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Petroleum geology-1 

Petroleum geology is the study of origin, occurrence, movement, accumulation, and exploration of 

hydrocarbon fuels. It refers to the specific set of geological disciplines that are applied to the search 

for hydrocarbons (oil exploration). 

Distribution of oil and gas fields based on geologic age: 

The reservoir rocks of different ages frequently have different petroleum characteristics and 

productivity.  The age of the rock does not necessarily coincide with the time of oil accumulation.  

Hydrocarbons accumulated sometime after the formations deposition. 

 

 

 

 

 

 

 

 

 

 

 Table 1: The distribution of discovered oil and gas fields based on geologic age. 
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Types of sedimentary rocks that are important in the production of hydrocarbons: 

1-Sandstones 

Sandstones are clastic sedimentary rocks composed of mainly sand size particles or grains set in a 

matrix of silt or clay and more or less firmly united by a cementing material (commonly silica, iron 

oxide, or calcium carbonate).  The sand particles usually consist of quartz, and the term “sandstone”, 

when used without qualification, indicates a rock containing about 85-90% quartz. 
 
2-Carbonates ( limestones and dolomites) 

Carbonates are sediments characterized by Calcite and aragonite minerals. Limestones are 

sedimentary rocks consisting chiefly of the mineral calcite. Limestones are the most important and 

widely distributed of the carbonate rocks.  A sedimentary rock will be named dolomite if that rock is 

composed of more than 90% mineral dolomite and less than 10% mineral calcite.  

 

3-Shales 

Shale is a type of detrital sedimentary rock formed by the consolidation of fine-grained material 

including clay, mud, and silt and have a layered or stratified structure parallel to bedding.  Shales are 

typically porous and contain hydrocarbons but generally exhibit no permeability.  Therefore, they 

typically do not form reservoirs but do make excellent cap rocks.  If a shale is fractured, it would have 

the potential to be a reservoir. 
 
4-Evaporites 

The term “evaporite” is used for all deposits, such as salt deposits, that are composed of minerals that 

precipitated from saline solutions concentrated by evaporation.  Evaporites do not form reservoirs like 

limestone and sandstone, but are very important to petroleum exploration because they make excellent 

cap rocks and generate traps.  They make excellent cap rocks because they are impermeable and, 

unlike lithified shales, they deform plastically, not by fracturing. 

 

Source Rock and Hydrocarbon Generation 

In petroleum geology, the term source rock refers to rocks in which hydrocarbons have been 

generated or are capable of hydrocarbon generation. They are organic-rich sediments that may have 

been deposited in a variety of environments: deep water, marine, lacustrine, and deltaic.  

 

Hydrocarbons are generated when large volumes of microscopic plant and animal material are 

deposited in marine, deltaic, or lacustrine (lake) environments.  The organic material may either 

originate within these environments and/or may be carried into the environment by rivers, streams or 

the sea.  The microscopic plant and animal material generally is deposited with fine clastic (silt and/or 

clay) sediments.  During burial the sediments protect the organic material by creating an anoxic 

(oxygen depleted) environment.  This allows the organic material to accumulate rather than be 

destroyed by aerobic organisms such as bacteria.  Over time, the organic remains are altered and 

transformed into gas and oil by the high temperatures and increased pressure of deep burial.   The 

amount of petroleum generated is a function of the thickness of the accumulated sediments and 

organic material, the burial of these materials, and time. 

 

Organically rich, black-colored shales deposited in a quiet marine, oxygen depleted 

environment are considered to be the best source rocks. 
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Petroleum Chemistry 

Petroleum is a general term for all naturally occurring hydrocarbons, whether gaseous, liquid, or solid.  

It is both simple and complex and is composed almost entirely of carbon and hydrogen.  Impurities 

like, nitrogen, sulfur, and oxygen play a somewhat important role in the formation of hydrocarbon 

molecules.  The numerous varieties of petroleum are due to the way carbon and hydrogen can 

combine and form different sized molecules, thus creating different molecular weights.  A thick black 

asphalt and yellow light crude are examples of two varieties of petroleum with different molecular 

weights. 

 

Kerogen 

Kerogen is solid, insoluble organic matter in sedimentary rocks. Consisting of an estimated 1016 tons 

of carbon, it is the most abundant source of organic compounds on earth. It is insoluble in normal 

organic solvents and it does not have a specific chemical formula. Upon heating, kerogen converts in 

part to liquid and gaseous hydrocarbons. Petroleum and natural gas form from kerogen. Kerogen may 

be classified by its origin: lacustrine (e.g., algal), marine (e.g., planktonic), and terrestrial (pollen and 

spores). 

 

Thermal Maturation Processes 

The conversion of kerogen to oil and gas is a process which requires both higher temperatures and a 

long period of geological time. The term " Thermal Maturation " refers here to the degree of thermal 

transformation of kerogen into hydrocarbons and ultimately into gas and graphite. The factors which 

influence the rate of this process are: 

•  Temperature   

•  Pressure   

•  Time  

 

Thermal maturation processes are classified into: 

 
1-Diagenesis: The initial stage maturation of kerogen that occurs at temperatures less than 50°C . The 

type of hydrocarbon generated depends on the type of organic matter in the kerogen, the amount of 

time that passes, and the  temperature and pressure. During early diagenesis, microbial activity is a 

key contributor to the breakdown of organic matter and generally results in production of biogenic 

gas. 

 

2-Catagenesis: The physical and chemical alteration of sediments and pore fluids at temperatures and 

pressures higher than those of diagenesis. Catagenesis involves heating in the range of 50° to 150°C. 

At these temperatures, chemical bonds break down in kerogen and clays within source rocks, 

generating liquid hydrocarbons. At the high end of this temperature range, secondary cracking of oil 

molecules can generate gas molecules. 

 

3-Metagenesis: The last stage of maturation and conversion of organic matter to hydrocarbons. 

Metagenesis occurs at temperatures over 200°C. At the end of metagenesis, methane, or dry gas, is 

evolved along with nonhydrocarbon gases such as CO2, N2, and H2S. 
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Correlation between hydrocarbon generation, temperature, and maturation processes. 
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 This figure shows the paths of primary and secondary migration. 
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Petroleum geology-2 

Five Major Types of Hydrocarbons of Interest to Petroleum Exploration: 

1-Kerogen/Bitumens: Shale rock volume is composed of 99% clay minerals and 1% organic 

material.  Most of this organic matter is in a form known as kerogen.  Kerogen is that part of 

the organic matter in a rock that is insoluble in common organic solvents. It owes its 

insolubility to its large molecular size and heat is required to break it down. Maturation of 

kerogen is a function of increased burial and temperature and is accompanied by chemical 

changes. As kerogen thermally matures and increases in carbon content, it changes form an 

immature light greenish-yellow color to an over mature black, which is representative of a 

progressively higher coal rank.    Different types of kerogen can be identified, each with 

different concentrations of the five primary elements, carbon, hydrogen, oxygen, nitrogen, 

and sulphur, and each with a different potential for generating petroleum. 

 The organic content of a rock that is extractable with organic solvents is known as 

bitumen.  It normally forms a small proportion of the total organic carbon in a rock. 

Bitumen forms largely as a result of the breaking of chemical bonds in kerogen as 

temperature rises. Petroleum is the organic substance recovered from wells and found in 

natural seepages.  Bitumen becomes petroleum at some point during migration. 

Important chemical differences often exist between source rock extracts (bitumen) and 

crude oils (petroleum). 

Kerogen is of no commercial significance except where it is so abundant (greater than 

10%) as to occur in oil shales.  It is, however, of great geological importance because it is 

the substance that generates hydrocarbon oil and gas.  A source rock must contain 

significant amounts of kerogen. 
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2-Crude Oil: Crude oil is a mixture of many hydrocarbons that are liquid at surface 

temperatures and pressures, and are soluble in normal petroleum solvents.  It can vary in type 

and amount of hydrocarbons as well as which impurities it may contain. Crude oil may be 

classified chemically (e.g. paraffinic, naphthenic) or by its density. This is expressed as 

specific gravity or as API (American Petroleum Institute) gravity according to the formula: 

 

 

Specific gravity is the ratio of the density of a substance to the density of water. API gravity 

is a standard adopted by the American Petroleum Institute for expressing the specific weight 

of oils. The lower the specific gravity, the higher the API gravity, for example, a fluid with a 

specific gravity of 1.0 g cm
–3

 has an API value of 10 degrees.  Heavy oils are those with API 

gravities of less than 20 (sp. gr. >0.93).  These oils have frequently suffered chemical 

alteration as a result of microbial attack (biodegradation) and other effects.  Not only are 

heavy oils less valuable commercially, but they are considerably more difficult to extract.  

API  gravities of 20 to 40 degrees (sp. gr. 0.83 to 0.93) indicate normal oils. Oils of API 

gravity greater than 40 degrees (sp. gr. < 0.83) are light. 

3-Asphalt: Asphalt is a dark colored solid to semi-solid form of petroleum (at surface 

temperatures and pressures) that consists of heavy hydrocarbons and bitumens.  It can occur 

naturally or as a residue in the refining of some petroleums.  It generally contains appreciable 

amounts of sulphur, oxygen, and nitrogen and unlike kerogen, asphalt is soluble in normal 

petroleum solvents.  It is produced by the partial maturation of kerogen or by the degradation 

of mature crude oil.  Asphalt is particularly suitable for making high-quality gasoline and 

roofing and paving materials. 

4-Natural Gas: There are two basic types of natural gas, biogenic gas and thermogenic gas.  

The difference between the two is contingent upon conditions of origin.  Biogenic gas is a 

natural gas formed solely as a result of bacterial activity in the early stages of diagenesis, 

meaning it forms at low temperatures, at overburden depths of less than 3000 feet, and under 

anaerobic conditions often associated with high rates of marine sediment accumulation.  

Because of these factors, biogenic gas occurs in a variety of environments, including 

contemporary deltas of the Nile, Mississippi and Amazon rivers.  Currently it is estimated 

that approximately 20% of the world known natural gas is biogenic. Thermogenic gas is a 

natural gas resulting from the thermal alteration of kerogen due to an increase in overburden 

pressure and temperature.  

The major hydocarbon gases are:  methane (CH4 ), ethane (C2H6), propane (C3H8), and 

butane (C4H10). 

The terms sweet and sour gas are used in the field to designate gases that are low or high, 

respectively, in hydrogen sulfide. 
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Natural gas, as it comes from the well, is also classified as dry gas or wet gas, according to 

the amount of natural gas liquid vapors it contains.  A dry gas contains less than 0.1 gallon 

natural gas liquid vapors per 1,000 cubic feet, and a wet gas 0.3 or more liquid vapors per 

1,000 cubic feet. 

5-Condensates: Condensates are hydrocarbons transitional between gas and crude oil 

(gaseous in the subsurface but condensing to liquid at surface temperatures and pressures).  

Chemically, condensates consist largely of paraffins, such as pentane, octane, and hexane. 

Reservoir 

A reservoir is a subsurface volume of porous and permeable rock that has both storage 

capacity and the ability to allow fluids to flow through it.  Hydrocarbons migrate upward 

through porous and permeable rock formations until they either reach the surface as seepage 

or become trapped below the surface by a non-permeable cap rock which allows them to 

accumulate in place in the reservoir.  Porosity and permeability are influenced by the 

depositional pore-geometries of the reservoir sediments and the post-depositional diagenetic 

changes that take place. 

Physical Characteristics of a Reservoir:  

Physical characteristics of a reservoir include original deposition and subsequent changes, the 

1-type of reservoir 2-depth 3-area and thickness 3- porosity and 4-permeability. 

1-Type of reservoir: The major types of reservoirs are: 

A-Sandstone reservoirs are generally created by the accumulation of large amounts of 

clastic sediments which is characteristic of depositional environments such as river channels, 

deltas, beaches, lakes and submarine fans. Sandstone reservoirs have a depositional porosity 

and permeability controlled by grain size, sorting, and packing of the particular sediments.  

Diagenetic changes may include precipitation of clay minerals in the pore space, occlusion of 

pores by mineral cements, or even creation of additional pores by dissolution of some 

sediments. 

B-Carbonate reservoirs are created in marine sedimentary environments with little or no 

clastic material input and generally in a location between 30° north and south of the equator.  

Porosity types of carbonate reservoirs include vuggy (pores larger than grains), intergranular 

(between grains), intragranular or cellular (within grains), and chalky.  Diagenetic changes 

such as dolomitization, fracturing, dissolution, and recrystalization (rare) are extremely 

important because they have the ability to create very effective secondary porosity. 

Cementation, another type of diagenesis, generally reduces porosity and permeability. 
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2-Depth: The physical characteristics of a reservoir are greatly affected by the depth at which 

they occur. According to depth, reservoirs are classified into: 

Shallow reservoir— Created by the folding of relatively thick, moderately compacted 

reservoir rock with accumulation under an anticline or some trap.  The hydrocarbons 

would generally be better separated as a result of lower internal reservoir pressures, less 

gas in solution and oil of increased viscosity, resulting from lower temperatures. 

Deep reservoir— Typically created by severe faulting.  The hydrocarbons would be less 

separated with more gas in solution and oil of reduced viscosity because of higher 

temperatures.  There is often a reduction in porosity and permeability due to increased 

compaction. 

3-Area and Thickness: The total area of a reservoir and its thickness are of considerable 

importance in determining if a reservoir is a commercial one or not.  The greater the area and 

thickness of the reservoir, the greater the potential for large accumulations of oil and gas. 

However, there are reservoirs that produce substantial amounts of hydrocarbons that are not 

of considerable size. 
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4-Porosity: Porosity is the ratio of void space in a rock to the total volume of rock, and 

reflects the fluid storage capacity of the reservoir. 

 

 

 

 

  

 

Porosity is expressed as a percentage on a log. When used in calculations, however, it is 

important that porosity be expressed in decimal form  

Primary Porosity— Amount of pore space present in the sediment at the time of deposition, 

or formed during sedimentation.  It is usually a function of the amount of space between 

rock-forming grains. 

Secondary Porosity— Post depositional porosity.  Such porosity results from groundwater 

dissolution, recrystallization and fracturing. 

Effective Porosity vs. Total Porosity— Effective porosity is the interconnected pore volume 

available to free fluids.  Total porosity is all void space in a rock and matrix whether effective 

or noneffective. 
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Fracture Porosity— It results from the presence of openings produced by the breaking or 

shattering of a rock.  All rock types are affected by fracturing and a rocks composition will 

determine how brittle the rock is and how much fracturing will occur.  The two basic types of 

fractures include natural tectonically related fractures and hydraulically induced fractures.  

Hydraulic fracturing is a method of stimulating production by inducing fractures and fissures 

in the formation by injecting fluids into the reservoir rock at pressures which exceed the 

strength of the rock.  Hydraulic fracturing can tremendously increase the effective porosity 

and permeability of a formation. 

 

 

 

 

 

 

Vuggy Porosity— is a form of secondary porosity resulting from the dissolution of the more 

soluble portions of rock or solution enlargement of pores or fractures. 

 

 

 

 

 

 

 

 

  

 

Controls on Porosity 

In sandstone, porosity is largely controlled by sorting.  Sorting is a process by which the 

agents of transportation, especially running water, naturally separate sedimentary particles 

that have some particular characteristic (such as size, shape or specific gravity) from 

associated but dissimilar particles.  Other important controlling factors include grain packing, 

compaction, and cementation. 
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1-Sorting 

Well Sorted Rock— Grains are generally of the same size and shape.  If the grains are well 

rounded and of similar size, then they will not fit well together, thereby leaving a large 

amount of pore space between the grains.  Porosity in a well sorted rock is generally high. 

Poorly Sorted Rock— Rock that is composed of a wide variety of grain sizes and shapes.  

Porosity can be reduced considerably because smaller or irregularly shaped grains can be 

inserted in between the larger grains, thereby reducing the amount of pore space. 

 

 

 

 

 

2-Grain Packing— Refers to the spacing or density patterns of grains in a sedimentary rock 

and is a function mainly of grain size, grain shape, and the degree of compaction of the 

sediment. Packing strongly affects the bulk density of the rocks as well as their porosity and 

permeability.  The effects of packing on porosity can be illustrated by considering the change 

in porosity that takes place when even-size spheres are rearranged from open packing (cubic 

packing) to tightest or closed packing (rhombohedral packing). Cubic packing can yield a 

porosity of 47.6%.  Rhombohedral packing yields approximately 26.0%. 

 

 

 

  

 

 

3-Compaction— Over a long period of time sediments can accumulate and create formations 

that are thousands of feet thick. The weight of the overlying sediments squeezes the particles 

together into the tightest arrangement possible.  The load pressure also squeezes out the water 

that occupies the pore spaces between the particles, thus reducing the bulk volume of the 

formation.  Compaction is dependent not only on overburden pressure but also on the 

different types of clastic materials present in the formation.  Compaction affects porosity and 

permeability by reducing the amount of interconnected pore space. 
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4-Cementation — Cementation is the Crystallization or precipitation of soluble minerals in 

the pore spaces between clastic particles. The process of lithification (the conversion of 

unconsolidated deposits into solid rock) is completed by cementation.  Common cementing 

agents include calcite (CaCO3), silica (SiO2), and iron oxide (Fe2O3).  Minerals in solution 

crystallize out of solution to coat grains and may eventually fill the pore spaces completely.  

Porosity and permeability can be reduced significantly due to cementation. 

 

 

 

  

 

 

 

 

5-Permeability— 

Recovery of hydrocarbons from the reservoir is an important process in petroleum 

engineering and estimating permeability can aid in determining how much hydrocarbons can 

be produced from a reservoir.   Permeability is a measure of the ease with which a formation 

permits a fluid to flow through it.  To be permeable, a formation must have interconnected 

porosity (intergranular or intercrystalline porosity, interconnected vugs, or fractures). 

To determine the permeability of a formation, several factors must be known: the size and 

shape of the formation, its fluid properties, the pressure exerted on the fluids, and the amount 

of fluid flow.  The more pressure exerted on a fluid, the higher the flow rate. The more 

viscous the fluid, the more difficult it is to push through the rock.  Viscosity refers to a fluid’s 

internal resistance to flow, or it’s internal friction.  For example, it is much more difficult to 

push honey through a rock than it is to push air through it. Permeability is measured in 

darcies.  Few rocks have a permeability of 1 darcy, therefore permeability is usually 

expressed in millidarcies or 1/1000 of a darcy. 
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Permeability is usually measured parallel to the bedding planes of the reservoir rock and is 

commonly referred to as horizontal permeability.  This is generally the main path of the 

flowing fluids into the borehole.  Vertical permeability is measured across the bedding planes 

and is usually less than horizontal permeability.  The reason why horizontal permeability is 

generally higher than vertical permeability lies largely in the arrangement and packing of the 

rock grains during deposition and subsequent compaction. For example, flat grains may align 

and overlap parallel to the depositional surface, thereby increasing the horizontal 

permeability, see Figure 25.  High vertical permeabilities are generally the result of fractures 

and of solution along the fractures that cut across the bedding planes.  They are commonly 

found in carbonate rocks or other rock types with a brittle fabric and also in clastic rocks with 

a high content of soluble material.   

Examples of variations in permeability and porosity 

• Some fine-grained sandstones can have large amounts of interconnected porosity; however, 

the individual pores may be quite small.  As a result, the pore throats connecting individual 

pores may be quite restricted and tortuous; therefore, the permeabilities of such fine-grained 

formations may be quite low. 

• Shales and clays¾ which contain very fine-grained particles often exhibit very high 

porosities.  However, because the pores and pore throats within these formations are so small, 

most shales and clays exhibit virtually no permeability. 

• Some limestones may contain very little porosity, or isolated vuggy porosity that is not 

interconnected.  These types of formations will exhibit very little permeability. However, if 

the formation is naturally fractured (or even hydraulically fractured), permeability will be 

higher because the isolated pores are interconnected by the fractures. 

 

• POROSITY IS NOT DEPENDENT ON GRAIN SIZE 

• PERMEABILITY IS DEPENDENT ON GRAIN SIZE 

 

 

 

 

 

 

 

 



Petroleum geology-3 

Water saturation 

The pore space in a rock is occupied by fluids. In hydrocarbon reservoirs these fluids are 

hydrocarbon gasses, oil and an aqueous brine. We define the pore fraction of each of these as Sg, 

So and Sw, respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Capillary Pressure 

Reservoir rocks are 

composed of varying sizes 

of grains, pores, and 

capillaries (channels  

between grains which 

connect pores together, 

sometimes called pore 

throats).  As the size of the 

pores and channels 

decrease, the surface 

tension of fluids in the rock 

increases.  When there are 

several fluids in the rock, 

each fluid has a different 

surface tension and 

adhesion that causes a pressure variation between those fluids.  This pressure is called 

capillary pressure and is often sufficient to prevent the flow of one fluid in the presence 

of another.  For example, Figure 30 shows that the same adhesive forces that were 

mentioned previously will cause water, when in contact with air, to rise slightly against 

the walls of its container, against the pull of gravity, and form a concave meniscus.  If 

several tubes of varying diameter are placed in a water-filled container, a meniscus forms 

on the inside walls of the tubes.  In the very narrow tubes, the entire air-water interface 

will be concave upward.  However, surface tension at the air-water interface will attempt 

to flatten this interface, thereby causing a slight rise in the level of water across the entire 



diameter of the tube.  As this occurs, the adhesion of the water to glass will continue to 

pull water molecules upward near the edge of the tubes.  By this mechanism the water 

level in the tube will continue to rise until the upward force is balanced by the weight of 

the water column. 

 

 

 

 

 

 

 

 

 

 

 

 

 



Fluid Distribution within a Reservoir 

Petroleum reservoirs generally contain a combination of three fluids: 

1) Natural Gas 

2)  Oil 

3)  Water 

As hydrocarbons and water accumulate in a reservoir, vertical separation occurs as a result of the 

difference in the specific gravity of the various fluids. Typically, the lighter fluids, like gas, rise 

to the top of the reservoir. Below the lighter fluids is a gas to oil transition zone.  This transition 

zone is a relatively thin zone above the oil accumulation. The oil accumulation may be of 

primary importance because it contains crude oil and possibly saturated gas.  Below the oil 

accumulation in most reservoirs is an oil-water transition zone of varying thickness, which is 

partly filled with water and oil.  Finally, beneath the oil-water transition zone is that part of the 

formation completely saturated with water.  It is important to note that all reservoirs may not 

contain natural gas, oil, and water.  Some formations may only contain water.  However, any 

formation that contains hydrocarbons will also contain some amount of water.  It is because of 

this water that we are able to measure the resistivity of a formation in logging. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 



 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 



 


