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“About 70% of the total world petroleum resources
are concentrated in the Tethyan realm, the Mesozoic

C

eposits being the most prolific source rocks of

nese oil and gas reserves. To understand the

epositional controls of these organic-rich facies at

t
C
t

ne scale of the Tethys is a challenging problem.”

Francois Baudin (1995): Depositional
Controls on Mesozoic Source Rocks in the
Tethys. — In: Paleogeography, Paleoclimate,
and Source Rocks [Edit. A-Y. Huc], AAPG

Studies in Geology, No. 40, 191-212.
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Major reservoirs of inorganic and organic carbon

Reservoir type Amount * Reference

Sedimentary rocks

Inorganic

Carbonates 60,000 Berner (1989)

Organic

Kerogen, coal, etc. 15,000 Berner (1989)

Active (surficial) pools

Inorganic

Marine DIC 38 Olson et al. (1985)

Soil carbonate 1.1 Olson et al. (1985)

Atmospheric CO, 0.66 Olson et al. (1985)

Organic

Soil humus ® 1.6 Olson et al. (1985)

Land plant tissue " 0.95  Olson et al, (1985)

Seawater DOC 0.60 Williams and
Druffel (1987)

Surface marine sediments 0.15 Emerson and
Hedges (1988)

* Unit=10"% g C

® Values corrected to levels before anthropogenic effects.




50 X 10® grC yr?
0.16 X 10% grC yr?
<0.5%

Oceanic productivity
sediment burial rates

Organic preservation in the marine
environment

Shelf
Delta
High productivity zones
Pelagic
Anoxic Basins

~45%
44%
<6%
~5%
1%

J.l1. Hedges, R.G. Keil/Marine Chemistry 49 (1995) 81-115




Most marine primary productivity occurs in the open
ocean, by rapidly growing phytoplankton....

..are continuously grazed by protozoans and
zooplankton

20% of net primary production falls as particles

10% of surficial productivity remaining at depths of
several hundred meters

only 1% passing to an average ocean depth of 4000 m

Rivers provide the major conduit towards the
preservation of OC in marine sediment

Carbon-rich deposits tend to be the focal point of the

J.l. Hedges, R.G. Keil/Marine Chemistry 49 (1995) 81-115
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© Organic-rich epicontinental
or continental shelf facies

O Very shallow marine and
terrestrial facies

A Deep sea facies

The global distribution of lower

Toarcian bituminous black shales
Izumi et al. / Palaeogeography,

Palaeoclimatology, Palaeoecology 315-316
(2012) 100-108

Pig. 1. Paleogeagraphic map showing the o cumence of 0AE12 and CORBs at 130 Ma and 105 Ma_ A) Distribution of © \M:]q,eﬂﬂ]'l‘l‘ll! 120 Ma ) data fram published hiterature
llw- 1), keys far the symbals: @ - all three charareeristios features of black shales, 2 high content of OM and excursions of 896 @ - rvr:lfﬂrmr:jlb:ﬂm_.tm-
O thethres characteristios feamines; B) Distribution of CORBs 2t 105 Ma oited from Wang =t al_ [2009). The palecgen graphic hase map we downloaded from thewes i
wwrwodinde.

Wang et al. / Sedimentary Geology 235 (2011) 27-37




Sample Lithology

Depth (m)

The late Hauterivian Faraoni “Oceanic Anoxic
Event” at Rio Argos (southern Spain):
An assessment on the level of oxygen
depletion,

Sauvage et al. / Chemical Geology
340 (2013) 77-90

Table 1
I:I Liniestans . Geochemical data of the Rio Argos X.Ag1 study section. The gray band indicates the Faraoni Level. Missing values are measurements below the detection limit. Values in parentheses
are outliers and are not considered in the discussion section. The mean value and the Standard Deviation (SD, 10) of different proxies (CaCOs, Rock-Eval values, 5'*C and §'°0 of
I:I Marist carbonates, Fe spedation values, Al) and element/Al are indicated in italics.
arlstone

.':’c'.fr;"gf‘ . . ® 6N Hi [ch::s. [f;f;m}
TOC) ) P (ppm)

RA-1 158 Marlstone X 167 123 2. 17,038 17,766 . 1466
RA-2 1.98 Marlstone 0 . 75 139 15,703 16,926 » 1221
RA-3 238 Limestone 2.5 (713) 1.61 i 6882 7834 1776
RA-4 2.58 Limestone { (150) 1.60 2. 9792 2222

T Few Tz

Sample Depth (m)  Lithology Cacn, Toc HI (mg HC
(%)

(wex) | [gTOC)

RA-18 Limestone 9372
RA-19 Limestone 8 9163
RA-20 Marlstone X 12 20,144
RA-21 Marlstone 6. (0] . 14,758
RA-22 Marlstone 20773

RA-23 Marlstone 20,563
RA-24 Limestone & 8883

RA-25 Limestone { 2 8113
Mean value 0 =0
of XjAl 0.50

0.10
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Ammonite biostratigraphy ) i 57Corg{ % VPDB) TOC (wt %) Ichnotabric index
(Northwestern Europe) 3 REY 28 27 -26 -25 24 23 22 20 25 30 1 2 3 4 5
(Paga, 2003) B S ——— 11
&
%15 sunzone

Crassum

| F

Lower Toarcian
Lower Toarcian
Nishinakayama Formation

well-laminated black shale
dark gray silty shale 3 sandstone tuff

Cretaceous Research, 28, (2007) 597-612 Izumi et al. / Palaeogeography, Palaeoclimatology,
Palaeoecology 315-316 (2012) 100-108
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Fig. 3. Selected lithological sections and wells and vertical distribution of organic matler in the lomian Zone, Epirus (location of the sections and wells in Fig. 1) N0, quaternary and Neagene; FL,
Flysch; VL, Yigla Limestones; V5, Vigla Shales; UP, Upper Posidonia Beds; FL, Limestones with filaments; LP, Lower Po2doniz Beds AR, Ammonitico Rosso; MAR, Marls at the base of AR;
PR, undifferentiated Posidonia Beds; SL., Sinizis Limestones; PL, Panlolcrator Limestones; TR, Triassic breccizs

Rigakis & Karakitsios:Marine and Petroleum Geology 15, (1998), 593-617
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micrite (auto- and allomicrite)

carbonate
carbonate precipitating

precipitating destroying

degrading

receptaculitids
\ framework
ing,

bioclast
producing

stabilising, binding,
framework consolidat
and constructing

constructing

-\ baftling

i microbial- encrusting
Microbial - lithistid sponge- —
boundstone - receptaculitid- btrlll(:_l:nlt;.::)sci
g boundstone i rachiopods,
i M Nuia
R dwelling

Schematic model showing those elements that combined to construct the Lower Ordovician
reefs, made up of microbial boundstones and microbial-lithistid spongereceptaculitid
boundstones. Micrites are a significant component of the reefs and are produced variously by
microbes as well as skeletal organisms (lithistid sponges in particular).

N. Adachi et al. / Sedimentary Geology 220 (2009) 1-11
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238 N. Olivier et al. / Palaeogeography, Palaeoclimatology, Palaeoecology 212 (2004) 233-263

A
Mud Clay and mud
production export
Sea-level
A AR Calcareous R
Carbonate- \ B S nannoplankton - .
- gl . . 50-100 m
i Lo Sponge-reefs
Jura shallow- !
paltform :
)
1
1

Swabian Alb deep-shelf
B

Sampling sites of nannofossils

Sponge=reef §

development Marklimestone

bundle

Fig. 4. (A) Schematic reconstruction of the Swabian deep-shelf setting during the Oxfordian. This deep-shelf environment is characterised by an
abundant sponge-microbialite-reef development. The mixed carbonate-siliciclastic deposits characteristic of Upper Oxfordian deep-shelf
settings record both calcareous nannoplankton accumulations and the export of carbonate mud from the adjacent, shallow, carbonate-dominated
Jura platform (Pittet and Mattioli, 2002). (B) Sketch showing the close relationships between the successive reef-growth phases and the lateral
marl-limestone bundles that record a variable amount of calcareous nannofossils. Laterally to the sponge-microbialite reef, each limestone bed
and marly level were sampled for calcareous nannofossil analysis.
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“The sediment within the sponge bioherms is
characterized by a high levels of organic carbon. The

large amount of organic carbon

found in the reef sediments is similar to that found at
modern deltas on the west coast of Canada (Bornhold, 1978).
Reducing conditions, which are usually observed in the
recovered cores and grab samples in the shallow subsurface
In reef sediments, are probably explained by this high organic
carbon content. These dys- or anoxic conditions are
responsible for the paucity and low diversity of endobenthic
organisms” (Recent Hexactinellid Sponge Reefs on the Continental
Shelf of British Columbia, Canada, )

The link between black cherts and high biological activity is
nearly systematic from the Precambrian to the Recent (van
Kranendonk, 2001)


http://www.porifera.org/a/cif1.htm

Organogenic build-up
(Organic remain: algae, stromatoporoids, crinoids, gastropods, protozoans)

A lithofacies model for the Upper Devonian Pamyatno-Sasovskoye
(Volgagradskoe Povolzhye, Russia)
S.V. Deliya, N.V. Danshina / Palaeoworld 19 (2010) 278-283



Journal of Experimental Marine Biology and Ecology,
369 (2009) 65-71



Oxygen profiles 1 cm into the tissue of two pumping G. barretti related

to a microscopical sponge section of the same scale.

Microbial sulfate reduction in the tissue of the cold-water sponge Geodia barretti
(Tetractinellida, Demospongiae), Hoffmann F., Dissertation, Gottingen, 2003
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Oxygen profiles 3 mm into the tissue of sponge 2, related to a microscopical sponge
section of the same scale.
Microbial sulfate reduction in the tissue of the cold-water sponge Geodia barretti

(Tetractinellida, Demospongiae), Hoffmann F., Dissertation, GOttingen, 2003



Table 2. Sponges and their symbiotic microorganisms producing natural products

Sponge
Aciculites orientalis
Antarctic sponge
Aplysina sp.

Aplysina sp.

Aplysina sp.

Aplvsina sp.

Aplysina sp.
Cenarchaeum symbiosum
Dysidea herbacea
Dysidea herbacea
Diysidea sp.
Halichondria okadai
Halichondria okadai
Halichondria panicea
Halichondria panicea
Halichondria panicea
Halichondria panicea
Homoplymia sp.
Hyatella sp.
Rhopaloeides odorabile
Rhaopaloeides odorabile
Rhopaloeides odorabile
Rhopaloeides odorabile
Rhopaloeides odorabile
Sigmadocia symbiotica
Suberea creba

Subereq creba

Tedania ignis

Theonella swinhoei
Theonella swinhoei

Theonella swinhoei
Theonella swinhosi
Unidentified sponge
Verongia sp.
Verongia sp.
Xestospongia sp.

Symbiotic mictoorganism®

Filamentous bacteria

B. Pseudomonas agruginosa
B. Arthrobactar sp.

B. Bacillus sp.

B. Micrococcus sp.

B. Pseudoalteromonas sp.
B. Vibrio sp.

Archeon

Cyanobactermum

C, Oscillatoria spongeliae
B. librio sp.

B, Alteromonas sp.

D. Prorvocentrum lima

B. Antarcticum vesiculatum
B. Psendomonas insolita
B. Rhodobacter sp.

B. Psychroserpens burtonensis
B. Pseudomonas sp.

B, Fibrio sp.

B. p-Protecbacteria

B. y-Protecbacteria

A Actinobacteria sp.

B. Cytophaga sp.

Green sulfur bacteria

R Ceratodictyon spongiosum
B, Pseudomonas sp.

B. Pseudomonas sp.

B. Micrococcus sp.

B. &-Proteobacteria

C. Aphanocapsa feldmanni
Filamentous bacteria
Unicellilar bacteria

A Streptomyces sp.

B. Aeromonas sp.

B. Pseudomonas sp.

B. Micrococcus hiteus

mracellular

Schematic diagram of symbiotic relationships
between sponges and microorganisms. A,
extracellular exosymbiosis; B, extracellular
endosymbiosis; C, intracellular symbiosis; and D,
intranuclear symbiosis. Microbial Symbiosis in
Marine Sponges,

Lee et al. J. Microbiol., Vol. 39, No. 4, 254-264.
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Biological-chemical and sponge-bacteria interactions in the tissue of G. barretti.
Microbial sulfate reduction in the tissue of the cold-water sponge Geodia barretti
(Tetractinellida, Demospongiae), Hoffmann F., Dissertation, Goéttingen, 2003
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Fig 7. Pyritized sponge spicules. a, pyritzed spicules on the rock bedding planes; b, ¢ SEM photographs of pydtized spicules.



The Biomarker Principle

Stigmasterol
Biomolecule

Destruction of Burial,
Labile Compounds Diagenesis,
(Nucleic Acids, Proteins) Temperature

C,o Sterane
Molecular Fossil

Loss of functional groups, unsaturation;
Informative alteration of stereochemistry

Roger E. Summons, MIT



Petroleums and bitumens from Early Proterozoic

(1800 Ma) to Miocene (15 Ma) age marine strata
contain 24-isopropylcholestanes, a novel group of CsO
steroids. The abundance of these compounds, relative to 24-n-
propylcholestanes, varies with source rock age. Late
Proterozoic (Vendian) and Early Cambrian oils and/or
bitumens from Siberia, the Urals, Oman, Australia, and India
have a high ratio of 24-isopropylcholestanes to 24-n-
propylcholestanes ( >1), while younger and older samples
have a lower ratio (<0.4). Temporal changes in this
parameter may reflect the relative abundance of
certain Porifera (sponges) and certain marine algae
through time. Geochemical indicators such as this, which
can constrain the source rock age of a migrated oil, are useful
In source rock identification during petroleum exploration.

Paleoenvironmental implications of novel CM steranes in
Precambrian to Cenozoic age petroleum and bitumen,
McCaffrey et al., Geochimica et Cosmochimica Acta, 1994, \Vol.
58, pp. 529-532



Table 1 Distributions of selected biological markers in reef carbonates and associated organisms

COMPOUND

STRUCTURE

FEATURE

ORIGIN

SAMPLES

n-Heptadecane
n-Heptadecenes
n-Octadecenes
|Mid-chain br. alkanes
|Dimethyi-alkanes

Short-chain n-alkanes
Mid-chain br. alkanes
Linear fatty acids <C25
Terminally br. fatty acids
Mid-chain br. fatty acids
Demospongic acids
Highly br. isoprencids
[Cholesterol

A7-Sterols

Halogenated compounds
n-alkanes >C25 (odd)

high

high relati haund:

high relative abundance
discrete isomers
presence
high relative abund:

modal distributions
complex mixtures
high relative abundance

presence E
presence
presence
presence
presence

Diatoms

Animals, algae

'Cyanobacterial facies’

Reef carbonates (marine)

Carbonates (recent)|Carbonates (mature

Microblalites

Others

Sponges
Higher plants

XX XX XX
x X xx

xx xx M| br xx

X XX X | XX XX

x
x>

tr

X
XX

x

xx XX Xx| X X X XX

xx

X

x

]

Explanations

XX = main compound / pronounced feature .

X = minor relative abundance / subordinate feature
tr = trace compound
o = compound fraction not analyzed
no entry: compound / feature absent or below detection limit
br. = branched

Thiel et al., (1996): Biogeochemistry of Modern Porifera and Microbialites

from Lizard Island (Great Barrier Reef, Australia) and Fossil Analoges. In: Reitner
et al., Globale und regionale Steuerungsfaktoren biogener Sedimentation,
Gott.Arb.Geol.Palaont.SB2, 129-132; Gottingen.

Walker Lake stromatolite, surface
Searles Lake stromatolits, Pleistocene| 3

Pyramid Lake stromatolite, surface| 3

Everglades cyanobacterial mats, surface| x
Lee Stocking Island stromatolite, surface| =
Everglades cyancbacterial mats, 12-14cm| %

id Lake

Mono Lake stromatolite, subrecent) x © © ©

Lizard Island, thrombolitic microbialite| = 3%

Lizard Island, laminated microbialite| =

St. Crolx, Salt River Canyon, Carribean| X

Lizard Island, reef caves, red algae crust| =
Lizard Island, reef caves, coral framestone| =

Coralistes typus (lithistid), Bahamas| x =

Strongylophora sp., Great Barrler Reef|

Spirastrella wells/, Lizard Island reef caves|

Astrosclera willeyana , Great Barrier Reef|

Deep-water hexactinellid, Darwin Bay| x




“The found mid-chain branched carboxylic acids
represent potential biological precursors for series of
mid-chain branched alkanes present in ancient
sediments and oils”

C Sponge-microbial carbonate crust
Swabian Alb (B110)

combined input of terminally and 17 Upper Jurassic
mid-chain branched carboxylic acids
(mixtures of isomers)

N (CHan~coon diagenesis

2
\)\M(C H2)n ~~"C0OO0OH
“cC Hz}n/\r\"{c H2)n”~COOH

Mid-chain branched alkanoic acids from "living fossil" demosponges: a link to
ancient sedimentary lipids? / Thiel et al. Organic Geochemistry 30 (1999) 1-14.
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LETTERS

Fossil steroids record the appearance of
Demospongiae during the Cryogenian period

Gordon D. Love'?, Emmanuelle Grosjean’, Charlotte Stalvies®, David A. Fike’, John P. Grotzinger”,
Alexander S. Bradley?, Amy E. Kelly?, Maya Bhatia®, William Meredith®, Colin E. Snape®, Samuel A. Bowring?,
Daniel J. Condon’t & Roger E. Summons’

“...C30 steranes comprised 2.7% of total C27—C30 extractable
steranes in Hugf samples and 63% of the summed C30
compounds were 24-isopropylcholestanes, suggesting that
demosponges must have made a significant contribution to
preserved sedimentary organic matter...”
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Svaljavska svita
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Bernoulli, 1972
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succession in the Umbria— Marche and Sabina Apennines, Gill et al., Sedimentary Geology 166 (2004) 311-334
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