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A compacted thickness correction in the palaeotectonic reconstruction 
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Stefanit~k M. and MaCkowski T. (2000) - A  conipacfed thickness correction in the paIneotectonic reconstruction. Geol. Quart., 44 ( I ) :  
101-108. WWSZ~WEL 

The thickness correction resulting from gravitational compaction is one o f  the significant parameters in ihe reproduction o f  thc 
palaeothickness o f  sedimentary complexes in palaeokctonic reconstructions. Changes o f  sediment thickness during burlal cnuscd by com- 
paction arc taken into account in thc calcutation ofa thickness correction. The reconstruction o f  the layer thickncss may bc based on a qum- 
titntive interpretation of absotuze porosiq changes. Here, an original mcthod of introducing a compacted thickness correction is developed 
in  which two components, a syn-genetic one and a post-genetic one, are separatd and thc continuous process o f  compaction during the 
burial of sediments is taken into account. The proposed approach is simple; l~owevcr, a detatlcd delern~ination ofthe pa1neorhich;ness of the 
layers during their burial invoIves computer crilculntions. In this paper the method is described arid the computation algorithm 1s given. 
Sonie resulls of  nlodelling and computations carried out lor real data f m n ~  the enstern part ofthe Polish Carpalllians and Ponieranian Swell 
arc also givcn. Examples illustmte chmgcs in the recent thickness or layers after introducing the compaction correction. 
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The analysis of the thickness of sedimentary cornpIexes 
pIays a significant role in the reconsmction of the subsidence 
history of a sedimentary basin. Throughout the basin's 
evolution, the tl~ickness of sediments changes as a resuIt of 
gravitational compaction and erosion, This is taken into account 
in the palatothickness 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 geo1ogicaI history 
of sedimentary complexes. 

A measure of the compaction of sediments is the increase of 
bulk density and decrease of total porosity. 1n the case of a 
one-dimensional compaction model, the changes in thickness, 
bulk density, and total porosity are related by the sc-called 
reduction coefficient (Nestorov, 1965; Baldwin, I97 1): 

where: m, mp - rccent and primaty stratigraphic thickness o f a  laycr, re- 

spectively; yr,yp-recent and primary dcwity ofsediments, respectively; rp,, 
@-recent and primary total porosity of sediments, respectively. 

The above given relations can be written in a generalised 
form for two arbitrary moments of geological time, tI and tz : 

where: rl and tz 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 
pressure) and the time of its action (Rieke and Chilingmian, 
1974). Both factors depend on the maximum depth of sediment 
burial to which the enlpirically established compaction params 
ters are referred. The compaction curves are constructed as gen- 
eraIised plots of changes of total porosity, density, and indirect 
parameters determined from well-logs versus depth of burial 
(Nestorov, 1965; GoreIov, 1972; %eke and C hilingaria4 1974; 
Magara, 1978). 
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Fig. I .  Model of progressive compnction 

M- hickness of overburden; 6,- maximum depth of layer buriaI; hd- 
depth o f  layer burial with time To; mr1-tinle o f  layer deposition; To-time 
of deposition of the top of layer complex; T,-recent geological time; T,- 
timc 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, far argillaceous rocks, approximation f i n o  
cions of three kinds are used: exponential, parabolic, and hyper- 
bolic (Gorelov, 1972; Rieke and Chilingarian, 1974; Vially et 
a!., 1990). A set of empiricaI data with great statistical scatter 
can be approximated with a frapment of each curve, giving no 
significant divergence; however, it seems that the physical clw- 
acter of the process tends toward the approximation with the ex- 
ponential curve (Rielce and Chilingarian, 1974; Magam, 1978). 

The compaction curve together with relations [I] and [2] are 
used to compute the compacted thickness correction and, hence, 
to determine tl~e primary (earlier) thickness of layers. Using re- 
lation [l] we can compute the total thickness correction as well 
as the initial thickness af the layer. The initial thickness deter- 
mined in such a way is correct only for thin and homogeneous 
layers. In a pdaeotectonic 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 relaced 
to the post-genetic con~paction 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). Jn this paper we propose an original method for 
convenient and accurate computation of the compacted thick- 
ness correction both for a single Iayer and for a complex o f  sedi- 
ments. 

DESCRIPTION OF THE MEmOD 

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 KuSmierek 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, 32, (in relation to the 
top of the complex) and at a depth, H,. ( in relation to the recent 
surface) is s e p w d  ( 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 coeficienk: 

-an absolute reduction coefficient: 

- a post-genetic reduction coefficient: 

- a syn-genetic reduction coefficient: 

where: mp me mr-thc layer thickncsscs directly after h e  deposition, dur- 
ing thedepositionofthecomplex top, and thc rcoent onc, respctively; cppnrp, 
rp,-porosity of the Iayer; time as above. 

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

Having computed the recent thickness distribution and the 
con~paction curve equation: 

we define the recent porosity, c p ,  for the maximum (recent) 
layer depth, Hri, and porosity in time, To, for the depth of 
burial, hDi. Using relations [3], [4], 153 and [6 ] ,  we calculate 
the reduction coefficients, b, p,, PPG, and the Iayer thickness, 
moi, in time To, and the post-genetic thickness correction, Am,: 

Wliile computing the syn-genetic and total corrections, the 
primary porosity can be taken from the compaction curve (for H 
= 0) or its value can be adopted from sedientological studies. 

To compute the palaeothickness and a thickness correction 
for the layer complex, individual corrections and corrected 
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Profiles of variations of post-genetic Profiles of variations of post-genetic 
and syn-genetic coefficients and syn-genetic corrections 

step of iteration step of bratinn 
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Fig. 2. Iterative computation of exact value ofdensom&ic correction 

M -thickness nf overburden; mh-recent layer thickness: mtj, m2i-layer thickness in sumssivc ikralions; Amli. Am?, - thickness correctio~~ in succes- 
sive iterations: hd, h hi, kl- depth of pelneoburial in successive iterations; computations were made using the compaction curve presented in the paper by 
Gortlov (1972) 

thicknesses are summed. Note that t l ~ e  palaeodepth of burial, hm 
(Fig. 2), determined from the m e n t  thickness distribution, and 
related to the recent position af 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 valtte of the compacted thickness correction for the 
given layer. Thus, the porosity, cpd, computed from hd, is over- 
estimated and the coeficient of the post-genetic reduction, Dm, 
is undemtimatcd (see relations [3]-€51 and [7]). In fact, it is the 
minimum value of Pw that can be computed under the given 
conditions, 

The corrected layer thickness, mil, and the thickness correc- 
tion, Amli, have their maximum values. Introducing the 

correction computed in the first iteration for the layer and its 
paIaeo-overburden, we can determine the corrected depth of 
burial, hi,, which will be maximum in that case. Thus, the csr- 
rected thickness, nf21, and the thickness correction, Amz,, cam- 
pukd h m  hll in the second iteration will. be minimum. Ap- 
plying this procedure a number oftimes, 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 itemions starting from the top of the layer complex. 
Thus, the thickness of the palaeo-overburden is corrected by 
now and does not change in successive iterations. The p to& of 
changes of some chosen parameters during successive itera- 
tions forthe assumed geological medium are shown in Figure 2. 
The example shows a mode1 of an individual layer so that the 
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Fig. 3. Example of  prwity diskibution and a compaction curve (eastern part of Polish Carpathians) 
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Fig. 4. Scheme of computer programme 

first estimation of the palaeodepth of burial, h, is reduced to 
half the layer thickness. It is the position of the top layer ofthe 
layer compIex. 

Apart h m  geostatic pressure and geological t h e ,  the com- 
paction ofsediments is affected by other factors including circu- 
lation of fluids, the content of sedimentary fractions and carbon- 
ate mks, and tectonic stresses (Chapman, 1972; Magam, 1978; 
Waples and Kamata, 1993). As a result, there is a great scatter of 
empirical values of parameters upon which a generalised conl- 
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 inthegeologicaI 
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, cp,, and applying the 
general compaction curve quation (relation [7]), we can deter- 
mine the compaction curve for a chosen complex (Stefaniuk 
and Madkowski, 1992) When the compIexes 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, 33). 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 a1 lows the compaction thickness 
corntion 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. 
T h e  mehod can be applied to the detailed paIaeotectonic 
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analysis of local stn~ctures under conditions of p a t  scatter of 
porosity caused, for exampIe, by abnormal compaction, 

The compaction and compaction curves are different for dif- 
ferent lithotypes. Fur example, for sandstones and sands the 
coinpaction curve has the shape of a tangential function 
(Alekscev el a!., 19X2). Thus, the detailed computation of 
palaeothickness sh~uld be made independently for layers with 
different litl~otypes. 

COMFUTATION OF A THICKNESS CORRECTION 

The above-presented approacl~ is simple; however it in- 
valves the use of a computer. A camputer program was written 
in the Pascal language; the algorithm is shown in Figure 4. The 
program runs in an interactive mode. Tl~e 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 qua- 

tion given by Perrier and Quiblier (1974) and a hyperbolic com- 
paction curve (ViaIly et a[., 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. Tt also 
includes percent contribution of the Iithotype for which the 
computations are made. The program can be used to analyse the 
compaction process during geologica1 history as well as to com- 
pute the corrected palaeothickness in a palaeotectonic recon- 
struction. Examples of msuttc; of the computation are sl~own 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 theu 
mutual relationship. The computations were carried out for a 
geologica1 model consisting of an argillaceous rock complex 
with a constant thickness and a variable depth of burial. The 
compaction curve presentedin the paper by Gorelov (1972) was 
used in the computations. 

In Figure 6 the reconstnrction of the subsidence of the 
Carpathian geosyncline is show11 along the Wola 
Michowa-PrzemySE line (eastern part of the Polish 
Carpathim). 

Examples of the reconskuction of primary thicknesses of 
sediments include chosen profiles of fl ysch formations obtained 
from outcrops and boreholes. These formations were deposited 
in mobile sub-basins developing h r n  the FxIy Cretaceous to 
the Older Miocene. They are characterised by rapid changes in 
thickness and litl~ofacies in the direction perpendicular to the 
strilcc ofthe tectanostratigrapl~ic units. These units were formed 
into complex, disharmonic nappe structures during the 
Neo-alpine tectonic phases. 

The compactian process deviates from the 11orrnal h-end as a 
resi~lt of the conrplicated geometry of structures and the vari- 
abi lily of sedimentary profiles. The anomalous pressures rnea- 
surd in boreholes confm this. Therefore, the actual compac- 
tioil curves are complex and it is difficult to average them. To 

Sy n-genetlclpost-genetic 
correction ratio 

MODEL 

M -changes from 0 to 500D [m] 

10 100 10005000  
depth of burial [rn] 

Changes of correction with depth 

'I00 1000 5000 
depth of burial [m] 

--r-- postgenetic 
--.-- syngenetic - 

Fig. 5 .  Relation bctwwn syn-genetic and post-genetic corrcclions with the 
depth of depression 

compute the thickness correction, a11 averaged compaction 
curve for argillaceous sediments was used. The curve was deter- 
mined from laboratory measurements of porosity of rock sarn- 
ples taken from outcrops (Kuimierek et aJ., 1991). In the recun- 
sfmction, lithostratigraphic profiles were divided into five com- 
plexes: Lower Cretaceous, Paleocene, Eocene, Oligocene 
(subJas10 complex), and Miocene (supra-Jato complex); the 
tops of the complexes were taken as successive reference hori- 
zons. Tie computations were carried out for argiIlaceous 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 die accurate method. 

An example of using the method ta verify the krial  history 
of Carboniferous and Devonian complexes in the Pomeranian 
Swell is presented in Figure 7 (Stefaniuk et a/., 1996). Thick- 
ness corrections for arbimy moments in geological time were 
computed for the Devonian, Carboniferous, and overlying 
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Fig. 6. Exampte o f  subsidence reconstruction along be lint Wok MichowePnrmfll (eastern part of i k  Polish Carpathis) 

1 -Magum Unit; 2 - Ddda Unit; 3 - Sihian Unit; 4 - Skole Unit 

complwres. CompuWom were carried out separately fbr saady into accoun~ The method also enables independent cornputs- 
and silty-clayey li-q and then added up. In colrstruca'ng tions tobe made for sepmkd complexes with anomdous com- 
the subsidence curves, the degree of Lmmide-aged erosion paction process. The cmpubtions are relatively fast and their 
was also taken into aawnt. amracy is affected by the accuracy of the input data done. 

CONCLUSIONS 

The presented approach of computing a compacted thick- 
ness correction allows the accurate recomthlction of the 
pdaeothickness of sediments for any moment of geological 
time to be made. The methdmay be applied tothe thickness m 
construction of thick sedimentary complexes, local structures, 
and single lay= as well. The computations can be d e d  out 
separately far difkmt lithotypes; the differentiation of com- 
paction due to lithohgical chm&ristics of sediments is taken 
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Fig. 7. Subsidence curve for the top o f  Devonian in the Czaplinek IG 1 well (after Stefaniuk at of., 1996) 

A: 1,3 -curves wilhout a compacted thickness correclion; 2,4-curves with a compacted thickness cormtion; 1,2- curves with Laramide erosion esli- 
mated from lithofacies md palaeotectonic data; B: 1 - 2 3  -Pomeranian Aliticlinorium; Szczecin Synclinorium; -Pomeranian Synclinorium; 4-Pmcam- 
brim1 Platform 
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