
of pure salt are light colored, but the
entire feature is dark because the salt
contains minor amounts of shale and ail
intermixed with the salt. No one has
been able to extract the oil from the salt,
because the salt is too impermeable.

Upper Shale: Tan, dark gray, and dark brown shale with nonmarine fish
fossils; dark layers emit an oily smell.

Carbon Beds: Reddish and gray sedimentary beds with coal near the base.

Tan Mountain Sandstone: Tan, locally cross-bedded sandstone with both
marine fossils and land plants.

Muddy Shale: Light-gray shale that contains few beds or fractures.

Lower Sandstone: Porous and permeable, well-sorted sandstone with
very little natural cement between the grains; locally oil stained.

Lower Limestone: Dark-gray limestone with abundant marine fossils;
contains many open fractures and bedding planes, some of which
are locally oil stained.

Salt: A mostly cream-colored to light gray salt with some thin organic-
rich shales. Tests show that the salt, shale, and overlying limestone

=

18.15.a2 [ onins have all been heated to 80 to 100°C.






To complete this worksheet, see the instructions in the textbook (Chapter 18 Investigation).

	Question 1: Stratigraphic Section and Your Interpretation of the Environments of Deposition

	Read the description of each rock unit and interpret in what environment each unit formed. Write the first letter of the appropriate environment in the left column of this table. Possible environments of deposition include: (R) reef, (L) lagoon that is shallow and muddy, (B) beach, (D) delta that is sandy, (W) wetland and swamp that is muddy and plant-rich, and (N) narrow sea with very saline water and with a limited connection with the ocean.

	Upper Shale:
	[image: image3.jpg]Upper Shale: Tan, dark gray, and dark brown shale with nonmarine fish
fossils; dark layers emit an oily smell.

Carbon beds: reddish and gray sedimentary beds with coal near the base

Tan Mountain Sandstone: tan, locally cross-bedded sandstone with both
marine fossils and land plants. Base contains thick beds of coal.

Muddy Shale: light-gray shale that contains few beds or fractures.

Lower Sandstone: porous, well-sorted sandstone with very little natural
cement between the grains; locally oil stained.

Lower Limestone: dark gray limestone with abundant marine fossils;
contains many open fractures and bedding planes, some of which are
locally oil stained.

Salt: a mostly cream-colored to light gray salt with some thin organic-rich
shales. Tests show that the salt, shale, and overlying limestone have all
been heated to 80 to 100°C.






	Carbon Beds:
	

	Tan Mtn. Sandstone:
	

	Muddy Shale:
	

	Lower Sandstone:
	

	Lower Limestone:
	

	Salt:
	


	Question 2. Identification of Geologic Structures and Energy Resource Sites


Write the name for each type of geologic structure indicated below. Choices include: anticline, syncline, salt dome, normal fault, reverse fault, unconformity
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Draw the letters O, G, C, and S any place on the map that you think has potential for oil (O), natural gas (G) including coal-bed methane, coal (C), and oil shale (S). Note that not all of these hydrocarbons may be present. You may decide to write one letter (such as C for coal) in more than one location. If you do, label them C1, C2, C3, etc., in order of highest to lowest potential.

	Table 3. Justifications for Proposed Energy Resource Sites and Extraction Plan

	For each possible energy resource site you marked on the map, do the following: 
(1) indicate the type of resource, specifically oil (O), natural gas (G) including coal-bed methane, coal (C), and oil shale (S); 
(2) write a short justification for why you think this site might contain this energy resource; and 
(3) how you propose to explore for or extract this resource. You may not need all of the lines provided in the table below.

	Energy Resource 

	Geologic factors that you think indicate that this resource is present and in which unit it is predicted to be
	Your proposed plan on how to explore for or extract the resource

	O  /  G  /  C  /  S
	
	

	O  /  G  /  C  /  S
	
	

	O  /  G  /  C  /  S
	
	

	O  /  G  /  C  /  S
	
	

	O  /  G  /  C  /  S
	
	

	O  /  G  /  C  /  S
	
	

	O  /  G  /  C  /  S
	
	

	O  /  G  /  C  /  S
	
	


Structure 1: _______________





Structure 2: _______________





Structure 3: _______________





Structure 4: _______________





Structure 5: _______________
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