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folds are sometimes called parasitic folds. The median
surface of a set of high-order folds defines the folds of
the next lower order. Thus the median surface of a train
of third-order folds defines the second-order fold train,
and the median surface of second-order folds describes
the first-order fold shape (Figure 11.24; see Figure 12.18).

The asymmetry of higher-order folds changes
across the axial sutface of the next lower-order fold, as
seen in Figure 11.24, and this feature is a very convenient
field mapping tool for identifying the presence and lo-
cation of low-order folds. The style and attitude of
higher-order folds are generally very close to those of
lower-order. This correspendence, known as Pumpelly’s
rule, is also a valuable aid in deducing the geometry of
large structutcs.!

Common Styles and Structural
Associations of Folding

Some combinations of style elements accur together so
often in deformed rocks that thesc fold styles have been
given names. Moreover, certain styles of folds are char-
acteristic of particular tectonic scttings. In this section
we describe some of the more common of these asso-
cianons.

Parallel Folds

This style of fold is strictly defined as class 1B for either
single or multilaycr folds. In standard usage, however,
the term applies to class 1A and class 1C folds whose

! The rule is named for Raphacl Pumpdlly, che geologist for the U.S.
Geological Survey who first proposed this relationship, which he
recognized from mapping in the metamorphie rocks of the Green
Mounrains, western Massachuserts, in 1894.

Third-order  Figure 11.24 Illustration of different orders
rnedian of folding. A fold train showing chree orders
surface of folds. The median surface of third-order
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asymmetry of the third-order folds is different
on opposite sides of first-order axial surfaces.

geometry is very close to that of class 1B (Figure 11.20).
Folds of chis style characterize the geometry of fold and
thrust belts, which lie on the matgins of orogenic belts
(Figure 11.2}.

Rocks of these deformed belts are mostly unmeta-
morphosed to lightly metamorphosed layered sedi-
ments. Generally, the folds are approximately cylindri-
cal over distances along the hinge that are large
compared with the wavelength. Hinges are horizontal
to gently plunging, and in the outer regions ncar the
foreland they tend to have upright axial surfaces, widc
aspect, and gentle to open limbs. In the inner part of
the belt closer to the hinterland, the aspect ratio tends
to increase, limbs are tight or isoclinal (Figure 11.17),
and the axial surfaces become inclined ot recumbent
{Figure 11.12), with vergence towatd the foreland.
Hingcs are rounded in some cases and angular in others.

At a depth comparable with their dominant wave-
length, the parallel folds of these belts die out at a sole
fault, or décollement, as required for the geometry of
class 1B multilayer folds (Figures 11.2B and 11.23). This
décollement tends to rise to progressively higher stra-
tigraphic levels toward the foreland in a series of steps
or ramps that alternately parallel and cross-cut the bed-
ding. Some of these folds, called fault-ramp folds, de-
vclop as the thrust sheet slides up thesc ramps {Figures
6.6 and 6.11).

The structure of fold and thrust belts in map view
ts exemplified by that of the Appatachian Valley and
Ridge province (Figures 11.24 and 6.124). The folds
are continuous for up to tens or hundreds of kilometcrs.
They typically die out as plunging structures, and the
shortening accommodated by a fold thar dies out is
taken up eithcr by adjacent folds or by thrust faults.
The higher-amplitude folds are toward the interior of
the range, and both the amplitude and the abundance
of folds decreases toward the foreland. In the Appala-
chian Plateau, for example, the folding angle of the
dominant folds is typically only a few degrees.
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Similar Folds

As stricrly defined, similar folds have the geomerry of
class 2 single and multilayer folds. In common usage,
however, rthe term is applied to fold styles that are very
close to the class 2 sryle but chat range ftom class 1C
to class 3 (Figure 11.20). These [olds are typical of che
regionally metamorphosed central core zones of oro-
genic belts (Figure 11.1). They vary in actitude, and
many are recumbent, although upright and reclined
folds are not unusual. The folds are approximately cy-
lindrical, although the distance along the hinge for
which the cylindrical geometry is consistent is highly
variable. Asymmetric folds are typical. The folds tend
to have large aspect ratios, close to isoclinal limbs (see
Figure 11.17), and angular ro subangular hinges (see
Figure 11.16A). Fold axial surfaces commonly are con-
volute and themselves describe fold systems. An axial
surface foliation is often associated with the folds.
Folds of this style that are large-scale, recumbent,
and isoclinal are called fold nappes (Figure 11.1A and
B).% In some cases, the overturned limbs of chese folds

“

2 The term nappe is 2 French word meaning “cover sheer” or “ra-
blecloth” and refers to any allochrthonous sheetlike body of rock chac
Las moved on a shallowly dipping surface. A nappe may originate
as a recumbent isoclinal fold or as 2 thrust faul.

become sheared out so that the fold is furcher displaced
by faulting, thus becoming a thrust nappe (an example
is the Morcles nappe shown in Figure 11.1A).

Folds in salt domes and glaciers tend also to be
similar folds. In borh settings, the folds are generally
harmonic and tight to isochinal, with subangular to an-
gular hinges. Folds in salt domes are steeply reclined
with their axes parallel to the margins of the srructure,
whereas in glaciers the folds tend to be gently plunging,
recumbent features.

Other Styles of Folds

Chevron and kink folds are cylindrical, harmonic, mul-
tilayer class 2 folds that have angular to sharp hinges,
equant aspect, and gentle to close limbs. Chevron folds
are symmetric (Figure 11.25A, C) and kink folds are
asymmetric (Figure 11.258). Both fold styles commonly
develop in rocks that have a strong planar mechanical
anisorropy such as phyllites and schises, which are char-
acterized by a strong preferred orientation of abundant
platy minerals, and finely laminated rocks such as in-
terbedded sandstones or cherts with shales. In the larter
case, the multilayer class 2 geometry is provided by
alternations berween class 1 and class 3 folds in the

Sandstone —

Shale —

Figure 11.25 A, Chevron folds, B. kink folds, C. chevron folds in a sequence of alternaring layers

such as sandstone and shale.
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sandscones and shales, respectively (Figures 11.25C and
11.22C).

Ptygmatic folds {the Greek word ptygma means
“fold”) are disharmonic folds rhat develop in individual
layers. The folds tend to be equanc in aspect with close

Figure 11.26 Prygmatically folded layers in a
banded marble, Bishop Creek roof pendent,
Sierra Nevada, California.

to fanning limbs, rounded to subrounded hinges, and
class 1B or 1C layer geomertcy. They typically develop
in layers, dikes, or veins in metamorphic rocks (Figure
11.26) and in sandstone layers or dikes in some sedi-
mentary sequences.
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