Professional English of Petroleum Geology



37

(CIP)

,1996.8

ISBN 7-5021-1790-3

.H31
CIP (96) 139%4
(100011 )
787x 1092 16 9 25 229 1—2500
199% 8 1 19% 8 1

ISBN 7 - 5021 - 1790 - 3 TE 1514( )
:9.00



1994

1996 3



Chapter One
Lesson One
Lesson Two
Lesson Three
Lesson Four
Lesson Five

Chapter Two
Lesson Six
Lesson Seven
Lesson Eight
Lesson Nine

Chapter Three
Lesson Ten
Lesson Eleven
Lesson Twelve

Lesson Thirteen
Chapter Four
Lesson Fourteen
Lesson Fifteen
Lesson Sixteen
Chapter Five
Lesson Seventeen

Lesson Eighteen
Lesson Nineteen
Lesson Twenty

Chapter Six
Lesson Twenty One
Lesson Twenty Two
Lesson Twenty Three
Lesson Twenty Four

Chapter Seven
Lesson Twenty Five

CONTENTS

Parts of Dynamic Geology (

The Earth ( )

Movements of the Earth s Crust(

Weathering ( )
Erosion( )
U nconformities( )

Parts of Mineralogy and Petrology (

Identification of Minerals(
Sedimentary Rock ( )
Depositiona Environments(

Ignheous and Metamorphic Rocks(
Parts of Structural Geology (

Anticlines and Synclines(

The Geologic Time Scale(

Parts of Petroleum Geology (
The Essential Conditions of Formation of Oil Reservoir(

)

Generatin of Petroleum(
Traps of Petroleum(

Petroleum Migrates and Accumulates in Reservoirs(

)

Parts of Development Geology (

Porosity and Permeability (
Recovering the Oil(
Reservoir Pressure(

Reservoir Drives( )
Parts of Geophysical Prospecting(

Exploring for Petroleum(

)

)

)

Faul ts( )
Growth Faults and Roll - over Anticlines(
)
Plate T ectonics( )
Parts of Paleontology and Stratigraphy (
Fossils( )
Microfossils( )

)

(1)
(3)
(6)
(8)
(12)

(15)
(18)
(22)
(25)

(28)
(32)

(37)
(140)

(43)
(146)
(50)

(54)
(57)
(60)

(63)
(65)
(69)
(72)

(76)

(79)



Lesson Twenty Six Gravity Survey( )

Lesson Twenty Seven Magnetic Survey ( )
Lesson Twenty Eight Importance of Seismic Work(
Chapter Eight Parts of Drill Geology( )
Lesson Twenty Nine Rotary Rigs( )
Lesson Thirty Well logs( )
Lesson Thirty One Sample or Lithologic Log(
Chapter Nine Parts of Geophysical Well Logging(
Lesson Thirty Two The Spontaneous Potential Log(
Lesson Thirty Three The Sonic Log( )
Lesson Thirty Four The Gamma - Ray Log(
Lesson Thirty Five The Neutron Log( )
Chapter Ten Parts of Geology Mapping( )
Lesson Thirty Six The Structure Contour (
Lesson Thirty Seven The Geologic Map( )

Apperdix  Special Words
Apperdix  Special Phrases

(82)
(85)
(88)

(92)
(97)
(100)

(104)
(107)
(110)
(113)

(116)
(119)
(121)
(135)
(142)



CHAPTER ONE  PARTS OF DYNAMIC GEOLOGY
( )

LLesson One

The Earth
( )

The Earth is a nearly spherical planet . It has a circumference of approximately 25000 miles
(40000 km), a polar diameter of about 7900 miles(12714 km), and an equatorial diameter of
7927 miles (12756 km) .

The three main units of the Earth sinterior are core, mantle, and crust .The diameter of the
core is about 4300 miles (6900 km) , and iron is probably its chief ingredient . The core congsts
of an inner part that seems solid and an outer part that appearsfluid1 . The mantleis nearly 1800
miles ( 2900 km) thick and makes up about 84% of thevolume of the Earth . Snce the volume of
the core is about 16 %, thecrust actualy makes up a very small part of the earth as awhole . The
mantle and crust are solid except for relatively small masses of magma that develop occasionally
within a few tens of miles of the surface .

On the average, the crust beneath the continentsis about six times as thick asbeneath the o-
cean floors— approximately 20 to 25 miles (32 to 40 km)vs .3 to 4 miles (5 to 6 5 km) . How-
ever, thecontinenta crust is much thicker than average beneath the great mountain bel ts .As the
term has been used recently, the lithosphere is the solid outer shell of the earth, about 35 to 60
miles ( 50 to 100 km) or more in thickness' .

The rock most abundant in the upper part of the crust beneath the continents appears to be
similar to granite in chemica composition and specific gravity (2 .7)4 . A heavier rock, probably
similar to basalt in chemical composition and specific gravity (3 .0), is thought to underlie the
floors of the oceans and aso the granitic rocks of the continents . Thus the two - part continental
crust differs fundamentally from the one - part oceanic crust; in fact, the difference accounts for
the existence of continents and ocean basns .

The upper surface of the crust may be covered by water, by unconsolidated sediments, by soil
and vegetation, or it may be exposed at the surface .

Special Words

1.sphericd [ derikl] a. 7 .interior [in tiri] n.

2.planet [ pl nit] n. 8.coe [k ] n.

3 .circumference [s k mfrns] n. 9.mantle [ m ntl] n.

4 poar [ poul ] a. ( ) 10 .ingredient [in gridi nt] n. ( )
5. diameter [dai mt] n.

6 . equatorid [ ekw tril] a. 11.inner [ in] a.



12 . magma [ m gm] n. 17 .basdt [ b slt] n.

13 .continent [ k ntinnt] n. 18 . unconsdidated [ nk n slidetid] a.
14 .belt [belt] n.

15 .lithosphere [ i sfi] n. 19 .sediment [ sedm nt] n.

16 .granite [ gr nit] n.

Special Phrases
specific gravity
Notes to the Text

1 . the core consists of an inner part that seems solid and an outer partthat appears fluid .

: that seems solid  that appears fluid :
an inner part  anouter part; aninner part an outerpart consists of

2 . However, the continental crust is much thicker than average beneath the great mountain
belts .
, beneath the great mountain belts
3 . As the term has been used recently, the lithosphere is the solid outer shell of the earth,
about 35 to 60 miles (50 to 100 km) or more in thickness .
: 35 60 (50 100 )

As the term has been used recently
4 . The rock most abundant in the upper part of the crust beneath the continents appears to
be similar to granite in chemical composition and specific gravity (2 .7) .
: (2.7)
most abundant in the upper part of the crust beneath the continents : :
the rock

, ( )

Geologists have gained information useful in interpreting the geologic history of ancient sedi-
mentary rocks .

Arswer the following guestions according to the text

. What are main units of the Earth’ s interior ?

. Which unit is the smallest in the volume of the earth ?

. What is the coré s chief ingredient ?

. What are the differences among the crust, the mantle and the core ?

o h~h W N PP

. How do you understand® the lithosphere’ ?



Lesson Two

Movements of the Earth' s Crust
( )

We have seen that such denuding agents as rivers and streams, ice, wind, and the atmo-
sphere are continually wasting away the present land surface and transporting the materia to the
sea . Now it is obvious that if nothing occurred to upset this arrangement the land would be worn
down to sea- level, the sea would be filled up, and all erosion and depostion would cease, but we
know that this has not been the case . In studying, for example, Hutton s unconformities we see
that areas of land have been worn down on severa occasons during their history . Moreover, we
know that material has been deposited up to several miles in thickness .Such planed - down sur-
faces, called peneplains’ , do occur in several places, and they have been produced many other
timesin earth - history1 It seems, therefore, that there has been an intermittent uplift of the
land and subsidence of the sea going on . Asone land surface is worn away new lands are elevated,
so that they in their turn will be eroded and carried into the sea .

What evidence have we that such elevations and subsidences have actually taken place 3 Let
us first consider those movements which we know have occurred within our own times . Admit-
tedly such movements will be very small — in fact, beside the gigantic movements we have come
to expect in geology, amost negligible3 . However, it must be remembered that nearly al geologi-
cal processes are the result of arf infinity of increments’ .

There are two kinds of movement, fast and slow . Fast earth movements which have taken
place within our own lifetime are well known mainly because of their spectacular results . They are
called earthquakes . The earth isarotating globe, and assuch isin astate of delicate equilibrium4 :
Periodically there occurs a movement, perhapsasdlipping, within the earth s crust, and vibrations
are set up which run across and through the crust as a series of waves, frequently leaving devasta-
tion behind them . After such an earthquake, rents and cracks of great length may develop, and
there can be no doubt that a large number of such movements would have a considerable effect on
the earth s surface .

But there is aso evidence that certain regions are undergoing, at the present time, a very
gradual uplift or subsidence .For example, Scandinavia is undergoing a slow tilting movement .
The investigation of this change was started by Linnaeusin 1749, when he measured the distance
between a large stone and the sea at Trelliborg . When examined 87 years later the distance had
decreased by 100 foot® . At Mana, in the south of Sweden, an old street was found below sea -
level . Investigations and measurements have been continued, and it is now decided that the move-
ment is not simply a sinking, but rather a tilting,for it has been found that Stockholm isrisng 6
inches per 100 years, and the coast still farther north is rising 3 foot per 100 years .

Other examples of such variation of sea - level have been found in other parts of the world,
perhaps the most famous being the pillars of the Temple of Serapis in Naples BayB, which must
have undergone a very gradua sinking, followed by an uplift .



Geologically there is abundant evidence that the earth has never been still, but has for ever

been either undergoing elevation or subsidence . Since the earliest geological inquiries it has been

known that marine fossils have been found distant from any sea . They have been found at 16000

foot above sea - level in the Himalayas, and there is no doubt that these fossils,and the rocks that

buried them, were once below the sea .

Special

1.denude [di njud] v.

2.upst [ p set] v.

3.wear [w ] V.

4 . unconformity [ nk n f miti] n.
5.planed - down [ plend dan] v.
6 . peneplain [ piniplein] n.

7 .subsidence [ s bsd ns,-si] v.

8 .elevation [di va n] n.

Words

9 .ggantic [d ai

10
11
12
13

14 .

15.

16

g ntik] a.

rotate [ru tet] v.

.globe [gl ub] n.

Geographical and Biographical Names

. Hutton

. Scandinavia
. Linnaeus

. Trelliborg

. Malna

. Stockholm

. Naples

~N o OB~ WON P

.equilibrium [ ikwi  libri m] n.
.vibration [vai bref n] v.
devastation [devs te n] n.
rent [rent] n.
.bay [be] n.
C )
C )
C )
C )
C )
()

Notes to the Text

1 .Such planed - down surfaces, called® peneplains’, do occur in svera places, and they

have been produced many other times in earth - history .

do ,
He does look well .

2 . What evidence have we that such elevations and subsidences have actualy taken place ?

that such elevations and subsidences have actually taken place .

?

, evidence

1) But there is aso evidence that certain regions are undergoing, at the present time,a very

gradual uplift or subsdence .

2) thereis no doubt that these fossils, and the rock that buried them, were once below the

sea .



( : that : that )
3 . Admittedly such movements will be very smal — in fact, besde the gigantic movements
we have come to expect in geology, amost negligible .

we have come to expect in geology ) that, the gigantic
movements .
4 . The earth is a rotating globe, and as such isin a state of delicate equilibrium .

as such , ;
5 When examined 87 years later the distance had decreased by 100 foot .
87 : 100
when examined 87 years later :
“ y + "

A isby 3timeslonger than B. A B
6 . perhaps the most famous being the pillars of the Temple of Serapis in Naples Bay,

being (

1) Our work having been finished, we went home .

2) It being Sunday, the library was closed .

3) Time permitting, we Il visit the Summer Paace .

4) The children were making a snowman, hand red with the cold .

Armswer the following guestions according to the text

1 . What happens to the land if nothing occurred to upset the arrangement ( for example,
weathering, erosion and transportation, etc.) ?

2 . What is a peneplain ?

3 . Why isthe earth in a state of delicate equilibrium ?

4 . Who started the investigation that certain regions are undergoing a very gradua uplift or
subsidence ?

5. What does that marine fossil have been found distance from any sea mean ?



Lesson Three

Weathering
( )

Weathering is the breakdown of solid rock . Once a rock has been exposed on the surface of
the earth, no matter how hard it is, it will eventually be broken into particles or dissolved by the
forces of weathering' .

Mechanical weathering involves physical forces that disintegrate the rock . For example, many
rocks have minute cracks or fracturesin them When water in the cracks freezes, the ice expands
in volume and exerts enormous pressure . This process, called ice wedging, fractures the rock .
Dust, soil, seeds, or pollens are often blown into the exposed natural cracks in the rocks, and
plants start growing . As the plant grows larger, roots extend downward, enlarging the crack and
fracturing the rock in a process called root wedging . Rocks are composed of many mineral grains .
When the rock is exposed to the sunlight during the day, each mineral grain heats up and ex-
pands . At night, each minera grain cools and contracts . These daily cycles of expansion and con-
traction exert enormous stresses between the individual minera grains, and the grains eventually
break out of the rock . These arejust some of the many processes that weather a rock mechanical-
ly .

Chemical weathering is the chemica breakdown
of rocks. Most surface and subsurface waters are
slightly acidic .As rainwater falls through the atmo-
sphere, it absorbs carbon dioxide gas to form a weak
acid (carbonic acid) . Rainwater is weakly acidic .
Carbon dioxide gas in soil causes rainwater percolating

Figure 3 -1 A cuestaformed by the outcrop through the soil to become even more acidic in the

of a resistant rock layer subsurface . Limestone, a very common sedimentary

rock, readily dissolvesin weak acids . Not al rocks,

however, are as susceptible to chemical weathering as limestones . Most sandstones are composed

of quartz sand grains that are very resistant to chemical weathering . Chemical weathering is pro-

moted by water, and when the temperature is raised, chemica reactions are accelerated . Because
of this chemica weathering is more effective in warm, humid climates .

Some rocks are very redstant to weathering(sandstones or even limestones in arid climates)
w hereas others, such as shales, readily break down . Where a resstant rock layer crops out of the
ground, aridge, called a cuesta, is formed (Figure 3 - 1) .Cuestas revea the orientation of the
subsurface rocksin that area .

Special Words

1.weathering [ we ri] n. 3.exert [ig z t,er] V.
2 .digntegrate [dis intigret] v. 4 .pdlen [ plin] n.

— 6 —



5.mnerd [ minrl] n. ( ) 9 .dissolve [di  zlv] V.

6 . atmosphere [ tmsi ] n. () 10 .sandstone [ s ndst un] n.

7 .percoae [ p klat] wv. 11 .quartz [kw ts] n.

8 .limestone [ lamstun] n. 12 .cuesta [ kwest ] n. ()
Special Phrases

1 . mechanical weathering

2 . ice wedging

3 . root wedging

4 . minera grain

5 . chemical weathering

6 . sedimentary rock

Notes to the Text

1 . Once arock has been exposed on the surface of the earth, no matter how hardit is, it will
eventualy be broken into particles or dissolved by the forces of weathering .

no matter | , , what who when where which how

Every substance, no matter what it is, is made up of atoms.

No matter who takes up the matter for me, | shall be very grateful .

2 Limestone,a very common sedimentary rock, readily dissolvesin weak acids .

limestone, a very common sedimentary rock, :

Jane Simpson, the author of The Bridge’, is a friend of mine .

Amswer the following questions according to the text

. What is weathering ?

. What is called ice wedging ?

. Which stone readily dissolves in weak acids ?

. What does cuesta revea ?

. What is the difference between ice wedging and root wedging ?

aa ~r W N -



_esson Four

Erosion

( )

Erosional processes involve the transportation of the weathered products to a depositional
site . These processes include gravity, wind, glaciers, waves, and rivers . Gravity is effective in
moving materia downslope .The most common gravity movements are landdides, of which there
are two common types . Slumps are landdides that are eadly identified as the dump moves downs-
lope in a coherent mass (a single block) (Figure4 - 1) . Earthflows move as an incoherent (jum-
bled) mass (Figure 4 - 2) If the earthflow contains considerable water, it is called a mud flow .

Figure4 - 1 A slump type of landslide Figure4 - 2 An earthflow type of landdide

M udflows are relatively common in submarine environments. There, a considerable amount
of loose sediment occurs on submarine dopes, such as on deltas .Deltas are formed by the deposi-
tion of loose sediments by rivers entering an ocean .During a large hurricane off the Mississippi
River deltain 1969, severa offshore oil platforms failed' . At first it was thought that the large
hurricane waves and high winds were directly responsible for the failure of the rigs . It was later
shown, however, that the hurricane waves caused large submarine mudflows that flowed down
the Mississippi River delta bottom, knocking the legs out from under the rigs (Figure 4 - 3) .
Since that time, it has been discovered that mudslides off the Missssppi River delta often begin
without initiation by a triggering event such as a hurricane . Because of the instability of the sea
bottom off the Mississippi River delta, atota of 23 rigs have failed and, in an average year, 110
pipeline failures occur .

Windblown sand dune deposits are extremely well sorted and have formed some of the best
gas and ail reservoir rocks . Wind is effective as an erosdonal process only in arid areas where there
Is little moisture to hold soil in place . Of al grain szes, fine sand isthe easiest for wind to pick up
asit blows across the desert floor’ . The larger - dzed particles ( coarse sand and granules ) are
too heavy, and the finer - dzed particles (silt and clay) do not protrude above the desert surface e-
nough for the wind to have impact upon them .The fine sand is not suspended in the air; it moves
aong the desert surface by a series of small hops called saltation . The fine sand is blown up into
theair about 1 to 2 feet above the desert surface and moves several feet in the direction of the
wind . As the sand grain falls back to the desert surface, it dislodges other fine sand grains that

— 8 —



Figure4 - 3 Submarine mudflows causing failure
of a Misdssippi River delta offshore rig

saltate in the direction of the wind . Any silt - or clay - sized particles hit by the satating sand
and propelled into the air are suspended in the wind and carried for great distances as dust storms .
Therefore, glt and clay are removed by wind storms, coarse materia staysin place, and only fine
sand saltates in the desert, which resultsin the formation of extremely well sorted sand dune de-
posits .

Glaciers are downslope flows of solid ice . Ice flows much like a viscous liquid when pressure
is applied to it . Several other materias, such as tar and salt, also behave like a solid in the short
term and flow like aviscous liquid in the long term .In cold climates, snow instead of rain falson
mountains .As the snow builds up, the weight of the overlying snow compresses underlying snow
into ice . Gravity pulls the ice downslope, forming glaciers . Glaciers are extremely powerful and
carry enormous loads of sediments, with particles ranging up to bouldersin size’ . The glacial sedi-
ments often work their way through the glacia ice by gravity and blanket the surface of the
ground under the glacier with a thick deposit of loose sediment of widely ranging grain sizes called
a moraine . Today, glaciers cover only limited, rather remote, polar areas such as Antarctica,
Greenland, and mountain topsin Alaska . As recently as 10000 years ago, however, during a cold-
er period of time called the Pleistocene, or Ice Age, glaciers covered up to one - third of the land
area of the world . Enormous glaciers flowed across Europe, Asia, and North America. Glaciers
that formed in Canada flowed southward into the United States . As a result of this, much of
northeastern and north central portions of the United States are covered with 50 to 100 feet of
loose glacial sediments . These moraines make petroleum prospecting difficult in such places as the
Michigan peninsula . Glacial debris covers rock outcrops and does not conduct sound for seismic
prospecting into the deeper, underlying sediments .

Waves occur on the surface of the ocean and are caused by wind . Because waves are surface
features, they are effective in eroding sediments only aong beaches where they wash ashore As
waves break on abeach, water agitation suspendsfiner - grained silts and clays in the water to be
washed offshore where they are deposited in deep water . The sand is too coarse to be suspended in
the water and is retained on the beach . Beaches are composed of well - sorted sands, and ancient

— 0 —



beaches make good sandstone reservoir rocks . Longshore drift (Figure 4 - 4)is formed when
waves approach the beach at an angle and momentum carries the water up on the beach (swash)at
an angle After the momentum has disdpated, gravity pulls the water back down the beach (back-
wash), parale to the beach slope .T he constant swash and backwash of water produced by waves
breaking on a beach forms a zigzag current of water moving along the beach . Longshore drift of
water rolls the sand grains along the beach in the direction of the current .

Rivers are the most effective process
for both eroding away the land and trans-
porting sediments . Rivers carry sediment by
three processes .Turbulence in flowing wa-
ter carries the suspended load, usually clay,
silt, and fine sand . Coarse sediments, such
as coarse sand and pebbles, are rolled or
bounced aong the river bottom in the bed
load . Salts produced by chemical weather-
ing are carried in the dissolved load of the

Figure 4 - 4 Longshore drift caused by the swash and
backwash of waves on a beach

river . Rivers transport most of their sediments during floods, when the water turbulence is the
greatest . Rivers erode canyons down into solid rock, as fine sand suspended in river water effec-
tively abrades and sandbl asts the underlying rock .

Special Words

l.eroson [i ru n] n. : , , 11 .suspend [ss pend] V.
12 .hop [hp] V.
2.gdacir [ d9gl§, ge ] n. 13 .didodge [dis 1d] wv.
3.landdide [ | nddaid] n. , , : 14 .tar [ta] n.
15.boulder [ buld] n.
4 .dump [d mp] n. , 16 . morane [m ren] n. ( )
5 .earthflow [ flul n. 17 . agitation [ di tei n] n. ( )
6.ddta [ ddt] n. 18 . longshore [ | ] n.
7 .hurricane [ h rik n,-kin] n. 19 . abrade | bred] v.
8.rig [rig] n. 20 .sandblast [ s nd blast] v.n.
9.grande [ gr njull n.
10 .¢lt [silt] n. 21 .pebble [ peb] n.

Special Phrases

. weathered product

. coherent mass ,
. mud flow

. dust storm

. wind storm

o O b~ WON B

. ice flow ,
- ]_O -



7 .lce Age

8 . well - sorted

9 . longshore drift :

10 . beach slop :

11 . bed load )
12 . dissolved load

13 . zigzag current of water

Notes to the Text

1 . During alarge hurricane off the Mississippi River deltain 1969, severa offshore oil plat-
forms failed .

1969 ,

off, : :an island off the Cornish coast .

2 . Of all grain 9zes, finesand is the easiest for wind to pick up asit blows across the desert
floor .

of all :Why ask me to help, of al people? :
?
3 Glaciers are extremely powerful and carry enormous loads of sediments, with particles
ranging up to boulders in gze .
with particles ranging up to boundersin size . :
with + + ( )
He wore a shirt with the neck open, showing his bare chest .
He sat there thinking, with his head on his hand .
up to : : : count from one up to twenty

Amswer the following questions according to the text

. What is the relationship between slump and earthflow ?

. Why did severa offshore oil platform fail off the Mississippi River daltain 1969 ?
. Where is that wind is effective as an erosional process only ?

. What time isthat glaciers covered up to one - third of the land area of the world ?

aa b~ W DN -

. Which weathering is the most effective process in warm, humid climate ?Why ?



Lesson Five

Unoconformities

( )

Sedimentary rocks were deposited during ancient times when shallow seas covered the land .
What happened during ancient times when sea level was lower and the land was exposed to ero-
sion ?Is there evidence buried in the subsurface rock record of these erosiona periods ?U nconfor-
mities are the ancient, buried erosonal surfaces and there are two important types.

A disconformity is an unconformity in which the stra-
ta above and below the erosiona surface are parale (Fig-
ure 5 - 1) . A disconformity is an ancient river channel
that is usually filled with sand . Rivers are very temporary
features . During an ancient period of time when the land
was exposed, a river shifted into the area and eroded a
channel into the underlying rocks . The channd was filled

Figure5- 1 A cross section of the earth s With sand and the river shifted to another area, abandoning
crust showing a disconformity (a buried the old channel .Later, the seas covered the area, burying
river channel) in the subsurface the river channel in the subsurface . River channels are not
very large features . Because of this, disconformities, a-

though common in the ancient rocks, are not large features .

Figure 5 - 2 A series o cross sections, of the earth s crust showing the formation of an angular unconformity
(a) Horizontd sediment layers are deposited as shallow seas, cover the earth, and then retreat to expose the sand;
(b)Forces deform the sediments, creating mountains and hills; (¢) the mountains and hill are eroded level;

(d) Seas cover the erosional surface and deposit sediment layers, burying the angular unconformity

in the subsurface

An angular unconformity is an ancient erosonal surface in which the strata below the uncon-
formity are tilted a an angle to the strata above the unconformity (Figure 5 - 2d)1 . The



