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I Organische Geochemie Il

L. Schwark

Molecular Diagenesis of Steroids

R R

\

double bond
—_—
migration

reduction,

—
dehydration

HO
A7 stenols A7 sterenes A3 4 A" sterenes

1 { rearrangement

17 AR LA™ (20R)-17p-sterenes (20R)-spirosterenes
reduction

14 Wtisomerizaﬂon
B
205+20R epimers of reduction
5a,14p,17p-sterenes

20 ™R

AB4) 4 A4 (205)-17B-sterenes (208)-spirosterenes

Possible origin  of 20S and 20R epimers of 14Db,17b-steranes in immature
sediments from D7 stenols. The D14 (20R)-17 a-sterene intermediates can
give rise to (20R)-14b,17b-steranes upon reduction , as an alternative to
undergoing rearrangement to spirosterenes (arrow indicates biogenic input).
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Molecular Diagenesis of Steroids

! og C-ring og C-ring

mcnoammahc steroids mﬂnc:nammatlc diasteroids

24

I Organische Geochemie Il

Cog triaromatic steroids

L. Schwark

Aromatization of C ,4 C-ring monoaromatic regular steroids and dia
steroids leads to formation of C ,g triaromatic steroids via demethylation.
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Molecular
Diagenesis of
P ;‘;:.‘;fﬁfm Diterpenoids
=
&
§ Tricyclic diterpenoids
O derived from higher land
g O plants (preferentially
% dehydroabietic acid  18/19-norabieta-8,11,13-triene {abcll:tgygr??t:lgt?’?:neh gymnOSpermS) C(?mmonly
D undergoe aromatization
= during diagenesis.
> The aromatic diterpenoids
O formed are very stable
= 7 under geological conditions.
X ableta-65,11,13 1234tetrahvdmretene simonelite They are thus frequently
g \ / found in sediments, coals,
S and oils.
) A maturity parameter based
— on retene abundance has

been formulated.

1,4a-dimethyl-7-isopropyl-1,2,3,4- retene
tetrahydrophenanthrene (1-methyl-7-isopropylphenanthrene)
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Molecular
Diagenesis of
HO taraxerol HO TrlterpenOIdS

mage?:;!:l mageﬁ:;% Pentacyclic triterpenoids
derived from higher land
plants (preferentially
angiosperms) follow two
different pathways
during diagenesis.
Hydrogenation of
various biological
triterpenoids
: during diagenesis
{Boolean-i2-ene inevitably leads to
the formation of
oleanane.

Oleanane is not abundant in oils
and sediment but when present it is
a powerful age -diagnostic marker
for post -Cretaceous land plants.

B-amyrin

diagenesis

I Organische Geochemie Il

L. Schwark

catagenesis

18p-oleanang 18a-oleanans
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Molecular
Diagenesis of
Triterpenoids

Pentacyclic triterpenoids
derived from higher land
plants (preferentially
angiosperms) follow two
different pathways during
diagenesis.

Aromatization leads to
formation of alkylated PAH,
mainly of the chysene and
picene type.

Products are geologically
stable and fregeuntly
found in sediments oils and
coals. Aromatization does
not always require higher
p, T but instead may be
microbially mediated.

I Organische Geochemie Il

L. Schwark

T-methyl-3'-athyl- 1.2, 9-trimethylpicene 3,6, 7-trimethylchryseng
1,2cyclopentanochrysene
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Molecular Diagenesis of Triterpenoids

OH OH

OH OH

\ _-OH
AL~

— K

drimenal

I Organische Geochemie Il

drimane

The diagenetic fate of hopanoidal
| pentacyclic triterpenoids.

of 175010 hopanes o 17D 1B hopanes Hopanes are geologically stable

and important maturity markers.

L. Schwark
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Molecular Diagenesis
of Triterpenoids
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Molecular Maturity Parameters - Korrelation
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Molecular Maturity Parameters - Geomarker

naphthalene phenanthrene dibenzothiophene

I Organische Geochemie Il

Examples of (hetero)aromatic hydrocarbons with methyl group attach
ment to thermally more stable b-positions or more labile a-position.
Differences in thermal stability are attributed to sterical hindrance.

Methyl groups are exchangeable on the aromatic ring system and will
approach a stable configuration upon increasing burial temperature.

L. Schwark

Biological precursors  of these compounds are  not clearly defined and
as such they are not considered biomarkers but geomarkers .
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Molecular Maturity Parameters - Geomarker

_ Abbreviation Definition Substitution pattern
D 2-MN P
E h’l N]{ m E

2, 6-DMN+2, 7-DMN BB+PB
g DNR-1 I, 5-DMN =
(&) 2, 7-DMN BB
8 DNR-2 1, 5-DMN ax

2, 6-DMN BB
@) DNR-3 1. 8-DMN e
O I, 7-DMN BB
5 DNR-4 I, 8-DMN e
n < 1, 6=-DMN
= DNR-5 1. 8-DMN e
@® : 1, 8=-DMN
E) [.8-DMN total DMNs

2,3, 6-TMN BBp
O INR-1 I, 4, 6-TMN+1, 3, 5-TMN aafafa
— TNR-2 1.3, T-TMN+2, 3, 6= TMN aPB+BAR
ND-s I, 3, 5-TMN+I, 3, 6-TMN+1, 4, 6-TMN safrapp+axp
' 1,2, 4, 6, 7-PMN
= PNR 1,2, 4 6, 7-PMN+1, 2, 3, 5, 6-PMN
=
ﬁ Various maturlty ratios can
: accordingly be calculated

—

based on distributions of
alkylated naphthalenes
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Molecular Maturity  Parameters - Analysis
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Molecular Maturity  Parameters - Geomarker
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|dentification and quantification of alkylated naphthalenes by GC/MS.

Kapitel 8 i Molekulare Diagenese und  Catagenese



Molecular Maturity Parameters - Geomarker
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Molecular

Maturity = Parameters - Geomarker

Abundance
lon 156.00 (155.70 to 156.70): KO11751_0il_ARO+PyrD_170328.D\data.ms
lon 170.00 (169.70 to 170.70): KO11751_Oil_ARO+PyrD_170328.D\data.ms
lon 192.00 (191.70 to 192.70): KO11751_Oil_ ARO+PyrD_170328.D\data.ms
900000 - lon 178.00 (177.70 to 178.70): KO11751_Oil_ ARO+PyrD_170328.D\ data.ms
DWIN
800000 +
700000 -
600000 -
500000 -
400000 | TMN
300000 -
P
200000 | MP
100000 - Jk
0 T ‘ { kJ k T M‘AAJ\\AA T T ‘ Aﬂﬂ—& A’\» T ‘ T T T T A ‘ T T T T ‘ T TAW‘ T T JA ‘ T
16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00
Time-->

Sample KOO1751Nordsjoen North Seawell 15/3-8, Gudrun Field,
DraupneFormation reservoirhorizon blackoil Drill StemTest 414314180 m



Molecular Maturity  Parameters - Geomarker

2,7 DMN
2,6 DMN
1,6 DMN

1,3+1,7 DMN

1,4+2,3 DMN

26 +2,7DMN

DNR-1=

2EN

1,5 DMN

1EN
1,5 DMN
1,2 DMN

DNR-1= 10.2 very high maturity

Sample K010888: NordsjoerNorth Sea, well 158, Gudrun Field,
Sleipner Formation, reservoir horizon, black oil Drill Stem Test 46835 m




Molecular Maturity  Parameters - Geomarker

1,6 DMN

1,3+1,7 DMN

2,7 DMN
2,6 DMN

1,4+2,3 DMN

26 +2,7DMN

DNR-1=

1,5 DMN

1,5 DMN

pd
DNR-1= 5.2 highmature w /\\A
—

1,2 DMN

2EN

Sample KOO1751Nordsjoen North Seawell 15/3-8, Gudrun Field,
DraupneFormation reservoirnorizon blackoil Drill StemTest 41414180 m



Molecular Maturity  Parameters - Geomarker

1,3+1,7 DMN
1,6 DMN

2,6+2,7 DMN

1,4+2,3 DMN

26 +2,7DMN

DNR-1=

=z
=
(@)
o)
—

1,5 DMN

2EN

1EN

DNR-1= 2.7.2 moderatlymature

SampleK01355:Nordsjoen North Sea well 15/3-8, Johan Sverdrup Field,
DraupneFormationreservoirhorizon blackoil Drill StemTest 2138142 m




Molecular Maturity Parameters

Isocadalene 1,6-DMN 20S
— Cadalene+lsocadalene ,7-DMN+1,3-DMN_ “20S+20R
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Molecular maturity ratios versus depth for 2 wells in Australia.
Top of oil window in wells

05 € ached at ~3500 and 4000m.
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Molecular Maturity Parameters - Geomarker
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E w u 'YM .. maturity '9 urity
é TMN ) f,.--f’ |
Q ]
< P

(@) Iy

(@) 1,3,7-

D / ”“J‘
0 -

[ab)

e

(@)

v

(=

I

o

@)

=<

I

=

e

(@)

7))

1

Maturity sequence of alkylated naphthalenes.
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Molecular Maturity Parameters - Geomarker

15X ~+ o s

2-Methylphenanthrene 3-Methylphenanthrene

o + 25 + o

Phenanthrene 1-Methylphenanthrene  9-Methylphenanthrene

MPI-1 =

The Methyl -Phenanthrene Index ( MPI) is based on the relative
distribution of methylphenanthrenes where the methyl group is
attached to the thermally more stable b- positions, versus those
where the methyl group is bound to the more labile a- position.

I Organische Geochemie Il

A prerequisite for this approach is fairly uniform distribution of

methylphenanthrenes inherited from biological sources to start
with. Phenanthrene is included in the ratio due to its capability
of exchanging (gain or loss) of methyl -groups.

L. Schwark

Kapitel 8 i Molekulare Diagenese und  Catagenese



Molecular Maturity  Parameters - Geomarker

2 MP

3 MP

phenanthrene

9 MP
1 MP

1.5*(3MP +2MP)
P+ 1MP + 9MP

MP}1=

MP-1= 0.90veryhighmaturity

Sample K01088®&ordsjoen North Seawell 15/3-8, Gudrun Field,
SleipnerFormation,reservoirhorizon blackoil Drill StemTest 46154632 m




Molecular Maturity  Parameters - Geomarker

9 MP

1 MP

phenanthrene

3 MP
2 MP

1.5*(3MP _+2MP)
P+ 1MP + 9MP

o OISBhighermaturity /\MMJ L&MJ\’@

MPH1=

Sample KO0O1751Nordsjoen North Seawell 15/3-8, Gudrun Field,
DraupneFormation reservoirhorizon blackoil Drill StemTest 414314180 m






