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A compacted thickness correction in the palaeotectonic reconstruction
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The thickness correction resulting from gravitational compaction is one of the significant parameters in the reproduction of the
palaeothickness of sedimentary complexes in palaeotectonic reconstructions. Changes of sediment thickness during burial caused by com-
paction are taken into account in the calculation of a thickness correction. The reconstruction of the layer thickness may be based on a quan-
titative interpretation of absolute porosity changes. Here, an original method of introducing a compacted thickness correction is developed
in which two components, a syn-genetic one and a post-genetic one, are separated and the continuous process of compaction during the
burial of sediments is taken into account. The proposed approach is simple; however, a detailed determination of the palaeothickness of the
layers during their burial involves computer calculations. In this paper the method is described and the computation algorithm is given.
Some results of modelling and computations carried out for real data from the eastern part of the Polish Carpathians and Pomeranian Swell
arc also given. Examples illustrate changes in the recent thickness of layers after introducing the compaction correction,
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INTRODUCTION

where: my, mp — recent and primary stratigraphic thickness of a layer, re-
spectively; yy, yp—recent and primary density of sediments, respectively; @,,
¢p—recent and primary total porosity of sediments, respectively.

The analysis of the thickness of sedimentary complexes
plays a significant role in the reconstruction of the subsidence
history of a sedimentary basin. Throughout the basin’s
evolution, the thickness of sediments changes as a result of
gravitational compaction and erosion. This is taken into account
in the palaeothickness reconstruction by introducing a
compaction correction and an erosion correction. In this paper
we deal with the computation of a compacted thickness
correction and thickness changes during the geological history
of sedimentary complexes.

A measure of the compaction of sediments is the increase of

The above given relations can be written in a generalised
form for two arbitrary moments of geological time, ¢, and ; :
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where: ¢ and £, denote earlier and later geological time, respectively.

The compaction of sediments is determined mainly by the
geostatic pressure (more exactly, by its exceeding of the pore

bulk density and decrease of total porosity. In the case of a
one-dimensional compaction model, the changes in thickness,
bulk density, and total porosity are related by the so-called
reduction coefficient (Nestorov, 1965; Baldwin, 1971):

L 0 ) [1]

mp Yr 1—(|J,.

pressure) and the time of its action (Rieke and Chilingarian,
1974). Both factors depend on the maximum depth of sediment
burial to which the empirically established compaction parame-
ters are referred. The compaction curves are constructed as gen-
eralised plots of changes of total porosity, density, and indirect
parameters determined from well-logs versus depth of burial
(Nestorov, 1965; Gorelov, 1972; Rieke and Chilingarian, 1974;
Magara, 1978).
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Fig. 1. Model of progressive compaction

M — thickness of overburden; /1,; — maximum depth of layer burial; /1,; —
depth of layer burial with time Ty, m,;— time of layer deposition; T, — time
of deposition of the top of layer complex; 7, — recent geological time; 7, —
time of layer deposition

In this paper we make use of a plot of porosity versus depth
ofburial. The generalised curve of the relation between porosity
and depth of burial is obtained by solving the regression equa-
tion. For example, for argillaceous rocks, approximation func-
tions of three kinds are used: exponential, parabolic, and hyper-
bolic (Gorelov, 1972; Rieke and Chilingarian, 1974; Vially et
al., 1990). A set of empirical data with great statistical scatter
can be approximated with a fragment of each curve, giving no
significant divergence; however, it seems that the physical char-
acter of the process tends toward the approximation with the ex-
ponential curve (Rieke and Chilingarian, 1974; Magara, 1978).

The compaction curve together with relations [1] and [2] are
used to compute the compacted thickness correction and, hence,
to determine the primary (earlier) thickness of layers. Using re-
lation [1] we can compute the total thickness correction as well
as the initial thickness of the layer. The initial thickness deter-
mined in such a way is correct only for thin and homogeneous
layers. In a palaeotectonic reconstruction, it is essential to com-
pute the layer thickness at that moment of geological time in
which the top of the synchronous horizon was deposited and to
which the palaeothickness is referred. Hence, the thickness cor-
rection included in the palaeotectonic reconstruction is related
to the post-genetic compaction that takes place after the deposi-
tion of the relevant complex. Several different approaches to
solving this problem have been presented in the literature
(Perrier and Quibler, 1974; Liu and Roaldset, 1994; Sclater and
Christie, 1980). In this paper we propose an original method for
convenient and accurate computation of the compacted thick-
ness correction both for a single layer and for a complex of sedi-
ments.

DESCRIPTION OF THE METHOD

The method is based on the analysis of a model of progres-
sive compaction, in which the total compaction of sediments,
continuous in geological time, is divided into two components:
syn-genetic compaction taking place during sedimentation
whose palaeothickness is computed and post-genetic

compaction occurring later (Stefaniuk and Ku$mierek, 1987).
The essence of the method is explained in Figure 1. Below the
top of a sedimentary complex covered with overburden, M, a
layer with a recent thickness, m,, at a depth, 4, (in relation to the
top of the complex) and at a depth, A, (in relation to the recent
surface) is separated (i stands for the number of the layer in the
profile). The thickness of the layer should be small enough so
that vertical changes of porosity within the layer can be ne-
glected. We define the following coefficients:
— an absolute reduction coefficient:

m, 1-¢
Bpg =—L=—?== 3]
m, 1-@,

— a post-genetic reduction coefficient:

m, 1-¢, [4]

Bpg =—=
m, 1-0,

— a syn-genetic reduction coefficient:

B o _1-9p (5]

ny, 1-q,

where: myp, i, my—the layer thicknesses directly after the deposition, dur-
ing the deposition of the complex top, and the recent one, respectively; @p, ¢o,
p— porosity of the layer; time as above.

Note that the above given coefficients are related in the
following way:

Br=BoPrc [6]

Having computed the recent thickness distribution and the
compaction curve equation:

@(H) = @(H = 0)exp(-oH) [7]

we define the recent porosity, ¢,, for the maximum (recent)
layer depth, H,;, and porosity in time, T, for the depth of
burial, 4,;. Using relations [3], [4], [5] and [6], we calculate
the reduction coefficients, B, Bs, BrG, and the layer thickness,
my;, intime Ty, and the post-genetic thickness correction, Am;:

m...
m,; =t (8]

Brc

Amp = Mgi— Mpi 9]

While computing the syn-genetic and total corrections, the
primary porosity can be taken from the compaction curve (for
=0)orits value can be adopted from sedimentological studies.

To compute the palaeothickness and a thickness correction
for the layer complex, individual corrections and corrected
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Fig. 2. Iterative computation of exact value of densometric correction

M — thickness of overburden; m,;— recent layer thickness; m; m2;— layer thickness in successive iterations; Amy;, Amia; — thickness correction in succes-

sive iterations; A, by, hai
Gorelov (1972)

thicknesses are summed. Note that the palaeodepth of burial, /,;
(Fig. 2), determined from the recent thickness distribution, and
related to the recent position of the roof of the layer complex, is
reduced by the value of the post-genetic correction for sedi-
ments in the palaeo-overburden (i.e. deposits overlying the top
of the given layer and underlying the top of the complex to
which the computed palaeothicknesses are referred), and by
half the value of the compacted thickness correction for the
given layer. Thus, the porosity, ¢, computed from /4, is over-
estimated and the coefficient of the post-genetic reduction, Bp,
is underestimated (see relations [3]-[5] and [7]). In fact, it is the
minimum value of Bpg that can be computed under the given
conditions,

The corrected layer thickness, #1;, and the thickness correc-
tion, Am,;, have their maximum values. Introducing the

depth of palacoburial in successive iterations; computations were made using the compaction curve presented in the paper by

correction computed in the first iteration for the layer and its
palaeo-overburden, we can determine the corrected depth of
burial, /y;, which will be maximum in that case. Thus, the cor-
rected thickness, #1,;, and the thickness correction, Any;, com-
puted from hj; in the second iteration will be minimum. Ap-
plying this procedure a number of times, we get — with the as-
sumed accuracy — the real thickness of the layer, m,; in time,
T,. It is known from experience that 3—4 iterations are enough to
get a satisfactory accuracy of computation. It is convenient to
carry out iterations starting from the top of the layer complex.
Thus, the thickness of the palaco-overburden is corrected by
now and does not change in successive iterations. The plots of
changes of some chosen parameters during successive itera-
tions for the assumed geological medium are shown in Figure 2.
The example shows a model of an individual layer so that the
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Fig. 3. Example of porosity distribution and a compaction curve (eastern part of Polish Carpathians)
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Fig. 4. Scheme of computer programme
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first estimation of the palaeodepth of burial, 4, is reduced to
half the layer thickness. It is the position of the top layer of the
layer complex.

Apart from geostatic pressure and geological time, the com-
paction of sediments is affected by other factors including circu-
lation of fluids, the content of sedimentary fractions and carbon-
ate rocks, and tectonic stresses (Chapman, 1972; Magara, 1978;
Waples and Kamata, 1993). As aresult, there is a great scatter of
empirical values of parameters upon which a generalised com-
paction curve is determined, and we should not regard this scat-
ter as statistical error (Fig. 3A). Some complexes for which the
scatter is substantially smaller can be separated in the geological
profile (Fig. 3B). Thus, the compaction process takes place for
individual complexes, depending on a combination of factors
that affect it. Assuming a primary porosity, @,, and applying the
general compaction curve equation (relation [7]), we can deter-
mine the compaction curve for a chosen complex (Stefaniuk
and Mackowski, 1992). When the complexes are duly sepa-
rated, we can compute the arithmetic mean (or the weighted
mean) of porosity and find the compaction curve on the basis of
two known points (Fig. 3B). The compaction curve can be also
determined using the solution for the exponential regression
equation with the so-called stabilised point to avoid significant
errors when a local trend of compaction in the given complex is
anomalous or when there is great statistical scatter of empirical
data.

The above given approach allows the compaction thickness
correction to be accurately computed; the only limitations in-
clude the way of dividing the profile into smaller complexes and
the accuracy of defining the empirical distribution of porosity.
The method can be applied to the detailed palaeotectonic



A compacted thickness correction in the palaeotectonic reconstruction 105

analysis of local structures under conditions of great scatter of
porosity caused, for example, by abnormal compaction.

The compaction and compaction curves are different for dif-
ferent lithotypes. For example, for sandstones and sands the
compaction curve has the shape of a tangential function
(Alekseev et al., 1982). Thus, the detailed computation of
palaeothickness should be made independently for layers with
different lithotypes.

COMPUTATION OF A THICKNESS CORRECTION

The above-presented approach is simple; however it in-
volves the use of a computer. A computer program was written
in the Pascal language; the algorithm is shown in Figure 4. The
program runs in an interactive mode. The post-genetic, total and
syn-genetic thickness corrections as well as corrected thick-
nesses and depths of burial can be computed in two ways:

— using a generalised compaction curve,

—using compaction curves for separated layer complexes.

The program also has an additional option using the equa-
tion given by Perrier and Quiblier (1974) and a hyperbolic com-
paction curve (Vially et al., 1990). The results of computations
made with the two methods for several models (including those
shown in Figure 2) are consistent with an accuracy of about
0.5%.

The input data set contains values for the thickness and
depth of burial of tops of a layer or complexes of layers. It also
includes percent contribution of the lithotype for which the
computations are made. The program can be used to analyse the
compaction process during geological history as well as to com-
pute the corrected palacothickness in a palaeotectonic recon-
struction. Examples of results of the computation are shown in
Figures 5, 6, and 7.

Figure 5 shows plots of changes of syn-genetic and
post-genetic thickness corrections with depth of burial, and their
mutual relationship. The computations were carried out for a
geological model consisting of an argillaceous rock complex
with a constant thickness and a variable depth of burial. The
compaction curve presented in the paper by Gorelov (1972) was
used in the computations.

In Figure 6 the reconstruction of the subsidence of the
Carpathian geosyncline is shown along the Wola
Michowa—Przemys$!l line (eastern part of the Polish
Carpathians).

Examples of the reconstruction of primary thicknesses of
sediments include chosen profiles of flysch formations obtained
from outcrops and boreholes. These formations were deposited
in mobile sub-basins developing from the Early Cretaceous to
the Older Miocene. They are characterised by rapid changes in
thickness and lithofacies in the direction perpendicular to the
strike of the tectonostratigraphic units. These units were formed
into complex, disharmonic nappe structures during the
Neo-alpine tectonic phases.

The compaction process deviates from the normal trend as a
result of the complicated geometry of structures and the vari-
ability of sedimentary profiles. The anomalous pressures mea-
sured in boreholes confirm this. Therefore, the actual compac-
tion curves are complex and it is difficult to average them. To
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compute the thickness correction, an averaged compaction
curve forargillaceous sediments was used. The curve was deter-
mined from laboratory measurements of porosity of rock sam-
ples taken from outcrops (Kuémierek et al., 1991). In the recon-
struction, lithostratigraphic profiles were divided into five com-
plexes: Lower Cretaceous, Paleocene, Eocene, Oligocene
(sub-Jasto complex), and Miocene (supra-Jasto complex); the
tops of the complexes were taken as successive reference hori-
zons. The computations were carried out for argillaceous rocks;
the input data were generalised, and the thickness of the sepa-
rated complexes was multiplied by the coefficient of percent
contribution of the argillaceous lithotype. An error analysis
proves that deviations resulting from the use of the above given
approach are negligible when compared to results obtained
from the accurate method.

An example of using the methaod to verify the burial history
of Carboniferous and Devonian complexes in the Pomeranian
Swell is presented in Figure 7 (Stefaniuk et al., 1996). Thick-
ness corrections for arbitrary moments in geological time were
computed for the Devonian, Carboniferous, and overlying
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Fig. 6. Example of subsidence reconstruction along the line Wola Michowa-Przemysl (castern part of the Polish Carpathians)

| — Magura Unit; 2 — Dukla Unit; 3 — Silesian Unit; 4 — Skole Unit

complexes. Computations were carried out separately for sandy
and silty-clayey lithotypes, and then added up. In constructing
the subsidence curves, the degree of Laramide-aged erosion
was also taken into account.

CONCLUSIONS

The presented approach of computing a compacted thick-
ness correction allows the accurate reconstruction of the
palaeothickness of sediments for any moment of geological
time to be made. The method may be applied to the thickness re-
construction of thick sedimentary complexes, local structures,
and single layers as well. The computations can be carried out
separately for different lithotypes; the differentiation of com-
paction due to lithological characteristics of sediments is taken

into account. The method also enables independent computa-
tions to be made for separated complexes with anomalous com-
paction process. The computations are relatively fast and their
accuracy is affected by the accuracy of the input data alone.
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A: 1,3 — curves without a compacted thickness correction; 2, 4 — curves with a compacted thickness correction; I, 2 — curves with Laramide erosion esli-
mated from lithofacies and palaeotectonic data; B: 1 — Szczecin Synclinorium; 2— Pomeranian Anticlinorium; 3 — Pomeranian Synclinorium; 4 — Precam-
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