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Heat flow (q) relates to the temperature
gradient. Present day (PD) Temperature data
(m) In wells can be directly related to (q)

d_T =q / k Temperature (T) =2
dZ Best fit
PD heat flow|| &
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tectonic heat flow is calculated from the temperature gradient in
the top of the numerical kinematic models, which predict
temperature effects of lithosphere deformation.

The 1D McKenzie Model (1978) is a classic for continental
lithosphere extension (rifting)

McKenzie model: lithosphere (Li) is instantaneously Temperature (T) =

thinned by factor 3

t=10My

t=30My
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Sediment record:
Burial history-
observed mass deficit

Air loaded tectonic subsidence [m]

Tectonic Subsidence Model (5 = 1.47)
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For the McKenzie model a very simple
analytical solution for the heat flow exist

(McKenzie, 1978)

at flow McKenzie Model (for various B-values

Heat Flow [mMW m-2

120 Km

)

McKenzie heat flow
No Good:

*No crustal heat production
*No sediment infill



Water filled
Basement Heat Flow ( Heat production, p=1.44)
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Van Wees and Beekman, 2000

Subsidence Inversion
— tectonic heat flow

dT/d dT/dz
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Subsidence Inversion

r
|
I — tectonic heat flow 11 I ‘ ‘
| 11 I
; I Uncertainty |
Tectoni >
: Sut?s(i;dc:anr:ge 1 Tectonic Subsidence | '
' Surve 11 (PWD/erosion) i _
: Il \ I Sample, interpolate from
| 11 .
I D PWD Experimental nodes
: |
; Lithosphere | ! ! | Jneertainy .
: Parameters ; I d e peter | Bazement_Heat Flow
(crusty/lith) 1 73T
1 11 I
| 11 ’
| X .
1 11 I
| 11
v v |
| [ Experimental design I |
I Inverted 11 alternative I 84
| Tectonic model 11 Inverted |
| 11 Tectonic models |
| 11 | I
| 11 | MC sampling | IE
| [ vV Vv I ol
I TECTONIC I UNCERTAINTY I
| 11
. | HEATFLOW | | | TECTONIC !
I [ HEAT FLOW 1
_________________________ 1
Van Wees et al., 2008 43

=200 180 1800 140 1200 100 -&0 -B0 -40 =20 0

k’ Marine and Petroleum Geology = <
ﬁ_ | [ DN | I | H I



Subsidence Inversion
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West Netherlands Basin — WAS-2

A priori Uncertainty
eLithospheric thickness 90-130 km
*Erosion during Late Cretaceous Inversion 500-1500 m
*Porosity depth curves - sediment conductivity
Calibration
*Ro depth trend
*PD temperature gradient
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Added value of tectonic heat flow modeling

- 3D Basin Modeling: How to predict heat flow away

from wells?
Best fit q=30
@ el
Use linear i
extrapolation? q=30?
L [ | [ DN | I s —



Netherlands Antilles
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Added value of tectonic heat flow modeling

 Basin Modeling: How to find heat flow in the past

< Age (Ma)

Present day (PD) heat flow

Typical start:

Flat heat flow through time
using the same as PD heat flow

Heat Flow =




Added value of tectonic heat flow modeling

- Basin Modeling: How to find better heat flow in the past
< Age (Ma)

Modified to fit Ro

Heat Flow =

r»T
&



Seismic tomography
demonstrates mantle plumes

acting as heat advection channels
in the deep lithosphere

— depth 100 km — depth 100 km
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Extension models — melts and underplates can arise
from hot mantle (plumes) which result in
accentuated heat advection and heat flow, relative
to default extension
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uniform two-layered
dT/dz dT/dz dT/dz
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Sirt Basin

--3000m
- -4000m
--5000m
--6000m
L-7000m

~1000m
+0.000

300

ANy
AR A
N e

A
;\
-
s
\
o
N
@
/\
/\
.
.
/\
\/\ o
.

LN NN

z9-ld <>

4

NN
N

2

N
\
NN
SO

7
7
2
7
/.
/.
7

r.\

HH NGRS
\x\x#ﬂ A%(////
N S NN N
NN

NN
e St
N
S
SAas

%
~
N
i T

2824 -

M;//////
SRS )

PR
m\\
OO
B
MR 3
SO U
v
RS,
NONRAN NN NN
N NN AN Y N AN

e N
holnon By oS b b e g b s 8

R
N
X
o

-~
/s
/s
7

A

7/
7
A N
\/\\\
v

N
7
/.
200

/.
7
=
.
7.
N NN NN

N

S
\/\\\
NN
AN NS

%
74
7.
-

dvd1-ia <>
001-8Y <>

N
NN
N

A
\\/ -
N
N
N
N
N
N
A

Hameimat trough
&
N
N
N
iy s

M

\

v

X

N

NN
NN
NN
NN
NN
NN

/.
7
/.
i
/.
#
%

o~

& A

\/
i
N

N
N
.
o
N
N

NN NN NN

1
Kilo metres

Abadi et al., 2008 —

1651 <
65-1715 -

65-13 -

22
“~
N
78
NN
oL
N
ON
N
-
N
7/,
N
i
\;
.
e
)i

2
(e
v
N
o
AYa
X
/.
o
A

N
.
N
N

&
/N
v

\/\
2
7
/
7/
100

NON
=
A
~
5
9 N
N
7
N
4 e
I A
Ve »
NNNNNN NN NNNNNNNNS
NN N S AN N
i/, 7,
/ Z

/]
)
o
o
.
£t
o
V4
/.
\\/\\
\;\
\\/\\
.
-
\\/\\\\\\\\

7
7.
XN
N
N
NN
AR

Rakb
high
SN
&

N
<

/\

/\

/.

7,

/,

o

P
i
e
#

o
s/

7
NN
7.

7

MAN NN

N

N
N
N

N

7,
(G
U

.

7
/
A
S
A
A
/
7/
7
r A
2
\\V}\
50
|

N
S D
NN
XS
N
e
&
o

£
7
7,

N
N
N

AAPG Bulletin

65-e2ad
65-1dS <r
65-Lrr -

\\\\\\\\\\ NG i

ke
£

R
/.
N

L]

B
N

S

\\\\15 nVVVA////%V///
A HH RGO N
HHE | s TR %
PR AR e
L \ N =
w\mW/\./\/\/\/\/\/\///////\///// o
w\Mﬁ\/\/\/\/“/m.//\///////M/////,
\\#\N//&WfVVA////AV////
N S R N N
S e
L
%
2
7,

I

o

N

oy

Agedabia
trough

N

N
N
NN
NN

N

N

2
4
/
7
/.
¥
X
<
/.
\/
X /\

/.

/.

7,
SELUUUN A &

LA

/.

% Upper Cretaceous

N

~
N
Pt
N
>
N
~

74
o
o
/.
oA

7.
W
/.
7,
S
NN N NN AN N AN N

65-LININ <>

N
s
N
X
o
N
N

74

7,

7,

&

4

N

74

7

.
N

N
~

5
N
N

N
N
~

N
N
N
N
~
o

NIRRT Y

NN
NN
N
.
NN
NN
Sy
N
NN
N

65-LNN -

N

Zelten platform
N
N
N
N
N

N
N
N
NN

N
N
RN N
N
N

AR %
U A L
\%\)ﬁ(@&ﬂfwaA/////////
iy R RN, ?
A S NN N Y

S B i e

I ;

HH R A

AR
X
N

N

N
N
6
A

N
} N
N NN

N
z
4
7
/.

2,
7
2
/
P
"
2
/4
o
v
7
A
AN
A
=
NN
NN AN U
53

7,
“~

NN
7,
.
7.

N
N
N
N
s

651V -

6G-LINE -

N
N

",
NN
A
O
¢
i
2
2

/.
e
2
/.
/.
N
&

7
S
N
‘ /////w/
N ,///.////.//\//“/////\/
RN
S N e
/w/w/m/w/\\\/w/// S
NNV N RN NN NN NN
QAN Z
VAL LA, A
o N N b,
N s

N

o
N
NN
7

NN

Hagfa
trough
NN

X

N

N
NA NN N AN

-
c
@
=
©
[}
©

m

NAWN &

N
N

aedi-ev
651N

N
8
=
N

A
s
N

N
N
N
N
N
N
N

NN N

~
N
INAN
< \
{ N
AONN AN
/.
.

N
N
N
S
N
N

N
\\j
\\7
v
N
NON
NN

N
N

N

|:| Lower Cretaceous
- Pre Cretacewous

Beda

2
%

5
.
2
%

7,

7,

2

7

2
7
2
\/\
.
/.
9

7,
1
i/,

iy <
. | ;
429 AV. =R /\/\N\/\/,\/\,,\/\./\/\/\/\/
Ly-10 .Av. SeeE /\./M /w /w S
LyLH <> 2
: e NPSEREN NN e Y
117 & WA e v )
AL AT A G i
7, P A A \./\/\/\/\/ ARy

7,
S8 G S

o
\\\\\\\«Q((/

SN

%1
N
;
N
o5
3
N
5
Y
N
L5
N
N
\
A
4 N
/.
-
7

NN

N
N

NN

.
/.
S
N
4
L
NNNNN

7
/\

/4
SN

Kotla

N

N

o
SE

N
iz
i
/.

Z,

7/
e

N
N

~
o~
NN
=~

~

NN

N
N

5
N
N

N

N
N
N
N

x
N
e
-
N
N
e
59
X
<
W
20
.
\/\/
Al
locene

N Y )
\/\/\/\./\/\/\/\/\/\/\/\/\./ NN

Dahra

il
;\
,/:,
o
x
o
N
’\

- _/\
/\
/\
/\

v

LU -

LI-LWE -

igocene

/\////,,/, . N
%Wﬁ/}%«kfﬁ\«@f»}%&(fﬁ\
A A NP R S E
R R R

N
A /\/\/\4/\ \/\ ,\\/\ \/\/\/\/\/\./.\/ “

LL-LXX -
S RN N R A R R RN

- Lower Eocene
- Paleocene

- Middle/Upper Eocene

A Imo

LY -

Zallah

vr-10 -

A
N
N
N
e
X
N
N
N
N
N

TRIRIRIAT
MDA N N N N Y
e
N
i e
Lo e e

R A T A

NN NN U
A A AN N NN

AN

YoLY <

Waddan
o

5

N

.
adbs
AL
2o
Vi
/: 2
A
Q ;
Sy
.
a0
"

€LY <r

Hun Graben
A
X
N
.
N
>
N

N

IR
o 0 T R W S 5. 16, 10l
SassdE v s g
R AT i ¥

or-LY <> N
NN NNNNNNN
o

NN

7.
Z
7
/.
7
Z
o
7/,
/
A

S
S

, A
A
\’;\
-
\/;\ N
A
31°
30°
29°
28°
27°
26°
25°

Ao
w

T

Cross section location



EAST SIRT- Agedabia
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Model building:
Boundary conditions
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Conclusions

F_

Tectonic heat flow models aid in predicting heat flow for basin
modelling beyond well control
- Mature basins - Heat flow through time
* Frontier basins — spatial variability
Tectonic heat flow models should include effects of crustal heat
production and sediment infill/erosion
The Netherlands
* Average heat flow values today
- Considerable variation through time:
- Elevated at mantle plume/underplating phase
« Depressed during foreland formation



