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Hydrocarbon Constituents_olecelandvLeaf Fossil
Jderry Han and Melvin Calvin
Department of Chemistry, . Space Sciences Laboratory and
Laboratory of Chemical Biodynamics, University of California

' Berke]ey, Callfornla 94720
Abstract---The hydrocarbon content of ]eaf'fOSSils from Iceland has been
1nvestlgated by gas chromatography mass spectrometry »The'distribution patterns
of norma] hydrocarbons, branched hydrocarbons, and cyc]1c hydrocarbons are

compared to those of”present-day living organisms.. The diagenetic pathways of
these hydrocarbonsyare discussed. | -
Introdoction:» o

Organic moleCu]és-derived'from dead organisms as’'a result of diagenesis
are important in orpanic geochemistry. Those molecules result- from three
processes: lanaerdbic bacterial transformation, thermal decomposition or thermal
cracking, and»condensation. th is suggested?that, given sufficient time, all
organic and biological matter .is eventua]iy reduced either to condensates
resembling kerogen and graphite, or to thermostable paraffinic hydrocarbons.
Temperature and pressure are the major factors for the degradation and
condensation reactions.

The assoc1at1on of organ1c matter with sed1ments has been stud1ed for the
past decade. 'Severai classes of organic compounds have been reported, such as
alkanes (Oro.]965,'Bray 1965, Johns 1966, and Han 1969a),’fatty:acids (Kvenvolden
_1967,.Hoering 1964, and Van_Hoeven 1969), amino acidsv(Schopf 1968) and porpliy-
rins (Meinschein 1965, and Hodgson.1968).; The_66currence of matter other than

hydrocarbons may serve as an indication that diagensis of these mo]ecuies»has



not’reached-its’final stages. ' The hydrocarbons, which arevthe‘stab]e biological
mafkers, haVe.probab]y”received the-mostvattention; Some firm corkefétfén of
~ hydrocarbons between the preSeht-daylliving organisms and the fossi]s permits a
systematic search for chemical evidence of diagenesis over fong periods of geolo-
"gical time. | |

A large slab of leaf fossn"(Fng 1) from Ice]ar_fd was received from Dr.
J.A. WOlfe;'U.S. Geological Survey..altfis found that the }eaf fossils are pi]ed
“very closelylfogeﬁher and sandstonés scattered around the slab. The Qample is
collected from.Brjénslaekur, northwest penisula, Iceland. The fossil is on the
middle of a_nqmber of horizons‘in_the plateau (a Tertiary flora of Hoffell and
Tjornes type,,fanging.pefhéps from'Upper Miocene to Uppér Pliocene) TON]SX]O6
yeérs; a mi]dftemperature climate is iﬁdicatgd (Pflug, 1959). The fossils seem
to belong to_wi]]ows; birch, and alder (T. Eiﬁarsson, 1963),-which are embedded
in clay and gonsist of numérous:]eaves'and a sma11 part.of wéod‘chips; appérent]y
carried]by a sldggish rivek and'buried in'its,mdddy bottom; -

Experimentai

After theiqutéjde sufface.of the rock Wés,removed by a' clean water-
cooléd diamond'saw,.the 1arger rock segmeﬁt was wrapped in alumimum foil
and fragmented using a harmer. The chips were co]]ected and Qéshed in a,.
flask containing a mixture of benzene and methano].' The chips:were dried in
an oven and“pulverizéd by a.disc’mill.- The bu]vérized'powder was less than
120 me§h in size. The powder Was extracted three times with 3:1.benzene/methano]

using an ultrasonic vibrator. After centrifugation, the supernatant solution



(%)

was removed, y1eld1ng the "tota] extract.

An alumina column (3 ft x-0.5 in.) was prepared from 1aOg of activated
neutral atuminum”oxide'and”washed with 200m]=of n-heptanc. The tota) extract
was mixéd’with-ZQ aluminum oxide and transferred to the top of the column,
after which it was eTuted’with 150m1 of n-heptane.“'The "total hydrocarbons"
represented in this fraction show minimal u.v. absorption at 270my. The
normal alkanes were'separated-from'branched-cyc]icdhydrbcarbons with a SR
molecular sieve (0'Connor et al., 1962). A 50:1 weight ratio of sieve to
-sample was used. The sieve and sample were placed in a round-bottomed flask
and refluxed in dry isooctane for two days. After centrifugation, the’solu-v
tion containing the branched-cyclic fraction was removed The sieve was
thoroughly extracted w1th hot 1sooctane for- several hours and the washlngs
were added to the- branched cyc]1c fract1on The 1sooctane washed s1eve,

- which contained the norma] paraffins, was treated with a m1xture of 20% HF -
and benzene for one hour. -After separat1on of the layers, the benzene so]u-
tion of n-alkanes was fi)tered, and the solvent was evaporated.

A1l fractions were analyzed on Aerograph Model é04 gas chromatograph
equipped with‘a capillary column which was eoated in this 1aboratgry. The
gas chrematogréms.of “total hydrocarbdns," “branched-cyclic hydrocarbons"
“and "normal hydrocarbons“‘aré shown in:Figures 2, 3A, and 3B, respectively.

' Coinjections of prfstanc and phytane were made, the locations of these
stands coincide with the peaks ]abeled on Figure 3A.

A]l mass spectra were taken using a comb1nat1on of an:Aerograph 204 gas

chromatograph and an A E.T. MS-12 mass spectrometer. The gasvchromatographxc




oven temperéture.wasvprogramned fromvgoo to 300°C at 2°C/min with a helium .
flow rate of 2.5m]/min.’ The effiuent from the capillary column was split
into two parts, 1.5m1/min going to. the flame ionization detector and Iml/min
going through a_1_ft«x 0.002 in. heated stafn]esg steel tube at 220°C to the
ion source of the mass spectrometer. These spectra were determined at an“
ioniiing voltage of 70eV and an ibnizing current:of_SOpA. ”The temperatﬁre
of the ion source was 200°p. .Eéch spectrum was scanned in three seconds.

- The spectra were recorded on an osci]]dgraph recorder.
‘Results

vThe weight of the totalrhéptane‘e]uate contained 8S§ph of the sample
. weight. The'n-élkanes;”repreSEnting 50ppm of leaf fossil, range from'C]Z'
to ngg(Fig.'3B).' Identificationsvwere'made by mass SPeCtral ana]yses‘and
by coinjections with standqrd sampTes.on a capillary gas chromatograph.
‘There was no significant predominance of odd over eVen carbon numbered
n—paraffiné in the range from C]2 to C]9., However, the ratio of odd over
even carbon numbered a]kanes increased for higher mo]ecu]ar weights, and
it showed a marked odd/even preference w1th n- 027 and n- 629 the most
“abundant hydrocarbons. | '

The mass spectra of the major compénents in Fig. 3A's peaks, a,b,c andv
-d are shown in Fig. 4A, B, C and D,-respéctively. Their molecular weights

and formulas are listed in Table I.



Table I
| Compound : Mol. Wt. .  Formula |
'} A ': o '  » ;:248; : _ .\C]éH32'  tricyclic terpane
Bv ‘ B ' | ’262 o ' | C]9H34' tricyclic terpane
- C | 328 Contag two degree of unsat.
R : ' tricyclic terpane
D o 318 I o ,C23H42 - tricyclic terpane

It has been impossible to asSign‘uneduivoca]istructUres to- these compounds on
the basis of mass spectrometry alone. The mass spectrum.suggests that these
substances are not related to any of the common cyclic hydrocarbon structures
such as steranes, triterpanes,’and“tetraterpanes that have been characterized
in sediments (Burlingame et al. ]965 'Murphy'et a1 » 1967, Henderson et al.
1969)and may have the structures of a tricyclic series re]ated to deterpanes,
and triterpanes.  We are investigating the structures of these compounds in
order to establish tHem'uneQuivoca]]y. We already know from their behavior
on silver nitrate thin leyér chromatograbhy (Morris, 1962) that A, B, and D
do not contain any-doub]e bonds, while C does. From the molecular weight of
C, we deduce two degrees of uhseturation.

Since the leaf fossils were identified as willows, birch, and alder,
we vre iuterested in comparihg the'hydrocarbon‘constituents between modern
day living drganism end the fossils. We examfned fiue species of leaves: -
the Willows Sa]1x Spp.” (with long, s]ender, taperlng foliage w1th prom1nent

basa] st1pu]es, f]owers in catkins, and cottony w1nged seeds) Salix matsudana

(1ts rounded crown of tw1sted, splra]]1ng branches may reach 30' in height and

20' in diameter. The narrow 3" ]eaveswhave'sharp]y toothed mérgins, are



whitish on the underside and curled or twisted); the birch Betula papyrifera
(the ovate leaf blades on slightly hairy stems, are 4" long by half as broad
with doubly Serrated makgins and f]attened‘or'heart-shaped bases); Betula

verrucosa (European white birch); and the alder, Alnus oregona (its 3" to 6"

leaves are coarsely toothed and have rolled edges.) The outline of the
extractfon sheme was described,elsewhere (Han et al., 1968). Table II shows

the relative abundance of the individual hydrocarbons in total heptane eluate

(given as % of total hydrocarbon present).

3

Table 11
n-Co3 n-Cog = N-Cp  nlyg | n-Cyy
salix spp. -'._' - 40 R
Salix matsudana . 1 .10 ,: 60 25 2
Betula papyrifefa 1 | 7 40 . 47 5
Betula verrucosa - . 3j 46 50 1
Alnus oregona ] o 2 | _504 : 42 4

The analysis of the hepténe fraction;-kevea]ed the presence of a
series'of odd numbered norma) hydrocarbons, from n-C,5 to n-Cyy wjth the
‘n-C27 and n-C29 hydrocarbon predominant-for each Species and the absence:
of the aformentioned tricyclic hydrocarbons. In addition, neither the |
even numbered hydrocarbdnévnbr'the lower molecular weight alkanes have
been found in siQnifiCant émbuht. In each case the‘weight of total heptane

eluate obtained O.OZFO.OSZ of the dry cell weight.



- Discussion

Normal‘paréffins are among the most stable df é}i biogenic organic
compounds and are-tﬁought‘to be‘diagnostic_of'bip]ogicaT]yvpfoduced:orgaﬁicf‘_:
matter which can Be derived from the decarboxylation of'fatty acidé. 'Thé |
n-C27'and n—Czé:are the dominant hydracarbonS'ih:fhe present-day leaves of
willows, bifch; and alder. The Iceland leaf fossfis have two peak maxima
in the normaT a]kane fraction, one at n—C]7 another one at n-C27 and n¥C2é.

It appears that the high‘mo]ecular‘weight of odd-numbered paraffins, n—Cé7‘
. and n—ng are contributed by higher plants. These materials may well be
preserved over long periods of géo]ogica] time without changing their
structure. : | |

The distribution péttern of norma],alkanes in higher organized plants
has been always chafacteriZed by the occurrence Of'higher hydrocarbons (from
C23 to 035, Eglinton gg.gl.;‘1963) with clearly predominating odd-numberéd
homologues. This view, based especially on the:Work_of Stransky and co-workers
(1966, 1969), has been commdn]y accepted to be universally valid. Some of the
earlier microorganism studied (Han et al., 1969b) contain clearly more lower
alkanes (lower than n—C23). The n-c]7 hydrdcarbOn is predominant in algae,
and its dominance is decreased in photosynthetic bacteria. Normal hepta-
decane ihtensity is not outstanding in noanhotosynthetic bacteria and is
generd]]y absent in higher p1énts. In all cases, the odd over even carbon-
numbered n-paraffihs is approximately 1.0 in aerobic énd anaerobic bacteria,
while the value is 1.0 to 5.0 in algae when.the‘predominant component n-C]7

is excluded.



The gas chromatogram of ‘the Tower pant ‘of normal a]kane fraction of
leaf foss11 (F1g 3B) shows a smooth d1str1butlon w1th a maximum at n- C]7;
This resu]t together»w1th n—C27 and n-ng ajkanes found in higher range,
could be interpreted that the:higher plants (willows, birch, and alder)
and'mieroorganiSMS (algae and bacteria) have piayed equally important
roles in normal hydrocanbon'preduction in this fossi]ized rocks

'Isoprenoid:hydrocarbens are absent in a]gae and willows, etc., but
the ch]orophyl]s are- present in algae and leaves. Isoprenoid hydrocarbons
are considered to be the diagenetic products of the phytyl side chain of
the chlorophyll molecule (Bendor‘a’itis et al., 1962, 1963). It is suggested
that the initial degradation process hasgto‘take'piace>by attack at the
alcohol end.  This could then be followed by reduc%ng and therma] cracking
mechanisms to. g1ve the C]5 to C20'1sopreno1d hydrocarbons found in the short
per1od of geo]og1ca] time.

Tr1cyc]1c diterpenes have been found in present day biological source
materials, part1cu]ar]y.the resin ac1ds and gwbber1]]1ns.: The present
hydrpéarbons must sure]ynhave a bioTogicalvorigin for precursor. It would
seem reasoneble to assume thet they represent the products of diagenetic
alteration of tricyclic terpeneids in this Iceland fossil. As such, this
series of newvbio]ogical‘markens seems to be significant, and an understand-
ing of their detailed structure and origin cou]d further illuminate the' |
problem of biochemical and plant evolution and also incneese our knowledge

of diagenetic process in sediments.
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Figure 1 A small slaB of Iceland "']ea'f"foss:i"], 20cm long and 12cm wide.
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Fig. 2 Gas chromatographic separation of total aliphatic hydrocavbons of

- Ice]andv]eaf fossil. A 100 ft. x 0.0] in.vI.D.‘stainfess steel column

v coated with Apiezon L wés_used, .Hé]ium pressure, 20 psi; f]oﬁ rate 2.5m1/min;
no split. An.aerograph 204 apparatus eqhipped.wifh a flame 16nization detector
was used. Temperature was programmed at 2°C/min. from 90°C to 290°C and was
“held isothermally at'290°c; |

»
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Fig. 3 The top figure (A) shows the gas chromatogram of branched and rycllc
hydnocozbon fract1on and the bottom f1gure ‘shows the norma] hydrocarbon
fraction from Iceland leaf fossil. AI] the conditions are described in -

fig. 2 except the temperature was programmed from 90°¢ to 270°¢C dnd was

held 1sotherma11y at 270°C.
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Fig. 4 The mass spectra of the major components'in fig. 3A Spectra A,B,C, & D

are corresponded to peak a,b,c, and d, reépcctivc1y; They were téken as the
component$ wefe elutedvfrom a 100 ft. x'0.0i'in.'I.D. Apieion L capillary gas
chromatograbhic column. The compounds Were fonizcd by electrdn»impact_at 70 ev,
the ion soufce_temperature at ZOOOC, and an ionizing current of 504A. “Each |
peak was scanned within the range of 10-600 mass units in 3 sec. on an A.E.I.

MS-12 mass spectrometer.
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