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CHAPTER 11

T he Origin of Petroleum

Framework of limiting conditions. Inotganic origin. Organic origin. nature
of organic source malterial — modern organic mattef. Transformation of
organic matter inlo petroleum: bacterial action - heat and pressure - al-

teration of petroleum.

THEORIES of the origin of petroleum® may be divided into two groups
according to their view of the primary source material as organic or as inor-
ganic. Early ideas leaned toward the inorganic sources, whereas the modern
theories, with few exceptions, assume that the primary source material was
organic. The change was brought about by #n increasing number of objections
to the inorganic ideas; but, since these objections have not completely elimi-
nated the possibility that inorganic substances—especially hydrogen—played
some part in the origin of petroleum, morganic theories still find occasional

favor.
Although agreement on the organic origin of petroleum is nearly completc,

there arc many differences of opinion about the details of the processes by
which it was formed and about the relative importance of the different source
materials. Were they primarily marine or terrestnial? How much petroleum was
derived from hydrocarbons that were part of living orgadisms and how much
was derived from the transformation of hydrocarbon cofmpounds into petro-
leum? What was the pature of the energy involved in the transformation? Bac-
terial action, heat and pressure, radicactive bombardment, and catalytic phe-
nomena have all been suggested as energy sources that may have made con-
version pussibi':. and cach mmay have parucipated cither scparate ly or in com-

bination with one or more of the others.
Theories on the accumulation of oil and fzas have a direct bearing on origin.

* The reader is especially relerred o the tharough analysis by Hollis D. Hedberg
ic Aspects of Origin of Petroleum,” Bull. Amer. Assoc. Poirol. Geol, Yol 48,

“Geologic Aspe $50C.
No. 11 (November 1964), pp. 1755-1801. Includes an extensive bibliography.
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Some geologists hold that all petroleum was formed in place, either at or
al:!jac:m to the position of the presgnt pools; others hold that petroleum has
migrated from areas of origin to trap arcas, and that the source arca does not
rll:cr.z:saﬁl:,r coincide with the accumulation area. Same theories assume that
oil was transported along with circulating water, whereas others assume that
it migrated indcp-n:ndr:nﬂ:,f ol water movement. Some geologists believe that the
source material was deposited in the shale formations or transformed into
petroleum within them, and migrated from there into the reservoir rocks, while
others believe that the source material, possibly in the form of colloidal or
water-soluble organic matter, was concentrated in the reservoir rocks, or
even in the places where the traps are now found, and was there changed to
petroleum. Each theopy has some evidence and reasoning in its support, and
each has some against it.

The theory one adgpts—and it must always be a theory, since no one was
present when the origin and accumulation took place—has a bearing on the
method of exploration one pursues, If offe belicves, for example, that petro-
leum originated in situ, one looks for areas favorable to origin, if one believes
that petroleum has njigrated into traps at some distance from the area of
origin, the critical question becomes the location of suitable traps and barriers
to migration. Belief in a marine environment of origin suggests that the best
place to explore is in marine sediments, whereas belief in the possibility of
fresh-water sources would encourage exploration in areas underlain by con-
tinental and fresh-water sediments. If migration is permissible, however, the
question of marine ar ponmarine environment of origin is not always decisively
significant, for migrating petroleum could concentrate wherever there was a
trap within the limits of the barriers to migration.

FRAMEWORK OF LIMITING CONDITIONS

Hydrocarbon compounds* similar to those found in petroleum may be formed
in the laboratory from various source materials. Laboratory conditions, how-
ever, are quite different from those in oil and gas pools, It is helpful, there-
fore, to list some of the natural environmental conditions known to prevail in
present pools, in order to ensure that any theories or laboratory results pro-
posed will be applied within a framework of conditions that can reasonably be
compared to the knpwn field conditions. These limiting conditions have been
- called a geologic fence.®* Some of the limiting factors are summarized as fol-
lows: ,
1. Nearly all pei-~leum occurs in sediments. These sediments are chiefly
of marine origin, and it follows that the contained petroleum is also most likely

* A hydrocarbon compound is a complex hydrocarbon that contains, in addition to
w and carbon, small amounis of other elements, such as sulfur, nitrogen, and
~oxygen. St iy










B GEOLOGIC MISTORY OF rETROLEUNM
s never exceeded 392°F (200°C), for Porphyrios are destroyed

origin of
M q%- of petroleum is within an anacrobic and reducing environ-
The presence of porphyrias in some ‘
Wtﬂylnhﬂhn{mm for chlorophyll

are casily and rapidly oxidized and de.
conditions. The low oxygen content of petroleums,
by weight, also indicates that they were formed in o

- Temperatures also have fluctuated by as much as
i therefore, can undergo considerable

! without being appreciably changed in
aysical character; changes in chemical composition have been observed, how-
w which Mmay be attributed to cither the environment of deposition or o
r th of burial.*

§. The geologic history of oil pools indicates that in some of them neither
gal nor vertic ! wil migration of

any consequence has occurred, whereas
pthers there has been extensive lateral and vertical migration. No consistent
" bes have been observed between oils that are known to have migrated

hose that are known to have been formed where they are now found. Any
Athicory of the origin of petroleum, therefore, must be independent of

fe time required to form petroleum and concentrate it into pools is
¢ less than one million years. The highest ratio of oil pool occurrence
pe of sediments occurs in the Pliocene series, which ended about one
) years ago.® Late Pliocene sandstones and rocks such as the Plio-
¢ rocks in the Quirequire field of eastern Venezuels contain com-
1. Small oil pools at Baku and in the Turkmen oSSR, USSR, have
in the “Baku stage™ and in the “Apsheron stage” of the Pleisto-
as also been produced from Plio-Pleistocene rocks in the Summer.
f California.. Pleistocene oil in pools such as these may have moved
yet could equally well have formed from cquivalent
ks, and thus could measure the minimum time for forming pe-
B ansentr ting it into a major oil pool. The time required for
B o rever, may be much less, as shown by the hydrocar-
allow cores (3-103 feet) of Recent sediments in the Gulf ?f
s measurable amounts of paraffinic, ‘naphthenic, and aromatic
fontnd 10 range between 9 and 11,700 parts per miltion of
' The measurement of age by carbon 14 indicates & recent
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jome were formed from the lipid fraction of both plants and animals and
have survived through geplogic time with little change because of their stability;

and that others were generated from nonhydrocarbon material such as fatty
4cids, aldehydes, and alcohols.

Asphait. The asphalfic constituents, such as resins, maltenes, and asphal-
lenes, are the dark, nonhydrocarbon fractions of the organic portion of the
sediments and of petroleum and consist primarily of carbon and hydrogen to-
gether with oxygen, nitrogen, sulfur, and the metals vanadium and nickel. They
pre complex high-molecular-weight sybstances, probably ranging in number
from a few hundred into the hundred thousands, and make up from a trace to
S0 percent of some crude oils.

The asphalt found in the nonreservoir sediments is similar to the asphaltic
fraction of crude oil and of many natural asphalts deposited in seepages of
crude oil. Asphalts have been found in the sediments in amounts that range
from about 1 to 70 barrels per acre-foot, or slightly more than the hydrocar-
bons. Asphalts are complex compounds that have not been found in living
organisms but which may have been derived from such materials as cellulose,
lignin, purines, and P}’I’imidinﬂﬁrhc presence of porphyrins (natural pig-
ments related to v::hlmrui:hyl.l and hemoglobin) in crude oil is evidence of its
biological origin. Porphyrin mixtures are found in appreciable amounts chiefly
in the crude oils of high asphaltic content, which further suggests an carly
origin for the asphaltic content.?” Porphyrins occur as complicated metal-
porphyrin mixtures, which suggests a low-temperature history, and also cause
petroleum to cling to oil-wet reservoir rock surfaces.

Kerogen. Most of the organic material (85-95% ) found in the nonreservoir
rocks consists of kerogen, a solid pyrobitumen that is insoluble in ordinary
organic solvents.** Heat is required to break it down. Its elemental analysis
shows that it is chiefly carbon, hydrogen, and oxygen, with lesser amounts of
nitrogen and sulfur. Kerogen found in typical marine nonreservoir rocks, is,
when dried, a fine amorphous dark-brown to black powder that frequently
shows a marked resemblance to coal dust. When the material is heated in test
tubes, little or no oily distillate is formed as is formed when oil shales are
heated. Apparently kerogen is of different lypes, even though the elemental
analyses are similar, Some are indistinguishable from coal, whereas others,
probably with a high asphaltic content, form the oil shales. Except for the
variable asphaltic content, kerogen probably is not a source material for pe-
trolenm, t!ut might be Jikened to the carrier material for the petroleum hydro-
carbons and the related hydrocarbon compounds,

The Nature of Organic Source Material

Organic matter that contains both soluble and insoluble hydrocarbons that
might be considered as a potential source material for petroleum occurs in a
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|5 used in the respiration of both the plant and the animal life of .the sea, The
garbohydrates, in part, are presumably reduced in the direction of hydro-
carbons in the reducing, oxygen-free environments into which they fall and
in which they are buried.

The depth to which sunlight penetrates the water therefore determines the
thickness of the layer of sea water that is favorable for the production of plant
life and consequently of the life that feeds upon plant life. This depth varies,
depending on the turbidity of the water, but in clear water it is about 250 feet
or more. It has been estimated that coastal waters®™ produce at least fifty
fimes more plant life than do the opep occan waters, and the coastal water
that is richest in organic tnaterial is off the mouths of rivers.

Marine algae offer some of the most promising source material for petro-
leum.* The blue and green algae are the most common, in addition to utiliz-

ing sunlight to form chlorophyll and other, unidentified substances, such as
gnzymes, they assimilate their mineral constituents through their entire surface
from the waters in which they grow. Because of this faculty, the same algal
species may vary in chemical composition, depending upon the composition
of the water in which i} lives. Algae are probably the chief agents of lime
secretion and deposition:® one genus, falimeda, deposits aragonite, and an-
other, Lithorhamnium, deposits calcite. Both genera are especially common
in organic reef deposits,.

Diatoms are algae chyracterized by siliccous shells, or frustules. They have
formed great deposits known as diatpmaceous carth and are probably the
most important group of algae in the organic cconomy of the sea. Some geolo-
gists believe that they provide the source material for much of our oil.*7 A
significant product of their life process is vegetable oil, droplets of which may
be frequently seen within diatom shells.* It has been estimated that from 5 to
50 percent of the volume of these diatoms consists of oil globules,*® which may
pe freed from the shell if it should encounter fresh water and break because
pf the osmotic pressure from within the sheil.*® In the colonial algae Elaeo-
phyton, even the cell walls have been pbserved to consist largely of oil or oily
substances.! This oil may be considerzd the medium in which such organisms
store food enerpy, serving the same purpose as the oils contained in nuts and
seeds.

Marine water normally provides an equilibrium between the various organ-
jsms that constitute its population. This equilibrium is not stable, but is chang-
ing constantly with changes in marine conditions—currents, waves, upwell-
ing, rainfall, and fluctuations in temperature and the supply of nutrients. From
time to time, therefore, the conditiops will be especially favorable to one
prganism or type of life, which will then multiply rapidly and thus upset the
normal balance. This raPid multiplication of microorganisms is termed bloom-
ing. It may sometimes be recognized from a discoloration of the water—
which is most commonly tinged with blue, red, or green—or from the decom-

position of a depasit of organisms washed up on the shore. Along the Copalis
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marine Organic Matrer
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ps. The organic matter found in modern streams may constitute more
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most important potential source materials tor the biochemical

A

--". Percentage of Organic Matter in Dissolved Solids
- of River Waters

Farcemuage Blver Parcentage

.25 Armopon 1503

d V4 Mhoiahi 15.34
455 Dalawars 146,00
10,24 Lowugh Haagh, reland 1540
11.42 Kingy 20,43
11.93 Topajos 2414
12.08 Flara 49 .59
12.10 Negro 43,83
59.90

y ) 12.80 Uruguay

B m U.S. Geol. Surv. (1924), p. 110,
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The waxes are insoluble in water and appear to be attached to the soil particles.
The amounts vary widely at the surface, but average about 300 ppm, whereas
they vary little in the deeper samples, where the average is about 75 ppm. McDer-
mott is of the opinion that these hydrocarbon waxes are formed from hydrocarbon
gases thal migrate from below and become concentrated at the surface of the
ground, possibly in part as 3 function of photosynthesis; an alternative possibility
is that they are formed at the upper surface of the ground, where the sunlight can
regch the miscroscopic plants. The changed character and lower concentration of
the deeper waxes may be explained as being due to their having been carried down-
ward by surface waters. If the subacrial surfaces of unconformity of the geologic
column were all the loci of hydrocarbon formation such as this, there has been =
coptinuous source of organic matier 1o be carried to the oceans for as long as
there have been sunlight and microscopic plant life on the earth.

Decomposed grass and root hairs in the upper soil contain unsaturated hydro-
carbons and all of the satursted hydrocarbons into the C, range. The spectrograms
from soil samples correspond closely with those of the vegetation, and this sug-
gests that the soil hydrocarbons are at least partly if not wholly due to vegetation,
and not to the upward migration of hydrocarbons from buried petroleum ac-
Mﬂ-!lliﬂm-—-{h: basis for geochemical prospecting. It further suggests that the
arganic matter of the streams that empty into the oceans may contain large amounts
of hydrocarbons that require little if any further treatment to become a part of the
petroleum hydrocarbans of the sediments 4

Cate® supgests that podzolization or the downward movement of organic matter,
metals, and clay through the weathering profile of soils may involve catalytic
reactions that transform some of the organic matter into bituminous substances,
ingluding petroleum and coal. Although quch a process is complex, it appears to
be possible, and certainly should be considered as providing a possible source for
some petroleum hydrocarbons and hydrocarbon compounds.

Recycled Petroleum. Petroleum hydrocarbons and related hydrocarbon com-

eraded from the land may conceivably be carried by the rivers to the
ogean and redeposited along with recycled sedimentary particles in both reser-
voir and nonreservoir sediments. Eroded petroleum may come from two
sources: (1) the ocil disseminated through the nonreservoir shales and car-
bonates and (2) the oil contained in any ficlds that have undergone crosion
since the beginning of Paleozoic time. Such petroleum is in addition to the
hydrocarbons that form at the surface of the ground, probably with the aid
of photosynthesis, and arc later eroded off. Presumably the more stable,
hgavier hydrocarbon fractions and the asphaltic fractions eroded from the
npnreservoir rocks and from the oil pools would be the most susceptible to

tion and redeposition; this might help explain why the oil in the
ypunger Tertiary rocks is generally heavier (of lower gravity). The oil-wet
properties of some clays and of insoluble organic matier may have provided a

jve carrier mechanism by which these hydrocarbons were t

from areas of erosion to the oceans. The volume of such petroleum source
material is vast beyond comprehension, and it seems reasonable to speculate



