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BITUMEN DISTRIBUTION IN SOURCE-ROCK PORES: EVIDENCE OF
PRIMARY MIGRATION
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ABSTRACT - Bitumen was extracted from pulverized whole rock, in different sized fragments, and material
filling fractures in source rocks of the Querecual and San Antonio Formations of the calcareous Guayuta Group
of the Eastern Venezuelan basin. Results obtained were interpreted as evidences of primary migration effects,
and their implications on oil-source rock correlation studies are discussed. The main compositional effect of
primary migration on the studied rocks is the preferential movement of the less polar bitumen components
having lover molecular weight from small pores to large pores and fractures. The present study establishes two
compositionally distinct bitumens within the Querecual and San Antonio Formations, both of which are
considerably different from the whole-rock extract commonly analyzed. Results suggest that when carrying out
oil-source rock correlation studies it is advisable to use the saturated hydrocarbon fraction of the bitumen extracted
from the fragments and fractures.

RESUMEN - Se realiz6 la extraccién del bitumen en rocas fuentes de 1as Formaciones Querecual y San Antonio,
pertenecientes al Grupo Guayuta de la Cuenca Oriental de Venezuela. El bitumen fue extraido en la roca total
pulverizada, en fragmentos de diferentes tamafios y de fracturas de la roca. Los resultados obtenidos son
interpretados como evidencias del efecto de la migracién primaria y sus implicaciones en estudios de correlacién
crudo-roca fuente. El principal efecto composicional de la migracién primaria en las rocas estudiadas es el
movimiento preferencial de los componentes del bitumen menos polares y de menor peso molecular desde los
poros de menor tamafio a los poros de mayor tamafio y a las fracturas de la roca. En este trabajo se observan dos
composiciones de bitumen para los diferentes tipos de extractos obtenidos en rocas de las formaciones Querecual
y San Antonio, los cuales son considerablemente diferentes al extracto de la roca total pulverizada comunmente
analizada. Los resultados sugieren que al momento de realizar estudios de correlacién crudo-roca fuente, es mas
recomendable utilizar la fraccién de hidrocarburos saturados del bitumen extraido de los fragmentos y de las
fracturas, para estudios de correlacion entre rocas fuentes y crudos.

INTRODUCTION

Primary migration, the process by which the
bitumen is expelled from the source rock, has been
considered to cause the differences between the
chemical composition of bitumen in the source
rock and crude oil in the reservoir (Tissot and Welte,
1984). Bitumen remaining in the source rock is
strongly enriched in high molecular weight
heteroatomic compounds and depleted in hydro-
carbons, while crudes are enriched in saturated and
aromatic hydrocarbons, and depleted in polar N-
S-O compounds. The enrichment in saturated and
aromatic hydrocarbons in petroleum agrees with
the observed adsorption behavior of the different
groups of compounds, especially polar N-S-O
compounds (Hunt, 1979; Tissot and Welte, 1984;
Bonilla & Engel, 1986; Lafargue et al., 1990;

Leythaeuser et al., 1982; 1983; 1987; 1988a;
1988b; 1995; Leythaeuser & Scharzkopf, 1986).

Several authors (Beletskaya, 1972; 1990;
Beletskaya & Syrova, 1972; Sajgo et al, 1983;
Bruckner & Veto, 1983) have considered the
compositional differences between bitumen
source rock and petroleum as related to size,
structure and polarity of organic molecules.
Beletskaya & Syrova (1972) were the first to
document compositional variations among
bitumens extracted from rock fragments (> 1 cm)
with high-pressure carbon dioxide, followed by a
second conventional soxhlet extraction with
chloroform, and a third extraction of the powdered
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Figure 1. Study area and location of samples.




SAMPLE TOC (wt %) Tmax (°C)
ARQ15A 3.60 541
ARQ15B 3.43 543
ARQ15C 3.24 543
ARQ15D 2.98 542
ARQ16A 3.32 540
ARQ16B 2.96 539
ARQ16C 3.32 539

Table 1. Rock-Eval pyrolysis results for samples collected along the strike of strata ARQ1S and ARQ16. TOC (wt %) = Total
organic carbon, Tmax (°C) = Maximum of hydrocarbon generation during pyrolysis.

rock and crude oil in the reservoir (Tissot & Welte,
1984). Bitumen remaining in the source rock is
strongly enriched in high molecular weight
heteroatomic compounds and depleted in hydro-
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aromatic hydrocarbons, and depleted in polar N-
S-O compounds. The enrichment in saturated and
aromatic hydrocarbons in petroleum agrees with
the observed adsorption behavior of the different
groups of compounds, especially polar N-S-O
compounds (Hunt, 1979; Tissot & Welte,. 1984;
Bonilla & Engel, 1986; Lafargue et al., 1990;
Leythaeuseretal., 1982; 1983; 1987; 1988a; 1988b;
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Several authors (Beletskaya, 1972; 1990;
Beletskaya & Syrova, 1972; Sajgo et al, 1983;
Bruckner & Veto, 1983) have considered the
compositional differences between bitumen in the
source rock and petroleum as related to size,
structure and polarity of organic molecules.
Beletskaya & Syrova (1972) were the first to
document compositional variations among

bitumens extracted from rock fraocmentg (> 1
SHuUmens SxXtracted irom rock iragments (> 1 uu;

with high-pressure carbon dioxide, followed by a
second conventional soxhlet extraction with
chloroform, and a third extraction of the powdered
rock fragments (< 60 m) with chloroform.
Beletskaya & Syrova (1972) used the terms
“open” and “closed” pores to refer to bitumen
extracted from the large fragments (> 1 cm) and
from powdered rock (< 60 m) respectively. They

nronosed that claosed noreg cannot be reached hy
proposec that ¢iosec pores cannct be reacned oy

the solvent when large fragments are used and,
therefore, do not take part in the primary migration

in a continuos oil phase. The solvent-soluble
organic matter of the open pores represents the
fraction that is capable of migration, while the
solvent-soluble contents of the closed pores
represent the non-migrating residue.

Price & Clayton (1992) made a sequential
soxhlet extraction of whole (unpowdered) source
rock and showed that progressive extracts from the
same rock can be quite different and may not even
correlate with each other. These authors considered
the implications of the primary migration process
as related to the oil-source rock correlation for rocks
with a wide range of maturities (pre-hydrocarbon
generation to post-mature), and proposed that the
extract from large fragments (2 to 3 cm) of rock
might represent material with composition closest
to oil, which would have already been expelled
from the source rock and, therefore, can be used
for oil-source rock correlation.

The present study, performed in source
rocks from the type section of the Cretaceous
Guayuta Group (Querecual and San Antonio

Formations Fio inclhided the alvgig of
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1Y
98
bitumen extracted from: A. pulverlzed rock, B.
Different sized rock fragments (first extraction: 2
to 3 cm fragments; second extraction after
pulverizing these fragments), C. Organic matter
filled fractures, and D. Pulverized whole rock
containing the organic matter filled fractures.
Results obtained from the compositional frac-
tionation of rn-alkanes are interpreted as a

conseguence of the nrimarv mioration nrocess. and
consequence o1 Ine primary migration process, anc

the implications that this fractionation may have
on oil-source rock correlation studies are discussed.




- SAMPLE BITUMEN SATURATED AROMATIC RESINS ASPHALTENES
(ppm) HYDROCARBONS HYDROCARBONS (%) {%)
_ (%) (%)

ARQ15A1 156 29 22 29 20
ARQ15B 127 18 33 38 11
ARQ18C 132 12 25 50 13
ARQ15D 136 13 26 50 N
Variation 8% 38% 5% 21% 29%

Coefficient

ARQ16A1 125 25 27 34 14
ARQ16B 116 20 28 42 10
ARQ16C 112 28 11 49 12

Variation 5% 14% 36 % 16% 14%

Coefficient

Table 2. Concentration of bitumen and its fractions extracted from pulverized rock samples collected along the strike of strata

ARQI5 and ARQI6.

GEOLOGY AND GEOCHEMISTRY OF THE
GUAYUTA GROUP

The Guayuta Group is comprised by the
Querecual (Cenomanian-Coniacian) and San
Antonio (Cenomanian-Maastrichtian) Formations.
It outcrops along the mountain range Serrania del
Interior in northern Monagas and Anzoétegui states
of Venezuela. The Querecual Formation consists
mainly of black, massive and laminated limestones
that -are concretionary in places (Gonzélez et al.,
1980; Lépez, 1992). The San Antonio Formation
consists of limestone, sandstone and shale
(Gonzilez et al., 1980).

The Guayuta Group rests either on the
massive limestones, shales and sandstones of the
Chimana Formation (Aptian-Cenomanian), or on
the massive biostromes, sandstones and shales of
the El Cantil Formation (Aptian-Albian). Its type
section is found along the Querecual river where it
is well exposed, strikes N80°W and dips 80°S. The
Querecual Formation has there a thickness of 700
m (Hedberg, 1937), and the San Antonio Formation
of 350 m. The group represents the maximum
transgression during Cretaceous times, and while
the Querecual Formation was deposited in a
predominantly anoxic marine environment, the San
Antonio Formation was deposited in more
oxidizing conditions with a significant clastic
component and biogenic silica (Gonzdlez et al.,
1980).

In the type section the strata of the Guayuta
Group contain predominantly Type II kerogen
based on the visual study of kerogen, which
indicates a predominance of amorphous marine
organic matter (Talukdar et al., 1985). This section
is over mature, based on vitrinite reflectance values
(Ro) of about 2%. The total organic carbon
concentration varies from 0.2% to 6.6% for
limestones and from 0.2% to 2.8% for shales

(Talukdar et al., 1987; Lépez, 1992; Alberdi &
Lafargue, 1993). The n-alkane distribution in
bitumen determined by gas chromatography shows
a predominance in the n-C20 to n-C34 range, and
a predominance of phytane over pristane as a
consequence of organic matter deposited in a
reducing marine environment (Talukdar et al.,
1987). Gas chromatography-mass spectrometry
analyses show a predominance of C27 sterane over
C29, usually associated with marine organic matter
(Ailloud et al. 1980; Janezic et al., 1980; Talukdar
et al., 1987; Lépez, 1992).

In previous studies the migration of
bitumen in the type section of the Querecual
Formation has been studied in detail by Lépez
(1992), who states that within the upper two thirds
of the Formation bitumen moved upward toward
the San Antonio Formation and in the lower third
it moved downward. The bitumen composition was
far from uniform along the stratigraphic section,
as observed in other source rock successions
(Leythaeuser et al., 1983; 1986; 1988a; 1988b),
with important implications for oil-source rock
correlation.

SAMPLING AND EXPERIMENTAL METHODS

Sample Collection. Seven rock samples
were taken along the strike of two massive
limestone units of the type section central area of
the Querecual Formation (Fig. 1). The bitumen
analyzed in these samples was extracted from
pulverized rocks. Additionally, two of the samples
were used to perform a first extraction of the
bitumen in fragments (2 to 3 cm) and a second
extraction after pulverizing these fragments (< 0.25
mm). Another group of massive limestone samples
from the type section of the Querecual Formation
and massive sandstone from the San Antonio
Formation (reservoir) were used to study the
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Figure 2. Gas chromatograms of saturated hydrocarbon fraction of pulverized rock samples ARQIS (Al-D1) taken along strike in

the Querecual Formation.

bitumen dispersed in the rock (extracted from
pulverized rock), as well as that accumulated
within the fractures (bitumen extracted from
fractures). Rock samples were taken in the
outcrops under the rock’s weathered surface.
Sample Treatment. Samples with organic
matter accumulated in fractures were cut in
laminae of approximately 1 cm thick, and the

organic matter was manually separated from the
fractures. The remainder of the sample, containing
dispersed organic matter, was pulverized. Bitumen
was extracted from both types of organic matter.
The samples MQCH 18 (Querecual Formation) and
ARQ35A (San Antonio Formation) were analyzed
for bitumen accumulated in fractures (separate of
rock ) and bitumen in whole rock .
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SAMPLE | BITUMEN | SATURATED AROMATIC RESINS ASPHALTENES
(ppm) | HYDROCARBON | HYDROCARBONS (%) (%)
s (%)
(%)
ARQ15A2 55 18 15 55 13
ARQ15A3 104 22 19 a2 17
Variation 8% 4% 20% 3% 2%
| Coefficient
ARQ16A2 85 18 23 a7 1
ARQ16A3 80 16 29 38 17
Variation 28 % 24% 12 % 17 % 21 %
Coefficient

Table 3. Concentration of bitumen and its fractions extracted from fragments of different sizes. A2 represents large fragments, and

A3 pulverized large fragmenis.

Two rock samples from Querecual Forma-
tion (ARQI5A, ARQ16A) were extracted using
fragments of different sizes. The samples were
broken into pieces from 2 to 3 cm, which were used
for the first extraction. After the first extraction
fragments were pulverized (< 0.25 mm) and
extracted again.

Seven samples from Querecual Formation
(ARQI5 A-D, ARQ16 A-C) were pulverized
(whole rock), and bitumen extracted by conven-
tional methods.

Bitumen Extraction and Separation, Bitu-
men was extracted with dichloromethane using a
soxhlet extraction equipment for 40 hours, The
bitumen extracted was separated into the following
fractions: Asphaltenes were precipitated with n-
heptane using an oil:n-heptane ratio of 1:40. The
soluble fraction was separated using liquid
chromatography on alumina (100-120 mesh,
.activated at 200 °C and 25 mm Hg for 12 hours).
The saturated hydrocarbons were eluted with n-
hexane, the aromatic hydrocarbons with toluene,
and a mixture of toluene/methanol (70/30) was used
for the elution of polar compounds.

Gas Chromatography. The gas-chromato-
graphy analyses of the saturated hydrocarbons were
carried out with a Perkin-Elmer, model 8500,
equipped with a 30-meter silica column, with a
flame ionization detector, and operating under an
initial temperature of 100 °C (1 min), a heating
rate of 4 °C/min, and a final temperature of 200 °C
(40 min).

Organic and Inorganic Carbon. The total
carbon concentration was determined using a
LECO, model E-C12 carbon analyzer. The
inorganic carbon was analyzed by the Bernard
calcimeter method, and the organic carbon
concentration was calculated as the difference
between total and inorganic carbon.

Pyrolysis. The pyrolysis experiments were

made with a Delsi instrument Rock-Eval rev.2,
using standard procedures.

RESULTS AND DISCUSSION

Distribution of Bitumen and its Fractions

The relative homogeneity of the samples
taken along the strike in the two strata is corrobo-
rated by the total organic carbon (TOC) and
pyrolysis Tmax values (Table 1). The Tmax values
from 539 to 543 °C indicate the same maturity for
the samples analyzed and confirm the vitrinite
reflectance data showing that the samples are
overmature.

Table 2 presents the concentration of
bitumen and its fractions for the samples taken
along the strike of strata ARQIS5 and ARQ16; the
A, B, C, D endings in the sample symbol indicate
different samples from the limestone unit (Fig. 1).
The concentration of bitumen obtained by the
conventional extraction of the pulverized samples
of strata ARQ15 and ARQ16 shows little variation
along strike, and is indicative of the relative
homogeneity in bitumen distribution along each
unit of the section. The percentages of the bitumen
fractions (saturated, aromatic, resins and asphalte-
nes) in the pulverizedrock extracts (Table 2) show
some variations along the strata strike, nevertheless,
these are not defined trends which might be
interpreted as a consequence of primary migration
along strata strike.

Table 3 shows the concentration of bitumen
and its fractions from large and subsequently
pulverized fragments of equivalent samples (Fig.
2); the endings 2 and 3 in the sample symbol denote
large fragments, and pulverized fragments,
respectively.

Beletskaya & Syrova (1972) claim that the
first extract (from large fragments) represents
mostly bitumen held in the large open pores, and

10




-«
R
- O
OT 8} ]
1| €
c
w n
X
a 4.
:7’ X
W B
2
o
-]
P=4
€
w
(&)
2 24
q n
’_ g
24 1t
o) e
34 V' N
T LIMESTONE

ARQ 16 A1

ARQ i6 B

HJM.L

ARQ 16 C4

HHJJJL R

A A
25 30
CARBON NUMBER

Pristone
Phytane

Pri =
Phy

Figure 3. Gas chromatograms of saturated hydrocarbon fraction of pulverized rock samples ARQ16 (Al-C1) taken along strike in

the Querecual Formation.

the second extract (from pulverized fragments)
represents the bitumen held in the small pores, thus
existing a higher bitumen concentration in the open
pores extracts as a consequence of bitumen’s
migration from the rock’s closed pores to the open
pores. For the two strata analized in this study,

under the same conditions described '4""“.'9, a

significant variation between the concentrations of
bitumen extracted from open and closed pores,
which indicates a defined migration trend from
closed to open pores for the Querecual Formation,
was observed.

Variations in the percentages of saturated
hydrocarbons, aromatic hydrocarbons, resin and
asphaltene fractions obtained from the large and
small pores are comparable to those obtained from
whole rock samples. These results differ from those

reported by Beletskaya & Syrova (1972), Sajgo et
al. (1983), and Bruckner & Veto (1983), who found
lower concentrations of saturated hydrocarbons in
the large pores. Our results show slightly lower
aromatic and asphaltene fractions in the large pores,
which might indicate the lower mobility of these

comnonunds from small to laree nores. Degnite the
compoungs irom smal: {o jarge pores. Despite the

little difference in the amounts of saturated
hydrocarbons extracted from the large and small
pores, there are compositional differences that will
be discussed in the next section.

Saturated Hydrocarbon Distribution

Saturated hydrocarbon fraction chromato-
grams from the whole rock extracts of the samples
taken along the strike (Fig. 1) are shown in Figures
2 and 3. The n-alkanes show a bimodal distribution,
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Figure 4. Gas chromatograms of saturated hydrocarbon of whole rock extracts (A), large fragments (B), and pulverized fragments

(C). Sample ARQI15A.

with one maximum between #-C16 and n-C20 and
the other maximum around n-C24, There is also a
strong even-odd predominance, typical of carbo-
nate source rocks (Mello et al., 1987). The lighter
n-alkanes (< n-C20) are more abundant than the
heavier n-C20 n-alkanes. Despite the general
similarity of these chromatograms, there are
differences in the relative intensities of the n-C16,
n-Ci8 and n-C20 peaks between the different
samples. These differences may reflect the greater
relative mobility of the light n-alkanes during
primary migration. Particulary, several pulses of

bitumen generation and expulsion would result in
a greater variability of the light n-alkanes
distribution as compared with the less mobile
heavier atkanes.

Figures 4 and 5 show the n-alkanes
distribution in the bitumen extract obtained from
the large fragments (samples ARQ15A2 and
ARQI16A2, Fig. 5B and 6B) and the subsequently
pulverized fragments (samples ARQIS5A3 and
ARQI16A3, Fig 5C and 6C), as well as in the whole
rock extract (samples ARQ15A1 and ARQ16A1,
Fig. 5A and 6A). Differences in the n-alkane
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