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?he mast abundant form of organic c a b n  on Earth is kerogen. It is mmmnly 
defined as the residual organic m a t e r i a l  remaining after minerals have been m v e d  
fm a sample of shale o r  sedinwtwith hydrochloric and h y d m f h r i c  acids, after 
hunk m a t e r i a l  has been rermved w i t h  base, and af te r  the soluble organic material 
has been rermved by exhaustive extraction with organic solvents. It has been esti-  
ma d that there are 1.3 x 1 0 l 8  tons of kerogen on the Earth canpared w i t h  1.5 x 
10’ tons of coal (1). Kerogen is generally found i n  sedjm=ntmy rocks in the form 
of o i l  shales. lhe best ham,  and mst widely studied shale, the Green River o i l  
shale, has been estimated to contain 8,000 bil l ion barrels of o i l  currently i n  the 
form Of kercgen (2) .  
about the origin, structure, o r  mthd of fomation of any type of kerogen. 
has classified kerogens into three general categories, i.e., 
derived f m  higher plant material and generally amnutic i n  structure; b) algal- 
type kerogens derived f m  algae and generally aliphatic in structure; and c) kem- 
gens which are intemdiate between these two and are a mixture of algal- and h m i c  
type mterials ( 3 ) .  

W y  attenpts have been made to obtain structural infomation on kerogens using 
various chemical. degradation techniques. mese have included chrmic acid and alka- 
l ine potassium permanganate oxidation, saponification with mthanolic potassim hy- 
dmxide, reduction w i t h  l i t h i u m  aluminum hydride, hydmgen b-de treamsnt and ozo- 
nolysis (4). Another widely-used technique in th is  type of study is pyrolysis. HOP 
ever, the mjo r  problens associated with all of these studies include: 
of reactivity of kerogen with mst reagents due to the fac t  that the degradation re- 
actions are generally heterogeneous; 
s m  of these reagents; and c) the fac t  that s a  prcducts are seoondaxy degrada- 
tion prcducts. 
not very structurally specific and only gives general in fomt ion  on whether a kero- 
gen is aliphatic o r  anmMtic in nature. 

To say that there is one m n  solution to all of these problens is  very mis- 
leading. Iimever, valuable structural i n f o m i i o n  wuld be obtained i f :  a)  speci- 
f i c  reagents for cleaving only one type of bond were. used; or  b) informtion w a s  
f i r s t  obtained on the structure of potential kerogen precursors and the ways in wkicfi 
the precursors are involved in  the fomation of kerogen. 

In  an attempt to examine this latter Line of apprcam and to get mre structural 
informtion on algal-- kercgens, an investigation has been made into the structure 
of the insoluble organic residues isolable f m  recently-deposited algal mzes and 
fnrn som pure cultures of green and blue-green algae. The m j o r  aim of the study 
was to detennine whe the r  or not there w a s  any kerogen-like mterial i n  the sample of 
algal ooze; i f  so, what was its structure, and can it react to form the mre complex 
kerogen rmeity found in  ancient shales and sedin-ents; and finally i f  there w a s  ken- 
gen-like mater ia l  in the algal ooze, 
of kerogens a re  actually in the organisms themselves prior to being deps i ted  i n  the 

But in sp i te  of its vast abundance, relatively little is knam 
Tissot 

a)  hmic type  kerogens, 

a) the lack 

b) the ran- nature of the degradation by 

?s a result of these problem any i n f o m t i o n  obtained is  usually 

can it be said that the basic “building blocks“ 

S e d i n m t a K y  e n v i m m t ?  

try provide answers to s m  of these qus t ions ,  a series of degradation 
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~ i m n t s ,  previously perfom& on ancient kerogens, w e r e  repeated on the insolu- 
b l e  organic residues frcm an algal ooze and s a w  pure algal cultures. 
of algal  ooze for th is study w a s  obtained fnxn Laguna Wnmna, Baja California, in 
an environrrent where the sources of organic matter are well documented. The envir- 
m t  at  Laguna W m n a  is characterized by local variations i n  sedinwtc- 
logical, geochemical, and biological properties (5). Semi-arid climatic conditions 
and restricted water mv-t from the ocean have mined to produce an evaporite 
f l a t  and hyper-saline m h  e n v i r o m t .  
s l m l y  accumulating because of the hi$ sa l in i ty  which inhibits organisms tha t  nor- 
mally consume and degrade the organic mater ia l .  The in te r t ida l  algal mats  examimd 
at Lacjuna W ~ M  are cfiaracterized by the blue-green algae Microcoleus chthonoplas- 
tes and Lyn@ya aestuarii. Pure cultures of the blue-green algae Phormidium l u r id ium 
and Anacystis r i m r e  obtained from an earlier study by Han and M d a r t h m  
soluble L L  -ts of the same organisms (6). 

The s q l e  

Large quantities of organic matter are 

This paper w i l l  describe results obtained fram the degradation of the insoluble 
organic residue from the algal ooze using saponification, oxidation and pyrolysis. 
It w i l l  also summrize the results cbtained from alkaline potassium permanganate ox- 
idation of the pure cultures of the blue-green algae. As described above, these de- 
gradations w e r e  perfonnd i n  an attempt to detemine whether there w e r e  any apparent 
structural similari t ies between the algal ooze, the organisms and algal kerogens. 
The p a p  w i l l  also attempt to illustrate s a  of the major potential problems in- 
mlved in trying 
types of chemical dqradations. 

to make rmlecular structure detenninationS of kerogens using these 

The kerogen fraction w a s  isolated f r o m  the sample of algal wze  i n  the s a  way 
as kerogen would be isolated f m  an ancient shale or s-t. This inmlved m v -  
al of ca.-bnates and silicates by treatment w i t h  6N HC1 and 48% H F  respectively, fol- 
lmed by exhaustive extraction of the remaining residue with toluene/mthanol (1:l). 
No attempt w a s  made to r-e any pyrite from the residue w i t h  concentrated HNo3 
since this generally leads to the alteration of catam ' structural features of the 
kerogens. The residues from the pure cultures of algae w e r e  obtained by acid treat- 
rent of the cultures w i t h  6N HC1 follmed by remval of the soluble organic mater ia l  
by extraction w i t h  tolume/mthanol (1:l). 

(i) Sapnification. 

The algal ooze residue was refluxed for  three days w i t h  0.5% KOH/MeOH. 
tennination of the reaction, the mthanolic solution w a s  decanted, acidified, and 
extracted with heptane and ethyl acetate. The extracts w e r e  mined, evaporated 
and subsequently mthylated with B F W H  (13% w/v). The mthylated extracts w e r e  
fractionated into nonndl and branded/cyclic fractions by urea adduction prior to 
analysis by gas dmanatography (E) and mnputerized-gas Chramat0graphy-1~~~ spec- 
-try (C-GC-MS). 

A f t e r  

(ii) Oxidation. 

a) Oxidative degradation of the algal ooze residue w a s  p e r f o m  using alkaline 
potassium perr@anganate and a m t h d  similar to tha t  previously described by Cqner (7). 
The residue w a s  subjected to three four-hour periods of Oxidation, a total of twelve 
hours oxidation. 
m02 solubilized by addition of sodium bisulphite. 
extra- with heptane and ethyl acetate, the extracts d i n e d  and mthylated using 
B Q / k O H  (13% w/v). 
ed and cyclic fractions by urea adduction prior to analysis by CC and C-GC-MS. 

described i n  (a) excspt that only one four-hour oxidation period w a s  -4 to 

After each oxidation, the reaction mixture w a s  acidified and excess 
The clear reaction mixture w a s  

The nethylated extracts w e r e  f r a c t i m t e d  into n o m d  and brand- 

b) ?he residues from the algal &tures w e r e  oxidized i n  the s m  m e r  as 
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to ta l ly  degrade the residue. 

(iii) Fyro lysis.  

The pyrolysis e r c p e r h t  w a s  p e r f o m  by in i t i a l ly  heating the alqal wze res- 
idue in a quartz tube for 5 min. at  2OOOC to r m v e  any unbund soluble l ip id  mater- 
ial ,  and then increasing the temperature to 600'C for 30 mins. 
alleded in a U-tube ushq a liquid nitrcqen trap. when the reaction had been ter 
minated, the pmiucts w e r e  dissolved in ethyl acetate and transferred f m  the U-tube 
to a small  vial, the solvent rem- and the crude pyrolysate weighed. The pymly- 
sate was subsequently f i l t e red  throuqh an alumina column and fracticmated into a non- 
polar (heptane eluate) and a polar fraction (ethyl acetate eluate). 
f r a h o n  was further purified by thin-layer chramtcqrap~y and urea dduction prior 
to analysis by Gc and CG*. 

(iv) Analytical -. 
Gc eqyipPeawith a f l a w  ionization detector and a 15' x 0.03" i.d. glass wlunm 
padced with Dexsil 300 mated on Gas-Chran Q. 
f l m  rate of 1 2  ml/& and temperature anditions were: oven temperature 70 to 28OoC, 

at 6O/min; injector temperature 28OOC and detector temperature 250OC. 

C-K-MS analyses w e r e  performa using a Dueont 491-2 double-focussing mass spec;- 
trcmneter anpled directly to a Varian Aemgraph 204 gas ci-mmatcqrm. A glass cap 
i l l a ry  a l u n m ,  22' x 0.03" i.d., packed with mil 300 mated on Gaschrom Q was 
used far the analyses; oven temperature: 90 to 28OoC, p ~ a m w d  a t  6'/min. D a t a  
w e r e  continually acquired during the C-CC-M5 analyses usmg a Dupont 21-094 data 
system. 

The pyrolysate was 

The heptane 

GC analyses of the various degradation pnxiucts were performed on a Varian 2700 

H e l i m  w a s  used as carrier gas with a 

RFSULTS AND DISCUSSION 

Saponification of the algal ooze residue provided sane specific infonnation on 
the types of ccanpounds attached to the residue as esters. 
&minaW by the n-Cl6, n-Cl8 and c18:1 carboxylic acids w i t h  the latter two in a 
1:l ratio. Other  no& acids were  present in the C12-C32 range in relatively minor 
proprtions. The branched and cyclic fraction w a s  dcminated by a cyclopropyl-Clg 
acid, and phytanic and pristanic acids. The distribution of these fa t ty  acids is 
similar to that observed in the soluble l ip id  fractions fran other s q l e s  of these 

10).  Hauever, there is not a great deal of similarity between these prcducts and 
those abtainable fran saponification of ancient kerogens. 
f o r  t h i s  is that, w i t h  increasing the, additional l i p id  mterial be om^^ cuplexed 
to the insoluble residue. 
due can undergo structural alteration by either bacterial  o r  q&&cal effects dur- 
inq maturation. 

The nom1 fraction w a s  

algal-mats and oozes wki& have been examined and also other Recent seaimentS (8,9, 

One plausible explanation 

the mterial already linked to the resi- ~ l t e rna t ive ly ,  

oxidation of the algal ooze residue, when perfonred in a stepise fashion, p~ 
duced mainly no& W l i c  acids and isoprenoid acids in the f i r s t  step, but w i t h  
increasing tint? gave rise to increasing munts of a,w-dica.rbxylic acids and only 
srmll m u n t s  of isoprenoid ompnents as surmxized in Table I. These results suq- 
gest that  the n o m 1  and isoprenoid ompnents a r e  attached to the outer part of the 
kerogen nucleus and the a,w-dica&oqlic acids result fm degradation of a hic$ly 
cross-linked nucleus i n  a similar mmner to the degradation of ancient kerogens (11). 
aterna t ive ly  these degradation p rduc t s  my not be truly representative of the ori- 

-en structure a t  all but are fonred by semndaq degradation of the in i t ia l  
oxldatmn products. mew, until mre specific and less severe oxidizing reaqents 
are found for use in this type of stw, the above problem w i l l  never be ccarpletely 
eliminated. It is also noteworthy that the  tin^ taken to umpletely degrade the ker- 
0 g e n - a  mterial from the algal ooze w a s  o n l y  twelve hours anpred  to the ninety 
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hours +red to ccmpletely degrade the kerogen fran the Green River o i l  shale (11). 
l h i s  again i l lustrates  the less  ample^ nature of this innature kerogen-like mater- 
ial ccanpaped to that from ancient kerogens. 

and ancient m e n s  is of little use in obtaining specific structural info-tion 
on the residues. It is of use in classifying kerogens as algal or humic depsndhg 
on whether &*tic o r  a ramt ic  
of pyrolysis. ?he hydmcakons &tamed fran the pyrolysis of the algal ooze resi- 
d= used in this work were preacpninanuy alimtic, wnfirming that algal kerogen- 
precursors have an aliphatic type of structure. The major pmciucts w e r e  hmrAogous 
series Of n-alkanes and n-alkenes in the range c15<34 with a C.P.I. =1, and one iso- 
mer of pristene (C19H38) plus three phytene iscmners (C20~40) and minor armunts of 
p h w e n e  (C20H38). 
able from the pyrolysis of mature kerogens which again supports the theory that there 
are structural similarities between these kerogen-p remrs  and ancient algal kero- 
gens. 

Pyrolytic degradation of the insoluble organic residues frum the algal oozes 

respectively are the daninant prcducts 

The diStributions of the proauctS were Similar to thm? obtain- 

In work published elsewhere, results f m  the amprative pyrolytic degradaticols 
of several different algal residues has been r e p r t e d  (12). In  that stucly signifi-  
cant differen- between the distributions of the cyclic hydrocarbans frcan the var 
ious residues w e r e  observed. Pyrolysis mupled with microscopic examination of the 
residues, should be a valuable technique for correlating source m a t e r i a l  with struc- 
tural  infonnation. 

It is clear from these three degradation studies that there are structural sim 
ilarities between the algal ooze residue The oxidation 
studies on the insoluble organic residues frum the blue-green algae pmduced results 
which enable t h i s  s t a t a e n t  to be extended to say that there are structwal s imi le  
ities bebeen the organism, the algal wze residue and the ancient algal kerogens. 
?his is based on the fact  that the major oxidation proaucts from the Phormidium e 
dim residue w e r e  a,w-dicarbxylic acids (range C7-Clo; max. Cg) with minor m u n t s  
of-axboxyl ic  acids (range Cll-Ci6; ~MX. C12),  and from the Anacystis nidulans 
residue, a,w-di&xylic acids (range C7-C12; m. Cg) and equal armunts of n-car  
boxylic acids (range Cu-Cl8; MX. C14). 

and ancient algal kerogens. 

Ihe work described above has sham by various chemical deyradatim techniques 
that  there are sixa~ctural similari t ies between the insoluble organic resides from 
blue-green algae, algal oozes, and ancient algal-type kercgens. The conclusion is 
based on similarities between the degradation prcducts dtained from the insoluble 
organic residues. 
from the algal oozes to explore new and specific types of degradation reagents. 
Mre -is needs to be placed on using reagents which are knum to cleave speci- 
f i c  Linkages, such as ether linkages, to obtain larger mlecular fracpents frum the 
degradation. 
t i a l l y  using hi& pressure liquid d-LmaMtography, gel pm-eation - togrey .  
ultra-violet, or infra-red spectroscopy, which should give valuable m f o m b o n  as 
to their  structure. 
and specifically degraded., again, to give ccanpounds m r e  readily identifiable by GC 
and Gc-t,ls. 

Further work is m required using the insoluble organic residues 

These larger f r aqen t s ,  although less volati le,  could be examined hi- 

After this in i t ia l  examination the fra-ts could be‘ mildly 

It is clear that a l thoqh these studies have demonstrated the presene of kero- 
gen precursors i n  algae and algal-wzes, a great deal of work remins to be done in 
order to determine the exact origin of kerogen and the way in which it attains the 
degree. of mlecular amplexity found in ancient sedinr?nts. 
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