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Figure 13.25 Mineral slickenlines on the slickenside of a fault
surface.

These lineations may not always be distinguishable from
scructural slickenlines such as those shown in Figure
4.8A, B, and the two types of lineations commonly occur
together.

Nonfibrous overgrowths are concentrations of one
mineral-—commonly quartz—around inclusions or
grains of another mineral such as garnet or pyrite. Both
nonfibrous and fibrous overgrowths are often referred
to collectively by the genetic term pressure shadows.
Such overgrowchs may define a polycrysealline mineral
linearion if the overgrowths are elongate and have a
preferted orientation. Mineral grains in the overgrowth
do not necessarily have a dimensional or crystallo-
graphic preferred oriencation, so the lineation is dcfined
strictly by the dimensional preferred orientation of che
overgrowth (see Figure 13.26B).

Mineral Grain Lineations

Three typcs of mineral grain lineations commenly occur
in rocks. They are formed by acicular {needle-shaped)
minerals, by elongate mineral grains, and by mineral
fibers, respectively. The grain shape may, but need nor,
be simply related to the crystallography.

Some mineral grains, such as amphiboles and sil-
limanite, naturally grow with a prismatic or acicular
habit. If their long axes have a prcferred orientarion,
such minerals define an acicular habit lineation. If one
crystallographic axis {thc ¢ axis in amphiboles and sil-
limanice, For instance) parallels the long axis of each

mineral grain, the lineacion is parallel to a crysrallo-
graphic preferred orientation.

Under some conditions, elongated grain lineations
may form in a rock by deformation of preexisting equanr
mineral grains into aligned elongate forms. Such mineral
grains approximate triaxial ellipsoids in shape, and che
linearion is parallel to rhe longest axis of the ellipsoids
{see Figure 13.19C). These linearions are similar ro the
discrete lineations described in Section 13.7. Crystal-
lographic axes usually are aligned as well, but thar align-
ment need not be parallel o the morphologic alignment
of the mineral grains.

Mineral fiber linearions are formed by very elon-
gace crystal grains of a particular mineral—commonly
quartz, calcite, chlorite, or serpentine. The structure and
composition of the mineral fibers are so distinct from
those of the rock in which they occur that it is clear the
fibers have grown in che rock during deformation. They

Figure 13.26 Mineral fiber linearions. A. Curvilinear serpen-
rine slickenfibers on a faulc surface. B. Quartz fiber over-
growths on a pyrite grain in phyllice.
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occur packed densely together in fibrous sheets or
bunches in which all the fibers are strongly aligned in
either a linear or a curvilinear arrangement (Figure
13.26).

Mineral fiber lineations are commonly found as
surficial lineations both in fibrous vein fillings in veins
and as slickenfiber lineations along fault planes (Figure
4.8C, and 13.26A). In both cases, the mineral fibers have
a very strong preferred orientation, which Is generaily
at a high angle to the vein wall and at a low angle 10
the fault surface. Mineral fiber lineations may also form
a penetrative lineation, where they occur in strongly
oriented fibrous overgrowths on crystals ot particles
throughout the rock (Figure 13.26B). These lineations
are commen in low-grade metamorphic rocks.

if the fibers in any of these mineral fiber lineations
are strongly curved (Figure 13.26A), or if they occur on
planes that have a wide diversity of oriencation (Figure
10.17C—E) it may be difficult to define a unique lineation
for the rock. Nevertheless, the study of these mineral
fibers can yield significant information about the de-
formation and its history during the fiber growth.

The very strong linear preferred orientation of the
fibers need naot reflect a comparable preferred orienta-
tion of their crystallographic axes. Many mineral fiber
lineations display nearly random distribution of crys-
tallographic axes, although most quartz and calcite fiber
lineations have a strong crystallographic preferred
orientation.

Associations of Lineations with
Other Structures

Lineations rarely are the only structure in an area, and
the way they are refated to other structures can help us
understand the structural hiscory. The fabric of some
rocks is completely dominated, at least locally, by a
lineation. Pencil gneisses, are characterized by a strong
pencil lineation. Many lineations, however, are parallel
ro and lie within foliations or other planar features, and
many are geometrically related to fold axes. A given
area commonly contains different types of lineations,
which may all have the same orientation, although chat
is not necessary.

Lineations and Foliations

Some lineations are defined ac least in part of foliations,
and of course these types must be parallel to that fol-
iation. Intersection lineations (Figure 13.204), including
pencil cleavage (Figure 13.208), must be parallel to the
surfaces that defines them.
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Other lineations are defined by features chat char-
acterisrically lie in a foliation. Acicular mineral graing
may be oriented parallel to a plane, defining a foliation,
and rhey may also have a preferred orientation wirhip
the plane, defining an acicular habit linearion. Fold hinge
lineations, fold mullions (Figure 13.224), and in many
cases rods (Figure 13.23) depend on folding for their
linear character. ! the folds are associated wirh an axial
surface foliation, then these lineations must be parallel
to that foliation. Discrete lineations and mineral cluster,
acicular habit, and elongated grain lineations also com-
monly lie in a foliation defined by platy minerals.

Some lineacions, such as boudin lines, mineral fiber
lineations, and structural and mineral slickenlines, are
not defined by a foliation and do not contribute to the
definirion of one. Whether such lineations parallel a
foliation depends on the geometry of the deformation.

Lineations, of course, may develop on surfaces
other than foliations. Slickenlines and slickenfibers are
often found on fault surfaces, and slickenfibers may be
found on bedding surfaces in some circumstances, es-
pecially associated with flexural-slip folds. Fold hinge
lineations, boudin lines, and fold mullions must be par-
allel to the lithologic layers in which they develop. In-
tersection lineations involving lithologic layering, of
course, must lie in the plane of the layering.

Lineations and Folds

The relarionship between folds and lineations can be of
major importance In our efforts to decipher the struc-
tural geometry of an area and interpret the conditions
under which the structures formed. Some lineations,
such as fold hinge lineations, fold muliions (Figure
13.22A), and rods (Figure 13.23) are generally parallel
to the regional distribution of fold hinges. An intersec-
tion lineation defined by a folded surface and by the
axial foliation to the folds also parallels the fold axis
if the folding is close to cylindrical. Mineral lineations
also are commonly parallel to fold hinges.

Because lineations are generally smaller-scale strue-
tutes than folds, and because small-scale scructures com-
monly reflect the geometry of large-scale structures, it
may be easier to map the geometry of fold hinges by
mapping the orientation of the appropriate lineations.
The parallelism of a particular lineation with the hinges
of a particular generarion of folds, however, must be
established independently.

. Lineations such as boudin lines, acicular mineral
grains, elongare mineral grains, and mineral cluster lin-
eations, as well as discrete lineations and overgrowth
lineations, may be found eicher parallel or perpendicular
to fold axes. Some lineations, such as acicular habit
lineations, have also been observed to be parallel to fold
axes in hinge zones but perpendicular to them on the




limbs. Slickenfiber lineations on folded bedding surfaces
are usually perpendicular to the associated fold hinge.
They are most strongly developed on the limbs and fade
to nonexistent in the hinge zone.

Less often, lineations are found ar arbitrary angles
to fold axes. Such a geomerry is usually the resulc of
the deformation of earlier lineations, as discussed in
more detail in Chapter 16. Other possibilities cannot

be dismissed, however, and each situation requires in-
dividual investigation. )

Lineations often can be used to infer the distri-
bution and geometric characteristics of the deformation
in an area. We postpone discussion of these topics uncil
after Chapter 15, where we introduce the concept of
strain as a measure of deformation (see Section 16.7).
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