jJeneral lerms by the following successive stages:-

/
source rock, ils migration lhrough and final entrapment in =

of primary concern.
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The origin and formation of petroleum can be described

The formation of organic-rich, fine-grained

sedimenls. The organic matter within the sediments has i

been subjected to three important processes:

a) Photosynthesis.
b) Deposition.
c) Preservation.

Thermal degradation of the organic matter with the

formalion of petroleum molecules and a subsequent

increasing ltemperalure. : -

The expulsion of o0il and gas from the fine-grained

porous, permeable reservolr roci. .

The thermal and/or biologiczl alteralion of pelroleum

in lhe reservoir roct, (Hood, Gutljahr and Heacock, 1§75,

In this investigation il is the first tlwo stages which are

t

¢

Jenceral scheme of hydrocarbon generalion i< chown in
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Fig. 40 General scheme of hydrocarbon formation as a function of
" burial of the source rock.The evolution of the hydrocar-
bon comoosition is shown in the insets for three struc-




f19. 40. The diagram shows the relative amount and

lhe Bature of hydrocarbons Jenerated from sedimentary
0rganic material as a funclion of burial deplth, (Tissot
etal., 1974). The evolution of 0rganic matter in
sediments can be summarized as follows:-
-Diagenesis:-
The system tends lowards equilibrium:
-lemperature and Préessure increases are small. Microbial
actlivity is the main agent of transformation ang march gaé
(bacterially formed melhane) is produced in relatively
large quantities. The Precursor to kercygen (insoluble
0rganic matler) is formed a2l this stage.
- Catagenesis:—
There is a dramatic Increase in the

Fressure and temperature leading to the thermal degradation

(splitting of the bonde) of the kerogen and an alteration in

the chemical and physical properties of the oarganic matter.

Within this stage tlhe fine-grained source rock become

un

malure .

- Melagenvsic:-~

™

With increasxng LumperaLure;, organi
maller decomposes intu Jraphile and methane. Melagenesc, :
cventually grades into melamorphism,

The fundamental principles aof pelroleum formation as
staled above chow that arganic matter 1 very sensilive tg

ltemperature and, lo a lesser extent, time. However, it

T —— e
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should be realized that the total amounl of hydrocarkbons
generated and lhe relative 1imporlance of the o1l and gas

depends on the composition of the eri1g3inal organic maltler.

3.3 DIAGENESIS

The primary stage of petroleum formation occurs Qithin
the first few metres of sedimenl, where organic matter
undergoes initial alterations to kercgen. The production
and accumulation of this organic matler 1s lherefore a
most important stage in the formalion c¢f petlroleum.

The primary mechanism of organic matler produclion 1is
photosynthesis, whereby lightl energy 1s convertled tlo
chemical energy (producing organic matter) in lhe form of
glucose. A basic pre-requisite for photosynthesis is the
light absorb}ng green pigment - Chlorophyll.

Bacteria, phytoplankten, zecoplanklon and the higher plants
are the main conlribulor:z of organic matler 1n the
sedimenle. The chemical composilion of lhe blomass 1is a
complex mixlure of many compounds, Uhough four pasi:

chemical consliluent

e

are {found Throughoui. These are Uhe
biopolywmerc, (Dow, 1277; Hunl, 19750+~

a) Lrpide.

b) Proteinz.

c?} Carbohydrates.

d) Lignin -~ Humic compounds.
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The i1ncorporation of erganic maller 1nlo sedimentls
\ullimately depends on processes which nol only conserve and
concenlrate, bul also destroy and dilute, (Dow, 1978). It
is estimated thal the averaje prese?vation rate>of Lthe
primary organic maller as organic carbon 1s less lhan
0.1%Z, (Tissat and Welte, 1784). Much organitic debri§ is lost
to dissolution, hydrolysic, eoxidatlien and microbial
activity.

The organic matter finally incorporated into lhe
sedimenls undergoes'microbial attack (biochemical
degradation) transforming tlhe proteins, carbohydrates and
lipids to fulvic and humic acids. Further bhurial resulls in
polycondensation as the organic material becomes
progressively insoluble, producing humin - the precursor of
kerogen. A final process of insolublization leads lo tlhe
formation of kerogen, considered to be the main source of
petroleum compound, (Tissol and Welte, 1984).

Diagenesis therefore is the process whereby biopolymers,
through fractionatien, parlial destruciticn and rearrangement

of the macromolecules, lead:s lo geopolymers, (fig.4i:.

Catagenesis results from an 1ncrease 1n lemperature
during Lurial in sedimentary basins and represents lhe
principal stage of o1l and wel gac formation. The

decomposition of kerogen during catagenesis forms most of
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the hydrocarbons. As burial lemperalures rise 1o a

~

threshold of intense generation, formalion of large
quantities of hydrocarbons results. This threshold can
vary depending on=-

a) The ease of organic matter decomposilion.

) The rate of sedimentalion. )

There are two principle mechanisms of cracking such that

the insoluble organic matter (kerogen) 1s altered by tlhe

breaking of the C - C bonds, (Hunt, 1979) (fig.42):-

-Thermal cracking‘: Whereby the reaction rates are
increased by temperalure;

-Catalytic cracking : Whereby the reacltion rales are
increased by catalysts, normally found in the clays.
However, excessive amounls of waler may lead lo a reduced
activity of many catalysts.

The progressive rearranjemenl of kerogen during
catagenesis leads to the eliminalion of hydrocarbon chains
and cycles, (Tissot and Welle, 1984). Medium to low
molecular weight hydrocarbons become predominant,
particularly normal and 1sc-alkanes, lhue firsl crude
v1ls and thewn gas are formed.

The end of caltagenesis 15 reached wilh ihe disappearance
of aliphatic carbon chains 1n kerogen and the development

of orderaing in the basic kerogen unilz.
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Fig. 42 Sources of hydrocarbons in geological situations,
with regard to the evolution of arganic maltler.
Geochemical fossils represenl a firsl source of
hydrocarbons 1n the subsurface (black solid arrows)
Degradation of kerogen represents a cecond source
of hydrocarbons (grey dotted arrows). (After Tissol
and Welte, 1984).
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3.5 METAGENESIS
Melagenesis 15 reached only at greal depth precursing
the true condilions of meLamorphisml(corresponding to Uthe
beginning of the greenschist facies).
Only dry 93as (methane) is generated atl this stage

accompanied by a structural rearrangement of the residual

lerogen. The ctacks of aromatic layers, previously distributed

"at random in the kerogen now gather to form larqger clustlers,

(f19.43), (Tissot ardd Weltle, 1984) . The constituents of
the residual kerogen Aare finally converted 1ntlo graphitic
carbon.

By the end of metagenesis 1l 15 no longer possible tlo

generale or form petroleum.

3.4 KEROGEN
Many studies have shown that most commercial
hydrocarbons are generated by the thermal transformation
of kerogen during lhe hurial of source rocrs.
Kerogen ts defined as the portion of organic maller 1n
sedimenlary rocks Lhal 13 ineoluble in organic rocks, (Daw,

19775 . 1

ORGANIC MATTER

.

KERQGEN BITUMEN
{Insoluble;’ (Soluble)

The quantity and quality of petroleum formed 1%
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ig. 43 The thermal alteration of lLerogen involves hydrogen
d1sproportxonation reactione in which Lhe kerojgen
1pses hydrogen to form gasoline,wet gas and dry 3ac¢

in cuccession.The h}drogen—depleted lerogen con-
denses and aromalizes Lo eventually from graphite.

(After Hunt, 1976) .

~

H/C
of
kerogen

143

1.29

GE -
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conlrolled by several factgrs typircal to the kerogen,
n;Lably:—

a) Concentration.

b). Type.

c) Thermal maturily.

The major constituents of kerogen, determined by
elemental analysis are Carbon, Hydrogen (critical»in terms
of convertibility to petroleum), Oxygen and minor
auantities of Nitrogen and Sulphur, (Dow, 1977).
Structurally kerogen'is a macromolecule made of condensed
cyclic nuclei, linked by heteroatomic bonds or aliphalic
chains. g

Differentl tlypes of kerogen can be recognised by optical
examination and physiochemical analysics. The composition
of kerogens and their characteristic evolulion paths can be
compared "'to the composition of the coal macerals - Exinite,
Vitrinite and Inertinite (Ticssol elal., 1974). (f1g.44).

It appears that three types of kerogen account faor most

existing berogen, (f13.45) . (Tiresol and - Weltle, 158470,

1. Contains many z::pnaltic slruclures and few aromaiicd
nucleu.

2. The H/C ratio 1 ori1ainally high and the O/C ratlio
relatively low.

3. The kerogen hae a high genelic potlenlial for

ey
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peltroleum and 1s mainly derived from algal lipids,
particularly those from lacuslrine Botlryococcus, (Tissol

etal., 1974).

4, This *ype of kerogen 1¢ mostly deposited in

~lacustrine environmentls, (Tissot, 1984).

1. Contains more aromatic and naphthenic rings.

2. The H/C raltio 1s generally lower lhan for type I,
as 1s lhe petroleum potential. The 0/C ratio however, 1is
slightly higher.

3. This kerogen is usually relaled lo marine organic
matter and deposited in a reducing environment (Tissot,
1984) .

Type 1I1 Kerogen

1. Contains mostly condensed polyaromatics and

oxygenated funclional groups.

2. The H/C ratic is low, allhough the 0/C ratio is

hlgh.

The o1l polential 1s low, however 9as generalion is

3]

still possible al deplh.
4, This kerogen 1s moslly aetlved from Ulerrestrial %
higher planls lransporled 1o a marine environment.,

Type IV (KFasidual) Kerogen.

1. May consi1:sl of reworked., oxidized organic material,
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or material deeply altered by subaerial wealhering.
2. The H/C ratlio is very low whilst the 0/C 1is
abnormally high.
3. This kerogen is a form oflhdead carbon'" with no
potential for il or gas, (VTissol and Welte, 19284).
The nature of the kerogen therefore 1c¢ a faclor that
determines whether liquid oil and/or gas will be formed

during lhe maturation procescs. A chemical and physical

study of the insoluble organic maltler can lead to
characterising thelvarious types of organic matler and thus
evaluate the oil and gas potential of the formatlions. :

Kerogen is unstable wilh respecl lo tlemperalure, and
increasing the burial depth of a sedimenl will lead tlo
thermal evolution of the kerogen, (Welle, 1272, Dow, 1977).
The thermal maturation of kerogen and the formation of
petroleum hydrocarbons under lhe influence of jeothermal
heat are therefore interrelatled.

As organic matter is very sensilive lo Lemperalure, a
measurement of kerogen maturily can delermine lhe degren
of diagenecsis within a sedimeniary fasin and lhus The
petroleum potential. Indeed many melhods used lo
characlerize source rocks and Lheir polential to generatg

petroleum are based on kerogen siudies.

3.7 SOURCE ROCK EVALUATICN.

The following discussion reviews ULhe melhods and




93

techniques used in assessing lhe capacily of a rock to
generate petroleum hydrocarbons and establish a source

rock evaluation.

3.8 TYPE OF ORGANIC MATTER

A distinction between the various organic lypes 1s,
essential for source rock appraisal as lhe different types
of organic matter have different hydrocarﬁon polential.

Exinite Type : The remains of algae and planktaon,
generally derived from an aqualtic ervironment. A high
proportion of exinite leads to o0il prone source rocks:

Vitrinite Type : The woody or herbaceocus remains of
higher plants, derived from subaerial environments. A
high proportion of vilrinite leads lo gas prone source
rocks.

Inertinite Type : Crganic material oxidized by
abiogenic oxidation or aeroblic oxidatlion prior to
incorporation into the sediment. This form of kerogen
cannot ngenerate any hydrocarbons and is considered to be
"dead carboen', (Tissotl and HWelle, 1%&45.

The organic types can be 1denitifieu by oplical microszcops
methods. The use of teflected andg transmitted light ’
microscopy together wiilh fluorescence studies displa;
characterictic¢ fealurez of the organic matler and can lead

to the differentiatioen of each lype,
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3.9 SOURCE ROCK TYPE AND DEPOSITIONAL ENVIRONMENT

The composition of organic matler in a source rock is
dependant upon 1ts environment of deposition. As stated above,
microscopy can identify the various organic types, _however,

a variely of chemical methods can determine the environment
in which the source rock was deposited. vThis is an

important factor as il has now been recognised that althouqgh
terrestrial organic matter gives rise to gas and marine
organic matler is the source of crude oil, terrestrial
organic matter deposited in a reducing environment may

Jive rise to crude o0il. The enhanced preservation of
hydrogen rich, lipid-rich organic matter in sediments
deposited under anoxic water conditions is critical for the
genesis of o0il source beds, (Demaison and Moore, 1980). Such
anaerobic residues are therefore potential precursors to
oil-prone kerojgen, whilst organic matter deposited under
oxi¢ waler 13z hydrogen depleted and therefore Jas—prone.

The relatively simple geochemical 1dentification of
organic matter 13 due lo lhe obviou:z chemical differences
seen 1n terrestrial plant matier, high 1in lignin and
polysaccharides and marine organic matler which 1¢ H&gh in
protein and lipids, (Philippi., 19743,

The n—-alkane distribuiion can be used as a melthod to

determine the socurce lype. Lipids, common %o marine organic

~




95

maller, show a predominaﬁce of C-16 and C-18 fatlty acids.
Vegelable waxes, found in lerrestrial higher plants
ctharacteristically predominate around C-20 to C-3%4%. The
n-alkane distribution however, is also influenced by
maturily, (see, 3.14(a) ).

The parameler C-21 + C—Eé / C-28 + C-2%9, (Philipp, 1974)
can provide information about the source of organic matter.
Generally a terrestrial source gives a value less than 1.2,
whereas a marine source will result in a value greater than
Again this technique is influenced by the maturity of lhe
source rock. '

The proportion of saturates in the extracted organic

matler can be related to lhe source type, (Woodhouse etal.,

1982) .
% SATS. TYPE.
>157% Terrestrial
15-307% Mixed
<307 Marine

To detlermine the deposition envinonment, the pristane /
rhytlane (Pr : Ph) and pristane / nC-17 ratios have hbeen
usea, (Ligmbach, 197Z2). The prisiane / phytane

ralio 15 delermined from the area of the peaks that
¥

represent lhese compounds on lhe gas chromalography results.

Information aboul the deposilional environment is determined

1.5.

according Lo the followinyg scale: (Powell and McKirdy, 1975).

Pr / Ph DEP. ENVIRONMENT

<5.0 Reducing. .
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3.0 - 4.5 Reducing / Oxidising
>4.5 Oxidisiny
The pristane /7 nC-17 ratio is determined in the same
manner as the Pr/Ph ratio. The folléwing classi%ication

can be applied in the case of sediment extracts, Lijmbach

(1975) . .
Pr / nC-17 , DEP. ENVIRONMENT.
<1.0 Open marine;
1.0 - 1.5 Mixed.
>1.5 Peal cwamp.

The use of geochemical fossils to determine the sou?ce
rock ltype and as indicators of jgeclogical environments is
now also widely employed. A full discussion of geochémical
foassils, showing the significance and various uses of these
fossil molecules as indicators of source type and

palaeoenvironment is presented in the following chapter.

3.10 SOURCE ROCK CHEMISTRY

etermining the amount of organic matter within a sediment
tan lead to a general assumplion of Lthe source rorcl
richness. Samples of the source rock are therefore a%alysed
for total organic carbon (T.0.C.) and total ewtlractable
organic matter (E.O0.M.). The E.Q.M. is further sep;rated
into saturated hydrocarbons (SAT5.), aromatic hydrocarbons

(AROM.) and polar NEO containing organic compounds (POLAR),
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by medium pressure liquid chromalography, (Nicholas etal.,
1981). Using empirically derived scales a source rock
classification can be delermined from the chemical analysis.
Based on the %Z T7.0.C. in clastic rocLs, the follﬁwing

classification 1is generally acceptled:

%2 T.0.C. - SOURCE ROCK )
0 - 0.5 Poor
0.5 - 1.0 Fair
1.0 - 2.0 Good
2.0 - 4.0 Very Good
> 4.0 Excellent

The following scale is used to classify the source

richness based on ppm E.O.M. (bitumen) data:

ppm E.O0.M. SOURCE ROCK.
0 - 500 Poor
500 - 1000 Fair
1000 - 2000 Good
2000 - 400G Very Good
> 4001 Ecellen:

The total hydrocarbon {ppm SATL + AROM) and the ppm SATS.
values can be wsed 1o clascify source roci. richness and oil

source polential respeclively.

ppm SATE + ARON ppm SATS CLASSIFI%ATION
0 - 300 0 - 2Z0& Fonr
200 - &00 200 - 400 Fair
6400 - 1200 400 - 800 Good
1200 - 2400 800 ~ 1600 Very Good»
> 2400 > 1600 Excellent
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Finally a plot of the total hydrocarbon versus T.0.C. has
been used, (Shibaoka etal., 1973),(Nicholas etal.,, 1981) to

obtain a better rating of the source rock poltential,

3.11 SOURCE ROCK MATURITY

Having established the potential a rock has to generate

"hydrocarbons, the source rock maturity must he resolved.

It 1¢ generally accepted that hydrocarbon generationjoccurs
between 6006 - 1SDOC. As stated earlier, the thermai
evolution of a source rock, during diagenesis, catagenesis
and melagenesis changec the rhysical and/or chemical
properties of the organic matter and these properties may

be considered as indicators for maturation. To be useful as
4 parameter of the degree of maturation, indicator
properiies should have certain tharacteristics, (Shibaoka

etal., 1973

o

Sensitivity.
- Immobilit,.
= Ubijuitou: dislritbuticr..
Parameters used lo establish Lhe ilevel o maLuriLyqof 4
source rock include the optical examinalion or kerogen,
physiochem:ical analysis of kercgen and the chemical

analysis of extractalble organic matter (bitumen).
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.

3.12 OPTICAL INDICATORS OF MATURITY IN KEROGEN.

A visual study of kerogen in transmitted light is the

basis for several scales of maturit}, (Hood etal., 1975),

including the colour scale of Gutjahr, based on the
carbonization of spare and pollen and the thermal
alteration index of Staplin (T.A.I1.), based on the

microscopic observations of both colour and structural

‘alteration (fig.46). Bolh these scales are shown with the

L.0.M. (Level of organic melamorphism) scale, proposed by

Hood etal., (1975). L.0.M. is designed to have a linear

varialion as a function of depth and is continuous over

entire thermal range of interest in petroleum generation

and destruction. The numerical scale used is from O, at no

burial to 20, at the anthracite / meta - anthracite

boundary.

BExamination of kerogen 1n reflected light and the

resulting vitrinite reflectance data has become the most
widely applied maturation scale, (Tissot and Weitls, 1984).
From the correlation of vitrinite refleclance with other
maturalion paramelers and wilth the occurrence of oil and

flelds, the following stages can be distinguished, {(Shibaoka

4
etal., 1973, Hood estal., 1975, Ticsol and Welte, 1984,

e N
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MEAN MAX. REFLECTANCE % ZONE
0.5 Pre - o0il generation,.
0.5 - 0.7 D}agenesis, source rock
Immature.
0.7 - 1.3 Catagenesis, Main oil
generation (lhe "o1l-

window')

1.3 - 2.0 Catagenesis, Main wel gas
and condensate generation

> 2.0 Metagenesis, dry gas zone

3.13 PHYSIOCHEMICAL INDICATORS OF MATURITY IN KEROGEN.

Most kerogen properties evolve during the rearrangement
of the kerogen structure wilh increasing burial. Of the
various technigques used to determine thermal maturitly many
have to be considered more as recearch, rather than routline
petroleum exploration tools. \

The elemental analyszi1s of kerogen, plolied Bn a Van
Krevelen diagram gives a reasonably good 1dea of lhe
maturation stage (fig.47?), (Tissol elal., 15747, It s
obvious that at least an analysis of T, H and ¢ 1s reguired
to plot the H/C, ©/C raticz and establish the maturity of
the kerogen.

A further chemical characleriztic used to indicate the

degree of maturation is the Carbon content of separated
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47 The principal lypes and evolution Faths of kerogen.

Types I, II, and III are the mast frequent,although
kerogens of intermediate composition also occur.

Evolution of kerogen composition wilh increasing
burial is marked by an arrow along each evolution
path, I, II, and III. (After Tissol and Welte, 1984)
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kerogen and is similar to the use of the carbon content in
coal. A correlation belween the mean maximum reflectance
(%) and carbon content of kerogen (%Z) has been established,

(Shibaoka etal., 1973).

RoZ C%Z (dry ash free)
0.5 76 ’
0.7 82
1.0 86
1.3 89
2.0 ' 71

Amonyg the physical analysis of kerogen, electron spin
resonance (E.S.R.) has been proposed as a routine method
for measuring organic maturity. The E.S.R. signal in
kerogen results from the occurrence of unpaired electrons,
l.e. free radicals appearing as a result of splitting bonds.
The spin density and the paramagnelic susceptibility ( )(p)
are proportional and it has been sHown that the ;( P
increases with thermal evolution ang organic maturity,
(Tissol and Welte, 1984).

Further physical analysic of kerogen hac peen applied tc
characterize kerogen maturation, though these techniqugs
tend to be regarded soleliy as research, rather than '
exploration tools e.3. infrared speclrophotometry and

thermal analysis.
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13.14 CHEMICAL INDICATORS OF MATURITY BASED

Numerous methods have been developed using the amount,
or the composition of the exlractable organic matter'
(bitumen) to characterize the stage of thermal evolution.

The abundance of bitumen may be expressed as the bitumen
ratio (E.O0.M. : T.0.C.) or the hydrocarbon ratio (SATS
T.0.C.). From bitumen ratio data the following crite}ia

can be used to assess the source rock maturity (Woodhouse

etal., 19&z2)

E.C.M./T.0.C. MATURITY
g - 50 Low

50 - 100 Moderate
>100 High

The composition of hydrocarbons is widely used in
maturity studies. With increasing Qemperatures, new
hydrocarbonz are generated and indices reflecling
compositional changes may be used Lo evaluate source roch
maturaltion. To invecstligate the hydrocarbon composition, a3
C-12+ gas chromatography is carried oul on the saturdte
fraction. The following information 1s commonly oblained
from the gas chromatography analysis.

a) n - ALKAME DISTRIBUTION - can yield inforﬁation

about the level of maturity. Source rocks wilh a low
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degree of maturity have an n-alkane distribution high in

the C-22+ range, with increasing maturation the n-alkane

distribution shifls, becoming lower in the C-22+ range.
L) THE CARBON PREFERENCE INDE; (C.P.I.) —‘has

probably received the greatesl attention among methods using

the chemical composition of bitumen. In recent sediments
there is a predominance of molecules with odd numbers.

Thermal degradation of kerogen generates alkanes without ;

predominance, therefore the odd/even ratio will decrease.

A good mature source rock must have generated enough

hydrocarbons to reduce the odd/even ratio lo a C.P.I.
range of 0.9 - 1.3, (Hunt, 1979).

Several C.P.I. expressions have been proposed, however, the

original definilion is shown below as:

C.P.I. = 1 C-25+4C-27 —====-- +C-33
2 Comarcme Il T |
C-254C~27 ~=~==-= +C-33 3

C-PO+C-F8 —m—mmmm +C-34

Although lhe C.P.I.lis used widely'there are limitations
1n ils use as the values can be influenced by the lype of
organic matter. Marine organiems for example synlhesise
odd/even chains only in the low molecular weight rangeﬁand ‘h
therefore C.F.I. values always approximate 1. Continental
plants can have C.P.I. values up to 20 and therefore any
samples with an appreciable terrestrial hontribuﬁion can

lead to C.P.I. values much greater than 1.
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.

c) ISOPRENOID DISTRIBUTION - The abundance of isoprenoids
varies with catagenesis and although the pristane and
phytane isoprenoids are generally used to render information
about the depositional environment,Nthey can alsﬁ provide an
indication of matur;tion.

The pristane / nC-17 ratio is generally >1.0 for 3 very
immature crude oil whilst the phytane / nC-18 ratio value
decreases with increased maturation.

Further studies of possible thermal maturatioﬁ indicataors
include:—

1. Percentage of aromaltic protons (P.A.P.) in lhe
aromatic fraction. The aromatic fractiaon of liquid
petroleum 1s isolated and analysed by nuclear magnetlic
resonance speclroscopy. The percentage of aromatic protons
is then determined. It has been shown that the P.A.P.
value increases with increasing maturily for values ranging

from & to 30, (Alexander etal., 1978, 197%).

Immature liquid petroleum - 8 - 12
Mature crudes + 20 - 2¢&
Condensales - 26 - 30
2. Fission track analysis has recenlly been used tlo

evaluate thermal histories, hydrocarbon potential and
therefore the maturity of source rocks. The fissiongtrack
dating method 1is dependent upon Llhe accumulation of
radiation damage from the sponltaneous nuclear fission of
238 - U in Uranium bearing minerals over jeological tlime.

-
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The radiation damage is caused by two fragments from each
fission event moving in opposite directions, so producing

a single continuous linear defecl or "track". Fission
tracks 1n detrital apatites are kn;wn to be staﬁle over
geological time, only al relatively low temperatures. As
the temperature is increased, so the tracks fade and are
eventually lost. This process of track annealing occurs
progressively over a certain temperature range, "the track
annealing zone" and in the case of apatite, ocﬁurs between
7DOC and 1250C (for times of the order of 10 milliohfyears).
This temperature range is very close lo the temperaﬁﬁre
interval of maximum generation of ligquid hydrocarbon. The
relationship between the apatite track annealing zone, the
0il generation window, temperature and vitrinite reflectance
is shown in fig. 48. Therefore, as lhe lemperature
increases with depth the apparent fission track age of
apatite is ohbserved to decrease (due to track annealing),
eventually reaching zero at the bottom of the track
annealing zone, (Gleadow etal., 1983) .

3. The use of compulerized 39as chromatography mass
spectrometry (G.C./M.5.) has enabled biological markers
(geochemical fossils), particularly lhe steranzs / triterpane
fraction of petroleum to be used as maturity and soirce lype

indicators. The importance of geochemical fossils 1is

discussed in the following chapter.
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DEPTH HYDROCARBON MAXIMUM | R, FISSION
(km) MATURITY TEMP, MAX TRACK
IMMATURE
1-
60
2 A ) INITIAL k70
JHEAVYNCENMATURITY|
-95
- 125
-165
~-180

...... JMATURE AND
3] POST-MATURE]

Fig. 48 The relationship belween lhe ofission track annealing
zone in apatite,temperalure,and hydrocarbon maturity
(After Gleadow,Duddy,and Lovering, 1983).
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3.15 PYROLYSIS

Rock - Eval Pyrolysis 1s probably the bcst routine tool
for determining the source rock type and the maturation of
organic matter.. It is able to provide a rapid evaldétion of
the source rock potential, (Page and Kuhuel, 1980).

During the assay, the volatilized gases recorded and
released are, progressively :-

S1.- Free hydrocarbon in the sample, broadly

analogous to the exlraclable organic matter (bitumenf and

is an indication of the level of o0il and/or gas already

qgenerated by the sample according 1o the following scale:

S1 (mgHc/g rock) CLASSIFICATION.
0.00 - D0.20 ‘ Poor
0.20 - 0.40 Fair
0.40 - 0.80 Good
0.80 - 1.60 Yery Good
> 1.60 Excellent.
S2. =~ The residual hydrocarbons generated by the

thermal cracking of the kerogen.
§S3. - The amount of CO of organic derivatior
generated during the crackingaof kerogen.
Using these measuremenls a number of paramelers for source
rocks have been defined, (Nicholas etal., 1981).
51 + G2 : The petroleum potential, this parametler

~

is used as a measure of source rock richness, according
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to the following criterea:

~

51 + §2 (mch/rock)‘ CLASSIFICATION
0.00 - 1.00 Poor
1.00 - 2.00 Maiginal
2.00 - 46.00 Moderate
4.00 - 10.00 | Good
10.00 - 20.00 Very Good
> 20.00 Excellent ;

51/ (81 + 82) : The production Index (P.I1.), is a o

)
measure of the level of maturity and can reveal the presence

of migrated hydrocarbons.

g1/ (81 + S82) CLASSIFICATION
< 0.1 Immature. |
0.1 - 0.4 0il window |
> 0.4 Overmalure.

Unusually high values can be interpreted as migrating

hydrocarbons.
82/T.0.C. : The Hydrogen Index (H.I.) relates the

amount of residual hydrocarbon to the total organic carbon
conltent.

| S3/T7.0.C. : The Oxygen Index (0.I.) relales Llhe
amount of residual carbon dioxide to the total organic ¥
carbon contlent.

The hydrogen index and the oxygen index reflect the
elemental composition of the source rock kerogen. Théy

can be plotted againsl one another lo determine the
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kerogen lype and lherefore lhe source type, (Nicholas etal.,
1981) . High H.I. relative to O0.1. typify oil-prone source
or exinite kerogens. High O0.1. however, typify gas prone
source, or humic kerogens.

S2/53 : The H/0 ratio, in the absence of T.0.C.
values, this parameter can be used as a gross indicator of
kerogen quality. Arbitrary limils have been set to define
0il and gas source.

5 or gre?ter = 01l csource

5 - 2.5

mixed oil and gas

2.5 or less Jas source

T max : The temperalure corresponding to the §2
peak maximum. This value is used to indicate the state of
organic maturity. The temperature increases with
increasing maturity and indeed shows a very good correlation
Wwilh other maturatiaon parameteré, such as vitrinite
reflectance, (Tissot, 1984). The following scale can be

used to relate T max values and maturity levels, (Page and

Kuhuel, 1980:.

T max () MATURITY
< 435 Immature
1
435 - 450 011 generating
450 - 470 Gas generating

> 470 Over mature (cooked out)
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3.16 GEOCHEMICAL ANALYSIS OF THE BELFAST MUDSTONE

There are three crucial factors for Lhe characterization
of a petroleum source rock:- -

1. The state of maturity.

2. The amount of organic malter or organic
richness. ‘
3. The type or quality of organic matter.

From data provided by various petroleum companies,
recently or actively involved in the Otway Basin, I have
reviewed and discusced the source rock characleristics and
potential of the Belfast Mudstone.

MATURITY

The—;;;;;;;te reflectance data, (fig.50) indicates that
the basin is mature below 2675m, with the main 01l window
occuring to a depth of 42Z%m. This implies that in the
offshore wells, Breaksea Reef #1A and Eridgewater Bay #1,
the Belfast Mudstone ic fully malure in Triton §°
{ecidetrack), however, tlhe upper Belfast Formalion ic ¥
immalure, whilsl onshore in Curdie #1, Tne Belfast Mudstlone
1s fully i1mmature.

A visual geochemical report of BreakseaAReef #14 also

indicates thatl the maturily for oil was attained at
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approximatlely 2800m continuing ta 4173m, where spore
coldurs suggest post-maturily for oil. This is a similar
0il window to that obtained from the vitrinite refleclance
curve.

A measure of the production index ( S1/(51+82) )
further indicates that the Belfast Mudstone is mature in the
Breaksea Reef #1A and Bridgewaler Bay #1 wells, (see
table,3).

Finally, the geothermal gradients of tlhe Otway Basin,

1

(see table,5), are seen lo decrease from lhe east to westl
across the basin. If it is generally accepted thal lhe
onset of hydrocarbon generatllon occurs al a temperature of
6OOC, the temperature gradienls indicate that a mature
source rock section could be expected from a deplh of about
1150m at Triton in the east, increasing to 2100m at Caroline
in the west. There is therefore an apparént lagging of
organic maturation behind temperaturc increase. This
phenomens has also been noted in the Gippsland Basin,
(Shibaoka & Bennettl, 1977) and in the Bacs Basin, (Nicholas
etal., 1981).

SQURCE RICHNESS

From Lhe total organic carbon values, (see table, &),
the Belfast Mudstone can be regarded as a fair lo very nood
source rock wilh occasional resultls 2>2.04. From the

pyrolis resulls obtained from Breaksea Reef #1A and
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Bridgewaler Bay #1, (see table,3), the petroleum polential
(S1 + §2), a measure of source rock richness, indicates
that the Belfast Mudstone can be considered moderate. Using
the exlracled organic matter (E.O0.M.) data from Triton #1,
(see lable,4) and plotting the hydrocarbon content (SATS
and AROM) against T.0.C. (figl51), the source rock richness
is shown to be only fair.

SOURCE QUALITY AND KEROGEN TYPE. ,

Microscopic examimation of the Belfast Mudstone samplés
reveals thal the organic matter is predominantly inertinite,
wilh only minor quantities of vitrinite and exinite, sa ! :

indicating a poor gas potential.

This fact is further strengthened by the pyrolysis results
(Breaksea Reef #1A and Bridgewater Bay #1) and the kerogen
élemental resulls (Triton #1). The plot of the hydrogen
index and the oxygen index for Brealksea Reef #14 and
Bridgewater Bay #1, (fig.52) reflects the elemental
composition of the source rock kerogen, much in the same . way
as a Van Krevelen plot for Triton #1, (f13.23). The results
clearly indicate the poor qualily (low Hydrogen content) of the
organic matler and are suggestive of lype III kerogen, 4

although there are a few indications of o0il polential,




15

GEQOCHEMICAL ANALYSIS OF THE BELFAST MUDSTONE

Fig.

Fig.

Fig.

Fig.

Table.
Table.
Table.
Table.
Table.

Table.

50

51

52

53

Vitrinite reflectance curve for the Otway
Basin.

,Sou;ce rock richness for Triton # 1 (side-

track).

HI/01 plot for Breaksea Reef # 1A and
Bridgewater Bay # 1

Elemental analysis of kerogen for Triton
# 1 (sidetrack).

Vitrinite reflectance values.

Rock-Eval pyrolysis data.

EOM data.

Geothermal gradienls in the Otway Basin.
TOC values.

Elemental analysis of kerogen.
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TABLE 2

VITRINITE REFLECTANCE (Ro) VALUES

TRITON & t (SIDETRACK)

DEPTH Ro FLUOR. MACERAL TYPE

1530 0.33 Yel DWE

1995 0.48 Or,Grn-Yel DEXW

2325 0.52, VYel-0r DE=V

2505 0.59 Yel-Or DENY

2845 0.5% 0r DWOE

3028 0.1 Or IV {some oxidized V)

3125 0.93 None Oxidized VXDV

3520 0.93 None Oxidized VXDV

3527 0.99 None Oxidized WOV
CURDIE & 1

DEPTH Ro FLUOR. MACERAL TYPE

1900 0.49 Yel-0r M=V

2100 0.60 Yel-0r DEW

2400 0.57 Yel-0r DEW

2600 0.70 Yel-0r IDE=V (some oxidized V)
I = Inertinite Grn = Green
£ = Exinite Or = Orange
¥ = Vitrinite Yel = Yellow
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TABLE 2 ~CONT.

VITRINITE REFLECTANCE (Ro) VALUES

BREAKSEA REEF ¥ 1A

DEPTH Ro FLUOR.  MACERAL TYPE
1608. 1 0.43  VYel-Or  INWE
16941 0.42  Yel-0r  IMWE
2053.2 0.47  Yel-0r  IDWE
2222.0 0.52  Yel-0r  DDVME
2478.2 0.52 0r INEV
2944.0 0.62 - -
3190.1 0.47 - -
3310.0 0.67  Yel-Or  IMEW
3477.0 0.71  Yel-0r  IDEMV
3613.1 0.81  Yel-0r  IME=V
3799.0 0.86  Yel-0r  INEW
4027.1 0.88  Yel-0r  IDE=V
4173.0 0.95  Or-Brn  IDE=V

DEPTH Ro DEPTH ko
920 D.48 2690 0.4
1150 0.52 2990 0.67
1295 0.54 3265 0.70
1490 0.56 3620 D.86
1860 0.98 3830 0.87
2195 0.56 4150 1.29
2440 0.65

I = Inertinile Yel = Yellow

E = Exinite Or = Orange

V = Vitrinite Brn = Brown
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TABLE 3

~

BELFAST MUDSTONE - ROCK EVAL PYROLYSIS

BREAKSEA REEF # 1A

DEPTH T0C 51 52 53 51452 51/(51+52) S2/83  52/T0C  S3/T0C T max
P.1. H/0 H.I. 0.1. i
3194.0 0.71 0.36 0.79 1.82 1.15 0.32 0.43 111 250 438
3216.1 1.65 0.51 1.3b ,1.55 1.87 0.27 0.87 82 94 434 !
3245.0 1.49 0.33 1.35 1.35 1.68 0.20 1.00 91 91 434
3276.0 1.41 0.44 1.21 2.07 1.65 0.27 0.58 B4 147 434
3310.0 1.76 0.5 2.17 1.37 2.68 0.19 1.58 123 78 440
3328.0 1.78 0.42 2.61 2.49 3.03 0.14 0.97 147 151 441 ;
3351.0 2.92 1.18 3.73 1.83 4,91 0.24 2.03 126 63 433 ,
3381.9 2.94 0.97 4,47 2.09 5. 14 0.19 1.99 142 71 476
3440.0 0.63 0.11 0.40 12.90 0.51 0.22 0.03 63 2048 395
3477.0 2.34 0.54 3.19 1.79 3.73 0.15 1.78 136 74 451
3494.0 1.60 0.34 2.89 1.34 3.23 0.1 2.15 181 84 482 ‘
3516.0 1.66 0.37 2.21 2.07 2.58 0.14 1.06 133 125 439 '
3543.1 1.48 0.45 2.01 2.51 2.4b 0.18 0.80 136 170 439
3570.0 1.13 0.58 1.94 2.38 2.52 0.23 0.81 172 211 453
3589.0 1.87 0.56 2.53 1.91 3.09 0.18 1.32 135 102 483
3613.1 1.16 0.35 1.28 1.35 1.63 0.22 0.94 110 116 441
3630.0 1.19 0.21 1.35 1.18 1.56 0.13 1. 14 117 103 4ht
3638.0 0.48 1.72 0.77 3.15 2.49 0.49 0.24 160 454 i '
3640.1 0.58 1.85 0.89 3.21 2.74 0.48 0.27 153 553 409
2648.1 0.5  1.03 0.42 11.19 1.45 0.72 0.03 75 1198 412
3655.0 0.87 4.0f 1.5¢ 3.77 5.57 0.72 0.41 179 433 415
3677.0 1.28 3.98 1.94 3.07 5.92 0.47 0.63 152 240 421
3693.0 1.38 0.46 2.27 1.95 2.13 0.17 1.16 164 141 479
3736.0 2.90 1.46 4.97 3.00 b.43 0.23 1.65 1714 103 435
3751.0 1.96 0.34 2.79 1.38 3.09 0. 11 1.99 14 70 470
3775.0 1.48 0.71 2.39 2.29 3.10 0.23 1.04 164 157 439
3799.0 2.18 0.50 3.05 1.70 3.55 0.14 1.79 140 78 w8 %
3829.0 1,51 0.37 2.12 1.4 2.49 0.15 1.29 140 109 475 :
3848.0 2.48 0.62 3.42 1.51 4,04 0.15 2.26 128 56 445 ‘
3880.0 1.74 0.26 1.65 1,84 1.91 0. 14 0.89 99 106 455
3987.0 1.49 0.38 1.67 1.09 2.05 0.19 1.53 112 13 450
4027.0 1.04 0.27 1.39 1.28 1.66 0.1b 1.08 134 123 454
4053.0 0.93 0.25 1.14 1.00 1.41 0.18 1.16 125 108 478
4075.0 1.07 0.67 1.51 2.19 2.18 0.31 0.68 141 205 438
4173.0 1.04 0.48 1.14 1.20 1.62 0.30 0.95 108 i13 458
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TABLE 3 CONT.

DEPTH  TOC 51 52 §3  S1452  S1/(51+#52) S2/§3  S2/T0C  SI/TOC T max
I, HAD Hi, 0.l

2700 1.8 0.bb 73 .23 242 027 A3 149 104 421
2750 .42 0.3 0.3 0.2 076 047 2.63 56 21 483
2800 0.9 0.13  0.67 0,27 0.80 0.1 2.48 71 28 530
o850 1.06  0.13 030  0.20  0.43 030 1.50 28 18 428
2900 1.2 0.17 f.46 0.64 1.63 0.10 2.28 111 48 501
2045 .26 0.22 2.6 0.63  2.88  0.08 422 211 50 536
000 1.3 0.21 .03 0.62 .26 047 1.bb 75 4 502
w50 1.3 0.25 L1 070 1,96 0.3 2.4 130 53 505
300 f.26  0.21  0.85 0.k .07 0.0 1.87 68 3 474
3150 1.4b 0.19 0.66 0.61 0.85 0.22 1.08 45 41 433
3200 1.4% 0.26 139 0.8 .65 0.6 1.82 116 72 508
w50 .29 0.8 0.6 058 0.86 0.2 147 52 4 435
3300 2.9 0.30 .06 0.57 .3 0.22 1.8 3 19 436
2250 1.86  0.24 .02 0.53 .26 0.9 192 54 28 454
3400 1.19 0.25 0.68 0.44 0.93 0.27 1.95 57 36 435
3450 1.23 0.33 0.73 0.61 1.06 0.31 1.20 59 49 434
2500 0.88  0.30  0.38 0.3 0.8 0.4b 1,08 43 3 428
3550 1.59 2.72 1.40 0.73 4,12 0.66 1.87 0 48 434

%

3600 - TD : Invalid resulls due o sample conlaminalion
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<
TABLE 4 -
EOM DATA FOR TRITON - ¥ 1 (SIDETRACK)
DEPTH  EON HC NON HC  EXTRACT COMPOSITITION I
(ppa) (ppw)  (ppn)  SATS.  AROM.  N.5.0.  ASPH. SULPHUR
1785 547 74 730 5.3 8.2 72.0 -
2085 1030 129 901 3.9 8.4 72.5 -
2415 482 92 590 3.8 9.7 75.1 -
2715 517 103 mn 5.6 4.3 86.5 1.0
3075 734 167 567 8.6 14.3 83.9 -
3375 553 14 439 5.6 15.0 1 4.0 0.9
TABLE §

GEOTHERMAL GRADIENTS IN THE OTWAY BASIN

0
WELL GRADIENT C/100m
CURDIE % 1 3.43
TRITON & 1 SIDETRACK 4,04
BRIDGEWATER BAY & ¢ 2.87
BREAKSEA REEF # 14 2.50

CAROLINE ¢ 1 2.09
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TABLE 8

BELFAST MUDSTONE - TOC VALUES

DEPTH  TOCX DEPTH  TOCZ
1785 1.06 2505 1.44 ‘
1815 1.41 2520 1.52 l
1845 1,44 2535 1.41 ;
1875 1.39, 2565 1.37
1905 1.30 2580 1,41
1935 1.40 2595 1.29
1965 1,44 2625 1.29
1995 1.53 2655 1.2
2025 1.72 2685 1.39
2055 1.59 2715 1.2 }
2085 1.55 2130 1.15 |
2115 1,40 2745 1.2 |
2145 1.32 2775 1.18 j
2175 1.43 2805 1.29 :
2205 1.35 2835 1.02 |
2220 1.63 2850 1.04
2235 1.53 2855 1.01
2245 1.33 2895 0.99
2295 1.39 2910 1.1¢
2325 1.38 2925 1,14
2340 1,45 2955 1.04
2355 1.40 2985 1.12
2385 1.40° 3015 1.02
2400 1.74 3028 f.00
2415 1.52 3045 0.8¢
2445 1,45 3075 1.0¢
2460 1.49 3105 0.91
2475 1.35 3125 0.7

AVERAGE : 1.30
HAXIMUM : 1.72 at 2025
HINIMUM : 0.75 at 3125 n
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TABLE 6  CONT.

BELFAST MUDSTONE - TOC VALUES

DEPTH ToCt DEPTH TocY !
3494.0 0.7 3638.0 0.4
3216, 1 1.6 3640.1  0.58
3245.0 1.49 484 0.5 |
3279.0 141 355.0  0.87
3310.0 1.7 3677.0 1.28
3328.0 1,78 3493.0 .38
3354.0  2.92 1736.0 2.9 !
3381.9  2.% 3751.0 1.9
3460.0  0.43 3775.0  1.48
W0 2.3 3799.0 2.8
3494.0 1.60 3829.0 1.51
3516.0 1.6 3868.0 - 2.68
1543, 1 1,48 3880.0  1.74
3570.0 1.13 1987.0 .49 }
3589.0 1.87 4027.0 1.06 ‘
1613.1 1.1 4053.0  0.93
1630.0 .15 4075.0 .07
44730 .06
AVERAGE : 1.51
MAXINUM : 2.94 al 3381.9 &
MININUK @ 0.48 at 3638.0 &
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TABLE 6

- (D a A e M) ea e
- - . . . . . . .

LN 00 M) -~ 0O O N) - o~
Lo ) 0O~ W -0 -0 D~

CONT.
BELFAST MUDSTONE - TOC VALUES
BRIDGEWATER BAY # 1
DEPTH  TOCY DEPTH
2700 1.18 3150
2750 1.12 3200
2800 0.9 3250
2850 1.06 3300
2900 1.31 3350
2945 1.26 3400
3000 1.36 3450
3050 1.31 3500
3100 1.26 3550
AVERAGE : 1.35
MAXINUM : 2.93 al 3300 a
MINIMUM : 0.88 al 3500 a
CURDIE ¥ 1
DEPTH T0C7 DEPTH
1895-1915 2090-2110
1990-2010 2190-2210
2290-2310

AVERAGE : 1.81
HAXINUM @ 1.91 at 2190-2210
MINIMUM @ 1.45 at 1895-1915 a
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TABLE 7 -l

BELFAST FORMATION : ELEMENTAL ANALYSIS OF KEROGEN FOR - TRITON - 1 SIDETRACK

DEPTH NY tx HY 01 ASHY H/C 0/¢ N/C
1845 2,70 75.49 b.41 17.20 5.45 0.70 0.17 0.03 ”F
1895 2,83 49.90 3,95  23.32 5.55 0.48 0.25-  0.03 C
1945 2,81 7419 4,30 18.70 1.92 0.70 0.19 0.03 Co
1995 261 75.84 £.32 1.3 4,92 0.48 0.17 0.03 i
2095 2,39 7.7 3.86  19.98 4,87 0.63 0.20 0.03 S
2295 2,56  80.30 6.5 12,60 3.35 0.48 0.12 0.03 ‘
2395 2.3 71.82 3.3 22.49 2.56 0.52 0.24 0.0
2495 248 B1.49 .50 11.54 3.26 D.bb 0.11 0.03
2695 2.01  83.50 4.55 9.94 2.48 0.65 0.09 0.02
2795 2.01  78.5 4,20 15.25 b.43 D.b4 0.15 0.02
2895 2.8 72.15 2.97 22,70 2.11 0.49 0.24 0.02 S
2940 .87 79.31 5.09  13.73 2.57 0.77 0.13 0.02 b
2995 1.87  B3.70 h.hb 9.97 2.22 0.b4 0.09 0.02 : ;;ﬁ
3095 179 78.47 3.98  15.75  17.42 0.41 0.15 0.02 N
3240 .76 T2.80 2.80  22.83 .11 0.46 0.23 0.02 ;
3280 2.01  81.78 4,63 11,58 2.42 0.68 0. 11 0.02
2305 1.89  80.50 2,55  14.05 3.2 0.53 0.13 0.02 bl
3325 1.97 7174 3.29  17.04 2.34 0.51 0. 16 0.02 o
3375 218 85.95 h.42 745 15.30 - 0.62 0.07 0.02
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3.17 SUMMARY
Thé Belfast Mudstone is mature in much of the'thick

offshore seqgquences (although immatlure onshore, nearer the
basin margin). The depth - reflectance curve of the Otway
Basin, (fig.%0), resulls in a typical maturation pattlern
distinctive of A3 Gippsland - tlype basin, (figf49). Such a
pattern is characterized by a relatively low reflectance
gradient and low intercept value, (5hibaoka and Bennell,

1977). Despite the maturily attlained in the Belfast

Mudstone and the jgood total organic carbon values, lhe

nature of lhe organic matter in these sedimentls, inertinite,

is typical of kerogen type III. This leads to a gas prone
rather than an oil prone source rock.

The depositional environment of the Belfastl Mudstene,
determined by various melhods, was near shore to marginal
marine, léading to a large influx of terrestrial, non-
marine organic matler. It hac alsn been suggested (P.A.O
1983), that the deposzilional environment was oxidising.
again lowering lhe kerogen o1l polential. Sy allhough
mature and organically rich, lhe qualily of lhe orgamdc
maller 1% poor. E 4

There are indications however, of kerogen wilh some 0il
potential and chould anaerobic condilions have prevailed
within the depositional environment, lhe éource rock

potential of tlhe Belfast Mudstone would be greatly enhance

r

.C,

d.

e Ny L
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CHAPTER 4

GEOCHEMICAL FOSSILS AND THEIR APPLICATION
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GEOCHEMICAL FOSSILS AND THEIR APPLICATION TO

The value of organic geochemistry to pelroleum
exploration lies 1n lhe identification and distribution of
various organic comﬁounds found in crude o0ils and Llhe souf;e
rocks that generate these oils. These compounds are kno&n
variously as '"geochemical fossils" or “"hiological markers'.
The information fossil molecules can yield includes 3
knowledge of the source lype, depositional environmenls, .
possible biodegradation and the pocsible resolution of o1l/
0il or o0il/source rock correlation problems.

The application of varicus geochemical concepls and the
use of geochemical fossilz in petroleum exploration are
reviewed in the following discuscion.

4.2 GEQCHEMICAL FOSSILE

=4
Geochemical fossils are defined as organic molecules which

are synthesized by planls or animals and have survived
unchanged, or suffered only minor alteration from their
original structure during and afler deposilion of Ulhe

organic matter in the sedimentary environmenl, (Eglington and

Calvin, 19&71.
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Precursor Product
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HO
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OH OH

22R-178(H),218(H)-
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OH
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/‘\/\/'\/\.J\/\)\/\o i ) !
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ﬁ)\ ‘
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Lupan-3-one C,q Tetracyclic alkane

HO

) M

OH 3,7,11,15,18,22,26,30-
Dibiphytanyiglyceryl ether Octamethyldotriscontane

Fig. 54 Examples of precursor-produclt relationships.
Mackenzie etal., 1982).
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of which the more

n-ALKANES;
chapler and are

TERPANES;

phytane and pristane and

pristane are believed lo be derived from

used to

reducing or oxidising environment, (fig.55).

REDUC ING
ENVIRONMENT

R—CH;—-CH—CH3

PHYTANE

(C=-20)

several

indicate whether
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.

classes of geochemical fossils, (fig.54)

common classes are;-

these have been discussed in the previous
used to determine source type and.maturity.
which such as

include acyclic isoprenoids

cyclic diterpenoids. Phytlane and
thlorophyll and are

a sample was deposited in a |

CHLOROPHYLL
17
R-C=C-CH,_OH
PHYTOL (R=C-16)
OXIDISING
ENVIRONMENT
CH,
R-H, ~CH-COOH
PHYTANIC ACID
ct *
'3
R=CH-CH,
PRISTANE (C-19}
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Phytol

C?} H

Phytol

ye
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a Pristane
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CHy
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5 Witer with disalved 07 it
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CHy
R-CHy~CH-CH ,~ CH, OH
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R‘CHz'CH'CHz-CH3

reducing,no oxygen =

Fi9. 55 Reductive and oxidative pathways from phytol to

€C-19 and C-20
presence ot
(After

(b).

oxyqgen (a)

isoprenoids.Pytlol

Tissol and Welte,

diagenesis
in the absence of
19845) .

, and

in the

oxygen
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“The cyclic diterpenoids indicate higher planls or resins
and therefore 3 terreslrial source type.
STCURANES AND TRITERPANES ; are derived from various

the sleranes and a

v

algae, phytoplankton and bacleraa. It 1
specific group of tritlerpanes, the hopanes, that have tlhe
grealest potential inm pelroleum exploration studies, kPhilp
and Gilbert, 1982).

Collectively tlhese various classes reflect the conditions
of production, preservation and accumulation of the . :
cedimentary organic matter at the lime of deposilion. s |
Since lhese conditions are variable in time and space,
individual source rocks can be expeclted to carry a2 unigue
set of geochemical fossil markers, (Philp and Gilberl,

1980) . |

e

The relatively inert n-zlkane molecules suffer littlle
chemical alteratlion and so bear a strong imprinl of thel:
biochemical synlhesis. They can Nowever, hecome
progressively diluted and obliterated wilh increasing £
depth of burial and age.

The use of n-alkanes lo determine source lype and
maturity has been discussed earlier although further
examples include the possible ecological and environmental

significance inferred by a predominance of even carbon
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numbered, C-20 to C-30 n—-alkanes. An environmental
compa}ison of ancient and modern environmenls containing
even carbon numbered n—-alkanes and exhibiling similar
distributions suggests that even carbon numbered n-alkanes
are preferentially produced in highly saline, carb&nate

-

environments where aeroblc and anaerobic bacteria have
subsisted on the remains of blue-qreen algae, (Dembicki,
Meinschein and Hattin, 1975).

The generation of lew molecular weirght n-alkanes fraom
organic matter in source heds has been used 1o ascertain
depositional facies. The ”organic facies" 1s determined by:

i) The nature of the LbLiological material
i1) The depositional environment
iii) The early diagenelic condiltions (oxidising or
reducing).

When the organic facies 1s compared to the amount of
hydrocarbons generated, a slriking difference is revealed,
dépending upon the deposiftional faciec. Organic matler
derived from higher planls gJganersale aboul 1000 limes
less €C-2 to C-7 n-aikanes lhan organic maller derived
trom marine organisms, (Leylhaencer, Schasfer and Welneo,

4
12790 .
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4,4 TERPANES

The terpanes are constructed from a biological precursor

with the carbon skelelon of 1soprene:

CH
I 3
C CH
/' \ / 2
HEAD CH CH TAIL
2 2

ISOPRENE UNIT

Common geochemical fossils of the terpane family include:

i) Regular isoprenoids; acyclic, branched, saturated

molecules with a methyl group on every forth carbon

atom. This implies a “head-to-tail" linkage of the

isoprene unils.

ii) Irregular isoprenocids; used to describe molecules

wilh "head-to-head" or "tail-to-tail” Yinkage. p

iii) Cyclic diterpenoids; commonly found in terrestrial
Slant resins.
 The best known and mosl common acyclic isoprencids are:
PRISTANE : 2,6,10,14,Letramethylpentadecane, (C—-19)
PHYTANE : 2,6,10,14,Letramethylhexadecane. (C-20)

The pristane/phylane (Pr/Ph) ratio has been widely used 1o

-

e



~

obtain information on palaeoenvironments.

Environments consisting of an anoxic waler column above
anoxic sediments, (fig.56c) have low Pr/Ph values < 1.
- Alternating oxic/anoxic condilions, (fig.56b) resull
in Pr/Ph values 1. Totally oxic conditions, (fig.56a)
produce Pr/Ph values > 1. Anoxic conditions evidentlly
preserve the C-20 isoprenoid skeleton resulting in low Pr/Ph
values, whilst the oxic condilions cause a grealer degradation
co that the C-20 skeleton is less likely lo curvive intacti
in the sediment leading to a high Pr/Ph ratio, (Didyk
etal., 1978).

The stereochemistry of pristane has been used to provide

information on the increasing maturity of a sediment.

PRISTANE MM
with an origin //l\v//\\//l\v//\\//l\v//\\//L\
from phytol, retainsg &(R),10(E).

Isomer compatible

the configuration atl
the lwo chiral centrec.

isomers from phytol 6(R), 10(R)
via reaclions

leading tlo

epimerisalion of

metlhyl branched

positions

"o

6(8),10(S)
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AGE ISOMER ABUNDANCE
SAMPLE LOCATION | (m.y)
RS RR €58
Zooplankton N.Sea - 100 0 0
Messel Shale W.Germany 50 100 0 0
Green River Shale|U.S5.A. 50 80 20
Irati Shale Brazil | 300 50 50 ,
|
Qreen River Crude|U.S.A. 50 50 50
Halibut Crude Australia 55 50 50 t
Djatiburang CrudejJava 35 50 25 25

Table 8. (After Patience, Rowland and Maxwell 1978).

With increasing geological maturity tlhere is a loss of
stereospecificily in phytol-derived pristane. The 1immature
zooplankton and Messel shale contain only the RS isomer.
The mature samples however,exhibil varying amounls of
RR/SS isomer configurations, (Patience, Rowland and
Maxwell, 197&:.

Whilst pristane and phylane 2re by far lhe mosl widely
studied acyclic isoprenoids, the geochemical allribules of
other lcoprencids have been cludied. The occurrencs of EL
reqular C=-25 isoprenocid hydrocarbon 1n highly salin:
sediments may representl a biolegical marke:, possilly
typical 1n representing a lagoonal, saline environment,
(Waples, Hang and Welte, 19741,

Finally, unusual nead-to-head linked 1soprenaid

hydrocarbons, found in Uhe c2ll wali membranes of




thermoacidophilic bacteria; have also been deleclted 1n
pe{roleum. These two facts have been used as evidence for.
a hbiquitous and substantial contribution of bacterial cell
wall lipids to crude oils, (Moldowan and Seifert, 1979).
Tricyclic diterpenoids are generally used 55 source
type indicalors and correlation paramelers. Diterpenoids
are widely distributed within the resins of higher plants,
and the stability of diterpenoid hydrocarbons maLes them
éxtremely valuable as indicators of higher plants and resin

contribution to sedimenls, coals and crude oils, (Fhilp,

Simonrneil and Gilbert 1981).

4.5 THE STERANES

MASS 217 ——-——mm- -

RECULAR  STERANE

a
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Steroids form a group of compounds thal are widely
;istributed in living organisms and can be used to
illustrate the advances that have been made in understanding
the biological origin and geologicai fate of thé organic
compounds 1N sediments.

The precursor sterols are successively transformed into
stenones, stlanones, stanals, sterenes and finally steranes,
(fi9.57), initially by microbial activity and later by
‘physiochemical constraints, (Philp, 1981). The sleps 1in
this transformatlion }esult in a complex web linking
hiogenesis, diagenesis and catagenesis. Reaclions
involved during tlhe géochemical fate of steroids allows an
assessment of:-

1. Early diagenetic effecls.

2. The region of thermal maturation

3. The aspectsvof the environmenl of depositlion.

During early diagenesis, steroidal biolipids are converted

into geolipids whereby their functionalities are altered by
reduction, dehydration and hydroxylation, the stereochemical
fealures however remain largely unaffected. As maturily
increasec, 1in lale stage diagenes:s and early calagenesis,
the slereochemical features 2re allered by lsomerizalion.?
Finally increasinyg maturity during late slage catagenesic
results in aromatizaticn of the molecules from monce= Lo
tri-aromatics, (fig.238).

Throughoul diagenesis and catagenesis the biolipids are
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STEROLS

I |
STENONES ' i
o )
l (2)
1]
U
STANONES
0

/[:::t:i:I/ STANOLS
)
-
e Uy
OR STERENES

(6)

Fig. 57 Struclures and inter—-relation of varioues sterols
found 1n conltemporary envionments. (After Philp,
16981 . i
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Fi1g9. 58 A schemalic summary of The presumed gJeological fate
of Lhe major natural productl steroids.The biological
and geological ranges of occurence of steroids and
the main processes that effect the ltransformation of
steroids are also shown. (After Mackenzie etal.,
1982) .
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altered in 3 systematic, rather than random manner, with the
r;lative abundance of tlhe various éteroidal lipids showing
the progressive effects of diagenesis and catagenesis.
gterol to slerane alteration can {herefore be éummarized
as follows, (£19.99):
1., Microbial reductiaon of As— cterols to 5« (H) (and

5ﬂ (H) ) stanols 1in the surface cedimentls.

2
2. Dehydration of the stanols told - sterenes.
2 13(17)
3. /A - sterenes to A - sterenes (which have

been identi}ied in older mature chales?.
4. Saturated gteranes.

Therefore the identification of [}C - gterenes in a
sediment would suggesl that only the earliest stlage of
diageneslis had occurred, (Dastillung arnd Albrect, 1977).

Correlating geochemical fossil data with depositional
environments 1§ apparent in that the geolipid markers
can preserve 3 signature of the particular depositional
environment. These markers can be used to assess
the lipid iynput from algae, bacteria and terrestrial higher
planls.

Beﬁause of lhe structlural compiexily oOf the steranes,
their usefulness =23 geochemlcal foecils 1e yreatlly incregsed
and has resulted 1n many ciudies lhat relale slerane: Lo
cource lype aﬁd maturily.

Qlerol digtributlaion has been cuagested as ANl indication

of varioucg ecological systems, (Wen—-Yen Huang and Meinscheln,

1G76). FPlots of the c-27, C-28 and C-29 stlerol ~ontents of
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Precursarsterols
R R
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HO 5 Y
Diunsaturated products _ Rl
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AV Y sterenes

fig. 59 Early transformatlion of sterols 1n the geological

enviroument.

7 = Process inferred.
R = H, CH , CH
2 2 5

(4fter Dastiilunyg and Albrecht, 1977).
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marine plankton, higher planls, soils and lacustrine and
marine sediments form discrele areas on a lriangular diagram
(fig9.60). The dominant sources of C-27 sterol;
(zooplankton) and C-29 stero’s (higher planls) exerl tLhe
principal contraol, whilst C-28 stlerols apparently play a
less prominant role as bolh tlerrigenous and marine-sourﬁes
exist for these sterols. Althouqgh relationships between
csterols and steranes are nol fully known 1l is generally
accepted that algal organic maller conltain steranes 1n which
the C-27 compounds‘are more abundant,whilsl organic matter
rich in land plants usually contain abundant C-29
compounds.
Although sterane structures are drawn in lwo dimencions,
in reality these compounds have very complex Llhree
dimensional configurations. The cenfiguration is aclually ;
|
determined by the spatial arrangement,-or stereochemistry, f

at certain pesitions in the compound. The stlereochemistlry

in turn will vary depending on the hislory experienced by
the compoundes afler depositior.

Fer example, at the posiitlon numbered 5, 14 and 17 in the

slerane slructure there are lwo poctibie configuratirons
referred to eirlher as {(H-ziom 1s below The plane of Ulhe
rest of lhe molecule) or (H-alom 1¢ above lhe plane of Uhe
rest of lhe molecule). Furtlhermore, lhe position numbered

i A

20 is referred to as an asymmetlrlc carbon alom and can give
rize to lwo diffevent arrangements referred 1o as eilher

R oor €, (fig.&1).
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The biologically produced S5&X(H), 14x(H),17x(H) Z0OR
stereoisaomer in a C-29 stlerane is converted in sediments lo
an approximately equal mixture ofiétself and the
corresponding 3&(H), 14x(H),17&x(H) 2085 configuration,
(MacKenzie etal., 1982). The ralio of C-29, > X 205/
(x%(X 20R+ Xoax20S), expressed as a percentage is aboul 257 at |
the onsel of o0il generation and increases almosl linearly

to a value of about 507% at the peak of o0il generation. It

has also been nolted that the biologically produced 5 & (H),
14 & (H) , 17 X (H), sgeranes are partially converted during
tatagenesis to the corresponding 50<(H),14,8(H),1ZB(H),
series. The percentage of the C-29%A28 component in lhe
total C-29 steranes is another measure of maturation.
The value of this parameter 1s aboul 2Z5%Z al lhe onsel
of o1l generation and increases exponentially to a
value of about 70% at the peak of o0il generatio%. The
resultanl stereochemistry depends on:
1) The source material
11) Whether biodegradalicn of lhe precurcers o
proaucls hae occurreu.
111} The deqgree of maluralion.

»

Thus, the stereocchemistry of lhe slerane mixlures That

are generated and found in crude 01l and source roch

extlracls are unigque for a parlicular sel of condilions of

the formation, (Fhilp and Gilberil, 1G&0).
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Aromalic steroid'hydrocérbons have bLeen examined in &
humber of sedimentary sequences which contain a range of
skeletai types, including two fémilies, ABC~-ring
tri-aromatics and C-ring mono-aromatics, (Schaefle elal.,
1978), (MacKenzie, Lamb and Maxwell, 1982). Changes in the
relative abundances of these families witlh increasipg
maturétion indicate that aromatization of C-ring
mono—aromatics will occur in rings B and A with the loss of the

'nuclear methyl group on the A-B ring junclion, (MacKenzie

etal., 1982).

[NCREASING
" MATURATION

Aromatization of steranes.

Diasteranes, or rearranged steranes, are not produced

biologiéally but are formed during early diagenesis from

,,!
csterane precursors. i

Regular Sterane Diasterane (rearranged

slerane)
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This clags of geochemicai fossile reflecls lhe complenily
of the changes undergone by steroids in the geological
environﬁent. The diasteranes are useful as correlalion
markers among crude oils or belween ‘crude oils and their
- gource rocks, (Ensminger, Joly and Albrecht, 1978).

The usefulness of steranes és geochemical fossils
has been reviewed in the discussion above. Many workers
have been able to use steranes in geochemical correlation
;Ludies, maturity studies and determining the thermal
history of sediments: The extensive amount of literatlure
and research on steranes bears witness lo lhe growing
importance of these geochemical fossils when investigating

petroleum formation and ils occurrence.

4.6 TRITERPANES - THE HOPANES

KASS 191 <ml-co e - o

e

""" > MASS 148

ROPAKE
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increasing

maturation

20 R
[}
20 S
Fig. &1 Changes of configuration at C-20 in the steranes
" during burial.With increasing maturation the pre-
dominance of Z20R changed to egqual amounts of Z20R
ans 205. (After Tissol and Welte, 1984).
Example of
_the Eocene shales
Structure Series Occurrence inthe Rhine Graben
~ Locality
maximum burial depth
Immature
R Sediments Messel
: BB -Hopane (also in living 200m
) orgonssms )
Immature
R ‘Sediments
H Bo(-_Hopane (alm mn living 2
) orgonisms
-H Sediments Stockstadt
ocp- Hopane only 1800 m
Fig. 42 Stereochemislry of the hopane series. (Aftler Tissol

and Welte, 19841,
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The pentacyclic triterpanes of the hopane family
( ¢-27 to C-35 ) are widespread constiluents of the membrane
lipids 1n prokaryoles. It has been suggested that the
hopanoids acl in a structural role wilhin the prokaryolic
cells, in the same way as the slterols within the eucaryolic
cells (Qurisson, Albrect and Rohmer, 1979).

It has been shown that the hopane-lype lrilerpanes are
ubiquitous biological markers and are found in almost every
sample of sedimentary organic matter, (Ensimiger etal., 1973),
(Van Dorsselaar e£a1., 1974). This includes lhe widest
variely of samples, including young muds, lake or sea
sediments, petroleums, lignites, shales and coals wiih
ages ranging from a few years lo 5 108 years.

Hopanes, like the steranes have a very complex polycyclic
ring structure and are similarly sensitive lo stereochemical
changes during diajenecsis and catagenesis. Hopanes can have
two different stereochemical configurations al the carbon
atom positions 17 and 21, resulling in three stereochemical
series of hopane-lype lriterpanes:

(17 , 218 ) H-hapane cr XA hopang
(17 B, 21 ) H-hupane or B« hopane
(178, 218 ) H-hopane or BB hopans *

The «« and ﬁ respeclively refer Lo lhe position of the

hydrogen atom at that carbon number being below or above lhe

plane of the ring. Living organisms always synthesize
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/@ﬂ hopane—lype lrilerpanes (and somelimes lhe subordlnahe/h
\hopane—type). These configuralions are thermally unstable
and as the organic materi1al is buried and subjected tlo
maluralion changes, the more lhermally stable i1somer Kﬁ
hopane-lype 1s gJenerated, (f19.42). The ratlo'o€(17/8(H),
21/8(H) ) /17 X (H), 21/3(H) ) hoganes 1in source roék extractls
thus decreases wilh increasing maturily, (Philb and Gilbert,
’1982).

In more advanced siages, those hopénes which have a side
chain of four or mo}e carbon ataoms, ( C-31 te C-35 compoﬁnds )
also have the ability to form R and € iscomers at tﬁe €C-22

position. Hopanes nalurally occur with the 22R

configuration, wilh Increasing maturily however they convert

Lo the 225 form and produce a mixture of 22R and 223 hopanes.
The relative amountc of these R and S isomerc reflects the
thermal maturity of the o0il or rock extract.

As wilh steranes, the stereochemialvry ¢ hopancs can
provide vilal clues to source rocl maturily and in mane
tases thiz information ls complemenlary Lo Lhal oblained
from tne steranec, (Machenzie ela.., 1250:. The use o
Mopanes 1n o01l-0ll, ori—source toCy cortelaliaon Mas 2100
been well documented. e.3. The geochemical coirelatlion
of Auslralian crude o0il, (Philp, Gilberl anug Friedryoh,
1982) and the correlation of crude 0ils from the San
Jorges EBasin, Argentina, (Fhilp, 19857,

Finally, lhe relalive abunagancez of stercids and
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triterpenoids in sedimenls can be used lo delermine Uhe
main source Llype.

Steroid—richAsediments'are'usuaILy marine or lacustrine
and in lhis respect, planklton may be the major source of
sleranes 1n geologlcal c&ndlllons. Thus the ratio of
steranes lo hopanes 1in crude oi1ls may indicale lhe "oarigin
of lhe main source material, 1.e. planklonic when the
sterane / hopane ralio is high, terrestrial when il is low,
(Tissol and Welte, 19284).

'

To summarize, geochemical focscsils are used for correlatians
(oil-0il and oil-source rock), for lhe reconstrucltion of
depositional environments, as indicaltors of diagemnesi:c and
catagenesis and in determining the degree of biodegradation.
Indeed the application of variocus biological markers has
been able to assisl the pelroleum explorationist in palaeo-

environment reconstruction, Seifert and Moldowan, 1981).

4.7 ISOLATICON AND ANALYSIES OF GEQOCHEMICAL FOSSILC

Tlhe 1sclaltion, 1dentificlicn and separai:on of geovchemlcal

: P , . . 2
tagsiles present ynocrude oile ana source rois exlracic
requires lhe use of faitly sophicticated inslrumenlztilicn
and techniques such ag compulerized gacs-liquid

chromatography (G.C.) and macss speclrometiry (FM,.9.,).

Prior te G.C.-M.S. studiec the crude ail or sQuUrce roch
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exlract is fractionated using sequenlial elulion
adsorption liquid chromatography, so 1sclaling three or

four hydrocarbons from the sample, (Philp and Gilbert,

1980), (Gilbert, 1983).

CRUDE OIL OR

SOURCE ROCK EXTRACT

COLUMN CHRGMATOGRAFHY

WITH DUAL SILICA/ALUMINA

ADSORFTION COLUMIE,

SEQUENTIAL ELUTION WITH

INCREASING POLARITY SOLVENTS

n-PEMTALT CYCLOHE XA THLOROF 0P METHAROL
Dl-Afn ThI- FOLYAROMATICE
SATURATES MOMOAROMATICE
AROMAT I TR SOLAR CONUTITUENTS
.4

Talble %0 Cafier Phivip and Guibert, 1930°

r

Imitial analyels of Lhe hycerocarbor fra=clions iy made by
gas chreomalography hefore the more debloiled analysic, using

compuleryized gas chromaloegraphiy maze speclrometlry, (fig.&50.

The ga. chromalograph ¢onlain: 2 nigh rescluelion
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PRINTER /
PLOTTER
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TRANSFER

COMPOUND  SEPARATION |

’

Fig. &3 Schematic diagram of a
the analysis of complesx
after Philp and Gilbert

__: SOURCE | MACKETIC OR OSCILLATING) ELECTRON
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hydrocarbon mixtures,
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capillary column capable of separaling compounds on the
;a%is of their volatilily, boiling point, stereochemislry,
polarily or molecular weight, (Philp and Gilbert, 1982). As
the separated compounds elutle from ihe capillary column of
the 9gas chromatograph they enler lhe 1ion source of the mass
spectromeler where each compound 1s ionized by a stream of
electrons and fragmented. The nature of the fragmentalion
depends on the structure of Ulhe original compound and
results in a unigue s?t of positively chérged ions so allowiny
identification of tge compound. The posilively charged
fragmenled 1lons are directed to an eleclron multiplier
through a magnetlic or oscillating radio frequency field.

The iong are separated (or focussed), on the basis of

their mass lo cﬁarge ratio and arrive at the electron

multiplier where lhey are collected, detected and their

intensities recorded.

&g ]

A large amounl of data ic penerated during The G.C.-1.
analysis of a sample. The mass speclra of compounds are

generally processed by compuler and compound idenlificalion

czn be made rapirdly as lne speclral dall 13 COmpared 4231 nI]
4 libracvy of z0-40000 ctandard speclra slores 10 Lie

4
compurer. A listing i possible slruclure. 107 the compound

—
A

then generaled Dy The compule: .
The firel slep in processing The datla 1% Lo reconslrucl
a total ion current (T.1.C.00° chromalogran. This

chromalogram 15 very gimilar 1n appearance Lo lhatl ohtainsd
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by a g9as chromatograph equipped wilh a flame 10nizalion
détector. However, by monitoring the intensily of a single
characlteristic ion only, (and nol recording the total 1ion
current) the sensitivily of the mass speclromeler 1s
enhanced by several orders of magnilude. This can be seen
in fig.b4. -

The ion mosl characterictic of sleranes and used lo

detect its presence in crude o0ils or saurce rock extlracls

is al mass 217 or 149 (ref. slerane ¢structlural diragram),
4

)
that for hopanes is at mass 191 or 148 (ref. hopane

structural diagram), for normal alkanes alt mass 71, 85 or
99 and for mono-aromalic sterane¢ al mass 253. By
monitoring, for example, the intensily of mass 217 and 191,
th; resulting chromatograms can be used lo establish
0il-0il and oil-source rock correlations and in malurily

studies. It is this method of identificalion thal forms

the bacis of many applications of organic gecchemislry 10

petroleum exploration studies, (Philp and Gilberl, 1982).

)

Computerized gas chromalography-mass speclromelry 1:
Lheretore sssential for delerwining geochemical tossp:
distripulions 16 oile and exlracis 2ne by combining tne a

re

w

plis wilh Those froum olher Jeothemiial ledhnigques, 11
may be possible lo establish a comprehensive plolure of

sedimenlary basin.
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Fig. b4 A single ion plotl of macs 191 compared with 2 T.].¢C.
chromatogram of a source rock exlract.Open and
closed circies are used Lo chow relative Focilionc
of lwo lrilerpanes in a plol of macsz 194 and T.I.C.
lrace. (Aftler Philp and Gilbert, 19805 .

™
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N 4.8 A GEOCHEMICAL FOSSIL INVESTIGATION Of

INTRODUCTION

Allhough geochemical sludies of lhe Belfast Mud;Lone have
been limited, the conclusions suggesl that whilst there
méy.be some gas polential, lhe mudstone has no liquid
hydrocarhon polential® .IL appears thal most of the organics ;
presenl in lhe Belfasl Mudslone are of lerrectlrial origin,
and if any marine organic malterial has heen included, oxic
conditions, prevalent during sedimentatlion, have oxidised Lhe
kerogen, thus deslroying the liquid hydrocarbon potential of
the organic mattler.

Whilst geochemical data suggests Lhat the Belfast Mudslone
1s a poor source rock, there appear to hLe some seclions of
the mudstone where orgzaic malerial tends toward marine lype
II keroyer..

In in1s geocnemical 1nvesligation samnlec ynescating liquid

nydrocarbon poienlisl nave been silecled.ltl isg hoped Thal

w

the <luay mighi indicate cerlasn horizony wilhin lhe Belfagt

Mudelone have The polenlis. Lo yield litquid hydrocarbons.
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SAMPLE SELECTION.

The geochemical fossil invesligation was limited to lhose

samples displaying lhe besl oil prone characteristics.
Sample seleclion was made afler carefully considering
all geochemical data provided. Gamples lesled were from
three recently drilled exploration welle :-

1. CURDIE # 1 (Belfasl Mudstone 1893-2327m}

The enlire Belfasti mudstone appears lo be immalure and
from microscopy studies Seems'Lchontain only organic
material capahble of generaling gasq

Samples were selected due to lhe high T.0.C. values.

Depth T.0.C.
A - 2100 - 2105 1.90
B - 2190 - 2195 1.91
¢ - 2300 - 230t 1.84

Tabla 10. Curdie # ! Samples

. BRIDGEWATER ECay ¢+ 1 (Belfasl NMudstlone Z248Z-4102n°
The Belfastl Mudselone 1< lnermaiiy malure below 329%n.

Below 3950m shale sloughing and tne addition of Soltex Lo

Lhe mudg systlem hasw led Lo sample codtamination.

T.0.C. and pyrolysis resuils were used lo sclecl Uhe

samples. Fartlicular atlentlion was dirracled towards the %1

(Free hydrorarnon) values, the S1452 (Pelroleum Polenlial)
data and tnhe H/0 valoraos. The samples seiccled have 1a1r 1o
qood free hydrocarben values, chow marginal Lo moder=te

i34

s
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source rock

potential.

’ Depth T.0.C. G S1+62 H/0O

D - 2700 1.18 0.66 2.42 1,43

£ - 2945 4. ze 0.4 2,88 4.2

Foo- 3050 1.3 0.0 196 o4y

G - 3550 .55 2.72 4.2 1.87 R

Table 11. UGridgewatler Bay it 1 Samples

L
.

3. TRITON # 1 (SIDETRACK) (Belfasl Mudslone 1730-340&m)
The Belfast Mudstone 1 thermally malure below 2900m, ébd

below this depth it appearc to have a good source potlential,

though for gas only.

From the elemental analysis of the kerogen and E.O.M.

data, there appear lto be some samples Lhalt tend toward type

11 l::ern-jen wilh possible o0il/jgae polential.,

Although there are high T.0.{C. values in the sequence
these decrease wilh Increazang deplh, With one exception,
camples are selected foar Lheir elemenlazl charaiteristlics ary

Lhe BE.oonte (Hya Dearben jopeatied exbiali,

Lo p i N G o (R (8 IRV S I TIN T
M - GO 1 R
L= 2o IS a7 O i
J - 307 1,00 - 147
¥ - a2 ' 0.y Tt

Table 12, Traiton + 1 (Srdelracd) Samples
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THE GRADIENT ELUTION OF FOSSIL FUEL DERIVED HYDROCARBON

Before lhe source rock extracls can be sludied on the
G.C. - M.S. they must undergc fraclionation. Fractionation
of fossil fuel derived hydrocarbon mixtures is performed by
sequential elution adsorbed liquid chromalography.

The principle of adsorptian chramalography relies upon
solvent molecules in the mobile phase compeling witlh
solute molewcules for siltez on Uhe stalionary (adscrhent)

rhase and involves the following set of equilibria:

Adsorbent .

7 N\

Solvent Z———= Salute

For = solute molecule to be adsorbed ento the stalionary

phase a4 solvenl molecule must b: ta1rct urspiiaced srom L

Surtace, it 2l 1w assumed Lhal Lie adcorpent pOsses: 3

&
polar surface Ceog. 2illea ane wiumin.g Viren non pogscs
groups (e.y. hydiocarbons! will nave !;111e Afinily {for the

surface and wili net displace the solvenl molecule
Lherefore The solule molecules wil not be reilzincg and wil)
be eluted. A polar funcltional Jroup mciecule will be

retained until a <osve:; 1 with a Brgher polarity dleplace:

The colute from Lhe surface of Lhe staltionary phac. .
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By ulilizing the compelinyg equilibria of various solvenls,
adsorbents and solules, the requlired hydrocarbon fractiaon

can be utilized. .

By using a dual silica/alumina column, the propertlies of
both adsorbents can be ut:ilized durrng one analysis, lhus
Jiving a wide range of separalion propertlies.

The selection of the solvenls operaltes on the principle of
functlional group selectivily and can be physical or chemical
depending on the naEure of the i1nteracltions between the
functional group and the separaling medium. The solvant
sequence thal has been selected for lhe fraclionalion of
fossil fuel derived hydrecarbon:, n—-pentane, cyclohexane,

chlorcform and methancl 1s shown 1In tahle 9.

Procedure details - Experimentlal

A) Sample Preparation :— A& Soaxhlel system ic conditioned
prior to sample extraction by refluxing 100 ml. of
dichloromethans (v C.F.Y for 12 hours. The soaurce roack

samples are crushed i1nlo a {in- powder 3nd 3 weighed amounld

of The powderod sampis - pirsced 1n ithe S“ovhlel lThimbis .

The sampie 14 retliuved i< 4o hours, (3elbling & on The

fest-Lank) wiih 10w oo vyreso Lo 0 P
Lo Column Frepataiees (f1rg. 520 1= The column, = 2% « .

burettle wilh a Tei{lon Ttap, s Taoeroughly cieaned wiln

chromic acid, rainsed and teft to drain. A glass: wool plu.,
(washed wilh accoo (MO . 1 @ 1) foe:towed by a4 solvent,
(D.C.MoY) 1: then placed 16 Uhe culumrn.,

Column packing material, the 2dsorbenls, consi:t .

1t




(6. 89 ADSORPTION  COLUMN
SOLVENT RESERVE
N
' SILICA PROTECTION LAYER
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“gilica Gel (100-200 mesh), Woelm, aclivaled al 150 C for

3 hours, and Aumina Oxide (Grade 1) Brockman, activated at
3DDDC for 3 hours. Once acltivated the packing is added lo
the column, (100 ml. of sample requires 8y3. of Alumina and
4q. of Silica). -

Il is necessary to slurry pachk the Alumina by filling the
column about half full wilh n-pentane and then gradually
pouring in the alumina. fhe Silica Gel is added dry and
tapped until 11 is'tight within the column.

C) Sample Elution := Once ihe Soxhlet refliuxing 1is

“complete the sample 1is transferred to a smzll heaker and
ayaporated down to'approximately 10 ml.

To overcome the problem of column plugging, channeling
and the failure of the sample to adsorb during the
introduction, the sample is preadsorbed in a small portion

of D.C.M. and 1g. of activated silica gel. The preadsorbed

sample 1

w

then air dried and intreduced into the columrn.
1o avoid any sample disturbance during sulvent addition,
small gquantity of cilice gel 1o Lhen pizced on top of Uhe
preausorbed Sample.

g
N.L. 3  Lhe culumn Supporis should never be s.oiowed to dry
cut.

AL least 150 ml. of A.R. grade n-pentane 1s pouied

through the column and the elulanl containing the aliphatl.

fragtion is collecter in a 200 ml. round bottoem flask.

This process 1s repeated for lhe csolvenls; cyclonexane
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.

collecting the monoaromalics, chloroform collecting the
di- and lri- aromatics and melhanol collecting the

polyaromatic fraction. :

These fractions, collected in the round botlom flasks, are

thn evaporated down to approximalely Sml. and transferred :
10 clean sample vials. These vials are relained for laler :
G.C. - M.S. analysis. ﬁ
|
G.C. - M.S. ANALYSIS %
For the G.C. analysis a Packard ga:z chromatograph was | @
utilized with a 12m B.P.I. column and using helium as thé } ﬁ
carrier gas. The temperature conditions were SDOC to BBDDC ‘ ﬁ
al 1ODC / minute. A split injection (Z0:1) was made using é
1 1 of sample. ;E
For the G.C. - M.S. analysis a Carlo Erba gacs .

chromatograph was used wilh a 25m capillary (chrompack) SIL 5
column, helium again being the carrier g9as. The lemperature

conditione wer= S0 C te Z&0 C at A0 C / myinuls. A spli

iniectien (50:1) was made uzing © ¢ of sample.  The maz:
spaclromeisr, o Pratas:s MI Z0FF operale ST DLl
current of 290 4 and an elsiiron energy o T0oev,

The G.C. results of the n-pentane fraciyon, (fi1ge.67-75),

shows thatl Uthe normal alkane: nave been 1denlified against a
standard hydrocarbon mixture of C-té To C-2Z, (f1g.&670. :




Fig. 66 Typical gas chrométograph

of a hydrocarbon standard.

—
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Fig. 67 Gas chromatograph of n-Pentane fraction , sample
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Fig. 68 Gas chromatograph of n-Pentane fraction » sample D.
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Fig. &9 Ggs chromatograph of n-Pentane fraction , sample E,
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Fig. 70 Gas chromatograph of n-Pentane fraction , sample F.




[ ]

33'220
BREEER

C e - em—— ——— - == . .

chromatograph of n-Pentane fraction

sample G.

71 Gas

Fig.




!
4
@
)
(o~ B
vt
y B
AL
- @

Fig.

72 Gas

175

) L

chromatograph of n-Pentane fraction
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73 Gas chromatograph of n-Pentane fraction
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By comparing the G.C. dala wilh lhe standard hydrocarbon

~

mixture, the following alkane distribulions can be

determined!

SAMPLE ALKANE DISTRIBUTION MATURITY
£ Not }ecorded Immature
B Nol recorded Immaiure
C C-17 to C-31 " Immature
D . Trace Immature
E Cy18 to C-29 Immature
F C-17 to C-32 Immature
G C-15 to C-26 Mature
H Trace Immature
I Trace Malure
J Trace Matlure
K - Mature

It has heen stated earlier that “ne lipids common 1l
marine orqganic matter resull 1n a predueminance of C-15 and
C-18 +valtly acide, whilel wases from Toerrezlrial higheo
plants are characlerized by a freaominance of (-20 1o C-c.

From lhe distribwiron ot Tne n-zibkanes found 1n i
sampiec il may be deduced 1hal This 1 wue Lo a mined g
terrestrial / marine 1nfluence. It owld be remembercd
that the sample selection was primarily made on the slr2ige
tendenc: loward type 11 berogen. Cuch drsiribulions ==

recorded above oy be evidence for cerlzin horlzors ei:sling
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~

within the Belfast Mudstone that exhibit a stronger marine
influence. The alkane distribution however is not dependent
coley upon the organic source type, bul also on the maturily
of the rock. This is possibly lthe case seen in samples E, F
and‘G. E and F are immature with a strong terrestrial
influence, whilst G is matdre and shows a mixed marine /
terrestrial influence that could merely be the resull of
thermal maturation.

The G.C. results of the cyclohexane fraction was very-
disappointing and the chromatographs appear to be severely
‘contaminated by the n-pentane elution. Mass spectral
analysis confirmed the presence of hexylcyclohexane ( a

caturated alkane) and its homologs. M.S. analysis however,

cEHH

hexylcyclohexane

failed to detect the polycyclic or mono-aromatic structures
F

v

of steréne or hopane. This is an unexpected result as it
was assumed that hopanes particularly, were ubigquitons
structures found in all environments of all ages, (Ourisson,
Albrect and Rohmer, 1979).

Finally, the chloroform fraction was analyced, again
disappointing G.C. resﬁlts were obtained. Contamination was

still a major problem, with the hexylcyclohe:xane ctructure



again presenlt. Phthalates were posilively identified by

M.S. analysis This is again a strange resultl as phthalate

0
I
_0—
¢ R R = alkyl
(—0—R
]
Y Phthalate

structures are related to plastics,

DISCUSSION

The GC. and G.C. - M.S. analyses were largely
unsatisfactory, but despite the apparent disappointment,

Lhe negalive results have provoked a positive outcome, in
reviewing the Methodology and techniques used throughout
the aﬁalysis.

Several points can be made that will hopefully improve the
experimental procedure and facilitate subsequent geochemicgl
fossil studies, these include :

1. The employment of solvenls with a higher fpurity d
grade.
Solvents used throughout the analysis were of
ot A.R. (Analytical Reagent) grade. This was
thought not to te pure enough, possihly resultling
in a residual water that inhibited the G.C results

of the n-pentane fraction of samples A and B.




It would be advisable 1n fulure tlo re—distill
A.R. grade solvenls, lhus 1ncreasing the purily and
eliminating any possible contamination by residual
watler,

A modification of lhe adsorplion column.

To reduce water'absbrplion during the ligquid
chromaltography process, lhe adsorplion column
should be placed i1n a fume cupboard. As a further
measure lo combat waler absorplion the solvent
could be st;red over a molecular sieve and the
entire chromatographic procecs run within a closgd
system utilizing a lwo-way pump process drawing qff
a measured volume of solvenl lo be injected through
the adsorption column and eluled into the sample
collection recservoir.

Because saturaled hydrocarbons were i1dentified
within the various fractione analysed, there was
obviously a problem beTween Lhe moblle and
stationary phases of the column. This problen
Fighlights the need T4 wuwe purer sulvenle (see
aboved, during Lhe fiquie chromalograplhy procesc.

Sample s1Ze ane preparalous .,

=

Ttie source reck samples lLeslea welnghed belweer
2.13 lo 2D0.3a, {(average 14.83). It was thought
thal by increas:ing the sanple size Lo approximatlely

309 mass spectral anzlyzls and geochemical

identi1fication weuld have boesn made easziz.




The samples wer; crushed by hand 1n a mortar and
pestle before refluxing. Mechanical grinding lo a
uniform mesh size may have aided the refluxing
process and liberaled a greéter amount 6€
hydrocarbons.

The samples used 1n the study were dilch
cuttings and may nol have represenlgd Lhe true
horizons [ wished to examine. The samples lestled
may have been contaminaled by “sloughing“'shales, a
notorious becurrence wilhin lhe Belfast Mudstonéi
Rather than ditch cutting core samples should Eé
used if availahble, so enabling lhe samples lo be
both uncontaminated and from an exact deplh. |

Finmally, there appeared lo be contamination of
the sample due to the mode of storage. The ditch
cuttings used in the study had been stored 1in
plastics bags for up lo three years. The phlhalates
detected in the chloroform fraclion may well be
associated wilh the plz:itic baaos used for sample

slorag:. To overcome such conlamin~lion zamplet:
should be anz=lysed soon 2fier drilling or stored in
arr-li1aghtl tin can:z. 2
Sglule evaporation and sloraye,

After liquid chromalography lhe soiulte collecled
in the round botlom glass 1+ ev;forated down 10
approximately Smi. Thie =should nave been done by

rotary evapocralion nol by air drying ac the zoiute

]
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can be contaminated by waler reabsaorption. Solule
storage, prior tlo G.C; and G.C. - M.S. analysis

shouLw/ge minimal and in air-tight, sterile, glass

-

vials, Ulhus reduting any possibility of solute

contamination.

Determination of the M.S. operaling mode.

-

Though no sleranes or hapanes we}e'detected, 1t

is almost certain that the slruclures occur in the

samples. Their apparent non-presence i< due to the

operating mohevof the mass spectromeler. In order
to identify the steranes and hopanes a revised MiS.
operating mode must be esiablished.

Logisiics,

The techniques employed involved more lime lhan
was available for the project. This resulted in
curtailment of much of fhe research and many
questions remain unanswered. The lime factor
Eecame a noreat burdan for experimental recsearch
that could nol be rushed;

Further geochemicai :zludies c<hould realize ine

lime necessary Lo aaeqgualely persue lhe lopii.

R

4.9 BUNMAT S

e Geochemical foesils ancluding, n-2ilkancs, lerpanes,
WAL 2 3

~

‘ranes and hopanes can give & knowledge of -
Lo .

a) Source lyp.
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.-

b) Depositional environment.

¢) Maturity.

f;The use pf/éfc. and G.C. - M.S. has enabled the study

of these various geochemical,fossiis to enhancé and
.éupplement source rock studies,.

‘*4Samples showing a trend towards kerogen type II (mixed
Jmarine ( terrestrial organic malerial) and a potential for
ligqﬁiﬁ hydrocarbon were selected for furtlher geochemicai
 dnalysis. It was hoped that the additional da;a, combined
. ' i
ﬁQifh‘established findings would resullt in a comprehensipe
’pfctUre of the petrbleum putential of the Belfast Nudstbne.

The experimental techniques employed however were more

tomplex and time consuming than expected. Lata obtained
“from the G.C. and G.C. - M.C. was disappointing and

resulted in an indecisive analysis of the source rock

“

“samples examined,

v o

. Despite inconclusive findings however, the sludy has
provoked critical commenls concerning methodology, enhancing
~canstructive criticism for improved techniquee and

o

experimental detail in {fulure geacnemical studies.

-3
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CONCLUSIONS.

gTHe éiudy hji/not proved coﬁclusively’that the Bélfaﬁt
fML&stone is ‘a good liquid hydrocarbpn source rock. However,
 ;fFére,are indications which suggestl thal as a source rock, a
fa1r gas polential may exist.

”i+se Beifast Muﬁstone has good T.0.C. valuez. Thi< implies
,T tB;i'o(ganic material 1s presentl within the fsrmation in an

““adequate quantity,

Thermal maturation dndicators show that at deeper levels
. .

ﬁd;fghore Lthe Belfast Mudstone is wilhin lhe 0il window anﬁ
at Triton # 1 (sidetrachy, Bridgewatef Bay & q;u 2reakcea
-éeef # 1Ala'mature Belfast Mudstone sequence has been
.p;heirated.

‘fha source rock type however, i< not condusive for the
ggﬁér;tion of liquid hydrocarbong wilh vitrinite and

;ﬁrqne source rocks and kerogen type I11.
ThpréJm;y be the possibilitly tha! horizons exist withirn

lhe Belfast NMudzione, where o slranger marine 1ntidence I

Sewhibited. I s were lhe Cage 2hu Marine ¢ aanics wWer
dent;fied, lhe souri= roor potential .. Frquird hiviro-
\A‘.‘ » Ai - '1!
arhons of Lne Eeliasl Fuciione crdsiigr woaid he grestly

nhanced.

Geochemccal identification oi Lhe Urganic Lypes by G,0.-

5 was unforlunalely inconclusive and sllhough
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'%QFéfwas room lo speculale thal kerogen type Il may well

€%ist within the Belfast Mudstone, this was nol supported by

'iﬁé'fiﬁdings,

‘~iSpar§e of fshore exploralion wilhin the Olway Basin and the

/;ﬁréétnthickness of the Belfast sedimentl pile make further

SIUdiéé.hecessary. If drilling operations offshore increase

-

,End‘detailed geochemical analysis is conducted: new light may
ﬁ?féﬁed on the source rock polential of the Belfact

“Mudstone.
T €5, s v

~'Al present we are only able to conclude thal the Belfastl, -

"Mudstone is a Jas prone soUurce rock.

3
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