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Abstract -~ Burial histor; is a powerful analytical and predictive tool in
basin analysis. The Fortran 77 computer programs DEPOR (Depth and Poros-
ity) and BURSUB (Burial and Subsidence) calculate depth-porosity functions
and rates of compacted and decompacted burial and load-corrected subsi-
dence, using both physical and stratigraphic borehole data. DEPOR requires
as input, (1) measured porosities as a function of lithology and depth or,
(2) lithology and sonic travel time as a function of depth. The porosity
versus depth functions for each lithology are input in BURSUB which re-
quires for each stratigraphic increment, (1) age in millions of years, (2)
ninimum and maximum water depth estimates and if so desired (3) estimates
of eustatic sealevel height. The programs present the result in a series
of tables, but output can be adapted for attractive graphics display, as

demonstrated for two deep boreholes. Both DEPOR and BURSUB programs are

listed.

INTRODUCTION

As a result of a better understanding of the fundamental processes that
affect vertical motion in basins, the drilling of many deep ocean and con-
tinental wells and improved reliability of biostratigraphy, paleobathymetry
and linear time scales for the last 200 Ma, (basement) subsidence and sedi-
ment burial curves are now easily accessible and powerful analytical and
predictive tools in basin analysis.

| Subsidence is here defined as the vertical motion at a site induced
below the sedimentary cover and not due to sediment loading. In a passive
continental margin setting this motion 1is largely due to rift controlled
deep crustal faulting and thermally-induced cooling and shrinking of the

sub~sedimentary crust ("basement”). Such motion is generally considered to
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be downward. Burial is defined as the depth tramsect or path followed by a
particular age level in a well site through time, from its original degth
of deposition to its present—day burial depth. It 1is generally best to
work with decompacted or restored thicknesses. It follows that burial
history for age points in a well site 1is calculated aﬁd plotted relative to
and below the paleo seafloor depth through time. This depth in turn is
influenced by the eustatic sealevel height.

This study presents two Fortran 77 programs (listed in Appendix 2)
for subsidence and burial history for use on micro computers with or with-
out graphlics support.The program DEPOR (Depth and Porosity) calculates the

porosity versus depth curve for each discrete lithology, like shale or sand

in a borehole, using either a series of measured porosity values as a func-—

e

tion of lithology and depth or (logged) sonic travel time as a functioun of
depth. It is also possible to use the depth-sounic travel time log to cal-
culate a generalized porosity vé}sus depth curve per well. The depth—
porosity functions for each lithology are input in BURSUB (Burial and
Subsidence), together with age in millions of years, paleo waterdepth and
eustatic sealevel height for each stratigraphic increment downhole.

BURSUB shows the rate of burial of a geological horizom as a func—
tion of basement subsidence, decompacted sediment fill and water loading.
When combined with information on the temperature gradient through time,
the burial curves reveal how long deposits resided in a potential oil and
gas generating window. Restored burial depths, corrected for compaction
can be supérimposed on basinwide isochrons as an aid in mapping of depo-
centres and onlap and offlap cycles. Introduction to thg subject and its
multitude of geological applications are 1n Van Hinte (1978), Hardenbol

et al. (1981), Wood (1981) and Gradstein et al. (1985). The latter study
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also analyzes the construction of regional and standard timescales, which

together with paleobathymetric estimates control the accuracy of the method

in basin analysis.

DEPOR
In order to calculate burial and subsidence depths, it is necessary
to decompact the sedimentary units in the columna; stratigraphic sections
chosen. Calculation of the original thickness and its successive decrease
in thickness and increase in mass and bulk density is generally simplified
by assuming a direct relationship between thickness and porosity. Porosity
reduction in general 1; a function of compaction (pore spare loss) and

cementation (pore space fill). The result 1s an increase in mass or in

e,

bulk density, although cementa;}oﬂ does not necessarily change volume at
one particular site. It is beyond the scope of this introduction to
reiterate extensive discussions.on this subject; for which we refer the
interested reader to recent studies, amongst others, by Bond and Kominz
(1984) and Magara (1980).

The porosity~depth curves method assumes there is a direct rela-
tionship between the decrease in (directly or indirectly measured) porosity
and the decrease in volume (compaction). The decrease in thickness of a
stratigraphic unit is directly related to the decrease in porosity as a
function of increasing depth of burial (below the seafloor).

The program DEPOR calculates the depth-porosity relationship for
limestone, shale, siltstone and sandstone. These depth—porosity functionms,
which may be linear or exponential; are determined by two parameters:

(1) F, which is the porosity of the sediment prior to burial, and
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(2) C, which is the amount by which F decreases with each metre of

A

burial.

F and C are used in program BURSUB for decompaction of sediment layers. In
case of a linear porosity-depth relation, the porosity is |

F - C. DEPTH (1)
for an exponential depth-porosity relation, the porosity is

F.e-C.DEPTH (2)

DEPOR requires two input data files: (1) a file containing depth-
lithology information for maximally 80 levels, shown in Table 1, and (2) a
file containing either depth—sonic travel time information for maximally 80
levels, shown in Table 2, or depth~porosity information for maximally 80
levels, 1llustrated in Table 3. The codes used for lithology in Table 1
are the same as those used in gURSUB fo; decompaction. These codes are:

1 - for shale (exponential depth—porosity relatiom),

2 - for sand (exponential),

3 - for siltstone (expomnential),

4 - for limestone (exponential),

5 = for shale (linear depth—=porosity relation),

6 - for sand (linear), and

7 ~ for siltstone (linear).

8 - for limestone (linear)

In a default mode Bursub can be executed with internally stored F
and C values per lithology, approximately valid for the Cenozoic of the
North Sea and Labrador Shelf.

When sonic travel time information is used as input, it may be

necessary to reduce the thousands of (digitized) downhole data points to a
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managable, geologically acceptable size. DEPOR accepts 80 sonic—~travel-
time versus depth polints, in which each travel time vglue is an average of
all measured values over a specific depth interval. Since measured sonic
travel time (tlog; see below) 1s a function of fluid saturation, it
decreases in case of overpressure and thus prevents excess estimates for
decompaction when underconsolidation occurs.

Wyllie et al. (1956, 1958) has demonstrated a linear relationship

between elastic wave velocities and porosity according to the formula

I .9 10 (3)
-\;. vf vm

in which v is the time~average velocity, vf is the velocity in saturated
fluid (5300 ft/sec; Schlumberger, 1979), vy, is the velocity in the medium
(rock) and ¢ is the porosity. In terms of sonic travel time (in

microsec./ft.) this formula may be written as (Schlumberger; 1972)

tlog =¢ t. + (1“¢)tm or (4)
¢ = (:los—tm)/(tf-tm) (3

in which tlog is the measured sonic travel time (AU in DEPOR), tg¢ is
the travel time iIn fluid, and tp is the travel time in the medium. This

formula can also be written as (Magara; 1976)

¢ = tlog A-B (6)

in which A and B are constants that are medium (i.e. lithology) dependent.
It is in this format that the formula for ¢ is used in DEPOR. The values
for A and B (see also Fig. 1) as used in DEPOR are:

for shale, A = 0.466 and B = 31.7 (Magara, 1976)

for sandstone; A = 0.741 and B = 39.6 (Schlumberger, 1979)

for limestone, A = 0.677 and B = 27.6 (Schlumberger, 1979).
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No information concerning A and B for siltstone is available, but in DEPOR
it 1s assumed that the constants for siltstone most closely resemble those
of sandstone. Then, using depth~lithology and depth-~sonic velocity data,
DEPOR calculates depth-porosity points for each lithology. In the case
that depth—-porosity data are used as input file, DEPOR simply links depth-
porosity with depth-lithology.

The depth~porosity points for each lithology are plotted on a.
bivariate graph and' a linear and exponential fit through these points are
calculated, together with the values for F and C for both fits. Using the
least sum of the squared differences, the program calculates which fit is
best. The F and C values per lithology belonging to the best fit are used
as input in BURSUB. For example; if the best fit for sand is linear, the
lithology code for sand in BURSUB is 6 (instead of 2 for expomnential) and
the F and C values for this category are used.

The porosity-depth curves for the lithologies encountered may not
necessarily extrapolate to the best empirical values for porosities at zero
depth. The progzxam DEPOR calculates the best fit estimates for the mea-
sured or calculated porosities over the borehole interval sampled, which
rarely includes the upper section. Typical surface porosities for shale
are 627, for siltstone 55% (Mag%ra 1980), for calcarinite, micrite and
limestone undifferentiated aé high as 70Z and for undifferentiated sand-
stone as high as 407 (Bond and Rominz 1984). To ;ﬁﬁiq overestimation of
original thicknesses when the porosity-~depth curves extrapolate to irreal-

istically high surface porosities; it may be useful to use linear instead

of exponential fits, even if the residuals analysis suggests the exponen-

tial fit to be best.



7
Finally, the porosity—-depth points for all lithologies together are
plotted and a linear and an exponential fit calculateé, which results in F
and C values for the whole stratigraphic section penetrated by the well.
These F and C values are then independent of a specific lithology notation
per level. Although generally less accurate, it is a quick way of achiev-

ing decompaction parameters. Examples of the use of DEPOR are in Appendix

1.

BURSUB

The program BURSUB essentially integrates bilostratigraphic and
paleobathymetric data into a time~depth framework. In order to obtain
burial and tectonic subsidence information, corrections are made for the
effects of compaction and sediment loading; changes in paleo water depth
and global sealevel changes. Expecially when displayed graphically, burial
and subsidence analyses afford rapid insight into (de) compacted burial and
tectonic subsidence of sedimentary basins. Examples of input and output
files for BURSUB are given in Appendix 1; using Deep Sea Drilling Project
(DSDP) Site 398, off Portugal and the Amoco Imperial Murre G-67 well, Grand
Banks of Newfoundland. An explanation of the input files is given in the
listing of the BURSUB program in Appendix 2. It should be noted that all
burial and subsidence calculations are relative to sealevel (=zero burial
or subsidence, with thicknesses of water column and sediment column both
zero). When, as often 1s the case, downhole depths are measured from the
rotary table then both the height of the rotary table above sealevel and
the present~daf waterdepth must be gpecified. These valges, either in feet

or metres, will be subtracted from all downhole depths, therewith setting
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the first downhole depth value to zero and all other values relative to

~

zero.
The compacted burial of well sites 1s simply calculated according
to the formula:

udb = z + (wx + wm)/2 (7N

in which udb is the compacted burial depth, z the depth (corrected for
rotary table height), wy the maximum estimate for the paleo waterdepth,
and wy the minimum estimate for the paleo waterdepth.

Decompaction is achieved by means of "backstripping”, where sedi-
ment packages, starting with the youngest one; are progressively stripped
off. Older, underlying units are restored to thelr original thicknesses
during time of deposition by applying a factor found from sliding each
lithology unit up 1its own poroéitihvefsu; depth curve (Sclater and
Christie, 1980, p. 3734, Fig. A& and AS5). These authors make use of the

simple porosity—depth relationship of Ruby and Hubbert (1960),
F = Foe (8)

where F is the porosity, F, the porosity at the surface prior to compac-
tion, z is the depth Selow the surface in km and ¢ is the constant used in
DEPOR, (the amount by which porosity decreases with depth). In a sediment
unit which is slid up its own porosity-—depth curve, the upper level
achieves porosity F,. The original thickness of the unit 1is found by
adding the amount of water needed to fill the porosity F,, (or rather the
average porosity over the measured thickness of the unit). This expangion
allows approximation of the original depth of deposition of the lower level
of this unit, prior to compaction. Potential compaction'from the weight of

the overlying (paleo) water column (Wpip + Wpax)/2 is ignored. The
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decompaction model aééumes hydrostatic equilibrium begween sediment pore
water and the overlying water column between the seafloor and sea surface.
After decompaction of the well column, the decompacted burial depth
per unit 1s calculated by

z, = zpl + (wx + wm)/Z %

in which zy is the decompacted burial depth and 2,1 the value for the
decompacted depth per unit time. BURSUB calculates zy for each age level
in the input file from its original zero depth of deposition to its present
resting place. Care is taken to systematically reduce thickness of each
older unit during successively deeper burial.

The final calculation in the reconstruétion of burial history
involves tectonic or driving force subsidence; which is the rate of "base-
ment” subsidence corrected for,sediment and water loading. For this cal-
culation it 1is necessary to think in terms of weight balancing. With an
average sediment density of 2.7 g/cm3 (at 0Z porosity) mantle displacement
as a result of sediment loading is often approximately 0.7 x the thickness
of the solid sediment column, which means that tectonic subsidence 1s about
30Z of burial depth. Following Watts and Steckler (1981), the unloaded

basement depth as calculated in BURSUB is

yss = zpl-((pm - psm)/(pm = p)) + (w_+ w /2 + (le + slm)/2
= (e, /(o = p.)) ((sl_+ slm)/Z)) (10)

in which pp is the density of the mantle, py is the density of water,

sly is a maximum and sly a minimum estimate for a change in global sea-
level. The parameter yss 1s the average tectonic subsidence, since it uses
the average value between the maximum and minimum paleo Qaterdepth and sea-~

level changes. Tectonic subsidence (expressed in depth below sealevel)
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values are also calculated for the following situations (a) maximum paleo
waterdepth and maximum sealevel change (= yxx), (b) minimum paleo watef;
depth and maximuﬁ sealevel change (= ymx), (c¢) maximum paleo waterdepth and

minimum sealevel (= yxm), and (d) minimum paleo waterdepth and minimum

sealevel (ymm). The program input and output in Appendix 1 shows examples.

Technical Requirements for DEPOR and BURSUB

Both BURSUB and DEPOR were compiled and executed on the IBM -~ PCXT
microcomputer with an 8087 math coprocessor, IBM Professional Fortran com—
piler V1.00 and the IBM linker V2.30 (® IBM Corp. 1984). Versions of the
programs also were adapted for use on the Victor 9000 microcomputer with an
8087 math coporcessor, and M-S Fortran (® Microsoft 1983). These programs
require a minimum of 192 k RAM and at least 1 350 kb diskette driver. The
program BURSUB produces an output file for the Epson—~MX printer, but a run
time option 1s available to supr;ss the carriage control characters, which
allows the use of an altermative 132 column printer. The actual carriage
control characters used are listed in the program. Graphics adaptation is
possible on the IBM-PC, using either the IBM Graphics Development Toolkit
or through an intermediate data file which utilizes the graphics functions
of the IBM Basic language. For the Victor 9000 good use can be made of
PLOTS 5 fortran subroutines and the Victor GRAFIX toolkit for higher

resolution (399 x 799 data points) graphs.

APPENDIX 1
In order to illustrate the use of DEPOR and BURSUB, two geological

examples will be briefly treated. The first deals with the Murre G-67
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well, Grand Banks, which penetrated a Cenozoic, Upper Cretaceous and 'com—
plete' Jurassic section, before bottoming in Devonian'low*grade metamorphic
rocks. The second example uses the cored Cretaceous and Tertiary deep
marine section at DSDP Site 398, Vigo Seamount. The Murre well has both
lithology and sonic travel time data and DSDP Site 398 has lithology and
depth~porosity available for input in DEPOR.

Tables 4 and 5 sh;w the depth-lithology and depth—sonic travel time
files for input in DEPOR to calculate F and C in the Murre well. Table 6
gives the calculated values for F and é for shale, sandstone, siltstone and
limestone. For each lithology the print—-out also produces a statement that
the best fit of the depth—-porosity data; either per lithology or for all
lithologies combined is either linear or exponential. The F and C values
corresponding to the best fit(s) and its lithology code (1-8) are then to'
be used for input in BURSUB. In order to visually juége the depth-porosity
data, it is convenient to provide graphics Ougput- This 1s shown in Figure
2, which displays the depth—~porosity scattergrams and its linear and best
fits. The exponential fit for limestone suggests an irrealistic (>1)
porosity at zero depth, which will lead BURSUB to decompact wrongly.
Although mathematically the best fit is exponential; geologically the best
fit in linear and this one was adopted. Unless otherwise deemed necessary,
users may generally prefer to enter in BURSUB all F and C values rather
than the ones for all lithologies combined.

The BURSUB input file for Murre G-67, generated as part of BURSUB
output, 1s shown in Table 7. The unit of stratigr;%ic and water depths
measurement can be either feet (f) or meters (m). 1In default (d) mode
BURSUB will use internally stored F and C values for each lithology, valid

for the Cenozoic sections of the Labrador Shelf. In a non-default mode



12
(specified by D or d), the program will ask for the proper F and C values
to be entered following reading of the age—~depth—etc. input file. 1In ;he
Murre case all appropriate F and C parameters were entered.

Table 8 shows the numerical output and Figure 3 the corresponding

graphical display generated by BURSUB for the Murre G-67 well. It

includes:

(1) the burial and subsidence depth for the TD (total depth) level:.in
the well

(2) sedimentation, ﬁurial and tectonic subsidence rates

(3 decompacted burial depths for each age level

Note that the estimate for rapid shallowing between 91 and 87.5 Ma lead to
negative burial and subsidence rates (Figure 3a and Table 8c¢).

It turns out that more_Fhan 75% of the total decompacted burial and
subsidence occurred took place during the first 50 Ma in the Jurassic,
after which subsidence almost céased and burial rates decreased correspond-
ingly during the remainder of the Cretaceous—Tertiary period. Inspection
of Table 8 also shows that the decompacted sedimentation rates for the
Middle and Upper Jurassic section surpass the decompacted burial rate,
which eventually led to the very shallow or non-~marine counditions at the
end of Jurassic and during the Early Cretaceous. The burial plot (Figure
3a) reveals a long standstill in sedimentation during Early Cretaceous, and
possibly reflects erosion on the order of a few hundreds of meters of sedi-
ment during Early Cretaceous time. Such an event has also been observed in
surrounding Grand Banks wells and is related to effects of an Early Cre-
taceous regional uplift. Lack of Early Cretaceous data may preclude detec-

tion of an isostatically induced uplift of basement in Murre. The increase
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in paleo waterdepth during the Turonian (=90 Ma) may be both tectonic and
eustatic induced.

On the basis of Figure 3 and Table 8 it is possible to draw some
generalized conclusion (Stam, 1986). After correction for the effects of
sediment and water loading, and for paleobathymetric and eustatic change in
height of sealevel above the seafloor; the tectonic subsidence shows an
exponential decrease with time; early rapid subsidence gave way to lesser
rates. Such exponential subsidence curves were explained by Watts and
Steckler (1981) to be a response to the thermal contraction of the‘sub—
sedimentary lithosphere as it cools following initial rifting. This event
in Murre acted during the Early Jurassic. Deep crustal listric faults, the
result of crustal thinning during extension, may have accelerated early
subsidence, reason why the curve is relatively steep in parts.

The second and brief example in this paper deals with DSDP Site
398, Vigo Seamount, for which no sonic log but depth~porosity measurements
(Table 9) are available (Ryan, Sibuet EE.EE;; 1979) to run DEPOR. For
shale the best fit is linear with F = 0,5377 and C = 0.0001434, for silt-
stone the best fit is linear with F = 0,5087 and C = 0.0001584, for
limestone the best fit is exponential with F = 0.5542 and C = 0.,0008181;
there is no sand. BURSUB was executed using these F and C values and the
corresponding lithology codes. A print—out of the DSDP Site 398 input
data, which is part of the printed output file, is shown in Table 10. A
common problem in sites near ocean crust basins, but situated on relatively
elevated "blocks” like Vigo seamount, is inference on the paleo waterdepth
track. We have assumed approximate adherence to an oceanic back—-track
curvegworking backwards from the present day waterdepth at the site of

3910 m. Well sites, close to the shelf edge or on the slope of the
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Canadian eastern seaboard often display a rapid deepening in the latest
Cretaceous or early Tertiary (e.g. Gradstein and Srivastava, 1980), a érend
related to the tensional pull during the Laramide tectonic event, when
significant opening took place in the southern Labrador Sea and the North
Sea accelerated subsidence. Based on this reasoning,.accelerated deepening
has also been invoked for the Vigo Site. Working further backwards, ini-
tial water depth may have been around 2 km. Compacted and decompacted
burial history (Figure 4) show an accelerated early downward trend, prob—~
ably in response to relatively rapid sedimentation (=5 cm/103y) when sea-
floor spreading between Iberia and Grand Banks started. The decompacted
sedimentation rate of over 6 cm/103y around 115 Ma (Aptian) is later
repeate@ in latest Miocene to Pliocene time (=5 Ma ago). The latter may be
a response to the Messinian sealevel drop which created (further) canyon
cutting and downlap along margins. The histogram which displays decom—

pacted sedimentation rates (Figure 4), particularly when used for a number

of sites in a particular basin provides rapid insight in the stratigraphic

distribution of hiatuses and sedimentation.
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LIST OF FIGURES
Sonic travel time (t) in microsec/ft as a function of lith-
ology dependent porosity (¢4) in percent per volume units.
Depth (in km) and porosity (in percentage per unit volume)
for (a) shale, (b) sandstone, (¢) siltstoune, (d) limestone
and (e) for all lithologies combined in the Murre G-67 well.

DEPOR calculates the exponential and linear fits for each

scatter gram.

{evfls X
(a) Burial history for the TD (total depth)A(b) average sub-

sidence with bathymetric corrections for the TD level, (c)
decompacted sedimentation rates (in histogram format) and
(d) decompacted burial depths for each age level in Murre
G~67 well. ST

(a) Burial hist;ry and (b) decompactgd sedimentation rates

through time at DSDP Site 398, Vigo Seamount.
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List of Tables
Example of depth—lithology file for input in DEPOR; stratigréfhic
depth in m (or feet),lithology coded using either linear or
exponential code numbers.
Example of depth—sonic travel time file for‘input in DEPOR to
calculate F and C values; depth in feet; sonic travel time in
microseconds/ft.
Example of depth—porosity file for input in DEPOR to calculate F
apd C values; depth in m and porosity in percent.
Depth—~lithology file for input in DEPOR; using the data from the
Murre G-67 well; stratigraphic depth in feet and lithology coded
using either linear or exponential code numbers.
Depth—sonic travel time file for input in DEPOR to calculate F
and C values in the M;rre G-67 well; stratigraphic depth in feet,
sonic travel time in microseconds/ft.
Print—out of F and C values calculated for shale; sandstone,

siltstone, limestone and all lithologies combined in Murre G-67

well,
Print-out of Murre G~67 well input data for BURSUB.

Print-out of the numerical results using BURSUB for Murre G~67

well, showing:

(a) Burial and subsidence depths of the TD (total depth) level
in the well.

(b) Sedimentation, burial and subsidence rates.

(c¢) Decompacted burial depths through time for each age level.

Graphic representation of the same results is in Figure 3.
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Table 9. Depth-porosity file for imput in DEPOR to calculate F and C in

DSDP Site 398; depth in m and porosity in percent per volume

unit.

Table 10. Print—-out of the DSDP Site 398 input data for BURSUB.
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APPENDIX 2

Listing of Fortran 77 programs DEPOR and BURSUB.
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USING IBM PROFESSIONAL FORTRAN V1.0

oIz A FOCRTRa&N 77 FROORSM
FITHMS FOR BURIAL anND SuUBsIDeEn
vaL « NO. . F

~FCXT WITH MUMERICAL COPROCESS
O AND IBM LINKER V2.30.

DEFOR CALCULATES THE RELATIONSHIF BETWEEM DEFTH ANMD FORDSITY FOR
DIFFERENT LITHOLOGIZES USING DEFTH-LITHOLOSEY AND DEFTH-FSOSROSITY OF

DEFPTH~-SOMNIC LOG DATA.

LFIE=0.O

LFZE=0.0

LFIE=0.0 .
LFAE=0.0 o
DPEN (Z,FILE="FLT.ERR",
Ccall CREDIT: (&)
WRITE (%, %)
WRITE(%,%) "1.
WRITE(#,%) "2,
WRITE (%, %) ° :
WRITE(+,%) °
READ (%, %) CORI

CALCULATE POROSITY

CHOICE: -~

READ THE LITHOLGEGIC TYFES
THESE TYFES SHOULD RE THE
CECOMFACTION FROGRAM.

THE FIRST LIME OF LITHOLGGEY TATA
METERS (M) CODE. THE SECOND LINE
TOF OF THE FIRST LAYER.

TO0 THE BOTTOM OF & LAYER AND THE

INPUT FOROSITY-DEFTH VALUES

LFSHIBM),

LFSH({80) ,LFS5 (30 ,LFEN (B0},

MAXIMUM NUMEBER OF WELL DEFTHS IS BO
REAL#*4 DEP(SQ),DSH(BO) DSSicu;.DCHfEO),DLMiSQ)
+ S5(30) (FESN(30) ,FPLM (B,
+ LPLM(cO) LF1E.LFZE, LF'E.LF#:.L TE
INTEGER*Z CDFI,LITH\BU;,TFIT
" character+1i UNI
character#30 title
character+1d tpl,tpl.outfil

HTATUS=’”¢wNowN’>

*CHOOSE ONE OF THE FOLLOWING®

VALUES FROM SOMIC LIOGS.”
DIRECTLY.’
SND THEIR DEFTH FROM DISH.
SarE &S THOSE USED IN TRE
CONTAINS THE FEET (F) CR
SHDWS THE TEFTH OF THE
SUBSEDUENT LINES CONTAIN THE TDEETH

LITHOLOGIC TyWFE

FOR THAT

LAYER (FREE FORMAT), 1 FCR shale, 2 FOR sandstons,
Z FOR siltstomne, and & FOR limsstons.
write(#*,+) "Entsr the name cf th= fil2 Zontaining’

write{#*,%) "lithology data.’
WRITE (%, %) ~ °
WRITE (%, %) 7
read(#, " (210 7)
coen(2.file=tpl)

Tp2

READ(Z.° (A1) ") UNI

READ (2, #, END=20, SRR=20) DEF . 1!

IF (UNI.EQ. F’.OR.UNI.ER."§ ) DEF(1
50 10, I=1,30

FILENGME!

hd
-

Y=ERER (L), 3048
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1
AMUML, FOR,FSH,F

READ(Z, #, EMD=20, ERR=20) DE,LITH{L:
IF (UNILER. FT.OR.JUNLILEG. "+7 ) DE=DE#.I043
(=3 1i=LE ) .

WRITE{(# %) " #FFFLERFFFHALEAFHHAHF LR A AR AERERFFF AR A SRR RGNS FoF
WRITE(*,#) "S5SONIC TRAVELTIMES AND DEFTHS {(DUTFUT FROM PROGR&MMET
WRITE(#,%) “PLGERAL MUST BE ON & FILE , WITH’

WRITE(#,%) “DEFTH IN FEZT, TRAVELTIME IN MICROSECONDGE FER FICT. T
WRITE (%, %) "H4%FAfF i r bt FOrtertest b r AR TH Gt N b H ot osdbiir
wirite (%, %3

wrrita{*,%*) “Entesr th2 name of the +il=2 containing’

write(*,#%) “sognic velscity data.’

write(®,%; 7 7 ’

writs(#,#%) ° FILENAME: 7

readie, T (al0) 7 tpt

openil,file=stpl)

CALCULATE FOROSITIES USING MAGARA™S FORMULA. POROSITY VALLUES
ARE STORED IN ARRAYS PSH,FS5,F3SM OR FLM AND CEFTHS IN DSH, D33,

OR DLM ACCORDING TO WHETHER THE DEFTH LIES IN THE RANBE OF
shale, sandstone, siltstone OR limestons.
J=NUMBER OF FOQINTS IN shals, K=NUMBER IM sandstcrs,
=NUMEER IN siltstone, M=NUMBER IN limestcne.
J=0
k=0
=
M=
dmax =10,
READ(L, " (aZ0ir ™) title
ZAD (1, «, END=T5,ERR=T
DEFPTH=DEFTH/3Z. Z8
if (depth.gt.dmax) dmax=depth

-
L

FOR= (0. d66%RlU=21.7) /100,

CaALL SUBROUTINE LTYPE 7O DETERMIME THE LITHOLOSY,
CALCULATE PORCSITY AND
AS3SIGN FOROSITY VALUE 7O THE AFFROFRIATZ ARRAY.
CALL LTYFE (A I,.DEF,CEFTH,DSH,CON, D55, 0LM, J, kK, L M, LITH,
Ny PS5, FLM)
GO TO Z0
NDIF
OPTION Z2: INPUT FPCROSITY-DEFTH VALUES DIRECTLY

IF(CORI.ER.Z) THEN
dmax =0,
WRITz (%, %)

writs(®, =) 7

T e e e o e TR o e B R R R W b ok kRt e

i)
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WRITE (%,%)» "DEFTH AND FORGSITY VaLUES MUST B OM & FILE ,°
WRITE(#, %) "OnE FAIR PER: LINE. FREZ FORMAT.T
NFIT El®, %) ’DEFTH HU:' QE IN HETE?S, “J:JSL’f sd FETQ:H* :

. Enter thes name ot Lhe rils comtaining’
writa(%,*) "porositv—-deptn dsta.’

WRITE (%, %) 7 !

WRITE (%, %) :
read (%, (ai0y ™) t L
openi{l,file=tpil)

read(1, " {(aZ0) ") title -

REGD (1, %, END=20,eRR=50) DEFTH,FOR
if (depth.gt.dmax)? dmas=depth
p0ﬁ=por/100,

i
-
-
[T
e
i b
Y
m

1

CALLL LTYPE TO DETERMINE LITHOLCOGY AND aA3S5IGN DEFTH
AND POROSITY WALUES TO THE AFFROFRIATE ARRAY.

4

CalLL LTYPE(AU,CORI,OEFR,DEFTH, DSH, DSN, D55,

1

LM, J K, L, M, LITH,

¥NUML , FOR, FSH, FSN, FS5, PLM)

30 TO 40
ENDIF
CONTINUE

FIT LINEAR AND/OR EXFOMENTIAL TRENDS TO FOROSITY-LDEFTH LDATA.

WRITE (%, %)
WRITE(#,%) "CHCDSE ONE DF *H= FOLLOWING:
WRITE(#%,%y "1. FIT A LINEAR FUNCTION TO THE FPOROSITY-LEFTH.
WRITE(*,%) 2. FIT AN EXFONENTIAL FUNCTION TO THE LDwRThH.
WRITE(#,%) "3, TRY BOTH LLINEAR AND EXFONENTIAL FITZS AND LET Th-
WRITE (#,%) ° rFUuRHﬁM: DECIDE WHICH I REST.
WRITE(#,%) ° 7
WRITE (%,%) 7 CHOICE: °
READ(®, %) TFIT
FOR LINEAR FIT

IF(TFIT.2Q.1.0R.TFIT.20.3 THEN

FOR shale )
IF (J.NE.O) CaLL FITOME(FIL,.CliL,Jd,7FIT,L0SH,F3H}

FOR sandstone
IF (K,.ME.O) CALL FITONE(FZL,CZ2L.K,TFIT,D33,F33)

FOR siltstons
IF (L.NE.D) CALL FITOME(FILL.CIL,L,TFIT,D3N, PN

FOR limestone
iF (M.ME.D) CALL FITONE(F4L, C4L. M, TFIT, LM, FioM)

FOR alLL FOINTS
CALL FITALL(FTL,CTL,J K, L, M, TFIT,DSH,D0553, D50, DLM,F3H,F3

1y}

LESN, FLM)

ENDIF
FOR ZXFONEMTIAL FIT
IF(TFIT.ER.2.0R, TFIT.EG. T THEN
TAEE LOGS QF FORSSITY VALLES

0O oG, I=1.,J
LFSH(I)=aLCB (FSH(I))

R
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0l

(W) 3

1

0

coOon

o0 70,I1=1,8
LFI8 1) =aLCR{(FRS(13)
OO 3G, I=L1, 0L
LPSHNII) =aLIG(FENIIY
O 31 I=1.M
LELM L) =alL.OG{(FLM (I}
FOR s=hale
IF (J.NE.O)Y CALL FITONE(LFIZ,C1E,J.TFIT,.DSH,LFSH:
FlE=EXF (LFLE) :

FOR sanmdstons
FOIE.NELQ) CALL FITONEWLFZE,CRE,H,TFIT,D85,LF55!
ZE=EXF (LFZE) .

FOR siltstons
IF (L.NE.O) CALL FITONE(LFIE,CTE,L,.TFIT,DSH, LF3N)
FIE=REARP{LFIE)

FOR limestone ,
IF (M.NE.D) CALL FITONE(LFA4E,C4E M, TFIT,DLM, LFLM]
FaE=2{F (LFaE)

FOR ALL FOINTS
CALL FITALL(LFTE,CTE,J.K,L M, TFIT,D5H, D55, DS, DM,

LLPSH, LFS5,LFSM, LFLLM)

FTE=EXF (LFTE)
ENDIF

CALCULATE SUMS OF SQUARED DIFFERENCES
IF (TFIT.EQ.3) THEN )
S@1L=55Q(1,FLL,C1lL,J,DSH, FSH)

. S@2L=33@&(1,F2L,C2L, K, DSS, PSS)
3@IL=8S332(1,FIL,CIL,L,DSN,FSN)

5Q4L=55C(1,F4L,C3L,M, DLM, FLM)
SRTL=552(!,FTL,CTL,J,DSH, FSH)
SETL=32TL+SS& (!, FTL,CTL, K, D3S, PSS}
SRTL=38TL+35G(1,FTL,CTL,L, DSN, F3N)
SATL=SaTL+S3a(1,FTL,CTL,M, DLM, FLM}
SR1E=33R(2,FLE,C1E,J, DSH. FSH}
SR&2E=53& (2, F2E, C2E. K, 0SS, FS3)
SATE=533G(2,F3E,CIE, L, D5, FSH)
3Q4EZ=330(2,F4E,C4E, M, DLM, FLM)
SOTE=S38(2,FTE,CTE, J, DSH, PSH)
SQTE=SATE+S50 (2, FTE, CTE, K, D33, FS3)
SGTE=3ATE+S58(2,FTE,CTE, L, DSN, FSN}
SOTE=SQTE+3S@(2,FTS, CTE, M, DLM, FLM}
ENDIF

CUTFUT ~z3ULTS

write (10,7 (1,

LETD, /YT tikle
ir(i.n=.2) Ehen

IF(TFIT.E0.1.0R.TFIT.E8.3) WRITE (10,50, Fili.-oCil
SORMAT (s, " LINEAR:®,7X. F=' 210, 3,  C=',E1G, 4

WRITE (#,#%) "ENTER QUTFUT FILEMAME: °

READ (%, " (&LC) 7Y OUTFIL

opean (10, file=0UTFIL,3TATUS="UNKNCWN" ,ACCESS="SERUENTIAL )
CALL CRELRITS (14)



FRRLY

IF(TFIT.EQ.Z.0R. TFIT.EG. 31 WRITZ (L0, 100} FIE,-C1E
FORMAT (8X, "EAFONENTIAL: " 22X, "F=",E1G. 4, ' C=",Eld.=
IFITFIT.EQ. I THEM

IF(ARILLLT.SELE) WwRITE10.%) "THE BEST FIT IS LINE
IF(E21I=.LT. 2210 WRITZ (10, "THE BEST FIT I3 EXFO
IF(SEIL.EQ.3R1E:; WRITE{LG,#) "BOTH FITh ARz s&iURALL
ENDIF

endi%

WRITE(ID;*)
WRITE(1G, %3 7
WRITE{10Q,%)

Ed

idstorne” .

IF(TFIT.EQ. . OR.TFIT.20.5) WRITE(1O,70) FIZL,-CZL
IF(TFIT.EQ.Z2.0R.TFITLER. S} WRITE(1O, 130 FZE,~CZE
IF(TFIT.EQ. ) THEN

IF(SEZL.LT.5GZE) WRITE(10,%) "THE BEST FIT IS LINE
FSRZE.LT.36ZL) WRITE(LO,<; "THE BEST FIT I3 EXRO
IF(SEZE.EQ.SGZL) WRITE(1O,%) "BOTH FITS SRE EQUALL

ENDIF
endif

ifil. n=.u tnen

WRITE{1YD,

WRITE(1Q, =) - T )
wRITEilu. siltston=s" |, - -

NRITE(lO,* -

IF(TFIT. Q.
IF(TFIT.EQ.
IE(TFIT. 20, T

1 OR.TFIT.ER.
.CR.TFIT.EQ.
THEN

Z) WRITE(LG,20)
3 WRITE((1G,

Lq -~-"L

1GG) F:E, ~CIE

IF(SATL.LT.3QIE) WRITE(1O,%) "THE BEST FIT I3 LINEAR.®
IF(SAIE.LT.5GIL) WRITE(1D,%) "THE BEST FIT IS5 EXFONENTIAL
IF{(SETE.EQ.38ZL) NRIT;\lu,., TBOTH FITS &Rz EQUALLY BO0D.
ENCIF

2rdi +

it im.n=s.9) than

WRITE(LO, %)
WRITE (10,
WRITE(L1O, %) 11
ARITE (1D, %)

IF(TFIT.ERQ. . OR.TFIT.EG.Z) WRITE(1G,50) F4L,-C3L

IF(TFIT.EQ.Z.CR.TFIT.EG. ) wRITcx 0, 100) F3E,-C4E

IF(TFIT.EQ.Z) THeh

IF'“C4L.LT.5Q4E) WRITz(10,%y "THE B23T FIT IS L
(SG4Z.LT.S2&L WRITE(1OG,#*) "THE Bz3T FIT IS E

Lk\:@4;.Eu.SG4L) WRITE(1OD,#*) "BOTH FITS ARE ESJAL

ENDIF

endif

WRITE (1O, %,

WRITE (1O, %)

WRITE(1D, %) "all lithologiss’

WRITE (LG, *4

IF{(TFIT. .22, L.AFR.TFIT.C22. 2 NRLTE(E(,¢Q> =T, ~CTis
IF(TFIT. 2. 2. CR.TFIT.EER. T, WRITE(LO, LO0GY FTg, =TTz
write i 10,%) ° )

write (10, =) 7 3

m

LIMNESR, T
AFONEM
LY

T A
T
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=000,

e w

=

-
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2LITH, NUML, FOR, P

IF(TFIT.ZR,. 3}

I

; .

IF(SRTL.LT.30TE) WRITE(1O,#Y "THE BEST FIT I3 LINEAR.®
IF(SETE.LT.SRTL) WRITE(1Q, %y ' THE BEST FIT IS5 EXFONENTIAL.®
IF{BRTE.EQ.BATL) WRITE(LlD,#*) "BCTH FITS ARE EGUALLY $300D.°
write (10,%) 7 °

write (10,%) 7 7

ENDIF

WRITE(#,#%) ~ )

WRITE (%,%) “OUTRUT &YAILABLE IN FILE: 7.,0UTFIL

WRITE (®,%)° !

END

SUBRRGUTIME LTYFE(AU,CORI,DEF,DEFTH, 38H, O8N, TE5,0LM, J K L. 1,

aﬁ.PSN FS3,FLM

RE&L DEP (20) ,DSH(E0) ,DES(80D) , D5k

LFSN (80) , PLM (303 , LPSH (20} ,LPSN (80,
INTEGER LITH(ZO),J,K,.L,M,TLITH,CORI
DETERMINE LITHOLOSIC TYFE AT & FA
ASSIGN DEFTH AND porosity VALUES
TLITH=G .
DO 10,I=1,NUML -
IF (DEFTH.GE.DEF (I) . AND.DEFTH.LT.D

CONTINUE

CALCULATE FCROSITIES AND

ASSIGN CEFTHS aND FOROSITIZE TO &
FOR =hale
FOROSITIES GREAT=R THAN 524

IF(TLITH.EG. l.or.tlikth.=2q.2) then
IF(CORI.EG. 1) FPOR={(0.4&o%5U~TL.7}
IF(FPOR.GE.D.A5Z)RETURN

IF{FPOR.LT.G.) FETURN
J=J+1
DSH(J)=DEFTH
FEH(JY=FOR
ENDIr
FOR =andstone
FOROSITIES GREATER THAN 507

IF(TLITH.EG. 2. or.tlith.esq.5) then
IF(CORI.EG. 1} FOR=(0.741+8U~-3%.60!

IF (FOR.GT.C.40) RETURN
IF (FOR.LT.0O.) RETURA
K=k 1
053 (K) =DEFTH
F33 (k) =FCF
ENDIF

N80

 DLMASO) (FSH{B80C) (PS3 (50,

LFLM(30)Y ,DEFTH, FOR
RTICULAR DEFTH ARND
TO RAFPROFPRIATE &RE&YS

EF{I+1)) TLITH=LITH{L)

aRE EXCLULED

F1o0,

o
=a

21,
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Do nn

(W)

O

O

FOR siltstone
FORCSITIES GREATER THaN SISV SRE EXCLULDED

IF(TLITH.EG.S.or.tlith.=2q.7) THEM
IF(CORI.EG. 1) FOR={(0, 465#4i-T1
IF(POR.GZE.O.23) RETURN
IF(FOR.LT.O.)Y RETLURN
L=L+1 .

CSM ) =0EFTH
FSN (L) =FOFR
ENDIF

FOR limestone
PORQSITIES SFESTER THAaN 70% ARE EACLUDED

IF&TLITH.:D or.tlith.=9.8) then
lF(CDRI.ED 1) POR=(0.677%AU-27. 563 /100,
IF{(FOR.GT.0.70) RETURN
IF(FOR.LT.O.) RETURN
M=M+1
DLM (M) =DEFTH
FLM (M) =F0R

ENDIF

RETURN =

END

SUBRCUTINE FITONE(A,B, N, TFIT,X,Y)

CALCULATES INTERCEFT "A&'" &ND SLOFE "B" FOR & LEAST SQUSRES
LINEAR FLT TO FOINTS WITH COORDINATES X &ND Y,
FOR & SINGLE LITHCLOGIC *VFE.

INTEGER N,TFIT
REAL X {80, YIS0
FIND MEAN COF X anND ¥
XTOT=.
YTOT=0.
0O 10 I=1,*h
ATOT=XTOT+X{I)
YTOT=YTOT+Y 1)

_CONTINUE

X'“G-%TWT/ﬂ
AVE=YTOT /N
FIND THE COVARIANCE AND THE VARIANCE

(]
Rl
7,

SV=(,

SCV=0.

oo 20,J5=1.M
:CV'SCV+\¥(J)—‘ JP)*(r(J)-YAUG
SVEEVHF X (T —{aVE)s %2

CONTINLE

SAY=8CY/ (N—-1)

E1=8V/ (N-1)
CALCULATE =~ AND B



OO0 00

]

20

a1

)

o\l

5=5XY/51
A=YRVE-B+{AVE
=MD

INTEGBER J,K,.L,

RESL X1(30),

N=.J 4k =i
FIND THE

ATOT=0.

YTOT=G.

DO 10 I=i,J
ATOT=XTOT+X1 (1}
YTOT=YTOT+Y1 (I}

CONTINUE

DO 20 I=1,k
XTOT=XTOT+X2(I)
YTOT=YTOT+Y2 (L)

CONTINUE

DO 30 I=1,L
ATOT=ATOT+XZ (1)
YTOT=YTOT+YZ (I}

CONTINUE

DO Z1 I=t.M
ATOT=ATOT+54 {1
¥YTOT=YTOT+Y4( 1)

CONTIMUE

LAVG=XTOT/N

YaVGs=YTOT /N

FIND THE

R I =)

SV=u.
SCY=0.

OO 40 I=1,J

—ey
e b

N
—
~{
I
-
r
V)

R
e

MEAN

ARTANCE

Bodo kol M, T

CALCULATES INTERCEFT "aA" AND
LINEQR FIT TO:THE ENTIRE SET
REGARDLESS 0OF LITHGOLOGY.

JyH,L.Mi 1,2,7,4, shale,sands

CF X &ND Y

F

L2(30) , XZ(80) , A4 (3G ,¥1(82) ,¥2 (80 ,¥3

AND THE VARIANCZ

IT, 41,42, X3, %4,%1

SCV=3CV+ (R1 (1) =XAVE *# (Y1 (I =YRAVE)
SV=EV+(A1 (1) =XAVE) #*2

CONTINUE
DO 3¢ I=i,w

5CV=3

SY=3SVH (X201 -XAVGE) #%2

CONTINUE
DO &0 I=1,0L
SCVY=3CV+ (XTI

Y o |
SV=SV+(XT (L) =XaViE) =

CONTIMNZE

DO 51 I=i,mM
SCVESCM+ (X3 (1) —XaviE) « (Y3 D)
SV=SVH (X3 (1) —KAVGE) ##2

CONT IHUE

VX221 =XAVE) # (Y2 (1) =YaVE)

{AVE) #(YI (1) =YAVGE)

03

W]
y Ty

{30

YI,.¥4)

LSS0
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A
=3CV/ {(N=1)
SV/IN=-1)
Y/31
ViE-B#{4VE

¢

HIIH-K

ﬂ] I mw Ul
D >

Y
5
Y
ND

——

22

FUNCTION

30

@ iLE
,\<3n

CALCULATE SUM
FOINTS3

WD

QH
)

oF
AND THE LIMNE

B

BN, 2

Y

sSalar
T

FOR LIMNEAR FIT

SSL=0.
IF(LE.EG. 1)
oo 10

S5ti=
CONTINUE
ENDIF

THE
I=1,N

N

SSR+({Y(I)=(A+B*X (1)) ) #+2

FOR ERFONENTIAL FIT

IF(LE.EQ.
DO

23

20 I=1,N

SSR=35a+ (Y ( I)—H*EXP(E+Y(I) *2

CONTINUE
ENDIF
END

SUBROUTINE CRELITS

INTEGER
WRITE
WRITE
WRITE

UNIT
(UNIT, #)
(UNIT, #)
(UNIT,*)

WRITE (LUNIT,*)
WRITE (UNIT,#)
WRITE (UNIT,#)
WRITE (UNIT,*)

WRITE (UNIT, #)
WRITE (UNIT.#)
WRITE (UNIT,*’
WRIT (URIIT, %)
RETURN

END

THEN

hd

hd

b

H

(UNIT)

#wit CALCULATION

FROGRAM FREF&GRED BY
F.GRADSTEIN AND C.3ILLIS,

JANUARY, 15346, 7

ATLANTIC GEOSCIENCE CENTE
BEDFORD INSTITUTE CF GCeak
DARTMOUTH, N.3.. BZY 4&/2°

ANADA’

OF DEFTH-FOROSI

»

=

THEz

F.LLOYD,EB.37AM,

b

{
NOGRAFHY , T
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BURSUR (for bwrial and subsidencs analvsisy vz 5 Fartran 77 0o
discusssd tn Stam. et.al. (1958, Aloorithes ror Somral and o
History. Compubtsrs and Geosciences, vol . (i T
modifired and expanded varsion of an ariginal orooarsas by DL [ss
Deot. of Orcsanagraphv. Dalhousis dni rersi bty Ha};va y Ml T
listing by R. Wood (Fh.D. Thesis, Beolsgv Depachmesnt, Jamberidos
University, U.K.)

X

BURSBUR was written to runm on szn TEBM-FCYT with numerical coorod
using I1BM Professiornal Forftiran YL, 00 and IEBM Linker VI, TS0,
&4 = ape of sedimsnts

U = depth of sedinents
L= lithology

WM = minimuim watsrdepth
WX = maximum waterdspth
-

SLM = minimum height of s=alevel relative o
s2alevel

S = maximum hzight of sealsvel rslative "o
sgealasvel

TZ = array containing decompaction corrsched o

ch laver

UDEB = uncorracted burial depth -

decompaction corrected burial. depth

¥ = water—-filled subsidencs with sediment load corrsction
Y WYX + SLX

YMX = Y + WM + 5LX
Yo+ WX o+ SLM
Y o+ WM o+ S

Y88 = average subsidence dephth

TTL = well nams

N = number of age-—-depth points
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N1 = number of lithological uni+"
1,22 = initial depths used

:t&‘p
IF1,IFZ = decompacted laver depthe
FM = mean porosity
FBM = mean sediment density
FEA = mean density of individual decompacted layers
F& = mean density oFf summed decompactad lavers
Ful zrsity of water (= 103I0)
M = density of mantle (= 3500
D” data frile title
5E0.ASED - thickness and angs of decmmuact Sl ment
wnits {(sel+ compacted
SFRATE -~ decompated sedimsntation imat
M - sediments mass (Fully compacted
MRATE - ssdiment mass accumulation
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AN n

i

i

afn

aon

[

I

v

nnni

aon

[ A ]

i

nn

DCEn O

]

Card 15 & rmomment (D3ET Shzll

Card 2% numbsr of data ooints (WD [

Card E1 obitle (TTLS Shiell MNorth

Card 4 inout f: a2}l denth n
noints will bes con-
veartsd from fest Lo
matres, any othsr
character (m ror
gxamnmle) s no canvar
sion.

Card 3: height of rotary table above 23. 17
sealevel and przsent-dav water- )
depth, sither in f=et or metr=s.

These values will be subtractso
from all down-hole depth (D} mnea-—
surements .

Card é6: entering d or D! ths procgram

will use the default values for F

and € as specified below.
yiou
to enter values for
C for ALL eight litho-

other character:
promptead
F and
logies.
burial. C=
which F decreases
. metre burial.
Card 7-7+N:

F= porosity

the amount

input data free

ANy

will be

with no
by

witmeach-

ane depth WM

faormat. -- 6562, 00, 3S.
Card 7+N+1: lithology codes free 1 68261
format.
thology modes: 1= SBhals (exponential’
2= Sand (exponential)
I= Siltstpne {(suponential’
4= Limestone (exponentiail
Z= Shale (linsar)
b= Sand {linexar)
7= Siltstome (linesar)
8= Lim=stons (linear)
efauvlt F % C values are based mn Labrador Zhel+
r North Sza porositv-depth curve
SET M&XIT NUMEER OF WELL DEPTHS 1IN VARIARLE
INTEGER+2 IM
FARAMETER (DIM=IZ0:
~EaL#4a AIDIM (DDTM , WMDIM) WX DIM) . SILM{DI
- TZADIMGGIM JZT(DIM) (UDZ(DIMI .y (DY)
* YXA(DIM YMXA(DIM) , VXM ODIMY  YHM DT
- “C(DTM) FEMADIM L FSRIDIM,DIM , DERBLIR A
* (DIM,DIMY (WAHIDIM Y33 \lei.D TH(

)

)

:_'[:
i
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™
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)

- = m f—
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]

200

205

A

RESL =4 PR
INTEBER®Z L1 D
charactsr * 7!
charactsr « |
CHARSZTER #3I2

Yaliiss £or grain
data FSG 2700, . 24630,

dat-:( !I: »’I- 7-_"1 113‘1.71 *
data T /1.551Be-4,3
5.58242-5, 3.5

LICi1)="
LIC(2Y=" ¢
LIC(D)
LIC(4)=" (3
LIC(D)
LID(&)=’&5)—SHALE
LICT?)=’(&)—5AND

LIC(@)="(7)-5
LIC(9)=’\8)-LIAE:TDNE

TSTONE

CREDIT

D:ﬂMHﬁ

(57
(DTP, ouv

T30

@ gmmmmDnEX

LOZO.
FM/ (FM=FW)

(33,97 D3E

wos
o B I
fa T/
=]

Y
,93 TTL

-

N I I T In

s oopouo

i
|‘f N~
-
-
-

il

Y N0

a

WRITE
wRIT=
WRITE
WRITE
writs o
FORMAT
WRITE
FORMAT
IF

R e

« mf
ZUx " IMFUT
TUNIT

=
Lo

ML 2R, T
~OHITE=

WOEF=WDEF /2. 2809

LFLERL T ET D
CHITE/Z. 2807

-y e
s

W 2BB80, , 2710, , 2750, . 2650, 2530, . 2710
thelngical paramstars F oand C
;,.70..456,.483,.467,.561/
2. 3928 8~4, 0007 L,

8-o= J,7.3556e -5,.2131==3/
EA{FONENTIA :

EXFONMENTIS :

tXFONENTIHL :

EXFOMENT IAL ?

LIMNESR ’

LINESR :

LINEAR . :

LINEAR :

Ly
20

Z./7007) T exwEs INFUT DATA #%wss’

wrrithe (7,210) rohite,.wdso
FORMaT (:DF.’PDTQFV TAZLE HEIGHT =7 ,.+3.7, 7., WATEFR
WRITE (7.3 °

DE=TH

®

4.

1Y}

ved
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an

HOY

S22

WRITE (7.10Z.
do 1 L=t
REQD 30.%. &I, Dl WMl (Wl Ty, BLM{T)..BLAIL
iF iHF,EQ.'F".DR.HF.EG-’f’ﬁ D(Iy=D(1)/3.28BO7
IF (I..E. ) THEN
WRITE (7,201 ACD),00T M) WX(TY . 8LMII) 8L T, 1001
ELSE
WRITE (7, 1”*, ACD) DIy JWH T WX T BLMIT) SR
EMNDIF
CONTINUE

do 560 j=i,
dijry = d{j
CEFTH (I =L
continue .
IF (&N LE. 100 THEM
SCALE=L
ELLSE
CaLE=1
ENDIF
ML = N -1
RE&D (30, %) (L{J),d=1,N1)
WRITE (7,%y 7 7
WRITE (7,160 MNl, (L(Jr I=i, M)

In cass that the Labrador/North S=a valuss for F and ©
are not beimg uszd, these values have to b2 specifizd
by the ussr; for ALl =ight lithologis=ss.

FLG=0O B
IF ((DEFALT.ME. D" .and. detalt .ne. "d").0R.FLG.NE.DQ) th
CALL INTEXTH
RE“" (%, ’fﬁl\’) [OFT
IF (IOFT.EQ. vy} IORT="Y
;F.(IDF LERLTYT ) THEN

WRITE (b,*) TDOOYOU WISH TGO USE An EXFPOMNENTI&L ~IT77
WRITE (&,%) ’(ﬁnFHbLT FIT IS LIMESR) (Y MyD 7

k.
RESD (%,7 (A1) 7)) JOF
iF (uqFT EQ. Tv®) JDPT=’Y’
IF (JOFT.ER. ‘Y“ THEN
DO 601 I=1.N1,1
L{I)=1
CONTINUE
Ei.5E
CO S0Z2 =1 ,N1,.1
L(I)=7
OWTINUE
ENDIF
WRITE (6,%y "ZNTER THE SINZLE F 2 © Y&ALUES FOR THE®
IF (JORPT.2R.7Y™) THEN
WRITE (5.%) "EXFONENTIAL MODEL IN FREE FORMAT: °
READ (%,%) F(i),C(1)

ELSE
WRITE (&, %) IVEHF MODEL IN FREE FORMAT: °
READ (#,#) F(7)},C(7>

=



W W]

J

ar

LS

3

O0n

EiEE
CARLLL LITHLODE ’
do 788 i=1.3
WRITE {#,111Dv LIS I+1)
Lilo format {(1x, "For lithology code 7, 54320
witite {(%,1111)
iiid format {(1x. ' Plesase tvoce F oand 2, $frze format: 7))
REmD (*,#y FL{I),C{I)
R332 corntinus

=MD IF
ENDIF
CALL BUERYL (LIC,F,C.ICFT/JOFT,DEFALT.,FLSS
IF (FLG.ER, 1) BETO 30

UNMCORRECTED

131

URIAL CALCULATED FROM THE TGOF OF THE SeDIMENTS OLWNW&ARD

DO 2 I=1,n
WHII) = (WA(I) + WM{I)) /2,
UDEB(I} = G(M) — D(I} + WA(I)
2 CONTIMUE

CALCULATE THE ILCAD OF THE FRESENT TAY SEDIMENT CoOLUMN

= |
= Q. .
PACL, 1) = O. -
0 3 KJI=t1,Ni

IF (D{KJ+1:.EQ.D(KJI> BG TO 17
IF (L(3y.67.6) GO 70O 4

ﬂ'l'_lCa

@)

FM = F/C % (EXF(-C # D(KJ)) — EXF{=C % D(J+1)))/(D(EI+1)=DKT
Fi = F{LGI»)/CIL{Tr) #* {(EXP(=C(L{J}} % DEJY) — EAR(=-CIL{S) -~

o DRI+ 2/ (O(KI+1) =D (KI))

GO TD S
17 FSAiKI, 1) = 0.
50 TO A&
& FM = FLLidyy = (1. /720 % Chwl(G3) » (D{EI+1y + DIy,
o F3AT, L) = Fit o ®# FW + (L., — FM) % FSG5L (I
) FS = PSA(EJ.1) % (DYEJ+Ly — DRI ?
g =0 + 1
F =F + F3
T F&(rJ+1,1y = F/DRI+L)
STOFRE LAYERSE
Moo=
DO 7 Jd=i.,N
7 TZ(JJ. M) = Di{J.I)
PRI = GDipb
IF (OTF.2Q.7Y ") THEWM
WRITE (7,%) CHAR{IZ)
EL5E
WRITE (F /77777737
ENDIF
MRITE (7.7 8777370
WRITE (7,7 (20% AZe.AlT: 7 ) " esswe BURIAL ~ND TECTOMIC SUSSILEWIZT

@]



- . 7 DEFTHS ##%#s’
WRITE (7,7 (3&X.82&6, 77737 7 {Ih METERES: A
WRITE (7,113
30 70 3
M= M o+
J=m
CALL DECOMF (L‘r J.FW, D N1 ZFL,DC M, FRA,FAF,C FEG, ZIM
8 IF (ZP1.NELO. HSH&ME = F/IF1L
IF iZPi.E@.Q.) FSiiMy = 0.,
YiMy = ZFL % {((FM — PBMMY I/ {FM — Rl
YEXX MY = Y 4+ (WX (MY + SLE (M) — (SLX M)y « FR)
YEMOM) = Y M) + (W{(M) + SLM(M)) - (BLMM) # PR}
YMX MY = Y IiM) + (WMiFD o+ SLE (M - (SLAM % FRD
YMM M) = YIiMY + (WY + SR fM)) -~ {SLMiMy = FR)
Y55 (M) = (YIiM) + (XM + WM ) /23y = (0(SLX{M +
* ) SIMMY)Y /2y % FRY + ((SLX{M) + SLM{M») /20
IT(MY = ZFP1 + (iRX(M) + WM ) /2.)
WRITE (7,114 A0 UDBMD ,ZT{H) (Y (M), YXX (M), YIMIM,
* YMYX M), YMM (M), YSE M),
* FSM M)
IF (M.EQ.LY BO TO %
IF (M.GT.N1) B0 TO 12
i
(" RESET LEFTH LEVEL AND STORE DECOMPACTED LAYERS
[ -
D{M)=0. -
TZ (M, M)=0,
INC=M+1
DO 10 KL=INC,N
TZ(KL,M)=DC (kL)
10 D(EL)=DC (kL)
070 <2
12 WRITE (7.%) * °
TZ (M, M) =0,
FA (M, M) =0,
WRITE (7,7 (/7737
WRITE (7,300 "LEGEND: & = @i3E OF ::DIMENTS :
WRITE ff.?DU\ ? UDB = UNCORRETCTED BURI DERFTH °
WRITE (7,.300) 7 ZT = DECOMFACTED RURI AL CEFTH °
WRITE (7,310) ° Y = SUBRSIDENDCE WITH SEDIMENT T
+"L.OAD CORRECTION (WATER-FILLED)
WRITE (7,310) 7 Y4X = SUESIDENPE CORRECTEDR FOR °
‘”EDINEM: LOAD, MAXIMUM WATER DEF AND M&X ITMUM ’EALﬁ”’L
WRI (7,310 7 VM = :bESZD:NPE CORRECTED FOR 7,
+’SEDIMEMT LOAD, MAXIMUM WATER DEFTH AND MIWNIMUM SEAL’”""
WRITE (7,31 , YMX = SUBSIDEMCE CORRECTED FOR 7,
+"SEDIMENT LOA& FIINIMUM WA&TER DEFTH AnND M&AX IMUM ﬂmﬁu:'EL
WRITE (7,314 ° YiMM = ZUBSIDENCE CORRECTED FROR 7,
+*SEDIMENT LOAD., MIMIMUM WATER DEFTH AND MINIMUM SEALEVELS
WRITE (7,310 7 Y55 = AVERAGE SUEBSIDENCE (AVERA
+*'GE WATER LDEFTH., AYERAGE SEALEVEL)
RITE (“..10) ! FSHM = MEAN SEDIMEMNMT DEMSITH ine°,
+." LG[};'
C
C



1 0)

LAl ZUATE

(Ful.ly CO0

v
3
e

;Nr\ IF
WRITE
+=
WRITE
WRITE
oo

[l
b et

T3ED
il und snd
[on o =B
S=DE

RE=T

S=7
R2R=

UDBER=

USR=
7TR=
Y53k
SRAT
MR&T
WRIT
CONTIM
CaLL I
IF (T
WRITz
ELZE

-
1-.‘~

WRITE

EMDIF
WRITE
+7 (IN M
WRITE
00 SO0
IF (
T P“
Jk
WR

+

e e oy

SR IMENT

THE 52D T
DR TImMeE

MELACTED

ST

FAN o st
Lo L} =R

THE
UNIT

=

SEDIMENTATION,

P ITRTR T!“F-,\JCE

PR
B

BURTAL

FATED #w%v®s’

2
SUBDILDE
TLSSYTD

(7,115
J=1,nl
TZ(J+1,
AT+
PTH{J+1:-0
SED

TSED/ {ASED*10.

)
(UDB(J\—UDE(J+1"*.1/Q”ED
(DE”* +1'—DEFTH JY) /A (ESED*1G.,)
( J\_ (J+13)*, | /A3ED
—\(Eb\u'—Y”f'+1))* 1/AZE
= (TSEDRD/ASED) /LG,

EWO) SRATE

E (7,116}
UE
NTEXTZ
F.ER. Y7 ) THEN
E (7,.%) CHAROLD)

-

=

ACTY,A(I+1),5,!

Lo Ly o
= . ROF,

U

. USE UDHE

(T, 7K/ 77777)7)

’

(7.

{I8X,a30,1X,A”AZ7
ETERS) FOR EACH AGE
(73077757

K=N, 1, :
F.GE. 14
=14
=K =17
ITE (7,.230)

y
L

T #wssws DECOMFACT

3
EVE L2 X

.
3
—

4
-1
.
2

HEM

TLEVEL

DO
. DO

’F
IF
IF

o

QS I=pM, i,
610 J=1
ﬂCdUF\J)
ONTIN
I

?+1
LLT. LS
(IC._

Pes ,';_

THERN

2

~4



WRITE
ELRE IF
WRITE
EL3E IF
WRITE
EL3E IF
WRITE
ELSE IF
WRITE
zL3E IF

WRITE
EI_BE IF
WRITE
ELBE IF
WRITE
ELSE IF
WRITE
El.SE IF
WRITE

(7.221 A&(I),(DEBURIJ).
(IC.E0.2) THEN

{7,222y &¢I, (DEBUR(J},
(IC.ER.3) THEN

(7.227% adl), (DERUR(J) .
(IC.EQ.4) THEN

(7.2737 &Iy, (DEBUR(JY,
(IC.ER.S) THEN

(7 memes P

)
o) T

(7.22&) A(I), (DEBUR(I),
(IC.EQ.7) THEN
LTV2ZTY AT, (DEBUR(I),
{IC.E%.3) THEN
(7.228) &<l), (DEBUR(J},

)

(IC.EZG&.
(7,229

(IC.E0Q.

I T T MY
(7 230

P THEN
A(I), (DEBUR(3),
10) THEN

4¢1), (DERUR

(J),

J=1,Jk
J=1,JK.-1)

J=I,JK,-1)

ELSE IF (IC.EQ.11) THEN
WRITE (7,231) A(I), (DEBUR(J),J=I,JH,-1)
ELSE 17 (IC.ER.12) THEM
WRITE (7,272 A(I). (DEBUR{S)  J=I,JK,—1)
ELSE IF (IC.ER.13) THEN T -
WRITE (7,237) A(I) (DEBUR(S) ,JI=I,dK,—-17
ELSE IF (IC.EQ.14) THEN
WRITE (7,3d34#) A(I) {DEBUR(J) ,J=I,JK,-1)
ELSE IF (IC.BT.14) THEN
II=JK+ik -1 -
WRITE (7,2734) A{I),(DEBUR({J).J=II1,dK,—-1}
ENDIF ’
&O5 CONTIMUE
WRITE (7,.#%) " ==mscoossos oo SSSSS TSRS S ST RS S IS S =SS ST SR
e+ + -ttt 3 ======= 1
s msm=ssmmme=s
GO0 CONTINUE
IF (OTP.EG."Y™y WRITE (7,%y CHAR{1G)
WRITE (#%,7 (//57)
WRITE (&, %) 7 DUTPUT IS READY FOR FRINTING FROM FILz: 7 ,0UTFIL
FREG STOF )
Z21 FORMAT (1X,FS.1,1X,7 17, 1%X,13(9X) ,F?.1)
2Z2 FORMAT (LX,F3.1,. 14,717 (LY, 123X EFF. 1)
22T FORMAT (1XFO.1.1%,7 171X, 11(9%) ,3F7. 1)
224 FORMAT (14,FS. 1, 16,717 1K, 10(7X) ,4F5. 1)
225 FORMAT (1X,FS. 1,104,717 11X, R{F%) ,SFF. 1)
226 FORMAT (L¥.FS. L1, 5%, 17, 1¥,8(SX",6F%. 1)
2Z7 FORMAT (1X, RSt 1X, " 17 LY, 7(FX) 7R 1)
228 FORMAT (1%, FS.1. 1%, 7 1%, 1%, &8(5%) ,8F%, 1)
229 FORMAT (LA FS. L, 05,717 1X,3(5Y) ,FF=3. 1)
IO FORMAT (1A, F3. 1,157 17, 1X,4{3X: ,10F3,1)
2T1 FORMAT (1R, FS. L 1X 717 1Y, 3094 1IR3 1)
ETZ OFORMAT (tX.FS. 1. by 717 1K, 2154}, 12F5. 11
ATT FORMAT (iX.FS. L 0%, 717 X, 9%, 13F7. 13
274 FORMAT (LK. FS.1.1%, 707, 1%, 14F9. 1)
ZR0 FORMAT (24, TABET 4%, 15(34,F5.1,130)

a



aan

noao

aooa

OO0

Fo FORMAT (20X, "FILE NAME = 7 ,A72)
37 FORMAT (ATD)
79 FORMAT 712
93 FORMAT 1 &80)
100 FORMAT (20X, WELL MHAME - °.AS0
161 FOFMAT (20X, WUMSER OF ABE DEFTH POINTZ. N = *,1I)
102 FORMAT (Z0X," ABE 7, &%, "DEFTH™,2X,7 WHIN ,1¥,7 WMax’
# 2X, "SLMAXT, 12X, TLITHOLORY COBES® .
104 FORMAT ’”ﬁx FS.1,3X,F5.0,2%,FS.0. 1N, FS. 0, 2X,F3. 0, 2%,
104 FORMAT (20X,I2,1X, LITHOLOBICAL UNITS - 7, TOIID)
113 FORMAT «:u«.’ A TL.SX,T UDB TL,Aa%,7 IT &%, ¥
* T YXX VXM T MY 71 VS5
* CORSHT
114 SORMAT (20X.F3.1, 3%, T{F7.1, 240
L1S FORMAT (25X, T 3 R3
* i SR UDBR ITR
116 an”HT (25K, FE. L, " = 7 F5. 13X Fe. 16 (2X.F10. D))
201 FORMAT (20X,F3.1.5K,Fé.0, 2X, F. 0, 1K, F5. 0, 2X, F5. 0. 2X,
+1”x AZZ,ALG)
30O FORMAT (25X, AT9)
T10 FORMAT (25X,AT5.ASS)
END

e K e X o o e e e T A W e I Fo Ao o I e S W T He T T T S e eI E e v e TS e e e e W e Kk e e R R T~

SUB

CALCULATES THHE SEDIMENT LOAD AFT

INTEGER#*2Z
INTEGER+Z
REAL+4
REAL#4

]

F o= 0,
FARIT,M =

IF1
IF

0.
(M.G7.

T =

B™CHSTRIF &
DO &
Z1 = L<(d)

DIM
=(DIr)
D(DIM,
F¢=?

(8]

SED

Iz = D(J+1>
I (ZL.E@

SCLVE FOR ZF
RELSTICN.
o= 1
L = 3.
IF (Li{d).
= X = {I-ZF
LERF(-C(LY
ZEXF A -C (L
X = 1. -

-
-

Ce =+ G}

B ) Bt |

N1)

JL=J N1

ROUTINE DECOME

,D(

|y

=
7

(L,m,J,FW,D,N1

oo

ER Bf

C(DIM),FS
I SCTER S

]

’

B0 TO &

u——

L4

U

a3

~e

-

-~
=

™ 4 %
o~ R -

I

~

44

.-

58

EMTARY

~ g4 Gl

-3 T3

[P

SMIT

brd =]
3 o

~HCE

4
EWTON'S METHCD A
To 3
Iy o+ (R (Li3)) /0
- (Rl gy Tl

* EAF =Ll id0

AIDIM,DIM) . FA

1.0C. M. FSA,FAa,F,C,F

STRIFEINMS &Ml TECO
(DIM, DIM

DoanN ZEFOMENT IsL DE

iGNy % CEHP LT

JrYY W (EHRO-COLL0T)

~

TR b
I B
3
e
2 1
1o n

B

5
‘..I L]



oot

aono

noaon

o= Aa85iX/ 0K

IF2 = Z - X/DX

E = IFP2 % 1.E-4

o= kK o+ i

IF (R.LT.EY B TC 4
IF (R.BT.EY I = ZF2Z
IF (.LE. 10O B0 TO
WRITE (7,112) Z.R.E
50 TO 4

SOLVE FOR ZFZ BY

)

FINDING THE ROOTS OF THE LUAD EQUATION

SUMING

P Y o
Do

LINEAR DEFTH-FCROSITY RELATION.
2B = 1. — FLGIY)
CC = =({1./72.)*C{L{gN) *(ZF1%#2.)) + (IF1 % (F(L{J))-1.2) ~
BA(IZ2=-ZL) # (1.-F({L(J)) + (L./2.%C(L{3)I)*(ZZ+Z1))))
A= 1./20 %= CH(L(IN
IFPZ = (~B + SCURT(B#*%2. — (& % & * CCY)I)Y /(2. % &)
GO TO S
CALCULATE THE MEAN DENSITY OF THE SEDIMENTARY LAYER ASSUMING &N SEXFOMEH
FOROSITY-DEFTH FUNCTION.
A FM = FLI»/C{L(IY: (’"P(—C(L\u)) * IFP1) —BEF(-CU_{J}) =
MIP2YL /(P2 - ZIFPL) . —
G0 TGO 8 -
7 IFRZ2 = IF1 -
PSA(I. M) = Q. .
GO TC < :
CALCULATE THE ™MEAN SEDIMENT DENSITY USING A LIMEAR FOROSITY-TEFTH FLIIC
T FM = FL(IY) — (1./72. % CHL(I))y * (ZFR2 + ZF1))
2 PFSAI.MY = (FM # BW + (1. = FM) % F3G(L{JYYM)
9 FS = FPSA(I.MY % (IP2 - ZIF1)
F=F + FS
FadI+l M) = P/IPZ
IF1 = IFZ2
BC(J+1) = ZFZ
J =J + 1
1 CONTINUE
5 RETURN
112 FORMAT (7100 ITERATIONS® ,2X.,72 = 7,F&.1,1X, "R = " ELl0.3, %X, "8 = °,
- 2l0.3) -
END
SUBRDOUTIMNE CREDIT3 (UMIT)
INTEGER*Z UMNIT
IF (UNIT.:u.c) THEN
WRITE (&5, 1000) %% RURIAL SND SUBSIDENCE ARMALYSIS swsws’
WRITE (&5,1000) ° v
WRITE (6, LU00y " FRGGRAM PREFAFED BY B.3STAM.F.GRALETEIN :
WRITE (5.1G00 7 ANMD D.GILLIS, :
WRITE t:,lﬁﬁﬁ‘ TOJANUARY, 19864, :
. WRITE 2 1000) 7 ATLANMTIC SEQSCIENCE CENTER. :

10



.
o
-t
4 ~i
m

6, 1000y T BED
S
-

wRI E (&, tO0O0) ° DARTMOUTH. N.3., X2Y 442,
WRITE (5.1000) 7. CANADA

WRITE (&6, 10OG0)
WRITE (&, 1000y °

ELSE IF (UNIT.EG.7) THEN
WRITE (7,1010) ° s%s%#+ BURIAL AND SURSIDENCE &
WRITE (’.1ﬁ10) ! '

WRITE (7,.1010) 7 PROGRAM FREFARED BY B.37AM,F.5F
WRITE (7,10103% ° a&anMD D.BILLIZ.
WRITE (7,1010) * J&NUARY, 1784,
WRITE (7,1010: 7 ATLANTIL GEOSCIENCE CENTER,
WRITE (7, 0GL0) 7 ZEDFOGRD INSTITUTE OF SCEANCGRAF
WRITE (7,1010) ° DARTMOUTH, N.3.., B2Y 342,
WRITE (7,1010) 7 C&ARADRA
WRITE (77,1010 °
WRITE (7,10L0) 7
ENDIF
1500 FGPWQT (ARSI
1010 ORM&T (20X,447)
RETbRN
END
> -
SUBROUTINE LITHCODE
) WELitE (O, %) W #%5 SRAHFEHERRRERE LR CRREERFHRR AR EFTST
weite (&,%) "#% You must specifyv both the %7
ite (6,#%) "% F and C values for all eight #*7
write (6,#) "% lithologies (not necesary ab- *7
wrrite (6,%) "% served in the well or section, im#’
write (5,%) "% which casz you can anter any *7
write (&%) "% value). *7
writes (&,%5 "% First F and then £ have to Ge %7
write {&48,%) "% typed in the following crder: #*7
write (&, %) "= *7
witrite (&,%) "% (1:-BHALE EAFONEMTIAL %7
write (&,%) T#® (Z3-=-SAND EXAFOMNEMNTIAL 7
write {(&,#%) 7@ (T)-SILTSTONE EXFGNENTIAL *7
write (5,%) 7% (3)-LIMESTIONE EXFGNENTIAL %7
wirite (&5, "% (5)-SHALE LINEAR %
write (6,%) "% (5)-SAND LINEAR ¥
writas (&,%) "% (THY-SILTSTOME LINEAR *7
write (&H,%) "% (B)-LIMEZSTONE LINEAX 7
wWiite (B, %) 7 HERdik ot b it % T U R TR AR F R A R
RETURM
e
[
SURRDUTINE D3EMAN (SOTF.QUTFN)
CHSRACTER®*L 30TF.3IGFT
CHARACTER#54 INFILE,GCUTFN
c
= disc=+iles managSment
=
i Frogont hto the screen by wwerhing Lo -+,
Wiy ke (%, 20000
TOO0 foraat (1x, Flesse tyvpe fils—nams for input: 7

11
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read (*,2010) intils

2010 formax
OFE T LETATUSZ=" URrr Dk HF:ESS=’S-ﬁHEHT*éL'
e i . statws="old?, form="formatted
wirite 2¢

Z020 format (ix,’ File meme for sutput: T

read (%, 20100 DUTEFN

cosn (7. £ile=0UTFN, statuss"urkrnown’ ., aczegs="ssgueniti =17
ARITE (%, 2025
Call CREDITS (7

SOZE FORMAT {(1X,"4ARE YOU USING aN ZFS50N MY FRINTERT (Y/MN): 73
READ (#,° (A1)7) SOTF : '
IF (SOTF.EG.’ v i aRTR="Y"
IF {S3TR.NE.T 7' THEN

. WRITE (&,#) 7 132 COLUMN FPARFER IS REQUIRED FDOR QUTFUTT
EL3ZE
[P =]

WRITE (&,%) "THE OQUTFUT FILE WILL FRINT 132 COLUMNS ON°,
+ 7 280 COLUMN FPAFER™
ENDIF
WRITE (#,7 (/77"
IF (SOTR.ER. Y™
write (%,Z200)
2200 format (//S9u, T IF for any reason youd wisn ho abort
+ Texecution,’ /%%, vou may typs CTRL-C® /3
FRETURN
END

WRITE (7,%) CHAR(1Z;

s

. -

e
) SUBROUTINE INTEXT -*
WRITE (&,%) ° °
WRITE (&,#%) ° °
WRITE (&,%) "FDOR THIS FILE F & C VALUES MUST BE ENTERED FD
WRITE (&,%) "THE LITHOLOGIES (DEFAULTS 0D NOT AFFLY)
WRITE 1&5,%) ° :
RITE (&,%) DD ¥GOU WISH TO ENTER ORLY®
NFI*’ (5,%) "OME F % C FOR ALL LITHOLOGISST (Y/R): °
RETUR
EN
c
SURROUTIMNE QUERYL SLIC,3F,3C.3ICFT,5J0FT, 30FLT. 5FLG)

REAL BF{(8),5C(3)

CHARACTER #3232 SLLIC{(9).5GFRT#1,510FPT#1,3J0F T+l ,0E5%1,3DFL.T+1
INTEGER 3FLE

SFLG=(

WRITE (%, %) ° LITHOLOGY FARAMETERS ENTEZREDS

WRITE ¢ #,x) T R e M R T T T S TT S S I S R T RS S T B

WRITE (%,%) ° °

IF (STOPT.EQ.°Y') THEN
WRITE (%.#%) "OME FAlIF OF F & o VALUES WERE ENTERED FOF ALL
+' *LITHOLOGIES, T
IF {(3JOFT. E@.TY¥') THEM
WRITE (#.%) "USING AN SXFONENTIAL MOTESL. S

MFITE (¥, *

WRITE (#1010 SF01),80(01

3}



WRITE (%,%) "USING A LIMEAR MODEL. -
WRITE (%, %) 7 ° \
WRITE (%, 10103 SF{7),3C(7)
ENDIF
ZL3E
IF ((SDFLT.ER. 0" .0R.30FLT.ER. "d™).a8ND.3FLE.S3.0) THEN
wnx*; (%, %) ° (FROGRAM DEFAULT VALUES WERET USED)
ARITE (%, %), " 7
DD 100 I=1.3

WRITE (%,10615)

1450 CGNTINUE
xq E =
DO 110 I=1.3 _
WRITE (#, 1000 SLICOI+1 ,SF{T),8C001
110 CONTIMUE
ENDIF
EMDIF
WRITE (#%,%) ° °
WRITE (*,%) "D0 YOU WISH TO ENTER F & T VALUES AGSIN 7 (Y/Miz °
READ (#,7(_A1)7) GES
IF (QES.EQ. v .OR.CES.EQ."Y") SFL
RETURN
100G FORMAT (1X,AZ2,° F=",E%.4,7 =" ,E9.43)
i0l0 FORMAT (1X,7F=",E?.4,° =" ,E%.4&}
1015 FORMAT (1K.H::.1X. r-',E9.4,’ C=",E7.%)
END
.
SUBRDUTINE INTEXTZ
WRITE (7.7 (//7/77)7)
WRITE (77,1000 "LEGEND: T = TIME IN MA BEFGRE FRESENT :
WRITE (7,10103° =) = SEDIMENT THICKMNEEZSS ({(OBRSERVED 7,
TIN METERS :
WRITE (7,10103° 3 = RESTDRED ZEDIMENT THICHMESS INT,
* METERS
WRITE (7,1010)° USSR = UNCORRECTED DEDIMENMTATION R&TET.
TOIN CHSLO00 YT
WRITE (7,101037 ASR = RESTORED SEDIMENMTATION RATEZ W7 .
T CM/LO0OG Y :
WRITE (7,1010)° UDBR = UNCORRECTED BURIAL RATE INM CHM 7,
TLOOO Y ’
WRITE (7,1010)° ZTR = DECDMFALCTED BLURIAL RATE IN CH/7,
TLOOO Y
WRITE (7,1016° YS5R = AVERADE SURSILDENCE RATE IN M7
TLO00 Y :

FORMAT

§ ey

=
(2R ASD)

FORM&T
RETURN
=nND

-—\
-t

(25X, A3 AL



Table 1

Table 2
Depth Sonic Travel Time
873.250 197.967
948.250 189.827
1023.250 178.250
1098.250 163.883
1173.250 163,197
1248.250 186.529
1323.250 176.106

Depth Lithology Code
100
250 1
350 1
610 1
611 6
731 6
831 3
906 8
1006 8
1007 8
1327 8
1467 6
Table 3
Depth Porosity —
50.0 55
75.0 55
100.0 55
125.0 52
150.0 48
175.0 42
200.0 48
225.0 50
250.0 52
275.0 57




Table S.

f
36T
210
1720
1810
2010
S00
2560
2580
2640
2680
2740
2760
2940
2980
2970
3010

F) $o et e G L ) = ) e )

3020
3390
T430
3540
3620
3710
3780
IB6O
T990
4010
4090
4140
4180
3420
3460
3660

RN X I N S WA FRFNE S IR I N

AMOCO 10E MURRE G&7 FT

4680
4970
4540
S116G
3130
S200
[l Lo

Dl
Z20
L8520
7730
7790
7830
7940
8400
FE&O0
10400 1

Bl pRLS - p- - b

Depth Somic Travel Depth Somc Travel Depth Sonic Travel
Tiom Tine Time

a73.2%0 197.967 4098.230 116.077 7322.230 86.789
948,230 189,827 4172.230 127, 433 as. s
1023.2%0 178.250 4248. 230 119,339 77-.05
1098.230 163.8683 4323.2%0 119.600

1173.2%0 165,197 4398.230 107,334

1248.2%0 186.529 4473.230 106,211

1323.2%0 176.106 4748.2320 110,737

1398.23%0 155,038 23.25 11%.267

1477.2%0 151,194 4699.230 111.996

1548, 230 147.910 47732 110,286

1623.2350 139.577 4g48. 250 106,884

1698.2%0 130. 366 4923.2%0 104,036

1773. 250 149.866 4999, 250 107.34S

1848. 230 153,720 2073.290 100,136 9298. 250

1923.2%0 147,728 S1468.239 97,4600 3377.2%0

1999.2%0 133. 686 3223.2%0 94,101 8448, 750
2073.2%0 141,489 3298.250 835.578 83523.23%0

2148.250 131.846 3373.230 89.728 as98.2%0
2223.330 123,244 s448.2350 83.2%0 84673,.250

2298.2%0 138.046 STIT.290 80.897 874B. 230

2373.230 131.368 %3968.230 89.208 8823.250

2448, 30 117.213 2673.250 89,039 8898.220

<523.2%0 1132.978 %748.2350 B86. 430 8977.2350

2T98.2%0 1135.383 °82C.250 80.0467 9048.220

2673.230 116.093 3898. 2% 94,293 9123.:50

2748.2%0 126.372 £973.29 79.248 ?1989.2

2823.220 113,597 S048. 270 74,433 9”73.:5

2898.230 146. 445 123.230 83.13% 9’65.:50

2973.230 147.792 6198.250 84,7463 942,230

2048.2 0 183.339 6277.230 A3.896 9499.29

T123. 2% 113,047 2348, 230 bb&. 641 9%73.2%0 &7.991
z198. 230 124,181 8427.220 86.35314 94648, 230 80,286
3273.330 144,803 498,270 &0.639 9722.220 81,082
3348. 330 118,133 6373.25 74.9% 9798, 230 73.399
Z423.230 83.1446 6648. 250 92.042 9873.2%0 39.97%
T498.3%0 111,930 6737.250 71.308 68,657
2573.2%0 103.929 &798.220 93.091 69,103
3648.2350 107.148 6873.250 93.783 69,077
3723.::0 111.232 6948. 2% 93.2486 68,989
3798, 2 124. 339 7023, @1.4989 27,842
387;.-50 112.320 7098.2350 a9. 499 61,72
I948.22% 107.007 7173.23 90,3472 10378, 280 %T.63%
4023.29 112. 467 7248. 2 84,809



Table &.

Table 7.

AMOCO IOE MURRE G&7 FT
shale

LINEAR: F=0,4552E+00
EXPONENTIAL: F=0.8706E+00
THE BEST FIT 1S EXPONENTIAL.

sandstone

LINEAR: F=0,6601E+00
EXFONENTIAL: F=0,744F9E+00
THE BEST FIT IS EXPONENTIAL.

siltstone

LINEAR: F=0.3817E+00
EXPONENTIAL: F=0,.4252E+00
THE BEST FIT 1S EXPONENTIAL.

limestone

LINEAR: F=0, 6913E+00
EXPONENTIAL: F=0, 1423E+01
THE BEST FIT IS EXPONENTIAL.

all lithologies

LINEAR: F=Q, 31 S3E+Q0
EXPONENTIAL: F=0,9047E+00Q

THE BEST FIT IS LINEAR.

Hes [NPUT DATA dv492

FILE NME - Murre,sub

WELL NAME - Murre G6-67

MUMBER OF AGE DEPTH POINTS, M s 20

INPUT DEPTH NEASUREMENT IN o

UNIT OF NEASURENENT FOR TABLE IS METERS

ROTARY TABLE WEIGHY = 30.000 WATER DEPTH = 47,000

C=0.1618E-03
C=0.1231E-02

C=). 1969E-03
C=0.35466E-03

C=0.1378E-03
C=0. 5647E-03

C=0,2181E-0T
C=0, 963I9E-03

C=Q. 1647E-03
C=0, 1007E-02

AGE DEPTH  SRIN ¥MAI SLNIN SLMAY LITHOLOSY CUDES

0.0 7. 6. & 0, 9
3.3 %0, 73, 100. % 3. (1)-SHALE EXPONENTIAL
3.5 ®. S0, T 0. M. (2)-5AND EIPONENTIAL

2.0 §0. 10, %. 0. &S
8.0 1. 0 0, 0. 100,

(3)-SILTSTONE EIPONENTIAL
(4)-LINESTONE EXPONENTIAL

88,5 ™. %0, 100, 0. 100, 13)=SHALE LINEAR
1.0 831, 200, 500. 0. 100, (b) ~SAND LINEAR
7.5 906. 30, 50, [ - N (7)-SILTSTONE LINEAR

100.0 1004, 6. 10, 0. 9%
148.0 1007. 6, O 0 %
134.0 1327. [ -5 0. 0.
183.0 1487,  %0. %0. 0. 80,
149.0 1587, 100, 200. 0. S0,
176.0 1887, %0, S0, [ 2N X
183.0 007, 5. 8. 0. 30,
187.0 121, 100, 200. 0. 2.,
193.0 an. 100, 200 06 2.
196.0 2%, 75 1%0. 0 10
198.0 777, 0. 100, 02 0.
208.0 2967, 0. 10, [ LB

(81-LINESTONE LINEAR

19 LITHOLOGICAL UMITS - 21 §1233283818811188



T

[ X
8.3+ W3
.5 - 2.0
2.0 - W0
8.0 ~ 8.3
0.5« N0
91.0 - 9.5
97.5 - 100.9
100.0 - 146,
136.0 - 136.0
1360 < 1830
163.0 = 169.0
169.0 - 176.0
176.0 - 183.0
183.0 - 107.0
1870 - 193.0
193.0 - 196.0
196.0 = 198.0
i98.0 - 208.0

LEGEND: T
H
L]
USA

RSR

UDBR = UNCORRECT!

m

+000¢ SEDIMENTATION, 3URIAL & TECTONIC SUBSIDENCE RATES esees

§
153.2
100.0
260.0

1.0
120.0
100.0

730
90,0

1.0
20,0
140,
120.0
00.0
120.¢
120.0
130.9
L0
137.0
0.0

= TINE IN M DEFORE PRESENT
» SEGIMENT THICKNES3 109SERVED) IN METERS

L1}
153,00
156,99
38817

4.4
193,98
120.72

n.a
190,00
1.6¢
39584
247,03
$2b.58
813
54,05
Jeb.06
(M
709. 48
343,30
495,29

UsR
963
(87
1.48
9.00
L4&7
4.00
119
4.0
0.00
4,00
2.00
3.87
.56
n
3.00
.3

10.43

L0

© RESTORED SEDINENT THICKNESS (N WETERS

s UNCORRECTED SEUIMENTATION RATE IN CH/1500 ¥

« RESTORED SEDINENTATION RAVE IN CH/1000 ¥

SURIAL AATE IN CR/1000 ¢

s DECONPACTES BURIAL AATE IN (B/1000 ¥
¥S5R s AVEAMGE SUBSIENCE RATE iN IM/100G ¥

Table Ba.

seaes BURTAL MO TECTONIC SUISIDENCE JEFTHS seeve

in FETERS)
\
A 8 i Y n m ™ L] 153
SSR o M Y580 30 INLG BT 187,90 188,31 14TA2 1453 4SS
0,455 0.56 2.06 ~0.08 3.8 IB0A.S  19In.e 1382 (4R 18824 i4eh  LISTLY 14050
1.19 0.9 47 032 3.5 0.9 B2 1303 MG S 10998 4SS dLd
| 189 1.3 .82 2.0 AT YR LS 13389 1335.8  108A.%F 1IN
XV 0.0 0.10 012 e The 12777 130 1T 2%
4,29 1,00 0.34 -0.49 B3 T bEr] SR v O be L 0 R brp ]
4.83 -1.00 -8.92 -10.% LLPU N 1730 13735 18 18815
1.43 5.7 S.19 4957 .8 1275.5 2.0 12785 1S4 1TSS
7,83 LX) .37 3.8 16,9 1S gL Ui e 0akd
LW 0.01 4,01 5,01 18.¢ 1.3 1504 11723 ilelb 11853
7% 3.8 1.8 .29 (560 12004 11535 11854 11064 13
3.5 L 239 0,48 1a3.0 123.3 1306.5  13LS 112 20%0.3
n .00 27 .43 19,0 12830 1130.6 11830 ileLd l027.0
5,52 4,20 3.80 .34 176.0 10386 10200 1035. 1027.3 1995
3.43 .07 132 2,82 1859 1005.4  SHL.9  i00S.4  Se%.e 19401
022 -0.12 AT .19 1870 11005 1031.4  1080.5 10887 1992.0
1.0 2.% .70 1.00 195.0 10801 L1 3801 1025, 1EDL.Q
1548 1.8 17,98 1047 19,0 15,2 WS a0 0S4 170nT
o1 0.7 e 0.2 1.9 S VRO 4Te) LY WSS
5.35 340 2.5% "5 208.0 10.9 20 [ X} $.0 o
LEBENG: A v ABE OF SEDIMENTS
UID = UNCORRECTED SUATAL JEPTH
17 = DECONPACTED BURIAL GEPTH
¥ s SUSSIDENCE ¥ITH SEDIMENT LOAD CORRECTION (WATER-FILLED)
Y11 = SUBSTOENCE CORMECTED FOA SEDIMENT LOAD, RARIMUA WATER DEPTH AMD NALINUA SEALEVEL
IR » SUBSIDENCE CORRECTED FOR SEDINENT LOA, MAXIRUM ATER GEPYH ANO RININUA SEALEVEL
A1 = SUBSIDENCE CCRRECTED FOR SEDINENT LOAD, "INIMUN VATER DEPTH MO MAIIMUN SEALEVEL
YA« SUBSICENCE CORNECTED FGR SEDIMENT LOAD, MINIMUR WATER DEPYH ANO NININUA SEALEVEL
S5 o AVERAGE SUBSIDENCE (AVERAGE WATER DEPTH, <VERAGE SEMLEVEL!
PSN o REAN STDINENT DENSITY (IN AG/ResT)
Table 8b.
see JECOWACTED MRIAL DEPTH (1N AETERS) FOR EACH AGE LEVEL tooes
u‘v“n. 2000 (90 19,0 1950 7.0 1830 17RO 1.0 1430 1S40 1400 1080 TS N0
2080 ¢ S0 eed  TSST 60,27 1682 18T 1786 2087 1172 2003 ISS2.6 TISR1 9L2 LSS
1980 ¢ T80 4958 11050 1TBV.0 13080 121 . 077.0 0827 2B NG
19%.6 1 2.3 B9 1040 10W.d UTLT IHILS B 08 20102
3010 0.0 B3 92 WD . 1588, 1SM2.0 17400 20881
18,0 ¢ 150.0 3959 ST N7 LIseT  IZIL4 ML MG 1SS (V.Y
3.0 T N0 78,0 10T 109LY 12913 122 1Sl UYL
170 % 0.0 S0 W2 S L4 1B 13107 LS
149.0 ¢ 150.6 Tl W0 T LY 1T 1SN
183.0 ¢ %0 9.8 M3 ML M NN
158,02 [P X - R SRS I N
18,0 4 (X} [T SR ]
100.0 ¢ 3.0 T e
.34 DY IR
"o 36,0

Tahls 8-,



Table 9.

Table 10,

vigo Seamount DSDF-I98

Depth Forosity
S0.0 25
75.0 S5
100, 0 S5

125.0 S2
150.0 48
175.0 42

200.0 48

225.0 S0

250.0 52

275.0 37

300.0 IO

325.0 45

380.0 S50

375.0 45

400.0 40

425.0 40

480.0 30

S00.0 3

S525%.0 30

S50.0 28

500.0 40

625.0 40

650.0 g0

&75.0 39

700.9 et

725.0 30

750.0 40

775.0 40

800.0 30/
25.0 2

850.0 =

875.0 35

900.0 S0 .

FILE MAXE - Y160.5U8
WELL NAME - site 398
NUNBER OF ASE DEPTH POINTS, N s 20
INPUT DEPTH NEASUREMENT [N o
UNIT OF NEASURENENT FOR TABLE [S WETERS
ROTARY TABLE WEIGNT = 0,000

AGE
0.0
1.4
3.4
53

1.2

13.1

n.7

30.0

43.4

2.0

5.8

2.0

63,3

L )

4.5

84,0

91.0

.3

102.0
109.0
1o
1140
119.0
124.0

DEPTH
0.
W.
3.
280.
380.
30,
520,
5b0.
600,
720,
740,
760,
Teo.
800,
850,
920.
930.
1000,
1070,
1300.
1410,
1950,
1840,
1700,

(LU
3910, 3910,
3830, 3850,
J800. 3800.
37%0. 3730,
3700. 3700,
3630, 3630.
3400, 3600.
3300, 3500,
450, 3450,
3300, 3400,
3200, 3300.
3100, 3100,
3000. 3000.
2900, 2%00.
7800. 7800,
2700, 2700,
1800, 2500,
7300, 2300.
2800, 2400,
2300, 2300.
2200. 2200,
2100, 2190,
2030. 2050,
2000, 2000,

Depth Forosity

928.0 40
9T0.0 40
I75.0 0
1000, 0 32
1028.0 40
1030.0 42
1075.0 9
1100.0 41
1125.0 4G
1150.0 42
1178.0 40
1200.0 8
22E.0 40
1250.0 =0
127%.0 33
1390, 0 40
1325.0 I8
1350.,0 =0
1375.0 33
1400.,0 30
1425.0 20
1450.0 30
1475.0 2

1500.0 - 0
1525.0 )
1550.0 30
157S.0 25
1600.0 2

1625.0 25
1650.0 30
1675.0 20
1700.0 20

saet TRPUT DATA seaee

WATER DEPTH = 0,000

SLNAX
0.
2
s.
%
19.
13,
30.
.
0.
45,
70,
15.
3.
5.
90,
100,
100,
9.
a3,
80.
5.
45,
40.
0.

LITHOLOGY CODES

(1) -SHALE EXPONENTIAL
(21-SAND EXPONENTIAL
(3)-SILTSTONE EIPONENTIAL
{4)-LIRESTONE EIPONENTIAL
15)-SHALE LINEAR
(6} -SAND LINEAR
(7)-SILTSTONE LINEAR
(8)~LINESTONE (INEAR

23 LITHOLOGICAL UNITS = 3334444 4345444353555333
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Fig.
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DEPTH (KM)

Murre G-67

BURIAL CURVES

< —
------ (paleo)waterdepth
Sl S decompacted burial
compactad burial
210 180 150 120 a0 0 30

AGE (MA)




ig. 3b.

DEPTH (KM)

! Murre G-67
TECTONIC SUBSIDENCE
VA L L L
i
.
-
subsidence (sediment load corrected, water filled,
tn - ’
averaga water depth and average sealevel)
------ subsidence (sediment load corrected, water filled)
w ] T 1 T 1 I
210 180 150 120 a0 60 30 0

AGE (MA)



Fiq.

RATE CM/1000 YRS

Murre G-67

RESTORED SEDIMENTATION RATE

180

150

T
120

AGE (MA)

80

60

30




-iqg.

Zd.

DEPTH (KM)

Murre G-67

DECOMPACTED BURIAL CURVES

m-—-
*—1
- .
------ Averagae water depth
Burial curves for each age point
o I I I 1 1 I
210 180 150 120 ‘ a0 60 30 0
AGE (MA)



DEPTH (KM)

t site 398
BURIAL CURVES
O
o
a5 <4
e
------ (paleo) waterdepth
1
—————— decompacted burial
compactad burial
© 1 ! : I i l
210 180 150 120 90 el 30
AGE (MA)




Fig. 4b.

RATE CM/1000 YRS
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