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Abstract

SNM station seismograms immediately after 5,5 phase showed a
consistent reflected S-phase energy arrival. This reflected energy
is believed to come from a sharp discontinuity 20.88 Km deep and dipping
5° toward the north. This deep discontinuity might be the base of a
low rigidity layer beneath the Socorro area with partially molten

material which is inecreasing iun thickness north of Socorro.



Introduction

This report is a continuation of the work of Sanford. et al. (1973)
in using reflected phases on microearthquake seismograms to determine
the depths and the characteristics of the different velocity discontin-
uities beneath the Rio Grande rift unear Socorro. A late reflected
S-wave energy is observed after the reflected phases studied by
Sanford, et al. (1973). The late reflected S~phase is believed to
come from the base of the low rigidity layer which is dipping northward

from Socorro.

The Rio Grande Rift

The structure of the Rio Grande rift is linked depressions with
raised margins. The rift is badly shattered with normal faulting and
evidence of the vertical movement continuing to the present (Sanford,
et al., 1972). The rift structure near Socorro is intergraben horsts
extending northward from Socorro for a distance of about 20 Km. This
horst structure exists mear Socorro but not northward in the rift which
may suggest an anomalcous upper mantle and crustal structure. In
support of fhe crustal anomaly, first olivine tholeiites were identified
in the north of New Mexico (Lipman, 1965). This isla magma type that is
believed to fractiomnate at shallow depths (15 to 20 Km). Second are the
anomalous heat flow measurements and the numerous hot springs for the
Socorro region and the entire rift., A few miles from Socorro a heat
flow measurement was made; it was 11.5 HFU, the highest heat flow in the

entire state of New Mexico.



Source of Data

The data were divided into two groups. In the first group were
the data that had the epicenter location available and in which at
least three stations were used for the location calculation. Starions
used for the epicenter location calculation were SCC, SNM, S5RM, SBB
and ALQ. The first four station locations are shown in figure 12.

The last station is located 106 Km N24E of SNM. SNM (LRSM), all
components, used magnetic tape write out. Magnetic tape write out at
a speed of 5 mm/sec was used for correlating phases (figures 4~7) and
25 mm/sec magnetic tape write out was used to time the phases. The
second group of data are SNM (NMT) pen and ink helical type of recording
with a speed of 4 mm/sec (figure 8). Only the vertical component was
recorded. The epicentral distance from.SNM station and the depth of
focus were calculated from the observed (5-P) and the travel time of
S«S (Sanford, et al., 1973). Depths to the first discontinuity were
adopted from Sanford, et al. (1973) for events of located epicenter.
For the unknown epicenter location events the depths to the first
discontinuity were assumed to be an average value of 18.5 Km.

The characteristics and the response curves of the seismographs

used are listed and drawn in Table 2 and figure 1 reépectively,

Data, Identification and Analysis

The data selected for this report are gathered in Table 1. Theta
in the table represents the angle of emergence from the first layer to

the second. The class of the event implies the classificaticn of the



event in relation to the recognizable epicenters with more than one
recorded event,

Phase Identification:

A late phase was recognized after the 5, 5-phase throughout the
seismograms used. It is more defined on the horizontal components of
the magnetic tape write out and particularly on the E~W components.
The SNM (NMT) records show the later phases with a sharp first arrival.
This late phase was named S,5. $,5 is not the result of peculiarity
of the station location nor the instramentation because it does show
on other stations (figures 9-10). S,S cannot possibly be a surface-
wave because it does appear on gselsmograms with energy crossing
mountain ranges with elevation many times higher than any reasonable
surface-wave wavelength. §,S has a sharp impulse on SNM (NMT) records
and also it has much higher frequency oun the magnetic tape write out
than the surface waves arrviving later in time.

Data Analysis:

The arrival time of S$,S and S,S were plotted as functions of the
epicentral distance calculated from the observed (S-P) time interval
with P-wave velocity equal to 5.8 Km/sec (Sanford, et al., 1973).

Fach magnetic tape S,5 phase pick was checked by using it to calculate
an epicentral distance and comparing this distance with the one
previously used in the epicentral solution. 84S travel times and the
depth to the first discontinuity as given by Sanford, et al. (1973)

are used in the following calculations.
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By comparing the calculated A with the measured distance on the map, the
epicenter was located using the arcs method. Most of the events fall
within *#1 Km difference. The calculated depth of focus h was considered
the representative depth of focus of that event and was used later in
calculations. The depths of focus were found to range between 6 and

10 Km. The curve representing 5,5 fits a theoretical curve of a
discontinuity dipping 6° toward the north with a depth immediately under

SNM station equal to 17.5 Km. Thig result checks with the result
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reached by Sanford, et al. (1973). Also the arrival times for SyS
and the epicentral distances were corrected for the depth of focus
and have been found tc match the same thecoretical curve the uncorrected
data does. The calculations for the depth of focus correction proceeded

as follows:
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From equation (1)
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So by calculating 25~h-—- which will be named the correction factor
Z,-h)
1

the correction for the travel time and the epicentral distance is
readily found by multiplying the arrival time or the epicentral distance
by the correction factor.

The curves (figure 2) that fit 8,5 data points were estimated
using a polynomial fit of the second order. The estimated curve had a
correlation coefficient equal to 0.99378 and standard error of estimate
equal to 0.174.

The SZS travel times matched curve had a correlation coefficient
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equal to 0.995 and a standard error of estimate equal to 0.175 by
using only the eventsthat had an epicentral locations.

The (T2 - XZ) graph (figure 3) gave intercept times to 5,5 and
5,8 of 8.72 sec and 11.54 sec respectively. Also it gave velocities for
the first layer as 3.162 Km/sec for the S-phase and 5.47 Km/sec for
P-phase. . The measured P-phase velocity is less by 0.33 Km/sec than the
velocity given by Sanford, et al. (1973); This may be the result of the
dip of the first discontinuity. The graph also gave an average velocity
for the first and the second layers of 2.975 Km/sec. The true velocity

of the second layer was deduced as follows:
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Thus v, = U2YarliVD)
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where Z1 = depth to the first discontinuity

Zo = depth to the second discontinuity

Vi = S-phase velocity in the first layer
V) = S-phase velccity in the second layer
V_ = average velocity

Z. = thickness of the second layer

T, = intercept time of the first layer

T2 = dintercept time of the second layer.
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By using the parameters computed from the (TZ—XZ) graph the S-velocity
of the second layer was found to be 2.397 Km/sec.

Second Layer Depth Determinatiomn:

The depth immediately under Socorro was determined by using the
intercept time for the fourth equation on page 7. The depth was found
to be 20.88 K.

The following equations were derived for the calculation of the

depth to the second discontinuity:

(SZS_O) = e e
(1-sin2i) /2 (V) Vo2]  Vy2-sin iy

(2z3-n) 1 Vil b-vq

where iy, the angle of incidence f{rom the first to the second layer,
which is the only unknown, was computed by computer iteration for

every travel time (5;5-0) and the correéponding epicentral distance (A).
The calculated angle is used for the calculation of the thickness of the
second layer in the following equation

(221-h) vy

7 1/2] E—-[l - (V2/V1)2 sin? 11]1/2

ZZ = [(SZS‘“O) -~

Vl(lmsin il)

Z1 + Z, depths are listed in column #8 of Table 1.

Figure 11 shows the depth of the reflecting poiﬁts on the second
discontinuity calculated with the previous formulation. These depths
were thus corrected with the knowledge that the depth immediately under
SNM station equals 20.88 Km.

Events that originated to the north of SNM station and had a known

epicentral location were used to map the second discontinuity (figure 13).
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A straight line was fitted to the depth points. The straight line was
found to dip 5° to the north from SNM station.

1f the assumed second layer S—wave velocity holds for a distance of
40 Km north of Socorro, the depth under that point is found to be 29.69 Km
using ALQ seismogram (figure 10).

Characteristics of the Second Discontinuity:

The high frequency and impulsive arrival may suggest that the second
discontinuity has a sharp velocity contrast. Also the drop in the
amplitude may suggest that a low régidity material sandwiched between

the two discontinuities may be depleting the energy.

Results

The following results may be deduced from the study:

1) A discontinuity having a depth of 20.88 Km is lying immediately
beneath Socorre and dipping 5° toward the north.

2) The S-wave velocity of the second layer is 2.397 Km/sec.

3) The low velocity layer may have hot, partially molten material
with an increasing thickness north of Socorro. And the whole rift may
have patched chambers of hot, low rigidity materials with variable
depth that may éxplain the anomalous heat flow observation to the extent

of the Rio Grande rift.
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Figure 1
Response curves for all seismographs used in the study.
The curve has been normalized te a value of 1.0 at 10 BZ.

(After Sanford, et al., 1973).
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Time~distance curve of the events used.
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