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Common and important aspects of 
remote sensing in Geology

• Spectroscopy

• LiDAR – Light detection and ranging (using laser sources)

• Shallow subsurface geophysics including borehole 
logging

• Crustal seismic-reflection profiling

• An emerging market – drone facilitated near-surface 
geophysics





































Crustal seismic-reflection profiling













The curvature of the hyperbola is a
function of the average velocity
down to the depth of the reflection

Travel times differ because the path for a near offset 
trace is less than the path for a far offset trace

The difference in travel time for each trace can 
be corrected knowing the unit velocities. 

















Energy Resources

• Fossil Fuels - energy stored in chemical 
bonds of ancient organic life
– Oil, Shale Oil & Oil Shale
– Natural gas & Shale Gas
– Tar sand
– Coal

• Sun is ultimate energy source for 
photosynthesis of the plant organics



Oil and Natural Gas - Hydrocarbons

• Petroleum: complex compounds of Carbon (C) 
and Hydrogen (H) including oil and natural gas 

• Oil: heavy liquid hydrocarbon compounds

• Natural Gas: mostly methane (CH4)

• Mixture of hydrocarbons in most oil fields



Formation of Oil and Gas Deposits
Source & Burial

• Marine microorganism source - Organisms die and 
remains settle to the sea floor

• Source Rock is rich in carbon and hydrogen, 
accumulates and rapidly buried –

• Some natural gases & coal are from similar 
burial of massive amount of land plant material



Petroleum Maturation



Oil and Gas Migration

• Liquid and gaseous hydrocarbon migrate out of 
sedimentary rocks in which formed

• Migrate into permeable reservoir rocks -
hydrocarbons pool in economic deposits

• Petroleum Reservoirs or Traps - permeable rocks 
(sandstone)  overlain by impermeable trap rocks 
(shale)



Petroleum Reservoirs or Traps

Unconformity, Reef & Discontinuous Unit, Fold & Fau lt Traps



Salt Dome Traps



Time
• Most hydrocarbon 

deposits found in 
rocks  1 to 2 million 
years old

• Process is slow and 
takes longer than a 
few tens of 
thousands of years

• Oil and Natural gas are nonrenewable energy resource –
i.e. organic material falling to the sea floors today will not 
be useful petroleum products many lifetime



World and US Oil Supply and Demand 

• Proven reserves in 2002 at 1 trillion barrels  (1 barrel = 42 gallons)

– Unevenly distributed around the world
– Most oil consumed by industrialized countries

• Worldwide ~500 billion barrels of oil have been consumed 
(half in the last 25 yrs)

• 200 billion barrels of oil have been produced and 
consumed in the U.S. (~ 7 billion barrels of oil per year)

• U.S. had 23 billion barrels of reserves 2002
– U.S. production has recently increased – 10x
– New shale oil fields being developed 



Proven Oil & Gas Reserves (2002)



Peak Oil Projections - M. King Hubbert (1971)





US Energy Production



Major industry shifts taking place
• U.S. energy shifting away from coal to natural gas

• New areas discovered – TX, PA & ND 
– New oil & gas resources (unconventional)

• New technologies - horizontal drilling & hydraulic fracturing –
unlock oil & gas from  impermeable shale source rock. 

• Primary recovery – original pumping of oil under its own pressure 

• Secondary recovery – pump water into reservoir to fill in empty 
pores and buoy up more oil to be pumped from the well

• Tertiary recovery – Use catalysts and heat to mobilize heavy 
components



World Energy Changes



Important Changes US Energy





New Shale Gas Resources and Demands

• Natural gas trapped in Shale at depths of > 3000’

• Horizontal drilling & hydraulic fracturing (fracking)
Estimated trillions of cubic feet but many environmental Concerns

• 25 % of  energy used in U.S. is natural gas
About 20 trillion cubic feet/yr consumed but >200 trillion cubic feet of 
proven reserves

• U.S. imports 15% of gas from Canada



Hydraulic Fracturing or ‘Fracking’ 

• US experiencing an energy/economic rebirth (worlds 
largest oil producer by 2020; gas displaces oil as largest 
component in energy mix by 2030)

• Regional importance to economic growth and cleaner 
domestic energy resource.

• New State (PA & NY) regulations to protect water 
resources

• Environmental concerns including induced earthquakes, 
introduction of ‘fracking fluids’ or chemicals and 
propping agents into the subsurface to enhance 
production





• Important to 
design wells with 
multiple casing & 
cement barriers

Protect drinking 
water & isolate 
gas zones, 
thereby 
preventing 
problems that we 
have experienced
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Changing Energy Resources

(Marcellus, Utica, Bakken, Eagle Ford, Lockatong?)



Too 
shallow 
in NJ 

MARCELLUS  SHALE (PA, NY, OH, WV)



Overmature In NJ , i.e. 
the gas is driven off.

UTICA  SHALE (PA, NY, OH, WV)

MARTINSBURG SHALE  in NJ



Fluids used in Hydraulic Fracturing
• Minimize disposal
• Maximize reuse
• Substitute  benign chemicals 
• Public disclosures of composition
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Well Site before Restoration 



Restored Well Site 



Tar Sand

• Sedimentary rocks 
containing a thick, 
semi-solid, tarlike 
petroleum.  

• Tar sand deposits are 
immature petroleum 

• Oil shale and tar sand 
must be mined and 
heated to extract the 
petroleum

Alberta, Canada



Canadian Petroleum Resources

Keystone Pipeline



Oil Spills – The majority are NATURAL

Natural Seeps Release 
~160-1600 M gal, or ~ 8-80 

Exxon Valdez spills)

Wood Hole Institute Study 



Oil Spills – The majority are NATURAL

• Anthropogenic accidental spills ~ 10,000 per year in U.S. 
waters (~15 to 25 million gallons of oil annually)
– Oil tankers (Exxon Valdez – 20M gal)
– Drilling accidents (Deepwater Horizon – 200M gal) 
– Disposal of used oil
– Intentional destruction of pipelines

• Damage Control techniques:
– Floating barriers and skimmers
– Fertilize the microorganisms
– Dispersants and hot steam washing
– Burn it off



BP  DEEPWATER  HORIZON



Coal

• Provides about 20% of U.S. energy supply
– More than 50% of U.S. electric power

• Formation of Coal Deposits
– Coal from remains of land plants
– Swamp settings ideal with abundant trees, leaves, 

moss and ferns.
– Requires anaerobic conditions (oxygen absent) to 

convert organic matter into coal



• Lignite soft 
brown coal 
(30-50% C)

• Bituminous
hard coal 
(50-80% C)

• Anthracite
hardest coal 
(>80% C)

Coal is a nonrenewable resource

• Peat – first combustible product to form (<30% C) at surface with 
suitable conditions

Harder coal gives more 
heat for given weight



Coal Reserves and Resources
• Estimated world 

reserves of 1 trillion 
tons (~10 trillion tons in 
total resources)

• Estimated U.S. 
reserves over 270 
billion tons of 
recoverable coal
– Estimated 2.7 trillion 

tons in total resources
– probably 200 year 

supply



Map of US Coal



Peak Coal Projections - M. King Hubbert (1971)

Oil



Limitations on Coal Use

• Coal is not currently clean to mine or burn 

• Coal is a bulky product difficult transport

• Coal can be converted to a gas by – easier to 
transport



Environmental Impacts of Coal Use

• Produces abundant carbon dioxide when burned
– Carbon dioxide is a greenhouse gas – New technologies being 

developed to improve emissions by sequestering CO2

• Liberates sulfur as sulfur dioxide into atmosphere - -
Acid Rain: sulfur dioxide with atmospheric water  produces sulfuric acid

• Ash is liberated from coal upon burning
– Ash is as much as 20% of the volume of coal
– Often contains metal such as selenium and mercury



74

Geological sequestration of CO 2



Other Hazards and Environmental Impacts

• Underground mining of coal is 
dangerous
– Mines collapse or natural gas 

explosion
– Miners exposure to coal dust 

• Strip mining exposes the coal to the 
weather
– Rain water and air comes in contact 

with sulfur in the coal beds or waste 
rock thereby producing sulfuric acid 
(acid drainage)

• Coal mine reclamation is required 



Ohio strip mine & spoils in Ohio and reclaimed stri p mine in N Dakota


