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High resolution mass spectrometry indicates that the isotopic abundance of 3Vva-
nadium (V) of the Late Cretaceous La Luna petroleum asphaltencs and related source
kerogen of marine origin (both highly enriched with V > 2000 ppm) is higher by about
3.5 % than that of an inorganic vanadium source (VOSOy - 5H,0, Merck). Itis proposed
that the difference in the *'V/A1V values between the La Luna source kerogen/the associ-
ated petroleum asphaltenes and the inorganic source can be best ascribed to the biologi-
cal processing of seawater V. The fact that the isotopic compositions of V vary over a
very narrow range (2.46-2.50) suggest an essentially same (or similar) and fixed biolog-
ical source of V.
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INTRODUCTION

The concept of immature petroleum, involving the first-generation product of
a very rich, relatively immature source rock, has existed in one form or another for
morc than 20 years. Such a material would consist of high-molecular-weight com-
pounds (¢.g., asphaltenes), rich in heteroatoms (often including associated V) and
would have minor amounts of light hydrocarbons.! This material would, therefore,
represent a source rock primary product that has not attained the physicochemical
propertics (characteristics) of mature/light petroleum. Thus, the asphaltene mole-
cules may be regarded as intermediate products along the pathway leading progres-
sively from the source kerogen to normal (conventional), maturc/light petroleum.
Immature petroleums are low maturity oils because of low thermal exposure (shal-
tow burial for short geologic time) and they are generated as asphaltic oils rich in
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heteroatoms because of an unusually high organic heteroatom content (including
V) in the immature source kerogens.? In general, marine ¢arbonate/siliceous rocks
are the source of large quantities of immature, non-biodegraded heavy petroleum
deposits that occur as liquids/semisolids in porous/fractured'media.! These non-bi-
odegraded asphaltic petroleums (rich in V) found, for example, in northwestern
Venezuela (the La Luna Formation) are considered to be the products of oil-prone,
V-rich (immature) source kerogen of marine origin.3#

The overall composition of the source kerogen (including its V) depends
firstly on the nature of the original organic materials and in part on its progress to-
wards the final stage of maturation (catagenesis). It is suggested that the bulk of the
La Luna source kerogen (abundant in V) are derived from the organic remains of
phytoplankton, which gives rise to humics enriched by non-endemic V during
diagenesis.>

The origin of V associated with the asphaltenes in asphaltic petroleums of ma-
rine origin, in general, is one of the intriguing problems of petroleum geochemistry
since its origin is undoubtedly closely related to the origin of the immature source
kerogen itself and the associated asphaltic petroleum.! In fact, V bound in the
asphaltenc matrix may have originated into two ways: a) through incorporation into
the humic progenitors (humics) of the immature source kerogen during the dia-
genesis of the original bioorganic material in the early sediment from interstitial
seawater and b) through incorporation into humics and diagenesis of the (endemic)
V compounds of the original bioorganic material.6 Although there is no general
agreement on the issue, majority opinion seems to incline towards a non-endemic
origin of V associated with the immature source kerogen structure. A few earlier re-
searchers expressed the view that V in a geoorganic accumulation (including the
source kerogen) was derived from biological precursors.”~!% In most cases, V in-
corporation into the immature source kerogen is essentially due to abiotic, dia-
genetic reactions of the initial humic substances with the associated seawater (inor-
ganic) V.5 Thus, it is not unreasonable to suggest that the La Luna immature source
kerogen abundant in V (or, at least, those parts of its macromolecular skeletons
which are highly enriched with V) are relics of initial marine humic substances
which were also enriched with V. However, as Premovié¢ et al.” pointed out, the rela-
tive V abundances in the La Luna source kerogen and related petroleum asphaltenes
obviously require an additional source of V enrichment besides common seawater.

Whilst considerable attention has been paid to the isotopic composition of the
various forms of non-metals (especially carbon) in petroleum,!! less regard has
been given to the metals. Apart from artificial short-lived radioactive nuclides, the
element V consists of a mixture of two stable naturally occurring V isotopes, >0V
and 5!V, whose relative abundances in geochemically undifferentiated carbo-
naceuos material comes close to 0.250 % and 99.750 %, respectively (with a corre-
sponding isotopic ratio S0V/31V = 2.50x1073). The above considerations suggest
that V of petroleum asphaltenes arising from a non-endemic source should have a
50//51V ratio similar to that of an inorganic source. The petroleum asphaltene V
arising directly from biological material (endemic source) should have 2 Sov/sly
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isotopic ratio larger than the inorganic source due to kinetic/equilibrium effects
during biological processing. Implicit in such an approach is that the ultimate inor-
ganic source of the endemic/non-endemic V was primarily seawater enriched more
or less with this metal.6 In view of this, the V contents and isotopic compositions of
Vin five asphaltenes of the La Luna asphaltic petroleums were determined with the
object of gaining some further insight into the general biogeochemistry of V during
the source kerogen-/the asphaltic petroleum forming processes. Interest was partic-
ularly centered on the possible direct biological source of V. ‘

Previously we noted that the V isotopic compositions of petroleum aspha-
Itenes differed by as much as 2 % to 5 % from an inorganic source (VOSQy4 - 5H70,
Merck).!2 The possibility that such a difference arose from a different preference
for the V isotopes of the original living organisms (the buried remnants of which
contributed to the formation of the source kerogen) warrants extension of our previ-
ous study of V of the asphaltenes isolated from asphaltic petroleums from the La
Luna Formation (Venezuela) containing enhanced concentrations of V (23000
ppm). Here our preliminary report is amplified with a description of the employed
chemical techniques and additional isotopic measurements for five La Luna petro-
leum asphaltene samples are reported.

EXPERIMENTAL

Samples

Five petroleum samples (DM-115, 116, 118, 119, 120) were obtained from two different West
Mara oil fields. Brief geological discriptions and the V analyses of the samples are given in Table L.
Isolation of asphaltene

The isolation procedure and analysis of various organic fractions of petroleums has been pre-
sented in previous publications.>!3
Emission spectrometry

A PGS-2 plane gratind spectrograph (Carl Zeiss, Jena) was used with a photoelectric detec-
tion attachment, an arc plasma excitation source, and a Bausch and Lomb diffraction grating as the
monochromator. 4

Atomic Absorption Spectrometry (AAS)

A Perkin-Elmer model 4000 atomic absorption spectrometer was used with a Perkin-Elmer
platinum hollow-cathode lamp and a nitrous oxide/acetylene burner head.
Electron spin resonance (ESR) analysis

The ESR measurements were performed on finely-ground powders of the asphaltene samples
that were transfered to an ESR quartz tube. The spectra were recorded on a Bruker ER200 series ESR
spectrometer with a Bruker ER-044 X-band bridge using standard 100 kHz field modulation. X-band
measurements were made at 9.3 GHz utilizing a rectangular TE cavity.

Vanadium isotopic composition

Since it is our intention to extend our measurements to a number of additional aspha-
ltenes/kerogens and to make a complete summary report in the near future, the employed techniques
will only be briefly outlined here.

The mass spectrometer used in this investigation was a 12-inch radious 90° sector, magnetic
instrument of home design, equipped with surface ionization/Nier-type ion-sources. The pressures in
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the analyzer region were maintained below 10~8 torr and operating pressures in the source region
were below 5x1077 torr. The beam of molecules to be investigated was generated by heating the V
samples in a renium (Re) canoe in the vicinity of a Re ionizing filament. The Re filament was replaced
after each run and the new filament was preheated at elevated temperatures for several hours until no
impurities could be detected at the operating temperature fora V analysis. An electron multiplier was
used for the detection of the ion currents.

RESULTS AND DISCUSSION

The measured V isotope ratios of the geological materials/inorganic source in-
vestigated are given in Table I. These values are also graphically presented in Fig. 1.
They have not been corrected for source/multiplier discriminations. The errors given
in Table I/Fig. 1 for the S0V/51V ratios of the individual samples include the standard
deviation 6 = [Zi (Ai)2 /(N - 1)]1/2 as well as the errors arising from correction of the
50V/51V isotope ratio for the inorganic standard (VOSO4 - 5H,0, Merck). These er-
rors serve as an indication of the precision of the individual measurements. It is evi-
dent from Table I/Fig. 1 that none of the investigated asphaltene samples have a
50y/51V ratio significantly different from the average value: all asphaltene S0V/51V
ratios agree with the average value to within < 1.5 %. The 0V/31V abundance (2.41 +
0.07x1073) ratio of the inorganic source (Merck, VOSQy4 - SH;0) is also given in Ta-
ble L. The results show that, within the limits of error, the isotopic abundance of 30V of
the studied petroleum asphaltenes is higher by about 3.5 % than that of the inorganic
source. Table I also shows that the isotopic composition of V in the asphaltenes ex-
tracted from the La Luna asphaltic petroleums varies over a very narrow range
(2.46-2.50). A summary of some published 50V/31V ratios of terrestrial sources con-
taining V in nature pertinent to this discussion is, also, depicted graphically in Fig. 1,
in which the average values for each of these categories are indicated. Although the
respective record for inorganic V displays a large scatter, the average seems to be teth-
ered to a mean somewhere between 2.42 and 2.48.

In the second part of this communication, the initial results of the V isotopic
compositions of the immature source kerogen samples of two source rocks of the La
Luna Formation, QM-6/-8, are reported. Previous work has shown that the La Luna
immature source kerogen is highly enriched with V (> 5000 ppm).> The results (Ta-
ble I, Fig. 1) show that, within the limits of error, the isotopic abundances of S0V of
the La Luna source kerogen and related petroleum asphaltenes are similar. Thus, it
may be concluded that the 50V/51V ratios of the La Luna petroleum asphaltenes and
the source kerogen are similar if the petroleum asphaltenes and the corresponding
source kerogen are genetically related. In other words, the relationship between the
V isotope ratios of the source kerogens and the associated petroleum asphaltenes
can be used to correlate petroleums with the source rocks.

We regard the V isotopic difference between the La Luna source kerogen/the
associated petroleum asphaltenes and the inorganic source as highly significant. If
the major source of V in the La Luna source kerogen/the associated petroleum
asphaltenes was soluble seawater V (in particular vanadate ions H,VO04"3),15 then,
in order to account for the difference in the V isotopic composition between the La
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Luna petroleum asphaltenes and inorganic V, either (a) the V isotopic composition of
the La Luna petroleum asphaltenes has been uniquely affected by some natural geo-
chemical reaction(s) associated with diagenesis/catagenesis of the source kerogen or
(b) that there was isotopic discrimination during biological processing of V (prior to
diagenesis) by the original marine life. There is no doubt that isotopic changes of V
during diagenesis/catagenesis (and during migration) should be generally very low
and these secondary effects can never obscure seriously the isotopic signature of V
associated with the original biological material. Consequently, the isotopic differ-
ence observed cannot be attributed to isotopic effects associated with diagenesis/ca-
tagenesis (nor with migration). The closely similar V isotopic properties of the La
Luna source kerogen and the related petroleum asphaltenes indicate that thermal de-
composition of the source kerogen during early catagenesis and migration cannot se-
riously obliterate the primary V isotopic signature of the original organic material.

TABLEL *v/A'y isotope ratios and the V/V 0*"/VO**-P contents in the La Luna asphaltene kerogen
and an inorganic sample '

2+, 2, 2+p  50y/51 -3
Sample well Total V. VO*"-P  VasVO*"-P Vas VO“-P ~V/'Vx 10

+ 20ppm _* 50ppm ppm +5%oftotal V. £0.07
DM-115 5300 - - - 2.46
DM-116 4900 - - - 2.48
La Luna asphaltene DM-118 5000 - - — 2.52
DM-119 5500 14600 1390 25.0 2.49
DM-120 4800 19000 1810 40.0 2.50
La Luna kerogen QM-6 2300 - - - 2.48
QM-8 4000 - - - 2.46
Inorganic source: B _ B - 341

The average value:
2.49 (the La Luna petroleum asphaltene) and 2.47 (the La Luna kerogene).

Since V is an essential trace element for even procaryotic organisms, 16 the in-
corporation of V into kerogen might be subject to biological control and not the
equilibrium processes that organic geochemistry typically consider. From this, it
would appear that the difference in the 50V/31V values between the La Luna source
kerogen/petroleum asphaltenes and the inorganic source could be best ascribed to
the biological processing of (inorganic) seawater V by a specific type of marine or-
ganisms. In such a circumstance, where the biological processing and accumulation
of V is complete, the isotopic composition of a source kerogen/petroleum asphal-
tene would be invariable and similar to the original biological V. For this interpreta-
tion to be invalidated, a geochemical (inorganic) process capable of copying the
fractionation typical of biological processing would have to be postulated.

It has been shown that the V concentrations of different types of marine or-
ganisms can vary but a review of these data implies that 30 ppm is the maximum
concentration for endemic V.!7 A biogenic interpretation of the S9V/31V ratios of
the source kerogen/petroleum asphaltenes in question is consistent with the fact that
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V in some types of marine organisms could be enriched above the levels found in
other marine organisms. For example, the accumulation reaches especially dra-
matic proportions in the greenish V carrying blood cells (vanadocytes) in certain
members of a group of curious marine animals knows as tunicates. In fact, among
the three classes that make up the tunicates, V occurs only in Ascidiacae (sea
squirts). The V content in various forms of ascidia was found fo range from 1-6500
ppm ondry basis.!8 On the other hand, laboratory studies and observations on mi-
crobiological mining (for industrial and other purposes) indicate the ability of cer-
tain microorganisms (especially bacteria) to extract metals (such as V) from me-
tal-bearing rocks (through direct and/or indirect leaching of metal) or metal-enri-
ched waters through intracellular uptake of metal).!? For example, Goren?? has
coupled iron (Fe)-oxidizing bacteria, such as Thiobacillus ferrooxidans and Ferro-
bacillus thicoxidanas, with the oxidation of V in acidic leaching solution:
V3 _O_.—-.—>3' Fe’ V4 (or VOZ¥) + FeZ* —————————)OZ Fe’ V5t 4+ Fe2t

The Fe3* ion acts as an oxidant for V and the Fe2* ion formed is reoxidized by
other Fe-oxidizing bacteria. Thus these autotrophs are active in oxidizing V and mak-
ing in more stable in natural leaching waters for transport to marine water. A detailed
discussion of this topic, however, is outside the scope and purpose of this report.

The relatively norrow range of the 30V/31V ratio values for the La Luna
source koregen/the associated petroleum asphaltenes (Table I, Fig. 1) indicates an
essentially same (or similar) and fixed marine biological source of V. In contrast, a
relatively wide range of 30V/31V ratio values for the La Luna source kerogens/the
associated petroleum asphaltenes would be expected for various biological sources
of V with variable isotopic compositions. We believe that a single species of marine
organisms of the Late Cretaccous La Luna sea played a crucial role in the selective
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Fig. 1 Vanadium isotope spreads of the La Luna petroleum asphaltenes and the source kerogen and
terrestrial/meteoric sources.
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V accumulation and that its buried remnants were one of the main sources of V in-
corporated into the La Luna source kerogen macromolecular framework (i.e., those
parts of its macromolecular skeleton which are enriched with V). Although the pro-
cess by which V is added to the Late Cretaceous La Luna humics during early
diagenesis may be finaly biogenic, an ultimate external inorganic source probably
controlled quantitatively the V accumulation. Clearly, the identification of a partic-
ular marine biological organism which sourced V in the La Luna source kerogen
would greatly advance our efforts of reconstructing the La Luna sedimentary
paleoenvironment during the Late Cretaceous.

From the above considerations, it may be concluded that the organically com-
bined V of the La Luna source kerogen/the associated petroleum asphaltenes proba-
bly best represents the primary V associated with the original biological material. On
the other hand, there are only two major classes of V of primary importance in the
source kerogen/the associated petroleum asphaltenes: non-porphyrinic V and va-
nadyl (VOZ")-porphyrins.# The kerogen VO4*-porphyrins have been studied exten-
sively in this Laboratory for the last 20 years but nonporphyrinic V have not yet been
explored. VO2*-porphyrins are particularly observed in the asphaltene fraction of the
La Luna petroleums and in the kerogen of the related rocks, where they are protected
by incorporation in their polymeric network. According to Premovic et al.,5 the incor-
poration of V into porphyrin structures and the formation of the source kerogen
VOZ*-porphyrins must be a secondary process. Hence, it may be reasoned that bio-
logical (nonporphyrinic) V was probably the main source of V of the VO2*-porphy-
rins within the structures of the La Luna immature source kerogen. However, it
should be pointed out that the porphyrin components of the wide spread VO2*-por-
phyrins in the La Luna petroleums and their source rocks are inherited from the
chlorophylls of phytoplanktons living in the Cretaceous La Luna seawater.

Our data (Table I) indicate that in two samples of the La Luna petroleum
asphaltenes (DM- 119/- 120) 260 % of total V is present as non-porphyrinic V. It
could be expected that the biochemically distinctive components of the biological
organism (supposedly responsible for the V enrichment of the La Luna source
kerogen) may display characteristic (through usually minor) differences in their V
isotopic compositions. If the V of the VOZ*- porphyrins incorporated into the struc-
tures of the La Luna source kerogens/the associated petroleum asphaltenes is de-
rived from the same biological organism as the bulk of the V, then these compounds
should have a 50V/51V ratio similar to that of V of the source kerogen/the associated
petroleum asphaltenes. Initial experiments with alkyl VO2*-porphyrins extracted
(isolated) from the La Luna asphaltic petroleums indicate that these compounds
have a similar V isotopic composition to the V of the La Luna source kerogen/the
associated petroleum asphaltenes. However, at the moment, this data is still
insulfficient to establish fully this interpretation and work is still in progress. How-
ever, S0V/31V ratio studies, in general, promise to be of great value in future re-
search of the source kerogen/the associated asphaltic petroleums highly enriched
with V and VO2*- porphyrins.
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U3BOJ

N30TOIICKU CACTAB BAHAINIYMA Y HAOTHUM ACOAIITEHUMA:
JIA TYHA ®OPMALIMJA (BEHELYEIIA)

ITABIJIE U. l']PEMOBl/le. JIPATAH M. BOP’BEBI/I'B‘, HUBAHAP. TOHCAi JIUMITHUIJAHA HOI’IE3M.
CANBAIOP TOMOHAKO™, MUPJAHA C. TABJIOBUT". MUOMMUP B. BETLKOBUR ™"
u OJIMBEPA M. HEWIKOBUR™

»./Iaﬁ()pamupuju 3a Zoexemujy u kocmoxemufy, Pusozoporu axyaitieini, Ynusepaudieii y Huwy, i. iip. 91, 18000
e . . . . . . v T 2l
Huw,  Insituto de Ciencias de la Tierra Facultad de Ciencias, Universidad Central de Venezuela, Aptdo. 3895, Caracas
1010-A u ™" Uncituni@iyii 3a Hykacapre nayke Bunsa, i1, ap. 522, 11001 Beoipad

MaceHa crieKTpOMETpHja BUCOKE PE30NYLHUje je moKa3ana J1a je U30TONCKHU CafpKa)
pangujyma (V) u3 Jla Jlyna nadTaux acpanrena (KacHa Kpema) M HHXOBHX M3BOPHHX
KeporeHa MOPCKOT opekna (M jefHux 1 ipyrux oborahenux ca V> 2000 ppm) Behu 3a 0k0 3.5
% Hero y HeopraHckoM H3Bopy (VOSOs-5H20, Merck). TIpepnoxeno je ga ce pasnuke y
Sypsty BpepHOcTUMa udMeby Jla Jlyna u3BOpHUX KeporeHa/npuipyxKeHux HapTHUX acchan-
TEHA U HEOPTAHCKOT H3BOPpa MOTY NPHIMCATH MUKPOOHOIOLKOM IIPOLECHpaby V U3 MOPCKE
Boje. YumeHHUa la M30TONCKHU cacTaB V Bapupa y yckoM omncery (2,46-2.50) cyrepuuie
CYUITUHCKH UCTH (WK cltudHK) U ofpehen GuonoluKu u3sop V.
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