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KEROGENIZATION OF ASPHALTENES BY AIR OXYGEN:
THE HEIMAR (B OLD PETROLEUM SEEPAGE) SANDSTONE
FROM THE DEAD SEA BASIN (ISRAEL)

Pavle 1. Premovié, Branislav N. Suhartovic’, Miroslav P. Premovid¢,
Dejan T. Dulanovié¢ and Dragan M. Pordevi¢

Laboratory for Geochemistry and Cosmochemistry, Faculty of Science, University of Nis,
P.0.Box 91, 18000 Ni§, FR Yugoslavia

Kerogen-like material was generated during a laboratory heatingh experiment with asphaltenes in the pres-
ence of air oxygen. Asphaltenes were extracted from a Heimar (A recent seep) and IPRG sandstones (Dead Sea Ba-
sin, Israel) impregnated by heavy/asphaltic crudes and heated at 50-200°C for 1-12 days. These results suggest the
possible occurence of low temperature (<100°C) kerogenization by air oxygen of the Dead Sea (DS) asphaltenes as
(B old petroleum seepage location) impregnated with a heavy crude.
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INTRODUCTION

Recent work by Premovié et al. [1] on the as-
phaltene fraction extracted from Dead Sea (DS) as-
phalts indicated that amorphous kerogen-like mate-
rial can be isolated from this asphaltene material
when heated at 100-200°C in air. For this reason,
asphaltenes were extracted from the Heimar (A re-
cent seep) and IPRG sandstones and heated up to

200°C in air. The objective of the present communi-
cations was to carry out the oxygenic kerogenization
of the Heimar A and IPRG asphaltic crudes and to
evaluate the probability that kerogen within the
Heimar B (old seep) is derived for special heating of
the asphalt in air atmosphere.

EXPERIMENTAL

Samples

Petroleums of various forms have been found
in a small area around the DS. Extraheavy crudes
(asphalts) occur in the DS area on the surface as
well as in the depth (up to 3600 m) [2]. Its oc-
curences on the surface (<80 m below) are found in
association with Quaternary sands: the Heimar A/B
and IPRG materials. Occasionally, large asphalt
blocks (up to several tons) have been found floating
in the DS. The organic geochemistry of the DS as-

phalt suggests two alternate mechanisms of forma-
tion [3]. The first pathway is through degradation of
mature crudes. The second is by early diagenetic
alternation of organic material in carbonate source
rocks [4]. The Heimar A/B materials probably be-
longs to the first group and to second. On the other
hand, organic geochemical data imply a genetic re-
lationship between these two bituminous materials
[1]. A detailed description of the samples and their
locations are given elsewhere [1]. Geological map
(the various samples considered are marked) is pre-
sented in Fig. 1.
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Fig. 1. Geological map indicating sample locations
(after Bentor et al. [12])

Extraction and separation

The isolation procedures of the various fractions
(kerogen, asphaltenes, maltene, resin and methanol)
of the studied bituminous sandstones are given in
Premovi¢ et al. [1].

Heating experiments

Heating experiments of extracted Heimar A
asphaltene (HAA) and IPRG asphaltene (IA) were

conducted as follows. Sets of 50-100 mg of asphal-
tenes were put into glass tubes (4 mm i.d., 15 cm
long) at room temperature. Each tube was heated in
an electric furnace at temperatures ranging from 50
to 200°C, for 1 to 30 days. After heating, the reac-
tion products were scparated into a soluble part in a
benzene: methanol (3:1 v/v) mixture (asphaltenes)
and insoluble part (kerogen). The amount of soluble
material was determined by the weight difference by
solvent extraction, and the amount of kerogen was
determined by weighing the residue obtained after
solvent extraction.

Elemental analysis

The samples were subjected to microanalysis in
a Perkin-Elmer Model 240 elemental analyzer. In
Table 1 the clemental analysis data for the organic
components of the sediments studied are presented.

Table 1
a) Organic fractions (%) of asphaltic crudes

Sediment Eiria ¢ tao-n

Methanol soluble Resin  Asphaltene Kerogen

Heimar 64 13 22 <1

IPRG 10 25 65 -

b) Elemental analysis (wi%) of asphaltic crudes

Sample E. l.e mem t.8

C H N S O

Heimar 76,0 80 20 9.0 ,50 1.3 0.05

H/C  oO/C

IPRG 78.0 9.0 1.0 80 40 1.4 0.04

RESULTS AND DISCUSSION

Fig. 2 shows the asphaltene (soluble part) per-
centage of HAA during the laboratory heating (1 = 1
to 12 days) in air at 50, 100, 150 and 200°C (|[HAA]
= 100 when heating time ¢ = 0). Since both HAA
and IA are solid at room temperature and behave as
semisolid/viscous liquids at ca. 70 °C, no unsoluble
kerogen-like products occur (to any measurable ex-

tent) at 50 °C in the accessible period of time. At
temperatures of 100-200 °C insoluble kerogen-like
materials did occur. In fact for the kerogen-like ma-
terials in question the atomic H/C and O/C ratios
(Fig. 3a and b) are typical for kerogen as defined in
[5]. Similar results were obtained for the 1A. Here-
after, kerogen produced from heat-treated asphalte-
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nes (up to 200 °C) in the presence of air will be ref-
ered to as "asphaltene-derived kerogen" (AK). We
shall use throughout this paper the term "kerogeni-
zation" for thermal conversion of HAA/IA asphalte-
nes (or similar asphaltenes) into kerogen-like material.

t daysi

Fig. 2. The amount of HAA ([HAA]) on heating
at 100, 150 175 and 200 °C for 1 to 12 days in presence
of the air atmosphere

To estimate the rate of kerogenization of HAA,
we model this process by a first order reaction. In
this case we have the following equation:

-In(HAA) =k, - In100

where £ is a rate constant [1]. Applying this approach
the (pseudo- i.e. the energy of the overall reaction
pertaining to the intense generation of AK) activation
energy (E,) is calculated to be ca. 10 kcal mol ™.
Therefore, half-life #,, (that is, the time of conver-
sion of 50% of HAA onto AK) is estimated to be ca
2000 days (0 °C); 700 days (15 °C); 400 days

(25 °C); 150 days (35 °C); 100 days (50 °C) and 7
days (100 °C).
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Fig. 3. The atomic H/C (a) and O/C (b) ratios of HAA/AK
obtained on heating at various temperature for 1 to 12 days
in the presence of air O,

The most intriguing results of this study is that
almost the entire HAA/IA is kerogenizable under
suitable physicochemical conditions, i.e. it is possi-
ble to convert HAA/IA completely into artificial AK
even during laboratory heating under relatively mild
thermal conditions (e.g. 100°C, Fig. 2) in an air at-
mosphere.

CONCLUDING REMARKS

It is an exception rather than a rule to find pe-
troleum either at/near the surface (less than ca. 100
m) in initial conditions. The instability of its con-
stituents make it especially prone to various altera-
tion processes. They are rapidly accelerated by
ready access of air O/oxygenic water. One of the
carliest changes is the futher enhancement in as-
phaltic components which converts petroleum into
heavy/asphaltic crude [6]. Asphaltic crudes (such as
the Heimar A/B and IPRG asphaltic crudes) often
encountered in outcropping reservoirs of the DS Ba-
sin in which severe biodegradation/devolatization
coupled with photoxidation and oxidation by atmos-
pheric O, contribute significantly to inspissation [7].
Alteration (especially surficial) may obliterate even
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primary organogeochemical "fingerprints" of preex-
isting petroleum and leave the origin of crude in
doubt. Where alteration is not too profound, primary
characteristics of petroleum may persist [6]. For this
reason, we propose that some of the light/ mature
petroleums found in the DS Basin may represent a
relict of the primary (unaltered/mature) petroleum.
In fact, it is suggested that heavy/asphaltic crudes
(as predominant forms of petroleum in the DS area)
are more likely alteration (mainly biodegrada-
tion/water washing) product derived from extrabasi-
nal unaltered/mature (primary) petroleum [8]. An
alternative conception is expressed [9] suggesting
that primary petroleum was generated at a great
depth somewhere in the DS area itself and that the
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heavy/asphaltic crude shows represent an up-dip
(intrabasinal) migration, possibly accompanied by
partial alteration.

Kinetic data [1] shows that for a sufficiently
long time aerobic kerogenization of asphaltenes in a
heavy/asphaltic crude could be effectively fast espe-
cially at/near the surface if it was subjected to com-
mon surficial temperatures (< 60°C) [2]. This is evi-
dent from the high kerogen content (ca. 19%) of or-
ganic fraction of the surficial Triassic sandstone
(impregnated mostly by heavy crude) at the Heimar
B (old seep location) in spite of (geologically
speaking) the short period of time (less than a thou-
sand years and possibly only several hundreds of
years) spent at the surface [10]. By contracts or-
ganic material (mostly asphaltic crude which is also
incorporated into the sandstone structures) of the
Heimar A (recent seep location) contains less than
1% of kerogen [10]. Most plausible explantion is

that the aerobic kerogenization of HAA at the Hei-
mar A site has advanced very little as this material
has been exposed to the air at/near the surface for a
very short period of time (less than ten years). Ac-
cording to Nissenbaum and Goldberg [11] both of
these materials did migrate from a deep bitumen-
bearing zone to the surface.

It is evident from the afore mentioned re-
sults that asphaltenes extracted from the Heimar (A
recent seep)/IPRG sandstones generated an insoluble
product on laboratory heating at presence of air O,
for, geologically speaking, a short time This matenial
resembles kerogen isolated from the Heimar B sand-
stone rocks and it is termed "asphaltene-derived
kerogen" (AK).
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Peaume

KEPOI'EHU3AIIMIA HA ACOAIITEHUTE CO KUCJIOPO/l O1 BO3IYXOT:
INECOYHATA KAPIIA HEIMAR (CTAPO HAOFAJIMIITE HA HA®TA B)
OJ1 BACEHOT HA MPTBOTO MOPE (U3PAEJ)

IMasne U. Ipemosuh, Bpanucnas H. Myxaprosah, Mupocaan I1. ITpemosuh,
Hejan T. [lysanosuh u [Iparan M. Hophesuh

Jabopaitiopuja aa zeoxemujy u kocmoxemujy, Ilpupodrno-smaiiematiiuiku paxyameint, Ynueepauitieitt y Huuey,
it. gpax 91, 18000 Huw, CP Jyzocaasuja

Kiyynn 360poBH: KeporeHn3annja; acanT; KUCIOPOJ

Co 3arpeBathe Ha acanTeHOT BO BO3[YyLIHA aTMO-
cepa, BO n1abBOpaTOPHCKH YCIIOBH, ce oGMBa MaTepHja
CIIMYHA HA KeporeHoT. AcdanTeHHTe ce eKCTpaxupaHH
Ol MecOYHH KapmH HMIpPErHHPAaHH CO TelllKa HaTa Of
Heimar (HoBo Haofamumre A) u of IPRB (6acen na Mpr-
BoTto Mope, M3paen), co 3arpeBawe Ha 100-200 °C, Bo
TekoT Ha 1-12 xgeHa. Keporenusauujara Ha acanresnre
€O KHCJIOPOAOT Ofi BO3[YXOT ja CJI€JH KHHETHKa Ofl MpB

pell, a NpecMeTaHOTO BpeMe Ha MONYXKHBOT (fi2) 3a ac-
tpanTenuTe o Mprsoro Mope n3necyBa 2000 go 3 peHa
Ha 0-100 °C. OBue pe3ynTaTH cyrepupaaT MOXHOCT 3a
HHcKoTeMnepatypHa (< 100 °C) Keporenmsanuja Ha ac-
¢antenure og Mprseoto Mope, a ¢o TOa B MOXHOCT Ha
TO] HAYMH fa ce opMHpa MaTepHjal CIHYeH Ha Kepore-
HOT BO nmecouHuTe Kapmu Bo Heimar (crapo Haofanuiure
Ha HapTa B), AMIperunpanu co rewka Hadra.
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