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FIGURE 3 L3 mm |

Diagrammatic representation of the divided bar apparatus. The
whole system is lagged with cotton wool and styrofoam to
minimise lateral heat loss and an axial pressure is applied with
a hydraulic ram.

resistance. A contact fluid was not used unless explicitly stated
(Table 2a) to avoid the possibility of the fluid or grease
migrating into the sample. For those samples not measured
with dry contacts household detergent was used as a contact
medium in the dry state and Vaseline in the wet state. In all
cases an axial pressure of 15-30 bars (1.5-3 MPa) was applied
axially to the divided bar to improve the thermal contact. The
discs were saturated by evacuation and reequilibration to
atmospheric pressure under water. Weighing the samples
before and after saturation allows the volume percentage of
interconnected porespace to be estimated usually to within
1-2% (see table 2b). A slight increase in thickness was
observed after saturation for some of the shales suggesting
that water had been adsorbed and that the porosity estimates
given here may be too high. However these samples had
porosities less than 5% and the error is considered negligible.
Some of the samples disintegrated during saturation and
subsequently were not measured in the wet state. The system
was calibrated with quartz discs cut perpendicular to the C
optic axis and gave values to within 5% of those quoted by
Ratcliffe (1959) (6.32 Wm-1K-1). Fused silica standards used
during measurement were assumed to have a thermal
conductivity of 1.37 Wm-1K-1 (Beck 1965). Each sample was
measured at least twice to ensure repeatibility to within 5%.

Reduction of results
Fourier's law for the one-dimensional conduction of heat is:
Q= -K dT/dz )

where Q is the heat flux (Wm-2), K the thermal conductivity
(Wm-1K-1) and dT/dz the temperature gradient (Km-1). The
measured temperature difference across a sample (AT,) can
be expressed as the sum of the temperature difference due
to the sample (AT,) and that due to the contact resistance
(AT,) at the upper and lower surfaces and (1) can be restated
in terms of the sample thickness (AZ) and the sample's
thermal conductivity (Ky):

AT JQ = 24T Q - AZJK, @

By using several discs of different thickness and plotting
AT,/Q against AZ,, a least squares regression line may be

K- K,

calculated for which the contact resistance term (2AT¢/Q) is
given by the intercept and the true sample conductivity by
the inverse of the slope. Neglecting the contact resistance
would result in an underestimate of the true conductivity by
an amount which increases as the sample thickness
decreases (see Fig. 4 and Beck 1976). When only one or two
discs were cut for a given sample a range of contact
resistances was assumed to estimate the true conductivity.
The appropriate ranges were chosen on the basis of grain
size, lithology and length of time the samples were in the
divided bar apparatus. The significance of the duration of the
experiment for the wet measurements is discussed below. The
measurements shown in Fig. 4 demonstrate the validity of the
contact resistance interpretation.

04 4
K- K.
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o 1 2 3 4 6 6 7 [ e 10
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FIGURE 4

The relative error in measured thermal conductivity (K.) due to
neglect of the contact resistance term. K, is the true sample
thermal conductivity. Dullingari 1, depth 2592m: , ®, Burley
2, depth 2811 m :—————, # . The upper curve for each
sample in (b) are calculated assuming dry contacts and the lower
curves wet contacts. The curves in (a) assume dry contacts. The
contact resistance term is assumed to be equal at both faces of
the sample.

Steady state was assumed to have been "attained when
thermistor readings taken 5-10 minutes apart differed by less
than 0.1%. The wet samples did not satisfy this condition after
45-60 minutes and several explanations for this observation
were considered. The thermal time constant of the specimen
assembly is estimated to be less than & minutes so in all cases
thermal equilibrium should have been attained. Porous media
convection was ruled out as (a) the temperature gradient is
positive in the upward direction i.e. water in the samples would
be stably stratified and (b) the permeabilities of the samples
(measured on set B by Gravestock and Alexander 1986) are
too low to allow convection. Some samples were left for up
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TABLE 2b.

Thermal conductivity (Kdry, Kwet) in Wm-1K-1 for sample set
B. Values are calculated for the dry samples using the values of
the heat flux (Q) across the upper and lower standard discs. The
wet values were calculated using only the lower value (i.e. lower
standard). A correction factor of 1.944 was applied to the heat
flux to allow for the smaller radius of the samples. ¢W is the
porosity measured in this study and $He the porosity measured
by helium injection (Gravestock and Alexander 1986). Mu—Murta
member, Na—Namur member.

I . F . D Li " Kd .
M

Dullingari 35 Mooga (Mu) 1495  Si 7.5 10.0 3.97-4.02 4.22

Dullingari 35

g

Mooga (Mu) 1498
Dullingari 29 Mooga (Na) 1500

15.2 17.9 3.47-3.51 4.25

g

14.5 14.6 3.11-3.38 4.39

Dullingari 29 Mooga (Na) 1504

2

6.6 6.5 2.40-2.42 3.61
Dullingari 29 Mooga (Na) 1513 22.1 20.3 3.15-3.28 4.60
Merrimelia 16 Mooga (Na) 1612 22.4 22.0 2.40-2.42 3.6t
Mecrimelia 16 Mooga (Na) 1602 19.3 19.6 3.46-3.62 3.59

Merrimelia 16 Mooga (Na) 1615 21.0 22.0 2.10-2.17 3.61

g gL RRRERREY
s

Gidgealpa 17 Hutton 1836 19.3 18.9 2.56-2.71 3.93
Gidgealpa 17 Hutton 1842 15.2  3.61-3.62 5.03
Gidgealpa 17 Hutton 1847 20.8 19.9 3.02-3.05 3.57
Strzelecki 4 Hutton 1705 15.4 15.0 4.12-4.21 5.35
Strzelecki 4 Hutton 1701 16.0 17.4  4.18-4.22 5.03
Srtzelecki 4 Hutton 1710 12.7 14.4  4.33-4.34 6.13
Strzelecki 4 Birkhead 1675 Si 5.4 7.6 3.47-3.50 4.10
Strezlecki 4 Birkhead 1694 sS4 13.3 13.9 3.56-3.57 5.55
Strezlecki 4 Birkhead 1686 Sd  19.2 20.6 2.92-2.96 4.64
Strezlecki 4 Birkhead 1684 Sd  14.6 15.3 4.04-4.05 5.60

to 6 hours in the divided bar and hourly readings were taken.
Fig. 5 shows the results for one set of wet discs at several
times. The slopes of the lines (i.e. the inverse of the
conductivity) agree to 2%. However when the samples were

$o

ambient
temperature

¥
Q2=Q1— (Fo—Fi )— (Ho—Hi)

FIGURE 6

Difference in heat flow measurements at the upper and lower
standards. Q1 and Q2 are the heat flow measurements at the
upper and lower standards, Ho and Fo are heat losses through
the outer face of the sample and the upper (hot) copper disc and
Hi and Fi are heat gains through the sample and the lower (cold)
copper disc. The ambient temperature controls the relative
magnitudes of these heat gains and losses and thus the
difference Q1 and Q2.

removed droplets of water were observed on the lower copper
discs while the upper discs were dry indicating downward fluid
migration. Beck and Beck (1958) noticed the same effect,
although they stated that a steady state condition (i.e.
cessation of fluid migration) should be reached after 5-10
minutes. The interpretation of this effect is that initially both
surfaces of the sample were moist but with time the upper
surface drys out, increasing the contact resistance.
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Least squares regression lines for Innamincka 1, depth 2080 m in the wet state with readings taken
after 1 hour (lowest line), 2 hours, 4 hours and 5 hours (upper line). The slope of the line is constant
but the intercept (i.e. contact resistance) increases with time due to drying out of the upper face.



Accordingly a qualitative adjustment may be made to the
assumed contact resistance term.

As the samples in set B were longer than 30 mm the contact
resistance was neglected. However other sources of
uncertainty result from the difference in cross-sectional area
of the copper discs and the samples (a factor of 1.944).
Assuming that no heat is lost through the exposed surface
of the copper disc then the ratio of the heat flow through the
standard and the sample is given by the reciprocal ratio of
their cross-sectional areas. Of course heat may be lost through
the outer surfaces of the upper copper disc and the upper
part of the sample and heat may enter through the lower part
of the sample and the lower copper disc (Fig. 6). The relative
heat loss and gain will depend on the ambient temperature.
Lateral heat loss was again reduced by lagging the sample.
The heat flux across the upper fused silica standard was
greater than that across the lower standard by less than 3%
for the samples in the dry state but the difference was up to
20% in the wet state. This latter discrepancy could be
attributable to heat loss by evaporation of water (which would
require less than a total of 0.1 gm of water to be evaporated
in 1 hour). Because the ambient temperature was closer to
the cold bath temperature (18°C) during the wet
measurements the lower estimate for the heat flow (Q2 in
Fig. 6) is probably the better estimate of heat flow through
the sample and thus should be used for the calculation of
thermal conductivity. For the dry measurements the value
calculated using the average of the upper and lower heat flows
is illustrated (Fig. 8b) although Table 2b gives the estimates
using both values of heat flow.

The results for set A and set B are shown in tables 2a and
2b respectively. Some degree of anistropy for thermal
conductivity in sediments was suggested by Beck and Beck
(1958) who observed a decrease in conductivity for shale
measured parallel to the bedding relative to the measurement

perpendicular to the bedding (4% for the wet state and 23%
for the dry state). Birch and Clark’s (1940) data shows the
opposite effect in quartz sandstone (7% difference for the dry
state). The results presented here are inconclusive regarding
anisotropy.

Discussion

Tables 3a and 3b show estimates of the effective matrix
conductivity using six of the different theoretical models given
in Table 1 and incorporating the dry and wet observed values.
The formulae can be either rearranged to give an analytical
expression or numerically solved for the matrix conductivity
as a function of the observed conductivity, porosity and
saturant conductivity. Separate estimates, Kng and Ky, are
obtained for the air and water saturated measurements. The
Nosal model (Table 1.g) requires both wet and dry
observations to make an estimate of the matrix conductivity.
As can be seen from Tables 3a and 3b the two estimates are
often significantly different for all the theoretical models i.e.
the models do not adequately describe the observations. In
the past this problem has been bypassed by appealing to
empirical adjustments to the original equations (e.g. Beck
1976, Robertson and Peck 1974). As can be seen from
Fig. 2 and Tables 3a and 3b the models are similar
(Kma = Knmw) for low values of the effective matrix conductivity
and all models considered are equally suitable. For higher
values of the bulk thermal conductivity the model estimates
are more variable and as can be seen from Fig. 7 the Maxwell
model deviates from the Kng=Knw line because Ky, is
greater than K4 but the converse is true for the geometric
model. Table 4 shows the predictions using the Maxwell model
and geometric mean for a range of effective matrix.
conductivities at 25% and 40% porosity. These two models,
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FIGURE 7

The matrix conductivity, K4 estimated from the dry and
from the wet observations, using the Maxwell mode, ® , and the
geometric model, A. The solid line represents K, =Kq-



TABLE 3a.
Estimates of effective matrix conductivity (Wm-1K-1) for sample set A, using 6 of the theoretical models
given in Table 1. A—Geometric, B—Dispersive (Robertson and Peck 1974), C—Quadratic (Robertson and
Peck 1974), D—Budiansky (1970), E—Maxwell (Beck 1976), F—Nosal (1981). Dry (d) and wet (w) observations
were used separately, except for the Nosal (1981) formulation which requires both values.

Location Formation Depth Lith, A B C D E F
d w d w d w d w d w
Innamincka |  Patchawarra 2080 Sd 7.5 7.5 9.7 7.8 5.5 7.1 5.3 7.0 7.0 7.5
Innamincka 1  Patchawarra 2103 Sd 6.9 6.0 6.8 5.8 3.9 52 3.7 5.2 3.7 5.1 5.5
Gidgealpa 2 Nappamerci 2108 Sd 8.8 8.7 8.5 8.6 4.8 7.3 4.6 1.3 7.2 8.1
Dullingari 1 Patchawarra 2592 Si 3.3 3.4 4.3 3.4 2.8 3.3 3.3 2.7 2.7 3.4
Burley 1 Toolachee 2701 Si 4.4 4.9 5.9 4.9 3.8 4.8 4.8 3.8 3.8 4.8
Burley 1 Toolachee 2704 Si 3.8 3.6 2.9 3.8 5.1 3.6 3.1 3.5 3.1 3.5 3.6
Gidgealpa 2 Toolachee 2091 Sd 7.5 5.7 6.1 5.4 3.6 4.8 3.4 4.8 3.3 4.7 5.2
11.3 7.1 8.0 6.7 4.6 5.8 4.4 5.8 4.2 5.7 6.2
Tirrawarra 2 Patchawarra 2968 Sd 11.3 7.6 1.7 7.7 6.5 6.5 6.3 6.5 6.2 6.5 6.5
Tirrawarra |  Basement 3068 Sd 4.8 5.4 6.6 5.4 4.4 53 4.3 5.3 43 5.3 5.4
Innamincka | Cadna-Owie 1201 Sh 1.8 2.0 2.1 2.0 1.6 2.0 1.5 2.0 1.5 2.0 2.1
2.9 2.8 3.4 2.8 1.9 2.7 1.8 2.7 1.7 2.7 2.8
Innamincka 1  Nappamerri 1996 Sh 2.3 2.1 2.7 2.1 2.2 2.1 2.2 2.1 2.2 2.1 2.1
2.8 3.2 2.7 3.2 2.7 3.2 2.7 3.2 2.7 3.2 3.2
Dullingari 1 Wallumbilla 1210 Sh 3.2 2.2 2.4 2.2 2.0 2.1 2.0 2.1 2.0 2.1 2.2
3.9 3.0 4.1 2.9 2.5 2.8 2.4 2.8 2.3 2.8 2.8
Dullingari 1|  Nappamerri 2010 Sh 2.8 2.5 3.6 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5
3.8 3.4 5.1 3.3 3.4 3.3 3.3 3.3 3.3 3.3 3.3
Dullingari 1 Toolachee 2106  Si 2.5 2.1 3.2 2.1t 2.3 2.1 2.1 2.1 2.2 2.2 2.0
3.2 2.6 4.2 2.6 2.8 2.6 2.8 2.6 2.8 2.6 2.5
Dullingari 1 Roseneath 2281 Sh 2.1 2.2 2.5 2.2 2.0 2.2 2.0 2.2 2.0 2.2 2.2
2.8 2.8 3.3 2.8 2.6 2.8 2.6 2.8 2.6 2.8 2.8
Dullingari 1 Epsilon 2321 Si 2.9 2.9 3.7 2.9 2.5 2.9 2.5 2.9 2.5 2.9 2.9
3.6 3.8 4.9 3.8 3.1 3.7 3.1 3.7 3.1 3.7 3.8
Dullingari 1 Murteree 2409 Sh 2.4 2.4 2.8 2.4 2.3 2.4 2.3 2.4 2.3 2.4 2.4
2.8 2.9 3.4 2.9 2.6 2.9 2.6 2.9 2.6 2.9 2.9
Dullingari 1 Merrimelia 2743 Bc 2.7 2.6 3.1 2.6 2.7 2.6 2.7 2.6 2.7 2.6 2.6
3.4 3.1 3.9 3.1 3.1 3.3 3.3 3.1 3.3 3.1 3.1

as stated in the previous section, are bounds on the model
predictions. Figure 8 shows the observed wet and dry values
and model curves for the geometric and Maxwell models with
effective matrix conductivities of 2.5, 35 and 60 Wm-1K-1.
The siltstones show considerable scatter which is due to the
variation in bulk composition. The higher values observed for
the sandstones are directly attributable to the high percentage
of quartz present in the specimens (often up to 90%). The
shales are fairly consistent at 2.0-2.7 Wm-1K-1, although the
basement shales from Dullingari 1 have slightly higher values
due to the fact that they are dolomitised. Although at least
part of the scatter in the observed thermal conductivity, and
hence the true matrix conductivity, is likely to be real, these
are adopted as the preferred values of the matrix conductivity
for shales, siltstones and sandstones respectively and a
practical relationship for predicting thermal conductivity as

a function of porosity would be the arithmetic mean of the
Maxwell (or Budiansky) model and the geometric mean.
Errors in the thermal conductivity will be directly reflected in
heat flow estimates, but in the context of thermal history
modelling the uncertainty associated with the predicted
conductivity will be more important for shales as temperature
gradients are inversely proportional to the thermal conductivity
and the large range of observed conductivity for sandstones
(Fig. 8) will be partially compensated for.

Conclusions
When making measurements of thermal conductivity using

discs of rock and a divided bar apparatus the effect of an
imperfect contact must be considered by incorporating a



TABLE 3b.
As Table 3a but for sample set B.
Location

Formation Depth Lith A

M d

Dullingari 35
Dullingari 35
Dullingari 29
Dullingari 29
Dullingari 29
Merrimelia 16
Merrimelia 16
Merrimelia 16
Gidgealpa 17
Gidgealpa 17
Gidgealpa 17
Strzelecki 4
Strzelecki 4
Srtzelecki 4
Strzelecki 4
Strezlecki 4
Strezlecki 4

Strezlecki 4

TABLE 4.

Theoretical predictions of the dry and wet bulk thermal
conductivity (Wm-1K-1) for porosities of 25% and 40% for a
range of effective matrix thermal conductivities (2.0-7.0
Wm-1K-1) using the geometric and Maxwell (1976) models.
These two models give appropriate upper and lower bounds.

[ ] Sat Kn_ 2.0 3.0 4.0 3.0 £.0 1.0

Mooga (Mu) 1495  Si 5.9 4.
Mooga (Mu) 1498 Sd 8.5 6.
Mooga (Na) 1500 Sd 7.0 6.
Mooga (Na) 1504 Si 4.6 3.
Mooga (Na) 1513 Sd 12.6 8.
Mooga (Na) 1612 Sd 8.9 6.
Mooga (Na) 1602 Sd 11.1 7.
Mooga (Na) 1615 Sd 6.8 5.
Hutton 1836 Sd 7.7 6.
Hutton 1842 Sd 9.3 7.
Hutton 1847 Sd 10.5 6.
Hutton 1705 Sd 10.6 7.
Hutton 1701 84 1.1 7.5
Hutton 1710 Sd 9.1 8.
Birkhead 1675 Si 4.6 4.
Birkhead 1694 Sd 7.6 1.
Birkhead 1686 Sd 9.1 7.

Birkhead 1684 Sd 9.6 8.

Geometric  25%  dry 068 0.92 (.14 135 1.55 1.7}
Maxwell 1.35 2.00 2.68 3.35 4.01 4.68
Geometric wet 1.49 2.02 2.5t 2.97 3.40 3.82
Maxwe | | 1.58 2.26 2.93 31.60 4.27 4.93
Geometric 40% dry 0.35 0.45 0.54 0.61 0.68 0.75
Maxwell 1,02 1.52 2,02 2.52 3.02 3.52
Geometric wet 1.2 1.60 1.90 2.17 2.42 2.65
Maxwel | . 1.36 1.87 2,37 2.88 3.3¢8 ).88

contact medium of reasonably high thermal conductivity

andlor by measuring a group of discs of different thickness’

cut from the same sample. The errors resulting from
neglecting this effect are more severe for thinner discs. The
relationship between thermal conductivity of porous rocks

7.6 7.2 4.4 6.2 3.1 4.8 3.0 4.7 5.3

9.6 8.1 5.4 6.9 5.2 6.9 5.1 6.8 1.5

saturated with different fluids or gases has been approximated
by a variety of models but none have been proven
unequivocally. For a given saturant the bulk rock thermal
conductivity decreases with porosity. Of the various models
considered here the data are best satisfied by a
conductivity:porosity relationship that lies between the
Maxwell model and the geometric mean. Although there is
no rigorous physical basis for doing so taking the average
of the two may be used to predict thermal conductivity. In order
to generalise the results from these thermal conductivity
measurements made on a restricted set of samples three
lithological distinctions were considered for the sediments,
sandstone, siltstone and shale. The effective matrix thermal
conductivities are 60, 35 and 25 Wm-1K-1 respectively.
Siltstones may be regarded as sandy shales or shaly
sandstones and intermediate values may be more appropriate
depending on their bulk composition.

Acknowledgements

| would like to thank Delhi Petroleum Pty Ltd and the
Department of Resources and Energy, Canberra for
permission to use core samples and the South Australian .



Thermal conductivity Wm- K~

®

35

Thermal conductivity Wm-=K-

1.04

T T T !

10 15 20 %
Porosity (%)

FIGURE 8

Observed thermal conductivity versus porosity (a)-wet state, (b)-
dry state. 3 lithological divisions are made: sandstones (+),
siltstones (x), and shales (*). Samples from set B are circled.
Where a least squares regression line was not calculated the
range of thermal conductivity from table 1 is shown. The 3 pairs
of solid lines are the theoretical curves for the Maxwell (upper
curve) and geometric mean (lower curve) models with matrix
conductivities of 2.5, 3.5 and 6 Wm-1K-1.

35

40

Department of Mines and Energy for physically supplying
them. Peter Moore, formerly of Delhi, and David Gravestock
of SADME were particularly cooperative. Ted Lilley and Merrin
Sloane gave valuable advice on the operation of the divided
bar apparatus. Greg Houseman and Kurt Lambeck critically
read the manuscript and made numerous improvements.

References

Battersby, D. G. (1976)—Cooper Basin gas and oil fields’, in Leslie,
R. B, Evans, H. J. & Knight, C. L. (Editors), Economic geology
of Australia and Papua New Guinea, 3. Petroleum, Australasian
Institute of Mining and Metallurgy, Monograph 7, 321-368.



Beck, A. E. (1965)—Techniques of measuring heat flow on fand’, in
Lee, W. H. K. (Editor), Terrestrial Heat Flow, Geophys. Monograph
8, Am. Geophys. Union, 24-57.

Beck, A. E. (1976)—An improved method of computing the thermal
conductivity of fluid-filled sedimentary rocks', Geophysics 41,
133-144.

Beck, A. E. & Beck, J. M. (1958)—0n the measurement of the thermal
conductivities of rocks by observations on a divided-bar
apparatus', Trans. Am. Geophys. Union 30, 1111-1123.

Beck, J. M. & Beck, A. E. (1965)—Computing thermal conductivities
of rocks from chips and conventional specimens’, J. Geophys.
Res. 70, 5227-5239.

Birch, F. & Clark, H. (1940)—The thermal conductivity of rocks and

its dependence upon temperature and composition’, Am. J. Sci.

238, 529-558.

Budiansky, B. (1970)—Thermal and thermoelastic properties of
isotropic composites’, J. Composite Materials 4, 286-295.
Cermak, V. & Rybach, L. (1982)—Thermal properties’, in Angenheister,
G. (Editor), Physical Properties of Rocks (subvolume A):
Numerical Data and Functional Relationships in Science and

Technology', 1, Springer-Verlag, 305-371.

Gravestock, D. & Alexander, A. M., (1986)—Porosity and permeability
of reservoirs and caprocks in the Eromanga Basin, South
Australia, APEA J 24, 202-213.

Huang, J. H., (1971)—Effective thermal conductivity of porous rocks’,
J. Geophys. Res. 76, 6420-6427.

Jessop, A. M. (1970)—The effect of environment on divided-bar
measurements’, Tectonphysics 10, 39-49.

Lubimova, E. A., Maslennikov, V. N. & Gaviey, |. K. (1977)—Thermal
conductivity of dry, wet and oil-saturated rocks at slightly high
temperatures and pressures’, Geophys. Res. Bull. 15, 59-66.

Moore, P. S. & Mount, T. J., (compilers), (1982)—Eromanga Basin
Symposium, summary papers, Geol Soc. Aust. & Pet. Explor.
Soc. Aust., Adelaide.

Nosal, E. A. (1981)—Predicting thermal conductivity of sandstones
and carbonates’, EOS 62, 392.

Ratcliffe, E. M. (1959)—Thermal conductivities of fused and crystalline
quartz’, Brit. J. Appl. Phys. 10, 22-25.

Robertson, D. E. & Peck, D. L., (1974)—Thermal conductivity of
vesicular basalt from Hawaii’, J. Geophys. Res. 79, 4875-4888.

Sass, J. H., Lachenbruch, A. H., Munroe, R. J., Greene,

G. W. & Moses, T. H., Jnr. (1971)—Heat flow in the western United
States', J. Geophys. Res. 76, 6376-6413.

Sass, J. H., Stone, C. & Munroe, R. J., (1984)—Thermal conductivity
determinations on solid rock — a comparison between a steady
state divided-bar apparatus and a commercial transient line
source device', J. Vulc. Geothermal Res. 20, 145-153.

Scharli, U. & Rybach, L., (1984)—On the thermal conductivity of low-
porosity crystalline rocks', in Cermak, V., Rybach, L. & Chapman,
D. S. (Editors), Terrestrial Heat Flow Studies and the Structure
of the Lithosphere, Tectonophysics 103, 307-313.

Sekiguchi, K. (1984)—A method for determining terrestrial heatflow
in oil basinal areas’, in Cermak, V., Rybach, L. & Chapman, D.
S. (Editors), Terrestrial Heat Flow Studies and the Structure of
the Lithosphere, Tectonphysics 103, 67-79.

Walsh, J. B. & Decker, E. R., (1966)—Effect of pressure and saturating
fluid on the thermal conductivity of compact rock’, J. Geophys.
Res., 71, 3053-3061.

Woodside, W. H. & Messmer, J. H., (1961)—Thermal conductivity of
porous media 1: unconsolidated sands’, J. Appl. Phys. 32,
1688-1699.



A21
Appendix 2
Results from backstripping and decompaction calculations

The observed thickness of each stratigraphic formation and the age assigned to its top are given with
three estimates of each of the following :

Tectonic subsidence (m, basement depth, with sediment loading, palaeobathymetry and sea

level corrections),

Total decompacted sediment thickness (m),

Deposition, or solid influx, rate (m/m.y.).
The first estimate for each is that obtained with the best fit porosity/depth curve, and the other two are
using the maximum and minimum curves, in order to obtain bounding values. A thickness of zero
indicates an unconformity. An age of zero means the sediments are thought to be post-Winton
Formation and note that the tectonic subsidence estimate does not include the fact that the upper
surface of the youngest sediments is generally above sea level at the present day, effectively assuming
post-depositional uplift.
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Macumba 1 26.44 138.27 Height above present day sea level 41 m
Observed Age Basement Total Decompacted Deposition
Thickness (m) (Ma) Deptn (m) Thickness (m) Rate (m/m.y.)
160 0 1096 1183 1022 2438 2437 2438 1.04 095 1.14
620 91 882 969 807 2343 2350 2336 90.34 83.48 96.51
369 96 808 893 731 1882 1911 1850 79.11 74.66 82.48
30 100 757 834 682 1550 1585 1510 27.39 2622 28.00
244 101 730 807 656 1519 1554 1480 18.57 17.77 19.05
57 113 596 661 530 1261 1291 1225 3.72 3.56 3.84
623 127 569 630 506 1195 1223 1162 11.46 10.73 12.12
175 175 260 292 231 489 513 466 1490 14.34 15.40
0 186 142 160 125 252 266 239 0.02 0.01 0.02
160 205 142 159 125 252 266 238 5.07 491 5.20
Age at base of sediments 235 Ma
Poonarunna 1 27.41 13792 Height above present day sea level I1m
Observed Age Basement Total Decompacted Deposition
Thickness (m) (Ma) Depth (m) Thickness (m) Rate (m/m.y.)
95 0 822 882 772 1630 1630 1630 0.6 0.56 0.67
572 91 616 676 567 1574 1577 1570 80.40 73.94 85.89
299 96 545 598 498 1135 1155 1114 50.22 47.18 52.25
199 101 453 497 413 841 862 819 14.58 13.82 15.08
46 113 317 350 286 615 632 598 277 2.60 295
201 127 294 326 265 564 581 547 15.84 14.94 16.69
126 138 182 202 162 325 339 312 19.43 18.65 19.99
37 144 81 89 73 140 145 135 16.53 15.57 17.40
55 146 50 55 45 86 89 82 4.07 3.84 4.5
Age at base of sediments 158 Ma
Kuncherinna 1 26.71 138.27 Height above present day sealevel 51m
Observed Age Basement Total Decompacted Deposition
Thickness (m) (Ma) Depth (m) Thickness (m) Rate (m/m.y.)
150 0 1213 1308 1134 2832 2832 2832 0.97 0.89 1.06
530 91 1002 1097 922 2746 2752 2738 94.34 86.97 101.0
597 95 954 1051 869 2368 2397 2336 102.4 96.66 106.7
45 100 861 950 775 1848 1891 1800 42.05 40.47 42.85
237 101 829 918 744 1802 1845 1754 18.31 17.60 18.73
59 113 704 783 626 1555 1594 1510 391 3.75 4.02
746 127 678 753 602 1488 1525 1445 13.95 13.12 14.68
179 175 339 382 300 666 699 634 15.44 1492 15.88
0 186 234 265 207 438 464 414 0.02 0.01 0.02
179 205 234 265 207 437 463 414 573 5.57 5.85
111 235 107 121 93 185 198 173 6.77 6.65 6.86
Age at base of sediments 251 Ma
Walkandi 1 26.56 137.47 Height above present day sea level 25 m
Observed Age Basement Total Decompacted Deposition
Thickness (m) (Ma) Depth (m) Thickness (m) Rate (m/m.y.)
85 0 1268 1366 1189 3027 3027 3027 0.54 0.50 0.59
1316 91 1083 1181 1003 2980 2984 2976 1159 108.5 121.9
47 100 892 986 801 1936 1983 1882 44.02 42.55 44.74
240 101 860 953 770 1888 1935 1834 18.79 18.13 19.16
48 113 734 817 651 1635 1679 1585 3.19 3.08 3.28
802 127 713 793 632 1581 1623 1533 ‘15.17 1431 1591
196 175 352 397 311 694 730 659 17.04 16.52 17.47
0 186 237 269 209 444 471 419 0.02 0.01 .0.02
190 205 237 269 209 443 470 418 6.13 5.98 6.24
102 235 100 114 87 172 185 161 6.28 6.18 6.35

Age at base of sediments 251 Ma
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Putamurdie 1 26.28 139.78 Height above present day sea level 37m
Observed Age Basement Total Decompacted Deposition
Thickness (m) (Ma) Depth (m) Thickness (m) Rate (m/m.y.)
75 0 904 973 846 1856 1856 1856 0.48 044 0.52
629 91 703 772 645 1812 1815 1809 88.67 81.60 94.68
267 96 631 694 573 1343 1365 1318 56.43 53.06 58.66
52 100 579 635 525 1092 1116 1064 46.88 44.66 48.07
172 101 540 594 488 1034 1058 1008 12.69 12.04 13.10
41 113 424 468 379 844 864 822 249 233 2.65
190 127 405 448 363 800 820 779 8.72 8.23 9.18
43 146 305 337 273 580 596 563 3.15 297 331
265 158 279 308 250 527 541 511 1051 9.8 11.14
0 180 107 120 96 188 197 179 0.01 0.01 0.01
121 215 107 120 96 188 197 179 3.09 295 3.20
Age at base of sediments 251 Ma
Pandieburra 1 26.76 139.42 Height above present day sea level 31m
Observed Age Basement Total Decompacted Deposition
Thickness (m) (Ma) Depth (m) Thickness (m) Rate (m/m.y.)
110 0 983 1059 920 2103 2103 2103 0.71 0.65 0.77
690 91 777 853 714 2040 2044 2035 100.1 9241 106.6
227 96 694 764 629 1518 1545 1489 39.07 36.85 40.50
248 101 642 707 580 1304 1333 1272 18.41 17.49 18.98
57 113 505 560 451 1044 1071 1015 3.49 3.28 3.71
63 127 483 536 431 - 987 1014 957 502 4.74 5.28
87 138 457 507 407 921 947 891 13.30 12.75 13.69
58 144 410 455 366 816 840 791 25.40 23.90 26.78
96 146 382 423 340 751 773 726 7.14 675 7.47
288 158 329 364 294 636 655 614 15.05 14.16 15.88
117 175 154 172 137 276 290 263 9.83 943 10.20
0 186 63 71 55 106 113 100 0.01 0.01 0.02
63 205 62 70 55 106 113 99 1.99 194 2.04
Age at base of sediments 235 Ma
Kalladeina 1 27.65 1394 Height above present day sea level 28 m
Observed Age Basement Total Decompacted Deposition
Thickness (m) (Ma) Depth (m) Thickness (m) Rate (m/m.y.)
111 0 922 993 863 1911 1911 1911 0.71 0.65 0.78
767 91 715 786 656 1846 1850 1842 113.0 1045 120.1
213 96 597 659 540 1243 1269 1215 37.21 35.14 38.41
200 101 539 594 487 1030 1056 1002 14.94 1422 15.39
55 113 409 452 365 806 827 784 3.38 3.18 3.60
212 127 383 424 342 746 767 724 9.85 932 10.34
111 146 266 294 239 494 509 478 828 7.83 8.65
243 158 192 212 172 348 358 337 7.72 7.26 8.14
Age at base of sediments 186 Ma
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Fly Lake 1 27.63 139.95 Height above present day sea level 34 m
Observed Age Basement Total Decompacted Deposition
Thickness (m) Ma) Depth (m) Thickness (m) Rate (m/m.y.)
107 0 1232 1323 1161 2949 2949 2949 0.69 0.63 0.75
937 91 1029 1121 956 2889 2894 2884 142.0 131.7 1503
300 96 908 1002 826 2179 2222 2134 5422 51.73 55.74
340 101 846 935 765 1900 1947 1850 26.35 25.35 26.94

71 113 693 769 616 1552 1597 1504 4.54 431 4.77
276 127 665 741 593 1480 1526 1432 13.34 12.74 13.86

86 146 553 618 491 1184 1228 1140 6.62 6.33 6.85
284 158 513 574 456 1087 1129 1045 9.35 8.88 9.75

0 186 382 430 338 766 805 730 0.01 0.01 0.01

162 215 382 430 338 766 805 729 431 4.18 441

35 251 296 334 261 567 599 537 4.13 399 4.5

5 259 276 313 244 524 554 495 0.37 0.36 037

6 272 273 309 241 517 547 489 1.21  1.20 1.21

268 277 269 304 237 508 538 481 32.47 31.76 33.01

73 285 73 83 64 - 124 132 116 14.13 13.77 14.37

Age at base of sediments 290 Ma
Tirrawarra 1 27.68 140.12 Height above present day sea level 357 m
Observed Age Basement Total Decompacted Deposition
Thickness (m) (Ma) Depth (m) Thickness (m) Rate (m/m.y.)

17 90 1255 1347 1181 3021 3021 3021 1.17 1.07 1.28
831 91 1039 1133 964 2917 2925 2908 1274 1183 1347
299 96 941 1036 857 2282 2324 2238 53.69 51.15 55.24
326 101 881 972 797 2006 2054 1956 25.19 24.20 25.78

69 113 731 813 654 1675 1721 1626 4.44 421 4.67

57 127 706 786 632 1605 1652 1556 8.64 8.24 9.00
240 133 684 762 612 1545 1592 1497 16.81 1595 17.55

67 146 590 659 526 1292 1339 1246 5.20 4.96 5.38
245 158 560 626 500 1218 1263 1173 8.03 7.62 8.39

0 186 456 513 406 951 996 909 0.02 0.01 0.02
259 205 456 513 405 950 995 909 5.38 5.22 5.51
46 251 331 374 293 646 682 613 5.51 532 5.66
0 259 308 349 272 591 626 559 0.03 0.03 0.03

26 269 308 349 272 591 626 559 8.48 8.35 8.55

41 272 293 332 258 557 590 526 8.22 8.15 8.25
223 277 264 299 233 499 528 471 27.15 26.58 27.59
109 285 105 119 92 182 194 170 21.20 20.67 21.54

Age at base of sediments 290 Ma
Gidgealpa 1 27.96 140.08 Height above present day sea level 37m
Observed Age Basement Total Decompacted Deposition
Thickness (m) (Ma) Depth (m) Thickness (m) Rate (m/m.y.)
160 0 1165 1248 1102 2776 2776 2776 1.04 095 1.14
780 91 954 1039 889 2686 2693 2678 119.2 110.8 125.7
300 96 865 952 793 2089 2128 2050 66.97 63.72 68.96
8 100 819 902 748 1813 1858 1769 7.39 7.11 7.53

340 101 801 884 730 1805 1850 1761 26.31 25.29 26.90

73 113 646 719 581 1458 1502 1415 472 449 490
281 127 618 689 556 1382 1426 1340 13.45 12.78 14.01
124 146 513 575 459 1092 1137 1050 9.99 9.74 10.13
123 158 452 507 404 944 984 907 5.14 488 5.37

0 180 398 448 355 808 847 772 0.0 0.01 0.01
154 230 398 448 355 807 847 772 7.02 6.83 7.15

88 251 318 358 283 620 653 591 10.47 10.11 10.77

22 259 269 304 239 511 540 484 4.26 4.16 4.32
210 264 256 289 227 482 510 456 9.64 9.40 9.82
112 285 108 123 95 188 201 176 21.86 2141 22.16

Age at base of sediments 290 Ma
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Moomba 1 28.15 140.28 Height above present day sea level 33m
Observed Age Basement Total Decompacted Deposition
Thickness (m) (Ma) Depth (m) Thickness (m) Rate (m/m.y.)
263 0 1184 1268 1120 2841 2841 2841 1.76 1.60 1.93
824 91 954 1040 888 2685 2697 2672 1319 1233 1383
198 96 846 932 774 2023 2067 1981 44.77 4275 4597
38 100 828 911 756 1839 1885 1793 36.05 34.77 36.66
289 101 799 881 728 1799 1846 1754 22.44 21.61 2292
78 113 658 732 594 1500 1546 1458 5.09 485 5.28
279 127 629 700 566 1419 1464 1377 13.39 12.73 13.95
29 146 519 581 466 1125 1170 1084 230  2.24  2.33
144 158 504 565 453 1090 1134 1051 598 5.67 6.25
0 180 446 502 399 937 981 898 0.01 0.01 0.01
174 230 446 502 399 936 981 898 7.96 773 8.10
103 251 365 411 325 734 772 700 12.23  11.81 12.58
59 259 316 358 281 615 651 583 11.41 1116 11.58
74 264 286 324 253 543 576 513 14.66 14.50 14.72
80 269 238 270 210 442 469 417 2594 2542 26.28
62 272 186 211 163 333 355 312 12.33  12.22 12.37
146 277 133 151 117 235 250 221 17.60 17.16 17.94
Age at base of sediments 285 Ma
Mcleod 1 27.82 140.76 Height above present day sea level 70 m
Observed Age Basement Total Decompacted Deposition
Thickness (m) Ma) Depth (m) Thickness (m) Rate (m/m.y.)
91 0 1463 1566 1386 3747 3747 3747 0.59 0.53 0.64
765 91 1262 1366 1184 3696 3701 3692 1395 128.8 148.4
93 95 1174 1285 1086 3148 3190 3107 79.00 74.25 82.42
278 96 1174 1285 1084 3072 3117 3027 6199 58.94 63.87
6 100 1143 1253 1051 2824 2878 2771 5.68 5.46 5.78
397 101 1125 1235 1033 2818 2872 2765 30.38 29.10 31.15
89 113 971 1075 883 2437 2496 2380 580 5.54 6.03
60 127 942 1044 856 2349 2409 2292 9.16 8.74 9.51
230 133 921 1022 836 2288 2348 2231 15.86 14.92 16.68
85 146 846 943 766 2064 2130 2005 6.59 6.29 6.82
45 175 791 886 714 1897 1966 1836 3.75 3.56 3.89
0 186 777 871 701 1853 1923 1791 0.01 0.01 0.02
407 205 777 871 701 1853 1923 1791 8.53 8.31  8.68
174 251 630 711 565 1421 1485 1365 20.80 20.03 21.31
95 259 566 640 504 1235 1298 1181 18.61 18.21 18.84
80 264 529 599 470 1131 1190 1078 15.84 15.65 15.93
140 269 492 558 437 1037 1093 987 45.63 44.68 46.24
83 272 429 488 380 875 925 829 16.38 16.23 16.45
361 277 384 436 339 769 814 729 44.24 4337 44.81
47 285 161 184 142 290 310 272 22.43 21.52 22.98
134 287 130 149 114 226 244 210 44,22 43.78 4445

Age at base of sediments 290 Ma
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Burley 2 27.8 140.64 Height above present day sea level 48 m
Observed Age .- Basement Total Decompacted Deposition
Thickness (m) (Ma) . Depth (m) Thickness (m) Rate (m/m.y.)
107 0 1441 1544 1363 3664 3664 3664 0.69 0.62 0.75
777 91 1238 1342 1159 3604 3610 3599 143.0 1322 152.0
92 95 1146 1257 1057 3043 3085 3000 78.41 73.78 81.73
275 96 1142 1252 1051 2966 3013 2921 61.48 58.51 63.30
5 100 1115 1225 1023 2720 2774 2667 4.84 4.66 4.92
393 101 1098 1207 1006 2715 2769 2662 30.21 28.96 30.96
89 113 943 1046 855 2335 2393 2279 5.79 5.54 6.01
58 127 914 1014 827 2246 2305 2190 8.90 8.49 9.23
263 133 892 991 808 2186 2245 2131 18.18 17.11 19.10
58 146 804 898 726 1927 1991 1869 4.46 426 4.61
132 158 783 875 706 1867 1931 1810 699 6.52 7.36
32 175 741 831 667 1740 1808 1680 2.68 2.55 2.78 -
0 186 731 821 657 1708 1776 1648 0.01 0.01 0.02
422 205 731 821 657 1708 1776 1647 8.87 8.65 9.02
129 251 573 647 511 1253 1314 1200 1545 1488 15.81
86 259 522 592 464 1114 1172 1062 16.78 16.42 16.98
60 264 487 553 432 1017 1073 968 11.80 11.67 11.87
138 269 458 520 406 946 998 899 45.03 44.09 45.64
80 272 393 447 346 782 829 740 15.83 15.69 15.90
375 277 346 394 305 678 718 641 4588 4498 46.47
41 285 89 101 78 154 165 144 19.94 19.13 20.43
51 287 55 63 48 91 99 84 16.71 16.55 16.81
Age at base of sediments 290 Ma
Innamincka 1 27.49 140.92 ‘Height above present day sea level 123 m
Observed Age Basement Total Decompacted Deposition
Thickness (m) (Ma) Depth (m) Thickness (m) . Rate (m/m.y.)
610 91 806 882 743 2146 2146 2146 81.66 74.99 87.99
198 96 758 832 693 1727 1750 1702 4095 3835 42.61
3 100 739 810 675 1553 1580 1524 2.63 249  2.72
389 101 722 793 658 1550 1577 1521 28.27 26.77 29.28
56 113 548 607 493 1167 1194 1138 3.57 339 3.71
305 127 523 580 471 1105 1133 1078 13.85 12.94 14.64
112 146 397 442 354 789 817 760 8.74 844  8.95
137 158 334 371 298 650 673 626 5.58 527 5.83
0 180 257 286 229 484 504 464 0.01 001 0.01
243 220 257 286 229 483 504 463 6.37 6.09 6.63
94 255 91 102 80 156 166 147 6.00 5.84 6.12
Age at base of sediments 270 Ma
McKinlay 1 28.47 14047 Height above present day sea level 39m
Observed Age Basement Total Decompacted Deposition
Thickness (m) (Ma) Depth (m) Thickness (m) Rate (m/m.y.)
200 0 804 865 750 1524 1524 1524 1.29 1.17 1.41
705 91 603 662 549 1396 1402 1390 50.70 46.99 53.79
42 100 433 473 394 775 789 759 65.27 59.29 70.80
190 101 422 460 383 735 750 718 14.92 14.10 15.59
52 113 275 301 248 511 521 500 3.14 295 3.35
52 127 244 267 220 448 456 439 737 694 1.79
232 133 210 229 190 382 388 375 1490 13.77 15.97
23 146 46 51 42 79 81 76 1.75 1.67 1.83
28 158 24 26 22 41 42 41 1.40 130 1.50

Age at base of sediments 175 Ma
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Kidman 2 28.24 140.78 Height above present day sea level 73 m
Observed Age Basement Total Decompacted Deposition
Thickness (m) Ma) Depth {m) Thickness (m) Rate (m/m.y.)
213 0 1008 1082 953 2253 2253 2253 1.38 125 1.50
631 91 781 856 724 2124 2133 2115 95.14 88.16 100.7
226 96 714 786 655 1636 1669 1604 50.14 47.60 51.58
9 100 685 754 627 1426 1462 1391 8.49 8.09 8.72
291 101 667 735 609 1417 1453 1382 22.51 21.63 22.96
68 113 520 579 470 1112 1145 1080 450 4.34 460
57 127 489 544 441 1035 1066 1005 8.80 8.48 9.00
234 133 460 511 416 967 996 940 15.78 1476 16.65
33 146 354 397 319 713 743 687 251 2.41 2.60
78 158 338 378 304 675 704 649- 3.13 291 3.31
0 180 302 340 271 590 620 563 0.01 0.01 0.01
116 230 302 340 271 589 619 563 5.27 5.10 5.37
105 251 240 270 213 446 471 423 12.63 12.29 12.87
6 259 171 193 151 305 323 287 1.16 1.12 1.19
27 264 167 189 148 297 315 279 525 5.16 5.29
36 269 146 165 129 256 272 241 11.58 1133 11.77
43 272 118 133 103 203 215 190 8.46 834 8.51
61 277 76 85 67 130 138 123 7.20 694 743
17 285 20 22 17 32 34 30 3.37 3.30 3.42
Age at base of sediments 290 Ma
Toolachee 9 28.36 140.84 Height above present day sea level 69 m
Observed Age Basement Total Decompacted Deposition
Thickness (m) (Ma) Depth (m) Thickness (m) Rate (m/m.y.)
781 91 848 924 792 2347 2347 2347 138.7 1282 1472
276 95 759 835 698 1784 1815 1754 47.54 4493 49.32
23 100 722 794 662 1534 1570 1499 20.96 19.93 21.55
240 101 699 771 640 1511 1548 1477 18.26 17.46 18.72
67 113 574 638 520 1264 1300 1231 435 4.16 449
67 127 546 608 495 1192 1228 1160 10.26  9.82 10.57
212 133 516 575 468 1117 1152 1087 14.36 1348 15.11
36 146 429 481 388 896 931 865 2.78  2.67 2.86
84 158 412 462 372 855 889 825 2.66 251 2.80
0 186 378 425 340 766 801 736 0.01 0.01 0.01
80 230 377 425 340 765 801 735 3.61 349  3.69
153 251 339 381 304 672 704 643 18.00 17.33 18.44
0 259 261 295 233 489 517 465 0.29 0.28 0.29
6 260 261 295 232 48 517 464 1.45 141 1.49
64 264 258 291 229 482 509 457 12.49 12.28 12.58
62 269 214 242 190 392 415 372 19.89 19.30 20.28
54 272 174 196 154 309 327 291 10.53 1036 10.60
140 277 128 145 114 225 238 213 16.69 16.12 17.07
Age at base of sediments 285 Ma
Durham Downs 1 27.08 145.33 Height above present day sea level 112 m
Observed Age Basement Total Decompacted Deposition
Thickness (m) (Ma) Depth (m) Thickness (m) Rate (m/m.y.)
549 o9 975 1060 905 2704 2704 2704 89.91 8236 97.52
213 95 918 1005 847 2331 2355 2308 1639 152.0 1753
287 96 892 979 819 2167 2199 2134 60.96 57.36 63.41
12 100 856 941 783 1918 1958 1877 11.07 10.58 11.34
370 101 836 921 763 1906 1946 1865 27.86 26.59 28.69
96 113 681 758 613 1545 1589 1503 6.19 5.89 6.42
78 127 648 722 582 1450 1494 1407 11.73 1117 12.19
69 133 620 692 556 1370 1414 1327 12.22 11.48 12.86
126 138 598 668 535 1304 1349 1260 19.86 19.21 20.30
34 144 544 608 486 1163 1206 1122 1491 1399 15.70
63 146 531 595 474 1129 1172 1088 497 4.80 5.07
249 158 503 563 448 1057 1098 1018 10.49 10.04 10.86
0 180 388 436 344 775 811 741 0.01 0.01 0.01
327 230 388 436 344 775 811 740 14.82 1436 15.17
100 251 196 221 173 357 377 333 11.93 11.51 12.23
111 259 121 137 107 213 227 201 4.11 3.98 4.20
21 285 23 27 20 38 41 35 4.06 399 4.10
Age at base of sediments 290 Ma



A28

Naccowlah 1 27.48 142.1 Height above present day sea level 80 m
Observed Age Basement Total Decompacted Deposition
Thickness (m) Ma) Depth (m) Thickness (m) Rate (m/m.y.)

61 0 960 1035 899 2020 2020 2020 039 0.35 0.42
849 91 761 836 700 1985 1988 1983 68.96 63.76 73.32

17 100 661 727 603 1324 1351 1296 15.12 14.35 15.54
319 101 638 704 581 1305 1332 1278 23.24 21.97 24.09

92 113 476 528 429 978 1003 953 5.77 5.47 6.05

85 127 434 481 391 877 900 853 12.51 11.89 13.12

77 133 391 434 353 780 801 758 12.82 11.70 13.78

48 138 356 397 321 699 722 677 7.27 6.92 7.54

69 144 329 367 297 640 662 620 30.32 2846 32.05

59 146 293 327 264 560 581 540 4.41 4.16 4.61 .

50 158 259 289 233 487 507 469 253 232 2.69

66 175 232 260 208 430 449 411 558 5.33 5.75°

0 186 189 212 169 342 359 326 0.01 0.01 0.01

40 230 189 212 169 342 358 326 1.79 173 1.83

84 251 160 179 143 285 299 272 9.78 9.44 10.06

0 259 94 105 84 163 170 155 0.02 0.01 0.02
103 277 94 104 84 162 169 155 11.83 11.24 12.25
Age at base of sediments 285 Ma
Naryilco 1 28.45 141.71 Height above present day sea level 132 m
Observed Age - Basement Total Decompacted Deposition
Thickness (m) (Ma) Depth (m) Thickness (m) Rate (m/m.y.)

37 0 762 818 720 1477 1477 1477 0.22 020 0.24
408 91 567 622 524 1456 1457 1455 52.99 48.46 57.01
191 96 552 604 509 1175 1189 1158 37.31 34.68 39.09

36 100 532 580 490 1010 1028 989 29.23 27.30 30.49
306 101 505 553 463 977 996 956 21.97 20.75 22.70

89 113 340 375 307 658 675 639 5.63 5.34 5.81

80 127 292 322 263 552 567 536 11.91 11.32 12.29

79 133 242 266 219 450 462 438 13.26 12.35 14.08

20 138 196 216 177 357 368 346 298 2.85 3.08

75 144 181 200 164 329 339 319 31.64 29.36 33.65

42 146 133 147 120 235 244 226 3.11  2.96 3.25

38 158 101 112 91 176 183 169 1.44 133  1.54

0 180 74 82 66 126 132 119 0.01 0.01 0.01
78 230 73 82 65 125 132 119 3.40 325 3.50
Age at base of sediments 251 Ma
Orientos 1 28.05 141.42 Height above present day sea level 144 m
Observed Age Basement Total Decompacted Deposition
Thickness (m) (Ma) Depth (m) Thickness (m) Rate (m/m.y.)

20 0 994 1066 9402 2172 2172 2172 0.12 0.11 0.13
650 91 801 874 748 2206 2207 2205 89.55 8233 95.72
248 96 747 820 689 1752 1779 1724 52.92 49.85 54.77
323 100 699 769 641 1534 1568 1501 22.59 2158 23.13

91 113 559 622 506 1214 1249 1180 5.97 573  6.12
140 127 523 582 472 1117 1151 1084 11.77 11.31 12.06

65 138 459 511 414 958 990 929 946 8.87 9.97

40 144 431 481 389 890 922 861 17.56 16.39 18.55

36 146 414 462 373 847 8§79 818 2.71 2.59 2.82

74 158 397 444 357 807 838 778 3.77 3.50 4.01

5 175 366 411 328 729 762 700 040 0.38 0.42

0 186 364 408 326 724 756 694 0.01 0.01 0.01
265 230 363 408 326 723 756 694 1191 11.52 12.15
260 251 212 238 189 390 410 372 7.23 6.98 7.41
Age at base of sediments 285 Ma




A2.9

Wareena 1 26.89 14230 Height above present day sea level 107 m
Observed Age Basement Total Decompacted Deposition
Thickness (m) (Ma) Depth (m) Thickness (m) Rate (m/m.y.)
406 9 728 797 670" 1897 1896 1896 51.47 47.04 55.86
117 96 721 789 663 1628 1642 1612 21.75 20.06 23.04
29 100 719 785 660 1536 1554 1516 23.08 21.48 24.15
333 101 704 769 646 1510 1528 1490 22.57 21.10 23.65
92 113 557 615 505 1204 1228 1181 5.47 5.12 5.77
29 127 524 579 474 1115 1140 1091 404 3.78 4.26
114 133 512 567 464 1086 1111 1062 18.62 17.25 19.91
126 138 474 525 427 980 1007 953 18.85 17.94 19.50
17 144 415 461 373 839 864 815 6.99 6.47 7.47
68 146 408 453 367 822 848 798 5.10 485 5.27
138 158 374 415 336 744 767 721 7.15 6.74 71.50
52 175 304 339 273 586 608 565 9.30 877 9.73
0 180 276 307 247 523 544 504 0.01 0.01 0.01
341 205 275 307 247 523 544 503 10.41  9.95 10.79
32 235 32 36 29 54 57 51 1.24 1.19 1.27
Age at base of sediments 259 Ma
Mt Howitt 1 26.62 14247 Height above present day sea level 144 m
Observed Age Basement Total Decompacted Deposition
Thickness (m) (Ma) Depth (m) Thickness (m) Rate (m/m.y.)
440 91 857 935 793 2264 2263 2263 56.16 51.37 60.92
229 96 834 911 768 1976 1994 1957 4391 40.68 46.33
28 100 816 892 749 1795 1820 1769 23.35 21.90 24.24
308 101 792 867 725 1769 1795 1742 21.64 20.35 22.56
102 113 658 728 596 1485 1516 1454 6.20 582 6.50
126 127 624 691 564 1388 1420 1356 9.71 9.09 10.30
114 138 584 648 526 *1270 1305 1236 17.18 16.41 17.72
43 144 537 596 482 1148 1182 1115 18.06 16.77 19.25
90 146 522 581 468 1107 1141 1073 6.85 6.54 7.05
153 158 482 537 432 1008 1041 976 8.02 7.60 8.39
82 175 416 464 372 843 875 812 679 6.49 7.05
0 186 376 420 336 748 779 719 0.01 0.01 0.01
393 230 376 420 336 748 778 719 1740 16.73 17.95
136 251 138 156 123 246 259 233 3.77 3.63 3.87
21 285 23 26 20 38 41 35 4.01 3.92 4.07
Age at base of sediments 290 Ma
Ingella 1 25.53 142.79 Height above present day sea level 125 m
Observed Age Basement Total Decompacted Deposition
Thickness (m) (Ma) Depth (m) Thickness (m) Rate (m/m.y.)
899 91 978 1072 904 2668 2668 2668  159. 147.1 170.8
8 95 843 936 765 2014 2050 1978 67.81 63.66 71.54
314 96 843 936 765 1946 1984 1907 69.56 66.06 71.95
21 100 792 878 716 1656 1698 1613 19.46 18.77 19.79
261 101 769 854 693 1634 1676 1591 20.11 19.32  20.60
80 113 634 709 566 1362 1400 1322 5.14 4.89 5.35
26 127 601 673 537 1277 1314 1238 3.77 353 3.96
119 133 591 662 527 1251 1288 1212 21.12  19.79 22.19
116 138 544 609 484 1127 1163 1088 18.13 17.45 18.61
23 144 486 544 433 991 1022 957 10.20 9.57 10.76
90 146 476 532 424 965 997 932 6.90 6.58 7.14
197 158 428 478 382 857 885 827 10.29 9.52 10.88
140 175 326 366 289 628 656 601 11.79 1117 12.24
0 186 243 273 215 452 475 429 0.02 0.01 0.02
11 205 243 273 215 451 474 429 0.42 0.40 0.43
292 230 236 265 209 436 459 415 1321 1275 13.56

Age at base of sediments 251 Ma




A2.10

Galway 1 25.08 142.56 Height above present day sea level 207 m
Observed Age Basement Total Decompacted Deposition
Thickness (m) Ma) Depth (m) Thickness (m) Rate (m/m.y.)

11 0 1163 1255 1088 2655 2655 2655 0.07 0.06 0.08
915 91 972 1065 897 2649 2649 2648 131.0 120.79 1402
333 96 853 944 774 1979 2016 1942 73.35 6955 75.97

18 100 796 882 720 1674 1715 1631 16.53 1592 16.82
226 101 774 859 698 1655 1696 1612 17.31 16.60 17.76

86 113 653 730 584 1421 1460 1381 549 5.22 5.73
182 127 620 693 554 1332 1370 1293 1492 14.16 15.59

75 138 546 611 487 1139 1175 1101 11.67 11.22 11.99

37 144 509 569 454 1051 1085 1017 16.63 15.58 17.58

94 146 493 551 439 1011 1044 976 723 6.88 7.48
233 158 444 495 396 899 928 868 12.14 11.22 12.85
107 175 329 370 291 635 665 605 9.22 892  9.45-

0 186 265 298 235 497 522 473 0.01 0.01 0.01
337 230 265 298 234 497 521 473 1526 1472 15.67

Age at base of sediments 251 Ma

Bodalla 1 26.43 143.44 Height above present day sea level 152 m
Observed Age Basement Total Decompacted Deposition
Thickness (m) (Ma) Depth (m) Thickness (m) Rate (m/m.y.)

40 0 916 985 860 1910 1910 1910 0.25 023 0.27
714 91 721 790 665 1887 1889 1886 55.85 5142 59.67
468 100 642 705 587 1352 1377 1327 31.21 29.52  32.39

48 113 432 480 390 881 906 857 3.03 2.87 3.17

56 127 411 456 370 829 853 805 8.17 772 8.54

98 133 384 426 345 766 789 743 16.81 15.69 17.82

69 138 340 378 305 661 685 638 10.70 10.27 10.99

71 144 299 332 268 573 594 554 30.67 28.59 32.54

98 146 262 293 235 - 493 514 473 758 7.28 7.78

78 158 199 222 178 363 379 348 414 394 431

63 175 146 163 130 259 272 248 5.31 5.10 5.48

0 186 96 107 86 167 175 159 0.01 0.01 0.01

71 230 96 107 86 167 175 159 3.12 299 3.22

35 251 34 38 30 57 60 55 0.95 0.90 0.98

Age at base of sediments 285 Ma

Chandos 1 25.84 143.33 Height above present day sea level 225 m
Observed Age Basement Total Decompacted Deposition
Thickness (m) (Ma) Depth (m) Thickness (m) Rate (m/m.y.)
4 0 1098 1186 1026 2436 2436 2436 0.02 0.02 0.03
726 91 909 997 837 2434 2434 2434 124.8 114.6 1340
182 95 809 896 735 1916 1945 1888 147.9 138.2 156.6
201 . 96 . 784 869 711 1765 1798 1731 43.60 41.21 45.26
36 100 765 845 692 1583 1619 1545 33.33 31.94 34.04
260 101 736 815 664 1545 1581 1507 19.67 18.79 20.23
85 113 601 670 537 1276 1309 1241 5.38 5.10 5.63
151 127 567 632 506 1187 1220 1153 1220 11.54 12.78
80 138 502 561 448 1026 1057 994 12.40 11.89 12.77
65 144 461 514 412 931 958 902 28.38 26.53 30.09
101 146 431 480 385 859 886 831 7.72 733 8.00
233 158 374 416 335 736 758 711 732 675 1.76
0 186 246 276 219 459 481 438 0.01 0.01 0.01
249 230 246 276 219 459 481 438 11.15 10.71 11.50
62 251 62 70 54 105 112 99 1.76 1.7 1.80

Age at base of sediments 285 Ma




A2.11

Canaway 1 29.93 143.96 Height above present day sea level 239 m
Observed Age Basement Total Decompacted Deposition
Thickness (m) Ma) Depth (m) Thickness (m) Rate (m/m.y.)
324 91 603 664 550 1480 1480 1480 49.74 4532 53.94
143 95 582 640 531 1259 1268 1249 100.42 9237 108.1
213 96 564 619 514 1148 1161 1134 4121 3823 43.51
219 100 508 557 463 957 971 940 13.95 13.07 14.57
87 113 377 415 341 727 739 714 5.08 4.74 5.39
160 127 334 367 302 633 644 621 12.08 11.28 12.83
41 138 246 269 223 448 456 439 5.98 5.65 6.24
37 144 217 237 198 394 399 387 1499 13.85 16.15
67 146 195 212 178 350 355 343 481 4.50 5.05
19 158 146 157 134 259 260 256 9.20 8.38 9.91
Age at base of sediments 175 Ma
Yongola 1 25.5 143.93 Height above present day sea level 208 m
Observed Age Basement Total Decompacted Deposition
Thickness (m) (Ma) Depth (m) Thickness (m) Rate (m/m.y.)
5 0 981 1054 918 2095 2095 2095 0.03 0.03 0.03
635 91 791 865 728 2092 2092 2092 106.89 98.08 1153
190 95 702 773 641 1638 1661 1614 148.7 138.1 158.8
229 96 677 746 615 . 1485 1513 1454 4997 4731 S51.62
11 100 640 703 581 1267 1297 1234 9.70  9.27 9.93
234 101 620 683 561 1255 1286 1223 17.56 16.76 18.11
86 113 486 539 435 1006 1034 977 542 5.13 5.68
112 127 448 498 401 913 940 885 16.56 15.68 17.35
67 133 397 441 355 789 815 763 11.79 11.14 12.41
56 138 365 407 326 715 740 690 8.67 8.32 8.93
29 144 334 371 298 646 669 623 12.79 11.95 13.53
72 146 319 355 285 613 636 590 5.49 5.27 5.69
180 158 277 308 247 522 542 503 9.56 9.05 9.98
87 175 163 182 145 291 305 278 7.45 7.18  7.67
0 186 93 104 83 162 170 155 0.01 0.01 0.01
76 230 93 104 83 162 169 154 332 .3.16 3.46
0 251 27 30 24 45 48 43 0.04 0.03 0.04
27 259 27 30 24 45 47 42 0.96 0.92 0.99
Age at base of sediments 285 Ma
Cothalow 1 25.73 1444 Height above present day sea level 241 m
Observed Age Basement Total Decompacted Deposition
Thickness (m) (Ma) Depth (m) Thickness (m) Rate (m/m.y.)
18 0 820 881 767 1600 1600 1600 0.12 0.11 0.13
554 91 628 689 575 1589 1590 1589 73.64 67.50 79.50
192 96 572 627 521 1191 1208 1172 39.03 36.48 40.76
6 100 543 593 496 1013 1032 992 521 4.90 5.38
251 101 525 574 478 1006 1025 985 17.95 16.94 18.67
79 113 375 413 338 738 754 720 4.77 4.48 5.04
143 127 336 370 303 650 666 634 20.08 18.79 21.31
40 133 261 289 235 489 503 474 3.26 3.09 3.38
43 144 236 260 213 437 449 424 1791 16.60 19.12
52 146 211 233 190 387 399 374 3.84 3.65 4.01
165 158 176 194 159 318 328 308 8.46 7.95 8.91
0 175 54 60 48 92 96 88 0.00 0.00 0.00
58 259 54 60 48 92 96 87 2.00 191 2.09

Age at base of sediments 285 Ma




A2.12

Quilberry 1 145.5 26.4 Height above present day sea level 324 m
Observed Age Basement Total Decompacted Deposition
Thickness (m) Ma) Depth (m) Thickness (m) Rate (m/m.y.)
23 91 463 506 424 1067 1067 1067 2.54 231 2.7
184 96 519 562 479 1053 1054 1052 27.02 2458 29.34
1 100 507 54 469 927 931 921 9.81 8.97 10.54
287 101 486 526 449 915 919 908 1690 15.55 18.02
84 113 338 369 309 657 664 649 4.44 4.10 4.78
108 127 301 328 275 574 582 566 7.42 6.84 8.00
84 138 250 273 227 464 472 455 11.24 1048 11.86
44 144 200 218 183 - 366 372 359 16.94 1554 18.33
64 146 176 192 160 317 323 310 4.36 4.08 4.62
1137 158 133 145 122 236 241 231 6.53 6.06 6.98
0 175 33 37 30 56 58 54 0.00 0.00 0.00
36 251 33 36 30 55 57 53 091 0.85 0.95

Age at base of sediments 285 Ma

Dartmouth 1 26.14 145.30 Height above present day sea level 341 m
Observed Age Basement Total Decompacted Deposition
Thickness (m) (Ma) Depth (m) Thickness (m) Rate (m/m.y.)

162 91 743 816 680 1910 1910 1910 23.40 2130 25.52
123 95 770 842 706 1812 1818 1806 79.25 72.40 86.08
148 96 763 834 698 1733 1743 1721 26.25 24.15 2791
12 100 769 838 704 1622 1636 1605 9.17 8.48 9.66
319 101 749 819 685 1612 1626 1595 20.98 19.54 22.09
97 113 612 674 553 1329 1349 1308 5.52 5.14 5.89
108 127 578 638 522 1239 1260 1217 7.93 7.37 8.48
107 138 541 597 487 1139 1161 1114 1524 1436 15.92
69 144 495 547 446 1027 1048 - 1004 2794 25.78 29.97
84 146 469 519 422 960 982 936 6.07 5.74 6.37
512 158 430 476 387 868 889 846 2637 2478 27.77
63 175 146 163 130 260 272 248 5.29 5.07 548
0 186 97 109 87 169 178 160 0.01 0.01 0.01
71 230 97 109 86 168 177 160 3.13 3.01 3.23
35 251 34 38 31 58 61 55 0.96 0.92 0.99

Age at base of sediments 285 Ma

Gilmore 1 25.36 144.8 Height above present day sea level 327 m
Observed Age Basement Total Decompacted Deposition
Thickness (m) (Ma) Depth (m) Thickness (m) Rate (m/m.y.)

58 0 939 1010 878 1964 1964 1964 0.37 0.34  0.40
582 91 741 812 680 1931 1933 1928 79.59 73.08 85.72
209 96 688 756 627 1515 1536 1490 43.63 40.93 4541

9 100 661 724 602 1325 1350 1297 7.98 7.55 8.23
262 101 642 705 583 1316 1341 1288 19.07 18.06 19.78

78 113 502 556 452 1047 1072 1021 4.76 4.48 5.01
115 127 470 520 422 966 991 941 8.94 838 9.46

59 138 421 467 377 846 870 821 882 8.40 9.3

55 144 391 433 350 778 800 754 2332 21.67 24.83

91 146 366 406 328 719 742 696 687 6.55 17.15
248 158 316 351 283 609 629 589 13.02 1228 13.65

0 175 167 186 149 300 314 286 0.00 000 0.00
198 259 166 186 148 299 313 286 7.05 677 7.29

Age at base of sediments 285 Ma




A2.13

Log Creek 1 25.27 14491 Height above present day sea level 295 m
Observed Age Basement Total Decompacted Deposition
Thickness (m) (Ma) Depth (m) Thickness (m) Rate (m/m.y.)
46 0 969 1042 906 2056 2056 2056 0.29 0.26 032
507 91 772 845 709 2029 2031 2028 84.61 77.55 91.33
106 95 717 788 654 1673 1693 1652 80.37 74.33 86.24
175 96 714 784 651 1593 1616 1567 36.42 34.17 37.90
6 100 699 766 637 1436 1463 1407 530 5.01 5.47
297 101 681 748 620 1430 1457 1401 21.57 20.43 22.37
84 113 535 592 480 1133 1160 1105 5.14 4.85 5.42
75 127 501 556 450 1047 1075 1019 10.85 10.23 11.43
30 133 470 522 422 969 996 941 5.14 4.82 5.44
59 138 458 509 411 938 966 910 8.87 8.46 9.19
51 144 430 477 385 871 897 845 21.80 20.26 23.20
154 146 408 454 365 818 845 791 11.61 11.08 12.07
226 158 329 365 294 637 659 615 1192 11.26 12.48
0 175 197 220 175 359 376 342 0.00 0.00 0.00
35 251 196 220 175 358 375 342 4.05 3.89 4.19
205 259 172 193 153 311 326 296 735 7.06 7.58
Age at base of sediments 285 Ma
Stafford 1 25.29 145.43 Height above present day sea level 35T m
Observed Age Basement Total Decompacted Deposition
Thickness (m) (Ma) Depth (m) Thickness (m) Rate (m/m.y.)
170 91 647 710 591 1626 1626 1626 24.83 22.60 27.05
104 95 671 733 614 1522 1528 1516 66.90 61.15 72.67
197 96 671 733 614 1455 1463 1443 35.38 32.59 37.48
3 100 654 713 599 1299 1312 1283 2.33 2.16 2.45
276 101 638 696 582 1296 1310 1280 18.24 1699 19.17
91 113 500 551 452 1038 1054 1021 5.15 4.78 5.52
101 127 466 513 421 951 968 933 7.31 6.79 7.84
99 138 427 47 384 854 871 835 14.08 13.26 1471
26 144 380 418 342 745 761 728 10.33 948 11.16
148 146 369 407 332 719 736 702 10.61 10.02 11.17
197 158 289 318 261 547. 560 3534 7.62 7.13 8.10
0 180 170 187 154 307 316 298 0.01 0.00 0.01
144 230 170 187 154 306 315 297 6.91 6.43 7.33
70 248 68 75 60 114 120 108 9.23 8.85 9.51
Age at base of sediments 255 Ma
Bury 1 25.04 145.6 Height above present day sea level 333 m
Observed Age Basement Total Decompacted Deposition
Thickness (m)  (Ma) Depth (m) Thickness (m) Rate (m/m.y.)
55 91 648 711 591 1609 1609 1609 634 5.79 6.91
207 96 715 777 657 1578 1579 1576 31.73 28.90 34.29
3 100 704 764 647 1438 1446 1430 2.04 1.87 2.19
275 101 687 747 630 1436 1443 1427 16.46 15.18 17.59
56 113 564 618 512 1207 1219 1194 298 2.76 3.21
152 127 545 597 495 1157 1171 1143 1949 18.04 2091
93 133 488 536 443 1016 1031 1001 5.62 5.19  6.02
101 146 452 496 409 927 942 911 6.85 6.41 7.29
235 158 407 448 369 822 838 807 8.73 8.08 9.34
0 180 296 327 268 573 589 557 0.00 0.00 0.01
126 230 296 327 268 572 589 557 5.80 536 6.21
98 248 234 260 210 435 452 418 12.57 1199 13.02
207 255 172 191 154 309 322 296 7.56 7.24 7.83
Age at base of sediments 280 Ma

i



A.2.14

Gumbardo 1 25.04 145.60 Height above present day sea level 86 m
Observed Age Basement Total Decompacted Deposition
Thickness (m) (Ma) Depth (m) Thickness (m) Rate (m/m.y.)

29 0 766 822 716 1441 1441 1441 0.18 0.17 0.20
255 91 572 628 522 1424 1425 1423 38.99 35.58 42.36
116 95 372 625 522 1254 1263 1244 79.21 72.66 85.69
164 9 566 617 516 1172 1183 1157 31.35 29.06 32.96

5 100 551 598 503 1029 1044 1012 414 3.85 432
282 101 533 580 486 1025 1039 1007 19.42 18.20 20.26
8 113 373 409 337 733 747 719 5.11 4.76 5.45
105 127 332 364 299 640 653 . 626 7.78 7.25 8.35
8 138 279 307 252 526 538 512 12.54 11.80 13.22

50 144 227 250 205 419 429 408 20.52 18.95 22.09

94 146 199 219 179 361 372 350 6.90 6.54 7.22
164 158 132 144 119 234 240 228 6.40 6.01 6.80

Age at base of sediment 180 Ma
Eastwood 1 24.77 14535 Height above present day sea level 277 m
Observed Age Basement Total Decompacted Deposition
Thickness (m) Ma) Depth (m) Thickness (m) Rate (m/m.y.)
264 91 673 740 616 1700 1700 1700 39.78 36.21 43.17

83 95 675 740 618 1531 1539 1521 55.72 51.09 60.56

208 96 672 736 615 1473 1484 1460 38.82 35.85 40.98
4 100 653 713 599 1300 1316 1283 291 271 3.04
269 101 636 696 582 1297 1312 1280 17.92 16.70 18.87

62 113 502 553 454 1044 1061 1026 356 3.31 3.79
216 127 478 527 432 983 1001 965 16.09 1493 17.09

41 138 389 430 350 767 786 747 6.15 5.86 6.34

7 144 366 405 330 717 735 699 2.87 2.65 3.08

75 146 363 401 327 710 727 692 5.50 522 - 572

278 158 322 354 290 620 635 605 10.81 10.08 11.48
0 180 161 178 144 287 298 276 0.01 0.01 0.01

12 220 160 178 144 287 298 276 1.10 1.06 1.12

73 230 150 166 135 269 279 259 3.50 3.26 3.7
109 248 101 112 90 174 183 165 1438 13.81 14.83
Age at base of sediments 255 Ma

Ban Ban 1 24.13 143.7 Height above present day sea level 21m
Observed Age Basement Total Decompacted Deposition
Thickness (m) (Ma) Depth (m) Thickness (m) Rate (m/m.y.)
122 91 550 604 504 1362 1362 1362 17.38 15.81 18.96

72 95 582 635 536 1288 1291 1283 44.09 40.15 47.80
335 96 577 629 531 1241 1247 1234 59.43 54.69 63.17

33 100 527 572 483 972 984 957 25.80 24.02 26.99
200 101 498 542 455 940 953 925 13.41 12.52 14.08

55 113 373 409 339 736 748 723 3.15 2.93 3.36
155 127 348 382 316 679 691 666 11.30 1049 12.09

65 138 273 301 247 514 527 502 9.20 8.66 9.62

41 144 235 258 213 436 446 425 16.60 15.30 17.84

80 146 213 234 192 390 400 379 5.70 5.38 5.99
150 158 160 176 145 287 295 280 7.50 7.00 7.95

0 175 51 56 46 86 89 82 0.00 0.00 0.01

54 230 50 56 45 85 89 82 0.88 0.83 091

Age at base of sediments 285 Ma
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Fermoy 1 23.14 143.05 Height above present day sea level 245 m
Observed Age Basement Total Decompacted Deposition
Thickness (m) (Ma) Depth (m) Thickness (m) Rate (m/m.y.)
335 91 608 666 557 1536 1536 1536 51.75 4722 56.20
155 95 587 643 538 1309 1320 1298 109.0 1002 117.7
301 96 570 624 521 1194 1209 1177 60.61 56.58 63.40
34 100 506 551 462 918 936 897 29.74 28.08 30.70
197 101 474 519 432 881 899 861 14.12 1334 14.68
53 113 341 376 308 662 677 646 3.20 3.01 3.39
27 127 314 346 284 602 617 587 372 349 394
65 133 300 330 271 572 586 558 1092 10.21 11.63
35 138 265 292 239 498 511 484 5.10 4.83 5.30
100 144 243 268 220 453 465 441 41.50 38.44 44.37
107 146 186 206 167 336 348 325 7.90 7.51 8.25
109 158 108 119 98 190 196 184 5.61 527 591~
19 175 19 21 17 31 33 30 1.7 1.63 1.78
Age at base of sediments 185 Ma
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Appendix 3
Solution to the heat conduction problem in an semi-infinite half-space and a
slab with constant heat flux and constant temperature lower boundary

conditions

The simplified governing equation in 1-D is given as

o°T oT
& - S (A.3.1)

and the initial and upper boundary conditions are given as

T(z,0) = O z<L (A.3.22)
= G(z-L) z>L
and T@O; = 0 (A.3.2b)

(i) semi-infinite half-space

The general solution for the temperature is given as (Carslaw and Jaeger, 1959,

section 2.4)

o0 ' 2 , 2
Tz = fo fzy (e @eV iRt @) B ) (a33)

2\ Kt

where f(z)) is the initial condition (A.3.2a). The integral is solved in two parts. Making the

substitution

7 =z +2u\ (xt)

The first exponential term in (A.3.3) is then expressed, with the initial condition (A.3.2a),

as
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oo

J (z-L+2u+ (xt)e? du

O
NE™

N

oo

0 o0
= —G\/:{z— L) J e'“2 du + J e'“2 du | +2G~\ / < _[ u ¢v% du
T 0 Lz T Lz

L-z
' N
(A.3.4)

The error function, erf (u) is given as (Carslaw and Jaeger, 1959, appendix ii)

u

2 2
erf(u) = — e 57 dg
7

and erf (u) = -erf(-u), erf(0) =0 and erf(e°) = 1, the solution to (A.3.4) is then written as

ﬂ . G\/g[e-(z -L)Yax |

-——————G(ZZ_L) 1 + erf z- L

W
’ (A.3.523)
The second exponential term in (A.3.3) is solved with the substitution

7' = -z + 2u "\ (Kt)

to give , after including the minus sign in front of the second exponential term in A.3.3

G (z + L) z + L Kt [ -(z+L)2/4K[]
223 - erf -G'\/— e
2 [ (2\/1« ﬂ T

(A.3.5b)

Then adding A.3.5a and A.3.5b,
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T(z,t) = G{z + A\/-K_—t( e'(L—Z)z//th i e*(L+Z)2/4Kt )

L

L -L orf ( H z+L erf (Z;/Lhﬂ (A.3.6a)
2 2
2V xt 2\ xt

and with the complementary error function, erfc(u) =1 - erf(u), then

T(z,t) = {(z L) + A / ( -(L-2)°/axt _ o (LF2) /4Kt)
z + z+ Ly z-L 7 - L
=3 erfc - 5 erfc }
2V Kt 2\ kt

(A.3.6b)

As erfc(0) = 1, then as t — o0, T(z,t) — Gz, the steady state solution.

(ii) A slab of thickness a with constant gradient at the base equal to the steady state

value, G. The additional lower boundary condition is then

dT

| - G (A3.7)

Following Carlsaw and Jaeger (1959), sections 1.14.1, 3.4 and 3.8, the solution is
considered in two parts i.e.
T(z,t) = u(z) + w(z,t)

where u(z) is the steady state term and w(z,t) is the transient contribution. With (A.3.2a,b)

and (A.3.7), then
u(z) =Gz

For w(z,t), the initial and boundary conditions are expressed as
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dw

w(O,t) =0, 1z

I = 0 and w(z,0) = f(z) - u(z), where f(z) is given by (A.3.2a)
a

These conditions are satisfied by a solution of the form

oo _1(((2n+l)7tft
w(z,t) = 2 A e 2a sin((zn;;)m) (A.3.8a)
n=0
) 2 2 , , . (2n+Dnz ,
with A, = T J [f(z") - u(z")] sm( % )dz (A.3.8b)
0

Then, as T(z,t) = u(z) + w(z,t),

8G - x((2n+l)n)2t 2n+D)n 2n+1)mL

a 2 : - (2 z\ . ((2n

T(z,t) = Gz - oy Gnel2 © 2a sm( o) )sm( o )
n=0

(A3.9)

(iii) a slab of thickness a with constant temperature Ty, = Ga at the base. The same

approach as (ii) is taken, .i.e.
T(z,t) = u(z) + w(z,t)
. z
with u(z)= Ty 3
and for w(z,t) the initial and boundary conditions are expressed as
w(0,t) = w(a,t) = 0 and w(z,0) = f(z) - u(z), where f(z) is given by (A.3.2a)

These conditions are satisfied by a solution of the form

i nr
=]t
wz) = Aje K(a sin(f‘-;?—) (A.3.100)
n=1
a
with Ay =2 f [£(z) - u(z)] sin(ﬁ’f—') dz’ (A.3.10b)
0
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then

(o)

Teo=T 7 +2Tb _l_e—K(EaTE)Zt Sin(mrz)[( 1L a (th)
2t =Ty = + —> — | (- - —sin|—
n=

(A.3.11)
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Appendix 4
Inversion procedure for palaeo-heat flow from vitrinite reflectance

The methods outlined here are basically standard optimization techniques and more detail
can be found in Adby and Dempster (1974), Lee and Stewart (1981, chapter 5) and Lines
and Treitel (1984). '
If we have a heat flow model with discrete unknown parameters Qj, j=1,M and
reflectance observations, or data, M; ,1i=1,N, givenas

M
M=% Fi(Qj) i=1,N ' (A4.la)
=

where the known functions F; relate the heat flow and the reflectance observations, then for
a small perturbation SQJ- in each parameter Q; we obtain the corresponding change in the

observations, which are then written as

y |
M+ 3M; = ,ZlFi(Q,- +3Q) (A.4.1b)
J=

We want to define a misfit function of the model parameters, E(Q) where Q is the vector of
model parameters, which will be a measure of the difference between the observed and
calculated data, i.e. bes -Mfalc and obviously we want to make this as small as possible.

The misfit function can be expanded as a Taylor's series to second order,

M EQ 1MM 3*E(Q)
E Q) =E 3Q; = S A42
(Q +6Q) =EQ) +j§1 Qj SQJ - T3 jz:l k§1 Qj Qka QJS: ( )

Differentiating this with respect to the model parameters and setting the result equal to zero

we obtain, again to second order

2
T—aE(Q) ,Z 8Q—= 2EQ form=1,M (A.4.3)
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or in matrix form

g = -H3Q (A.4.4)
and then
3Q=-Hlg (A.4.5)

where g is the (M x 1) gradient vector and H is the (M x M) matrix of second derivatives -
or Hessian of the misfit function with respect to the model parameters. For a least squares

approach we define the misfit function as
E = SMTSM (A.4.6)

where 8Mj = (M - MS*'°), the difference between the observed value and the value

calculated from the current heat flow model. Differentiating this with respect to the model

parameters gives

5= . . 4.
3 = 5*M g (A4
or g = -2GToM (A.4.8)
. L d calc
with G; = WJ(M‘ )
and a second differentiation gives i
calc 2 al
25 N M oM N 2 (Mf c )
ZE_ - 2F oy - 23 M ———= (A.4.92)
9Q;8Qx & 9 9Q =1 Q80
N aM?alc aM;:alc
. (A.4.90)
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or H = 2GTG (A.4.9¢)
Substituting eqns. A.4.9c and A.4.8 into A.4.5 gives

8Q = [ GTGI! GT M (A.4.10)

obs calc

The discrepancies between the observed and predicted reflectances (M, - M;" ) may be

readily determined and the derivative terms G;; are found from the nrescribed relationship

between Q and M. Eqn. A.4.10 then gives an improvement to an initial heat flow model

(Q; j=1,M). This is known as the Gauss-Newton method and, for a non-linear problem, is

solved iteratively, updating all the matrices at each pass. However it was found that the
solutions rarely converged when the initial model was not close to the true answer (the
minimum of the misfit function) so a damped least squares or Levenberg-Marquardt

(Marquardt 1963) method was used which minimizes a function of the form
E =E+\ MM
and then the improvement to the initial model is
3Q = [GTG+A I GT &M (A.4.11)

As A becomes large a near steepest descent direction is followed which should aiways
approach a minimum although at a prohibitive rate for this problem. As A — 0 then the
solution is simply the least squares direction. Fletcher (1971) gives a method for choosing
A and this is also summarized in Adby and Dempster (1974). I set the initial value at the
size of the biggest eigenvalue of GTG and at subsequent iterations the ratio P is calculated

where

___ EQ+Q-EQ
28MTGSQ - 8QTGTGSQ
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This is the ratio of the actual reduction in the misfit function to that predicted by the first
order approximation, SM + G3Q, to 3M at Q+ 3Q. If P is close to 1 then the least squares
direction is safe and A should be reduced. Otherwise if P is small a more steepest descent
direction is preferred and A should be increased. We follow the recommended procedure
given in Adby and Dempster (1974, pg 105-106) where A is reduced if P 2 0.75, increased
if P £0.25 and otherwise it is unchanged. In the first case A is halved unless it falls below
a value A, which I take as the sum of the diagonal of (GTG)™L. In this case A is set to zero

and a new A, is calculated. If A is to be increased then a factor o is calculated as
o= -SMT G8Q [ -28MT G3Q + E(Q) - E(Q+3Q)]!

which is derived in Adby and Dempster from the methods used to estimate the optimum

_step length for the steepest descent technique. If ! is between 2 and 10 then Ayey = ol
A otherwise the limit of 2 or 10 is used to multiply A. Additional stability was provided by

using the second derivative terms in eqn. A.4.9a to approximate the Hessian. As these
terms form a diagonal matrix, this is equivalent to using a variable A in eqn. A.4.11 for

each model parameter.

In practice it was also found desirable to selectively damp the changes in the model

parameters between iterations by applying a damping factor , such that

Q;lew - Q;ld + WG)SQ}wW
and y was calculated as
. i1P
v(@ =o [Jﬁ]

where ¢ and p were in the range 0.9-1.0 and 1.0-1.5 respectively. The least well

constrained parameters were most heavily damped as they were the most unstable.
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Appendix 5
Results of palaeo-heat flow inversions with synthetic vitrinite reflectance

data

The results of inversion runs are presented in the following format (all heat flows are in
mWm-2) -
Solid straight line - assumed heat flow model.
Dashed line - starting heat flow model for inversion (40 mWm2 in all cases).
Solid line (step functions) - heat flow model obtained after inversion with 40 iterations.
Upper panel : Ritter maturation integral (Ri),
Middle panel : Waples maturation integral (Wa),
Lower panel : Royden maturation integral (Ro),
Bottom panel : reflectance values, solid line = values from forward calculation,
'+' - inversion generated values.
All models were run for 250 m.y. and the heat flow histories were
@ Q)= 50 mW m?
(i) Q) =100 mW m?

(iii) Q(t) =50+ {2309 (50 — 100) mW m™
S

(iv) Q) =100 - -(-2-5-5Q-—t-)- (100 - 50) mW m2
The sediment thickness was either

(a)2km

(b) Skm

and was deposited linearly over 250 m.y.. The 'x’ at the top of the upper panel in each
diagram represents the age of each vitrinite observation in the lowermost panel marked by a

+' .
The figures are labeled according to this scheme, so
Figure. number True heat flow Sediment thickness
mWm2 km
A5.(1,a) 50 2
A.5.(1,b) 50 5
A.5.(i1,a) 100 2
A.5.(3ii,b) 100 5
A.5.(iii,a) 50-100 2
A.S.(iii,b) 50-100 5
A.5.(iv,a) 100-50 2
A.5.(1v,b) 100-50 5
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Appendix 6
Numerical solution of the 2-D steady state heat flow equation

The general form of the heat conduction equation for a porous medium is :

V. VT) + A = pycy, %f—+ pcev.VT (A.6.1)

where k = thermal conductivity, ¢ = heat capacity, b,f = bulk, fluid subscripts, v = pore

fluid velocity.

The time derivative may be ignored under the assumption of steady state and A.6.1 can be

written as
V2T = - = [A + Viky.VT - pregv.VT] (A.6.2)
"k b PCfV. -0.
= C(x,y,z) for Poisson's equation

The above equation may then be reformulated in 2 dimensions using cartesian coordinates

with only horizontal flow as:

o°T 3T _ 1 9 T dky 3T . 9 Tokp

5;:2--!-3;5: -EE[A 3% ox pPgCev &'-{- E?Z—} (A.6.3)
and cylindrical coordinates assuming radial symmetry and no flow:

PT 2T _ 1 dT (9ky ki aTakb]

-5-r-i-+é-z—2-=--g|:A+ gr—(-&_—-i- -;—)-k- % o (A.6.4)

A finite difference scheme similar to that used by Sclater et al. (1970) was used to
represent eqns. A.6.3 and A.6.4. The thermal properties values were parameterized as

illustrated in fig A.6.1 and the temperature derivatives were approximated as
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oT _ Tir1j- Tinj .
% = ---—.l————J-ZAX (A.6.523)

PT _ Tiv1j-2Tij+ Ti |
= . - * A.6.5b
ox? Ax? ( )

The boundary conditions were specified as no lateral temperature gradient at x =0 and

Xmax Surface temperature of zero and heat flow into the base of the model, i.e.

%I‘{ = 0 atx =0, Xpax (A.6.62)
oT
Tx,00=0 and k % = Qy (A.6.6b)
Zmax

The vertical (z direction) boundary conditions are then

Tijmaxer Thimaxt _ Qb
Tio=0 and “‘“";Az == 2 (A.6.6¢)

In a cartesian coordinate system the horizontal boundary conditions are implemented by
setting Tj4q ;= Ti.1,; ati=0and ipsy .For a cylindrical coordinate system there is a

. . . k dT . . .
singularity atr = 0 in the term o However this can be expanded as Maclaurin's series

given by

f(r) = f(0) +rf'0) + ...+ I.-:l-f“(O)

and for this case
or _xfar) 21
r'gr" = T 'g;r-—.o arz P
2
and as %;f-r:O=Othen it is possible to replace %%}E by k%_rzT— and use Ty ; =Ty

The solution was obtained by making an initial guess at the solution (the 1-D steady
state solution), evaluating the R.H.S. and treating the resulting equation as a form of
Poisson's equation. A damped iterative procedure was implemented to obtain a stable

solution, i.e.
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@ V2TY = C(T™))
(ii) ™ = oT%+(l-o) T*! O<a<l)

Here T" is the actual solution to eqns. A.6.3 and A.6.4 obtained by treating the equation
as Poisson's equation by using the previous iteration's solution T"!. T" is the actual
solution used for the next iteration, obtained by combining part of the previous solution
T™! with part of T, The convergence criterion incorporated was a maximum temperature -
difference of 0.05° C between iterations and convergence was reached in 4 or 5 iterations
for the cartesian system and up to 15 iterations for the cylindrical case. When the advective
term was included, the procedure required heavy damping with o ~ 0.02-0.2 and, at worst,
up to 500 iterations were required to obtain a stable solution. Also, to achieve convergence,
it was necessary to increase the horizontal grid spacing when the advective term was
incorporatéd and the maximum value used was 10000 m for the highest velocity (5 x 107
m/s). The maximum depth of any anomalous bodies was always less than half the total
depth of the mesh and if necessary, the vertical grid spacing was increased. The surface
heat flow for the no fluid flow case agreed to less than 0.5 mWm™ (~ 1%) for all grid
 spacings used. Convergence rates were increased by using the temperature field previously
obtained for a similar model (e.g. lower velocity or heat production values) as the initial
temperature. The mesh spacing was allowed to differ for the x and z directions and the

relevant values were
Ax =100-10000m, ipax =190, Xpax = 19 - 1900 km

Az= 500-1500m, jmax=63, Zmax = 31-93km

As a test on the calculation method, I give an example in fig. A.6.2 of the surface heat flow
over two half ellipsoids having a vertical symmetry axis, with a thermal conductivity ratio
inside to outside the body of 2, calculated 2nalytically (see Lee and Henyey 1974) and
numerically. The agreement is to within 1% except at the boundary where the heat flow has

a discontinuity.
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Fig. A.6.2 Comparison of the numerical (+) and analytical (line) solutions for the
surface heat flow above a semi-ellipsoid where the thermal conductivity inside
the body is twice that outside.
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