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Unique determination of normal fault shape from
hanging-wall bed geometry in detached half grabens

By Richard H. Groshong, Jr.1)

ABSTRACT

The oblique-simple-shear cross-section drawing technique that relates the shape of a bed in the hanging-wall
rollover above a detached normal fault to the shape of the fault does not provide a unique solution unless the dip of
the simple shear plane is known. The magnitude of the layer-parallel strain proves to be a constraint that allows the

fault shape to be uniquely determined by this method. The layer-parallel strain in the rollover depends upon the dip
of the shear plane and the amount of simple shear, the latter being a function of the dip in the rollover. If the dip and

the layer-parallel strain in a key bed can be measured, then the dip of the shear plane can be calculated. The shear-

plane dip, smoothed hanging-wall bed shape, and offset on the master fault are used to predict the master fault shape

by the method of oblique simple shear. The computed dip of the shear plane is fairly sensitive to the strain in the

rollover; consequently the strain provides a tight constraint on the fault geometry. The inversion technique works well
with experimental models and provides a geologically reasonable master fault shape when applied to a seismic cross
section of the Malawi rift.

ZUSAMMENFASSUNG

Die Querprofil-Konstruktionsmethode der schiefen einfachen Scherung, welche die Geometrie einer Schicht im

Rollover der Hangendscholle über einer Abschiebung mit der Geometrie der Abscherfläche in Beziehung setzt,
erbringt ausser in den Fällen, wo das Einfallen der Scherfläche bekannt ist, keine eindeutige Lösung. Die schichtparallele

Deformation erweist sich nun als eine kritische Grösse, mit welcher sich die Geometrie der Abschiebungsfläche
mit dieser Methode dennoch eindeutig bestimmen lässt. Die schichtparallele Deformation im Rollover hängt von der

Neigung der Scherfläche und dem Betrag der einfachen Scherung ab, wobei letzterer eine Funktion des Einfallens
des Rollovers ist. Können Einfallen und schichtparallele Deformation eines Referenzhorizontes bestimmt werden,

so lässt sich daraus das Einfallen der Scherfläche berechnen. Das Einfallen der Scherfläche, die ausgeglättete
Geometrie der Schichten der Hangendscholle, sowie der Versatz auf der Hauptbruchfläche werden verwendet, um die

Geometrie der Bruchfläche mit der Methode der schiefen einfachen Scherung zu bestimmen. Da der errechnete

Einfallbetrag der Scherfläche recht empfindlich auf Änderungen des Deformationsbetrages im Rollover reagiert, lässt

sich mit Hilfe der Deformation die Geometrie des Bruches eng eingrenzen. Diese Inversionstechnik führt zu guten
Resultaten für experimentelle Modelle und ergibt eine geologisch vernünftige Geometrie der Hauptabschiebungsfläche

bei der Interpretation eines seismischen Profils durch das Malawi Rift.

Introduction

A long-standing goal in structural analysis is the correct interpretation of the deep
structure from shallow and/or incomplete data. The currently most successful

approach for the direct inversion of shallow data into a complete, internally consistent
cross section is the method of balancing cross sections (Chamberlin 1910; Bücher
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1933; Laubscher 1962, 1965; Bally et al. 1966; Dahlstrom 1969; Gibbs 1983;
Woodward et al. 1989), a technique that has evolved from a test of cross section
geometry into a methodology for drawing complete cross sections from partial data (Ver-
rall 1981; Suppe 1983; Geiser et al. 1988; Rowan & Kligfield 1989). There is no
unique balancing method, however. Different methods are required for different structural

styles and a variety of alternatives are seemingly possible for even a single style.
Most extensional structural styles fall into one of four major groups (Fig. 1): full
grabens, independent half grabens, domino half grabens, and rotational glide-block
graben systems. Cross sections of one style, independent half grabens developed above
listric or ramp-and-flat faults, can in favorable circumstances be uniquely inverted to
find the fault shape if the strain in the hanging-wall is known. All four styles are briefly
described in order to better characterize the style of interest here.

b.

e.

f.
Fig. 1. Extensional structural styles, (a) Undeformed full graben, (b) Deformed full graben above detachment,

(c) Independent half graben above listric master fault, (d) Independent half graben above ramp-and-flat master fault,

(e) Domino half grabens. (f) Rotational glide-block system.
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A full graben (Rosendahl 1987) is bounded on both sides by normal faults having
nearly equal amounts of displacement. An undeformed full graben (Fig. la) can
develop where the region below the faulted layer moves to make space for the graben.
This style is produced experimentally if the graben can drop into an open space
(Cloos 1968). Internally deformed full grabens (Fig. lb) occur above a detachment.
This style has been produced experimentally by non-uniform extension above a

stretched detachment (Stewart 1971) and by earthquake-induced slope failure
(Hansen 1965). Profiles across the Rhine Graben between Speyer and Karlsruhe
show it to be a relatively symmetrical, internally deformed full graben (Doebl &
Teichmüller 1979) as are the detached grabens of the Dinkelberg-Tabular Jura

(Laubscher 1982). Large-scale extension accommodated by small displacements on
many conjugate faults may result in small but relatively undeformed full grabens
(McClay & Ellis 1987a, 1987b).

There are several types of half grabens. A half graben is bounded on one side by
a master fault and on the other by a limb that dips toward the master fault. One type
of half graben develops above a listric fault which may show either smooth curvature
(Fig. lc) or a ramp-and-flat style (Fig. Id). This style is here termed an independent
half graben because the graben is not necessarily linked to any other graben and to
distinguish the style from domino half grabens which must be kinematically linked to
adjacent domino half grabens. In an independent half graben, the limb dip toward the
master fault has been termed reverse drag by Hamblin (1965) and antithetic dip by
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Fig. 2. Ramp-and-flat independent half grabens with domino-block extension in the rollover. Relationship between

dip of the master fault, O, and dip and amount of extension in the rollover from Groshong (1989). Domino-block

geometry from equation 9; <t0 cutoff angle of domino-bounding fault, (a) Domino-block faults begin exactly
antithetic to 60° dipping master fault: bedding in limb remains horizontal, (b) Domino-block faults (60° dip) begin
antithetic to but steeper than 45° dipping master fault: bedding in limb dips away from master fault, (c) Domino-block
faults (60° dip) begin synthetic to but steeper than 45° dipping master fault: bedding in limb dips toward master fault.
































