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ABSTRACT

The arrival times of longitudinal waves ( P ) and
transverse waves ( S ) of strong microearthquakes were
used to study the values of Poisson's ratio and Vp/vs
ratio in the Rio Grande Rift between Albuquerque and
Socorro, New lexico. The Poisson's ratio and the Vp/Vs
ratio were found to be 0.217 and 1.664, respectively.
These two comparatively low values are probably the

normegl values for the Rio Grande Rift.
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INTRODUCTION

The Rio Grande Rift is a structure that consists
of en echelon structural depressions having raised
narging extending from northern Mexico to central
Colorado. It is up to 150 km wide at the southern end
( Pig. 1 ), and has up to 2.5 km of topographic relief,
and up to 10.5 km of structural relief ( Toppozada,

1974 ).

A study of the ratio of P wave velocity to 5 wave
velocity and Poisson's ratio was conducted in the Rio
Grande Rift area between Albucuerque and 3Socorro ( Fig.
1 ). Seismic records of ALZ ( Albuguerque ) and S

( Socorro ) gtetions for the time period Januery 1,

1959 through June 30, 1973, were used for this study.
[ 2 ¥ b

T CHRTTT

ATG station is 106.44 km HNE of Skl station., Both

L3

N~

stations are located in the Rio Grande Rift ( Fig. 1.

Thirty-two well recorded microearthquakes were selected

1.

from thousands of seismogranms., All of these earthquakes

T8

had epicenters within 45 km radius from 57l stavicn.
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SOURCES OF DATA

A1l data used in this study cane

graphs of !

4L2 and SN stations, which

from the seismo-

having the follo-

wing characteristics ( sanford et al., 1973 )

Station

System

NilT

LRSI

T
¥y

I(-.S

Type of Recording

Pen and ink heli-

cal, at 4 mm/sec

Film (Benioff)

and magnetic tape

Photographic paper
helical, at 1
mm/sec

Components Hormal
Recorded tia
7z NS BY
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METHOD, CALCULATION, AND RESULTS

Hundreds of comparatively strong microearthquakes
were selected from SHH records. The date and time of
each of these events were then used to check the ALQ
records. Only 32 events that had clearly defined P and

S phases at both stations were selected for the study.

P arrival times and (5-P) time intervals of each
microearthquake were rea d from the SHI and ALQ records.
The average value of Poigson's ratio (v ) of the rocks
petween ALQ and SHU stations was determined from the

equation of origin time in the following way:

Let Paiyn = F arrival time at ALQ station
Pawg = P arrival time at SIH station
(5-P)ain = (3-P) time interval at ALQ station
(S"P)SF“ - (8-P) time interval at SNl station

Origin time Origin time of the guake

—
——

X = a function of Poisson's ratio.

X(s-P) = ‘transit time

P \

4.

Origin time Papg — L(8- (1)

LL,
L]

Origin time = Pgup — Z(S-P)gpie (2)

BEach microearthquake must have only one origin time,



Pirg - X5-P)yq = Pow — XG-Fsm

which yields

e

Thus, by picking the P and S arrival times on the
ALQ and SNl records, the 7 value can be obtained from

each microsarthquake event.

Let V - P wave velocity

Vg = © wave velocity

=i
{

Young's modulus

p ~ density of the rock
y = Poisson's ratio
D - hypocentral distance
0 - origin time
D
The transit time of P wave = P -0 = -== (3)
Y
'p
D
The transit time of S wsve = S5 -0 = === . (4)
Vs

¢

e wave velocities in terms of the elagtic con-

=3
=

stants and density are

o - o . "t o

Vp - | T ’ (5)
p(1-2v) (1Av)



and

Dividing equation

Vs

Substituting this
<o

gives

———— o —

- (6)
 2p(1Av)
(6) by equation (5) gives
//Z(l-v)
= Vyo,/ [ 5077 . (7
ﬁ// /[ (1-2v)

expression for Vg

Comparing equations

or

Trom equation (7) W

11

into equation (2)

——— L —

D 2(1-v)
e [ e . (8)
Vp v (1-2v)
(3) from (8) yields
2(1-v)
o (P“O)(\/ """""" - ) . (9)
(1-2v)

( /z(l—v)
1/ (] === - 1)
»/(1-2«') ’
2
1 X%y .
5 Z#A
1 /42X



The 32 microearthguakes used in this study yield
the following results ( details available in the

Table 1. ):

Poisson's ratio v = 0.2169 £ 0.0121
1

Vy/Tg ratio - 1,664 £ 0,022

The P wave velocity in the Rio Grande Rift is 5.8
km per second ( Toppozada, 1974 ). Therefore, tie S

wave velocity in this region should be 3.49 km per

second.




g
4
z
E
i

~10-

ERRORS

The P phase can be easily picked ( Fig. 2 ), but
the onset of the S phase can be rather difficult to
identify because of interference with preceding P phases.
A1l types of available records and components of each
event were used to define the 3 phase. A gross misiden-
tification of the S phase can be easily identified be-
cause it yields a physically unreasonable value for

the Poisson's ratio.

If the clocks on the recording systems are accu-
rate, the only error involved is reading error, Time
measurenments on the records were to the nearest 0.1 mm

or less, which leads to the following reading errors:

ALQ records P £ 0.1 second
S-P £ 0.05 second
SHII records P £ 0.05 second

S-P £ 0.05 second
which yields a possible error £ 0.0233 for the V,/Vg
ratio.

The formula Qi S

used in the calculation will not work if the microearth-

PERENS

quake is located at a point such that PALQ equals Fairze
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. of the

Nid

Fortunately, the smallest value of Pyyn - Py
earthquakes used in this study is 3.63 seconds, which

is quite far from the neighbourhood of zero. The above

formula can, therefore, be used confidently.

DISCUSSION

e
@]

The comparatively low values of Poisson's rat
and Vp/Vs ratio may be interpreted as the following

points of view:

1) The January 1, 1969 to June 30, 1973 tine
interval lies within a precursory period of a major
earthgquake during which Vp/VS is depressed ( Semenov,
1969; Rikitake, 1963; Whitcomb et al., 1973; Scholz
et al., 1973 ). The values of V?/VS as a function of
time ere shown in Figure 3. The tines of local earth-
quakes of magnitudes 3 or greater in the same period
are also shown in the same figure. The figure indicates

N

a depressed VP/VS ratio for erecter than 4.5 year. This

19

indicates the coming major earthguake nust have a mag-
nitude 6.5 or larger. According to Scholz et al. (1973)
and Uhitcomb et al. (1973). & quake of this maznitude
is possible inasmuch as 1906 earthguakes near 50COrTO
had magnitudes of 6 or greater ( Sanford, 1965; Reid,
1911; Richter, 1958 ). However, the depressed value of

o

Vp/'\fS is only about 5 % lower than the normal value,



characteristics.

§
ﬁ
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if the normal value of Vp/VS is 1.732 ( Richter, 1958 ),
or 1.75 - 1.77 ( Aggarwal et al., 1973; Whitcomb et al.,
1973; Scholz et al., 1973 ). It is far from reported
values which are 10 - 20 5 lower than the normal value,
However, the smaller depressed value of VP/VS could be
explained by the fact that not all of the region covered

in undergoing dilatancy.

Another argument is that period of depressed VD/VS

-

values prior to an earthguake have only been observed

Heivilly

5

for earthquakes generated by thrust faulting
and Johnson, 1973 ). The earthquakes in the Rio Grande
Rift are generated by graben type normal faults. There-

fore one mizht expect they should have other types of

Ve

L1

In Figure 3, the earthquakes of magnitudes 3.0 -
3,8 are not preceeded by any identifiable reduction in
Vp/VS values. However, the data points may be too scat-

L

tered in this study to identify such periods prior o

Ao

smzll earthacuakes.

2) The comparstively low values of Poisson's
ratio and Vp/VS retio mizght be the normal values for

the rocks between AL and SIH stations. For this point

of view, the values of Poisson's ratio of the earth's
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Fig. 4. Histogran of Poisson's ratio of granite (based
on the iandbook of Fhysiceal Constants, GSA
liemoir 97).



~16-

No. of GRANITE
Occurrences (Dynamical Hea asurements)
3 Poisson's %
Ratio
Obtained
o
l._
! 1 ! | ]
.01 .05 .09 A3 L7 21
.03 .07 Al .15 .19 23

Poisson's Ratio

Fig, 5. Histogram of Poisson's ratio of granite (based
on the Handbook of Fhysical Constants, GSA

pemoir 97).
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Fiz, 6. Histogram of Poisson's ratio of diabase (based
on the Hzndbook of Fhysical Constants, GSA

temoir 97).
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Fiz. 7. Histogram of Poigson's ravio of diabase (based
on the Handbpook of Physical Constents, G34

emoir 97).
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Fig., 8. Histogram of Poisson's ratio of sandstone and
aquartzite. (based on the Handbook of Physiceal
Constants, G3SA ilemoir 97).
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FPig. 9. Histogram of roisson's ratio of sandstone and
guartzite (based on the fandbook of Physical
Constants, GSA emoir 97),.
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crustal rocks ( Handbook of Physical Constants, GSA
Memoir 97 ) were examined. Histograms of number of
occurrences and'Poisson's ratio values of somne types
of crustal rocks wvere constructed ( Fig. A -9 ).
Diabase and granite fit most closely to the value of
Poisson's ratio found for the crustal rock between
Albugquerque and Socorro. According to Foster and S5tipD
(1961) much of the crustal rock between Albuguerque
and Socorro could be granite. Thus the comparatively

low values of Poisson's ratio and Vo/Vg Tatio obtained

2o

could ve the expected normal values for the Rio Grande

Rift.

3) The comparatively low values of the Poisson's
ratio and Vp/Vs ratio might be the typical values for
g rift type structure. The regsults obtained in the Rio
trande nift need to be compared with those found in a

similar way for other rift zones.
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CONCLUSION

The upper crust in the Rio Grande Rift between
Albuquerque and S0COrro has an average S wave velocity
of 3.49 km/sec, an average P wave velocity of 5.8
km/sec, a Poisson's ratio of 0.217, and a Vp/VS ratio

of 1.664.

The coumparatively low values of Poisson's ratio
and the'Vp/VS ratio are believed, at this time, to be
the normal values for Precambrian rocks comprising the

upper crust between Albuquerque and Socorro.
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