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Controls on locations of transverse zones in thrust belts

By William A. Thomas1)

ABSTRACT

Thrust-fault surfaces are interconnected within a thrust belt through a three-dimensional system of décollement

flats, frontal ramps, and lateral connectors. The structural profile of each frontal ramp and associated folds generally
persists for some distance along strike and ends abruptly (rather than gradually). The along-strike end of a frontal

ramp is connected across strike to another frontal ramp by a lateral connector (transverse fault, lateral ramp, or
displacement-transfer zone) that transfers displacement across strike. The cross-strike extent of each lateral connector
is limited by the leading and trailing frontal ramps that bound a single thrust sheet; however, in many places, several

lateral connectors are arrayed in an alignment across the strike of a thrust belt, defining a transverse zone. For

example, the Anniston transverse zone is an alignment of sites of along-strike change in each of the frontal ramps in

the southern Appalachian thrust belt. Examples of transverse zones include some that are associated with sub-thrust

basement faults and some that are associated with along-strike variations in stratigraphy.
Lateral connectors and transverse zones are synkinematic with respect to thrust-belt structures and are integral

components of the overall kinematic plan of the thrust belt. Although some lateral connectors are non-systematically
distributed within the allochthon, the systematic alignment of lateral connectors into transverse zones suggests some

fundamental control on the location. Possible fundamental controls are (1) sub-thrust basement faults, (2) basement-

rooted faults in the cover strata, (3) drape folds in the cover strata over basement faults, (4) stratigraphie variations
in the décollement-host strata, and (5) a combination of stratigraphie variations and sub-thrust basement structures.

ZUSAMMENFASSUNG

In einem Kettengebirge sind die verschiedenen Überschiebungsflächen durch ein dreidimensionales System von

Abscherflächen, frontalen Rampen und lateralen Verbindungen miteinander vernetzt. Strukturelle Profile einzelner

frontaler Rampen und der mit ihr verbundenen Falten verändern sich über bestimmte Distanzen entlang der Faltenachsen

kaum um dann plötzlich abrupt zu enden. An diesen Stellen wird die in der Struktur dokumentierte Verkürzung

entlang lateralen Verbindungen quer zum Streichen auf andere frontale Rampen übertragen. Diese lateralen

Verbindungen können als laterale Rampen, enge Transversalstörungen oder breite Transversalzonen ausgebildet
sein. Im Prinzip wird die Ausdehnung einer solchen lateralen Verbindung durch den Abstand zwischen der
betreffenden proximalen und der ihr benachbarten distalen frontalen Rampe bestimmt. Es zeigt sich aber, dass an vielen
Stellen mehrere hintereinanderliegende laterale Verbindungen zu Transversalzonen gebündelt sind. So werden z.B.

an der Anniston Transversalzone in den südlichen Appaiachen praktisch alle frontalen Rampen abgeschnitten oder

versetzt.
Laterale Verbindungen und Transversalzonen entwickeln sich gleichzeitig mit den übrigen orogenen Strukturen

und sind deshalb als integrale Bestandteile des gesamtkinematischen Bauplans eines Kettengebirges zu betrachten.

Auch wenn nicht alle lateralen Verbindungen gebündelt auftreten, muss doch angenommen werden, dass sie sich

nicht zufällig entwickeln, sondern duch regionale präexistente Strukturen kontrolliert werden. Vergleiche mit
anderen Transversalzonen zeigen, dass (1) Störungen unterhalb der Abscherung, (2) Störungen der Unterlage die
bis ins Deckgebirge reichen, (3) Falten im Deckgebirge über Störungen in der Unterlage, (4) stratigraphische
Änderungen im Abscherhorizont und (5) Kombinationen dieser Strukturen die Lokalisation von lateralen Verbindungen
und Transversalzonen kontrollieren.
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Introduction

A thrust belt generally is viewed as a wedge of sedimentary rocks detached at a

basal décollement and thickened as it is translated toward the continental craton (for
example, Davis et al. 1983). Internally, a thrust belt consists of imbricate thrust sheets
bounded by thrust surfaces that are interconnected through a system of flats and ramps
(for example, Rich 1934, Boyer & Elliott 1982, Butler 1982). Thrust faults are
parallel with bedding in flats and cut across bedding at ramps. Frontal ramps and
associated fault-bend folds (ramp anticlines) strike parallel with the trend of the thrust belt,
and at each frontal ramp, the fault surface cuts up stratigraphie section in the direction
of transport (for example, Rich 1934, Laubscher 1965, 1977, Dahlstrom 1969,
Suppe 1983). The structural profile of each frontal ramp/ramp anticline persists along
strike for some distance, but these structures have relatively abrupt (rather than
gradual) along-strike ends (for example, Wilson & Stearns 1958, Laubscher 1965,
1981, 1985, Dahlstrom 1969, Thomas 1985). Structures that are transverse (or
oblique) to the thrust belt (parallel with or oblique to the direction of transport)
provide links across strike between the ends of strike-parallel frontal ramps and are the
lateral equivalents of frontal ramps (for example, Wilson & Stearns 1958, Harris
1970). Such "lateral connectors" include transverse faults, lateral ramps, and zones of
displacement transfer.

The end of a frontal ramp requires some kind of lateral connector to transfer
displacement to another frontal ramp across strike, and the cross-strike extent of each
lateral connector is limited by the leading and trailing frontal ramps that bound a single
thrust sheet (for example, Dahlstrom 1970, Harris 1970, Mitra 1988). A thrust belt
generally includes multiple subparallel frontal ramps of variable lengths, and no systematic

distribution of lateral connectors is required. Nevertheless, in many places,
lateral connectors are arrayed in alignments that are transverse to strike of frontal ramps
and that cross much or all of a thrust belt (Wheeler et al. 1979). In this article, a cross-
strike alignment of lateral connectors is called a transverse zone, and the purpose of
this article is to consider the implications for fundamental controls on the location and
systematic alignment of lateral connectors into transverse zones.

General characteristics of lateral connectors and transverse zones

The geometric relationship of frontal and lateral ramps and ramp anticlines is
illustrated in Figure 1. In a lateral ramp, a transverse fault cuts through the beds between
lower- and upper-level detachment horizons, accommodates an along-strike change of
stratigraphie level of décollement, and connects the orthogonally offset ends of two
frontal ramps (Fig. 1). The transverse fault either forms part of the upper surface of
autochthonous rocks (as illustrated in Fig. 1) or forms the lateral termination of a
thrust sheet (if the frontal ramps are splays from a through-going lower-level detachment).

In a hanging-wall lateral ramp, the allochthonous beds from the hanging-wall
cutoff of the transverse fault are inverted to form the plunging end of a ramp anticline
(Fig. 1/3). The elevation of the fault surface is constant, and the thrust fault cuts bedding

along strike. In a footwall lateral ramp, the allochthonous beds are draped over
the footwall cutoff of the transverse fault to form the plunging end of a ramp anticline


































