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Abstract

Analysis of pyrobitumen generated during the artificial maturation of source rock and oil-saturated core samples using geochemical and
petrological techniques demonstrates a wide variation in many of the properties of pyrobitumen as a function of both the precursor oil
composition and thermal maturity. It is believed that many of the properties of pyrobitumens deviate from those of kerogens at equivalent
levels of maturity. The use of bulk parameters such as the Rock-Eval S2 curve to characterize organic matter in gas shales can lead to the
misidentification of pyrobitumen as autochthonous kerogen (derived from sedimentary organic matter). This ongoing study aims to
characterize some of these properties to provide tools to better identify pyrobitumen and its influence on shale gas reservoir properties.
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What Is pyrobitumen?
Definition
Formation
Properties

Why are we interested In pyrobitumen?

Significant part of the organic reservoir in mature shales
@, Usually increases with maturity but is still not reliably predictable

How Is it identified?
Organic Petrology
Geochemical: Rock-Eval

What are the controls on pyrobitumen formation?
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Pyrobitumen: definition

Pyrobitumen is a naturally occurring solid organic substance that is

_ distinguishable from bitumen (g.v.) by being infusible and insoluble. When
heated, pyrobitumen generates, or transforms into, bitumen-like liquid and

The Chemistry gaseous hydrocarbon compounds. Pyrobitumen may be either asphaltic or

and Technology non-asphaltic. The asphaltic pyrobitumen, derived from petroleum, is relatively
of Petroleum hard, and has a specific gravity below 1.25. They do not melt when heated but
FOURTH EDITION swell and decompose (intumesce).

There is much confusion regarding the classification of asphaltoids, although
four types are recognized: elaterite, wurtzilite, albertite, and impsonite—in the
order of increasing density and fixed carbon content. In fact, it is doubtful that
the asphaltoid group can ever be clearly differentiated from the asphaltites. It
Is even more doubtful that the present subdivisions will ever have any real
meaning, nor is it clear that the materials have any necessary genetic
James G. Speight connection. Again, caution should be exercised in the use of the names, and
B! due care should be applied to the qualification of the particular sample.

Speight, J.G., (2006) The Chemistry and Technology of Petroleum.
Taylor & Francis, Boca Raton, FL.
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Origin of pyrobitumen
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Figure 8. Processesin a
source rock leading to
oil, gas, and @rbon-rich
residue (pyrobitumen).
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men, and ol cracking.

Jarvie, D.M., Hill, R.J., Ruble, T.E., Pollastro, R.M., (2007) Unconventional
shale-gas systems: The Mississippian Barnett Shale of north-central
Texas as one model for thermogenic shale-gas assessment. American
Association of Petroleum Geologists Bulletin, 91(4), 475-499.
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Petroleum generation 101
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What has pyrobitumen got to do with
unconventional shale plays?

(A) All Pores (B) Connected Pores

",
B

A significant proportion of gas is
associated with porosity in the organic
phase.

Organic porosity is highly variable and
effective permeability even more so

Current understanding of the controls
on organic porosity remains uncertain T e

It is sometimes assumed that all
organic matter in shales is kerogen.

Haynesville

Curtis, M.E., Sondergeld, C.H., Ambrose, R.J., Rai, C.S., 2012.
Microstructural investigation of gas shales in two and three dimensions using
nanometer-scale resolution imaging. AAPG Bulletin 96, 665—677.
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Pyrobitumen appearance

« Shares many characteristics with kerogen, particularly at high maturity
» Distinguished by morphology due to secondary emplacement

* Requires sample preparation which retains organic matter — lithology
relationship

Thin section seen in transmitted white light Uncoated core chip
(SEM secondary electron mode)
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Uncoated core chip
(SEM secondary electron mode)
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Uncoated core chip
Canada Canada (SEM secondary electron mode)
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Pyrobitumen ID using Rock-Eval

| Gas :|
+w[
Eoon )
Total
Organic | —-
Mattsr _ /,: Sy
|
N L ) DR
Fraction L\‘\ L
P proyals 5s
—n-(jl'i.Elr-Dlg-Ell'l
Fraction
LY ra L
ﬂ-rgarlﬂ matier frachons E.I'l-u'.l]!,lTﬂ:I Paramsisrs

Natural Resources
Canada

Ressources naturelles
Canada

i+l

HZ Coy Coy
Compounds Pyrol O,
T i

il
I
il
| |
I
I | |
II I I|
|
o
51 54

Hecords

Lafargue, E., Marquis, F., Pillot, D., (1998) Rock-Eval 6 applications in hydrocarbon eproration,Cal Iada

production, and soil contamination studies. Révue de I'Institut Francais du Pétrole, 53, 421-437.
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Rock-Eval S2 peak close up
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Experimental simulation of pyrobitumen
formation and thermal evolution

Naturally occurring pyrobitumen

Artificial maturation of different bulk
chemical components of ol

Synthesis of pyrobitumen from different
olls
Artificial maturation of natural pyrobitumen

Hydrous pyrolysis of shale oll &
conventional oll pairs (ongoing...)
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Artificial maturation of different
bulk chemical components of oll
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Oil fractions: closed system
pyrolysis —no added H20

P:15MPa
Sample size: 1-1000 mg
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e
Key points

Formation of insoluble bitumen, although thermally driven,
occurs at different temperatures and produces variable
guantities depending on NSO content of the precursor oil.

Bulk oil composition moreover exerts a strong control on
the optical, textural and structural properties of the
bitumen formed.

I *I Natural Resources Ressources naturelles Ll
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Key Questions

If molecular composition of precursors influences
pyrobitumen formation and optical properties,does it also
exert some control on pyrobitumen porosity evolution,
pore size distribution, etc.?

To what extent is the expulsion and retention of
hydrocarbons by pyrobitumen governed by chemical
structure versus nanostructure?
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.
Open system maturation of oil samples

& ArcGIS Explorer Online
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Reactant
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e
Extraction of pyrolyzates

I * I Natural Resources Ressources naturelles hd
Canada Canada a I I a a



Results: Generation Potential

Evolution of HC generation potential as a function of pyrolysis

temperature
70
60
™ 50 \
(Vs
= Fully open system not
O . -
2 ) great for simulation of
~ 30 thermal processes
S \_ Yy,
g 20
10
0 [R— |
500 650
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M King's Cove A-26 64.51 48.38 45.14 0.475 0.05
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® Shell 35 Waterton 13.95 17.08 7 0.46 0.08
i Shell Sarnia Chippewa 784m 16.56 15.32 15.46 0.81 0.09
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Results: TOC

TOC evolution with pyrolysis temperature

12
4 )
o Fully open system not
great for simulation of
thermal processes
8
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Residual (unreactive) carbon formation

i+l
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Other evidence for pyrobitumen

structure & composition

HRTEM and XRD can be useful
techniques for studying nanostructure.

450°C

500°C

Romero-Sarmiento, M.-F., Rouzaud, J.-N., Bernard, S., Deldicque, D.,
Thomas, M., & Littke, R. (2014). Evolution of Barnett Shale organic
carbon structure and nanostructure with increasing maturation.
Organic Geochemistry, 71, 7-16.

550°C
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Ongoing work

Artificial maturation of natural and oll-
Impregnated shales using hydrous

pyrolysis
Analysis of pyrolyzates & residues by TEM
& Helium lon Microscopy
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Pyrobitumen: conclusions &
ongoing musings

Extent of pyrobitumen formation is dependent on
precursor composition

Properties vary with thermal evolution and
precursor oil composition

f precursor composition can be used to predict
some properties of pyrobitumen it may be

possible to incorporate these data into predictive
models of hydrocarbon generation

Pyrobitumen formation is likely to be dependent
on bitumen retention as well as composition
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