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A newly recognized type of slickenside striation
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Abstract—This note summarizes current views on the origin of slickenside striations and points to the existence
of a type of striation not readily explained by established genetic ideas. Such striations have been seen on fault
surfaces in naturally deformed shale and in experimentally deformed paraffin wax. They are defined by arrays of
shallow, slip-parallel ridges and grooves of millimetric width and below. On any given slip-surface, the ridges are
as common as the grooves and display similar dimensions and profile shapes. Across any pair of slip-surfaces in
contact at the end of faulting, ridges protruding from one surface fit into or nest with grooves on the other surface.

The origin of these features is not yet understood.

INTRODUCTION

CLassicaL slickensides are smooth or shiny fault surfaces
commonly striated in the slip direction. Some workers
refer to the striations themselves as slickensides (Hills
1972, p. 179, Angelier 1979, p. T18) but this is probably
not a good idea, for reasons explained by Fleuty (1975).

Closely related to slickensides in the classical sense
are other kinds of fault surfaces which are not particu-
larly smooth or shiny but which do bear a prominent,
slip-parallel lineation. These include fault surfaces
covered with mats of parallel crystal fibers (Durney &
Ramsay 1973), vein-bearing surfaces with a slip-parallel
lineation but no present crystal fibers, and surfaces of
lineated, cemented or uncemented gouge (Engelder
1974). Many field workers thus extend the term slicken-
side (as I do in this paper) to cover all of these features,
from classical slickensides where surface shine is the
essential feature, to less shiny types where the lineation
dominates.

Slickensides are familiar in fault zones and on the
surfaces of rock layers that have been folded by flexural
slip. They have been used by generations of mappers to
ascertain the direction and, in some cases the sense of
slip, but they have never been exploited much to esti-
mate the rate and depth of slip events, or the magnitudes
of incremental and total slip displacements. The prob-
lem has been that not enough is known about the various
kinds of slickensides that exist, the processes by which
they form, and the ways in which their measurable
properties correlate with slip processes and parameters.
With seismological and tectonic interest in fault rocks
increasing, the time seems ripe for a new wave of
research on the structure and significance of slicken-
sides. Indeed a start has already been made, by Petit et
al. (1983), Gamond (1983), Gray (1984), Petit & Laville
(1985), Guiraud & Seguret (1985), and by several papers
in the present Special Issue.

CURRENT VIEWS ON THE ORIGIN OF
SLICKENSIDE LINEATIONS

There have been at least five distinct explanations for
slickenside lineations. They are illustrated schematically
in Fig. 1, where the resulting elongate features are
referred to informally as ‘scratches’, ‘streaks’, ‘tails’,
‘fibers’ and ‘spikes’.
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tails fibers
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Fig. 1. Types of slip-parallel linear features on slickensides. (a)
Grooves or scratches resulting from asperity (A) ploughing. Upper
groove with sheared-off asperity at its down-slip end. (b) Debris
streaks trailing soft asperity (SA) or accumulated in lee of hard
asperity (HA). (c) Tails of erosion-sheltered material on the down-slip
side of hard asperities. (d) Fibers (F) and rod (R) of vein material
filling potential voids behind steps or asperities, respectively. (e)
Spikes on a slickolite surface. (f) Newly-recognized type explained in
text.
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Asperity ploughing

This 15 the ongnal idea to account for lineations
defined by turrows. grooves or scratches on slickensides.

A protuberance moving with one side of a pair of

shearing surfaces mterfaces geometrically with the other
side and scores a groove in it (Fig. 1a). The protuberance
may be a part of the surface with which it moves or a
piece of debris from either surface, moving at a velocity
intermediate between the velocities of the two surfaces.
Excavation of the groove may be accomplished by a
variety of brittle or ductile deformation processes. The
term "ploughing’ is sometimes reserved for ductile cases,
but I use it here in a more general way. Grooves scored
by asperity ploughing are commonly called ‘wear
grooves'. ‘wear tracks’ or ‘tool tracks’. They are familiar
from frictional shiding experiments on rocks (e.g. Engel-
der 1974, LaFountain et al. 1975).

Debris streaking

Debris streaking produces slip-parallel elongate
bodies of gouge or consolidated gouge, by at least two
mechanisms (Fig. 1b). A soft asperity may wear down,
leaving a debris track on the other surface, or debris may
become piled up fore and aft of an asperity, in the
manner claimed for some glacial drumlins.

Erosional sheltering

When a surface bearing hard particles is eroded by a
moving layer of cataclastic debris, elongate ridges on the
down-slip (cf. *"down-wind’) side of each such particle
will be sheltered from erosion (Fig. Ic). J. R. Andrews
(work in preparation), refers to the face of the hard
particle and the remnant ridge trailing it as ‘crag and tail’
structure. Tiia (1967) referred to such features as “trails’.

Fiber growth

Lineations of this kind develop by growth of elongate
crystals (commonly quartz or calcite) parallel to the local
displacement direction across slowly dilating potential
voids on fault surfaces (Durney & Ramsay 1973). Most
commonly, the fibers compose mats or sheets of many
individuals. but a similar process can produce single-
crystal or polycrystalline rods of the vein material com-
pletely surrounded by the native rock or its cataclastic
derivatives (Fig. 1d).

Slickolite formation

Slickolites (Bretz 1940) are like stylolites in being
dissolution surfaces with spikes and columns pointing in
the displacement direction. Unlike ordinary stylolites,
however. the spikes and columns of slickolites point
subparallel to (rather than subnormal to) the surface as
a whole (Arthaud & Mattauer 1972). They are thus the
inverse of crystal fiber slickenside lineations (Fig. le).
Dissolution rather than precipitation causes them, and
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they indicate ship wath local volume decrease instead ol
volume increase. Shickolite lineation and crystal fiber
lincation may occur close together on the same fault
surface (Mattauer 1973, p. 347) if the surface undulates
about the slip direction. A striking llustration of slicko-
lite lineation is provided by Mattauer (1973, p. 345).

THE NEW TYPE OF STRIATION

The new type of striabon was recognized first in
paraffin wax sheared experimentally in a direct shear jig
(Fig. 2). at room temperaturc. 3 x 10 * ms ™' slip rate.
The wax used was a relatively hard white wax (MP 62°C)
made black with candle dye. The fault surfaces are shiny
dark surfaces (classical slickensides) with a pronounced
slip-parallel striation. The distinctive features of these
striations are: (1) that ridges are as common as grooves
and have similar dimensions and shapes in profile as the
vrooves: and (2) that the topography on one side of a
pair of slickensides in contact at the end ot shearing nests
congruently with topography on the other side. Thus
ridges on one side fit perfectly into grooves on the other
side. and vice versa (Fig. 1f}.

Figure 3 demonstrates the nesting property. Figure
3(a) shows the footwall slickenside of a mated pair of
slickensides. Figure 3(b) shows an epoxy cast of the
corresponding part of the hangingwall slickenside. Nest-
ing is demonstrated by the similarity of the two pictures,
since the cast (which 1s known to nest with the hanging-
wall) matches the foorwall closely.

Figure 4 shows transverse striation profiles in two wax
specimens. as traced from photographs of sawcuts
through epoxy casts of the slip surfaces. The largest
ridges and grooves are millimeters across but typically
less than o millimeter high or deep. Their flanking
surfaces typically make angles of 25° or less with the
rrace of the fault surface as a whole. Two ridge and
groove profiles are common: shallow U-shapes with flat
tops or bottoms or V-shapes lacking flat tops or bottoms.
Superposed on the coarsest topographic features are
various liner striations, often an order of magnitude
finer than the coarsest features, and too small to show in

FFig. 2. Dircct shear jig tor taulting blocks ol paratfin wax {stippled).
FFront and buck cover plates removed.
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Fig. 3. Nesting of striations on slickensides in wax. (a) Footwall slickenside. (b) Epoxy cast of hangingwall slickenside
Equivalence of (a) and (b) demonstrates nesting, as explained in text. Scale bar 1 mm.
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Fig. 6. Nesting of striations on natural slickensides from Latham, New York. (a4) Specimen as collected, with sawcut

perpendicular to slickensides and approximately parallel to striation. (b) Specimen parted on slickenside and opened like a

book. (¢) Schematic view in plane normal to axis of opening, showing how features that nest, like surfaces A and B, arc

parallel and therefore reflect light equally when the fault is opened up as shown. (d) Photograph of slickensides showing

mirror symmetry of light and dark stripes across the axis of opening, indicating a high degree of nesting. Scale bar | mm.
Techniques used here and in Fig. 3 are alternative wayvs to examine slickensides for nesting.
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Fig. 4. Striation profiles from two wax specimens, showing shallow
U-shaped ridges (R) and groove (G), V-shaped ridges (r) and grooves
(g), and a cascade (c). No vertical exaggeration.

Fig. 4. These commonly take the form, in profile view, of
‘cascades’, with the traces of surfaces parallel to the fault
as a whole alternating with the traces of surfaces inclined
in one direction relative to the fault surface as a whole.
Examples of cascades are shown on the right half of the
slickenside in Fig. 1(f) and at the right end of profile
WS-49 in Fig. 4.

Striations morphologically like the ones in wax are
seen in some naturally sheared dark shales and
mudstones. Examples are shown in Figs. 5 and 6 of
striation profiles and nesting in shale slickensides from
Latham, New York. These are black slickensides in
black rocks, with no evident quartz or calcite vein
material in the plane of the slickensides.

DISCUSSION

The type of slickenside striation described above is
new in the sense that it is not readily explained by any of
the current ideas about how such features form. It may
have been noticed already by many workers, but I know
of no published accounts. The most nearly similar fea-
ture is represented in a line drawing by Gamond (1985,
fig. 33). This shows U-shaped ridges and grooves, similar
to those in my Fig. 1(f), but does not indicate whether
such features in the footwall nest with similar features in
the hangingwall. Hancock & Barka (1987) likewise
describe flat-bottomed grooves or ‘gutters’ on a fault
surface, without being able, in the absence of the
hangingwall block, to prove or disprove a nesting
relationship.

Among the five genetic ideas represented by Fig.
1(a—e), fiber growth and slickolite formation can be
ruled out for the wax striations, because clearly no fluid
phase is present during deformation of the wax. Debris
streaking can also be ruled out, because dark wax turns
conspicuously pale-colored when microcracked or com-
minuted. Excellent striations are often produced across
parts of the wax that remain dark and are therefore not
microcracked or comminuted. Striation of the erosional
sheltering type (Fig. 1c) could produce the observed
nesting and subequal development of ridges and
grooves, but this process does not account for the
observed striation profiles, if one assumes ridge profiles
ought to correspond to the profiles of their protector
asperities. There is no reason evident why the asperities
themselves should have the profiles observed. The same
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Fig. 5. Profiles normal to striations in shale from Latham, New York,

traced from photographs of serial sawcuts, showing a ridge (R) and

groove (G). Dashed lines connect main inflection points. No vertical
exaggeration.

argument can be used against the classic asperity-
ploughing model. The observed groove profiles would
imply specially shaped asperities, assuming groove
profiles mimic those of the ‘cutting tool’ creating them.
Further arguments against asperity ploughing are pro-
vided by the nesting of ridges with grooves and the
subequal development of ridges and grooves on a given
surface. At least in my view of the classical asperity
ploughing model, a slickenside striated by asperity
ploughing ought to bear grooves, but not ridges of
similar area and profile shape between the grooves.
Furthermore, grooves produced by classical asperity
ploughing should be associated with asperities, or
sheared off asperities, at their down-slip ends, not with
ridges extending along the entire length of each groove.

To understand the origin of these striations, further
experiments are needed to find out how striation proper-
ties such as length, nesting and profile shape develop as
fault slip accumulates. Also needed are petrographic
studies of natural slickensides bearing this type of stria-
tion, to establish the microstructure and mineralogy in
the slickenside and adjacent host material.

Meanwhile it will be of interest to see whether stria-
tions of the newly-recognized type are common in rocks
and whether they exist on larger scales than the fine scale
observed to date. Field workers with slickensides in their
areas may wish to look carefully at the striation types
present, bearing in mind that more than one type may
coexist on a given slickenside, either because of sequen-
tial development under different slip conditions, or
because more than one type of striation may develop
simultaneously on a given slip surface under a given set
of slip conditions. I have noticed, for example, that
slickensides with dominant crystal fiber lineation can
also bear a lineation that is independent of the fibers,
though not necessarily of the type described here. An
instance of this may be provided by fig. 13.33 of Ramsay
& Huber (1983). Here the dominant linear feature is the
fibrous white calcite decorating steps on a slip-surface in
limestone, but there also appears to be a second, slip-
parallel linear feature on the limestone itself,
immediately above many of the calcite patches. This
second type of striation, whatever it is, presumably
represents slip at an aseismic rate, like the associated,
crack-seal, fibrous calcite.
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