CHAPTER 1

*Introduction and Summary

Pctroleum history ~ ori gln, mlgrntlon. conccntmtiOﬂ P°°1 " ”‘“f”o,ir %

Lo rcsourccs and rescrves-—dmc()\/cry prospcct. -

G ( —

PETROLEUM (rock-oll from the Latin jCIra,,rock or stoe; and olesn,” -

‘il ) .occurs widely. in 1 the earth as gas, hq‘__d semisolid, or solid, or in more S

than one. of‘these states -at a sxtgle place.’ Chcmxcaﬂy any petroleum fs an’ '
extremely : complex mixture .of hydrocarbon (hydrogen and. carbon) ‘com-

pounds, :with minor"amourits of nitrogen, oxygen, and sulfur as impuritics. P

,I_:_ﬂgu_i ctxolcum, which, is called gggg_e__o_l_l__tp dxstinguxsh it from refined oil,
is the mos unportant commercially. It donsists chiefly of. the: liquid hydro-
. 'carbons, thh varying amounts éf ydxssolved gases, bitumens, and' impurities, .

i has an ody .appearance ar and fcejl in fact, it rcscmbles the ordinary 1ubncatmg

oil sold at filling stations, is lmlm18¢1ble with water and floats on'it, but is

soluble in ‘naphtha, carbqn dxsulﬁde, ether, and ‘benzene, Pctrw,
_ .commonly called natural gas to' dlistinguxsh it from manuia.éturcd gas,. consists >
“of the lighter paraﬁin hydrocaxb?ns of which: the most. abundant fs. methane ,
. * gas. (CHL,)..The se ' lcummm
. -hydrocarbon; and bitumens,. Thc ‘age ca pitch albertite, gil..-'- .
~ sonite, or grahamite, or by ‘any ne of man other td depend e
o ifdividyal charactcrisncs and ]oial usaga the gcnc;ﬁs ;gnncp?biitﬁgnz: ﬂﬁ:
* long begn used. interchangeably with “petroleum” for both the liquid. and the

,so.lguomxs. Hydrocarbon is a term, often; used interchangeably with ne-' o

troleum" for any of its forms, ’I‘hie is: not-strictly correct, since
hydrocar
consist of only hydrOgrn and caxbon, whcreas Griniias o bom
urities. Defini on f
| pth s Q § 0: some Gf the common forms of petrolcum are given mr .
. The nomcnclaturc and scicndﬁd cl
-of unccrtmnty and confuslon

e

assiﬁcauon of pctroleum are in u stafe .
Gcolngsts _chemists, Jawyers, rcﬁncrs and |

pctrolcum contains many im-. ol



P L el
- '?ii};ﬁ'a?'.gr_l;giﬁe_emw: made. htieiﬁpfs'té.deti’ne thc
3 A orins, 4 T

- Widespread aceeptance, Chester, in his dictionary: of. minerals,! defines petro-

natyrally occurring

ARy

, leum and many of the’ liquid ‘and sofid formsas “mineral ‘hydrocarbons.” - .
Legally, petroleum has been called a minera ! but this usage. does not satisfy o

a8 an-inorganic substance with -~

; L ) form or yarying within narrow. -

- ranges. It has also been called & minéraloid;® & term also applied to chalcedony -

. the commori geologic definition of a miner.
- chemical, and' physical- properties cither-

_‘end amber, ‘on the groind that it is not definite enough in chemical composi-

% tion:to be called a minetal, Perhaps & Compromise - term, fuch as “mineral *
. substance” ot ',“Qrganic'mineral.'f:y(onldbc'njqut useful, even though rifineral-
i
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but, 6t Gne reason, or another, few of their definitions have gained .

; ,l"EiFﬂlY_",ihmeptaﬁlé;I;Bmixse:of'lit‘s_v;a.g‘s'q: ation - with . YO‘?fk‘ii'PC,thYéll{n~..ii(‘.." Y,

indluded among “mineral resources™

+ along with peat and coal; this term raises nio fine points of definition*

“ . Because of its wide occurrence and ts unique appearance and character, :
petroleum has always been'readily observed by man, and is repeatedly men' -
. tioned in the earliest writings of nearly evéry-region of the carth.* Oil and gas .
. seepages' and springs, and tar, asphalt, or ‘bitumen: deposits-of various kinds -
rexposed .at the surface of:the ‘gronnd, were regarded ‘as local curidsities.and

‘and is, frequently called mineral fuel, "

e

attracted visitors. from . great distances. From the carliest fimes recorded by - .

man, petroleum is frequently mentioned. as having an important part.in the "

religious, the medical, and-even the economic Jife:of many regions. Not uatil

. “after .the middle.of  the: nineteenth century, however, whem it,was first dis-" -

i« covered.in large ‘quantitiés underground, did its potential commercial impot:
. .;tance become apparent, -, - " e
> JThc e of petroleum | : ; T =
- dge" (1859-1900), but the development .of the.internal-combustion. engine,:

- xaE the beginning of the twentieth century, set off a phenomenal growth of '~

“the petroleum industry, a-growth that has not yet'shown any: sign-of slacken-

ing, We are now in what might be called the “fgascline age,” for gasoline :i's t.he B
i . More‘._tbgn’ half of: the na-". "~

. tional supply of energy. in the United States ‘is furnished by gasoline, natural .-
.gas, and other petiélcum products, and the use.of petroleum ‘as. a source. ‘?ﬁ -

; | idly in other parts of the world as well. In addition; -

- chiet product now being derived.from-petroleum,

-energy is increasing rapi

" - thousands. of chemical compounds, known as petrochemicals. ate made from . g

- petroleum. Petroleum has, in short, becomé one of the most £m X
. réSources of modern civilization. © e

ake drilled the fif's't well for oil in Pcmisylyan 1'11’17859;.; ;

S ince E. L. Dr. ‘ L A :
" and copacilly, of oure, snck 1900, he gelogy of petoleun b siumed,

- groving importance as 2 special economic

ic application of. geology: From the -

greadleWLY in wg.ﬂ!“ hasbeencallcdthe “kemﬂu sege . o

T rior figures in thé text refer to the mﬁnpu notes at thé end of eachichapter,  '+°

Geo , bef !
'Tb; njtdelSum 3 bgﬁ ;u;:,yum .j:r:h‘ annual reports. Mineral Resources
‘States ‘Bureau . )

" the United: States, sod & sumber of bulieting of the Survey (for examplc; 786 and
“of the United States,

1924, and subsequently, the United

L INTR

“ of geologic phe

Dt o ove many established- princi
~‘prove or disprove’ many establis ey
Py i petroleum industry, but the scence

!

/" 3" ‘ical use in finding and exploiting .petroleum deposits. A person Who s
/ R gﬁ'n '{12' glpc _hov _may properly be_ called a.-

" common interest between petroleum

ovﬁér;o’ﬁ-mp SUMMARY [.ém\r'_x'ng 1] o
% o ied to explais fh nce of ‘oil .and gas in term;
opi ' explain the oqsur:_enqe,o ‘ d gas in te
o mbmm:;'i@%h?n, ag‘ﬂie.-pett' roleurm industry grew and developey,
they were cal;:;‘lo?n shore and more 1o guide. the, programs of exploration
A e i J ol v- ra i o S .

forythc-,rh_W' materials upon- whi

4

- the’ industry depeaded. New. geologic..
. thus’ ,dcv,iéiopcd?ac:d'at the. same time -

- concepts relating 10 P°"°‘°:£a :,c;}mgﬂe available with which to test and -

enormous ‘volumes of new,

Thg:etm’:x “petroleum geology

. however, whether this is, a proper usage. Rather, it

‘petr:

~ these. principles .howcyer .

. petroleum geologi:

les of geology. As a result, not-
Pof"géoiﬁgy as a wholc, has benc-

/" has comne ‘{rito ‘use tol desctibe the ‘area of |
nroducers and geologists. 1t js doubtful,.
‘more_accurate: {0 say .
. ? AR 3y o S T . Yo " v.“ ]ogy bf"clay,'.' :
- “geology of petroleura” just as we say “geology of iron” or "geology of ca}
i .aﬁ;ﬁg the. shorter term, “petroleum geglogy,!'. ;.gpgmmqnly used in wng:lgl :
" . or speaking informally. The geologic concepts applied.to petroleum are 2%,

>' . éstablished and recognized geologic principles, whicl,illa_ke:mc‘rely.put to plrlai(?-,‘

-~ When a petroleum poolhas been d:scovemd,we lknbw':(l') ,tliaty.'afs'iipply :

" of petroleum, originated in some manner, (2) that it-became concentfated into
.~"a pool,* and- (3), that it has becn preserved against -loss and-destruction. -

The evidence for the speculative theoriés about: the- g#qlogic bisory of the ;|

. “petroleum before it 'was discovered—its origin, migration, accumulation, and-:

preservation—¢an’ come only. from a study of the pool. For-that reason the -

‘logical sequence for study is: (1) to examine the evidence.as we find it—that -

. s, the occurrence-of petroleum, both at the -surface. and ‘underground,- the .
_ geological, physical, and chiemical enviconment .of the reservoir. and its fluid

" content, and ‘the. phenomend . observed and. the principles involved during

* production;, (2). to. use this knowledge as the' basis for: speculation on the. -

theoretical phases concerned with the history of the reservoir before discovery.

‘We must say bluntly, at this pojnt, that-wé-do Tiot know just how oil and gas "

" originated, nor how. they" have ‘moved -and "accumulated into. pools. These

_ problems, if solved, would aid-greatly in the rain job'of the petroleum geolo-. -

... gist—the search for new pools—and-we shall discuss possible solutions later.
A full discussion of the various elements that enter-into the. problems of the”
. - origin, migration, and concentration of petroleum. into ‘pools will be ‘delayed

. until-the reader has studied 'thév'evldex;ce'cg_ncc'ming reservoirs, -their fluid

wmﬂtg"ﬁl.ld'fh;i:'ﬂuid-mcchanics."_

- The fundamental geologic requirements for il and gas pools are, of co;;:.;e,

&

 the same the world over. Whether one is exploring in the Americas, along the -

% The oil .or' gas Content of a sin o depouit is called

il pool $r lwgal, if -

 several pools. are located on_a. single geologic feafure, or. are ofherwise closely x;lue'd, ,
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 continental shel, the Middle East, or the Far East, the e.'sé_eﬁiiﬂil_elﬁelhu ‘ofa

pool are simple. A porous and ’ ] ¢ resetyp)
- rock, which is overlain by an imperviois rock, called the roof rock, contail

oil or gas or both, and is deformed or obstructed in such a manner that the oil .

. 8nd gas are trapped.

* . Commercial deposits of crude oil and natural gas ‘are always found under-
" ground, where. they neatly always occur in the water-coated pore spaces of
sedimentary rocks. Being lighter than: water, the-gas and oil rise and are

- cancentrated in.the highest part of the container; in- prevent their

escape, the upper contact of the porous rock with an impervious cover must

-significant thing is.that reservoirs can be of various shapes, sizes, origins, and

7 rbekcomphsitiony. o e e e ;

' 2 Any rock that is pordus and
-properues are most commonly found in se:
stones:and carbonates. A trap may be formed, cither wholly or partly, by
the deformation of the reservoir rock, which may be accomplished by foldipg,

faulting; o7 both, and in either a single episode or in several episodes. Or. a

trap may. be formed, either wholly or partly, by stratigraphic variations in the

 reservoir rock. These may be ptimary, such ‘as original facics changes, irregu-
lar distribution. of jhineral ‘particles, or diagenetic solution and. cemientation.
- Or they may resp;fnf,rom secondary: causes, such as fracturing, solutiofsnd
. Cementation associated with erosion surfaces, or truncation and overlap along
* unconformities. Likewise, ‘the ‘direction -and rate of flow of the Auids within

the reservoir rock may influence, or even dominate, the position of ‘the pool .

within the stoutural or stratigraphic. trapping feature. “Many traps are the
i result of complex-combinations of structural, stratigraphic, and fluid variations

that are difficult to unravel and evaluate from the data available before the -

/i “pool is developed, The geologic principles. involved in. the formation of traps

i

are fairly simple, but the 'variations in their application are almost infinite in

- number and complexity.  : - o o ol
We have yet no direct method. of locating.a pool of petroleurn. We know

~.no physical property. of underground petroleum that we can measure at-the.
surface of ‘the ground. The petroleum geologist's approach to the discovery
+ problem must therefore be indirect, Each pool is unique—we may think of
a pool as the end result of. twenty or twenty-five variables of which only a few
*can be ascertained in advance, Test wells are lo¢ated where an underground
~trap capable of trapping a pool of oil or gas is inferred from ‘the available

. geologic data, and where if is believed that a pool of petroleum, if present;

can be.produced &t & profit. Since' new ‘geologic conditions are. discovered
during the drilling of the ‘test well, the petroleum geologist}. intérest persists

until ‘a discovery has been made and ‘until the well begins to produce 6i] or

INTRODUCTION"

able body of rock, called P

be concave, .as viewed from below. Such a container is called a trap, and the . -
pogtion ol the trap that holds the pool of oil or gas is called the reservoir. The

reservoir, but t.ho_sc. :
mentary rocks, especially sand- .

INTRODUCTION. AND- SUMMARY [CHAPTER 1], o ,7 :
s B gas'or both. During the drilling of the test well the, interests ot the geologl:sl -
- mer  those:of the petroleum engineet. - S
: me,;‘;ihwé:g hu:ﬂdngt_ and Jg;‘;}o:aﬁon pt_uhd}:eqverqd. pgtrolgu:\e u:. of :\::9:;' o
unknown, "The petroleura must be. discovered befdre it cu; _t;: : anyudk“ﬁ, ,
" society. For.broad "geologic reasons we. are fairly cefta l:‘ o\;’p:ﬁ e
- déposits will eventually be found in'sotne regions that are % "n'th et
- contain them. We. cannot say in ‘advahce, vhowegf;;‘_at._-wha:.“ ep ) e
" exact Jocation these deposits - will be discovered; The actual °t°':l oIt fato the
ofa_deposit in the earth are determined only .py_\q;.impg.xes. e e
'_'ﬂep‘i‘sit'»and by -producing the content:of ;hg;xeservo;r; Ades e . -
the hope of discovering' a ne e a wildca . -u e we« H
. organization drilling a wildeat well is ¢alled a wildcatter, . A
a

Sab _ ! ps
", . adeposit of peiroleum, it &s called ﬁgl.gr,ad‘ucp\'; well," -
" according fo which kind of petroleum is found. 1f it produces ne

r
v ‘a dud fls drilled
" gas but only water, it is called a dry hole; a du__q_ggg_ or a wet wel e ilied
%quvolt'aﬂer a discovery has been made are called develop-
mentwells, The next well drilled after a discove conf:ixm.s the dissavory and.
is:called a confirmation ] BN Sog e s i by
luThe fundamental need of the petroleum industry is.an adequate supply 0; --
its raw materials—crude oil and natutal gds. Each year the.“crop” of oil :n .
* gas is completely destroyed by consumption; no “seed” is left with which to -
_start_a new supply. Renewal t°f-,“!° domestic supply for any. country depends
- almost entirely on the continuing discovery of new deposits. At any time the
‘recovernble petroleum in:sight; which is known as the producible reserve, or -
‘the proved reserve, is only that which has been discovered and. developed but
. has not been consumed. For a number of years the known feserve-of oil in'the *
_ +'United States has ranged between eleven and:fifteen times the annual con- .
<7 ‘sumption; for the rest of the. world it has ranged Irom. thirty-five to forty
- times. The gas reserves :of the. United States are' eighteén times the ‘annual

', . ‘copsumption, but a tapid increase in the ‘use of gas may reduce. this ratio in

. the years to come, In the absence of a new source of energy to replace petro-
leum, the past steady incréAsg ‘in the consumption of petroleum ‘products 1s
creating a growing need for new. deposits, which, in tirn, means' a continuous:
increase in the need for petrolebm discovery, . . . ° s

_The petrolevin reserves ‘of ‘any- region should Ye distinguished’ from. its
. petroleum resources, The reserves consist of ‘the ‘Oil and' gas that, dre now
‘§ygl!gble-fot~u's§. Th‘e,l'ésb\_\{ces_. Which are always far in excéss of the Teserves,

. include the reserves, the prospective undiscovered réserves, and any substances

~+ TXIn the carly dajs of _o:n’ill"dusi ‘In‘the. United: Siates; drilters’ worklng on. well

© . back In the ,!\i{i' Said they we\3 gllll;{ “out iﬁ:ﬁ;"(m-vjl‘ldutu::h:ze ':?er?.}::l.llo;
"wildcatters.” The term ! ‘Wildcatter™ i an honored. 1ifle in’ the . potroleum “irdustry;’ it -

+ correspands. o *prospector in mining or “inventor" in. manufacturing, and carries hone
?tfo'c%e' distast ful of “wildeat ‘strike,” “wildeat .land . boom,” or. “wildéat
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: . i - INTRODUCTION
from which petroleum : b kol
3 could be deri i :
frae b s erived, either by one or by both of (1)
eon‘gmom. Technology im
methads, and principles; i i ; 3
et inmﬁsc‘ pg;.ee,onomxc‘condniom imply availability of adequate

. skilled labor, and political clim is
parison between the 1 Y political, climate. Here is a com-
P e msmesp:etrf; eum Tesources .o.f u;.ky _xeglc_m and their relgtiop to

RESOURCES SPORMED :

Y o ek LG oW TRANSFORMED INTO RESERVES

. wit;n‘nd recofrenbl.c oil and gas ‘Noy available, .

2. Oil and gas known to have been left
behind in pools but not recoverable

- - at present. - favorable economic conditions.

3. Undiscovered and undeveloped pe- By discovery ‘and development through

troleum pools, + present and improved technology, with
3 present or more favorable economic
conditions. :

4, “Tar” and asphalt deposits, inspis- By present and improved. technology,

% K sated deposits, outcropping oil pools. together with more favorable economic

N . conditions.
5. “Oil," or kerogen, shales, torbanites, By present and improved technology,
. and coals, i together with more favorable economic
! conditions, - ST ?

.

This book is -concerned with the first threé of thé above resources, but our
chief interest will be in the third—undiscovercd petroleum deposits. This is
 the resource that has supplied the oil reserves of the past, and it ‘may be

& i to supply much of the reserves for allong time tp'come. Improve- .

‘meiits in technology are steadily bringing the day closer when large xeserves
- now locked up in the nonrecoverable oil, inspissateéd deposits. and the “tar”

" and asphalt deposits will enter the supply picture. These resources arc large -

and the question as to when they will become available in large quantitles is
: pﬁmuﬂlynmalmoleoa_ e : i .

" When  the science of geology is applied to the, petroleum industry, an

economic element is inevitably introduced at some point, The skillful petro-

logist translates an idea or concept into barrels of oil or cubic feet -
l::m 8:? df: surface of the ground. And these Prod_ucts must be worth more

ey cost to produce. Some geologists may be working in a

) 5 m .
in‘moncy thaa elds, doing work that seems to be com-

- laboratory far removed from the ol fi

pletely academic, but someone in the chain of discovery, sooner or Iater, must °

© e ¢ work into terms that can be entered on the record as producing
anl?:.‘:;d‘hﬁ‘,::lr;"u profits: Every geologist working in the petroleum industry.

" skould bear in'mind, therefore,

gy and (2) present or more favorable economic.
plies ideas, “know-how,” concepts, machines, .

In part by secondary recovery methods,
but chiefly by new technology and more *

D SUMMARY [CHAPTER 1] |
. | ¢ objective is to.find oil and &mv
ch petroleum through the dis-

INTRODUCTION AN
that the ultimat

may find su gh !

that are Pmﬁlable‘t; p;:#::@x;‘:;“ NEAL oh the i ?:‘:zg:c&‘e:
zove‘z Ofol;:tig:‘: b'y extending them Of by lnc:gasu;gﬂ po_;ro:u: :oo o s
n; pcrg):ole\;m seologist does not physxcalllg' \:-“o tm; igh'-pressux"e g St
teorologist, for examp g g

::;; zo:\:'no;l; ugslc .contour lines and escribe t:;iziom theyybeueve
to convey. Both are presenting mental concepts of the co 5 the ¢

or 8
exist. Any undiscovered oil or gas field-can .be mapped ‘czﬂyc:: i:l ::;Pc;;g'
concept in the mind-of the petroleym geologist. He may, ¥ e
judge that the rocks and the structure are favorable to the trapping O

leum under a certain area, b\;t “"‘”.l‘zd;:;"‘l':g grrniltlul::s tt;;enn ﬁn;l:cinl:leh:eo:
know whether that area is an Ot pool. ] , then, ¢
::l:le quality of the petroleum geologist. The world’s future supply of o};;tx:;
leum is as dependent upon the imaginative powers of the pcuoleu_gx:;(gc‘bc glm
as-on the presence of favorable. rocks—of which there appealzs o
abundant volume. : e : :

" The actual discovery of a pool is made by the drill, but the proper location
of the wildeat well to test a.trap, the depth to which it should be drilled, 9nd
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.are ‘the most important work of the

. petroleum geologist. He may need to consider only a simple combination of

stratigraphy and structural geology, ot he may have to take account of 'a com-
plex combination of data, involving such various fields as stratigraphy, sedi-
mentation, paleontology, 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 people’s knowledge of many

related sciences, such as physics, chemistry, biology, and engineering. 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, His’
predlc.tlon. however, may often be based on the most fragmentary data some
of wl}uch are obtained by specialists or experts who may or may not ;mvci
working knowledge of geology, or by ‘geologists who have worked with no

. thought of the petroleum possibilities of the region. This information is

assembled on maps and cross sections, and fitted together in' the mir :
peu-o!enm geologist, }v_here it is interpreted and transshted i:}to ieh:) ;::‘:tdl:::
to drill a well that will penetrate a trap below the surface of the gr dp d
the;eby henable the well to test the trap's tontent. * : o
s the search for ‘petroleum gets deeper below the : .

becomes more complex and uncertain, nngcthe data npous l::;‘:_:. t:::e g:l);osy
_must base his conclusions become 'pmgioasively fewer. As drillin ﬁ %lm
there are never as many test wells as the petroleum geologist wgouldcov:nl{:












