


520 GEOLOGIC HISTORY OF PETROLEUM

ing its visensity, (1) The carbon dinxide produced by bacteria in situ develops
ap internal gas pressure, which tends to drive o1l from dead-end pockets and
through interstitial spaces. (4) Some hacteria are thought to have a greater
affinity for solid surfaces than oil does, so that they crowd it off. They are
cplled thigmotactic bacieria. Some hactena }'lrm!-.u'n detergents, or gurf;cg-.]c.
tive substances, that liberate oil from sphd surfaces, presumahly by changmg
the interfacial tensions

Racterial Release of Oil from Plants. Some plants synthesize appreciable
amounts of hydrocarbaps, and selective decompaosition of the plant material h_fl"
bacteria may release these hydrocarbons for eventual accumulation in the sedi-
menis.

Bacterial Oxidation. Maost kinds of petroleum hydrocarbons are susceptible
lp oxidation by bacteria under certain conditions. Many micrmrgnnisml that
gre known to utilize hydrocarbons are commonly found in marine sediments,
and they are particularly abundant in the soil around storage tanks, oil wells,
and oil and gas seepages, Oil spread on the ground may be completely de-
stroyed in a few months, whereas under water it may retain its physical char-
acteristics for years, Long-chain aliphatic and pnral’ﬁnic cnmpuund; are axi-
dized more readily than corresponding aromatic and naphthenic compounds.

Heat and Pressure

Heat combined with pressure, or pressure alone, has been advanced as a
means of transforming organic matter into petroleum. The reaction may or
may not be aided by the presence of gatalysts. (See pp. 524-526.) Heat and
pressure occur together in rocks in varying degrees; if it could be shown
that they were able to accomplish the transformation, they would offer a sim-
ple and ready agency, Rich early decided that “the oil was distilled from the
carbonaccous rocks in what was, virtually, a giant high-pressure cracking still,
and that it found casiest escape laterally along the bedding, being driven out
to cooler zones by the gases generated during the distillation.” ™ Experiments
by Seyer led him to conclude: “The transformation of the waxy substance
can then be regarded as a sort of low-temperature, high-pressure cracking
process in which production favors cyclic hydrocarbons.™ &

Solid organic matier, such as thal found in kerogen shales and “source
rocks,” 1s a pyrobitumen; that is, heat is required—a temperature of 350-
400°C (662-752"F)—to break it down into gascous and liquid substances.
Bm;btrhu been raised about the generally accepted conclusion that the
ence of porphyrins in pgtroleum is evidence that the mmpﬁ,um of WE'I-:

has never exceeded 200°C (392°F).* Time may replace ey

even so, if there is any validity to ll]l.‘:_ Pﬂr[lh}l‘l‘ﬁ: thmm' h"'ﬂ'iﬁﬂm
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:“:‘ of ";"F" Maprapel, which supporis the seroblc bacteria, and a lons
2 Ihu!:l; WIth burial, which suggests that, as the source of sir and free oxygen
+ there is & change from aerobic 10 anacrobic bacteria
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Bacteria not only may have a direct
part in the ongin ol organic maiter and
its transformation into petroleum hydrocarbons, but may promote s detelop-
ment in many other ways. Some of these are as follows:

Evolution of Hydrogen. Fermentation of organic matler in the absence of
free OXygen may result in the liberation ol appreciable quantities of hydrogen,
according to ZoBell.* The liberation of hydrogen has bren accomplished ex-
penmentally. In anaerobic bacterial fermentation that produces no (ree hy-
fim;urn_ the reason for the absence of free hydrogen may be (1) that hydrogen
I:ml:uvll:d and united with carbon dioxide to produce methane, as in the equa-
n
CO, + 4H, — CH, + 2H.0

or (2) that certain bacteria cause hydrogen to reduce some sulfate to hydrogen
sulfide, as in the equation

S50, + 3H; — HsS + 4HLO

or (3) that bacteria activate the hydrogenation of unsaturated organic com-

pounds.
All these reactions are known (o be carried out by anacrobic bacteria that

occur in marine sediments. In marine sediments, therefore, one would expect
to find the reduction products (methane, hydrogen sulfide, or saturated hydro-
carbons) rather than free hydrogen. It may be significant in this regard that
unsaturatesd compounds are not found in petroleum.

Release of Oil from Sedimentary Rocks. There are several mechanisms by
which bacteria might liberate the oil held in oil-bearing sediments. (1) One
mechanism is the solution of carbonates by H;CO, and organic acids produced
by bacteria; the oil contained in limestcnes and dolomites is liberated when
chanpels and pores are formed by solution of the carbonates. (2) Carbon di-

oxide wmwnm:huﬂmM-hmﬂnﬂhym
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