Variation of P & S Wave
Velocities Before Earthquakes
By

Ronald Morrison



ABSTRACT

In this study, predetermined P arrival times were used
in conjunction with measured 5-P intervals in an effort to
detect any significant trends in Vp/Vs ratios preceding
earthquakes of magnitude 0.3 or greater.

Records of 47 events, taken from a previous study by
Sanford, Budding et al. (1972), were investigated., These events
originated in the Rio Grande Rift Zome 20 kilometers north of
Socorro, New Mexico at approximately 34013'N, 106”51 1w. They
were recorded at four stations, centrally located around the
events and 2t a maximum of 35 km. from the events.

Vp/Vs is plotted with time showing the changes in their
vatios before the higher magnitude events. There is a definite
increase of the Vp/Vs ratio preceding the higher order events
and a decline in this ratio when they occur. These findings do

not support the work of Aggarwal, Sykes et al. (1973).



INTRODUCTION

Changes in the ratio of seismic P and § wave velocities
have received considerable attention as an effective method
of the prediction of earthquakes, and according to Aggarwal,
Svkes et al. (1973), have given highly successful results.
These changes in P and § wave velocities are a result of
dilatation as vock siresses increase, During dilatation,
microfractures and cracks open up in the rock and slow down
seismic waves since they need rigidity for propoéation. These
cracks Dbegin to fill with water, thereby increasing the
velocity of the waves. Nur and Simmons (1969) have found that
Vs is not affected by the introduction of water into the
cracks, and that Vp is affected if the pores are in the form
of cracks and not in the form of round holes., This water flowing
into the rock weakens the rock by increasing the effective stress
and the rock eventually fails, causing an earthquake. The
more stress applied to the rock, the larger the wvolume dilated,
and the longer the time it takes to fill with water.

Semenov (1969) has found that the size of the earthquake
is independent of the variation of Vp/Vs, but is dependent on
the time that the lowered Vp/Vs ratio remains in effect. The

longer the duration, the larger the event is likely te be.



By monitoring the Vp/Vs ratio through microearthquakes
and the time span ¢f these lowered ratios, it should be

possible to predict earthquakes of higher magnitudes.



THEORY

The graph of P arrival time vs. the 5-P interval indicates
the following relations:

T= D/V (T = travel time)

§=P = D/Vs -~ D/Vp

S-P = D( 1/Vs - 1/Vp)

S=P = §( Vp/VpVs -~ 1/Vp}

S=P = D/Vp (Vp/Vs = 1)

5«P = Tp (Vp/Vs =~ 1)

S=P = (Vp/Vs - 1)
Tp
Slope = (Vp/Vs = 1) [Formula 1]

The theoretical velocity for P & 9 waves in an isotropic,

homogeneous, linearly elastic substance is

_ E(1-V)
Vp = »/§(1-2v>(1+v)

3 [ &
Vs = e

where E is Young's Modulus, p is demsity, and » is poisson's ratio,

Solving for Vp/Vs,

E(1-V)
PL1=2V3(14+V)
B

2 piry)

(Vp/vs)? =



o 2(1-V)

eIV = Ty

So when Poisson's ratio equals €.25 which is commonly

acceptable for most rocks,

3

2{1- 0,25y
[1-023(0.25) ]

Vp/Vs =

Vp/Vs = |3

When Vp = 5.8
5.8/Vs = {3 ana
Vs = 5.8/ [3

Vp'/Vs' = Vp/Vs

Vp!/vs' = vp/(5.8/{ 3)
Vpt/Vs!® ==(fo§3/5.8 [Formula 2]

Substituting Formula 2 into Formula 1,
Slope = [(Vp[§/518) -1
Vp({3/5.8) = Slope + 1
Vp = (Slope + 1)5.8/(3 [Formula 3]

Vp/Vs = Slope + 1



DATA

3

All esarthouakes reviewed in this study originated at
approximately SQOIS'H, 106511 ¥ and will be referred to as
Class I events.

The location and elevation of all secismograph stations
used in this study are listed in Table 1. SHM and BSRM are
both vertical instruments, SKM recording on paper and SREM on
film. SBB and 8GC are vertical and horizontal instruments recording
on magnetic tape. The SBM events were developed on photographic
paper, and SBB and 5CC were plaved back on a visicorder for

ease in handling and interpretation.



PROCEDURE

From the forty~seven records that were considered to be
Class 1 events, nineteen were rejected because they were poor
recordings or were recorded by only two stations. From the
remaining records, the S-P interval was measured, and the
P arrival time was accepted from previous work {(Sanford, 1972.)
The §=-F interval was very difficult to measure accurately, since
the 5 wave is often very ambiguous. To overcome this difficulty
all of the records from each station were reviewed as a whole,
making certain that the § waves were chosen consistantly.

From this data P arrival time vs. S-F interval was plotted
by the computer and a best fit was obtained by the least squares
technique. The program used also gave the slope of the line,
the correlation coefficient and the estimated error. The origin
time is found at the X intercept (where S~P = 0.0}, The P wave
velocity is calculated from formula (3), and the travel time
is found by taking the P arrival time minus the origin time.
From the product of the travel time and the P wave velocity
focal distances are calculated. With three or more stations,
focal distances are plotted as circles with the station at the
center. A correction of 0.66 seconds was applied to station SRM
because of the thick section of low velocity rock beneath that

station. The epicenters were found by the intersection of the



chords of the cirveles, and the epicentral distances were
measured from the stations. The depth of focus is found by
the following velation:

FD =. R = Del
where R is the focal distance and Del is the epicentral distance.

After reviewing the results of P vs. S~F and the epicentral

lccations, it was determined that all of the SRM 35-P intervals were

high, causing the P wave velocities to be too low. It is assumed
that this resulted from the thick alluvium cover in the vicinity
of that station and is partially due to the vertical instrument
at that station not fully responding te the § waves. ALl SRM

§-P intervals were discarded, and P vs. S«F was replotted

giving more reasonable results for the P wave velocity, although

some were still very low. Epicentral locations were plotted again

To further assure comsistancy, & comparison was made of
the differences in P arrival times for all stations. Events
having approximately the same differences in P arvival times
were assumed to have the same origin. The change in the Vp/vVs
tatio as time increases is plotted, showing the magnitude for the
larger events, This plot demonstrates the fiuctuation in the

Vo/Vs ratio.



PRESENTATION AND DISCUSSIOH OF DATA

The P arrival times and §=P inteyvals are listed in Table 2.
The P arrival times were teken from previous work (Banford, 19572}
and the S«P intervals were measured from the records. the
events that were discarded are denoted by an W{M in the right
hend column. In the final plots, the S5~P intervals from SRM
records were not used, but the P arrival times were.

Focal depths and P wave velocities are listed in Table 3.
Focal depths range from 8.35 km. to an znomalously high 36.11 km.
The average focal depth is 16.4 kume P wave velocities vange from
4,35 to 5.99 with an average of 5.2 km/sec. These P wave
velocities seem to be consistantly low as the value of 3.8 is
usually accepted for the Rio Grande Rift.

Table 4 lists the magnitudes of most of the events used in
this study. These values have been accepted from previocus work.
The largest event is 2.1, but most of the events are 0.3 or less.
“ A computer print-out of information concerning each event
is included in Table 5. This is taken from the main program
znd gives the calculated origin time, P wave velocity, focal
depth and other values used in plotting the graphs.

The differences in P arrival times for all stations are
given in Table 6. A deviation from the mean of 1 second for

not

161

the differences in arrival time would indicate that it wa



2 CGlass 1 event.
The changes in the ratio of Vp/Vs with time and magnitude
of the events is shown in Figure 1. The spikes f£rom the H axis
are the magnitudes of the svents and are numbeved for events
equal to ox greater than 0.3. The laygest (1.67) and the
smallest (1.31) velocity ratios in Figure 1 diffexr by 22%.
It is shown here that before the higher order events the
Vp/Vs ratic increased to a maximum, then decreased slightly
over a two to three day period. After this hump the Vp/Vs ratic
decreases to a minimum during the higher order event. This does
not support the work of Aggarwal, Sykes et al {(1973). They
fdnd that the Vp/Vs ratio decreased before the higher order
avents, then returned to 2 normal value during the event.
The time duration of the lowered Vp/Vs ratio for the 3.3
magnitude earthavake studied by Aggarwal is four days. The
study which Whitcomb, Garmany et al. (1973) have made has indicated
a relation between the magnitude of an event and its snomaly time of

b3
¥

Using this relation te calculate the gnomaly time for the 2.1

L
]

magnitude event used in this study yields an anomaly time

of 2%days. We do not see any decrease for a 2% day period in the
Vp/Vs ratio before this event, but find an increase for 2 two

day period (¥Maxch 17 and 18). It is assumed that we have different

results for one of two reasons: That there is not emnough data to



represent the actual situation or that the dilatancy model assumed
for this study is not appropriate te this region.

P arvival time vs. 8=P interval is plotted in Figure 2.

SRM records are not used in the calculation of these plots,

but this rejected data is shown for reference. Bach station is
represented by a different symbol given in the legend and the
origin time is given when $-~P equals zero. Some of the plots
show a2 large amount of scatter due to the sbundance of surficial
sediments in the valley, while others indicate very little
scattering of data. The Vp/Vs ratic is not shown but can be
found easily by adding one to the slope,

The epicentral locations are plotted in Figure 3. The radii
of the circles ave given by the product of the P wave velocity
and the travel time for each station. The intersection of the
chords of the circles locates the epicenter. ALl of the
epicenters are within a range of I 2.5 m. except four which

are within a range of six km. of the cluster.



CONCLUSIONS

There is a definite change in the ratic of Vp/Vs as shown
in Figure 1. Changes as large as 22% occurred in the two day
period preceding the 2.1 magnitude event. This time is very short
compared to geologic events, but large velative to seismic
wave propogation. It seems that fluid flow, crack formation and
creep would have appropriate time constants and f£fit the model
of dilatation.

The events used in this study were of lower magnitudes, where
the time anomaly is short (2 days for the largest event), and
the time span berween events is large, It would appear that more

conclusive results could be reached in a study where such gaps

did not exist.
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