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1 Geology and Petroleum

1.1 Basic Geological Concepts(1)

Petroleum is a result of the deposition of plant or animal matter
in areas which are slowly subsiding. These areas are usually in the sea
or along its margins in coastal lagoons or marshes, occasionally in
lakes or inland swamps.’ Sediments are deposited along with the
organic matter and the rate of deposition of the sediments must be
sufficiently rapid that at least part of the organic matter is preserved
by burial before being destroyed by decay.® As time goes on and the
area continues to sink slowly (because of the weight of sediments
deposited or because of regional tectonic forces), the organic material
is buried deeper and hence is exposed to higher temperatures and
pressures.®) Eventually chemical changes result in the generation of
petroleum, a complex, highly variable mixture of hydrocarbons,
including both liquids and gases (part of the gas being in solution
because of the high pressure).) Ultimately the subsidence will stop
and may even reverse.”) '

Sedimentary rocks are porous, porosity being the fractional
volume of the rock occupied by cavities or pores® Petroleum
collects in these cavities, intermingled with the remaining water
which was buried with the sediments.”” When a significant fraction of
the pores is interconnected so that fluids can pass through the rock,
the rock is permeable.® Permeability permits the gas, oil and water to
separate partially because of their different densities. The oil and gas
tend to rise and will eventually reach the surface of the earth and be
dissipated unless they encounter a barrier which stops the upward
migration.”’ Such a barrier produces a trap.
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The anticline shown in vertical cross-section is a common type
of trap and often the easiest to map.!® Cover bed is impermeable
while the reservoir rock is permeable.! Oil and gas can collect in the
reservoir rock of the anticline until the anticline is filled to the spill
point. While an ordinary diagram is two-dimensional, similar
conditions must hold for the third dimension, the structure forming an
inverted bowl.!? If spill point is the highest point at which oil or gas
can escape from the anticline, the contour through spill point is the
closing contour and the vertical distance between spilt point and the
highest point on the anticline is the amount of closure" The quantity
of oil which can be trapped in the structure depends upon the amount
of closure, the area within the closing contour, and the thickness and
porosity of the reservoir beds."

(1) marsh 1 swamp & X ZR “WH¥E”, {H marsh HFUHE
dhes 2 AGH, T swamp b — RN AEMB/RA WAL EN,

(2) sediments  YLER4Y, UliE

atleast /b

before being destroyed by decay: being destroyed 72344 174
A&, YENA before K FEIE. _

(3) as time goes on B B[R] I3

be exposed to---: () Z%|---, BFET

(4) resultin---  FH-

hydrocarbon &, BEMNED

a complex, highly variable mixture of hydrocarbons &I
petroleum fI[FIfIE; including both liquids and gases 3 ERAES 17
SN EE, BRI hydrocarbons; 55 H A) 7 & H being
BB — SIS, XA ERb R

(5) even reverse X B g Rt K EFt.
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(6) sedimentary rock JTEUE

porosity fLBRPEE, cavities or pores I 7VERFLER

the fractional volume of the rock occupied by cavities or pores:
A R FCEFLBR AT & AR

(7) collect Z¥%E, intermingle with: 5---JE&

which was buried with the sediments: & F M A& BT E K
the remaining water, which 4% the remaining water.

(8) permeable TF[Y2HEM], permeability BEM, BER

a significant fraction of the pores: KZF-FLER

When a significant fraction*** so that fluids can pass throug the
rock-+-the rock is permeable: A<f] ] FE ) the rock is permeable,
when 5| RRIMANEE -4 FRRENA, H so that iEH,

(9) will eventually reach the surface of the earth and be
dissipated: be FI&BE T will.

unless they encounter a barrier which stops the upward
migration: unless (FXIE) RE#H, FIFEMHWRENG], FHEX
#H —AH which 5| S HEEMNAD, BHh: BIbI1682IFHEIE
AT _EIE s RS .

(10) anticline #H#&}

shown in vertical cross-section: i 243 5518 1F 2 & B iff
anticline.

often the easiest to map BT BE T is.

(11) coverbed #HE

(12) similar conditions must hold for the third dimension: 2=
St R R

the structure forming an inverted bowl JgJh 37 4% &5 #y,
forming FJZH E1ER the structure,

(13) closing contour F &% {H %k

the amount of closure: A& E{H

(14) depend upon-+-  EX#RT---, reservoirbeds fEHEE
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which can be trapped in the structure: oil ffJ%E &M ).

Directions: For the passage there are some questions or
unfinished statements. Each of them is provided with four choices
marked (a), (b), (c) and (d). You should decide on the best choice and
then mark your answer.

1. According to this passage, it is less possible to find petroleum

a. coastal lagoons

b. along the margins of the sea

¢. mountains

d. inland swamps

2. The rate of deposition of sediments must be rapld enough for
the organic matter to

a. sink slowly

b. be preserved

c. be exposed to higher temperatures

d. be buried deeper

3. Petroleum

a. intermingles with hydrocarbons

b. collects in sediments

c. pass through the impermeable rock

d. is a complex, highly variable mixture of hydrocarbons

4. A trap

a. permits. the oil and gas to be dissipated

b. stops the upward migration of oil

c. is in the anticline

d. is the closing contour

5. Which of the following statements is Not true?



a. Anticline is a kind of trap.

b. Cover bed is impermeable.

c. The quantity of oil that can be trapped in the structure depends
upon temperature.

d. If spill point is the highest point at which oil or gas can escape
from the anticline, the vertical distance between spilt point
and the highest point on the anticline is the amount of closure.

1.2 Basic Geological Concepts(2)

In a fault trap a permeable bed, overlain by an impermeable bed,
is faulted against impermeable beds. A trap exists if there is also-
closure in the direction parallel to the fault, for example because of
folding.®

In a pinch-out reservoir bed gradually thins and eventually
pinches out.® A trap is formed when the upper and lower beds are
impermeable and closure also exists in the direction to the both sides,
perhaps because of folding or faulting.” A permeability trap occurs
when reservoir bed and impermeable beds are separate zones of the
same bed differing in permeabilities, the reservoir bed being
permeable the upper and lower beds impermeable; an example might
be a permeable sandstone which becomes tight (impermeable)
because of fine silt which closes the openings between the grains

In an unconformity trap the beds overlain by a covering bed
became tilted and exposed to erosion.® Later the surface sank below
sea level and further deposition occurred. If the covering bed, left and
right beds are impermeable, reservoir bed is permeable, and closure
exists in the direction to the both sides, oil can be trapped under the
unconformity.”

A salt dome formed when a mass of salt flows upwards under
the pressure resulting from the weight of the overlying sediments®.
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The salt dome bows up sedimentary beds and seals off disrupted beds
and so provides traps over and around the sides of the dome.®

A limestone reef grew upwards on a slowly subsiding
platform.!'? The reef is composed of coral or other marine animals
with calcareous shells which grow prolifically under the proper
conditions of water temperature and depth.!” As the reef subsides,
sediments are deposited around it. Eventually the reef stops growing,
perhaps because of a change in the water temperature or the rate of
subsidence, and the reef may be buried. The reef material is usually
highly porous and often is covered by impermeable sediments. Hence
the reef may form a trap for petroleum generated in the reef itself or
flowing into it from another bed.??

(1) fault trap W7 /2BIFA

overlain by an impermeable bed: T X FEEEEEE, Bif
RUTH ] bed.

(2) if there is also closure in the direction parallel to the fault---
MREFAT T HENTT R L HE--

parallel- JEAAMEE, BRI direction.

(3) pinch out 2RK

(4) A trap is formed--- R X%), MAJH when 51, MAPHE
HRHANAA), B and B

(5) the reservoir bed being permeable, the upper and lower beds
impermeable PJ/MM. FA&EH, J5—/ impermeable Fi&RE T
being.

an example might be a permeable sandstone which becomes---
which closes-* Z&—AMB[¥4], an example 2FKiE; which 5|5
IR~ v N FMB M & B AT A 42 18]

(6) unconformity trap ANEEE- BB 4]
6



overlain by a covering beds i 243 A 5 £ E BB i beds.

became tilted and exposed to erosion R, HEETIH
&

(7) in the direction to  £E-+<- H A

closure exists in the direction to the both sides FFABIMIERE
il

(8) result from*++ [+~ TI=4

(9 bowsup W EEEER

seals off $4

over and around the sides of the dome 7F £ Fr. ) k- 1 701 &

(10) limestone reef HKETE

(11) be composed of*++  F**-#J K

calcareous shells 2K it 5%

which grow prolifically--- &% M), &1 {0 1 K 4 &)
animals.

(12) generated in the reef itself or flowing into it from another

bed R4 IERIBLAE 2 7 FLIEARAE petroleum FIRETE

Directions: Decide whether the following statements are true or
false.

1. A trap is formed when the upper and lower beds are
permeable and closure also exists in the direction to the both sides.

2. When reservoir bed and impermeable beds are separate zones
of the same bed with different permeabilities, the upper and lower
beds being permeable, there is a permeability trap.

3. A salt dome formed when a mass of salt flows upwards under
the pressure.resulting in the weight of the overlying sediments.

4. A limestone reef is made up of coral or other marine animals

with calcareous shells under the proper conditions of water
. 7 .



temperature and depth.
. 5. Being highly porous and covered by impermeable sediments,
the limestone reef may form a trap.

1.3 Geologic Structure Sections

A geologic map shows the distribution of rocks of different
types and ages at the surface. If we assume that a vertical trench is cut
along a line extending across such a surface, then a geologic structure
section is a diagram of the rocks and structures that would occur
along one of its walls (i. e., as rocks would be displayed along a
straight, vertical cliff).) The top of a structure section is a profile of
surface topography along its trend, and its base occurs at whatever
depth is needed for the features we want to show.®) Drill holes are
one method of obtaining subsurface data for use in constructing a
structure section.

Among the types of geologic features that can be shown on a
structure section is the unconformity, which is a relationship between
older and younger rocks that involves a break in the geologic record®
Thus a surface of unconformity is commonly a buried surface of
erosion. Unconformities may be local or widespread and may involve
minor or major gaps in the geologic record. To illustrate, assume that
a marine limestone—one containing fossils of organisms that lived
only in the ocean—is overlain unconformably by a marine shale and
that a buried subaerial erosion surface occurs between the two
formations.”” The following sequence of events presumably occurred:
(1) calcareous sediments accumulated on a sea floor and eventually
were compacted and cemented to form limestone; (2) the sea became
land, either because the land was uplifted or because sea level fell; (3)
erosion then carved out gullies and small valleys and removed some
of the limestone; (4) the sea again covered the area, and mud and clay
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