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THE RELATION OFf THE COMEOSITION OF PETROLEUM TO

IT3 ORIGIN AND OCCURRENCE.

CHEMICAL AND PHYSICAL NATURE.

Petroleum is & mixture of hydrocarbons. It is
s ligquid verying from colorleés, through yellow and
brown to black. It veries from 1.00 to 0.80 in spe-
cific sravity, which corresponds to 10" to 46°Beaume.
[t varies widely in physical properties,.such a8
viscoslty, ignition point, polarizstion of light,etc.

Chemically, it is composed essentially of csar-
hon and hydrogen, but usually conteins impurities such
as sulphur and nitrogen. The csrbon and hydrogen col-~
bine with each other to form certain series, or "chains?
Those which are important in the study of petroleuw,
are:
| &. The Methaae Series - CpHopgn

be. The Ethylene series - CpHop

C. The Acetylene series - Cng n-2

d. The Polymethylene series & GnHBn

€. The Aromatic series ~ CpHop-¢
uf these, the first three’are so~called "straignt-
chain" series, and the others are the "ring-chain®,

or"eyclic" series.



4. The Methene 3eries.

The Methane,‘or paraffine, series is mede ug
af hydrocarbons'having the cbmpositiqn of CpHonss.
ﬁembers from CHyto Cgyn Hyppo have beén identified. Of
vnese, CH4 to CgHyg inclusive, afe liguids; and all
~bove CygH 3o are solids.

“he gener:l structural formula for the mem-
bers of the methane series is illustrated by the
" following, which is the formuls for propane:

HHH

Carbon has a valence of four, end it.will be noticed
that, in the methene seriec this valence 1is satisfied;
i.e.,there are no loose bonds. For this reason these
compounds are more stable; i.e.,less liuble to ex-
plosion, combinstion, &nd solution than the unsatur-
cted series,

The methane series is of first importeace in
the composition of American petroleums. the high-grade,
lieght o0ils consist almost entirely of paraffines; and
the value of an oil varies in almost direct ratio to
its parufinne content.

b. The Tthylene Series,

Thie series has the general composition



indgp, but we meet with only one of its members in the
~tudy of petroleum. This is UCoHge Its structurel

formals is written thus:

H
|
C =
|
H

bt it

it has the so-ce_led double bvond, which indic&tes
that it 1s-less stable than the nembers of the methane
series. It is said to be "unscturated”. It has cou-
-paratively small importeace in petroleuwz.
c« The Acetylene Series.
This series hss the general composition
CpHon-2 but only one of its members, CyHp,acetylene,
is of interest in the studj of petrbleum. It has a
triple bond, and is even less étable than ethylene.
1ts structural formuls is
4 H
I l
C = ¢
Its importance in the study of petroleum is com-
peratively small.
d. ‘the rolymethylens BDeries.
The Tolymethylene, or napths, scries seems
to consist of CHE molecules cowblined with each other
in varying aumbers,. they sre thought f£5 be "unsatur-

uted". They are importent in Hussian petroleum, but .



1wt in Admericsn. 4 grear deal of research work he

been doae on them recently, but no very relisble records

of the results have been made rublic,
« The Aromatic Series.

The zromatie, or henzene, series is next in

mportace to the methene., 1t huas the gzencral Composition

SnHen-6, #nd is the priicipal member of the so-
culled "cyellc" series. The structursl formuls of

enzene is written thus:
CH

HC CH
HC CH
CH
It will be noticed that it haé the double bond, show-
ing it to be "unseturcted™ and more or less unstable.

It ig heavy and dark, znd hes a sweet odor when xnct

volluted with sulphur. The members of this group maie

ap the bulk of the so-called asphaltic oils,
onlIGIN.
There =re two genera. theories for the origin of
petroleum: |
S Organic.
be. Inorganic,
0f these the organic theory is the one most generally

eccepted gmong geologistes, and is the only one which



¥i1} e considered in this discussion.
&. Organic theory.
1. Animsl,
2 Vegetable.

It Is an observed fsct thet puraffine hydrocerb. a3
con te formed from the fatty tissue of animalsband
pleats by the asturel precess of distillation. Accord-
in¢ to the organic theory, organic métter, plant or
asrilaol, 1s isid down in the ses and covered with sedi-
ments, perticulsrly mud, before becoming decomposed.

A8 time goee on the o0il is distilled out of the organic
matter, and collects in the porous strsata.

There is a8 great deal of evidence of all kinds in

surport of this theory, but the simple statement of it

ig judged to be sufficient for the purpose of this paper.

in the following discussion it will be assumed thst t e
0il was oripinally formed in this wvay.

OCCURRLLCL.

Certain conditions sre known to influence the
cceurreace of petr.oleum. The most important of these
sre as follows:

va. Adequete Source.
1l. Thickness of sedime1ts below.
2. Amount of organié matter below,

2. Areg dreained.



b. Structure and Strstigraphy.

1.

5.

A rervious bed to form & reservoir in
which the 0il can zccumulste.
Anticlines snd éynclines.
Depth of weter teble.
The 0il lies on top of the water.
“hen the water tabls is high, the
0il will tend to be in the anticlines;
when it is low, in the synclines.
Terraces. |
A terrace, being ususlly & super-
imposed fold, is likely to collect 811
the oil in ite immediate vicinity, and
prevent it from going to the crest of
the major fold.
Faults.,
A fault, by fracturiag the rocks,
genereally provides a way for the es-

cepe of the oil; and hence is regsrded

8s & bed sign. But in certain dis<riciv

by forming impervious gouge across a
pervious member, faults hawe halted
the upward progress of oil along thet

member.

6.



6. Lensing of sand,

Send is & shellow-water formution,
and for thutl regsoa it is subject
to very considerable chsnges in
thickness. £t times 1t even dies
out altogetrer. This is known to
0il men &s "lensiag",

As the o0il follows the sand, it is
obvious that where there is no send
there cen be no 0il, no m-tter how
favofablevall other conditions

may be.

From the above it will be seen that the occurrence
of 0il is not & thking which can always be determined
Ly mechanicelly following & pee-determined procedure;
tut that each case must be studied carefully as =
separate problem, to the solution of which must be

agpplied both geologic ¥nowledge sand common sense.



POoSIBLE CaUsBs AVAECTING COMPOSITION.

It is a fact which hss long been “nowa that}
petrcleums from different districts vary widely in com-
poesition. For a time it was thought that the petruleﬁm
of Pennsylvania was an entirely different substance from
thet of Russia, for inctance, ete. The mein gquesticn is-
<=xre our petroleums formed as they now exist, or were tie;
criginelly the same substarnce, which has boen changed by
reculiasrities of ocecurrence to the present forms? This
gquestion has been in the mind of probebly every investi-
sutor who has taken up the study of retrocleum in a broad
soy, but unfortunately the men who have done the field
work in petroleum geology heve generslly been too much
interested in the more purely economic side of the work
to pive tiis phase much attentiocn. Such evidence as hus
been collected is scattered through & lurge number of
publicatitns; snd, when grthere=d tugether aad hoiled
down, it ig not ia every sense, ssatisfactory. However,
it does throw some 1light on the subject; ut the lesst it
#il11 serve to give a fairly definite idea ccncerning the
present state of our knowledge eslong this line.

The most important economic difference in the
composition of petroleum, is the fact that certain oils

“are predominantly psraffine or arometic; i.e.,they are



eithef of psraffine or ésphaltic base. ke oils heving a
paraffine bese are, as a rule, licthier in color =nd grev 'y
then those having en esphaltic base. The pareffine oilé
sre suitsble fur the manufecture of pssoline sad kerosin
by refining, while the asphegltic 0ils .re suiteble only
for fuel and lubriceting purposes.
There sre certain things to which differehces in
the composition of petroleum mey be ascribed. They ure gs
Tollows;
1. Difference in origin.
2. Difference in charscter of oil-besring foruwstion.
3 Difference in depth &t whiech o0il occurs.
4. Difference in amount of migration of oil.
be Difference in 1egree of metsmorphism, i.e.,
hegt &nd pressure, which the oil has undergone.
6. Difference in geologic sge of oil.
these points will be teken up in the order given sboeve,
tn effort will be made to show what evidence we have for
vna sgainst each of these assumptions, and the cause and
extent of their influe .ce on the composition of petroleunu.

vifference in Origin,

A number of the foremost students of petroleum
hold that the major difference in the compositicn of the
vurious petroleums ere due to & difference in origin.

ifhey claim that the oil produced from the decomposition .



of animal matter, such as fish, woulu be quite ulfferent
in nuture from one produced by the decomposition of

vegetsble matter. They hold that the decomposition of

fish and other fleshy animals produced our light persffine

0ils, while the wvegeteble and low formsof animal orgsni-
zetions produced our heavy, asphaltic oils. This theory
seews reasoneble from & theoreticel point of view. when
the evidence has been sesrched out and examined it.is
found to be somewhat conflicting.

Evidence -~ in favor.

g, "The decomposition of fish in the labora-
tory produces an oil grestly resembling the psraffine
0ils of nsture.

b. Tie decomposition of fish, as said to heave
been observed in the Hed and Caspi-n Sexns, produces &
scum of light 0il on the surface of tie water, and a2
gus which is said tovbe methine.

¢c. Remains of fish - scales, t.oeth, ete.,
found in the strete adjoining the Wall Creek and Shannon
sandstones, which carry light persffine oil, 24240°
Bewzume’, in the 3Salt Creek Field of Wyoming!* Below this
pezraffine oil, in.the Dakota sandstone where no such
fish remesins heve been found, occurs & heavy, asphaltic
oil,25oBeaumé.

*  Bull. 452, U. 5. Geol. Survey.

10,



: 1.

It is said that such fish remeins a&lso occur near some
of the FPennsylvania 0il sands, which cerry oil high in
paraffines.

*d. The heavy, asphaltic oils of California are
apparently derived from the freat beds of distomsceo::
earth of which underlie the o0il sands. Diatoms cre &
low form of life, which are placed by some authoriti -

in the snimal. kingdon, and by others in the vegetsbiec.

e. Sulphur is taken by chemists to point to
vegetable rsather than anima1>origin. The paraffine oils
of Pennsylvanis and Wyoming™ are notably low in sﬁiphur.
The asphsltic oils of the Gulf Coasr and other districts
.re high in sulphur.

Evidence - against.
a. Trne decomposition of vegetaeble matter

produces methane, 28 in swamps. This would indicate
that the persffine oils can be produced from vegetsabla
growths,

-b. TYaraffine o0il is often found fur removed
from any fossile or other animel remains. Also a great
deal of pursffine oil is found closely asgociated withn
coal beds, as in Pénnsylvania.

¢c. The 0il from the Yrenton limestone of
Ohio, which runs fairly hich in paraffines in notably

* Buil.482, V. 3. Geol. Survey.



12.

high in sulphur, 0.5 to 2.5w. The seme is true of some of
the Oklahoma o0ils.

From the above it will be seen that nothing is definite-
ly proven,except in the case of the Californiz oils. No doubt
seems to exist but that in this csce the oils was derived from
distomaceous eerth. But even in this case there are a number of
other things beside origiﬁ that could easily have influenced thre
composition, as will be seen later.

Character of QOil-besring Formation.-

A reason that has often been advanced, e¢specially by
U.S.Geol.Survey men, to accouat for veristions in the nature of
the 0il of the same fic¢ld, has been the character of the "oil
sand".For instance, Washburn mskes the ststement™ that the light-
est pil occurs in the shule. B3tiredpe’ states "The oil from the
8hales is lighter than thst from the sandstones?! Schresder snd
Heworth,** in writing of the o0il of the Independeace Quedrengle,
Kansas, state "The o0il frocm the shale is genersally lighter thsn
that from the ssndstone zund 00ng10meratef"nalph Arnold says
"Other things being equsal, it is generully the csse that the
lighter 0il comes from the finer sediments."” 0. the other hend,
Eldredge and Arnold in reporting on the petroleum of Fico Canyon™'
state:

*  Bull. 381, U.

U
.

Geol.Survey.
' Bull. 813, U.S. Geol.3urvey.

**  pull. 296, U. S. veol.Survey.
''* Bull. 321, U. 3. Geol.3urvey.
1 Buil. 309, U. S. Geol.Survey.:



“Apparentiy the texture of the bed is without in-
fluence on the o0il" However, in most cases where
anything is reported on this subject the texture
of the bed seems to be regarded as influenceing
the nsture of the oil.

There seems to be no entirely satisfactory
reason why lighter oil should occur in the shsle
than in the ssnd of the same district.
ro account for such a phenomenon it would be
necessary to assume that there hss been movement
of oil through the beds. <what light oil should
remain in the shale, while heavier oll goes
through, does not appeal to the reason; and it
is’ not borne out by experiments on the subject.
Altogether, ome is inclined to think that the
cases which been observed are either coiicidences,
or else due to the well-knowan tendency of tre
U. S. Geol. Survey geologists to support esach
other's theories. |

Depth at which 0il 6ccurs.

It has sometiaes been observed that the
0il of the same field varies considerably with
the depth of the o0il sand. In most cases the gravity
of the olil decreases with the depth of the o0il sand.



ior inhstence Eldredge®, in writing on the oil fields
of California, mentions severel cuses where the oil
from the deep.r send is lighter than that from the
shallowsr; snd apparently coansiders the fuct signifi-
cent. In reporting on the Gulf Coast Field, Fenneman'
makes & similar observation.

Attention is called by Eldredee snd Arnold**to

several places in Californi: where the lower sand
yields the lighter oil; On the other hand several
cases hsve been noted where the 0il from the upper
sand was lighter. For example, Arnold and Anderson®’
stute, in reporting on the Coalings (Cal.) Distriet,
that the lightest oil comes ffom the uppermost sand.
Also there are cases where, of fhree oil sands, the
middle conteins the lightest oil.

It will be seen that the evidence on this,
point is highly contradictory. The geologists
working in the Californias districts noted that in
many cuases the oil from the upper sand was hesvier

than th:t from the lower ones. This fact, which is

*  Bull. 213,U.S.Geol.Survey.
! Bull.282, U.S.Geol.Surveye.
**  Bull.309, U.S.Geol.3urvey.

o Bul11.357, U.S.Geol.Survey.

14,



contrary to what would naturally b: expected, &s thr
tendency of o0il is to move up, mede an impression o.
them and caused them to think it significant. But
investigation shows that the u?per 0il sand, being
nezarer the surface, it is easier for the lighter
constituents of the 0il to escupe, leaving a heavy
residuum. Tne fact that most of the recorded cases
vf heavier 0il in the upper sand were sbserved in
California, where the strata have been highly

crushed, fractured and faulted, leaving & good op-

portunity for escape of light oil, tends to strengthen

this hypothesis.
Amount of Migration.

It has frequently been noticed that
the o0il from the crest of the anticlines is lighter
then that on the limbs.*

This can be explained in two ways: (1) by arrange--
ment of 0il uaccording to specific gravity, and

(2) by supposing that the difference is due to the
effeet of greater migration of the oil in the
crest. Of the two the first seems the more ansgtural
end ressonsble explanution.

Bull. 462, Bull. 296, U.S.Geol.3urvey.

15,



Another point to be considercd in this connection
is the actual diffusion of 0il through different strsata
of rock. Certein experiments have been made ia the
luboratori+~- of the U.3.Geological Survey by Gilpin
and Bransky , under the supervision of Dr.Dsvid T.Day,
on the upwerd diffusion of crude oil. It was found
thaf when orude o0il is introduced under pressure into
the bottom of tube packed with fuller'eé’:ff'igfter pro-
tion of the oil will diffuse upward and finsaslly come
out &t the top, while the heavier constituents sare
left behind in the fuller's earth. The theory, having
these experiments for its base, has been advanced
that the light paraffine oils have gsctually been
separated from & hesvier residue by diffusing up
through beds of shale which at present underlié them.
This theory would certaiﬁly sccount for meny of the
differences in the compogition of petroleum. There
are, however, certain difficulties in the way of
adopting such a solution which are hard to overcome.
In the first place the shale becds of nsture are quite
different from fuller's earth, and it hes mot been
shown that petroleum could penetrate them under
naturael canditions. It seems signigicant that the

shale beds which at present overlie oil sadds form

16,



17.

very efficient barriers to upward progress of the oil.

Subjection to Metsmorphic Pro ¢&esses.

It is well known that the heating of oil
causes wh:t is known as "cracking", or breaking up of
complex compounds into simpler ones, very materisil;
changing the nature of the petroleum. This is noted
in the Engler distillution, where a temperature of
only & few hundred degrees is attained. What the
cffect would be if subjected to a high heat under pres-

sure can be seen from the process for making syathetic
crude o0il, a description of which has recently appeared
in the technlcal journsasls. The statement is made that
hesvy gas 0il and other low-grade, high-gravity mix-
tures when sﬁbjécted to & high temperature wjder pres-
sure can be transformed into 2 crude o0il resembling
that of Oklshoma. In nattre, there is & case on record
of a well in & crystalline schist at Placerits Canyon,
Cal.* whichih produced petroleum hsaving a gravity

of 50° Begume/, whereas other California oil vsriet
from 10° - 28° Besum¢. The only rxplanation of this
fact igs thut the metamorphism which formed the

schist transformed the oil st the same time. On the

* Bull. 309, U. 5. Geol.Survey.



other hand it hus been noted th&t where the bedding

has been much disturbed by dynamic sction the oil

is heuvy.* This is explsined by the famct thet fructures

give an opportunity f.r the light oil to escape. As

dynamic gction usually accompsenies conditions of hest
end pressure, whatever light oil is formed under such
conditions would generally have a chance to escape.lt
mey be, however,that the heat and pressure which ac-

‘companied the folding in such districts es the Okla-

homa and Pennsylvania may have had a considersble effect

upon the charscter of the petroleum. In the Celifornia

field the dynamic sction was so severe &s to provide
fractures for the escape of the 11ghfer constituents
of the 0il while,in the Culf Coast field there has
been no folding. |

Geologig Age.

Age of o0il sands in verious districts:

1. Appslachian - Mississippisn, Pennsylvanisan,
Devonian.

2. Ohio - Ordovicien.

3. Illihois -~ De¢vonlan, Penasylvanisan,
Mississippian.

4, Mid-Continent - Pennsylvanian,

* @pll. 357, U. 3. Geol. Survey.

18.



19.

t. oyoming - Cretaceous, Peruisza, Carboniferous.
6. California - Tertisry.
7. Gulf Coast - Tertisry, tretaceous.

There are two ways in which it would seem
poséible for the age of the formetion of the oil
to affect its composition. They are:-

l. Difference in form and emount of snimal and
vepetuble 1ife of the different geologic periods.
2. Difference in age df xhe 0il, during which
it hes hsd an opportunity to change its form.
the occurrence of much of our oil in the
Pennsylvaﬂiquresents a strong argument in favor of
its vegetable origin; The presence of petroleum high
In pareffine in the Ordovician- Trenton limestone -~
is also evidence against the theory of animal origin,
&8 it is probable th-:.t the shell fish were the most
highly developed orgenisms at th=t time. The fact that
cur lowest gravity (Besume) aspheltic oils occur in
the Tertiury (Californis and uulf Cosst fields) seems
significaent, but just what this indicetes is not easy
1o stafe.
SUMMARY .
In summihg up trhe influence of the vearious
factors of origir =nd occenrrence, it becomes evident thut

no truly definite conclusions are werranted.



it ecppeurs evident thut origin hus been the main fector
‘n determining the composition in at lesst sone cases.
'he 0il irn the upper sunis seems to be, in the .:cjority
if cases, of lower gravily (Besume’) than that in the
2ands which are deeper, although having the same bpase.
This m&y be explazined by the greater evaporsticn of
the more volatile constituents of the oil in the up-
per sands, due to essier access to the surface.

' That the lithologic character znd structure of
the oil-bearing formation has any influence on the
nature of the o0il seems doubtful. It is the opinion
of some very eminent petroleum experts that the
amount of migration of the oil, especially through
shuales, very materially influeices its composition
by causing a frectionuation into its components.

48 no good evidence has been given to show that'
retroleum does migrate through shales under nat-
ural conditions, and as considerable evidence to
the contrary is known, this must be looked upon s¢
an hyrotresie,

It scems 7ypossible, and even probeble, that
in certein ceses where the oil was subjected to
conditions of heat and pressure, & considerable

change has been effected in both its chemiecal

20,
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end its phycical nature. Such conditions cuvuld, however,
have applied in only & compsaratively smell proportion
of our petroleum fields.

The geologic age of the 0il may have been im-
portant in determining the rind of life from which it was
derived, and 8lso the length of time during which it hes
been subjected to metamorphic processes.

On the whole, however, it would seem thuat our
present state of knowledge of thke subject is not suffi-
cient to warrant & definite statement as to what influences
have b2en effective in determining the composition of
petroleum; and the relstive importance of esch. At the
present Lime, a great deal of field and resesrch work
is being done en the =ubject 6f petroleum; which it is
to be hoped will result, within a few yesrs, in the sol-

ution of this problem.
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