Rock-physics templates for clay-rich
source rocks
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HC generation from source rocks
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L.og profiles

Visund 34/8-6

3000 4000
| !

24 2.6 2000
l 1

I | /4 1 TOC, %

: 7/ : . . (LOM=9)
10
P 3530 R

| 2I-4 . 2I.6 . | 20'00 | 30'00 40'00 G. 5. Log responses of the Kimmeridge Shale, Viking
p (g/crﬁ) VeIOCity (mIS) Graben, North Sea.




Kerogen fraction - Kimmeridge shale

E = 27800 cal/mo
A=10"/m.y.
G=25 °C/km
S=0.04 mm/y
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Arrhenius 1st -order

Data: Pepper and
Corvi (1995)
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Seismic models




Anisotropy

Kerogen & Illite in sub-horizontal layering:
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etro-elastical model of a source rock

Smectite/lllite kerogen

porosity (Backus)
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Fig. 1 Organic shale components indicating the “porosity” corresponding to the Backus and
Gassmann models. The porosity in the case of the Gassmann model includes the solid pore
infill. The actual porosity, ¢, of the rock to calculate the fluid saturations is that indicated
for the Backus model, i.e., the sum of the water, oil and gas proportions. The organic content
porosity, ¢oc, is the sum of the kerogen, oil and gas proportions.
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Fig. 2 Schematic fabric topology of transversely isotropic kerogen-rich shales, according to
Backus model (a), modified Backus model (b) and Gassmann model (c¢). The z-direction cor-
responds to the symmetry axis.




Generalized Gassmann equation

Ciz and Shapiro (2007) obtained the undrained compliance tensor when the pore

infill and solid grains are anisotropic materials,
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Dry-rock tensor
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Generalization of Gassmann equations for porous media saturated with a
solid material, Radim Ciz and Serge A. Shapiro, Geophysics, 72, no. 6, 2007,

A75-A79.
Carcione, J. M., Helle, H. B., and Avseth, P, 2011, Source-rock seismic-

velocity models: Gassmann versus Backus, Geophysics, 76, N37-N45.
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FIG. 5. Backus velocities as a function of kerogen content. The symbols correspond to
the experimental data (Kimmeridge shales) (Vernik, 1995). The dashed line is the result of

modifying the elastic constants of illite by assuming a lenticular textural pattern.
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FIG. 6. Gassmann velocities as a function of kerogen, where the dry-rock moduli have

been obtained by a generalization of Krief equations to the anisotropic case. The symbols

correspond to the experimental data (Kimmeridge shales) (Vernik, 1995).



Calibration




Properties after calibration

Table 1. Material Properties.

Medium Depth V11 V33 V55 V66 V13 o)
(km) (km/s) | (km/s) | (km/s) | (km/s) | (km/s) | (g/cm?3)

smectite - 2.8 2.8 1.7 1.7 1.43 2.2
illite - 5 4.5 2.9 3.15 1.96 2.9
kerogen 2 2.7 2.7 1.5 1.5 1.7 1.2
? 3 2.7 2.7 1.5 1.5 1.7 1.4
water 2 1.66 1.66 0 0 1.66 1.04
” 3 1.65 1.65 0 0 1.65 1.02
smectite-illite-water 3 2.8 2.7 1.55 1.7 1.43 2.15
oil 3 1.11 1.11 0 0 1.11 0.73
gas 3 0.82 0.82 0 0 0.82 0.14




lagenesis. Smectite/illite conversion
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Fig. 4 Illite/smectite ratio as a function of depth.




oed\ Velocity versus depth (mineral)
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ensity versus depth (mineral)
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Fig. 5 Phase-velocity variations (v33 (P wave) and vs5 (S wave)) (a) and mass density (b) of
the mineral composing the shale frame as a function of depth due to diagenesis (smectite/illite
conversion).




e TOC and kerogen content
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Fig. 7 TOC (in weight percent) and kerogen content K (in volume percent) corresponding to
wells 1 and 3.
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Fig. 8 Porosity (a) and bulk density (b) as a function of depth corresponding to wells 1 and
3. The open circles correspond to calculations performed with the properties given in Table 1.
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Fig. 10 Backus (a) and Gassmann (b) bedding-normal P-wave velocities as a function of
depth, corresponding to wells 1 and 3. The solid lines and open circles correspond to the
well-log data and model calculations at the depths indicated at the well reports, respectively.
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Fig. 11 Bedding-normal S-wave velocity as a function of depth, corresponding to Backus
averaging (a) and Gassmann equation (b). The solid lines and open circles correspond to the
well-log data and model calculations at the depths indicated at the well reports, respectively.
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Fig. 12 Anisotropy parameters as a function of depth obtained from the Backus (a) and

Gassmann (b) models, corresponding to wells 1 and 3, at the depths where TOC is given in
the well reports.
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ding-normal P velocity (Gassmann)
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sedBedding-parallel P velocity (Gassmann)
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Fig. 19 Bedding-normal (a) and bedding-parallel (b) P-wave velocities as a function of gas
saturation for various values of the kerogen content and oil saturations (see Figure 17). The

model is Gassmann equation and the frequency is 50 Hz.
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Fig. 21 vp/vs (v33/vss5) as a function of the acoustic impedance (Al) for various values of the
gas and oil saturations (solid and dashed lines, respectively). The models are Backus averaging
(a) and Gassmann equation (b) and the frequency is 50 Hz.
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Fig. 22 A-pu-p templates for various values of the gas and oil saturations (solid and dashed
lines, respectively). The models are Backus averaging (a) and Gassmann equation (b) and the

frequency is 50 Hz.




06 Rock-physics templates

40 P =p, =28 MPa

A p (GPa g.’cmg)




X1 SN
Pli06cS

Thank you for your attention

Truth is ever to be found in the simplicity, and not in the multiplicity and
confusion of things.
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Fig. 23 vp/vg (v33/vss5) as a function of the acoustic impedance (AI) (a) and A-u-p template
for different values of the pore pressure and varying oil saturation. The model is Gassmann
equation and the frequency is 50 Hz.
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06 TOC (predicted from densities)
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Fig. 9 TOC (in weight percent) from well reports (solid line) and predicted by equation 9
(full circles), corresponding to wells 1 and 3.
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