Oil and Gas
Part A: Geology of Oil & Gas Deposits

Definitions

Sapropel (derived from lipids, spores, algae, ….)
Humus (derived from lignin, tannin, …)
Kerogen 
API = (141.5/specific gravity at 60°F) – 131.5

Light Oil: > 31.3° API, Medium oil: 22.3 – 31.1° API, Heavy oil: 10 – 22.3°, Extra heavy: < 10° API.
Conditions necessary for formation of an oil deposit: 

need to be SMART
· Source: Animal (Sapropel) and some plant (Humic) remains. Geochemistry can help identify the source rock. No relation between source rock and age or time period!

· Maturity: Sapropel changes to Kerogen under anoxic conditions, kerogen in turn changes to hydrocarbons within the “Oil window” (T ~ 50 – 150°C; depth of 2 – 10 km). Process takes at least 1 – 2 million years!

· “Accumulation”: (I actually mean expulsion or extraction of Oil from its source rock into the reservoir); usually through compaction.

· Reservoir: Porous and permeable unit. If Middle East is excluded, 77% of reservoir rocks are sandstones; 25% limestones and dolostones; 1% fractured crystalline rocks (igneous & metamorphic). Oil migrates up-dip, therefore > 60% of reservoir rocks are younger than 65 million years. Estimated average rate of secondary migration of oil is ~ 0.7m/day; primary migration (expulsion) is much slower.

· Trap: Some kind of a seal rock (impervious; shale is most common), in many cases accompanied by some structure.

Types of Traps:

· Structural: Folds and faults. Open anticlines (“inverted basins” of Beydoun) are the best!.

· Stratigraphic: Unconformities; lenses; role of paleogeography! 

· Combined: Salt domes and plugs, diapirs ( structure + stratigraphy! 

Plate tectonic Setting of Oil and Gas deposits

Formation of different types of sedimentary basins
Favorable environments for S/M/A/R:

· Passive Continental Margins: 

i. Coastal areas (epicratonic basins and embayments): examples: (Libya, Algeria, Texas)

ii. Fossil coral reefs

iii. Deltas: e.g. Nigeria

· Divergent plate boundaries:

i. Failed rifts (aulacogens): e.g. North Sea, Nigeria.

ii. Rifts: e.g. Gulf of Suez

· Convergent Plate boundaries

i. Back-arc troughs and basins: e.g. Wilson basin, Canada

ii. Foreland basins: e.g. Arabian Gulf & Iran.

iii. Fore-arc troughs and basins: e.g. SE Asia

· Transform/ Strike-slip boundaries

Examples: San Andreas Fault zone, California vs. the Dead Sea.

Necessary environments for trapping:

· Post-depositional tectonic activity has to be weak ( foreland basins or back-arc basins that have not been strongly deformed; No collision

· General influence of mountains, transgressions and regressions.

Part B: Basic Statistics & the world market
Barrels (bbls): 1 barrel of crude oil = 42 US liquid gallons (159 liters).
R/P ratio: Reserve: Production ratio = Proven reserves divided by daily production multiplied by 365. This yields the # of years a reserve will last at the current production rates.
World Oil Reserves and Consumption: 

Table 1: Oil Statistics (1999-2000 data)

	REGION
	PRODUCTION

(daily 1000s bbls)

1999
	CONSUMPTION

(daily 1000s bbls)

1999
	PROVEN

RESERVES

(1000s bbl)

2000
	PROVEN

RESERVES

(% of world)

2000
	R/P

RATIO

(years)

1999-2000

	NORTH AM.

& MEXICO
	14,988
	23,432
	55,100,000
	5.4
	10.1

	MIDDLE EAST
	21,704
	4,949
	675,600,000
	66.4
	85.3

	CENTRAL &

SOUTH AM.
	6,855
	4,810
	89,500,000
	8.8
	35.8

	W. EUROPE
	7,064
	14,800
	18,800,000
	1.8
	7.9

	E. EURO &

FORMER

USSR
	7,842
	4,912
	58,900,000
	5.8
	20.6

	AFRICA
	7,818
	2,523
	74,900,000
	7.4
	26.2

	E. ASIA &

OCEANIA
	7,913
	19,865
	44,000,000
	4.4
	15.2

	
	
	
	
	
	

	WORLD
	74,184
	74,905
	1,016,800,000
	100.0
	37.5


Source: International Energy Database 2001 -- Energy Information Administration, U.S. Department of Energy

Table 2: Present-day Oil and Gas Reserves:

	
	   Crude Oil (109BBLs)
	 Crude Oil (109BBLs)
	  Natural Gas (Trillion Cubic Feet)
	 Natural Gas (Trillion Cubic Feet)

	Region/Country
	Oil and Gas Journal
	World Oil
	Oil and Gas Journal
	World Oil

	Middle East
	 
	
	
	

	Saudi Arabia
	261.7
	265.3
	213.8
	214.0

	Iraq
	112.5
	115.0
	109.8
	112.6

	United Arab Emirates
	97.8
	62.8
	212.1
	204.1

	Kuwait
	96.5
	98.8
	52.7
	56.6

	Iran
	89.7
	96.4
	812.3
	929.1

	Qatar
	13.2
	5.6
	393.8
	400.0

	Algeria
	9.2
	12.7
	159.7
	155.6

	Oman
	5.5
	5.8
	29.3
	30.3

	Yemen
	4.0
	2.1
	16.9
	17.0

	Egypt
	2.9
	3.6
	35.2
	50.6

	Syria
	2.5
	2.2
	8.5
	8.4

	Bahrain
	0.1
	0.0
	3.9
	0.0

	  Total
	695.7
	670.3
	2,048.0
	2,178.3

	
	
	
	
	

	North America
	
	
	
	

	Canada
	4.7
	5.6
	61.0
	62.2

	Mexico
	28.3
	26.9
	30.4
	41.4

	United States
	22.0
	22.0
	177.4
	177.4

	  Total
	55.0
	54.6
	268.8
	281.0

	
	
	
	
	

	Other important producers
	
	
	
	

	Venezuela
	76.9
	47.6
	146.8
	147.6

	Russia
	48.6
	54.3
	1,700.0
	1,695.0

	China
	24.0
	30.6
	48.3
	42.0

	Nigeria
	22.5
	24.1
	124.0
	125.0

	Norway
	9.4
	10.1
	44.0
	41.8

	Indonesia
	5.0
	9.7
	72.3
	146.9

	United Kingdom
	5.0
	4.7
	26.8
	26.0

	Malaysia
	3.9
	5.1
	81.7
	81.7

	Brunei
	1.4
	1.2
	13.8
	8.8

	Total
	196.6
	187.4
	2,257.7
	2,314.8

	
	
	
	
	

	Caspian Sea/ Fergana Basin Region
	
	
	
	

	Turkmenistan
	0.5
	
	101.0
	

	Azerbaijan
	1.2
	
	4.4
	

	Kazakhstan
	5.4
	
	65.0
	

	Uzbekistan
	0.6
	
	66.2
	

	Total
	7.7
	
	236.6
	


Table 3: World Consumption of Oil (1999)

	Rank:
	Country:
	Barrels/vr:
	% of World Total:

	1)
	USA
	7,124,435,000 bbls/yr.
	26.1

	2)
	Japan
	2,033,780,000
	7.4

	3)
	China
	1,576,800,000
	5.8

	4)
	Germany
	1,030,030,000
	3.8

	5)
	Russia
	874,540,000
	3.2

	6)
	South Korea
	744,600,000
	2.7

	7)
	France
	739,855,000
	2.7

	8)
	Italy
	720,875,000
	2.6

	9)
	Mexico
	720,875,000
	2.6

	10)
	Brazil
	711,750,000
	2.6


OPEC: 

Organization of Petroleum Exporting Countries: a cartel of 11 member nations that include: Algeria, Indonesia, Iran, Iraq, Kuwait, Libya, Nigeria, Qatar, Saudi Arabia, the United Arab Emirates, and Venezuela. All members produce > 1 million bbls/day.
Headquarters: Vienna, Austria

Date founded & history: The Organization of Petroleum Exporting Countries (OPEC) was founded in Baghdad, Iraq, in September 1960, to unify and coordinate members' petroleum policies. OPEC members' national oil ministers meet regularly to discuss prices and, since 1982, to set crude oil production quotas. Original OPEC members include Iran, Iraq, Kuwait, Saudi Arabia, and Venezuela. Between 1960 and 1975, the organization expanded to include Qatar (1961), Indonesia (1962), Libya (1962), the United Arab Emirates (1967), Algeria (1969), and Nigeria (1971). EIA estimates the current eleven OPEC members account for roughly 40% of world oil production and about 77% of the world's proven oil reserves.

Summary:

· Middle Eastern countries produce ~ 29% of the total world production of oil.

· Middle Eastern countries have a proven reserve of 66-70% of total world reserves; Saudi Arabia’s oil reserves amount to 25% of the world total

· Present-day world oil consumption is ~ 75 million bbl/ day, and is expected to increase to 120 million bbl/day in the year 2020 (an increase of 60% in ~ 20 years!)

· Middle eastern countries consume only 6.6% of the total world consumption of oil. 

· With only 6% of the world’s population, the US consumes 26.1% of total world production.

· US imports 51% of the oil it uses; Saudi Arabia is its top crude oil supplier.

· The US imports of Persian Gulf oil is projected to double by 2020.

· World Oil prices are not expected to increase in the next 20 years!

Part C: Oil & Gas in the Middle East

Tectonic history of the Middle East: Why is the Middle East so rich in Oil?

· Plate tectonic evolution of the Middle East
· The Arabian Plate: a long history as a passive margin in temperate to warm climatic conditions.

· Iran: foreland basin of the Zagros crush zone; compressional anticlines and faults.

· Egypt: Gulf of Suez: Rift.

· Libya and western desert of Egypt: epicratonic basins (Stratigraphic traps).

· Algeria: Intracratonic basin.

· Yemen and Sudan: some potential as a rift and a delta, respectively.

