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EARTHQUAKE MODELING BY STICK-SLIP ALONG PRECUT
SURFACES IN STRESSED FOAM RUBBER

BY JAMES N. BRUNE

ABSTRACT

Stick-slip along precut surfaces in stressed foam rubber is similar to earthquake
faulting, stick-slip in rock specimens, and theoretical predictions. An additional
feature is the common occurrence of multiple events. A significant amount of slip
occurs as fault creep.

For simple one-slip events on a long fault, the peak particle velocities near the
center of the 1'ault average about half the value Lire )t, with htrP, p apparently being
a good upper bound. The variation is probably due to focusing by rupture propaga-
tion. On a circular fault, the peak values average 3 to 4 times less, partly a result
of a greater amount of fault creep, and probably, partly a result of focusing by
rupture propagation. Total stress drops are typically about 10 to 20 per cent of the
absolute stress. and during individual events about 80 to 90 per cent of the released
strain energy is dissipated as friction.

For multiple events the cumulative source time function is usually much longer
than the source dimension divided by the shear-»ave velocity. Thus, the far-field
spectrum»ould have the shape for fractional stress drop, but the low-frequency
spectral corner»ould not correspond to the fault dimension; thus, the inferred
stress drops would be too lo». Multiple events may explain some anomalously low
inferred stress drops for small earthquakes and may partly explain the success of
surface-»ave excitation as a method of distinguishing underground nuclear ex-
plosions from earthquakes. Foam rubber models may be used to study strong
motion around various types of faults and, thus, aid in the problem of microzona-
tion.

IiNTRODUCTIOY

Several recent studies of earthquake mechanism have focused on the relationship
between stress and earthquake strong motion. Brune (1970) gave an approximate theory
relating the upper limit for particle velocity and accelerations to the effective accelerating
stress available. Effective accelerating stresses were estimated to be of the order of a
hundred bars. Trifunac (1973) applied this approximate theory to the Pacoima Dam
strong-motion records of the San Fernando earthquake. He concluded that eA'ective
accelerating stress»as of the order of 100 bars and that the observed strong-motion
spectra were consistent with the measured and estimated fault displacements. Trifunac
(1972) also applied the theory'o the El Centro (Imperial Valley) earthquake of 1940
and concluded that the theory was an adequate first approximation for the observed
spectra. Johnson. Wu, and Scholz (1973) studied the relation between stress-drop and
particle velocity in laboratory stick-slip experiments with rock samples. They found
that particle velocities and rupture velocities for stick-slip events were in agreement with
observations for earthquakes and agreed with the theory with c = 1, i.e., efi'ective ac-
celerating stress equal to stress drop. They found rupture velocities to be transonic
(greater than the shear-v ave velocity, but less than the compressional-wave velocity).
The typical displacement-versus-time curve for the stick-slip events was observed to be
approximately a truncated ramp with a gradual beginning and termination. The shear-
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stress drops were about IO per cent of the total shear stress (for slip surfaces without
gouge).

In this paper. earthquake ruptures have been modeled by spontaneous slip along pre-
cut surfaces in foam rubber. This type of model has some advantages over the type of
model used by Johnson er a/. The slip surface is constrained at the ends and bottom,
whereas, in the experiments of Johnson er al., the slip surface passed completely through
the rock specimen and was not constrained at the edges. In the foam rubber experiment,
since the slip can only occur along precut surfaces, the slip surface can be controlled in
shape. Two examples have been considered here, a long fault and a semi-circular fault.
The rigidity of foam rubber models is very low, and, hence, the particle displacements
are quite large (about I mm) and the predominant frequencies quite low (less than 300

cps). even though only love stresses are applied. Of course, a major uncertainty in using
foam rubber is the question of whether or not the physical behavior (in particular
friction and fault creep) is analogous. Although final proof of the applicability ol'oam
rubber models awaits more testing. the results here are veri encouraging in that the over-
all behai'ior of fault slip. including fault creep. peak panic)e velocities. and the presence
of multiple events, is very similar to earthquakes. One of the most important applications
of the type of modeling used here ivillbe the study of the characteristics of strong ground
motion for various types of faulting, and the results «ill be important in zoning for strong
ground motion near earthquakes.

THE MODELS

The t«o models used in this study were (I) a semicircular fault in a block 37 by 75 by
75 cm. and (2) a long fault in a block 37 by 37 by 75 cm. Stresses were applied using a

steel frame and threaded steel shafts to drive boards cemented to two sides of the foam
rubber {Figure I). Vertical fault surfaces were cut into the foam rubber with a rotating
circular knife blade and a sharp razor. When subjected to shear stress, the cut surface
became unstable and spontaneously slipped either as fault creep or as sharp stick-slip
events. The behavior «as similar to slip along precut surfaces in rocks (Scholz, Molnar,
and Johnson, l972). Normal stress was varied by forcing the two shear boards together
and clamping «ith shims or Allen screivs.

Motion «as detected by a photocell focused on a black and white target (Figure I).
This method of recording was sugeested by Professor Ralph Lovberg, and he provided
the equipment used. Motions of the order of I mm produced about a volt output from
the photocell. The voltage was recorded on FM magnetic tape at a speed of 60 in/sec and
sloived a factor of 32 by playing back at a speed of I =, in'sec onto a strip chart runningat a

speed of l00 mm'sec. The time constants of the photocell and recording system were of
the order of I @sec. much shorter than the periods of interest in the stud>, hence, there
was no distortion of the signals by the recording procedure.

The foam rubber can be ordered in various densities and rigidities. The model used
here had a Poisson's ratio of about 0.3. This is common for foamed elastomers (Ko,
l965). The shear-«ave velocity. /l, was 3.700 cm sec + IO per cent and the modulus of
rigidity. p. 4 x IO'ynes cm'. An obiious departure in similarity of the foam rubber
from rocks is the presence of voids in the foam rubber. The dimensions of the voids are
of the order of O.l mm. and thus, for wavelengths shorter than this, we may expect
anomalous behavior. The ioids are much smaller than the iiavelengths ofconcern here.

Results from strike-slip motion on two shapes of fault are reported. One fault surface,
referred to as the long fault, was about 22 cm long and 5.7 cm deep and is illustrated in
Figures 2 and 3. The other fault was semicircular in shape and 7.5 cm in radius (Figures
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2 and 4) and is referred to as the circular fault. The properties of the foam were somewhat
different between the two models. although the shear-wave velocities were approximately
the same. The f'oam for the circular fault had somewhat larger and less uniform voids
and seemed to be more prone to fault creep.

Measurements were made. on the surface ol'he foam block approximately halfway
between the ends of its fault surface and within a fev'illimeters of the fault trace. The
target was cemented to the foam rubber using contact cement (Figures 3 and 4).
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Fto. 1. Photograph of experimental apparatus including steel frame for stressing. photocell and lens
system, Fhl tape recorder, and Sanborn recorder.

The voltage sensitivity to motion of the target was not constant because of varying
intensity of illumination of the target, varying applied voltage on the photocell, and
varying distance of the target from the photocell. Absolute calibration was provided by
measuring the relative slip of the two sides of the fault with a millimeter scale (to an
accuracy of about )0 per cent). Since the most important aspect of the motion for
comparison with theory was the shape and rise time of the time function, more accurate
measurement ofabsolute motion was not necessary.
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General behat ior under srress changer. The general behavior of faults in foam rubber
u as similar to that observed by Schoiz er al. (1972) for rocks. With no normal stress applied
continuous fault creep occurred as shear strain +as increased and no shear stress was
built upalong the fault. With lo~ normal stress, a certain amount of shear stress accumu-
lated along the fault before fault creep began. and, thereafter, both smooth and
episodic creep occurred without stick-slip events. Under higher normal stresses. a certain

5 rem

F>o. 2. Shape of fault surface for the -circular fauh" tirfi)and the -long fault" tright).
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Fto. 3. Photograph of fault trace and photocell targets for the long fault.

amount of initial fault creep occurred, but then the fault reached a state of shear stress
which was released by a sharp stick-slip event with rise time of the order of a few to
several milliseconds. Sometimes the stick slip was preceded or followed by accelerating or
decelerating fault creep, but this was not always obvious. The fault was stable just prior
to the stick-slip event and could be left indefinitely without further fault creep. It could
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then be triggered by slightly forcing the two shear boards apart. thus decreasing the
normal stress.

Trial and error established how much shearing could be applied to bring the fault to
the verge of slip. In all cases for which recordings are presented here. the stick slip was
triggered by decreasing the normal stress. This was done so that the photocell could be
accurately positioned on the target just prior to the event. Fault creep. complex multiple
events. and simple events were all common modes ot'stress relief.

To establish the role of fault creep in the strain accumulation and release. the following
experiment was performed. The block was fullystrained, the walls of the cut pulled apart,
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. 4. Photograph of fault trace and photocell targets for the circular fault.

and the position of reference points on each side of the fault noted. The block was then
slowly relaxed. thus applying stress to the fault surface. As relaxation proceeded and
stress built up on the fault, some fault creep began. Just prior to the first stick-slip event,
determined from previous trials, the relaxation was stopped and the first stick-slip was
triggered by decreasing the normal stress. The displacement of the fault was measured by
observing in a microscope. The normal stress was further relieved. causing more stick-
slip events. until the sides of the cut were completely pulled apart and. thus, the stress
was reduced to zero. The new relative displacement of the reference markers then gave
the total slip across the fault corresponding to thechange in stress state. Typically, the
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sides of the fault moved a total of 1.2 cm with respect to one another. Of this amount of
slip, about 25 per cent occurred as fault creep prior to the first stick-slip event, 60 per
cent in several stick-slip events, and 15 per cent as fault creep between events. The largest
amount of slip (slip is two times the absolute motion of either side) occurring in a single
stick-slip event was usually about 2.5 mm (in the first event), corresponding to a strain
drop ofabout 0.02 and a fractional strain drop of about 25 per cent of the total strain at
the time of the event. The results varied depending on the amount of normal stress
applied. The main object of this paper was to determine the dynamic characteristics
of the stick-slip events themselves, and, hence, no intensive study was made of these
general stress release characteristics.

tha45cco&s

Fio. S. Displacement time functions for the long fault.

Time functions ojfaulf slip. Representative samples of the near-fault particle motion
during stick-slip events are presented in Figures 5 and 6 for the long fault and the cir-
cular fault, respectively. These figures are tracings of original strip chart recordings, and
high-frequency recording noise has been smoothed out. Typical examples of the original
recordings are shown in Figure.7. The high-frequency instrumental noise was caused by
the photocell light source and the tape recorder and was not an important source of
error in these studies of general fault behavior. The output of the photocell was also
observed directly on an oscilliscope to verify that the recording apparatus did not distort
the signal.

The time functions in Figures 5 and 6 range from rather simple truncated ramp func-
tions with rise times ofabout 2 msec to complex multiple events with durations of tens of
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milliseconds. In some cases there is obvious preslip acceleration and/or postslip decelera-
tion {especially for the circular fault, Figure 6). In other cases the slip begins abruptly.
In some cases multiple events follow each other in quick succession separated by only a

few milliseconds, and in a few cases there is a prolonged stable time between events.
An important feature of the time functions in Figures 5 and 6 is that there is generally

no overshoot, i.e., the particle motion does not indicate any oscillation of the two sides
of the fault nor any significant displacement beyond the final equilibrium position. The
few examples which did show some overshoot are all shown in Figure 5 at the bottom of
the left-hand column. At most, the overshoot is about 10 per cent for these few examples.
The question ofwhether or not there is overshoot is important to the problem of'the shape
of the spectrum in the far-field. Linde (1972), using the theory of Archambeau (1968),

mallstcofle5
40
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Fto. b. Displacement time functions for the circular fauh.

has claimed that there should be a strong peak in the far-field spectrum of earthquakes
and has cited some evidence that this exists. However, ordinary dislocation theory docs
not predict such a peak (Molnar er al., 1973). Randall (1973) suggested that the predicted
peak in the spectrum of the Archambeau model is due to erroneous choice of thc limits
of integration. Molnar er al. (1973) have shown that a peak in the far-field spectrum would
imply some overshoot and oscillation of fault slip. and. thus, the results obtained here
argue against any peak in the far-field spectra.

Dynamics of the simp/e et enis. The simple time functions in Figures 5 and 6, i.e., those
closest to simple truncated ramps, represent single unidirectional slips and may be com-
pared with simple theoretical models. In this experiment the point of rupture initiation,
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fault dimensions are constant, the condition (I) may be restated in terms of rise time t
of the simple truncated ramp. For the long fault, the stress drop may be related to the

displacement by the followingequation derived from the results ofKnopoA'(1958)

uha= p-
N

(2)

where w is the depth of the fault (assuming the fault length, I. is considerably longer than

w (a suIIIcient approximation in this case where I = 25 cm). The rise time r, is defined as

u

u
(3)

Combining equations (I), (2) and (3) and assuming a = ha, the following is obtained

for comparison with the observations

u aw ap wT=-=—
ti p p

p'hus,

for the long fault, the value of r predicted by simple theory is

5.7 cm
ri = 1.5 ms.

3700 cm/sec

For Ihe semicircular fault, the results of Keylis Borok (1959) may be used

24 a
u(max) = ——r

7 it $l

v'here r is the radius of the circle. Using (I ), (3), and (6) the predicted value of r is

r I
r, = - x — I.I ms.

P 1.832

(4)

(5)

(6)

(7)

Equations (5) and (7) are based on the simplified model ol'n instantaneous stress

drop across the whole fault surface and are not expected to apply exactly in nature.

Another way to estimate rise times is to calculate causal delay times assuming a value of
fault-rupture velocity. For the long fault, ifthe rupture begins at the bottom of the fault

and ruptures to the surface at the shear-wave velocity P, the elapsed time is w/P as

obtained in (5). If the rupture begins at the surface and propagates downward, but the

surface slip does not stop until the wave generated at the bottom boundary of fault
reaches back to the surface, then the slip time will last approximately twice as long, i.e.,

2w/P, or 3 msec. Ifthe rupture begins at the surface at the midpoint ol'the fault and does

not stop slipping until the wave generated at the end of the fault returns to thc center,

the duration of slip willbe //p, or about 6 msec. Thus, we may expect rise times and dura-

tion of slip, including multiple events, to range over various multiples of w/p and //p,
with the rise time of the shortest single event, as well as the rise times of individual events

of a multiple event, to have lower bounds of w/P or 1.5 msec. Similar reasoning for the

circular fault leads to a duration of r/p or about 2msec (as contrasted to I.I msec

predicted by the simple theory). Since most of the slip occurs near the center of the cir-

cular dislocation, the weighted average rise time of the slip could be about 1.5 msec

for the circular dislocation.
For multiple events T,. (r at maximum velocity) is defined in a special way. If the
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maximum velocity (steepest slope of time function) is related to the total stress drop
resulting from the cumulative slip ofall of the events by the formula

lier
u(max) = -P (8)

then r,„,. is the cumulative displacement divided by the maximum velocity

Xu

u(max)

as indicated at the top ofFigures 8 and 9.

(9)

h 5.7cm Simple Events

P ~300cm/sec

«1.5ms
Multip t~ Events

0 1 2 s 4 s e 7 e 9 10
Histogram of Tmv (milliseconds)

Fto. 8. Histogram of r„, values for long fault.

This definition is rather arbitrary. Alternatively, the stress drop and velocity could be
related for each individual slip of the multiple event (rather than relating the maximum
velocity to the cumulative displacement). Thus, the rise time rt of each individual event
of a multiple event would be given by (5) for the long fault and (7) 1'or the circular fault.
r, would then be measured as indicated in the upper part ofFigure 10.

Histograms of the measu'rements of r,. and ~t are shown in Figures 8, 9, and 10.

For the long fault (Figure 8), the predominant value of r,. for the simple events is
about 3 msec, i.e., approximately twice the theoretical value. Thus, on the average, the
values of maximum velocity are a factor ol'wo less than predicted by equation (5).
However, the simple theory apparently gives a good upper bound. For the multiple
events, r,. is considerably longer, usually near 5 to 6 Itsec, but, as mentioned above,
the definition of r„„ is rather arbitrary for multiple events. The values of r„on the other
hand, are distributed more or less like the values of r „ for simple events (see Figure 10

for results for r, for the circular fault).
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For the circular fault (Figure 9), the histogram of r r values for simple events is 3 to 4

times greater than predicted by the simple theory (1.1 msec. equation 7). This is partly
due to the presence of a considerable amount of pre- and poststick slip fault creep in

Tmv Tmv

r 7.5ctn

p 3700 cm/sec

2 ms

Multiple Events
Simple Events

ta

C
S

0 t 2 3 6 S 6 7 e e la
Histogram of Tmv (mut~tvttvvtt)

Fto. 9. Histogram of r„v values for circular fault.

Ti Ti

20

IS

7.5cm

p 3700 cm/sec

Tf = 2.2 ms

0 1 2 3 6 S

Tt (ms)

Fto. IO. Histogram of rt values for circular fault.

most events. For multiple events, the values of 7„,, are even greater, as was the case for the

long fault. Note, however, that the values of Tt are commonly only a factor of 2 greater
than predicted by the simple theory (Figure 10). Thus, for the circular fault, the individual
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events have a rise time only a factor of two greater than predicted by simple theory, but
the combination of fault creep and multiple events tends to make the values ofr„,.
3 to 6 times greater, i.e., makes the values of u(max) 3 to 6 times smaller than is predicted
by assuming equations (I), (3), and (6) and assuming the stress drop to be the cumulative
stress drop (proportional to the cumulative slip) for all events in the multiple event.

too
~ Simple Events

8 Multiple Events e ~

e ~ ~~0

~2o
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8
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O.oot O.ot

U (cm)
O.t 1.0

FIG. l t. Plot of u versus u values for long fault.

Peak parricle celociries. The data for the long fault are presented alternatively in terms
of plots of ti(max) versus u in Figure I I. Since u is directly proportional to stress drop,
(equation 2), this is equivalent to a plot of ti(max) versus stress drop htr, as given by
Johnson er al. (I973). Ifall of the data agreed exactly with the simple theory. they would
fall on the line ti = ui).5 msec (equations 3 and 5). The observed velocities for some of
the simple events come quite close. The simple theory seems to give a valid upper bound
on velocities, as before. All of the data for multiple events have velocities less than half
the predicted maximum value (less than u = u/3 msec). However, it should be noted that,
for the multiple event points, if the value of u for the individual slips (rather than the
cumulative siip for the whole multiple event) had been plotted, the points would have
fallen close to the line ti = u/3 msec, just as was the case for the histogram values for
rt for the circular fault (Figure IO).

For some of the observations of Johnson cr al., the peak particle velocities fell above
those predicted by equation (I), although at most by about IO per cent. Some of their
values at low-stress drops fell a factor of two below the values predicted by equation (I),
but they did not observe values as low as the extreme values in this study (Figure I I), a

factor of IO below the values for the simple theory.
Although it seems reasonable that the confined fault model in foam rubber more ac-

curately represents the case of natural earthquakes, this may not be the case for all
earthquakes. Earthquake slips probably do not stop against as strong a resistance to
faulting as represented by the ends of the foam rubber cuts. Future studies will be made
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with models in which the faulting is stopped by variations in the stress along the fault,
rather than by the end ofa cut.

The fact that observed peak particle velocities do not reach the values predicted by
the simple theory may be due to a variable coemcient of sliding friction which might cause
the slip to accelerate or decelerate diAerently than in the case of a constant coemcient
of sliding friction. It may also be due to the lack of complete sampling over the fault
surface. i.e., for any given measurement it may be that other parts of the fault moved with
higher velocities. Rupture propagation tends to focus energy 'in the direction of pro-
pagation. Analytical solutions for moving ruptures commonly have singularities in
particle velocity at certain points. For some observations given here, the rupture may have
nucleated near the observation point and ruptured away; for other observations, the
rupture may hai e initiated at one end of the fault and propagated toward the observation
point. Further studies v ith more points of simultaneous observation will be carried out
to establish the velocity field in more detail.

Since ha = tr is a good approximation for the simple events, they correspond approxi-
mately tn the c = 1 model of Brune (1970). Thus, the effective stress is approximately
equal to the total stress minus the stress drop. Since stress drops are about 10 to 20 per
cent. about 80 to 90 per cent of the elastic energy released is dissipated as friction.
The existence of multiple events suggests that for individual events the stress averaged
over the complete fault surface, does not overshoot the value for dynamic friction, but
rather that the occurence of events is controlled by dynamic effects on the fault surface.
lt is still possible that in the final state the average stress, weighted by slip, is below the
dynamic frictional stress as suggested by Savage and Wood (1971).

High frcquenri belracior. Although the experiment was not designed to study fre-
quencies much higher than those corresponding to the rise times, we may observe that in
most cases the beginning and end of the truncated ramp is somewhat rounded, i.e., not a
perfect second-order discontinuity. This willcause the high-frequency fall-off'inthe near-
field to be greater than co 2, perhaps near to ~ (Savage, 1972). This is especially true
of the results from the circular fault. In some cases, however. within the accuracy of the
experiment (primarily limited by high-frequency recording noise), the beginning corner is a
second-order discontinuity. Future studies will be made to establish the high-frequency
behavior. The rounding of the corners of the ramp might explain the far-field results of
Tucker and Brune (1973) who found that many aftershocks of the San Fernando earth-
quake apparently had a high-frequency fall-offnear co s, although uncertainties in high-
frequency attentuation might have been affecting the results.

Midriple et enrs. The common occurrence of multiple events is a surprising result of
this study and is a phenomenon not usually taken into account in simple theories. The
most obvious eA'ect is to make the total time over which slip is occurring considerably
greater than the fault dimension divided by the shear-wave velocity, in some cases by as
much as a factor of 10. It also complicates the spectrum of ground motion in both the
near- and far-field because of interference of waves from the multiple events. The effect
of interference of the multiple events is to introduce an 0I 'actor in the spectrum,
starting at the frequency corresponding approximately to the time duration of the series.
As a first approximation, this may be modeled by the fractional c model of Brune (1970),
but with the important difference that the lower-frequency corner will not be simply
related to the fault dimension. This could cause overestimation of the fault dimension and
consequent underestimation of the stress drop in far-field spectral studies. It is not known
how common this type of multiple event is in natural earthquakes. In the study ofTucker
and Brune (1973), very few spectra were observed to have ai 'lopes, which suggests
that the multiple event phenomenon was not common. On the other hand, the results of
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Bakun er al. (1973) from the Bear Valley earthquakes of 1972 and its aftershocks suggest
this type of multiple event mechanism for the largest event (ML = 4.7). Several studies
have suggested that large earthquakes often consist of multiple events (e.g., Wyss and
Brune. 1971). ln natural earthquakes the multiple events would not be confine as they
are in the foam rubber model, and, thus, the low-frequency corner might morc accurate)y
represent the true dimensions of the zone ofmultiple events.

Future srudies. The success of these experiments in modeling stick slip suggest several
important lines of future research. Of particular importance will be the detailed study
of the pattern of strong motion around various types of faults, including thrust faults
and normal faults. The results will be important to the problem of microzoning. Of
particular importance is the question of how rapidly the strong motion decreases with
distance av ay from various types and depths of faults. Other questions concern how
much the energy is focused by rupture propagation and how the various components of
motion are distributed with position around the fault. Further studies will also be made
to study high-frequenc) radiation. far-field spectra of P waves and S waves, the role of
fault creep. premonitoryevents, and frictional heat generation.

COYCLVS10NS

Stick-slip along precut fault surfaces in stressed foam rubber has many of the charac-
teristics of earthquake slip along faults in the Earth, Study of the dynamics of the fault
slip in foam rubber ma> yield important information concerning the nature of strong
ground motion in earthquakes.

For some events on a long fault studied here. the observed peak particle velocities
agree approximately with the simple theory of Brune {1970) and results of the laboratory
studies of rock specimens by Johnson er al. {1973) and suggest that effective stress is
approximately equal to stress drop. However, the peak velocity observed for simple
events on the long fault is, on the average, about a factor of two lower than predicted by
the simple theory and observed by Johnson er a/. The lower velocities may have been

partly the result of focusing of energy by rupture propagation away from the point of
observation.

For the semicircular fault, the peak velocities were on the average about a factor of
3 to 4 times less than predicted by the simple theory. This was in part due to the presence
of a significant amount of pre- and postslip fault creep. and may have also been the result
of rupture propagation. The physical properties of the foam rubber used for the semi-
circular fault were somewhat difi'erent than for the long fault and this may explain the
presence ofmore fault creep.

A surprising property of the model was the occurrence of multiple slip events along the
same surface separated by a few milliseconds in time. The interference of multiple events
aA'ects the spectra in both the near-and far-field and could lead to overestimation of
fault dimensions with consequent underestimation of the stress drop. 1f prevalent in
earthquakes. the multiple event mechanism could help to explain the success of the*
surface-wave excitation criteria in distinguishing underground nuclear explosions from
earthquakes. At present, data do not clearly indicate that the multiple event mechanism
is prevalent in earthquakes, but it certainly occurs in some instances.
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