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ABSTRACT

The possibility of finding petroleum hydrocarbons in sedimentation (sedimentary rock) or magmatic-hydrothermal (igneous
origin) is a matter of probability. A mathematical modeling approach is employed to appraise petroleum hydrocarbons using
certain elements, minerals, and rocks whether it is biogenic or abiogenic. Methodologically, ten samples were collected at random
at different points in Kassa Volcanic Field (KVC). These samples were examined in a thin section in the University of Jos
Geology laboratory, using a petrographic microscope both plane and crossed polarized light and the minerals revealed were
olivines, pyroxene, plagioclase, and iron ore. Two kilograms (2kg) of each of the samples were pulverized and subjected to
chemical analysis using inductively coupled plasma — Mass spectrometer (ICP-MS) and revealed the following major and trace
elements such as, as Si, Al, Fe, Mg, Ca, K, Na, P, N, Ni, Va, Ti, Mo, As, Ba, Ca, Sc, Cr, Br, in percentage and in part per
million and can be compared to those obtained from petroleum ash. Several experiments have shown that petroleum ash contains
the following major and trace elements: Silicon, Iron, Aluminum, Calcium, Magnesium, Copper, Lead, Tin, Arsenic, Antimony,
Zinc, Silver, Nickel, Chromium, Molybdenum, Bismuth, and Vanadium. Using set notation and matrix approach to analyze these
elements, three possibilities were made to trace the origin of petroleum hydrocarbon whether it is a sedimentary origin (biogenic)
or igneous origin (abiogenic). Mathematically, these possibilities include; the SiAl consisting of Silicon and Aluminum, the TiTi
consisting of Tin and Titanium as well as NiVa, consisting of Nickel and Vanadium. Another important possibility is the presence
of Diamond within an igneous body which depicts the characteristic of mantle composition. The ability of this abiogenic oil to
rotating the plane of polarization of polarized light was examined and was proven possible using the mathematical method. The
presence of these three possibilities in the crude oil could be a result of infiltration of these minerals and elements, from the source
igneous rocks during crystallization of magma. If the abiogenic origin using the three possibilities is considered as the origin of
petroleum, then drilling of petroleum hydrocarbons should be extended to the igneous environment, especially the study area
Kassa Volcanic Field (KVF).

Keywords: Abiogenic Oil, Hydrocarbons, Polymerization, Matrix, Set Notation.

1.0 INTRODUCTION
1.1 Background to the Study

Carbon and silicon are the most unique elements as far as this research is concerned. They are found in group 4 of Mendeleev
periodic table of an element. Their uniqueness is their ability to catenate with other elements to form complex compounds. While
silicon catenates with other elements to form complex silicate minerals, carbon catenates with other elements to form complex
hydrocarbon minerals. While silicon is a silicate rock former, carbon is a hydrocarbon former during crystallization of magma.
Group 4 elements typically form four bonds .Carbon can form pn-pn double bond and CO2 is a discrete molecule and is a gas.
Silicon cannot form double bond in this way using pr-pm orbitals. A substantial number of silicon compounds are now known to
contain pr-drm bonds in which the silicon atom appears to use d-orbital for bonding. Goldschmidt,(1914) states that carbon and
silicon have a high melting point because of their high covalent bonding among all other non-metals in the periodic table. The
presence of silica mineral in rocks increases the acidic content of the rocks, says from the basic to acidic rocks and hence increases
the viscosity of the magma as temperature reduces during crystallization of magma. This gives rise to volatile component of the
rock e.g., amphiboles and micas. Hydrogenation of Carbon on the other hand, increases the viscosity of hydrocarbons, from the
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lighter gas to heavier asphalt (aromatic) and the heavier crude can also be cracked to obtain the lighter gas vice versa. The process
in which lighter crude changes to heavier crude in the presence of certain inorganic catalysts is called polymerization and this
takes place during the formation of abiogenic hydrocarbon from magmatic or hydrothermal fluid. The process in which the
heavier crude (less volatile component) changes to lighter crude when heated under high temperature and put under high pressures
either in the presence or absence of organic catalysts is called cracking and this also takes place during the formation of biogenic
hydrocarbon from kerogen.

Mathematical models involve the use of equations consisting of variables and constants according to Hubbert (1937).
Geomathematics, in its broadest sense includes all applications of mathematics to studies of the earth’s crust.

In geomathematical problems, one usually asks if there are theoretical reasons to assume the certain variables are related to
one another and if theoretical geology can provide guidelines for statistical models to be fitted to the data. Generally, the
geologist can observe and reconstruct only part of a very complicated process involving many variables that have taken place in
the course of time under changing circumstances.

In practice, the resulting mathematical model may then consist of fitting to the data a few linear terms out of a Taylor
expansion ([2.21]) for the mainly unknown geological process. Quantitative geologic considerations are indispensible, first for
selection of the variables to be measured, for designing the mathematical model and later for interpretation and evaluation of the
results.

Modeling is process of representing a real world object as set mathematical equations that is representing three dimensional
objects especially in computer (ford, 2009). Mathematical models involve the use of equations consisting of variables and
constants according to Hubbert (1937). Krumbein and Grayhill (1965) have distinguished three types of models in geology: (1)
scale-models; (2) conceptual models; and (3) mathematical models. According to Nakayama and Vansiclen, (1981); Ungerer et
al., (1984), deterministic models seek to identify and quantify all variables of the system and thus predict its behaviour by
establishing values or limit for each system. Mathematical modeling in this context is the application of mathematical equations
of numerical values to chemical elements in its algebraic form to produce a material of a particular IUPAC nomenclature
according to Achuenu, (2021).

The carbon considered in this research is purely abiogenic particularly from magmatic origin as donors of carbon itself,
carbonate and carbon dioxide as according to Hazen et al, (2012), which catenates with other elements to form complex
hydrocarbons.

At the end of crystallization, all the other crystals have been fractionated within their stability limit and removed from the
melt, therefor the remaining fluid called hydrothermal fluid, becomes highly volatile which contains fugitive elements, such as
water, CO,, chlorine, lithium, fluorine and so on and these elements coincide with mantle gases at the depth of 80 — 100km.
Among the elements, CO, and H,O are the starting material for hydrocarbon in the magmatic environment.

The general molecular formula of first member of hydrocarbon minerals from abiogenic origin is X,Y ., Where n is the
repeated number of molecule and

X = carbon
Y = hydrogen

The formula above is used to calculate all the alkane groups from the magmatic rock and at n = 1, XY, justifies saturated
hydrocarbon, methane, the first hydrocarbon to be liberated from magmatic rock during crystallization of magma. The only known
source of methane is through inorganic reactions. According to J.F. kenney, and others, of the Russian state university of oil and
gas, that methane is the only organic hydrocarbon to exist within Earth’s crust. The report also discussed the hypothesis that high
pressure of 25 to 50 kilobar or more are needed for establishing natural petroleum hydrocarbon molecule. Quantities of saturated
hydrocarbons heavier than methane, on analogy with kutcherov et al, (2002) should decrease dramatically with an increase in
molecular weight of hydrocarbons. Kutcherov et al., 2010 experimental result, shows that after cooling for 4 hours, the amount of
CH,4 and C,H¢/C,Hy, in the reaction production increases by factor of tens and heavier hydrocarbons up to C4H;o/C4Hg,

During fractional distillation of crude oil, temperature rises with increasing number of carbon content in the liquid fractions.
Crude oil obtained from the ground is just about useless, proves its worth when, it must undergo fractional distillation first, just as
the entire magmatic rocks are useless, until they transformed into an ore deposit e.g., Cassiterite and then undergoes mineral
processing to liberate valuable minerals from the ore. Unlike the magmatic rocks that crystallize with falling temperature into
fractions, crude oil distils over, with increasing temperature into fractions, a process called cracking of crude oil. This fraction is
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called fractionating column. The crude oil preheated to about 400% in an electric furnace where 75% of the crude oil is
vapourized. The temperatures at which each fraction distils over, ranges from the lower boiling point 40°C, to the bottom of the
column (400°C).

Biogenic origin of petroleum inspires the possibility of exhausting oil reserves and abiogenic hypothesis assure quasi-
unlimited supplies of oil and gas reserves. Therefore many issues regarding energy renewability rises. According to the website
petroleum, co.uk, (2014) politics as the main driver of every issue in our modern socio-economic aspects of living, the arguments
of abiogenic versus biogenic origins of petroleum cause some hidden reasons which are particular interests and political
motivated for example, “a limited supply can be used to control people and as justification for actions like war”. An unlimited
supply on the other hand, means that we ought to be able to drill for more oil and increase daily so as to decrease price and so
forth (Petroleum Co.UK, 2014).

In conclusion, the duplex theory, which combines the features of both inorganic (abiogenic) and organic (biogenic) theories
maybe the final choice according to Robinsoon (1963). On these hypotheses, the present stock of petroleum hydrocarbons would
represent biogenic additions to a fundamentally primordial endowment. This would perhaps involve the enrichment of existing
petroleum hydrocarbon deposits of biogenic source through a fundamentally abiogenic origin according to Abbas (1996).

1.2: JUSTIFICATION

The justification that hydrocarbons are of inorganic origin or organic would continue to evolve since nobody was there when
these hydrocarbons were formed and it is matter of probability and available evidences using certain geochemical equipment.

The probability that hydrocarbons are of organic or inorganic origin is based on the fact that,

1. The ability of hydrocarbons to rotate under plane polarized light due to the presence of cholesterol which only happens in
organic substances and
2. The presence of porphyrins in the kerogen or heavy crude was also strong evidence.

But this research did not find these evidences more convincing, but rather choose to use mathematical application where set
notation and matrix equations were used to ascertain the true possible origin of hydrocarbons using certain trace and major
elements which actually favour the inorganic origin of petroleum and;

1. The fact that the trace elements found in petroleum ash were of inorganic origin is convincing evidence of abiogenic
origin of petroleum.

2. The trace of silicate minerals using matrix equation in petroleum ash is also a convincing evidence of abiogenic origin of
petroleum.

3. The existence of methane on other planets of solar, meteors, moons and comets
4. The biogenic explanation fails to explain some of hydrocarbon deposits characteristics.

5. The crude oil distribution of metals fits better with upper serpentinize mantle, primitive and chondrite patterns than the
oceanic and the continental crust and never shows any correlation with the sea water.

6. The helium and other noble gas associations with hydrocarbons.
7. Deep hydrocarbon seeps.
8. Some proposed mechanism of abiogenesis formation of petroleum.

9. Diamond within an igneous body as a xenocryst is a characteristic mantle composition.
10.
1.2 STATEMENT OF PROBLEM

Hydrocarbon ash after rigorous analyses had been found to contain some trace elements and minerals of inorganic origin. Most
of these elements and minerals are found to be igneous origin and not shale and clays of sedimentary origin. Most of these
hydrocarbons drilled today were proven more effective through sedimentary rock than the igneous rocks, yet it has these trace
elements of inorganic origin as well as minerals of igneous rock and the questions were;

1. What is the genesis of these trace elements and minerals of inorganic origin in petroleum ash?
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2. Sedimentary rocks formed far below the temperature at which these trace elements and minerals are formed, why? But
with the exception that sedimentary rock is a product of igneous rock.

3. These minerals in question in petroleum ash are formed by solid solution which require moderate to high temperature in
which sedimentary rocks do not exhibit why?

4.  Why is nickel substituted for magnesium in porphyrins of plant, when substitution takes place only at high temperature.
It is known that vanadium and nickel are concentrated in the porphyrins and replace the magnesium in chlorophyll.

In order to resolve these problems, certain trace and major elements were used to ascertain this relationship using
1. Set notation
2. Matrix

1.4 AIM AND OBJECTIVES OF THE STUDY

The main aim of this research is the application of mathematical model to appraise and ascertain the true origin of
HYDROCARBONS using certain major and trace elements of igneous and sedimentary origin with respect to Set notation and
Matrix equations and the objectives used to achieve these were;

1. Petrographic Microscope.
The Basalts collected were observed under thin section using both plane and crossed-polarized light.
2. Induced coupled plasma mass spectrometer for trace element examination
(ICP-MS)

Chemical analysis of Kassa basalt, using ICP-MS indicates that Kassa Basalt contains the following trace element in 1ppm —
1000ppm such as Fe, Ti, Co, Cr, Ni, Cu, Mo, Pb, Bi, As, Sn, Va, Mn, Ag .

3. Appraisal of hydrocarbons using certain elements, minerals and rocks with respect to set notation and matrix equation.
1.5 CONCEPTUAL FRAME WORK

The concept of this model is the design of the structure of Earth in relation to the Ringwood scheme (1974) as shown in Figure 1.
The design model consists of two regimes which show the thin denser oceanic crust and thick less denser continental regime that
form the Island arc that produces the tholeiite series and the following deduction are made;

1. Oceanic crust which consists of the basalt and gabbro are converted into amphibolite, a hornblende-plagioclase
metamorphic rock and then under pressure gradient undergoes dehydration to form water and eclogite, a dense anhydrous
rock of basaltic composition.

2. Continental crust, which forms the Island arc that produces tholeiite series as a result of partial melting of mantle pyrolite
with aid of hot water released by dehydration of amphibolite to give rise to the differentiation of hydrous tholeiite
magma.

3. The hot water released by dehydration of amphibolite reacts with the mantle gases in the presence of metallic substance
as a catalyst to produce hydrocarbons.
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Figure 1: Using Ringwood Scheme to show the Evolution of Volcanic rock and Liberation of Hydrocarbons in Kassa
Volcanic Field (KVF)

FIG. 1: USING RINGWOOD SCHEME TO EXPLAIN THE LIBERATION OF HYDROCARBONS FROM
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1.4.2 DEFINITION OF TERMS;
MATRIX: Mathematical representation of rectangular array of minerals in rock (ore) arranged in rows and columns with respect to Gibbs

free energy
POLYMERIZATION: In the presence of certain inorganic catalysts, at a given control of temperature and pressure, Polymerization in

this context is the process involving mathematical addition of hydrogen to hydrocarbon radical (e.g.,CH,) to produce more saturated
alkane of abiogenic origin during crystallization of magma.

“GEOMATHCHEMICAL MODELING as used in this research, is the system of model of computation of numerical values to
chemical element in its algebraic form to produce a material of a particular IUPAC nomenclature (name)” e.g. iron ore according to
Achuenu, and Komolafe (2021).

2.0 LITERATURE REVIEW
2.1 INTRODUCTION

Krumbein and Grayhill (1965) have distinguished three types of models in geology: (1) scale-models; (2) conceptual
models; and (3) mathematical models. Traditionally, geologists have been concerned with scale-models and conceptual models

mainly.

Examples of scale-models are the geological map and cross-sections where the spatial variability of attributes is
represented at a reduced scale for topographic surface and vertical planes, respectively. Geological processes also can be
represented by scale-models. A classic discussion of this subject was given by Hubbert (1937). Conceptual models are mental
images of variables and constants. They are statistical or deterministic depending on whether one or more random variables are
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used in the equation or systems of equations to express uncertainty. Mathematical equations generally can be represented
geometrically by curves or surfaces.

The approach of mathematical modeling to abiogenic oil becomes very necessary to appraise the true origin of petroleum
hydrocarbons, either it is organic (biogenic) or inorganic (Abiogenic) origin using both major and minor elements which is
accomplished by matrix and set rotation method.

Modeling is a process of representing a real world object or phenomenon as a set of mathematical equations, that is process of
representing three dimensional objects especially in computer, (Ford, 2009).

The origin of petroleum is a matter of debate since its discovery (Levorsen, 1967). The chief support for theories of inorganic
(abiogenic) origin lies in the fact that in laboratory the hydrocarbons methane and benzene have repeatedly been made from
inorganic sources. Many scientists believe petroleum originated with decay of primordial biological matter (Robb, 1863). Recent
suggest, however that organic molecules may have been included as earth formed by accretion of interstellar materials. Analysis
of asteroids and comets has shown they contain a significant amount and variety of organic compound. Methane and other
hydrocarbons are found in the atmosphere of Jupiter, Saturn and Uranus.

Wohler (1862) discovered calcium carbid by heating carbon with an alloy of zinc and calcium. He then synthesized acethylene by
allowing the calcium carbid to react with water. It is theoretically possible to synthesize anything using reactions of alkyne to
form carbon-carbon bonds and to prepare other functional groups, thus Wohler’s discovering of calcium carbide gives us a link
from inorganic (abiogenic) material to all of organic synthesis. Mendeleev (1877-1902) proposed that metallic carbides deep
within the earth reacted with water in hydrothermal fluids to produce acetylene. Porfirev (1974) reviewed the occurrence of oil in
the igneous rocks. Studies carried out by several Russian scientists reviewed the association of petroleum hydrocarbons with
hydrothermal system.

Gaseous homologs of methane and aromatic and naphthenic oils occur in the fumaroles and injecta of many regions, particularly
near mud pots or moderately hot sulphide and carbondioxide type commonly deposite some bituminous material. A remarkable
coincidence was pointed out between the major mud volcano regions of the world and the oil producing areas such as Persian
Gulf, Caspian Sea, Indonesia and Venezuela. Gaters on the ocean floor have been reported from several areas such as Andriatic,
North Sea, Gulf of Mexico South of China Sea and Baltic (Samar Abbas, 1996). Gold (1879),the principal hydrocarbons invoked
outgassing from the upper mantle via earthquake activity. According to him, large volumes of methane along with carbondioxide,
hydrogen sulphide and traces of noble gases are being degassed from the mantle. They subsequently migrate up through the major
fault to be trapped in sedimentary basins or to be dissipated at the earth surface. Examples of such petroleum feeders include
flinking faults of the Suez, Rhine, Baikal and Burguzin grabens. Based on the association of gas — oil deposits in the fractured
crust/technically active region in the bay of Bengal, particularly in the Andaman sea, (Paropkari, 2008) affirmed their origin to
abiogenic at least to partial extent.

Petroleum is defined as any mixture of hydrocarbons that can be recovered from a drill pupe (Sephton A. and Hazen, M. 2013). It
occurs in form of oil and which has mainly a chemical composition of hydrocarbons of various carbon chains.

Abiogenesis (inorganic) origin of petroleum is an oldest theory which suggests that petroleum comes from the underneath part of
the mantle very long time ago before the existence of life on earth (Mendeleev 1877). Abraham Gottleb Werner and supporters of
Neptunism in the 18thh century considered Basaltic sills as solidified oils or bitumen. While these concepts proved not solid, the
primary idea of an association between petroleum and magmatism has then persisted as Alexander (1804) proposed an inorganic
(abiogenic) hypothesis for petroleum formation after he saw petroleum spring Venezuela. He is quoted as saying in 1804, “the
petroleum is the product of distillation from great depth and issues from the primitive rocks beneath which the forces of all
volcanic action lie, as it is said above other prominent advocates of abiogenic hypothesis including Mendeleev (1877) and
Berthelot (1907). The Soviet Russian geologists, Mikolia, Alexandrovitch and Kudryavtsev (1959) also proposed to modern
abiotic hypothesis of petroleum on the basis of his analysis of the Athabasca oil sands in Alberta, Canada, he concluded by the
existence of ‘source of rocks’ that could form the enormous volume of hydrocarbons and as consequence he offered abiotic deep
petroleum as the most admirable explanations. Others who continued Kudryavtsev’s work are Emmanuel Chekalink, Kroptkin,
Georg, Vladiimir, Portfirev, Vladilen, Krayashkin, etc. In 21% Century, the most prominent supporter of the Astronomer Thomas
and Kenny. Russain Chemist and Mineroloogist, Mendeleev and Scientific of Epoch have had a great influence supporting the
hypothesis. “They proposed that abiogenic methane affects a cosmic organic inheritance that is subsequently released by the
mantle and migrates to the surface utilizing weakness in the crust such as plate (Sephton and Hazen, 2013). Recently in 20thh
Century, members of the so called ‘Russian-Ukrainian school’ supported the hypothesis by stating that generated methane
polymerizes into higher molecular weight hydrocarbons which result to petroleum deposits, the fact which is also persuade by
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finding increased abundance of methane gas in the depth of petroleum basin (Sephton and Hazen 2013). The tenets supporting
abiogenic origin of petroleum are in the following ways:

e  The existence of methane on other planets of solar, meteors, moons and comets
e The biogenic explanation fails to explain some of hydrocarbon deposits characteristics.

e The crude oil distribution of metals fits better with upper serpentinize mantle, primitive and chondrite patterns than the
oceanic and the continental crust and never shows any correlation with the sea water.

e The helium and other noble gas associations with hydrocarbons.

e  Deep hydrocarbon seeps.

e Some proposed mechanism of abiogenesis formation of petroleum.
3.0 THEORETICAL DEVELOPEMENT

The appraisal of the origin of petroleum using mathematically modeling approach is based on assumptions that;

1. The transformation of kerogen from shale and clays to petroleum hydrocarbons is organic and is as a result of breaking
down of complex organic substance such as protein, carbohydrate etc. into simpler hydrocarbons in the presence of
organic catalyst during digenesis. This occurs during deposition of sediment which consolidates to form sedimentary
rock

2. Liberation of hydrocarbons from hydrothermal fluid or during dehydration of amphibolite, a hornblende- plagioclase
metamorphic rock in the mantle before reaching the depth of 80-100km beneath the Earth crust, a process that leads to
fractionation of magma from partial melting of mantle pyrolite aided by hot water released by dehydration of amphibolite
at the depth of 80 to 100 km or other hydrous minerals such as serpentinite at the depth of 100km to 300km. This
fractionation of the melt during ascent leads to production of tholeiite series of Island arc

3.1: Fractionation of Tholeiite series of Island arc

Examination of island arc as shown in Figure 1, indicates in a general way that the first stage of volcanism is often of the
tholeiite trend with Basalts and Basaltic Andesites predominating, continued by Lavas having the Calcalkaline trend with
Andesite dominant. In still later stages, alkali or shoshonitic lavas are produced. Rocks of the shoshonite series are hypersthene-
normative, contain 6.5-7.0% total alkalies by weight, and have a K,0/Na,O ratio greater than 1. Silica is relatively high (50-
54%). Granites by contrast contain about 8-9% alkalies and more than 70% Of Si0,

Ringwood (1974) has suggested that the formation of these volcanic rocks is controlled by fractionation processes involving
mantle pyrolite, as well as amphibole rich and high pressure metamorphic rocks. The proposed mechanism calls for the presence
of water in the subduction zone. This could be furnished by hydrated metamorphic minerals in the subducting oceanic plate,
serpentinite, spilitic Basalts and possible hydrated sedimentary material derived from the ocean floor. At various depths these
minerals are decomposed, releasing water (H,0) which in turn promotes melting in the hanging wall mantle and within the
subdcuting slab as shown in figure 1.

Ringwood’s Scheme (1974) as shown in figure 1 suggests that the oceanic basaltic crust is largely converted to amphibolite, a
hornblende — plagioclase metamorphic rock, before reaching a depth of about 80-100km. Here, the amphibole has reached its
stability limit mainly due to rise in temperature. The amphibole dehydrates, leaving behind an eclogite, a dense anhydrous rock
having the composition of basalt. The released water rises into the hanging wall, causing partial melting of mantle peridotite
(pyrolite) and diapiric rise. Fractionation during ascent results in the production of the island arc tholeiite series. The assemblages
of tholeiite series include the following;

1. Basalt and basaltic andesite.
2. Intermediate composition.
3. Silicic composition.

The following fractionation and crystallization during ascent occur at the depth of about 15 to 80km as shown in Figure 1 and
are stated bellow;
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1.  An olivine tholeiite melt separated from the pyrolite host at 35-70km could rise directly to the surface with no
fractionation and crystallize completely to yield olivine tholeiite.

2. It could partially crystallize at the 35-70km level to produce alkali-olivine basalt melt or with still more fractionation, an
olivine basanit melt.

3. Another possibility is that the original olivine tholeiite melt (which is low in Al,O3) could fractionate during the ascent
to the 15-35km level and produce an Al-rich olivine tholeiite melt.

4.  Still another possibility is that the original olivine tholeiite could fractionate at levels above 15km, where crystal
segregation would yield quatz tholeiite.

3.0: METHODOLOGY
The procedures involved the following;

1. Thin sectioning of the rocks, using petrologic microscope under plane and cross-polarised light, and detailed below were
the observed minerals and rocks.

(@) Olivine Alkaline Basalt

As shown in Table 2, olivine Alkaline Basalt contains no quarts, olivine > 50% with single pyroxene e.g. Augit with no other
pyroxene. The accessory minerals include magnetite and ilmenite, Basic plagiodase also present.

(b) Tholeiite Basalt

Tholeiite basalt contains no quartz, olivine >5%, two pyroxenes, augite and orthopyroxene, presence of basic plagioclase. The
accessary minerals include magnetite as shown in Table 2.

(c) Olivine Basalt

Olivine Basalt contains no quartz, olivine >5%, single pyroxene, augite, the presence of basic plagioclase. The accessory mineral
includes magnetite.

(d) Olivine Alkali Basalt

Alkali Olivine Basalt contains no quartz, olivine >50%, single pyroxene such as augite, presence of basic plagioclase. The
accessory minerals include magnetite.

3. Induced coupled plasma mass spectrometer trace element examination (ICP-MS)

Chemical analysis of Kassa, using ICP-MS indicates that Kassa Basalt contains the following trace element in 1ppm — 1000ppm
such as Fe, Ti, Co, Cr, Ni, Cu, Mo, pb, Bi, As, Sn, Va, Mn, Ag, etc. as shown in Table 3.

4. Petroleum Ash.

Inorganic material may be observed in the ash. The ash from 113 pools on West Virginia varied from 0.04 to 400 ppm of ash, but
most of the values ranged between 1 and 10ppm. This data is obtained from Geology of petroleum, by Levorsen second edition
CBS, page 190. The elements that have been identified in crude-oil ash include silicon, iron, aluminum, calcium, magnesium,
copper, lead, tin, arsenic, antimony, zinc, silver nickel, chromium,titanium molybdenum and vanadium. It is known that vanadium
and nickel are concentrated in the porphyrins and replace the magnesium in chlorophyll.

5. Trace elements in plant and animal

The elements that have identified in plant and animal matter include nitrogen, phosphorus, potassium, sulphur, calcium,
magnesium and sodium, Boron, iron, manganese, copper, zinc, Molybdenum, chromium, cobalt, selenium and iodine.

4.0 DISCUSSION OF RESULTS AND PESENTATION OF DATA

41 INTRODUCTION

Based on the chemical analyses and the examination under thin section, basalts in KASSA VOLCANIC FIELD (KVF)
are classified into alkaline, olivine basalt magma type and tholeiite magma type
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> Olivine Basalt Magma Type: The essential minerals are olivine, augite, basic plagioclase, and iron ore. The pyroxene
is a diopside or basaltic augite often a titaniferous variety.

> Tholeiite Basalt Magma Type: The essential minerals are pyroxene, basic plagioclase and iron ore. Olivine is either
completely absent or present in very subordinate amount. The pyroxene belongs typically to the enstatite — augite
(pigeonite) series of lime - poor pyroxene.

Yoder and Tilley (1962, p.355) comment that in alkali basalts the total alkalis usually exceed 3%. In some siliceous
tholeiites the alkalis exceed 3%, whereas some silica-poor alkali basalts contain less than 3% total alkalis. Therefore, alkali basalt
contains normative olivine and nepheline that is 3%<Ne<5%. Ne > 5% is called Basanite. Tholeiite basalt contains less than 5%
modal olivine, tholeiite olivine basalt contains greater than 5% modal olivine and alkali basalt contains less than 5% modal
olivine. The tholeiite basalt is characterized by the existence of reaction relation between the Mg olivine and Ca-poor pyroxene,
namely orthopyroxene and pegionite (Tilley, 1950, Kuno etal, 1957). Therefore, Mg olivie is usually absent from the ground mass
of volcanic rock, where present, it is surrounded by the reaction rims of pegionite provided that the groundmass is reasonably
crystalline. Alkali olivine basalt is characterized by the absence of reaction relation between olivine and pyroxene (Tilley, 1950
Kuno etal, 1957), olivine is invariably present in the groundmass.

4.2 Results and Interpretation

The rock samples that were collected from Kassa Basalt in Kassa Volcanic Field (KVF) were chemically analyzed using
Inductively Coupled Plasma - Mass Spectrometer (ICP-MS) method in Canadian laboratory and the results were presented in
table 1, 2 and 3

Tablel: Partition Coefficientof of VVarious Trace elements.

Atomic loniic Concentration in | Concentration in Partition
Trace Element radius Charge Solid(S) Liquid(L) Coefficient(D)
Nickel 0,69 0 10 1 4-10
Titanium 0.68 +4
Cromium 0.63 +3 1 5 0.2
Iron 0.74 +2
Robidium 147 +1
Strotium 1.12 +2 1 100 0.001
Zircon 0.79 +4
Fluorine 1.33 -1
Chlorine 181 -1

Data presented in Tables 1, 2, 3 and 4 can be analysed and use them to appraise the true origin of petroleum whether it abiogenic
or biogenic. The principal minerals in basalt are the basic plagioclase, basic olivine, and basic pyroxene, that is,“CaMg rich

minerals”.
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Table 2: Majorn Oxides Compositions of KASSA and MIANGO basalts

Percentage composition of normative minerals of selected Basalts

Percentage Composition of normative
minerals as it is observed from Thin
Section by counting under
Microscope and chemical analysis.

Hualalai
Olivine Tristan Alkali basal, | Kilauea
basalt Tholeiitic | Olivine basalt, | Yolde and | Tholeiite,
Magma Magma P.E.Baker et | Tilley (1962) | Yoder and
Mineral Type Type al, (1964). Tilley, (1962) KASSA
Geologic Genetic KIA | KIA
Name Type 1 2 3 4 5 1 2 KIA3 | KIA4 | KIA5
Quartz 0.0 0.0 0.0 0.3 0.0 0.0 0.0 00 |00
Olivine 5 10.6 18.5 0.0 8.0 0.0 0.0 140 |35
Augite 29.1 20.9 22.0 170 | 1.0 |40 11.0 | 10.0
Clino-
Pyroxene pyroxene 51 0.0 0.0 22.4 0.0 0.0 20 0.0 0.0
Labradorit
e 30 0.0 0.0 0.0 21.0 | 0.0 25 225 | 125
Plagioclase Bytownite 0.0 0.0 0.0 26 | 1.0 26 275 | 175
Feldspar Anorthite 20.4 23.6 26.1 0.0 0,0 0.0 0.0 | 0.0
Alkali Albite 3.2 20,0 21.0 0.0 0.0 0.0 0.0 | 0.0
Feldspar Orthoclase 12.2 53 2.2 0.0 0.0 0.0 0.0 | 0.0
Magnetite 9 4.1 45 1.9 7.0 25.0 250 | 25.0
Opaque IImenite 7.9 4.3 3.0 0.0 0.0 0.0 0.0 0.0
Feldsparthoid | Nepheline 111 2.2 0.0 0.0 0.0 0.0 0.0 0.0
Rest 5 0.0 0.1 0.1 +21 | +97 | 0.0 0.0 0.0
Apatite 14 0.7 0.3 0.0 0,0 0.0 0.0 0.0
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Table 3: Chemical analysis of Kassa using ICPMS

Percentage composition of normative minerals of selected Basalts

Percentage

Composition
normative minerals as it is observed
from Thin Section by counting under
Microscope and chemical analysis.

of

Tristan
Olivine | Tholeiiti | Olivine Kilauea Conversion
Chemical basalt c basalt, Mantle Petrology | Tholeiite, Yoder KASSA Factors
Expressio Magma | Magma | P.E.Baker (Peridotite), and Tilley,
n Type Type et al, (1964). | Ringwood(1966) (1962)
Sample 1 2 3 4 5 KIAL KIA3 | KIA4 | KIA5
1 SiO, 45.0 50.24 42.78 45.20 51.18 52.00 50.57 | 50.78 | 49.05 0.467439
2 TiO, 0.0 | 2.65 4.14 0.71 2.10 2.26 2.88 2.38 2.30 0.599508
3 Al,O, 15.0 | 13.32 14.27 3.54 14.07 14.23 17.30 | 15.23 | 14.64 0.529251
4 Fe,03/FeO 13.0 | 9.85 5.89 0.48 1.35
5 FeO/Fe,04 1.41 8.55 8.04 9.78 10.25 10.89 | 11.29 | 11.09 0.699433
6 MnO 0.17 0.17 0.14 0.17
7 Cr,03 0.43
8 NiO 0.20
9 MgO 8.0 8.39 6.76 37.48 7.78 7.10 3.30 8.03 8.39 0.603036
10 CaO 9.0 10.84 12.01 3.08 10.83 8.50 830 |8.73 9.60 0.714701
11 Na,O 2.5 2.32 2.79 0.57 2.39 3.34 4.32 290 | 352 0.741857
12 | K,0 0.5 0.54 2.06 0.13 0.44 1.13 1.52 1.52 1.41 0.830147
13 H,0" 0.10
14 P,Os 0.27 0.58 0.15 0.33 0.84 | 0.66 0.58 0.436421
Total
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Table 4: Typical Partition Coefficient of Trace Elements between Crystals and Liquid in KASSA Basalts

Trace elements in Basaltic liquid: from J.G., Arth, 1976, Jour.Res.U.S. Geol. | Trace elements in Basalt of KASSA from the
Surv. ,4: 41-47. researcher.
Trace Pyroxen | Pyroxen | Amphibo | Mic | Plagioclas
Elementl Olivine | e e le a e Spinel | Garnet Converted Data of KASSA x100

S/
N 1 2 3 4 5 6 7 8 KIAl KIA2 | KIA3 KIA4
1 Ni 4-10 8.3 25 6.0 7.6 |0.05 5.0 0.5 1.54 0.17 1.68
2 Cr 0.2 2.0 115 5.2 7.0 |0.06 10.0 2.0 2.26 0.07 1.72 2.15
3 Co 3.9 2.4 1.0 6.5 1.1 | 0.05 2.0 3.2 0.46 0.35 0.49 0.50
4 Sc 0.2 1.2 2.7 35 3.0 |0.03 2.0 3.4
5 Sr 0.01 0.03 0.11 0.6 01 |21 <0.1 <0.1 4.45 9.59 6.63 7.81
6 Ba 0.02 0.05 0.02 0.4 <0.1 | 0.38 <0.1 <0.1 4.23 8.77 8.89 5.11
7 Rb 0.02 0.006 0.03 0.4 2.0 |0.09 <0.1 <0.1
8 Mn 1.17 1.35 1.43 1.35
9 Zr 1.56 2.71 1.92 1.97
10 |V 1.69 1.93 1.69 1.67
11 | Zn 1.07 1.33 1.17 131

EXPLANATION OF COLUMN HEADINGS

KIAL: Alkaline Olivine basalt, Kassa, Barkinladi, plateau state.

KIA2: Volcanic Tuff, Kassa, Barkinladi, Plateau state.

KIA3: Tholeiite basalt, Kassa, Barkinladi, Plateau state.

KIA4: Olivine basalt, Kassa, Barkinladi, Plateau state.

KIA5: Alkaline Olivine basalt, Kassa, Barkinladi, Plateau state.
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4.3: Fractionation of Volcanic rock in KASSA VOLCANIC FIELD (KVF) and Probability of Abiogenic Hydrocarbons during
Evolution

Fractionation of Volcanic rock in KASSA VOLCANIC FIELD (KVF) and probability of finding hydrocarbons (Abiogenic)
during evolution of Volcanic rock in KASSA VOLCANIC FIELD (KVF) of Jos Plateau state can be related to the formation of island
arcs as explained by Ringwood Scheme (1974) in figure 1.

Samples of volcanic rock were taken at random in KASSA VOLCANIC FIELD (KVF) and examination of these samples as shown
in table 2, 3 and 4 indicates in a general way that the first stage of volcanism is often of the tholeiite trend with Basalts and Basaltic
Andesites predominating. Ringwood (1974) as explained initially suggested that the formation of these volcanic rocks is controlled by
fractionation processes involving mantle pyrolite, as well as amphibole rich and high pressure metamorphic rocks. The proposed
mechanism calls for the presence of water in the subduction zone. This could be furnished by hydrated metamorphic minerals in the
subducting oceanic plate, serpentinite, spilitic Basalts and possible hydrated sedimentary material derived from the ocean floor. At
various depths these minerals are decomposed, releasing water (H,0) which in turn promotes melting in the hanging wall mantle and
within the subdcuting slab as shown in figure 1 as previously explained.

The early phase of Volcanic rock in KASSA VOLCANIC FIELD (KVF) is development involving dehydration of amphibolite
which leads to the introduction of water into overlying rocks and results in the formation of tholeiite magma series using Ringwood
Scheme (1974) as shown in figure 1. The fractionation during ascent results in the formation of tholeiite series of Volcanic rock in
Kassa Volcanic Field (KVF) and probability of evolution of hydrocarbons as shown in figure 2 and the Volcanic rocks are;

Volcanic Tuff

Olivine basalt
Tholeiite basalt
Alkaline olivine basalt

> owpn PR

4.3.1: Chemical Reaction at the Depth of About 80 — 100km Using Ringwood Scheme as it is related to Kassa Volcanic field
(KVF) in Figure 1.
1. From figure 1, oceanic basaltic crust is converted into amphibolite before reaching the depth of 80-100km

Basalt: Contains amphibolite with the composition of hornblende-plagioclase metamorphic rock.
Hornblende:  C,(F.M,)7 Sig 04, (OH),
Plagioclase: C,AlL, Siy Og
2. Dehydration of Amphibolite
Amphibolite dehydrates leaving behind Eclogite and water.

Eclogite: A dense anhydrous rock having the composition of Basalt such as olivine, pyroxene and plagioclase.

(Mg Fe)5 Ca, Sig 022(0H)2(5) = 7800y, + (Mg Fe)25i04(5) + 3 (Fe Mg)O(sy + 2Ca0 + H,0() ....... (1)
Mantle substances steam

Green et al., (2010) Experimented data shows on the depth of 100km, temperature is about 977° and pressure is 3GPa. Both
donours of carbon (Carbon itself, CO, (g)) and are present in the asthernosphere in sufficient amounts.

The abiogenic synthesis of hydrocarbons can take place in the basic and ultrabasic rocks of the asthernosphere in the presence of FeO,
donours/sources of carbon and hydrogen as shown figure 1. The possible reaction of synthesis in this case could present as follows:
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Reduced mantle substance + mantle gasses equals to oxidized mantle substance + hydrocarbons shown in equation (2) below. The
released water and mantle substance liberated during dehydration react with €Oy,

3Fe0s) + COZ(g) + Hy,0qy — Fe304(5) + CHz(g) + 02(9)

3FeO +CO + H,0/1 — Fe;0, + CH +0, ....... 2
(s) 2(g) 27 (1) 3%4(s) 2(g) 2(g) @)

mantle substance mantle gases oxidezed mantle radicals

Mendeleev (1877-1902) proposed that metallic carbides deep within earth reacted with water in the hydrothermal fluids to produced
acetylene as shown in the equations (3 and 4) below:

o 2Ca0( +2C0; ) = 2CaCisy + 305y ovovernienne 3)
o 2CaCy +2H,0g) = 2CHy ) + 202 oo (4)

Hydrogenation of alkyne produces saturated hydrocarbons, alkane as shown in (5) below:

o CyHyy +2Hy = CoHe ) oo (5)
o CyHyy) +HyO(g) = CHyy + COp ) oo (6)

1. Oceanic basalt: olivine, Pyroxene, Plagioclase

Olivine: Pyroxene: Calcic Plagioclase

(Mg:SIOA): (MQZSiZOE): (C8A|zSizOs)
s o e

Oceanic basaltic crust composition

80 - 100km
Conversion

Hornblende: Calcic Plagioclase
Caz(Mg Fe)s Sistz(OH)z: CaAl:Si:O:
NS /—'\__/

Amphibolite
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1. Oceanic basalt: olivine, Pyroxene, Plagioclase

Olivine: Pyroxene: Calcic Plagioclase

(Mng|On): (MQISiIOG): (CaAleian)

S— e e S

Basaltic

80 - 100km
Metamophism

Hornblende: Ca:(MgFe): SisO»(OH).
Plagioclase: CaAl:Si:0:

Hornblende: Calcic Plagioclase
Ca:(MgFe):Si:0:(OH).: CaAl:Si:0:

o S s R

Amphibolite
Ca:(MgFeAl): Si:0..(0OH):

o
%

Dehydration

Ca:(MgFeAl)s SisO:(OH): + Mg:SixOwu + 3(FeAl)O + 3/2 Si0: +CaO + H:O

Augite Gamet Manttle Substances Water

Eclogite Mantle Substances Released water

Eclogite = Augite + Garnet
Basaltic Composition

Amphibolite = Eclogite + water
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.3.2: Appraisal of Hydrocarbons using certain Major and Trace Elements whether it is an Organic origin or Inorganic origin
(Abiogenic)

Miscellaneously, crude oil contains minute amounts of a wide variety of substances, some organic and some inorganic as cited in
petroleum geology, A.l.Levorsen second edition, page 190. The material of organic origin, as seen under the microscope, includes
such decay-resistant matter as siliceous skeletal tests, petrified wood fragments, spores, spines, cuticles, resins, coal, and lignite
fragments, algae, unicellular organisms, spore coats, insect scales, and barbules

The inorganic material may be observed in the ash. The ash from 113 pools in West virginal varies from 0.04 to 400 parts of ash
per million, but most of the values ranged between 1 and 10 parts per million. The ash content of the crude oils from Mexico, South
America, and the Middle East ranges between 0.003 and 0.72 percent and the certain elements obtained from the ash of these
petroleum pools were used to appraise the origin of petroleum. These elements are of inorganic origin and may be observed in the ash
of petroleum. The elements include silicon, iron, aluminum, calcium, magnesium, copper, lead, tin, arsenic, antimony, zinc, silver,
nickel, chromium molybdenum bismuth and vanadium. Most of the elements are found in sea water and may have been derived from
it, as compound in colloidal suspension or as secreted by algae and other marine organisms which may also have provided the material
from which the petroleum was formed. It is known that vanadium and nickel are concentrated in the porphyrins and replace the
magnesium in chlorophyll, with the result that the vanadium and nickel content of crude oil is frequently several thousand times
greater than the concentration in the earth’s crust. Vanadium and nickel have been used to correlate crude oils. Clay minerals
sometimes come up along with crude oil. These elements can be grouped into major and minor elements. Major elements in petroleum
can be appraised using matrix method while minor elements can be appraised using set notation. The major elements include silicon,
magnesium, iron and calcium and the remaining elements are minor elements.

Two mathematical methods will be used to ascertain and appraise the origin of petroleum. The methods include

1) The matrix method and
2) The set notation.
Matrix Method

The matrix method is used to appraise the major minerals in the petroleum which proves its origin

a) Major Elements in rock. The major elements in basaltic rock include Si, Mg, Ca, Fe, Na, K, etc., and can be represented in
the oxide form such as SiO,, MgO, CaO, FeO, NaO, K0, etc.

During crystallization, they go into bond formation with SiO, to produce the following chemical compositions:

e SiO,2MgO
e SiO,2Fe0

e 2Si0,Al, 0,
e SiO,Na,0

e Si0,K,0

Using the general formula of mafic and felsic to produce both basic and feldspar
(Achuenu, 2019 unpublished), we have [(X; — xYx) (A4, — yBy)]0g and(X, — xYx)Z, such that at x = 0 and y = 2, we have,
(X1B,4,)05 =0 ..o (7)
X,Z =0 ..o (8)
When x = 1and y = 1 then

(Y,BA3)O0g =0 ..oovoe )
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YiZ =0 oo (10)
Where: X; = Mg, Ca for Basic

Y, = Fe, Na for acidic

Z= S|O4
Therefore,
(XleAz)Os + (leBA3)08 = O .................. (11)
XoZ +YyZ = 0o, (12)
(X132A2> N <Y13A3 ) _ <X1 Y, B, A5>
X,Z v,z )=\ x,v2
(Ca Al, Si 02) (Na Al Sis 08) _ (Ca Na Al Sis 016> "
Mg, Si 0, Fe, Si Og - (Mg Fe) Si O, e (13)
0 2y, (1, 1y _ (1, 3
(0’ 0) + (2, 0) = (2, 0) ..................... (14)
(Anorthite) ( Albite ) _ (Andesine) (15)
Fosterite Fayalite olivine /7777

[Basalt] + [Rhyolite or Dacite] = [intermediate]...... (16)

b) The major elements in vegetable or animal matter include Nitrogen, phosphorous, potassium, sulphur, calcium, magnesium,
and sodium. These elements can also be represented in their oxide form but cannot go into bond-formation with silicon
because of absence of the silicon in the plant vegetable matter.

The oxides are:

e N,O
e P,0Os
¢ K,O
e SO,
e Cal
e MgO
¢ NaO

e No silicon minerals formed from plant and animal matter

c) The major elements in petroleum hydrocarbons include silicon, iron, aluminum, calcium and magnesium. The major
elements can be represented in the oxide form such as SiO,, MgO, FeO, CaO, Na,O, K0, etc. during crystallization, they go
into bond formation with SiO, to produce the following:

e SiO, 2FeO
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o 3/,8i0, Al,0;
e %Si0,K,0
e Si0,2Ca0

Using the general formula of mafic and felsic to produce both basic and acidic, we have

[(X; — xYx)(A4 — yBy)]0g And(X, — xYx)Z, such that at x = 0, andy = 2, we have;

P(XleAz)Os =0, (17)

Therefore,

P<X1 B, A2>+<YlBA3>_<X1 Y, B3A5>
X,Z ) \v v, Z

(Ca Al Si, 08)+ (Na Al Siy 08> _ ( Ca Na  Aly Sis 016) (19
Mg, Si 0, Fe, Si 0 )~ \(Mg Fe), Si 0, )
0 2y, (1, 1y _ (1, 3
(0, 0) + (2, 0) = (2, o) ............ (20)
(Anorthite ) ( Albite ) _ (Andesine) @1
Forsterite Fayalite Olivine /"""
[Petroleum Ash] + [Petroleum Ash] = [Petroleum Ash] ... ... ......(22)

from equation (18), putting [Rhyolite or Daite]’ and intermediate = 0

(Basalt)' =0
Anorthite
(Basalt) = <forsterite>

~ (Ca AL, Si, 08)
- Mgz Si 04

(Basalt) = Silicon, calcium, aluminum, magnesium
Comparing equation (18) and (22), we have that;
Basalt = Petroleum ash
Granite = Petroleum ash
Intermediate = Petroleum ash
Since basalt = Si, Ca, Al, Mg, then;

Petroleum ash = Si, Ca, Al, Mg.

Therefore the distributions of major elements in basalt are silicon, calcium, aluminum and magnesium, this means that, the
source of Ca, Mg, Si and Al in petroleum hydrocarbon was from silicate rock such as Basalt and Granite. The oxides of these major
elements analyzed from petroleum ash reacted with silica during crystallization of magma to form silicate minerals and these silicate
minerals set in matrices to form the silicate rock and this also accounts that there had been substitutions among these elements during

crystallization of magma. This confirms that the origin of petroleum was abiogenic.
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ii. Set Notation:
The set theory is used to probe minor element in petroleum which also proves its origin.

a) Using Venn diagram to represent the distribution of major elements in petroleum, Basalt, plant and Animal.
P

Alp

The constituents of petroleum consist of carbon and hydrogen with minor amount of sulphur, nitrogen, phosphorus and oxygen.

To prove that petroleum is also abiogenic and traced to magmatic rocks, the following deductions are made from the Venn diagram.

b) Set Notation for Major Elements in Basalt, Plant and Animal Matter

If the set of major element in petroleum, Basalts and plant and animal is given as universal set and given as if real elements such as

Si, Fe, Mg, Ca, Al N, P, K, S, Na,

Then:
P = Petroleum
A/P = Plant and Animal
B = Basalt such that
n(p) = Si,Fe,Mg,Ca,Al,Na,K
n(A/P) = N,P,K,S,Ca,Mg,Na,Fe,
n(B) = Si,Fe,Mg,Ca,Al,Na,K
Therefore,
n(Pn A/P) = K,Mg,Ca,Al,Na,K
n(P N B) = Si,Fe,Mg,Ca,Al,Na,K
n(PNBNA/P)=Mg,Fe,Ca,Na,K
1. n(BnP)=_SiAl
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Therefore, the relationship between Basalt and Petroleum is SiAl. This means silicon and aluminum. This also means that there is a
bonding relationship between SiAl and Mafic to produce silicate minerals in petroleum. These silicate minerals include plagioclase,
olivine and pyroxene. This indicates the presence of silicate minerals in petroleum hydrocarbons.

2. n(PnA/P)={ }empty

Therefore, there is no relationship between petroleum hydrocarbon and with plant and animal matter using petroleum ash. This means
that the major elements found in petroleum ash do not conform to the major elements in plant and animal matter

3. n(BNPNA/P)={Mg,Fe,Ca,Na,K}

Therefore, the common elements found among Basalt, petroleum and animal/plant do not represent whether petroleum is of organic or
abiogenic. The relationship is not certain because they have common elements.

4.3.4: Set Notation for Minor or Trace Elements in Petroleum Hydrocarbons, Basalt and Animal/Plant Matter
The universal set € is used to represent the set of all real minor or trace elements in petroleum, Basalt and Animal/Plant matter.
€= X,Fe,Ag,Ca, Pb,Sn, As,Sb,Ag, Ni,Cr,Mo,V, Co,Ba,Ti, Bi,Cd, Mn, As,
Given that,
n(B) = Fe,Ca, pb,Sn, As,Sb, Ag, Ni,Cr,Mo,V, Co, Ba, Ti, Bi,Cd, Mn, As, Sr
n(A/P) = Ca, pb,Fe,Mo,Co, Mn

n(p) = Fe,Ca, Pb,Sn, As,Sb,Ag, Ni,Cr,Mo,V, Co,Ba,Ti, Bi,Cd, Mn, As

Fe, Cu

Pb, Sn, As,

Sh, Ag, Ni,

Cr, Mo, V, Co

Ba, Ti, Bi, Cd, Mn
As,

A/P

Using the Venn diagram, trace elements are used to ascertain whether petroleum is abiogenic or biogenic and is represented in the set
notation below:

1. n(PnB)=1[Sn,TiNiVa,Cr,Mn,Ba,Ag Cd, Bi, As]
2. n(PnA/P)={ }empty

3. n(PnBNnA/P)={Fe, Cu,pb,Co, Mo}
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4, n(BnA/P)={ l}empty
n(P n B) = {Sn,Ti,Ni,Va,Cr,Mn,Ag, Cd, Bi, As}, indicates the abiogenic origin of petroleum.
Given that n(P n B) = {Sn, Ti}
= [TiTi]

TiTi Found in both petroleum and Basalt is a convincing evidence of abiogenic origin of petroleum this is because, Titanium and Tin
are basically igneous origin (hydrothermal).

Given that n(P N B) = {NiVa}
= {NiVa}

Niva Found in both petroleum and Basalt is a convincing evidence of abiogenic origin of petroleum. Niva Is used to correlate
petroleum and substitute for magnesium in porphyrin. Niva is not found in plant and Animal matter which affirms the convincing
evidence of abiogenic origin petroleum.

n(P N A/P) ={ }empty, indicates that petroleum is not biogenic origin, because of absence of most important trace elements
found in petroleum ash.

4.3.5: Mathematical Equations for Hydrocarbons (Abiogenic Hydrocarbons)

Given that the source of carbon is abiogenic and it exists at the depth of about 80-100k in the asthernosphere according to Green et al
(1969).

The derivations of abiogenic alkanines are based on charged balanced of constituent’s species according to Denbigh (1971) which
states that the principle of electroneutrality requires that the ionic species in an electrolyte solution remains charge balanced in a
microscopic scale. The electroneutrality condition of balance among the species in solution, according to equation below:

€ ZiMc+e€ Zjmj =0.................. (22)

Where Ziand Zj are the ionic charges on the basis and secondary species. It is useful to note, however that electroneutrality as
assumed when the components in the basis are charge balanced.

Mathematically, carbon has an ion with a charge of (+4).

~n(CX) = %(CX)

=2X, C,
= 2Xc
2X =X,
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=C, X,
= (X,
N(CX) = CXooeoeeeeee (24)
~ CX, Is aradical and unsaturated with a unit residual charge of? —2

With increasing temperature, during fractionation of abiogenic crude oil, the molecule (n) also increases as show in equation below.

n = molecular fraction

CnXZn:*2

This equation is used to calculate all the abiogenic alkane groups from the magmatic rock (igneous).
4.3.6: Polymerization of Alkane from Magmatic or Hydrothermal fluid

Polymerization is essentially the reverse of cracking, inasmuch as it causes number of small molecules to unite and form larger
molecule. It is combining of simple molecules to form complex molecules. In the presence of magnetite (FesO,) according to
Kolesnikov etal (2009), higher alkane is transformed into the heavier alkanes, so that at a temperature of 627 — 1227°C, there is a
complete transformation of lighter gas into heavier crude oil at the depth of about 30 — 100km in the reducing environment beneath the
earth crust such as taking place in the island arch or volcanic vent of Kassa Volcanic Field (KVF) according to Ringwood Scheme
(1977). These are shown in equation below.

Since,
ChiHxn+2=0
Thenatn=1,
CnHa, +2 = CH, (methane)
4c H, ) +2fe30, 2771227 2C,He ) + 6Fe(gy +2H,0 +305..coon. (27)

Polymerization of abiogenic hydrocarbons is shown below

627-1227°C
4CH4’(g) + 2f€304,(5) _— 2C2H6(g) 6fe(s) + 2H202 + 302 ............. (28)

l
C3H8(g)
l
C4H10(g)
l
CsHiz
l
CnH2n+2
l

>1227°C
>1227°C n 2C(s)

ZCH4(g) + F6304(S) graphite

+3Fe() + 4Hy0p oo (29)
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Alternatively, at a temperature higher than1227°C, methane dissociates to pure carbon (graphites and molecular hydrogen as shown
equation below

>1227°¢C

CH4(g) C(S) + 2H2(g) ............ (30)

-~ In the increasing number of hydrogen molecules, carbon atoms also increases with increases temperature at the depth of 80 — 100km
as shown below

& CHyyy = Cy He gy = C3Hy ) = Cy Hyguyy + Hygyyovoovonnnnn 31)

The above arrangement is called Homologous series in which each member differs by CH, radical and is represented in Table 4.
4.3.7: Diamond Xenocryst as Abiogenic oil Indicator

At a high temperature and pressure, the atoms of carbon (graphite) are held together by a very strong covalent bond to form a
three-dimensional lattice that is colorless, transparent solid; sparkles when cut and polished called Diamond. Diamond acts as a
xenocyst within an igneous body. Experiments have shown that, crystal of diamond was carried from a great depth under high
temperature and pressure to the surface. This happens as result of crystallization during the ascent and diapiric rise. Since mantle
consists of carbon from CO, source as donor of hydrocarbon at the depth of about 100km, carbon itself at high temperature and
pressure bond together to form, a hard, lustrous three dimensional solid that is highly reflective and abrasive called Diamond and
brought to the surface along with magma. Ideally, in order to have samples truly representative of mineral assemblage’s characteristic
of the mantle and lower crust, the xenoliths should be brought rapidly to the surface. Fortunately, the variety of peridotite known as
kimberlites contain diamonds, known from laboratory experiments to be more stable only at very high pressure. It is therefore
assumed that kimberlite magmas reach the surface very rapidly by an explosive process, and commonly contain xenoliths brought
from all levels, those of deep origin are generally able to maintain the high pressure assemblages and phase compositions
characteristic of the upper mantle. The most common types of deep-seated xenoliths are peridotite and eclogite.

At high temperature and under the same depth, carbon (iv) oxide from carbon source, reacts with water to produce hydrocarbons.
Therefore, since so many scientists believed that diamond comes from the mantle along with the magma called kimberlite magma,
then there is a genetic relationship between the formation of diamond and formation of hydrocarbons and therefore the true origin of
hydrocarbon can be link to the mantle of the earth which composed mainly of basaltic composition such eclogite, pyrolite, garnet etc.

4.3.7: The Porphyrin and Optical Activity of Petroleum as Indicators of Petroleum Origin

The optical activity is one of the properties of petroleum used to trace the true origin of petroleum in this research. Minerals
observed in petroleum ash using mathematical approach include Quartz, Olivine, Pyroxene and Feldspars and other accessory
minerals such Magnetite and Haematite. Olivine, pyroxene and the iron ores are the opaque minerals and therefore do not reflect even
at the thin edge under polarized light, while quartz and the feldspars are transparent minerals and have the ability to rotate the plane of
polarization of polarized light.

Porphyrins are formed from red colouring matter of blood (hemin) or from green colouring matter of plant (Chlorophyll).
Porphyrins in petroleum occur in form of complex hydrocarbon compounds that oxidize readily. Treibs found the vegetable
porphyrins(Cs,HzsN4 and, Cs,HzsN4,COOH), derived from chlorophyll, to be more plentiful than the animal porphyrinc(Cs,HsgN, and,
Ca,H3sN,COQH), derived from hemin.

Polymerization of alkyne radicals, also produce complex hydrocarbon compounds as shown in equation (32) below;
16C2H2(g) + 2H2(g) ad C32H36(S) ............ (32)

In the presence of Nitrogen molecule at the depth of 80 — 100km, under control condition of temperature, these complex
hydrocarbons oxidize to Porphyrins, complex hydrocarbon compounds that occur at a low temperature as shown in equation (33).

C32H36(S) + 2N2(g) - C32H36N4(s) ............ ( 33)
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At the depth of 25 — 100km, the presence of mantle gases such as water, carbondioxide, and hydrogen cause the complex
compound to be oxidized as shown in equation (34)below;

CaoHas + COzg) — CaoHssNaCOOHg) ... (34)

Mathematically, porphyrins, Ca,H3ssN4 and, Cs,H3sN,COOH, are found in appreciable amounts in abiogenic crude oil, of high
asphaltic content which suggests later origin of asphaltic content, because polymerization starts from light crude at high temperature to
heavier crude at low temperature during evolution of igneous rock from the magmatic melt or hydrothermal fluid.

The colour of abiogenic crude oil depends on the isomorphous ionic substitution among magnesium, iron, vanadium, nickel and
chromium as presented in table 2, 3, and 4 during crystallization of magma. If the colour takes the green pigment as found in green
colouring matter of plant called chlorophyll, then the porhyrin type is Magnesium porphyrin with chemical formula of, Cs;H3sNsMg
attributed by treibs, but if the colour takes the red pigment, as found in red colouring matter of animal (blood) called Haemoglobin,
then it is Iron porphyrin with chemical formula of, C3,H3gN4Fe as noted by Treibs. Also isomorhous substitution of magnesium and
iron by vanadium and nickel in porhyrins is also possible during crystallization of magma at a regulated temperature.

Based on this analogy, the concept that, the presence of porphyrin, a natural pigment related to chlorophyll and Haemoglobin in
crude oil is evidence of its biological origin of pertroleum proposed by biogenic proponent of petroleum is also applicable to abiogenic
oil proposed by abiogenic proponent as explained above. Therefore, abiogenic oil can also be found to contain Porphyrins.

Mathematically, certain minerals such as Quartz and Feldspars contained in petroleum ash as analysed using matrix method, have
the ability to rotate the plane of polarization of polarize light. This means that the power to the plane of polarization of polarized light
is not only the property of biogenic oil, as proposed by biogenic proponent of petroleum but also property of abiogenic oil obtained
during evolution of volcanic rocks from the magmatic melt or hydrothermal fluid.

In conclution, it is believed that the optical activity in petroleum is due to the presence of cholesterol (CH4sOH), which is found
in both vegetable and animal matter, but other minerals such as Quartz and Feldspars in petroleum also contribute to the optical
activity of petroleum.

4.3.8: Probability of Biogenic or Abiogenic origin of Hydrocarbons

Carbon and hydrogen are main components of petroleum hydrocarbon with minor amounts of nitrogen, phosphorus, oxygen and
sulphur and are present in living matters such as plant and animal matters as well as hydrothermal and magmatic fluids, therefore,
cannot be used to ascertain the origin of petroleum hydrocarbons.

Certain trace elements are used to ascertain this origin and analysis of petroleum ash using induced-coupled plasma and Emission
Mass Spectrometer (ICP/EMS) shows this trace elements, therefore the origin of petroleum hydrocarbon becomes a matter of
probability.

Using probability theory to affirm the origin of petroleum hydrocarbon based on the available evidences from different data
sources. According to probability theory, this states that;

The probability of an event to occur + probability of an event not occur is equal to 1 (one).
Given that the probability of an event to occur = E
The probability of an event not to occur = E
“PEY+PE)=1cceeee. (32)
P(E)Y=1—P(E") ccvvvnn. (33)
-~ Let the probability of an event to occur equal to probability of petroleum to occur in hydrothermal fluid (igneous origin).
The probability of an event not to occur equals to the probability of petroleum not occurs in hydrothermal fluid (igneous origin).

Giventhat E = Pand E' = P’

Www.ijasre.net Page 79
DOI: /10.31695/1JASRE.2021.34028



http://www.ijasre.net/
file:///E:/ijasre-19/vol%205-5/published%20papers/www.ijasre.net
http://doi.org/10.31695/IJASRE.2021.34028

International Journal of Advances in Scientific Research and Engineering (ijasre), Volume 7 (6), 2021

P = petroleum
“P(PY+P(P)=1......c........ (34)

The probability of petroleum to occur in hydrothermal fluid is the probability that all trace elements in petroleum ash are included in
hydrothermal fluid (igneous origin).

~n(P N B) = all included trace elements
= Fe, Cu,pb,Sn, As,Sb,Ag, Ni,Cr,Mo,V,Co,Ba,Ti,Ca, Mu, As.
n(PNB)=P(P)............ (35)

The probability of petroleum not to occur in hydrothermal fluid is the probability that all trace elements in petroleum hydrocarbons are
not included in plane and animal matter.

~n(PNA/P)=PP){ }
n(PNA/P)=P(P)°...... (36)
~ P(P) = Fe, Cu,pb,Sn, As,Sb,Ag, Ni,Cr,Mo,V,Co,Ba,Ti,Cd, Mn, As
P(P)=0
P(P) +P(P) =1
P(P)+0=1
P(P) =1

~ P(P) = 1 Means that the probability of finding hydrocarbons is convincing evidence that, petroleum hydrocarbons are of abiogenic
origin (igneous origin). The abiogenic origin of petroleum hydrocarbon has three possibilities in this research. These possibilities
include;

e SiAl: Major elements
e TiTi: Trace elements
e NiVa: Trace elements

These three possibilities of finding the petroleum hydrocarbon in hydrothermal fluid (igneous origin) are unfortunately not found in
plant and animal matters (organic origin).

~P(P)=1
P(P) = [{SiAL}, {TiTi},{NiVa}]............... (38)
n(P) = 3(three possibilities)

Using certain trace and major elements to trace the origin of petroleum, three possibilities have been postulated to appraise the origin
of petroleum from magmatic or hydrothermal fluid as shown in equation (38).

Also the presence of diamond as a xenocryst within igneous intrusion is one of indicators used to trace the origin of petroleum from
magmatic or hydrothermal fluid.
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5.0: SHORTCOMINGS

Despite the convincing evidences from different authors, especially those of Gold, Mendeleev, Kenny, about the hydrothermal
(igneous), origin of petroleum (abiogenic), the organic origin of petroleum is still very much favored due to the following reasons:

1. The ability of petroleum to possess, optical activity the power to rotate the plane of polarization of polarized light which
occurs only in organic material and is caused by the presence of a cholesterin — like substance. Cholesterin (cholesterol),
which is alcohol with formula C,sH4s0OH is found in both vegetable and animal matter and cannot be synthesis inorganically.

2. The drilling of oil and gas through igneous rock has not been commercially proven, but those of organic origin have been
commercially proven. This means that commercial production of oil and gas in igneous rock has not made any breakthrough
because of ineffectiveness of drilling — hardwork.

6.0: STATE OF CURRENT RESEARCH

The weight of evidence currently shows that petroleum is derived from ancient biomas. However, it still has to be established
alternative theories of petroleum formation cannot be dismissed.

A 2006 review article by Geoffrey Glasby presented arguments against the abiogenic the other hand several studies demonstrated that
hydrocarbons heavier than methane can be produced in abiogenic process.

7.0: EMPIRICAL EVIDENCE OF ABIOGENIC OIL

The soviet school saw evidence of their hypothesis in the fact that some oil reservoirs exist in non-sedimentary rock such as granite,
metamorphic or porous volcanic rock. However, opponents noted that non-sedimentary rocks served as reservoir for biologically
originated oil expelled from nearby sedimentary source rock through common migration or remigration mechanism.

The following observations have been commonly used to argue for the abiogenic hypothesis; however, each observation of actual
petroleum can also be fully explained by biotic origin.

1. Lost city hydrothermal vent Field

The lost city hydrothermal field was determined to have abiogenic hydrocarbon production. Proskurowski et al wrote “Radiocarbon
evidence rules out sea water bicarboneate as the carbon for FTT reaction, suggesting that a mantle derived inorganic carbon source is
leached from the host rocks. Our findings illustrate the abiogenic synthesis of hydrocarbons from ultramafic rocks, water and
moderate amounts of heat.

2. The Siljan Ring Crater

The Siljan Ring Meteorite crater, Sweden was proposed by Thomas Gold as the most like place to test the hypothesis because it was
one of the few places in the world where granite basement was cracked sufficiently (by meteorite impact to allow oil to seep up from
the mantle.

In 1986-1990, the Gravberg-1 borehole was drilled through the deepest rock in the Siljan Ring in which proponents had hoped to
find hydrocarbon reservoirs. It stopped at the depth of 6, 800metres (22,300 ft) due to drilling problems, after private investors spent
$40 million. Some eighty barrels of magnetite past and hydrocarbon-bearing sludge were recovered from the well, Gold maintained
that the hydrocarbons were chemically different from and not derived those added to the borehole, but analysis showed that the
hydrocarbons were derived from the diesel fuel-based drilling fluid used in the drilling. This well also sampled over 13,000 ft (4,
000m) of methane-bearing inclusions.
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8.0: SUMMARY
The probability that the origin of petroleum hydrocarbons is abiogenic (inorganic source) is summarized in the following ways:

1. The production of tholeiite series in the island arc according to Ringwood (1977), might lead to the evolution of
hydrocarbons at the depth of about 80 — 100km with temperature of about 977°% (625-1500°) and pressure of 25k bar.

2. Water released during the production of tholeiite series react with carbon as carbon dioxide in the asthenosphere to produce
methane, according to Mendeleev and is shown in equation below

H,0 + CO, - CH, + H,0 + CO, + feO — CH, + fes0,

3. The duplex theory combining features of both inorganic and organics theories may be the final choice, according Robinson
(1963) which indicates that the probability of finding hydrocarbon in both organic and inorganic origin is unitary.

This means
~ P(P) = inorganic origin (abiogenic)
~ P(P") = organic origin (biogenic)
4. P(P)=1-P(P)
Given thatP(P") = 0, means that, the trace elements found in petroleum ash are not include in biologic origin (plant and animal).

~ P(P) = 1, means that all the trace elements found in petroleum ash are included in hydrothermal (magmatic) source, that is igneous
origin (abiogenic).

5. Three possibilities were used to trace the origin of petroleum hydrocarbons. These include:

l. SiAl: Silicon and Aluminum which forms silicate minerals in petroleum ash (igneous origin).

1. NiVa: Nickel and Vanadium which replace magnesium in the solid solution to form silicate minerals in petroleum (igneous
origin) and that the substitution of magnesium by nickel and vanadium in porhyrins could have taken place during evolution
of volcanic rock from magmatic fluid or hydrothermal fluid.

I1l.  TiTi: Tin and Titanium which is derived from cassiterite ore (igneous origin).
V. The fact that diamond is found within the igneous body as a xenocryst is also an indication of abiogenic origin of petroleum.

9. CONCLUSION

According to Robison (1963), the duplex combining features of both organic and inorganic theories may be the final choice. This
leads to the conclusion that origin of petroleum hydrocarbons can be traced both organic (biogenic source) and inorganic (Abiogenic
source) origin, but this research was found more convincing with abiogenic origin because of the fact most of the trace elements found
in petroleum were of inorganic and the data obtained from KVF and those obtained from petroleum ash were mathematically
analysed using set notation and matrix method and concluded that, the origin of petroleum hydrocarbons is abiogenic.

The mathematical interpretation of abiogenic oil suggested that the substitution of magnesium by nickel and vanadium in
porhyrins could have taken place during evolution of volcanic rock from magmatic fluid or hydrothermal fluid, since substitution of
elements likely takes place only at igneous temperature higher than the temperature at which sedimentary rock can be imagined.

In relation to Ringwood scheme (1977), it was concluded that Kassa Volcanic Field (KVF) may be of petroleum hydrocarbons
potential (Abiogenic oil) and as such, drilling of Abiogenic oil should be extended to this volcanic field.
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10. CONTRIBUTION TO KNOWLEDGE

Using matrix and set notation methods, three possibilities or outcomes in this research have been used to enhance abiogenic origin of
petroleum hydrocarbons as according to theories postulated by several authors mentioned above and below are the outlines of the
possibilities or outcomes:

1.

SiAl: The presence of Silicon (Si) and aluminum (Al) in the petroleum hydrocarbons indicate that there is a strong bond
formation to produce silicate minerals such as magnesium rich olivine, pyroxene and plagioclase which accounts its
abiogenic origin.

NiVa: The presence of Nickel and vanadium in petroleum hydrocarbons indicates that there is a substitution of Magnesium
(Mg) by Nickel (Ni), especially in porphyrins, to produce silicate minerals such as Ni and Va rich olivine, pyroxene and
sodic plagioclase which account its abiogenic origin.

TiTi: The presence of Tin (Sn) and Titanium (Ti) in petroleum hydrocarbns ash indicates an ore minerals such as cassiterites
in petroleum hydrocarbons which account its abiogenic origin [cassiterite is product of igneous rock].

11. RECOMMENDATIONS

1.

I recommend that Ringwood Scheme (1977) should be used to study the geology of Kassa Volcanic Vent (crater) and is
similar to that obtained from volcanic tholeiite series produced from fractionation during ascent in island arc as explained by
Ringwood (1977).

According to Ringwood scheme, that the depth of 80-100km, there is dehydration of amphibole at temperature greater than or
equal to 625% and pressurize of about 25k bar which released water and eclogite (a dese anhydrons rock having the
composition of Basalt), therefore, the released water reacts with abiogenic carbon in the form of carbondioxide to produce
abiogenic methane which polymerizes in the presence of magnetite as a catalyst into heavier hydrocarbons. Based on this, |
strongly recommend that drilling of abiogenic oil should be extended to magmatic hydrothermal rock (igneous rocks)
throughout the world, at least at the depth less than 60km beneath the earth.

In comparing island arc and Kassa Volcanic Field, the stages in island arc include;
e Tholeiite trend: Basal and Basaltic Andesite
e Calcalkaline with Andesite dominant

e Alkaline trend with hypersthene normative contain 6.5-7% total alkalis by weight and have a K,O/Na,O ratio
greater than one (1)

The stages in Kassa Volcanic Field include;

e Volcanic Tuff

e Olivine Basalt

e Tholeiite Basalt

e Alkali Olivine Basalt

Based on this, | recommend that drilling of abiogenic oil should also be extended to volcanic vent of Kassa, because island arc of
similar fractionation has hydrocarbon potential according to Ringwood explanation.
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4. Since SiAl, TiTi and VaNi are the three possibilities to trace the origin of petroleum, | recommend that drilling of petroleum
hydrocarbon should also be extended to the study area, Kassa Volcanic Vent, though may be cost effective because of its
igneous nature.
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