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The Tejon Pass Earthquake of 22 October 1916: An M 5.6 Event on the

Lockwood Valley and San Andreas Faults, Southern California

by Aron J. Meltzner* and Thomas K. Rockwell

Abstract On 22 October 1916, a moderate earthquake occurred in the vicinity of
Tejon Pass and was felt over much of southern California. An intriguing aspect of
this event involves reports of ground cracks that formed during the earthquake. We
evaluate the reports of ground cracking and attempt to precisely locate the cracks
with respect to active faults; we infer that the earthquake produced minor fault rupture
along a newly discovered trace of the easternmost Lockwood Valley fault (formerly
mapped as the easternmost Big Pine fault) and/or along the San Andreas fault. We
also re-evaluate and present new intensity data, and we use a grid-search algorithm
(derived from empirical analysis of modern earthquakes) to find the magnitude most
consistent with the reported intensities. Although previous authors have attempted
to use intensity data to constrain the magnitude of this event, the algorithm we use
provides an alternative and statistically more robust determination of the magnitude.
Our results suggest M 5.6 (–0.3/�0.2) (at 95% confidence) for the 1916 event, which
is consistent with earlier work. The 1916 earthquake appears to have been a rare and
remarkable event in terms of its size and location and the production of minor surface
rupture.

Introduction

On 22 October 1916 at 18:44 PST, a moderate earth-
quake occurred in the vicinity of Tejon Pass (Fig. 1) and was
felt over much of southern California. Palmer (1917) and
Branner (1917) published reports and descriptions of the in-
tensity at a number of locations, and Branner (1917) tenta-
tively associated the earthquake with the San Andreas fault
(SAF). One of the most intriguing aspects of this event is
that several observers reported the formation of cracks,
which in some cases may have been fault rupture.

In recent decades, several authors have studied this
earthquake and have used various techniques to constrain its
magnitude, although none have addressed the issue of po-
tential fault rupture. The Gutenberg and Richter (1954) mag-
nitude, which is generally based on surface waves, is MG–R

5.5�. Richter (1958) assigned a surface-wave magnitude of
MS 6, but that magnitude was discounted as being too high
by Stein and Hanks (1998); Stein and Hanks (1998) pre-
ferred a moment magnitude of MW 5.3 based on the seismic
moment determined by Hanks et al. (1975). Toppozada and
Parke (1982) estimated an intensity magnitude of MI 5.2
based on the areas shaken at modified Mercalli intensity
(MMI) 5 and greater, but Toppozada et al. (2000) and Top-
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pozada and Branum (2002) revised that figure up to MI 5.5.
Ellsworth (1990) assigned a summary magnitude of M 5.3.

In this study, we evaluate the reports of ground cracking
and attempt to precisely locate the reported cracks with re-
spect to active faults. We also reinterpret old felt reports,
assess a newly found felt report from Ventura, and apply a
grid-search algorithm to find the magnitude most consistent
with the reported intensities. The algorithm, derived by
Bakun and Wentworth (1997, 1999) from empirical analysis
of modern earthquakes, is especially useful in cases where
intensity data sets are sparse; in cases where the epicenter is
known (e.g., because of fault rupture), it provides a statis-
tically robust determination of MI.

The intensity data for our study come primarily from
Branner (1917) and Toppozada and Parke (1982), although
we found the following additional intensity information for
the city of Ventura in the Daily Free Press of Ventura, Cali-
fornia (23 October 1916, p. 1):

Clocks were stopped, dishes were rattled and lights put
out in this city in one of the sharpest earthquake shocks
felt here in many years, Sunday evening. Three distinct
shocks were felt. The first occurred at 6:44, and the
second a short interval thereafter; the third occurring at
6:55. People in the stores on Main street rushed to the
street. No damage was done so far as reported.
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Figure 1. Maps showing locations discussed in the text. In (a), dark gray lines are
faults, black lines are political or coastal boundaries, and lightly shaded areas designate
water; the thick gray line is the 1857 rupture of the Carrizo and Mojave segments of
the SAF. In (b), black lines are faults, and shaded areas represent mountains. Location
of (a) shown on inset map, and location of (b) shown on (a). Faults in (b) simplified
from Jennings and Strand (1969) and Kellogg (2003). See text for more information.
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Figure 2. Map of intensities (numerals, which rep-
resent MMI values) for the 22 October 1916 Tejon
Pass earthquake. See inset map for location.

This report is compatible with, but more elaborate than, pre-
viously published Ventura reports; see the Appendix for in-
terpretation of the intensity.

We have re-examined each of the reports in Toppozada
and Parke (1982); Figure 2 shows the distribution of inten-
sity reports, which are listed in Table 1. Although in most
cases we agreed with the intensities assigned by Toppozada
and Parke (1982), in some cases we changed their intensity,
and in a few cases we felt that the original report was not
reliable enough to assign an intensity. The cases in which
our interpretations disagree with theirs are discussed in the
Appendix.

It is possible, given the observational data, that the SAF
was at least partly involved in this earthquake. The SAF
south of Parkfield is considered locked, and in modern times
it has been nearly devoid of seismicity. Many authors have
stated that the last significant event on the southern San An-
dreas was the 9 January 1857 MW 7.9 Fort Tejon earthquake,
which occurred on the Carrizo and Mojave segments of the
fault. Yet if the 1916 event occurred on the SAF, it would
be a striking exception to the general lack of intermediate-
sized earthquakes along that portion of the fault since 1857.

Finally, we note that although earthquakes that are com-
parable in magnitude to the 1916 event rarely produce sur-
face rupture, such earthquakes have been documented in
modern times. Examples include the 1951 ML 5.6 Supersti-
tion Hills, California, earthquake, which produced 3 km of
surface rupture with a maximum displacement of �5 cm
(Allen et al., 1965); the 1975 MS 5.2 Galway Lake, Califor-
nia, earthquake, which produced 6.8 km of surface rupture
with a maximum displacement of 2 cm (Fuis, 1976; Hill and
Beeby, 1977; Knuepfer, 1989); and the 1979 MS 5.6 (MW

5.55) Homestead Valley, California, earthquake, which pro-
duced 3.9 km of surface rupture with a maximum displace-
ment of 10 cm and an average displacement of 5 cm (Hill
et al., 1980; Stein and Lisowski, 1983); also see Wells and
Coppersmith (1994). Each of these examples involved
strike-slip faulting.

Surface Rupture

Cuddy Ranch: Historical Observations

Among the effects of the earthquake described in Bran-
ner (1917) are four reports of cracking that could describe
fault rupture. The most compelling account comes from the
original Cuddy homestead, in a statement taken from a report
originally made by J. O. Marsh 22 days after the earthquake,
on 13 November 1916 (see Branner, 1917, p. 57):

At the old Cuddy homestead in the south branch of the
canyon . . . we found a crack along the upper edge of a
morass which was from two to six inches wide and
about one hundred and fifty feet long, and which did
not vary as much as a foot from a straight line. This
crack was, for most of its length, on the side of a steep
hillside about two to four feet above the level of the

morass, but for short distances it was in the bog, where
the evidence was destroyed; but the people living there
stated that after the quake the crack was continuous.

Branner (1917) does not provide any information as to the
location of the Cuddy homestead, other than that it was in
the south branch of Cuddy Canyon. There is no feature that
is generally named or considered “the south branch of Cuddy
Canyon,” although an examination of topographic maps of
the region reveals that the unnamed valley that straddles the
present road between Lake of the Woods and Lockwood
Valley is the only significant valley or canyon that branches
to the south from Cuddy Canyon, and it is the only locale
to which Mr. Marsh plausibly would have been referring
(Fig. 1). On the 1943–1995 Cuddy Valley, California, 7.5�
quadrangle U.S. Geological Survey (USGS) topographic
maps, there is a site in this valley labeled “Cuddy Ranch”
(Figs. 1, 3); at first glance, one might suspect that this site
is the original Cuddy homestead.

Historical documents and local knowledge confirm our
suspicion. Wagner (1880) shows the J. F. Cuddy house in
T8N, R20W, Section 5, in essentially the same location as
the Cuddy Ranch site on the 1943–1995 Cuddy Valley quad-
rangle topo maps. This information agrees with statements
made by Mr. Marty Morehart, present owner of the Cuddy
Ranch, and by Mrs. Ann Wride, a historian with the Ridge
Route Communities Historical Society [RRCHS], to one of
the authors (A.J.M.) that the house and log cabin that sit
today on the Cuddy Ranch (see Figs. 3–4) are the original
house and log cabin built in the 1850s–1860s by Mr. J. F.
Cuddy, the namesake of Cuddy Valley and Cuddy Canyon
(also see Wride, 2004). In light of the evidence, the site to
which Branner (1917) referred as “the original Cuddy home-
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Table 1
Intensity Data

Location County Latitude (�N) Longitude (�W) Possible MMI Preferred MMI

Fresno Fresno 36.748 119.771 3 3
Shafter Kern 35.501 119.271 5 5
Bakersfield Kern 35.373 119.018 4–5 4
Edison Kern 35.348 118.871 4 4
Jawbone Canyon Kern 35.308 118.025 2–3 2
Taft Kern 35.143 119.456 5–6 5
Mojave Kern 35.053 118.173 2–3 3
San Emigdio Canyon Kern 34.913 119.160 6–7 7
Lebec Kern 34.842 118.864 5–6 5
Cuddy Valley (R. C. Cuddy Ranch) Kern 34.836 119.046 6 6
Los Olivos Santa Barbara 34.668 120.114 3 3
Santa Barbara Santa Barbara 34.421 119.697 3 3
original Cuddy homestead (present Cuddy Ranch) Ventura 34.809 119.016 6 6
Frazier Borax Mine Ventura 34.768 119.088 6–7 7
Snedden Ranch (Lockwood Valley) Ventura 34.734 119.043 7 7
Mr. Ford’s Place Ventura 34.722 118.903 4–5 4
Wheeler Springs Ventura 34.508 119.291 4 4
Ojai (Nordhoff) Ventura 34.448 119.242 4 4
2 miles north of Piru Post Office Ventura 34.444 118.794 4 4
Fillmore Ventura 34.399 118.917 4 4
Ventura Ventura 34.278 119.292 4–5 5
L. O. Chandler’s (Tejon Pass) Los Angeles 34.811 118.884 4–5 5
Gorman Los Angeles 34.796 118.852 5–6 6
Neenach Los Angeles 34.783 118.606 5–6 5
Bailey Ranch (near Quail Lake) Los Angeles 34.772 118.757 5–6 6
Fairmont Reservoir Los Angeles 34.705 118.426 4 4
Elizabeth Lake Los Angeles 34.666 118.402 4–5 5
Bouquet Reservoir* Los Angeles 34.583 118.380 4 4
Palmdale Los Angeles 34.579 118.116 2–3 2
San Francisquito Canyon† Los Angeles 34.569 118.465 4–5 5
Acton Los Angeles 34.470 118.196 4 4
Saugus Los Angeles 34.411 118.539 4 4
Newhall Los Angeles 34.385 118.530 3 3
San Fernando Los Angeles 34.282 118.438 4 4
Chatsworth Los Angeles 34.257 118.600 3 3
Pasadena Los Angeles 34.148 118.144 4 4
Hollywood Los Angeles 34.098 118.326 4 4
Sherman (near West Hollywood) Los Angeles 34.085 118.382 4 4
Los Angeles Los Angeles 34.052 118.243 4–5 4
Santa Monica Los Angeles 34.019 118.490 4 4
Venice Los Angeles 33.991 118.459 4 4
Redondo Beach Los Angeles 33.849 118.388 4–5 4
San Bernardino San Bernardino 34.108 117.289 4 4
Colton San Bernardino 34.074 117.313 3 3
Riverside Riverside 33.953 117.395 4 4
Beaumont Riverside 33.929 116.976 4 4
Indio Riverside 33.721 116.215 4 4
Fallbrook San Diego 33.376 117.250 3 3
Julian San Diego 33.079 116.601 3 3
San Diego San Diego 32.715 117.156 3 3

*The location of both Tomson and Bynum Ranches are at the approximate present-day location of Bouquet Reservoir; Bouquet Reservoir is used here
for both (see Bouquet Reservoir, California, 1937 6� USGS Topo Map).

†The location listed for San Francisquito Canyon is central to the best estimates of the locations of Spillway Camp and Camp 3.

stead” must be the site labeled “Cuddy Ranch” on modern
USGS topographic maps (Figs. 1, 3); we shall hereinafter
refer to this location as Cuddy Ranch.

The location of Cuddy Ranch coincides with the east-
ernmost Lockwood Valley fault (LVF) (as mapped by Kel-

logg [2003] and as shown on Figs. 1 and 3; formerly mapped
as the easternmost Big Pine fault [e.g., Hill and Dibblee,
1953; Jennings and Strand, 1969]) and is �2 km southwest
of the SAF (see Vedder and Wallace, 1970). One possible
interpretation of this crack is that it was the result of sec-
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Figure 3. Portion of the geologic map of the Cuddy Valley quadrangle by Kellogg
(2003) showing the vicinity of Cuddy Ranch and the active fault trace of the LVF
proposed in this paper. The proposed site of faulting associated with the 1916 earth-
quake is the portion of the fault labeled “1916?”; the “m”s adjacent to the proposed
1916 rupture denote locations of wet areas observed during the January 2004 recon-
naissance, although not all wet areas are so marked. All fault traces mapped by Kellogg
(2003) are shown, with the exception of the trace that was inferred to run down the
center of the valley, �100 m southeast of the Cuddy Ranch buildings; we have re-
mapped this trace and show it in our preferred location. (It is labeled “Proposed Ho-
locene trace of Lockwood Valley fault”; it is dashed where conjectural and solid where
there is historical and geological evidence for its location.) See Kellogg (2003) for
explanation of symbols and units, see Figure 1b for location, and see text for further
discussion.

ondary slumping or ground failure, but the observation that
it followed a straight line irrespective of topography (it was
apparent both midway up a steep slope and in a low-lying,
relatively flat bog) tends to preclude such an interpretation.
Although there is nothing in the report to suggest that there
was any appreciable amount of slip, the remarkable linearity
and the location of the crack suggest that it is a manifestation
of fault movement, or at least that it was fault controlled.

Cuddy Ranch: Geological Observations

A geological reconnaissance of Cuddy Ranch and the
vicinity was made by one of the authors (A.J.M.) in January
2004 in an attempt to locate the site described in Branner
(1917). Specifically, the site would necessarily be along the
base of a hill, at the (upper) edge of a morass, and portions
of the morass near its intersection with the base of the hill
would necessarily be wet, that is, it would necessarily be
marshy or boggy, unless the site had been drained since
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Figure 4. Photo showing a portion of the proposed fault trace that may have been
involved in the 1916 faulting. Unit Xag, as mapped by Kellogg (2003), is Frazier
Mountain augen gneiss (?), and Unit Qac is undivided Holocene alluvium and collu-
vium. The contact between the two units, shown as a dashed line, is interpreted in this
article to be a young fault, based on the linearity of the contact and on the steepness
of the slope just above the contact. Note that the site is the upper edge of a morass that
extends to the southeast of the fault (to the right of the photo), and it is also the side
of a (relatively) steep hillside (the hill mapped as Xag to the left or northwest). Note
further that there are patches of ground southeast of the fault that are marshy or wet.
Finally, note that the dashed line is about two to four feet above the level of the morass.
All of these characteristics are consistent with the description of the site of observed
cracking in 1916 as described in Branner (1917). For general location, see Figure 3.

1916. The reconnaissance was not restricted to locations of
previously mapped faults, but if a site was found matching
the requisite characteristics that was also along a mapped or
possible unmapped fault trace, such a site would be pre-
ferred.

During the reconnaissance, the author identified a site
that matches the description in Branner (1917). The site,
which is labeled “1916?” on Figure 3 and part of which is
shown in Figure 4, lies along the contact between a gneiss
unit (mapped as Xag by Kellogg [2003]) and a unit consist-
ing of Holocene alluvium and colluvium (mapped as Qac by
Kellogg [2003]). In consideration of the description in the
historical account, the site can be described as being both
“the upper edge of a morass” (the part mapped as Qac) and
“the side of a (relatively) steep hillside” (the part mapped as
Xag); in addition, the flatter area (Qac), though covered by
grasses, was wet at the time of the reconnaissance (Figs. 3–
4). Although the Xag–Qac contact has been mapped previ-
ously as a depositional contact, if it were in fact a fault, the
fault could conceivably be “about two to four feet above the
level of the morass,” as described in Branner (1917).

Three lines of evidence support a conclusion that the

Xag–Qac contact is indeed a fault. First, this contact is fairly
sharp, with a pronounced break in slope (it is steeper just
above the contact), and portions of the contact are very lin-
ear. Even if the hypothesized scarp had been modified by
anthropogenic means, there is still a relatively steep set of
hills to the west and a much flatter area to the east that is
most readily explained by the presence of a fault at this lo-
cation. (There is no evidence for significant human modifi-
cation of the ground surface, but in general, such evidence
is not always easy to recognize.) The set of hills marked Xag
immediately northwest of the hypothesized scarp may have
been pushed up as a consequence of a restraining bend in
the sinistral LVF (Fig. 3). Note, however, that even if our
fault hypothesis is correct, the fault at this location could not
have a high rate of vertical slip, as the Xag–Qac “range
front” contact is considerably embayed.

Second, the standing water between the Cuddy house
and the hypothesized scarp (Figs. 3–4) is apparently a per-
petual feature that pre-dates possible human modification of
the ground surface. According to Mr. Morehart, Mr. Cuddy
originally settled at the site and built his home there in the
1850s because it is above the floodplain, and yet a natural
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seep provided a constant source of water. The occurrence of
a spring in the immediate vicinity of the Xag–Qac contact
adds credence to the hypothesis that the contact is a fault.

The third line of evidence supportive of a fault along
the Xag–Qac contact is that Jennings and Strand (1969) and
Kellogg (2003) infer a buried trace of the LVF to run down
the center of the valley, between the Cuddy house and the
road, although there are no good constraints on the location
(K. Kellogg, personal comm., 2004). It is permissible, then
(and in light of other evidence, it is plausible), that the in-
ferred trace as mapped by Kellogg (2003) is �200 m too far
to the southeast, and that the location shown in Figure 3 is
more appropriate.

Altogether, historical evidence suggests that surface
faulting occurred along the LVF at Cuddy Ranch in associ-
ation with the 1916 earthquake, and geological observations
permit such faulting to have occurred. Paleoseismic trenches
at the proposed fault location might help validate this hy-
pothesis, but they may not be conclusive. The sedimentation
rate at the site appears, at a casual glance, to be low, and the
comparatively high rainfall rate (relative to most of southern
California) and the high potential for bioturbation of the
near-surface layers (the site is on a ranch) make it likely that
any evidence for young faulting has been overprinted by soil
development and/or destroyed. At the very least, a trench
could elucidate the nature of the Xag–Qac contact.

Cuddy Ranch: More Historical Observations

A second reference to cracking in Branner (1917) is
more vague than the first and states only that on the west
side of Frazier Mountain near J. D. Cuddy’s ranch, “a crack
opened in the ground.” According to records held in the
RRCHS Museum in Frazier Park, California, J. D. Cuddy
was the son of J. F. Cuddy, and J. D. Cuddy took over his
father’s ranch (Cuddy Ranch) upon the elder’s death in
1901; hence the J. D. Cuddy ranch was Cuddy Ranch. It
appears, then, that this statement in Branner (1917) is a re-
dundant reference to the crack that was discussed earlier.

San Andreas Fault Sites

Two other accounts in Branner (1917) come from far-
ther east, along the SAF. In Gorman, “a crack opened several
hundred feet long and an inch wide in the cement of the state
highway,” and at Bailey’s Ranch, west of Quail Lake, “[t]he
concrete on the state highway . . . is said to have been
cracked” (see Fig. 1 for locations). Comparison of the 1903
Tejon, California, 1:125,000 quadrangle, the 1938 Gorman,
California, 6� quadrangle, and the 1938 Quail, California, 6�
quadrangle USGS topographic maps with Ross (1969) re-
veals that, in 1916, the state highway followed the SAF and
either sat astride the fault or crossed it at very low angles,
both near Gorman and �2 km west of Bailey’s. Although
we cannot rule out lateral spread or differential compaction
(on either side of the fault) as the cause for the cracks at
either location, fault rupture (including triggered slip) is, at

the very least, a plausible explanation for the long, linear
crack at Gorman and a possible explanation for the cracking
near Bailey’s. Once again, there is no evidence for an ap-
preciable amount of coseismic slip. It is interesting to note
that triggered slip or creep has not been observed along this
portion of the SAF on any other occasion, although one must
consider that the modern roads are built differently, and it is
not clear whether they would sustain any noticeable damage
from several millimeters or several centimeters of creep or
triggered slip.

Methodology for Intensity Analysis

Bakun and Wentworth (1997, 1999) developed a
method for the analysis of MMI values that results in an
intensity magnitude MI calibrated to equal moment magni-
tude MW (Hanks and Kanamori, 1979). This method is an
objective approach for analyzing intensity data, even for
earthquakes for which only a small number of MMI values
are known, and it provides objective uncertainties, empiri-
cally tied to confidence levels, for MW and for source loca-
tion. The method of analysis we used in this study is adapted
from that of Bakun and Wentworth (1997, 1999). The mod-
ifications we made to their method are discussed in the ap-
pendix of Meltzner and Wald (1999): specifically, we did
not employ Bakun and Wentworth’s distance weighting
function. The method can be summarized in the following
three steps:

Step 1. Calculate the best magnitude, MI, at each point of
a grid of trial source locations in the felt region. Here, MI is
the mean of Mi, and

M � [(MMI � C ) � 3.29 � (0.0206 � D )]/1.68, (1)i i i i

where MMIi is the MMI value at site i, Di is the distance (in
kilometers) from a trial source location to site i, and Ci is
Bakun and Wentworth’s (1997) empirical MMI correction
for site i. Site corrections are not used in this study, so ef-
fectively, Ci � 0 for all i. Also compute the total rms error
between observed and predicted intensities, rms[MI], for the
magnitude, MI, at the trial source location. Here,

rms[M ] � [rms(M � M ) � rms (M � M )], (2)I I i 0 I i

where rms0(MI � Mi) is the minimum rms over the grid of
trial source locations.

Step 2. The rms[MI] contours bound the epicentral region.
The level of confidence can be assigned to each contour
based on the number of MMI observations (e.g., table 1 in
Meltzner and Wald [1999]). The trial source location for
which rms[MI] is minimum is the point source of seismic
energy that best satisfies the available intensity data (Bakun,
2000). This location, called the intensity center, corresponds
more to the moment centroid than to the epicenter (Bakun,
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Figure 5. Map of the 1916 earthquake showing
the algorithm’s solution. Triangles designate loca-
tions of MMI data points. The 0.025, 0.050, 0.075,
and 0.100 rms[MI] contours are shown as solid lines.
Extrapolating from table 1 in Meltzner and Wald
(1999), the 95% confidence contour for location (for
50 observations) corresponds roughly with the 0.1
rms error contour. The intensity center is a hollow
star, and the inferred epicenter (the LVF at Cuddy
Ranch) is a filled star. Contours of MI are dotted lines.
See inset map of Figure 2 for location.

1999). Generally, the “best” or “preferred” source location
is assigned based upon both the lowest rms[MI] contours and
tectonic considerations; that is, we look for tectonically fea-
sible locations (i.e., faults large enough to support a given
earthquake magnitude) in light of the rms error contours. In
cases such as the 1916 earthquake where the epicenter can
be inferred from other information (such as possible fault-
ing), the rms contours can be ignored, although they still
provide an independent gauge of the quality of the “fit” of
the data.

Step 3. The magnitude associated with a particular trial
source location can be read from the magnitude contours for
the grid, which appear as dotted black lines in Figure 5. In
cases where the epicenter is known, MI at the epicenter is
the best estimate of MW for the earthquake (e.g., Bakun,
2000). The statistical uncertainty in MW appropriate for the
desired level of confidence is taken from Bakun and Went-
worth (1999) and is listed in Table 2.

Location and Magnitude

The algorithm solution for the 1916 event is shown in
Figure 5. Based on the reports of probable minor fault rup-
ture, the location of the epicentral region can be inferred
independently of the rms error contours of the algorithm.
Nonetheless, some comments on those contours are war-
ranted. The rms error contours are elongated from southwest
to northeast (Fig. 5). Such elongation of the location con-
tours is not uncommon for historical data sets in California
(e.g., Meltzner and Wald, 2003): if the epicentral location is
well constrained by observations to the northwest and south-
east but it is poorly constrained in the sparsely populated
inland region and unconstrained offshore, then the location
contours will be elongated in a direction perpendicular to the
coastline. In other words, the elongation of those contours
to the northeast and southwest is mostly an artifact of the
irregular geographic distribution of the intensity data, and it
is somewhat fortuitous that the intensity center is so close
to the region of known surface rupture. Extrapolating from
table 1 in Meltzner and Wald (1999), the 95% confidence
contour for 50 intensity data points corresponds roughly
with the 0.1 rms error contour. (Note that the confidence
parameters for the rms contours listed in Bakun and Went-
worth [1997 or 1999] are not valid in this case; see the ap-
pendix in Meltzner and Wald [1999] for further discussion.)

MI in the region of the surface rupture is 5.6 (Fig. 5);
incorporating the statistical uncertainty in the magnitude for
50 observations at 95% confidence (Table 2), our magnitude
for this event is MI 5.6 (–0.3/�0.2). Note that this value
agrees well with the MI of Toppozada et al. (2000) and Top-
pozada and Branum (2002). With the exceptions of Richter’s
(1958) magnitude (which was discounted as being too high
by Stein and Hanks [1998]) and that of Toppozada and Parke
(1982) (which has since been upgraded), our magnitude is
consistent with all of the published magnitudes listed earlier.

Discussion

Based on the ground cracks discussed earlier, we pro-
pose that fault rupture (either primary or triggered) occurred
on the LVF at Cuddy Ranch, on the SAF through Gorman,
and possibly also on the SAF near Bailey’s. It is not possible
to determine how far the surface rupture continued in either
direction from each of these points—given the small amount
of slip that seems to have occurred (perhaps no more than a
few centimeters), the rupture may have gone unnoticed in
dense vegetation or tall grass, and it may have been promptly
obliterated in places by grazing animals—but it seems im-
probable that the rupture was continuous between Gorman
and the LVF, for several reasons. The foremost reason is that,
in 1916 (as today), paved roads ran along much of the SAF
between Quail Lake and San Emigdio Canyon, and these
roads crossed the fault in multiple locations (see the 1903
Tejon and Mt. Pinos, California, 1:125,000 USGS topo-
graphic maps), yet no surface rupture was observed along
the SAF west of Gorman. (Based on the careful documen-
tation of Branner [1917], it is highly unlikely that surface
rupture crossing a concrete highway would have been
missed. The investigators invariably traversed the paved
road between Quail Lake and Cuddy Ranch in their inves-
tigations and presumably would have noticed any substantial
cracking were it present, although it is not known whether
the investigators examined the road west of present-day
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Table 2
Confidence Parameters for Magnitude

Limit
No. of
MMI 95% 90% 80% 67% 50%

50 �0.30, �0.21 �0.27, �0.19 �0.22, �0.16 �0.18, �0.13 �0.13, �0.11

From Bakun and Wentworth (1999).

Lake of the Woods.) Another reason that continuous rupture
between Gorman and the LVF is unlikely is that the LVF is
mapped as a sinistral fault (Kellogg, 2003), whereas the SAF
is dextral. A third reason is that Gorman and Bailey’s are 14
and 23 km, respectively, southeast of Lake of the Woods,
and Cuddy Ranch is �2 km southwest of the SAF at Lake
of the Woods. If the rupture was continuous and involved
both the LVF (from Cuddy Ranch to the SAF) and the SAF
(from the LVF to the southeast), then it would have been 16
km long if it extended only to Gorman and 25 km long if it
extended to Bailey’s. According to the empirical relations
between magnitude and rupture length determined by Wells
and Coppersmith (1994), the expected magnitude for an
earthquake that produced 16–25 km of surface rupture
would be MW 6.5–6.7 (�0.6 at 95% confidence), which is
inconsistent with the other estimates of magnitude for this
event.

A more likely explanation for the apparent observations
of surface rupture is that primary rupture may have occurred
on one of the faults, whereas triggered slip may have oc-
curred a number of kilometers away on the other fault.
(Many modern analogs exist for triggered slip at such dis-
tances [e.g., Rymer et al., 2002, and references therein].)
Based on the highest intensities (MMI 7) in San Emigdio
Canyon and at two locations in Lockwood Valley, all of
which are near the LVF, we propose that primary fault rup-
ture occurred on the LVF at Cuddy Ranch, and that triggered
slip was produced on the SAF in Gorman and possibly at
Bailey’s; the opposite scenario—primary rupture on the SAF
and triggered slip on the LVF—is also reasonable, but it
would be less consistent with intensity data.

It is interesting to note that whether the primary rupture
was left-lateral slip on the LVF or right-lateral slip on the
SAF, the triggered slip cannot be readily explained by static
triggering, in which there would be a decrease in the normal
stress on the “triggered” fault caused by primary slip on the
“primary” fault: sinistral slip on the LVF would have in-
creased normal stress on the SAF to the east, and dextral slip
on the SAF near Gorman would have increased normal stress
on the LVF. Because the LVF and SAF intersect at such low
angles (�45�), however, it is conceivable that sinistral slip
on the LVF could have affected shear stress and induced
sinistral slip on the SAF, or by analogy, that dextral slip on
the SAF could have induced dextral slip on the LVF. The
1983 ML 6.7 Coalinga, California, earthquake apparently
changed the stress field enough to induce submillimeter

“backwards” left-lateral triggered slip on the SAF southeast
of Parkfield (Mavko et al., 1985). In any case, if triggered
slip did occur on either the SAF or LVF, it was most likely
produced by a dynamic effect of passing surface waves,
rather than by static triggering: given the distance between
Cuddy Ranch and Gorman, the dynamic stresses at the site
of triggering would likely have been an order of magnitude
larger than the static stresses.

The 22 October 1916 Tejon Pass earthquake was a re-
markable event in that it was a moderate event (MI 5.6) that
appears to have produced surface rupture (albeit probably
secondary) on a characteristically locked portion of the SAF.
As Hill et al. (1990) noted, there is a nearly complete ab-
sence of modern seismicity, down even to the smallest mag-
nitudes (M �1.5), along the portions of the SAF that ruptured
in 1857 and 1906 and along the southernmost section of the
fault, from Indio to the Salton Sea, which last ruptured in a
large earthquake in A.D. 1676 � 35 (Sieh and Williams,
1990). Along the 1857 rupture, the Carrizo segment and the
straight part of the Mojave segment have been almost com-
pletely aseismic in modern times, and although there have
been a few earthquakes along the southernmost 80 km of
the 1857 rupture zone, they appear to be on secondary fault
structures rather than on the SAF itself (Hill et al., 1990).
Within the area of the Big Bend of the SAF west of Tejon
Pass, the level of modern seismicity is higher than in ad-
joining regions, but much of this activity is associated with
the Pleito–White Wolf fault system and can be considered
aftershocks of the 1952 Kern County earthquake (Hill et al.,
1990). Toppozada et al. (2002) identified three events of M
�5.0–5.8 in 1883, 1885, and 1919 (in addition to the event
in 1916) that occurred in the vicinity of the SAF between
Tejon Pass and the Big Bend, but limited intensity data pre-
clude precise locations for these events. Aside from possibly
1916 and those events identified by Toppozada et al. (2002),
no moderate (or larger) earthquake has been associated with
the 1857 rupture since 1857.

Even at times when we might expect intermediate-sized
earthquakes on the “locked” portions of the SAF—namely,
during an aftershock sequence following a major SAF
event—there seems to be a general lack of such seismicity.
In the 5 years following the 1857 MW 7.9 Fort Tejon earth-
quake on the southern SAF, there is no evidence for any M
�6 aftershocks on the SAF, except for an M �6.2 event that
may have occurred on the SAF near or northwest of Parkfield
in 1860 (Meltzner and Wald [1999]; Toppozada et al. [2000]
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and Toppozada and Branum [2002] have MI 6.0 for this
event); in the 20 months following the 1906 MW 7.8 San
Francisco earthquake on the locked northern SAF, the only
M �5.5 aftershock that appears to have been on the SAF was
an M 5.6 event near San Juan Bautista one month after the
mainshock (Meltzner and Wald, 2003). Note that Parkfield
is at the southern boundary of the creeping section of the
SAF and has occasionally experienced M �6 events, and that
San Juan Bautista is at the northern boundary of the creeping
section and has occasionally experienced M �5.5 events
(e.g., Hill et al. [1990]; Toppozada et al. [2000, 2002]; Top-
pozada and Branum [2002]). (Also note that it is not clear
whether the post-1857 record is complete [Meltzner and
Wald, 1999, 2003].)

The Tejon Pass mainshock was followed by a number
of aftershocks, the largest of which occurred within 10–15
minutes and which was described in a few locations as being
comparable in intensity to the initial shock. Toppozada and
Branum (2002) estimate M �5 for the largest aftershock; no
additional analysis is performed here.

Conclusions

On 22 October 1916, an MI 5.6 (�0.3/�0.2) (at 95%
confidence) earthquake occurred in the vicinity of Tejon
Pass, southern California, apparently producing minor sur-
face rupture on the easternmost LVF and on the SAF. The
rupture associated with the LVF is inferred to have been
primary and the rupture associated with the SAF is inferred
to have been triggered, although the reverse scenario is also
possible. Based on historical observations and a geological
reconnaissance of the inferred epicentral area, we believe the
LVF rupture occurred on a previously unrecognized young
trace of the fault at Cuddy Ranch, �2 km southwest of the
SAF; rupture of the SAF may have occurred at Gorman and
Bailey’s Ranch. If primary rupture or triggered slip occurred
on the SAF, it would have been a fairly unique occurrence
on the Carrizo and Mojave segments of the SAF in historical
times. The 1916 event challenges the hypothesis that the
“locked” SAF does not sustain moderate earthquakes, or at
least the hypothesis that it does not experience triggered slip.
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Appendix

Many of the original accounts that were used in our
study to assign intensities were taken from appendix C of
Toppozada and Parke (1982) (hereafter, T&P). In an attempt
to minimize the bias that is inherent in any reviewer’s inter-
pretation of intensities from historical accounts, we reinter-

preted the reports in T&P and assigned our own intensities,
and then we compared our intensities with those of T&P.
While in most cases we agreed with their intensities, in some
cases we differed, and in a few cases we felt that the original
report was not reliable enough or that information was not
sufficient to assign an intensity. All of our intensities are
listed in Table 1. The cases in which our interpretations dis-
agreed with those of T&P are discussed in the following list.
Note that the list does not include cases for which we as-
signed an intensity but T&P did not.

Gosford (Kern Co.)—T&P cited an article in the Ba-
kersfield Californian, but the account is more fully explained
in Branner (1917). We do not feel that the fact that a boxcar
was moved 4 feet along a track by a shock is sufficient evi-
dence for MMI 6; therefore, we do not assign an intensity.

Los Angeles (Los Angeles Co.)—While we feel that
T&P’s assignment of MMI 5 is permissible by the account,
we feel that MMI 4 is more appropriate. Most of the de-
scribed effects, including the rattling of dishes, doors, win-
dows, and window shades, the swaying of hanging lamps,
and the creaking of ceilings and floors, suggest MMI 4 but
nothing more. The “visible” disturbance of water in tumblers
could support either MMI 4 or 5, depending upon how “visi-
ble” is interpreted. The awakening of a baby could also sup-
port MMI 4 or 5, especially in light of the fact that most
people would have been awake at the time of the earthquake.
The fact that a few people ran outdoors might suggest MMI
5, but the fact that the earthquake was not felt by persons in
motion limits the intensity to MMI 4. The overall majority
of effects are consistent with MMI 4.

Roosevelt (Los Angeles Co.)—That a single person
“was nearly thrown down” does not seem to be sufficient
information to assign an intensity; thus, we do not assign
one.

Surrey (Los Angeles Co.)—According to Durham
(1998), the names Surrey and Saugus refer to the same lo-
cation; the Surrey post office was renamed “Saugus” in
1915. This name change might explain why, two years later,
Palmer (1917) referred to it as Surrey but Branner (1917)
referred to it as Saugus. We use MMI 4 for the site, based
on the account in Branner (1917) of dishes rattling.

Santa Barbara (Santa Barbara Co.)—Wood and Neu-
mann (1931) listed “Pendulum clocks stopped, started, or
ran fast, or slow” as characteristic of MMI 5; in contrast,
Meltzner and Wald (2002, p. 299) observed that the stopping
of clocks can also occur at lower intensities, that is, pendu-
lum clocks are reported to have stopped when all other ob-
servations would indicate an intensity of MMI 4 or less. Ac-
cording to Branner (1917), in Santa Barbara, the 1916
earthquake was “observed by a few persons at rest,” which
would imply an intensity of no greater than MMI 3; the fact
that some clocks were also stopped in Santa Barbara should
not be considered in the determination of intensity for Santa
Barbara.

Alamo Mountain, Frazier Mountain District, and Mr.
Ford’s Place (Ventura Co.)—Despite the fact that Wood and
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Neumann (1931) correlate the breaking of tree branches with
MMI 8, we are skeptical that limbs falling from pine trees
on Alamo Mountain is indicative of MMI 8. Likewise, we
do not feel that small rockfalls are indicative of a particular
intensity, because they can happen without an earthquake.
In particular, T&P assigned MMI 6� at Mr. Ford’s Place,
presumably based on the small rockfalls nearby, although
the intensity at that place was “not severe enough to throw
things off the shelves” (Branner, 1917); the latter observa-
tion suggests the intensity was no higher there than MMI 4
or 5. Thus, we assign MMI 4 at Mr. Ford’s Place, and we do
not assign an intensity at the other locations.

Wheeler Springs and 2 miles north of Piru Post Office
(Ventura Co.)—At both locations, people were startled, but
apparently no damage occurred; no other useful intensity
information is presented for either location. T&P assigned
MMI 5 at Wheeler Springs but only MMI 4 at the location 2
miles north of Piru Post Office. For our own determination
of the intensities, we felt that people being startled is indic-
ative of a lower intensity than is people being frightened; for
that reason, we assigned MMI 4 to both locations.

Ventura (Ventura Co.)—Although many people ran
outdoors in Ventura, which would be indicative of MMI 6,
the facts that there was apparently no damage and that not
even dishes fell to the floor suggest that the intensity was no
higher there than MMI 4 or 5. We assign MMI 5.

We also did not assign an intensity where the only basis
would be a Rossi–Forel intensity assigned by Palmer (1917),
and where there is no useful descriptive information from
which we could independently assign a modified Mercalli
intensity. This applied to Maricopa (Kern Co.); Fairmont and
Mount Wilson (Los Angeles Co.); Gray Mountain and Red-
lands (San Bernardino Co.); and Ozena (Ventura Co.).
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