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What is a BSR?

BSR = Bottom Simulating Reflector

1. BSR =special reflector on seismic reflection data

- mimics the seafloor
- crosscuts the sedimentary layering
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What is a BSR?

: ) Impedance
BSR = Bottom Simulating Reflector (not to scale)
1. BSR =special reflector on seismic reflection data | | Seafloor _water
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What is a BSR?

BSR = Bottom Simulating Reflector 10 :
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Where we find BSR?

TWT (s)

Geographical distribution = at continental margins,

but locally depending on geological environment
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Where we find BSR?

Geographical distribution = at continental margins

but locally depending on geological environment
~N| Lower Congo Basin -
T Angola
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Where we find BSR?

Complexity: double and multiple BSRs at the same location
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Heat Flow from BSR?

BSR = gives an indirect sediment temperature estimate

- (1) Linear geothermal gradient between temperature at seafloor and at BSR
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Heat Flow from BSR?

BSR = gives an indirect sediment temperature estimate

- (1) Linear geothermal gradient between temperature at seafloor and at BSR

(2) Heat flow can be obtained if the thermal conductivity of the sediments is known
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Heat Flow from BSR?

Easy principle, but needed parameters not so easy to quantify
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Heat Flow from BSR?

Easy principle, but parameters not so easy to quantify

1. Phase diagram = laboratory experiments (limited p, T) = extrapolation uncertainties
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Heat Flow from BSR?

Easy principle, but parameters not so easy to quantify

1. Phase diagram = laboratory experiments (limited p, T) 2 extrapolation uncertainties
2. Phase diagram = f (salinity, gas compositions)
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Heat Flow from BSR?

Easy principle, but parameters not so easy to quantify

1. Phase diagram = laboratory experiments (limited p, T) 2 extrapolation uncertainties
2. Phase diagram = f (salinity, gas compositions)
3. Phase diagram = assumed lithostatic pressure = sometimes overpressures

Pressure or stress

> Examples from Dugan and Sheahan (2012):

- Gulf of Mexico (U1322, WD 1320m) : overpressure of 1 MPa
D\ messred geie ot at 220 mbsf - +0.07% of hydrostatic pressure
) - Offshore Norway (Storegga Slide, WD 400 ): overpressure of
0.2 kPa at 230 mbsf - +0.03% of hydrostatic pressure

sea floor

> Local overpressures might result from hydrate
dissociation in pore sediments and from induced
fracturing (Daigle and Dugan, 2010; Holtzman and Juanes,
2011)
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Heat Flow from BSR?

Easy principle, but parameters not so easy to quantify

1. Phase diagram = laboratory experiments (limited p, T) 2 extrapolation uncertainties

2. Phase diagram = f (salinity, gas compositions)
3. Phase diagram = assumed lithostatic pressure = sometimes overpressures
4
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Heat Flow from BSR?

Easy principle, but parameters not so easy to quantify

Phase diagram = laboratory experiments (limited p, T) 2 extrapolation uncertainties
Phase diagram = f (salinity, gas compositions)

Phase diagram = assumed lithostatic pressure = sometimes overpressures
Seafloor temperatures = highly variable

Depth of seafloor & depth of BSR = conversion of time on seismic profiles
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Heat Flow from BSR?

Easy principle, but parameters not so easy to quantify

1. Phase diagram = laboratory experiments (limited p, T) 2 extrapolation uncertainties
2. Phase diagram = f (salinity, gas compositions)
3. Phase diagram = assumed lithostatic pressure = sometimes overpressures
4. Seafloor temperatures = highly variable
5. Depth of seafloor & depth of BSR = conversion of time on seismic profiles
6. Thermal conductivities of sediments = variability
Type 1: k constant Type 2: linear trend Type 3: least squares fit
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Heat Flow from BSR?

Error associated with the assessment of BSR-derived heat flow values

Magnitude of
Property uncertainty in %
Temperature at BSR depth calibrated by Comparison for uncertainty in %:
heat flux studies 5-10 _ _
Temperature at BSR depth derived from on heat flow determination from:
accepted models for gas . . 0
hydrate stability 10-20 (1) Marine probe data: 5-10%
Variable bottom water temperature 1-10 (2 BSR derived data: 10-55%
Conversion of seismic traveliimes to depth 1-5
Sum of errors for pradient 53-35
Conductivity from heat probes or gravity
cores 2-5 seafloor
Conductivity from local relationships _ —
between seismic velocity/porosity/ 3 e
thermal conductivity 5-10 s s ”’z;‘-a-:-&ﬁ
Effect of disseminated gas hydrate on 2 . Ll 1:)575777.75 °A
thermal conductivity structure <3 § R e
Sum of errors for thermal condectivity @ S , ’:’éi’\;:%. e
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BSR vs borehole temperature?

Generally good correlations

Blake Ridge Cascadia Accretionary Wegde

In 1997: BSR are too cold by 0.5-2.9°C In 2020: good fit from 4 year observatory using CORK
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BSR vs marine probe heat flow?

Some strong discrepancies reported

Xisha Trough, South China Sea
Questioned: theoretical assumtion of BSR

Makran accretionary wedge
Questioned: velocity-porosity model, sedimentation model
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BSR vs marine probe heat flow?

Many studies with very good overall correlation

Costa Rican margin Artibonite Basin, Haiti
Only strong disparity near seeps BSR-HF allows to extrapolate confidently probe-HF
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BSR vs marine probe heat flow?

Discrepancy can help to constrain sub-surface procosses
Amazon deep-sea fan

S4 - Heat flow measured vs BSR-derived
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BSR vs marine probe heat flow?

Discrepancy can help to constrain sub-surface procosses

Amazon deep-sea fan
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BSR-derived heat flow
versus marine probe heat flow

Take-home message

1. Both can give accurate results, but heat flow from BSR has
considerable higher uncertainty than probe

2. To derive an accurate heat flow from BSR, many critical
parameters need to be well constrained (sediment

conductivity, pore-water salinity, time-depth conversion,...)

3. Both are very complementary: different depth, lateral extent,
help to interprete geological/fluid processes
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Marine Heat Flow Working Group
Speaker contact: jeffrey.poort@sorbonne-universite.fr
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