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The theory that algal oozes could give rise to oil shales is not a

1,2,3 Evidence for this theory rests on the finding that algaé

recent. one.
have less cellulose and a correspondingly greater proportion of lipids than

most plant material. In addition, the contemporary alga Botyrococcus is

present in microscopié remains in some organic oozes.u Since the algal
ooze precursor theory rests primarily on geological and paleobotanical
evidence, we have.squght fo complement this evidence by making a study

of the constituents of various genera of algae at the molecular level and
comparing them with the organic constituents isolated and identified in
the algal ooze from a Florida lake,

We have analyzed the hydrocarbon constituents of four species of

algae: the blue-greens, Nostoc and Anacystis, the green algae, Spirogyra

and Chlorella.” The general extraction scheme is outlined below:

os
-~

Unlike the Nostoc, Anacystis and Chlorella, which were cultured in

this laboratory, the Spirogyra sample was collected from the shallow water of
Mud Lake, Florida, rinsed clean with lake water, and dried over several days

and nights at room temperature.



2
25 grams algae (e,g;, Chlorella) =

Soxhlet extraction, 12 hrs,
3:1 benzene-methanol

bevaporate to dryness'
~green residue (1.8 g)
dissolve in heptane (10 ml)

$ ‘ : .
residue soluble material

(for fatty acid analysis)
column chromatography
with neutral alumina

combined gas chromatography- &—— 1. hepténe eluate (8 mg)
mass spectrometry analysis of 2. benzene eluate (16 mg)

waliphatic hydrocarbons 3. methanol eluate (150 mg)

Table I represents the weight of total heptane eluate obtained as

a percentage of the dry cell weight.

TABLE I

Algae _ : Total Heptane Eluate
Nostoc _ 0.035%
Anacystis 0.032%
Spirogyra 0.004%

Chlorella : 0.032%
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The subsequent analysis .of the heptane eluate by combined capillary

- gas chfomatography and mass spectrometry revealed the presence of a series

of normal hydrocarbons ranging in carbon number from n-Cj5 to n-Coq, with
the n-Cj;7 hydrocarbon being the'predominant member for each spécies. In
addition to the normal hydrocarbons, a monounsaturated C;7 hydrocarbon
was isolated from Chlorella, and the branched alkanes, pristane and phy-
tane, isolated from the Spirogyra sample. The relative abundance of the
aliphatic hydrocarbons aré shown in Table II. The heptane eluate from

" (insert Table II here)
the Nostoc sample exhibits only two major components: The n-Cjq hydrocarbon
and a branched ClB alkane. This latter component was isolated in pure form
by preparative gas chromatography and its mass spectrum is shown in Figure 1.
It has been impossibé to assign an unequi&ocai structure to this compound
on the basis of ﬁasé spectrometry alone. The mass spectrum suggests that
it is not related to any of the common hydrocarbon structures that have
been characterized.in biological sources and'may have the structure 7,9~
dimethylhexadecane. We are investigating thg structure of this compound
in ordef to establish‘it unequivocally.,

Aﬁ analogous study of the heptane eluate from bacteria indicated the
presence of a similar seriss of hydrocarbons. The marked predominance of
the n-C37 alkane in algae is less conspicuous in photosynthetic bacteria
and does not occur in nonphotosynthetic bacteria and yeast. Furthermore,
the higher molecular weight hydrocarbons (> Cpq) constitute a smaller frac-
tion of the total heptane.eluate of the photosynthetic bacteria than of
the nonphotosynthetic bacteria. The relative abundance of these hydrocarbons
are shown in Table III.

(insert Table III here)
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TABLE 1I

‘HYDROCARBONS FROM ALGAE

'BLUE-GREEN ALGAE  GREEN ALGAE

Nostoc Anacystis . SEirbgyra _ ‘Chlorella
n-Cg o.ué 28 ' - | - 0.7
n-Cyg 0.42 3. : 6.7 0.4
Pristane -- - - 22 ' -
A—C17 - , 40 - — 450
n-cy; 100 100 » 100 100
branched |

Cig. .. 9.4 . - O.u4 : —_— -

Phytane - - _ 15.5 -
ﬁ—cle | 0.5 — 58 - 0.3
n-Cyg 0.4 -- 62 0.
n-Cog 0. - 2 -
higher MW :
hydrocarbons no no less than 30% of --

total hydrocarbons

major com- . : .
ponent n~-Cjy7 n-Ciq n-Ci7 A-Cq7

Peak héights are relative to n-Cy, peak taken as 100

v.—— indicates less than 0.5 (n-Cj;7 = 100)



TABLE III
HYDROCARBONS FROM BACTERIA AND YEAST

PHOTOSYNTHETIC BACTERIA - NONPHOTOSYNTHETIC BACTERIA JYEAST

Rhodopseudomonas Rhodospirillum = Miecrococcus , _ E. coli
spheroides rubrum - Lysodeikticus - (Aerobic B)

(Anaerobic B)

n-Cis 2 0.3 112 10 50

n-Cig 7 1.7 95 : 37 60

Pristane 22 3 . | 55 _—

A-C17 - R —_— : -

n-Cyq 100 100 100 100 100

branched C;gq4 - : _ _— _ -

Phytane 3 - ' 21 ‘ -

n—ClB by 10 . 58 700 - 500

n-Cyg .3 13 147 210 450 o
n-Cog 8.8 9 53 ' 200 1000

‘higher MW less than 5% less than 15% more than 50% more than 60% _moré than 60%
hydrocarbons of total hydro- of total hydro- of total hydro- of total hydro-of total hydro-
‘carbons carbons carbons : carbons ‘ carbons.: . carbons

major component n-Cjy n—Cl7 n-Cyg . n-Cig n-Coq

Peak heights are relative to n-Cy; peak taken as 100

~-- indicates less than 0.5 (n-Cl7 = 100)
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Braclley5 has reportéd the fin;ii_ng of a lake in Florida producing an
organic ooze, prédominantly algal in character, which he considers to
repreéent the modern analpgﬁe of the precursors of rich oil shales, such
as'fhe Green River Shale. This organié ooze from Mud Lake, Floridé; was
analyzed for the aliphatic'hydrocarbon content. A sample taken at a depth
_of two feet below the ﬁud—watér interface showed a predominance of n-
alkanes in the highér moleculsf weight‘regioh, n—C20 to n—C335’pérticulér—
1y the n—C27,'n¥C29 alkane and h—Csl alkane, in cont?ast to our findings
from thé a1gaé and the-photosynthetiC'bacteria. A cépillary_gaé éhrdmato—
~gram of the aliphatic hydrocarbons from the Mud Lake sample is shown in
figﬁre 2, In addition to the ‘aliphatic hydrocarbons;bwe have also char-
acterized the'éaroténoidé,'ﬁ—carotene and xantﬁophyll,'as the dominant
éigmenf constituents of the Mud Lake extract. .The identification of
v perhydro—B—carotene,Gthe fﬁ;ly séfurated analogue of B-carotene, -
in'fhe'Green River Pormation lends credence to the théory that the Mﬁd
Lake deposits may_indéed be modern coﬁnterpabts of rich oil shales, such
as the Green River Formation, but at the post-Pleistocene period (thevage
‘of the Mud Lake sediment) the transformation of the cheﬁical constituents
has not taken place to any significant extent.

'Sfudies carried out by other research groups7’8’g have shown the pre-
dominance of both n-C35 and n—C17.hydrdcarbons in benthic aigae. Oro's
stﬁd&lo on the aliphatic hydroéarboﬁs.in marine‘and freshwater microorgan-

isms has also shown the predominance of the n-Cj7 in the freshwater blue-

- green alga, Anacystis nidulans. The findings from our studies on both the
Vbluefgreén algae and the green algae igdicaté that the n-Cy, hydrogarbon

is a major constituent of these algae also. The normal hydrocarbons of the



rich oil shale from the Green River Formation exhibit a bimodal pattern
with a maximum at n-Cy; and at n+C2é, and are further chéfacterized by -
a'predominance of the'odd—numbered.hydrocarbons over the even-numbered
hydrocarbons. The occurrence of the n-Cy7 alkane in the Green River 0il
Shale is consistent with the theory that algae, EE.BéEEﬁ give rise to

the ofganic material of rich oil shale. Although the Florida Mud Lake ooze
at the mud-water interface and below for about six inches consists wholly'
of minute fecal pellets, which are made up exclusively of blue-green algae,
fhere“is no evidence for the n—Ci& alkane beihg present as a majér'consti-
tuent of the Mud Lake sediment. The total heptane extracf from this sedi-
ment exhibits a normai alkane distribﬁtion characteristic of a recent sedi-

Cent, 11512,13

The absence of the n;Cl7 alkane from this predominantly algal
ooze remains unexplicable, unless it is a particularly suitable substrate
for certain nonphotosynthetic bacteria which might coﬁvert it into hydro-
carbons in the higher molecular weight region.

A study of the fatty aid content of the same group of organisms
(cf. Table II and Table III) has also been carried out via conversion to
the methyl esters. The distribution, as so far determined, indicates that
the fattysacids of all the organism groups have their dominant molecules
among the lower molecular weights (C3g-Cyg), and, therefore, are not likely
precursors for the heavier hydrocarbons which dominate the Mud Laké sedi-.
ment. In fact, it would seem that they are not even precursors for the
lighter group of hydrocarbons either by decarboxylation or reduétion, a

7,10

conclusion already hinted at by others. On the other hand, Robinsonlu

has indicated that lower molecular weight fatty acids may be precursors of

.

the higher molecular weight alkanes.
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‘ Thevoccurrence'of highef molecular weight'hydrdéarboné in the Mud
Lake sediment might indicate a cbntribution from higher plant material.
There is very little evidence, however, for the theﬁry that higher plants
contributed significantly to the hydfocarboﬁs of either the Green River 0il
Shale or of the Mud Lake sediment. On the other hand, .~ pollen and spores
are found in abundance in the Green River @il Shale but not extensively
in the Mud Lake sediment. A preliminary analysis in this labbratory
indicates the presence of n5C23 and n-C25 hydrocarbons as the major consti-
tuents of Ponderpsa pine pollen. Nilsson gz.gl:ls have analyzed the con-
stitugnts of pollen and have identified long-chain hydrocarbons, including
thé»n—Cgs, n-Cp7 and n-Cog alkanes. It is possible.that'wind—blown pollen
contribﬁfed significantly to the hydrocarbons of higher molecular weight

in these sediments. We are at present investigating this possibility.

This work was supported, in part, by the Natioanl Aeronautics and
Space Administration, Grant NsG 101-61, and, in part, by the U.S. Atomic

Energy Commission.
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Figure 1

Figure 2
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FIGURE CAPTIONS

Mass’ spectrum of branched Cig alkanevfrom Nostoc

Gas chromatograph of aliphatic hydrocarbons from

Mud Lakevalgal ooze
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FLORIDA MUD LAKE TOTAL

APIEZON L 100' X 0.01"
90°—- 300°C  2°C/min.

' 25mi/min He  7.5"min.
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mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

AN

B. Assumes any liabilities with respect to the use of,

or for damages resulting from the use of any infor-

mation, apparatus, method, or process disclosed 1in
this report.
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