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Kapitel 8 ïMolekulare Diagenese und Catagenese

Early ( Eogenetic ) Diagenesis of Biomolecules
Diagenetic fate of biomolecules in transition bio - / geosphere .
Example : reaction pathways leading to major steroidal geomolecules
upon anoxic diagenesis and catagenesis

Late ( Catagenetic ) Diagenesis of Geomolecules
Catagenetic fate of geomolecules in the geosphere .

Example : Aromatic hydrocarbon geomarkers as maturity indicators

Example : Aliphatic hydrocarbon biomarkers as maturity indicators

Alternative non - molecular maturity indicators
Optical methods and properties of OM as thermal maturity indicators

Beispiele Klausurfragen

Molekulare Diagenese und Catagenese
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Kapitel 8 ïMolekulare Diagenese und Catagenese

The diagenetic 
fate  of sterols: 

Summary of the 
reaction pathways 
leading to major 
steroidal products 
during anoxic 
diagenesis and 
catagenesis 
(large arrows
indicate primary 
biogenic input).

Molecular 
Diagenesis
of Steroids
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Kapitel 8 ïMolekulare Diagenese und Catagenese

The diagenetic 
fate of algal 4 -
methylsterols: 

Summary of the 
reaction pathways 
leading to major 
steroidal products 
during anoxic 
diagenesis and 
catagenesis 
(large arrows
indicate primary 
biogenic input).

Molecular 
Diagenesis
of Steroids
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Kapitel 8 ïMolekulare Diagenese und Catagenese

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

Molecular Diagenesis of Steroids
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Kapitel 8 ïMolekulare Diagenese und Catagenese

Molecular Diagenesis of Steroids

Aromatization of C 29 C-ring monoaromatic regular steroids and dia -
steroids leads to formation of C 28 triaromatic steroids via demethylation.
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Kapitel 8 ïMolekulare Diagenese und Catagenese

Molecular 
Diagenesis of 
Diterpenoids

Tricyclic diterpenoids 
derived from higher land 
plants (preferentially 
gymnosperms) commonly 
undergoe aromatization 
during diagenesis. 
The aromatic diterpenoids 
formed are very stable 
under geological conditions.
They are thus frequently 
found in sediments, coals, 
and oils.
A maturity parameter based 
on retene abundance has 
been formulated.



L
. 
S

c
h

w
a

rk
 
ï

O
rg

a
n

is
c
h

e
 G

e
o

c
h

e
m

ie
 I
I

Kapitel 8 ïMolekulare Diagenese und Catagenese

Molecular 
Diagenesis of 
Triterpenoids

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

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

Hydrogenation of 
various biological 
triterpenoids  
during diagenesis 
inevitably leads to 
the formation of 
oleanane. 
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Kapitel 8 ïMolekulare Diagenese und Catagenese

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 freqeuntly 
found in sediments oils and 
coals. Aromatization does 
not always require higher 
p,T but instead may be 
microbially mediated. 
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Kapitel 8 ïMolekulare Diagenese und Catagenese

Molecular Diagenesis of Triterpenoids

The diagenetic fate of hopanoidal 
pentacyclic triterpenoids. 
Hopanes are geologically stable 
and important maturity markers.
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Kapitel 8 ïMolekulare Diagenese und Catagenese

The diagenetic fate of 
triterpenoids involves 
a variety of different 
pathways, inter -
mediates and stable 
products depending 
on environmental 
conditions prevailing. 

Due to their thermal 
stability aromatized  
products serve as 
important facies and 
maturity markers.

Molecular Diagenesis 
of Triterpenoids
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Kapitel 8 ïMolekulare Diagenese und Catagenese

Molecular Maturity Parameters  - Korrelation

Various molecular 
thermal maturity ratios 
correlated with vitrinite 
reflectivity and corres -
ponding stage of oil 
generation.
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Kapitel 8 ïMolekulare Diagenese und Catagenese

Molecular Maturity Parameters  - Geomarker

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.

Biological precursors of these compounds are not clearly defined and 
as such they are not considered biomarkers but geomarkers .



L
. 
S

c
h

w
a

rk
 
ï

O
rg

a
n

is
c
h

e
 G

e
o

c
h

e
m

ie
 I
I

Kapitel 8 ïMolekulare Diagenese und Catagenese

Molecular Maturity Parameters  - Geomarker

Various maturity ratios can
accordingly be calculated
based on distributions of
alkylated naphthalenes .
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Kapitel 8 ïMolekulare Diagenese und Catagenese

Molecular Maturity Parameters  - Analysis

Identification and 
quantification of 
compounds by 
GC/MS. 
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Kapitel 8 ïMolekulare Diagenese und Catagenese

Molecular Maturity Parameters  - Geomarker

Identification and quantification of alkylated naphthalenes by GC/MS. 
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Kapitel 8 ïMolekulare Diagenese und Catagenese

Molecular Maturity Parameters  - Geomarker

Identification 
and 
quantification 
of alkylated 
naphthalenes 
by GC/MS. 
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Sample K001751: Nordsjoen- North Sea, well 15/3-8, Gudrun Field, 

DraupneFormation, reservoirhorizon, blackoil Drill StemTest 4141-4180 m
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Molecular Maturity Parameters  - Geomarker
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Sample K010888: Nordsjoen - North Sea, well 15/3-8, Gudrun Field, 

Sleipner Formation, reservoir horizon, black oil Drill Stem Test 4615-4632 m

DNR-1=  10.2  very high maturity

Molecular Maturity Parameters  - Geomarker



1
,2

 D
M

N1
,5

 D
M

N

2
,6

 D
M

N

2
 E

N

1
 E

N

1
,3

+
1

,7
 D

M
N

1
,6

 D
M

N

1
,4

+
2

,3
 D

M
N

2,6 + 2,7 DMN

1,5 DMN
DNR-1= 

DNR-1=  5.2  high mature
2

,7
 D

M
N

Sample K001751: Nordsjoen- North Sea, well 15/3-8, Gudrun Field, 

DraupneFormation, reservoirhorizon, blackoil Drill StemTest 4141-4180 m

Molecular Maturity Parameters  - Geomarker
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Sample K01355: Nordsjoen- North Sea, well 15/3-8, Johan Sverdrup Field, 

DraupneFormation, reservoirhorizon, blackoil Drill StemTest 2138-2142 m

DNR-1=  2.7.2  moderatlymature

Molecular Maturity Parameters  - Geomarker
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Kapitel 8 ïMolekulare Diagenese und Catagenese

Molecular Maturity Parameters

Molecular maturity ratios versus depth for 2 wells in Australia. 
Top of oil window in wells         is reached at ~3500 and 4000m.

Top of oil window 

Top of oil window 
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Kapitel 8 ïMolekulare Diagenese und Catagenese

Molecular Maturity Parameters  - Geomarker

Maturity sequence of alkylated naphthalenes.

low maturity
moderate 
maturity

high maturity 
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Kapitel 8 ïMolekulare Diagenese und Catagenese

Molecular Maturity Parameters  - Geomarker

The Methyl -Phenanthrene I ndex ( 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. 

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.
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Sample K010888: Nordsjoen- North Sea, well 15/3-8, Gudrun Field, 
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Molecular Maturity Parameters  - Geomarker



Sample K001751: Nordsjoen- North Sea, well 15/3-8, Gudrun Field, 

DraupneFormation, reservoirhorizon, blackoil Drill StemTest 4141-4180 m
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Molecular Maturity Parameters  - Geomarker




