Chapter 10

Superposed Folds

In zones of orogenic activily it is common to find that rocks have been
subjected to more than one phase of folding. The stresses which cause
folding apparently wax and wane spasmodically, and frequently they also
change in orientation too. In a major orogenic belt, such as the Appala-
chians or the Caledonides. in which a pronounced structural grain extends
for several hundred kilometers, the fold axial trend is homogeneous only
when the attributes of very large geographic areas are considered. When
smaller objects (geographic areas) are studied. the increased detail
reveals a more complex kinematic picture. In many orogenic belts, stress
operated about different axes, and with different intensities, at different
points in the space-time continuum.

As deformation proceeds the physical-chemical nature of the rocks
slowly changes. In consequence, at successive phases slip, flexural-slip,
or flexure folding may dominite within a particular domain: different
types of deformation do not necessarily succeed each other in any
particular sequence. At a given ‘“‘instant™ of geologic time one domain
may be dominated by one type of folding, another dom::in by a different
type that may even be folded about a differently-oriented B-axis. The
spatial distribution of type and style of folding can be similar or different
in a succeeding “instant.” Commaonly, when successive tectonic events
affect an area, superposed folding results: it is very common. and may
develop in any tectonically-active region. and in innumerable dissimilar
tectonic and metamorphic environments.

Superposed folds have been recognized for more than a century.
Scrope (1862, p. 291) referred to the phenomenon and cited examples
from many parts of the world. Clough (in Gunn, ef al., 1897) and Peach
et al. (1907, p. 601) showed that more than one direction of linear
structures (including fold axes) had been recognized in several parts
of Scotland. Although records of similar structures were slow to appear
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in print, superposed folds must have been noticed in the field. For
example, Van Hise and Leith (1911, p. 123) described superposed
folding in the Soudan Formation, Vermilion Iron district, Minnesota,
U.S. A

The cross folding of the district has been only less severe than
the major folding. ... Both the longitudinal and the cross folds
are composite —that is, folds of the second order are superposed
upon the major folds in each direction, and upon these folds are
folds of the third order, and so on down to minute plications.

In 1913 Crampton (in Peach, Horne, Hinxman, et al., 1913, p. 57)
described a “‘double system of folding” (a term borrowed from Peach,
et al., 1907) in central Ross-shire, Scotland. At about the same time
Martin (1916, pp. 96 ff.) described “tranverse folds™ in the Adirondack
Mountains, New York, U.S.A. Tectonists such as Argand (1912, 1915)
were also describing crossing fold trends in the European Alps, and
Kober (1923) and Staub (1924) showed that interest in superposed folds
continued there. _

During the past decade the number of references to multiple folding
has increased rapidly and some very thorough studies have been pub-
lished (see Chapter 11). Nevertheless, despite this growth of interest,
the number of published quantitative geometric syntheses of actual areas
is quite small. Many accounts are partially subjective because suf-
ficiently-detailed quantitative, objective, and appropriate structural data
are lacking; in such cases it is almost impossible to evaluate the geometry
objectively, or to be sure whether the correct interpretation has been:
made.

In Chapter 6 it was demonstrated that, even with very simple folds,
the kinematic picture can be deduced only after complete analysis of the
geometry. It is even more true that the complex kinematic pictures
associated with superposed folds can only be tentative until the geometry
is wholly elucidated. This involves careful definition of the populations
of objects and attributes involved, and the use of clear operational
definitions in the identification and measurement of each attribute.

CLASSIFICATION

First it is desirable to identify some of the variables involved in the
development of superposed folds.
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