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GY 305: GeophysicsGY 305: Geophysics

Lecture 3: Lecture 3: 
Petroleum Part 1:Petroleum Part 1:

Generation and MigrationGeneration and Migration

UNIVERSITY OF SOUTH ALABAMA Last TimeLast Time

Refraction and Reflection

• Wave front mechanics
• Wave propagation
• Refraction, reflection and Snell’s Law 

Wave Theory
When a body wave propagates a certain distance from the seismic 
source (say out of the damaged zone), the wavefront (the surface 
consisting of particles that all vibrate the same) is spherical in 
form. 

At greater distances, the 
spherical shape of the 
waveform flattens out 
significantly forming a 
plane wave. 
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Wave Theory
In order to be able to interpret geophysical data, some understanding 
of  mathematical modeling is necessary:

And this is one-dimensional 
wave equation

This is the one-dimensional 
equation of motion

Wave Propagation

Huygens’ Principle: “All 
points on a wavefront can be 
regarded as point sources for 
the production of new 
spherical waves; the new 
wavefront is the tangential 
surface (or envelop) of the 
secondary wavelets”.

Lowrie, W., 2007. Fundamentals of Geophysics 2nd edition, Cambridge 
University Press, Cambridge, 381p

Wave Propagation
Reflection of the wave front back into the original media (shale)

Lowrie, W., 2007. Fundamentals of Geophysics 2nd edition, Cambridge University Press, Cambridge, 381p
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Wave Propagation
Refraction of the wave front across the interface into the new 
media (sandstone)

Lowrie, W., 2007. Fundamentals of Geophysics 2nd edition, Cambridge University Press, Cambridge, 381p

Wave Propagation

This brings us back to 
elementary wave theory and in 
particular, Snell’s Law

Sheriff, R.E., 1978. A First Course in Geophysical Exploration and 
Interpretation. IHRDC, Houston, TX. 313p

sin(i) = sin(r)
Vi                 Vr

Petroleum Geology

• Introduction
• Subsurface fluids (origin of petroleum)
• Migration of petroleum

TodayToday’’s Agendas Agenda

Careers in Petroleum

There is no “I” in petroleum geology. Geologists work in teams, 
generally focusing on a particular area like the Gulf Coast.

Petroleum GeologyPetroleum Geology

http://www.geopix.net/about-us.htm

Careers in Petroleum

•Exploration Geologists: study large regions 
that do or could contain petroleum, identifying 
progressively smaller areas of progressively 
greater interest in these until a prospect (play) 
worth drill has been identified and discovering 
oil or gas in one of more of them.

Petroleum GeologyPetroleum Geology

•Surface outcrop
•Geophysical surveys

•Borehole data
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Careers in Petroleum

•Development Geologists: starts with the discovery well and a 
detailed seismic survey , and locates appraisal wells to assess the 
size and nature of of the accumulation(s).

Petroleum GeologyPetroleum Geology

•Detailed stratigraphy
•Detailed sedimentology

•Detailed structure

http://www3.imperial.ac.uk/pls/portallive/docs/1/32063696.JPG
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“There is more disagreement that agreement between 
geologists in the petroleum industry”

Petroleum GeologyPetroleum Geology

That means most of us are incorrect at least some of the time

drillhere

Some things are not debatable. With increasing depth: 

Petroleum GeologyPetroleum Geology

Rocks in the subsurface generally contain fluids….

… and water is the most common 
fluid. It is as important to the 
petroleum geologist as it is to 
hydrologists like Connors.

http://www.andrill.org/iceberg/blogs/luann/images/porewater-in-ss.jpg

About those fluids; with increasing depth: 

Petroleum GeologyPetroleum Geology

•Temperature increases
•Fluid pressure increases
•Water salinity generally increases
•Water density increases
•Oil density tends to increase
•Mudstone bulk density increases

http://www.geo.wvu.edu/~jtoro/Petroleum/Review%202.html

Petroleum GeologyPetroleum Geology

•Temperature increases
•Fluid pressure increases
•Water salinity generally increases
•Water density increases
•Oil density tends to increase
•Mudstone bulk density increases
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About those fluids; with increasing depth: 

Subsurface FluidsSubsurface Fluids--WaterWater

• Salinity is the most important water 
property. 
• Salinity is expressed in ppm of 
total dissolved solids (TDS).
• On electric logs, salinity may be 
expressed as NaCl Equivalent*.

*the solution of sodium chloride that would have 
the same conductivity as a more typically 
complex solution.

http://www.wellog.com/webinar/interp_p1_p6.htm

Subsurface FluidsSubsurface Fluids--WaterWater

•Formation porewater salinity 
varies from 0 ppm to 300,000 
ppm.
•Typical salinities are around 
80,000 – 100,000 ppm*

* Sea water is 35,000 ppm

http://sofia.usgs.gov/publications/wri/94-4010/images/figure11.gif
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Subsurface FluidsSubsurface Fluids--PetroleumPetroleum

Petroleum: A natural substance 
that occurs as semi-solids, liquids 
or gases and mutual solutions of 
these)

1) Crude Oil: leaves a residue of 
crap on distillation

2) Gas Condensate: leaves no 
residue on distillation

A crude oil spa in Azerbaijan 
http://www.lindsayfincher.com/2006/12/a_barrel_of_your_finest_crude.html

Subsurface FluidsSubsurface Fluids--PetroleumPetroleum

Petroleum hydrocarbons are diverse, but can be classified 
according to the arrangement of the atoms/ions.

The spatial arrangements are called isomer series.

Subsurface FluidsSubsurface Fluids--PetroleumPetroleum

Isomer series

•Alkanes (Paraffin Series)

CnH2n+2

Chapman, R.E., 1983. Petroleum Geology. Developments in Petroleum 
Science 16. Elsevier, Amsterdam, 415p.

Normal-Alkanes (straight chain)

Subsurface FluidsSubsurface Fluids--PetroleumPetroleum

Isomer series

•Alkanes (Paraffin Series)

CnH2n+2

Normal-Alkanes (n-alkanes)

Iso-Alkanes (i-alkanes)
H-left out for clarity

Chapman, R.E., 1983. Petroleum Geology. Developments in Petroleum Science 16. Elsevier, 
Amsterdam, 415p.

Subsurface FluidsSubsurface Fluids--PetroleumPetroleum

Isomer series

•Cyclo-Alkane Series

CnH2n

Chapman, R.E., 1983. Petroleum Geology. Developments in Petroleum Science 
16. Elsevier, Amsterdam, 415p.

Subsurface FluidsSubsurface Fluids--PetroleumPetroleum

Isomer series

•Aromatic Series

Chapman, R.E., 1983. Petroleum Geology. Developments in Petroleum Science 16. Elsevier, Amsterdam, 415p.
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Subsurface FluidsSubsurface Fluids--PetroleumPetroleum

Crude oil classification was 
proposed on the basis of 
isomer composition (plus 
the addition of nitrogen (N), 
sulfur (S) and oxygen (O) 
components.

Chapman, R.E., 1983. Petroleum Geology. Developments in Petroleum Science 
16. Elsevier, Amsterdam, 415p.

Subsurface FluidsSubsurface Fluids--PetroleumPetroleum

Chapman, R.E., 1983. Petroleum Geology. Developments in Petroleum Science 
16. Elsevier, Amsterdam, 415p.

Crude oil composition 
varies widely from area to 
area, field to field and even 
reservoir to reservoir in one 
field, but elemental 
composition varies little.

C: 83 to 87%
H: 12 to 15%
NSO: <5%

Subsurface FluidsSubsurface Fluids--PetroleumPetroleum

For oil of any one series;

• viscosity decreases as temperature increases
• viscosity increases with increasing fluid density
• viscosity increases with increasing carbons per 
molecule

“Heavy” oil
www.planete-energies.com/getMediumImage.aspx

Subsurface FluidsSubsurface Fluids--PetroleumPetroleum

For oil of any one series;

• viscosity decreases as temperature increases
• viscosity increases with increasing fluid density
• viscosity increases with increasing carbons per 
molecule

•Density of crude oil is reported in API gravity units*

° API= (141.5/Sp.G) – 131.5

*American Petroleum Institute
“Heavy” oil

www.planete-energies.com/getMediumImage.aspx

Subsurface FluidsSubsurface Fluids--PetroleumPetroleum

Grades of Petroleum

Condensate: > 55° API
Light oil: 31-55° API; viscosity <100 cP
Medium oil: 22-31° API
Heavy oil: 10-22° API; viscosity >100 cP
Extra-heavy oil : <10° API

Tar Sands: viscosity > 10,000 cP

*centipoise =cP

http://www.geo.wvu.edu/~jtoro/Petroleum

Petroleum FormationPetroleum Formation

Petroleum is primarily a product of 
diagenesis of organic material that 
accumulated within fine grained 
sediment (“mud”) in low energy, 
anaerobic environments.

http://www.shale-mudstone-research-schieber.indiana.edu/ 
images/Bioturbation/Bioturbation-black-shale4.jpg
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Petroleum FormationPetroleum Formation

Petroleum is primarily a product of 
diagenesis of organic material that 
accumulated within fine grained 
sediment (“mud”) in low energy, 
anaerobic environments.

•it rarely (if ever) originates in the reservoir in 
which it is found (e.g., requires migration)
•there is no obvious differences in petroleum 
composition and rock age, except for more 
“waxy” oils in Mesozoic and younger aged strata 
(extensive terrestrial vegetation?)
•Ultimate source: proteins, fats, waxes, humus 
etc.

http://www.shale-mudstone-research-schieber.indiana.edu/ 
images/Bioturbation/Bioturbation-black-shale4.jpg

Petroleum FormationPetroleum Formation

Despite the common belief, not all 
petroleum is exclusively marine in 
origin. Some is clearly derived from 
terrestrial plant matter (especially 
gases)

•marine organic matter has a higher H/C 
ratio (1.7-1.9 vs 1.0-1.5 for terrestrial 
organic material)
•marine organic matter is more aromatic

http://earthobservatory.nasa.gov/Laboratory/ICE/Images/ice_phytoplankton.jpg

Petroleum FormationPetroleum Formation

During early diagenesis, 
temperature breaks organic 
molecules down into shorter 
chains (fewer C-atoms)

http://www.wiredchemist.com/images/fractionating_tower.gif

Petroleum FormationPetroleum Formation

During early diagenesis, 
temperature breaks organic 
molecules down into shorter 
chains (fewer C-atoms)

•Soluble products are lost early 
to diagenesis
•Insoluble products called 
kerogen
•three types are recognized

http://www.geo.vu.nl/~rondeel/grondstof/oil/Image10.gif

Petroleum FormationPetroleum Formation

Type 1 Kerogen: derived from organic 
material with lipids (dominantly marine) 
with H/C ratios >1.5. Few aromatic 
compounds. Good source for oil/gas.

http://www.uni-tuebingen.de/geo/gpi/ag-luterbacher/mitarbeiter/ Liguis/seiten/bild-6.JPG

Kerogen in a polished thin-section

Petroleum FormationPetroleum Formation

Type 1 Kerogen: derived from organic 
material with lipids (dominantly marine) 
with H/C ratios >1.5. Few aromatic 
compounds. Good source for oil/gas.

Type II Kerogen: also derived from marine 
organic material but with H/C ratios <1.5 
and dominated by aromatic rings. A “quite 
good” source for oil/gas.

http://www.uni-tuebingen.de/geo/gpi/ag-luterbacher/mitarbeiter/ Liguis/seiten/bild-6.JPG
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Petroleum FormationPetroleum Formation

Type 1 Kerogen: derived from organic 
material with lipids (dominantly marine) 
with H/C ratios >1.5. Few aromatic 
compounds. Good source for oil/gas.

Type II Kerogen: also derived from marine 
organic material but with H/C ratios <1.5 
and dominated by aromatic rings. A “quite 
good” source for oil/gas.

Type III Kerogen: derived from terrestrial 
plant organic material. H/C ratios <1.0 and 
dominated by aromatic rings. Not a good 
source for liquid petroleum, may generate 
gas.

http://www.uni-tuebingen.de/geo/gpi/ag-luterbacher/mitarbeiter/ Liguis/seiten/bild-6.JPG

Petroleum FormationPetroleum Formation

During burial, kerogens are altered 
with trends to lower C/H and lower 
O/C ratios.

This is the prime measure of the 
maturity of the petroleum source

Bu
ria

l

Chapman, R.E., 1983. Petroleum Geology. Developments in Petroleum 
Science 16. Elsevier, Amsterdam, 415p.

Petroleum FormationPetroleum Formation

Organic maturity is 
controlled by 
temperature and possibly 
pressure…

http://www.humble-inc.com/wafr_sr_stdy.htm

Petroleum FormationPetroleum Formation

… which is ultimately depth-related

http://openlearn.open.ac.uk/file.php/2292/S278_1_001i.jpg

Petroleum FormationPetroleum Formation

But there is still a lot not known 
about petroleum formation.

http://openlearn.open.ac.uk/file.php/2292/S278_1_001i.jpg

Petroleum FormationPetroleum Formation

But there is still a lot not known 
about petroleum formation.

•the role of mineral catalysts is largely unknown.
•most clay minerals and nickel are known 
catalysts that can “crack” carbon molecules at 
much lower temperatures that required by 
thermo-catalysis alone (c.f. Fuller’s Earth).
•petroleum migration pathways may cross 
several different clay mineral concentrations
•temperature (AKA depth) alone may not be the 
absolute control of petroleum formation

http://openlearn.open.ac.uk/file.php/2292/S278_1_001i.jpg
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Migration of PetroleumMigration of Petroleum

Need to consider primary 
and secondary modes of 
petroleum migration.

•Secondary migration is important 
for reservoir development and will 
be the subject for the next lecture.

http://www.geo.wvu.edu/~jtoro/Petroleum/petroleum_figs/review2/source_rx.jpg

Primary MigrationPrimary Migration

Primary migration is the process by 
which hydrocarbons are expelled from the 
source rock into an adjacent permeable 
carrier bed. 

• But how do you get oil out of a 
mudstone?

http://www.geo.wvu.edu/~jtoro/Petroleum/petroleum_figs/review2/source_rx.jpg

Primary MigrationPrimary Migration

Solution in Pore water

• The solubility of hydrocarbons is water is 
very low, usually less than 50 ppm. 
•Exceptions are methane, benzene and toluene 
which may have solubilities of 500 to 2000 
ppm at reservoir conditions. 
•Solubility is enhanced by increasing 
temperature, but within the oil window 
temperatures are too low to make any 
difference.
• Not thought to be an important mechanism for 
primary migration.

http://www.geo.wvu.edu/~jtoro/Petroleum

Primary MigrationPrimary Migration

Colloidal Transport

•Micelles are molecules that behave like 
soap, attaching themselves to a 
hydrocarbon molecule on one end and to an 
OH- at the other end. 
•These could increase the amount of 
hydrocarbons transported by water. 
However, micelles in formation rocks are 
only 1/100 required concentrations
•Not thought to be an important mechanism 
for primary migration.

http://firstrung.co.uk/dbimgs/bubbles_big.jpg

Primary MigrationPrimary Migration
Diffusion

•Diffusion of most hydrocarbons through 
rocks is exceedingly slow. 
•Methane can diffuse through shales, but 
very slowly explaining why small 
quantities of methane can be detected in 
many sedimentary rocks.
•It cannot explain the formation of any 
significant gas deposit. 
•Molecules larger than butane are to big 
to move by diffusion at all.
•Not thought to be an important 
mechanism for primary migration.

http://www.indiana.edu/~phys215/lecture/lecnotes/lecgraphics/diffusion2.gif

Primary MigrationPrimary Migration

Gas Phase Migration

•Compressed gas can dissolve liquid 
hydrocarbons (e.g., at 10,000 feet, methane and 
decane form a single gas phase).
•Migration of hydrocarbons dissolved in the 
gas phase can facilitate the movement of 
hydrocarbons through the source rock.
•As the gas phase migrates into shallower 
regions where temperature is lower, the liquid 
hydrocarbons come out of solution. 
•The gas/oil ratio of most oil fields is too low 
for the gas to be the only means of transporting 
the oil out of the source rock. 
•Not thought to be an important mechanism for 
primary migration.

http://www.geo.wvu.edu/~jtoro/Petroleum
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Primary MigrationPrimary Migration

Oil Phase Migration

•In high TOC rocks, the kerogen can form 
connected bands. 
•The fluid pressure of oil within black shales
can become high enough to produce 
microfractures in the rock. 
•Once the microfractures form, the oil is 
squeezed out and the source rock collapses. 
•Primary migration can be viewed as a second 
episode of compaction. 
•Microfractures of this type can be seen in most 
productive source rocks and they are often 
filled with remnants of oil. 
•Most hydrocarbons probably are expelled 
from the source rock as liquids. 

http://www.geo.wvu.edu/~jtoro/Petroleum

Upcoming Stuff

Wednesday Lecture
Reservoirs, trapping mechanisms and porosity

Thursday Lab: 
Calculations and porosity in thin sections (Bring calculator to 

lab this week)


