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Outline

• Introduction to gas hydrates

• Estimating gas hydrate abundance with 
downhole logs

- Electrical resistivity

- Acoustic

- Nuclear magnetic resonance (NMR)

• Cyclostratigraphy with downhole logs



Fire and ice

Clathrate 
(Chemistry) a compound in which molecules 
of one component are physically trapped 
within the crystal structure of another.
ORIGIN 1940s: from L. clathratus, from 
clathri ‘lattice-bars’.
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Gas hydrates are widespread

Kvenvolden & Lorenson, 2000
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Archie’s equation (1)

R0 Resistivity of fully water-
 saturated sample
Rw Resistivity of water

F Formation factor > 1
a Tortuosity coefficient ≈ 1
m Cementation exponent ≈ 2
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Archie’s equation (2)

R0 Resistivity of fully water-
 saturated sample
Rw Resistivity of water
Rt Resistivity of sample

Sw Water saturation of sample
F Formation factor > 1
a Tortuosity coefficient ≈ 1
m Cementation exponent ≈ 2
n Saturation exponent ≈ 2



Archie’s equation

R0 Resistivity of fully water-
 saturated sample
Rw Resistivity of water
Rt Resistivity of sample

Sw Water saturation of sample
F Formation factor > 1
a Tortuosity coefficient ≈ 1
m Cementation exponent ≈ 2
n Saturation exponent ≈ 2



Needed for evaluation

• Porosity and “true” formation resistivity 
(from downhole logs)

• Formation water resistivity (from local 
pore water salinity and temperature)

• Coefficients a, m, and n
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Fig. 6 - Malinverno et al.
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a b c

Rw  from measured T 
and salinity baseline

a = 2.14, m = 1.07  
from fitting R0 to Rt 
(20-190 mbsf)

n = 2.42 ± 0.28  from 
matching chlorinity 
results in 9 cm-thick 
sand

Sh = 1 −
[

a Rw
φmRt

]
1
n

GH



Bulk modulus K relates 
compressional stress and 
strain

Shear modulus μ relates 
shear stress and strain  



Ks, µs   Elastic moduli of the rock grains
Kf        Bulk modulus of fluid
ρs, ρf    Rock grain and fluid densities
A         Pore shape aspect ratio ≤ 1
β, β'     ≈ 1



Kleinberg & 
Dai, 2005



Acoustic evaluation

Guerin et 
al. 1999



Nuclear magnetic resonance





NMR porosity = fluid porosity

ΦNMR



Murray et al., 2000



Pore habit of gas hydrates

Collett et al., 2000



Gas hydrate in veins



R1 = 1 Ω · m
R2 = 100 Ω · m
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Cyclostratigraphy

(19, 23 ky) (41 ky)

(100, 400 ky)



Herbert (2001)



Frequency (cycles/m)

Herbert (2001)



Shackleton 
et al., 1999

Cenozoic: match insolation target



Mesozoic and older: 
match periodicities in 
“floating” time scales

Herbert & 
Fischer, 1986



39

deMenocal 
et al., 1992



Hole 798B

Opal from diatoms
(Glacial)

Terrigenous material
(Interglacial)

deMenocal 
et al., 1992



Formation 
MicroImager 

(FMI)

5 mm




