@ https://ntrs.nasa.gov/search.jsp?R=19760006120 2020-03-22T17:26:03+00:00Z

General Disclaimer

One or more of the Following Statements may affect this Document

e This document has been reproduced from the best copy furnished by the
organizational source. It is being released in the interest of making available as
much information as possible.

e This document may contain data, which exceeds the sheet parameters. It was
furnished in this condition by the organizational source and is the best copy
available.

e This document may contain tone-on-tone or color graphs, charts and/or pictures,
which have been reproduced in black and white.

e This document is paginated as submitted by the original source.

e Portions of this document are not fully legible due to the historical nature of some
of the material. However, it is the best reproduction available from the original
submission.

Produced by the NASA Center for Aerospace Information (CASI)



Space Sciences Laboratory
University of Califormia
Berkeley, California 94720

Semiannual Report

! NASA Grant NGL 05-003-003

Task C

Analysis of Organic Matter in Sediments and Meteorites and
Paleochemical Studies of Extinct and Contemporary Life Forms

Principal Investigator

Professor M. Calvin

Period Covered

5/1/75 - 10/31/75

December 15, 1975

~

S

Space Sciences Laboratory Series 16, Issue 73

NT76-13208

(NASA-CF-1ﬂ586“) AXALYSIS CF CRGANIC MATTEF

IN SECIMENIS ANL FETECEITES ANC

\ L
PALECCHEMICAL STULIES CF EXTINCT RN i
jannual Report unclas
e literni POETe 5323 053C1

CCNTEMECERAFY LIFE F(CER : N )
1 May - 31 Cct. 197¢ (Califcrnia univ,)



Section I

Publications

Publications supported wholly or in part by NGL 05-003-003 during the
period May 1, 1975 to October 31, 1975:

Kerogen--A Ubiquitous Source of Organic Carbon,
R.P, Philp, preprint, Scientific American, 1975.

Kerogenous Material in Recent Algal Mats at
Laguna Mormona, Baja California, R.P. Philp
and M, Calvin, Proc. 7th Intl. Meet. Organic
Geochemistry, Madrid, September 1975,

Kerogen Structures in Recently-Deposited Algal Mats
at Laguna Mormona, Baja California: A Model
System for the Determination of Kerogen Struc-
tures in Ancient Sediments, R.P. Philp and M.
Calvin, Proc. 2nd Environ. Biogeochem, Conf.,
Burlington, Canada, April 1975.

Copies of these publications are available upon request from Professor
M. Calvin,
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TASK C._ANALYSIS OF ORCANIC MATTER IN SEDIMZUTS AND METEQORITES

AND PALEOCITICAL STUDIES OF EXTINCT AND CONTEMPORARY LIFE FOFMS

Y

Cl. Introduction

In the past year the main resea#ch effort of the Organic
Geo&hemistry Group has been changing from the Mono Lake studies
to a more detailed study of the insoluble organic material present
in tke algal mats at Laguna Mormona, Baja Califorpia. Detailed
reports of the Mono Lake studies have appeared in our last two
progress reports and a preliminery report of the Laguna Mormome
study eppeared in last year's report.

The Laguna Mormona study is the mainstay of our coliaboration
witk the Orgenic Geochemistry Unit at the University of Bristcl
gt the present time. The Bristol group has been exexining ths
soluble lipid fractions and here at Berkeley we have been examining
the insoluble residues remaining in these algal mat samples after
exheustive extraction.- We have expanded our collaborative efforts
to obtain some very valuzble assistance from Dr. Stanley Awranik
of the University of California at Santa Bg;bara. Dr. Awramik
is a palaeontologist whose main interest is in Pre-Cambrien microfossils
ard trteir comparison with contemporery blue-green elgze. He
eccorpanied us on two field trips we made to Legun2 Mormone during
the past year and his expert advice in the rield has been invaluable.
We nope to continue ‘our collaboration with him during the cozing
yeer.

Tne examination of the sterol content in the stratizraphic

column froa Mono Leke hus been cecmpleted.



A short study is now being performed on a %erieS'or six
identical sediments collected from Mono Lake which have been stored
under different conditions. The rationale behind this study was
to see if any changes would be observed in the lipid distribution
patterns as & result of differences in sample storage conditions.

In many‘geoehemical studies very little attention is paid to storage
conditions and samples are frequently collected and ellowed to

sit at room temperature under aerobic conditions, whereas they

may have been collected from an anaerobic environmenf at & much

lower temperature. Although it is & tedious business, baseline
studies such as these must be performed to gét some idea sbout

the variations to be expected when samples are stored under conditicons
different Irom those of their naturul environment. Results from

e siziler study vo thils have been published previously, but it

‘wes 2 very linited study and the rasults were not very comp;ehensive.l

In last yeer's report it was described how epproximately |
. seventy streins of becteria had been isolated from some Recent
Mono Lake sediments, Over the pest year five of these strains
have been cultured in bulkX quantiticc and the sterol fractions
fron then have been isolated and anelysed g& the usual methods.
Sigrificent differences have been observed in the sierol contert
of thesé five strains. This adds further support to the utility
of the sterols as a chemotaxonomical tool in distinguishing and
classifying these particular bacteria, and perkaps the rest of

the Monobacterium collection.

The work on finding more sophisticated reazents and techniques

for the solubilization of kerozens from the Green River shale



Tesk € {cont'd.)

kerogen has had to temporarily suspended due to the graduate
student working on the project transferring to another group.

Finally the data systém which is interfaced with our
gas chromatograph-mass spectrometer has been further updated
by the addition of a Versatec printer/plotter. This unit ieplaces 7;
the Tektronix bard copy unit installed with the original dats
system. It is anticipated that this will improve the standard
of hard copy produced by the data system and will &lso be more

economical to run.

C2. Accompliskmertis of Past Year and Current Status

(A) Degradation of the insoluble organic meterizl isclated

from the slgal mats and cozes at Laguna Mormonz, 2ziz

Celifornia | |

Laguna Morzone offers sn excellent site to study blue,
green, und blue-green algae which are commonly regarded as ancient
precurscrs of ceny higher life forme. The area contains examples
of reletively recent aigal mats which have been deposiied over
the past five hundred years, It is a discrete ecosystem, consisting
predoninantly of bacteria and algae living in an environment almost
totally free from present-day pollution. It is essential that
arees such as these are subjected to multi-disciplinary geochemical
exaninations for use é.s runpolluted ba;eline studies.

An exanination of various gecchemical aspects of sazmples
froam this area form the majér rart of the collaboration between
"the Berkeley and the Bristol groups. One of the malor nims of

this Joint project is to obtain more detailed informaticn nbout



the relationship between soluble lipid material end keiogen in
this type of algal mat envirorment, and on a much longer time

scale the possible mechanism of formation of petroleum ia this
type of environment.

The work on soluble lipid material is described elsevhere
in this report and in this section we shall concentrate on the
results from ourAdegradation studies of the insoluble kerogen-like
material present in these algal mats. The rationale for our part
of the study is besed oa the fact thet in many ancient sediments
end oil shales & large part of the organic matter is derived
from blue-green algae, Over a period of several nmillion years
the majority of this msterial has been incorporated into the
injoluble kerogen Irectiza, It wves anticipatgd that since the
els+.. zals et Leguna Mcr—one are geologically very young eny
kercgen~like caterial present in the mets should be structurally
less ccoplex. Therefbfe by examining such semples, veluable
informetioz ebout the method of formation and the structure of
kerogen should become available,

In last year's report, preliminary results were presented
from a study of ore sanple of algal ooze obtained using a box
coring device at a depth of 4 - 6", Since that time two other
sexples taken from immediately above that sample have been examined,
providirg us with a short geological sequence through the mats
and oozes. These three samples of incressing age enable us to
deternine vhether or not there are any changes in cozplexity

.of this insoluble material with increase in sample depth.

A1l three kerogen-like samples (53.3, 53.2, and 33.1 =~

.-
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53.3 being the youngest eand S3.1 the aldést sample) #ere iséiﬁ%e&
from the algal mats and cozes by treatment first with 6NHCL to
remove any inorganic carbonates. Since it was found that these
samples were predominantly carbonate, they were not further treated
wvith hydrofluoric scid to remove any silicates vhich might'hs#e
been present. The acid-treated samples were exhaustively extraetedx
with toluene/methanol, toluene, and methanol for a total period
of two weeks and subsequently dried under vacuo.

The residues obtained in this manner have so far been
subjected to two types of degradation, i.e., oxidation and pyrolysis.
It is enticipated that in the coming year they will be subjected

to reductior using a variety of reagents.

() Oxilaticn

The residues Ifrom all three samples were degfaded by
caremic ecid oxidation using the method Burlingame and Sinaneit2
vsed in their sterwise degradation of kerogen isolated from the
Green River shale. The results from our degradétions are illustrated
in Figures 1 end 2. Figure 1 shows the gas chromalograms of the
total normsl acid fractions (es methyl esters) obtained from
the oxidation of the three samples. These ecids were isolated
froz both the spent chromic acid and also the oxidized residue
by heptene and ether extractions. The extracts vere subsequently
cozbined after they had been subjected to urea edduction. Figure
2 shows gas chromatograms of the heptane éoluble branched/crelic
ecids (as methyl esters) from the three oxidation mixtures.

The ether soluvle branched/cyclic acids were not examinad by gas

chromatography or combined gas chromatography-rmass

w

Fs
pactrometry
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due to the very lov yields obtained of these fractions.

The acid fractions vhose chrcmatograms are shown in Figure 'ﬁ
1 ere dominated by valrying emounts of two series of normal acids.
The fraction from S3.3 is dominated by a homologous series'of

monocarboxylic acids, in the range °11 « C., with & maximum at

30
°16‘ A series of a,w-dicarboxylic acids is present in only minor

emounts with a meximum at Cg, in the range C, - 020. However

7
the fractions from $3.2 and S3.1 are both dominated by «,w-dicarboxylic
acids, with the maximm in the fraction from S3.2 being at CB *
and from S3.1 at.cg. The fraction from S3.1 is more complex than
either of the fractions from 53.2 or §3.3 with additional series
of a-methyl mornocarboxylic acids and mono-methyl dicarboxylic
ecids present iz the mixtures.,
The heptaze soluble branched/cyelic acids, whose chromatogranms

ere shown ir Figure 2, do not show the same increase in complexity

th increesing sexple depth. The variations in distributions
of the isoprenoid scids is clearly shown in these chromatograms.
The origin of these isoprennid acids is uncertain and we can only
speculate on several alterantive theories. They could have been
trapped intact in the kerogen nucleus during its formation but
partial degradation of the kerogen matrix by oxidation may have
released these acids with their structures unchanged. Alternatively
they cay have been formed by random oxidation of carbon-carbon
bondsy, or they nay have been ester-lirked to the periphery of the

kerogen. It has been shown in degradstion studiess of kero
3

. from the Green River shale” that the stereochamistries or the

T
n
3

isoprenoid ecids fermed are compatible with their being d2
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from the side chain of chlorophyll. We have no proof at the
present tize to show that the situation is similar in the case
of these algal mats. However it is noteworthy that the distritution
of the isoprenoid acids in 83.3 is similar to that found in the
Creen River shale, with the maximum being a 616' X

In conclusion therefore it appears from these oxidative
‘ eegridation studies that there is kerogen-like material in these
algal mat deposits vhich has certain structural similarities
to some ancient kerogens, The increase in complexity of the
degradation préducts observed with increasing sanplg depth suggestis
that il nay be possible to determine the initisl reactions respoasible
for the ke?ogen formation by using this type of model systen.
From our resulis it eppears that the b;sic frazeworz of the
kerogen consists of cross-linked polymethylene chain#, with
edditionel nofnal, iscprenoid and a-methyl dbranched acids‘éttached

to the perighery of the matrix.

(ii) Prrolvsis exgeripents

The kerogen-like residues isolated from the elgzl mats
vere also subjected pyrolytic degradations at varying texmperatures
and Jor varying periods of time. The emount of structural informaticn
obtaeined from this type of degradation study is mini=mal. It
allows you to determine whether or not the materiasl is predonizantly
aliphatic or sromatic in nature, but gives little information
on the type of linkages between the various cozpownds wiaich zaxe
up the basic kerogen matrix.

The pyrolysis experiments were performed over the temperaturs

o ) . A
range 100-400" and for time periods varying frem 5 mins Lo 20
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hours. The products were collected in toluene and after urea > |
adduction, analysed by gas chromstography and combined gas chromatograrhy- |
pass spectrometry. In the semples analysed to date the products
have been dominated by series of n-elkanes end n-alkenes in the
range cs to C,, vith paximum at cll and with no apparent’cdd-even

20
predominance.

Although the wvork is still in its preliminéry stages,

as r~ initiel observation it can be said that the products obtainea

are similer to those obtained from the kerogens of Precambrian

sazples such es the Fig Tree series. The products from our

experizents were also almost exclusively aliphatic,'agéin showing
that algal kerogens have a predominently aliphatic structure.
In viev of the sizilarity between these products and those of

their enciert counterparts it is anticipated that 2 more detailed

cozparison between the results from the algal mets and Precambrian
gsa=ples will lesd to valuable inforzation sbout the chemical

pature of blue-green algae present in the Precazbriac erea.

(B) Yono Lake studies

The past year's studies of Mono Lake have taken two divectionms:
first, a study of the effect of storage conditions on the stercl/stanol

contert of a recent mud, PI-W-2%: second, an examinaticn of the

sterol content of several strains of becteria from our Monobacterium

collection. These studies have been prompted by two features.

First, until recently, little sttention hes been paid to the

"y
i+
]
1]
]
l’
(34

effect of storage conditions on the organic conteat o

nuds, perhaps besause it was believed that the diagenesis of

. 1 : ..
source molecules is a long-term process, Pecent studies, powaver,




Task C (cont'd.) -8

indicate that the process begins immecdlately on their incorporation
5,5

into a mud. _As sas;beea shown in this study, storage conditions
play a very important paft i# lipid distributian ratterns,
Second, our increasing interert in tﬁercontribution of Mono
Lake's bacteria tc the sediment's source sterocls, |

7 A Recent mud, PI-W-2*,6 collected 15.2 meters from Packa
Island in 1;2 meters of vater was processed or stored under six
@ifferent conditions, as outlined in Table 1, In the first
three entries the muds were processed immediately to quench
bacterial activity, while the last three sarples were incubated
for ten monihs, allowing bacterisl diagenesis to préceéd. The
results reveel sigzificant differences between tie tw~ groups.
Iz tte secozd group the total sterol pools ere substantially
lover, vhereas the stanol/sterol retios ere higher, éhe higher
ratios indicete that the unsatureted sterols sre indeed being
reduced, whereas the lover pools reveesl that the molecules are
elsc being trezsforzed into other tépes of coapounds. Closer
exexination of the second group also reveals that the pools

are lower, and the stenol ratios higher, for those ruis stored
serobically. Thus, the dimgenesis, both into stanols esnd other
polecules, aprarently occurs preferentially under aerobic condtions.

Closer exaaination of the first group indicates that

evez the conditicns of immediate processing amd extraction will
affect the organic c;ntent of the extract., Solvent extraction
of the dried mud, coupled with sonication, seems to bte nore
efficient in removing the total sterols, though the ratios nre

not sppreciebiy affected, Finally, ~omparison of the mud stored
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in 1-PrOH with the second group-reveals that 1-Pr0d is effective

in inhibiting diegenesis, presuzably by quenching btacterial activity,
In light of the fect that more sterol diagenesis, which

4{s an index of bacterial sctivity, occurred sercbicelly in the above

study, ve elected to culture the strains for our bacteriai studies

aerobicelly. Preliminery studies on e mixed cﬁlture of fecultative

anserches reveasled the presence of several unsaturated ‘sterols

(Figure 3) indicating that the bacterial population of lono Leke

econtridutes to the pool of source sterols. Subsegiently ve selected

five streins from our collection of facultetive anserobes eand

cultured them in bulk, After extraction and ucrk-up; we obteined

s stero. puol iz taree Zractions: free sterols, easily extracted

fromz the bacterial cells; esterified sterols, easily extracted

but requiripg wlzalinme zydrolysis after extraction; aﬁd finally

fouzd sterols, beuad to the cell debris and requiring elkeslire

kydrolysis prior to extractior Exeminatior of the results obtained

to date ip Table i1 reveals that chébaeteris do indeed contribute

unsaturated sterols to the source pool.

As Table IIZ illustrates, exemination of the bound sterol
fraction revealed the absence of any sterols in most of the strains.
Funz a, however, contains a trace cholesterol. Cyt b iz the only |
strein vhich contains cuantitative levels of several species.
Anslysis of the sterol ester fraction is still in process, but
preliminary results indicate the presence of sterols.

Evaluation of the results for the free sterol Iractions

of the various strains raveals substantial variations in tha

~levels of sterols, the typas found, end their relative avundanze.
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Philp, R.P., Brown, S., and Calvin, if. (19
_experiments on kerogen-precursors isola

Philp, R.P., Maxwell, J.R. and Eglinton, G. Enviroimental

Organic Geochemistry. Submitted to Science Prsgréss.

Toste, A.P., Steel, G., Philp, R.P. and Calvin, M. (1974).

Incorpoéation and microbial diagenesis of sterols

in Recent sediments. Presented at the 1974 Annual
Meeting of the Geological Society of America, Hiami,
November 1974.

Cardosa, J., Brooks, P., Eglinton, G., Goodfellow, R.,

Maxwell, J.R. and Philp, R.P. Lipids in recently deposited
algal mats at Mormona, Baja California. Presented at

the Second International Symposium on Environmental
Biogeochemistry in Ontario, Canada, April 1575. To

be publisnad in the Proceedings of this mesting.

Philp, R.P. and Calvin, M. Kerogen structures in recént]y—

deposited algal mats at Laguna Mormona, Baja California:

A model system for the determination of kerogen structures
in ancient sediments. Presented at the Second International
Symposium on Environmental Biogeochemistry in Ontario,
Canada, April 1975. To be published in the Proceedings

of this meeting.

Philp, R.P. and Caivin, M. Kerogenous material in Recent

algal mats at Laguna Mormona, Baja California. Presanted
at the 7th International Meeting on Organic Geo;bewws;rv,
Madrid, Spain, September 1975.

Philp, R.P. (1975). Kerogen -~ A ubiquitous source of

carbon. Accepted for publication in Scizntific American.
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‘deposited algal oozes. To be p—resenteé'iét 1975 ,Gea‘iaéicaf
Society of America meeting, Slat Lake City, Utah,
October 1975.

8. Philp, R.P., Toste, A. and Calvin, M. (1975). Early stage
formation and structure of kerogen-1ike material in.
- Recent sediments. Submitted for presentatmﬂ at 1975
ACS meeting, Los Ange?es e
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_Table 1. ,
e ; e ' ‘Total® . b c..¢ e d e
Storage or sterols 27 28 29 total™
. processing conditions _ , (ppm) ratio ratio retio  ratio

" Fighe % 5 I

1. lyophilization 2%
~{+ solvert extraction) 6.23 0.573 0.309 0.283 0.3%96

2. lyophilization
- {+ soxhlett extraction) 4.15 0.576 0.390 0.249 0.4%06

3. 1Pr0d ecdition A o |
(solvent extraction) L.62 0.623 0.359 0.211 0.367

Grouv IT

4, zerobic incubstion
(10 montzs at rocm temp.)
(solvent extraction) 1.53 0.815 0.70k 0.358 0.550

5. aerobic incubation
(10 montks in rooz temp.
weter)

E-— R

(solvezt :z:ictraction 1.96 0.7%6 *0.537 0.304 0.462
6. ansercti: imcubation
(19 =oz==s)

(solvezz extraction) 2.46 0.613  0.4u7 0.259 0.542

6

8: pma expressed as the ratio: (total sterols/d}y wt sediment) x 10

b: ratio of 327 stanols/totel C27 sterols: 5Sc¢-cholestanol/S5«-cholestanol +
cbolesterol

¢: ratio Cga stapols/toteal 028 sterols: 5ot-cempestenol/5ot -campestanol + brassicasterol
. v + campseterol

d: retio of C¢9 stanols/total 029 sterol: 5«-stignastanol/5=-stigmastanol +

stigmasterol + 4 -sitosterol

e: ratio of =stal stanols/total sterols
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Table II ‘ S
Monobacteriun a Total steralsb
strain Sterols (opa)
mannose & cholesterol 3.68
stignasterol
B-sitosterol
funerate a cholesterol 1.k45
g-sitosterol
unknown
= ' cempesterol
eytosine b cholesterdl 0.97
PB-sitosterol
campesterol
brassicasterol
stigmasterol
nisctinic acid 2 _ cholesterol 0.22
B-sitosterol .
glycine b ) p~sitosterol 3.15
cholesterol
campesterol ‘
stigmasterol
unknown

brassicasterol (trace)

- S——

e: the ster~l components are listed in order of decressing abuzndance,
th the rost abundant first.
6

b: ppm expressed as the ratio: (total sterols/dry wt bacteria) x G .
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Table III. Bound Sterol Fraction

Monobacteriun Total sterols™*
strain , — Sterols {pom) -
nicotine a : none | —
mannose a . none , ——
Arsrate & cholesterol trace
- eytosine b cholesterol 0.2%4
stigmasterocl
brasgicasterol

”~

2. 72 exzressed es ihe ratio: (totel sterols/dry wt. sediment) x 1C°
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Figure 1. Gas chromatograms of the ether and heptane soluble normal
ecids (as methyl esters) from the 3 hour oxidation of the 53.2
residue. This clearly illustrates that ether extracts the more
polar dicarboxylic acids and the heptane extracts the slightly

higher moleculer weight, less poler acids,
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Figure 2. Ges chromatograms of the totel normal or adducted =acids
(es methyl esters) frem the 3 hour oxidations of the residues
from 83.3, S3.2 and S3.1 respectively. 53.3 is dominated oy
a-Cls end n-—cl8 with only minor amounts of ’ch.e

e, o ~dicarboxylic acids. However the oxidstion products from
§2.2 and S3.1 ere dcminated by these dicerboxylic ecids. Tha
zrocusts fron S3.1 are more complex than those from S53.2 with
giditional hcrmologous series of o -methyl branched acids, which
vere not removed by urea adduction, and mono-methyl branched

dicerboxylic acids.
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Figure 3. Gas chromatogrem of sterols from Mcacbecterie.
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