BASIN ANALYSIS 2e

PRACTICAL EXERCISES

EXPLANATORY NOTES

You will need your own copy of Matlab software to run these programs

Exercise 3.1

This exercise calculates the subsidence associated with uniform extension of the continental lithosphere for different values of the stretch factor (. Stretching is assumed to be instantaneous and Airy isostasy is assumed throughout. The algorithms for synrift and postrift subsidence are given on pages 80 (equation 3.10) and 82 (equation 3.16) in Boxed Text 3.1 of Allen & Allen 2e.

The initial parameter values can be changed in order to evaluate their impact on the synrift and postrift subsidence. In particular, vary the initial ratio of crustal over lithospheric thickness yc/yL. Use of the bulk sediment density for the infilling material gives curves of ‘sediment-loaded’ subsidence, whereas use of the water density for the infilling material gives curves of ‘water-loaded’ subsidence. The two can be compared. If calculating sediment-loaded subsidence, the bulk density of the sediment column should ideally be obtained from a decompaction program such as in Exercise 9.1. In this exercise, assume that the sediment bulk density is constant, or vary the bulk sediment density within a desired range to account for progressive compaction with burial.

Exercise 3.2

This exercise calculates the lithospheric stretching ( from the thermal subsidence history of a borehole (15/30-1 in the Central Graben, North Sea). The backstripped water-loaded depths versus time are provided in the list entitled “sub”. We consider the postrift phase only.

Thermal subsidence is plotted versus 1-e(-t/(). The slope of the best-fit line is therefore equal to E0((/()sin((/(), which allows the stretch factor to be calculated (see page 82 of Allen & Allen 2e).

Note that the stretch factor thus calculated applies to the subcrustal (mantle) lithosphere and not to the crust. Thermal subsidence begins at 100 Ma.

Exercise 3.3

This exercise calculates the palaeotemperature of a chosen horizon as a function of time since the end of rifting, using the uniform stretching model. The depth of the horizon over time is obtained from a decompaction program using the borehole data of 15/30-1 (Central Graben, North Sea). The horizon is the base of the Lower Cretaceous, which is close to the level of the most important source rocks in the North Sea area.

Temperatures are calculated assuming no radiogenic heat production, conduction in 1 dimension, and a basal aesthenospheric temperature of 1333oC. For the stretch factor, use the value obtained from Exercise 3.2.

Exercise 4.1

This exercise calculates the deflection of an elastic beam overlying a fluid substratum caused by a number of rectangular blocks making up a distributed load. This is analogous to the loading of the lithosphere by a mountain belt load. You can experiment with various load configurations by changing the height h of the rectangular blocks.

Note how the deflections from individual load blocks constructively or destructively interfere. Experiment with different spatial extents of the load.

You can change the flexural rigidity of the plate by inserting new values for Te. 

To simulate a moving load system, such as a fold-thrust belt propagating on to a foreland, calculate the deflection under two load configurations representing the geology of two different time periods, and study the difference between the two deflections: this is the space made available (accommodation) for sedimentation by the tectonic progradation.

The algorithms used differ according to whether the position x is to behind, immediately beneath or in front of the load, and derive from Jordan’s (1981) paper in Bulletin of the American Association of Petroleum Geologists. 

Exercise 9.1

This exercise is a program to decompact a borehole record or stratigraphic section and to remove the effects of the sediment load to obtain the ‘driving’ or ‘tectonic’ subsidence. The tectonic subsidence is corrected for the effects of changes through time of the palaeowater depth and of absolute sea-level (eustasy).

In the paragraph where the initial parameters are defined, the user must insert the thicknesses of the stratigraphic units as obtained from the present day borehole record or outcrop succession, and the depths/heights of the boundaries of these stratigraphic units. The user must also, on the basis of the average lithology of the unit, choose a surface porosity value and a porosity-depth coefficient. The surface porosities and porosity-depth coefficients for a range of lithologies in the North Sea area are found in Table 9.1, p356 of Allen & Allen 2e. Ideally, the user should determine the best parameter values from the sedimentary basin under consideration, since the values in Table 9.1 are not necessarily universal. 

The code carries out a decompaction of each stratigraphic unit in turn, following the method given in Boxed Text 9.1, pp359-360, and the bulk density of the sediment column calculated as a function of time.

The isostatic effect of the sediment load is then removed using the Airy model, to reveal the driving or tectonic subsidence (Boxed Text 9.2, p363).

Palaeobathymetric and eustatic corrections are not performed in this program. If you wish to do this, it is very straightforward to use the algorithm given as equation 9.37 on page 363 (Boxed Text 9.2). To do this, you must compie a table of the palaeowater depth and eustatic sea level for each age of formation or unit boundary. Such information is liable to have large uncertainties. In particular, do not merely insert data for eustasy from the Haq et al. global sea level chart. If you wish, construct a “first-order” eustatic curve such as that of Kominz (1984) – see Fig. 8.30, p303 in Allen & Allen 2e and §8.3.4.

The curves you generate represent the water-loaded corrected tectonic subsidence. When applied to extensional basins, they represent the driving mechanism (thermal contraction) in the postrift phase. As such, they can be sued to estimate the stretch factor for the lithosphere.

