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Lesson One

Text

General Petroleum Geology

Petroleum (rock—oil, from the Latin petra, rock or stone, and oleum, oil) occurs widcly in
the carth as gas, liquid, scmisolid, or solid, or in more-than one of these statcs at a single
place. Chemically any petrolcum is an extremely complex mixture of hydrocérbon (hydrogen
and carbon) compounds, with minor amounts of nitrogen, oxygen, and sulfur as impuritics,
Liquid petroleum, which is called crude oil to distinguish it from refined oil, is the most impor-
tant commercially. It consists chiefly of the liquid hydrocarbons, with varying amounts of dis-
solved gascs, bitumens, and impurities.

'Petrolcum gas, commonly called natural gas to distinguish it from manufactured gas, con-
sists of the lighter paralfin hydrocarbons, of which the most abundant is methanc gas(CH,).
The scmisolid and solid forms of petroleum consist of the heavy hydrocarbons and bitumens.

Becausc of its wide occurrence and its unique appearance and character, petrolcum has al-
ways been readily observed by man, and is repeatedly mentioned in the earlicst writings of
nearly cvery region of the earth. Qil and gas seepages and springs, and tar, asphalt, or bitu-
men deposits of various kinds exposed at the surface of the ground, were regarded as local cu-
riositics and attracted visitors from great distances. From the earliest times recorded by man,
petrolcum is frequently mentioned as having an important part in the religious, the medical,
and cven the economic life of many regions. 2Not until after the middle of the ninetecnth cen-
tury, however, when it was first discovered in large quantities underground, did its potential
commercial importance become apparent.

Since 1900, the gcology of petrolcum has assumed growing importance as a special
economic application of geology. From the first, gcologists attcmpted to explain the occur-
rence of oil and gas in tcrm» of geologic phenomena. Then, as the petrolcum industry grew
and developed, they were called in more and more to guide the programs of exploration for
the raw matcrials upon which the industry depended. New geologic concepts relating. to pe-
troleum were thus developed, and at the same time enormous volumes of new data were made
available with which to test and prove or disprove many established principles of geology. As
a result, not only the petroleum industry, but the science of geology as a whole, has benefited
greatly.

When a petrolcum pool has been discoverced, we know (a) that a supply of petrolcum: origi-
nated in some manner, (b) that it became concentrated into a pool, and (¢) that it has been
preserved against loss and destruction. The evidence for the speculative theorics about the
geologic history of the petroleum before it was discovered—its origin, migration, accumu
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lation, and preservation—can come only from a study of the pool.

The fundamental geologic requirements for oil and gas pools are, of course, the same the
world over. Whether onc is exploring in the Americas, along the continental shelf, the Middle
East, or the Far East, the esscntial elements of a pool are simple. A porous and permeable body
of rock, called the reservoir rock, which is overlain by an impervious rock, called the roof rock,
contains oil or gas or both, and is de formed or obstructed in such a manner that the oil and gas
are trapped.

Cbmmcrcia] deposits of crude oil and natural gas are always found underground, where
they ncarly always occur in the water—coated pore spaces of sedimentary rocks. Being lighter
than water, the gas and oil rise and are concentrated in the highest part of the containcr; in
order to prevent their escape, the upper contact of the porous rock with an impcrvious cover
must be concave, as viewed from below. Such a container is called a trap, and the portion of
the trap that holds the pool of oil or gas is called the reservoir.  The significant thing is that
reservoirs can be of various shapes, sizes, origins, and rock compositions.

The actual discovery of a pool is made by the drill, but the proper location of the wildcat
well to test a trap, the depth to which it should be drilled, and the detection and outlining of
the ‘oil or gas pool from what is revealed by that well and others, are wholly geologic
problems. They constitute the essence of the geology of petroleum and arc the most important
work of the petroleum geologist. He may need to consider only a simple combination of
stratigraphy and structural geology, or he may have to take account of a complex combina-
tion of data, involving such various ficlds as stratigraphy, scdimentation, palcontology,
geologic history, fluid flow, structural geology, petrography, geophysics, geochemistry, and
metamorphism. In addition to all this, he may have to draw on his own and other pcople's
knowledge of many related sciences, such as physics, chemistry, biology, and engincering.’He
must do his best to work out the geology of an area from what is visible or what can be map-
ped at the surface, and from all available well and gecophysical data for depths ranging up to
three miles or more below the surface, His prediction, however, may often be based on the
most fragmentary data, some of which are obtained by specialists or cxperts who may or may
not have a working knowledge of geology, or by gcologiéts who have worked with no thought
of the petroleum possibilitics of the region. *This information is asscmbled on maps and
cross sectians, and [itted together in the mind of the petroleum geologist, where it is inter-
preted and translated into the best place to drill a well that will penetrate a trap below the sur-
face of the ground and thereby enable the well to test the trap's content.

As the scarch for petrolcum gets decper below the surface, the geology becomes more com-
plex and uncertain, and the data upon which the geologist must base his conclusions become
progressively fewer. As drilling is costly, there are never as many test wells as the petrolcum
geologist would wish. Every scrap of information must thercfore be squeczed out of the re-
cord and put to usc, and the data from each record must be projected outward in all dirce-
tions. Yet all these maps and data do not, of themselves, tell the whole story. If they arc to be
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tuily uscd in the discovery of petroleum, they must be interpreted, correlated, and intcgrated.

$This iz ierpretation of the combined basic geological, geophysical, and engincering data, for
the purpose of finding new oil and gas pools, is what constitutes the special province of the
petroleum geologist. It results, first of all, in locating an oil and gas prospect, which is the sct
of circumstances, both geologic and economic, that will justify the drilling of a wildcat well.
The petroleum geologist's work docs not stop, however, when he has located & prospect; it
continues during the drilling of the wildcat well. He must rclate the ncw facts encountered in
the drilling to the problem of identifying and testing the potential producing formations and
of completing the well in the producing formation if the well becomes a discovery well. The
petrolcum gcologist thus spans the gap between geology and the related sciences, on the onc
hand, and the oil and gas prospect and the pool, on the other.

Petrolcum prospecting is an art. It requires combining and blending many geologic varia-
bles in varying proportions, since each pool, field, or province is characterized by a unique
combination of many different geologic conditions. Some of these conditions can be known in
advance, but most cannot, and the most successful geologist is the one who can visualize the
pool or locate the extension with the least advance information. He may be likened to the ar-
tist who can draw the picture with the fewest lines, or to the paleontologist who can identify a
fossil vertcbrate from the least number of bones.

From Geology of Petroleum
by A. 1. Levorsen

New Words and Expressions
hydrocarbon ['haidreu’ka:bsn) n 8, REALEW
nitrogen {’naitred3on) n. &(N)
paraffin ['peerefin] n. A% 8K
methane Fmi:Bein] , n. B, W
seepage ['si:pid3] n. MH
tar [ta:) n. RMPW, KM
asphalt [msfeelt] n. W, MW
bitumen ['bitjumin] n. HW
religious [ri'lid3os] 0. M
pool [pui) n. K. WO
originate(from) [o’rid3ineit] v. R, 3l
preserve [ pri‘za:v) v, BETE, NN, B2
preservation [ preza’veifon] .n. BKTE, MR
speculative ['spekjuilativ] a. NN
migrate [mai’greit] v. B%, I8
migration [mai‘greifon] n. &%, I8
accumulate [okju:mjuleit] v. R, B8
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accumulation
reservotr
bluntly
porous
permcable
impervious
trap

contact
concave
carbonate
episode
stratigraphic
facics

cement
cementation
diagenetic
truncation
unconformity
unravel
evaluate
evaluation
wildcat well
essence
palcontology
structural geology
metamorphism
cross section
scrap
correlate (with, to)
corrclation
contour
density
mechanics
prospect

span
variable
blend
visualize
vertebrate

fo kjumiilcifon]

['rczavwa:l
["blantli]
U'pa:ros]
I'pe:mpbl)
lim’pavipsi
{trzp]
'kontakt]
'konkeivi
ka:banit]
['episaud)

[ streeti’graefik]
['feifii:z]
[si’ment}

[ simen’teifon]
[ daiad3e’netik]
[tran’kei{an]
{’ankan’fo:miti]
[an’r&val]
Ti’'valjueit)

fi veelju’eifon]

[‘esns) .
[ pzlisn‘tsladsi]

[ meta’ma:fizm])

[skrap]
['korileit]

[ korifleifan]
[’kantual
['densiti}
[mi’k®niks)
[pros’pekt]
[spxn)
['vearioblj
[blend]
['vizjudlaiz)
['va:tibrit)

Notes
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1. Pctrolcum gas, commonly called natural gas to distinguish it from manufactured gas, con-
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sists of the lighter paraffin hydrocarbons, of which the most abundant is methane gas
(CH).AMK, IEMTFAER, @BENKRRAK, HBRROAGGERAR, HPPEMN
AR B FEE. of which the most abundent is methane gas &4 i +which Z5HAIERER
EIEMNA, FIR4 M paraffin hydrocarbons, j']" # of Ja 1 8 which {{ # paraffin
hydrocarbons, X I0: .
1)Shallow domes arc those in which the top of the core is less than 3500 feet beneath
the surface. EEBTHARANLR T 3500 R IARERNEE L.
2)The speed of light is the only fixed quantity that.is always the same speed rcgardless
of the conditions under which it is mcasured, M4 YR —E N, LLEAREH
U TWER, HA/PBARE.

. Not until after the middle of the nineteenth century, however, when it was first discovered
in large quantitics underground, did ils potential commercial importance become
apparent. AT, HE 19 ML P HRMETERARRMGHSE, GHEBENRILEE
A BA MR, Not untile--did-+-(H 3] - A)AFEH not 7k, #EiF its potential
commercial importance ¥ B 3117 did 5 i§iEH/%. when 3| 54 1 2R B 6] 60 235 M 41,
%8 the ninetecth century, 53 %b, LLTG % i never, hardly, scarcely, no sooners--than F
kA, EFEMGE—BRREE. Xin:
1)Not until more than 100 yéars ago was aluminum used. H 21008 £ WA F IR E B
. '
2)No sooner are the new highlands and mountains created than they begain to be at-
tacked by weathering and erosion. Hi i & L k— BB R, BMIFHZE XL E
4

. He must do his best to work out the geology of an area from what is visible or what can be
mapped at the surface, and from all available well and geophysical data for depths ranging
up to three miles or more below the surface.ff A FE 1 45 -G 43 H b 2 L vY LAE B a8 A7 L4 3
LBMHAR, URABEUTERERFTHFLEKBNIASARRAGRY BB, R
HFH XK. what is visible or what can be mapped at the surface f& 417
from f)ZEiEM 4], what AT f] something that (anything that) {08, Xn:

He was not conscious of what an importanant discovery it is. L FHFX—RAE

LHE,

. This information is assembled on maps and cross sections, and [itted together in the mind
of the petroleum geologist, where it is interpreted and translated into the best places (o drill
a well that will penetrate a trap below the surface of the ground and thereby enable the well
to test the trap's content. ¥R R LRBMESRELFRAFEEL, 24A%
MBENERE, RERBERNSHGA, TRETEFHEUTHEMA, M e
P MA A4 &, where it is interpreted and translated into the best place 2 JEFR EHEE




& M 4], where $#f the mind of the petroleum geologist, it 3 this information.

5. This interpretation of the combined basic geological, geophysical, and engineering data,
for the purpose of finding new oil and gas pools, is what constitutes the special province of
the petroleum geologist. 37 T F-4RE7 49 M TR X ERIG B, AP LI R TR BN A
FHGRE TIRAMBAERNERIS. wvhat 3| RHRRENG. RIENFTH
that, what It E# VAR FESI S, Aln:

A point of fundamental importance is that the strain gives us no direct evidence of the ex-
ternal forees that causcd the deformation. EAE &2, NEARSIEER NI W EE
UE$E,
Comprchension Questions
1. What is the meaning of the word “ petroleum *?
2. What is the cssence of petroleum geology?

3. What are the fundamental geological requircments for the accumulation of oil and gas?
4. How do you undecrstand “petrolcum prospecting is an art”?



Lesson Two

Text

Concept of Facies

The first use of the term facies is generally attributed to Amanz Gressly, a Swiss geologist
who applied it to lateral changes he observed within time—-stratigraphic units of the Mesozoic.
“Facies”is now somewhat broadened to include the total of both lithologic and biclogic char-
acteristics of a stratigraphic unit. It is also used in metamorphic rocks and even into biological
sciences. ‘

Beginning in the 1930s the term “facies” was used widely in classical stratigraphic studies.
Applications to stratigraphy and to the analysis of the rock record were typically from either
the lithologic or the paleontologic point of view. The former are called lithofacics and the lat-
ter arc biofacies. Although such usage is still proper -and is still applied, there has been a more
environmental and genctic use of the term in recent ycars. We now typically speak of “reef
facies,” “delta—front facics,” or “tidal flat facies.” In other words, each environment, no matter
how broad or restricted in its definition, is characterized by its own facies. For example,
“fMuvial facies” covers the broad spectrum of stream deposits, whereas “point—bar facies”is re-
stricted to a particular sedimentary environment within the fluvial system.

The operational use of the term “facies”is therefore likely to be based on somewhat differ-
ent characteristics in the modern environment than it might be in the rock record. 'Charac-
teristics of, and boundaries for, a modern sedimentary environment can be rather easily estab-
lished using sediment parameters, biologic attributes'if any, and sedimentary structures. Also,
topography, water depth, and physical processes can be used in describing a modern facies.
By contrast, the resulting rocks have only their preservable attributes, such as petrology,
paleontology, sedimentary structures, and geometry,'which geologists can usc for the facies
definition. It is not uncommon for sediments of adjacent and similar modern cnvironments to
exhibit the same or very similar appearance in the rock record. For example, it is often diffi-
cult to separate the beach and adjacent nearshore sediments in the rock records, as it may be
to distinguish the fluvial from the deltaic facies. These potential problcms provide yet another
demonstration of the importance of a knowledge of modern sedimentary environments to the
geologist working with the rock record, either on the surface or in the subsurf ace.

Probably the most important single concept that must be thoroughly undecrstood and ap-
pliecd by the sedimentologist and stratigrapher was formulated by Johannes Walther in
1894.’He statcd that “only those facies and facies—areas can be superimposed primarily which
can be obscrved beside each other at the present time”. Also called the Law of the Corrclation
(or Succession) of Facies, this fundamental principle of geology is used universally but with-
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out knowledge of its origin and is frequently misstated.

The practical use that is made of Walther’s concept is the relationship between the lateral
distribution of modern sedimentary facies and the vertical succession of facies in the rock re-
cord. It is common for the geologist who is examining the ancient record to experience some
difficulty in interpreting dcpositional environments, due perhaps to lack of experience, ab-
scnce of diagnostic ¢riteria, or a multitude of other reasons. Perhaps one or two palcoen-
vironments can be recognized with some degree of certainty, but overlying and underlying
ones cannot. Use of Walther’s law enables one to make a logical interpretation of the
stratigraphic succession. Typically, lagoons separate barriers from the coastal plain, and the
inncr shelf or shoreface is scaward of a barrier. It is axiomatic ,therefore, that the vertical suc-
cession of environments or Tacies must rellect these relationships (Fig.1); if it does not, the
succession may contain interruptions such as the erosion of some facies.

Detailed studies of the broad spectrum of modern environments and the stratigraphic re-
cord have shown that there is a limited number of associations of lithology, structures, fossils,
and so on. As a result, a number of sedimentary depositional models cxists which characte
rizes various sedimentary environments. Models of modern environments may be character-
ized by their lateral surficial associations, whereas emphasis on the ancient record is in the ver-
tical scquence. Walther’s Law is applied in order to properly understand the relationships be-
tween adjacent or related modern depositional systems and their counterparts preserved in the

rock record.
Sand fillicg drowning
' : river channels
Coal Silt—ciay
SWAm® - luvial”
- Mud flat plain ..
[ = tovbrackish |Waterlogged . —==8
Sy for coal | mud fi
Marine
limestone
Brackishto

marine shale

Fig.1 Diagram showing modern Sedimentary environments and their relationship to stratigraphic suc-
cession in the rock record (From Shaw, 1964).
In order to accumulate a vertical scquence of changing rock types, changes must have taken
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place which caused the spanal shifting of the scdimentary env1ronmcnts that producecd these
rocks. >The shift may bc accomphshcd for example, by tectonic actmty, which in turn may
cause sca level to change, or which may cause the relief to change; it may be caused by glacial
activity, which can also change sea level and change climate, or by any other phenomena
which will cause scdimentary environments to be displaced in space during time. .

An association of environments which is uscful as an illustration is found along the marine
coast and reclated shelf, Commonly, a coastal plain is bounded by a lagoon or estuary, barricr
island, ncarshore, and shelf environments as onc proceeds scé.ward. A major change in >sca
level will cause these environments to shift in response to the moving shoreline. Two basic si
tuations exist: progradation (regressiom)as the shoreline moves seaward or retrogradation
{transgression)as the shoreline moves landward. Most discussions on this topic center around
transgression and regression, with sea level implied as rising in the former and being lowered
in the latter. Another equally important consideration in the movement of the shoreline is the
amount of sediment being transported to the coast. It is not uncommon for coastal dcposits
to build seaward or prograde during rising séa level, such és in a delta or in some barricr is-
lands. As a result, “transgression” will be used in this text to refer to the situation of landward
movement of the shoreline and“progradation” will be used in reference to the scaward migra-
tion of the shoreline. In cither case the vertical succession of environments or facics shows
those environments which are geographically adjacent to be stratigraphically adjacent. The
sequence will be reversed but the relationships are the same (Fig.2). In a progradational situa-
tion the shallow water or the landward environments are on the top of the sequence, and in a
retrogradational or transgfcssive sequence the deeper—water environments are on top at a
given locality.

Depositional systems that are not coastal or marine undergo similar shifts, which result in
similar sequences. For the most part the commonfy preserved sequence is a progradational
situation where one environment migrates over another. For example, in an arid rcgion of at
least modcrate relief, one might find playg lake deposits over which dunes have migrated and
an alluvial fan might cover the dunes. Again, environments which arc gcographically juxta-
posed become vertically arranged in the stratigraphic record at a given locality.

A prograding marine model contains all those environments mentioned above and more. In
addition to the textural and mineralogical parameters of the sediment, onc must consider
scdimentary structures, sediment body gecometry, and biogenic constituents. This example
represents the general types of successions that may be encountered in the rock record and al-
so the criteria that are used to characterize them. It should be observed that thesc cxamples
arc gencral ones; many others have been formulated. In cxamining stratigraphic scquences for
features that will be of value in environmental reconstruction, the geologist should utilize all
the data available.
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Fig.2 Generalized diagram depicting (&) a transgressive scquence and (b) a progradational sequence. A

typical stratigraphic scction is designated for each.

From Depositional Systems by
Richard A. Davis

New words and Expressions

attribute(to) [o'tribju:t] v, B HET
Mesozoic . [ messu’zsuik] n. & a4, PAERE)
lithologic . [ 1i6e20d3ik] o. Hpm

lithofacies [ liGo’feifiizz] n. #H

biofacics ["baisu’feifii:z) n. 498
delta—front . ZRAWATEk
fluvial ’ ["fluviel] a. TRy
spectrum(sing.) ['spektram] n. M. ik
spectra(pl.) ['spektre]

point—bar ' HRPH, [P
criterion(sing.) [krai’tiorion) n. R, BER
criteria(pl.) [krai'tiorio]



.. pamameter lpa’rcmlta] - n. SN, Sk .
topography ltﬂ'mnﬂl n. MIB%, MBNE¥
preservable [pri’ze: vobl] a. ARAEM
petrology [pi'tr‘:’lod‘,'.ilj "0 HE%
geometry .o L ;. [dai'omitedf n. JLf
superimpose(on) ['sju:porim’pouz] . v. B, mt

. wmuivn PR . i sak'sefon}, o E&, A
/misstate [’mu’ steit] v. Wik, K
depoutnonal " [ dep#/zfonl] a. iR

"~ diagnostic [ daiognstik] 0. BED, ABRELN
multitude » PmAltitju:d] S Y ‘
lagoon [1¥’gu:n) nWe
barrier ["beerio] n. B, WAYH, N
axiomatic . . . [ wksio’metik} a, GG, MBEMMRMN

. association  [s soufi’cifon] N o K4, 84
counterpart ['kauntapa 1 n. XEEY

" compile , [kam'phll] v. Hﬁ b -]

' comeinto béing’ A T UL

Cooshiftt oo om0 Y 1T I n&v. B W

| estuary ¢ | o [’estjmri] n. W, WO
inresponseto. ... WRBY >
progradation [ pmgm’de:[on] n W #R,  WEER

© regression [ri'grefon] o n. iﬁ)ﬂ. BEA
transgression ‘[trens’grefon] n. Wi, W, ﬁl

" retrogradation Iretrougra’delféﬁ] n EBL MRESIE
arid ' [eridl d. FRN
moderate " ['maderit} a. PRy, EEN
playa ['pla:j) n. F&¥
alluvial fan WA
juxtapose dankgtapauz] v. {39
encounter ["m'kaunta] v. B3
formulate

1

['B:mjuleit] v. L BRAR, REHMS

Notes

1. Characteristics of, and boundaries for, a modern scdimentary environment can be rather
easily established using sediment parameters, biologic attributes if any, and sedimentary
structures. ZAVIRGSH. EWREAREENIHDURTIBAE, RESHEARIR
IR IEAAR LR, a modern sedimentary environment #8445 characteristics '—?‘ bounda-
ries. if any Eﬁﬁ&ﬂki‘é};&’ﬁ] 24T if there are (or is) any.

2. He stated that “only those facies and facies—areas can be superimposed primarily which can

be observed beside each other at the present time.” fis 35 iHy, “ R A I LL P A RY M E B A 1k




