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ABSTRACT

Seismicity data concerning the Texas Pan
from two general sources: instrumental data a
date back to 1907 in this area. However, ins

poor and the station at Lubbock is the only s

handle area have been compiled
nd felt reports. Felt reports
trumental coverage has been

eismic monitoring station

within 100 miles of the Palo Duro Basin. Due

to the lack of any adequate

instrumental seismic monitoring of the area, it is conceded that many

earthquakes in this area may have gone undetebted or unreported.

Film chips from Lubbock Station for the Feriod 1963-1980 were examined

to identify all earthquakes that had occurred

1ih the Texas Panhandle. Film

chips of known events were also used to aid ibvestigators in identifying

characteristics of signals from earthquakes o
This examination identified 40- earthquakes th
approximately 360 km of Lubbock during 1963-1
not recorded by many stations and were, there
First motion amplitude and direction on all t
for these earthquakes.: Earthquakes which occ
identified on the basis of azimuth computatio
located using the time interval between the a
study shows that the area north of Lubbock St
Panhandle, is an area of low seismicity.

The examination of records of Lubbock Se

kcurring in the Panhandle.

Ft occurred within

980. These 40 earthquakes were
&ore, not located earlier.

bree components were measured
hrred north of Lubbock were

L and were then approximately
%rival of P and S phases. The

%tion, including the Texas

ismographic Station suggests

two to three earthquakes per year within about 360 km of Lubbock. An

examination of seismicity of the salt areas of Texas, Louisiana, Oklahoma,

and Kansas by Racine and Klouda (1980) suggested a rate of one earthquake a

day. The rate of activity in the vicinity of Lubbock Station is clearly

much lower than in the salt areas of Texas, Louisiana, Oklahoma, and Kansas.
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1 INTRODUCTION

Seismograms of the Lubbock Station, covering the period 1963-1980, have

been examined in order to determine the level|of seismicity in the Texas
Panhandle on the basis of instrumental data. iIt is hoped that the results
of this study will provide a framework for th% interpretation of available
pre-1963 historical information as well as da&a to be obtained from the
operation of the Department of Energy's microéarthquake network in the Palo
Duro Basin area.

Earliest reports of earthquakes in the Texas Panhandle date back to
1907, when an earthquake was reported near Am#rillo. Since that time
approximately 21 earthquakes have been reportéd to have occurred in the
Texas Panhandlé, either on the basis of felt %eports or instrumental
records. Fifteen additional earthquakes are réported to have occurred in
neighboring parts of the states of Oklahoma aAd New Mexico. Historical
reports of felt earthquakes, therefore, indicéte a very low rate of
earthquake activity in the Texas Panhandle. jable 1 lists earthquakes which

and vicinity (SWEC, 1983).
Magnitude specified in Table 1 is body wave magnitude m_ unless otherwise

b
indicated. Figure 1 shows the seismicity of the Texas Panhandle and

are reported to have occurred in the Panhandl

vicinity.

B4-1369708-30C



Table 1.

Earthquake Catalog for the Texas Panhandle and Vicinity , 1900-1982

- B4-1369708-30J

| ;'.? W WM WM RN WR W W W WM R W W MR R W WS W e

Inten. :
Time (Modified Felt Area
Date (GMT) Lat. Long. Mercalli) Mag. Location (sq km) Ref.
4.20.06 AM 36.8 103.9 \" - Folsom, NM 3
4.21.06 AM 36.8 1103.9 \' - Folsom, NM 3
4. .07 35.2 101.8 \ 3.0 TX, North 6
3.24.17 1930 35.3 101.2 \ 4.2 TX, North 7
3.27.17 1956 35.3 101.3 VI 3.8 TX, North 5,000 7
3.28.17 2338 35.3 101.3 3.0 - TX, North 10
7.29.25 1130 34.5 101.2 IV 3.8 TX 7
7.30.25 0800 34.5 100.3 \ 4.2 X
7.30.25 1217 35.4 101.3 v 4.8 TX, North 500,000 7, 10 s

7.30.25 1222 35.4 101.3 Iv - 10
7.30.25 1227 35.4 101.3 IV - 10
12.20.35 0530 34.4 103.2 \ - Clovis, NM 14
- 6.20.36 0318 35.8 101.3 111 3.0 Borger, TX - 10
6.20.36 0324 35.8 101.3 v 4.7 Borger, TX 110,000 10
3.12.48 0459 36.0 102.5 VI 4.8 Dalhart, TX . 300,000 6
6.20.51 193710 35.5 103.0 VI = TX, North 103,600 2

2.10.59 2005 35.5 100.9 \ 4.5 TX, North 120,000
1.03.62 232952 35.32 103.64 2.6 Tucumcari, NM 14
3.02.64 0126 35.3 104.0 2.6 Tucumcari, NM 6




I S e e e L =
Table 1. (Continued)
Inten.
Time (Modified Felt Area
Date (GMT) Lat. Long. Mercalli) Mag. Location (sq km) Ref.

2.03.65 113235 35.4 103.4 Iv 2.9 Logan, NM 13,700 14
4.21.66 1414 35.4 103.0 3.4 Logan, NM 6
7.20.66 090458 35.7 101.2 \) 3.9 TX, North 60,000 10
9.17.66 2130 35.0 103.9 3.6 Tucumacari, NM 7
1.12.70 112115 35.89 103.4 VI 3.5 Amistad, NM 9,600 14
2.15.74 133349 36.5 100.69 \ 4.5 - OK-TX Border 10
2.02.75 203922 35.10 103.10 2.9 NM 14
3.30.76 065316 36.68 102.25 v 2.1 MBLG 13
3.30.76 092701 36.61 102.08 v 2.7 MBLG 13 «
4.19.76 044242 .2 36.13 99.88 IV 3.5 OK, West i3
6.24.76 152732 _35.62 103.28 V3.5 NM,—FEastern— 14
8.03.78 003537.1 36.69 100.16 2.1 MBLG Beaver Co., OK

8.06.78 042856.8 36.07 99.94 2.6 Ellis Co., OK 5
2.21.80 204200.9 35.281 101.076 Felt 2.9 MBLG Carson, Co., TX 12
6.09.80 223709.9 35.513 101.082 v 3.4 MBLG Carson Co., TX 12
3.16.82 110302.4 35.335 103.25 111 3.1 MBLG Logan, NM 15
10.14.82 125245.4 35.999 102.596 3.9 MBLG Dalhart, TX 16

B4-1369708-30J
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2 SEISMIC MONITORING OF THE TEXAS PANHANDLE AREA

Although instrumental recording became widespread around 1962, only

seven earthquakes in the Panhandle have been ldcated on the basis of instru-

mental data during the last two decades. Earthquakes recorded ranged in

magnitude from 2.1 to 4.7. It is possible that the small number of events

recorded in this period within this magnitude range results from poor

instrumental coverage of the area. Figure 2 shows the poor coverage by

seismographic stations operating in the vicinity of the Texas Panhandle.

There is no station in the Panhandle itself (morth of 34°). The station at

Lubbock is the only station within 100 miles of the Palo Duro Basin.

Characteristics of stations operating in the area around the Texas Panhandle

are tabulated in Table 2.

It is, therefore, possible that because of the poor coverage of the

area, earthquake catalogs are extremely incompl

ete even at present.

Pennington and Davis (1984) note that a magnitude 3.4 event in 1983 would

not have been detected by conventional procedur

es had there been no specific

interest in modern day seismicity related to the possible siting of a high

level nuclear waste repository. Since this int
recently, it is probable that many earthquakes

approximately 3.5 have gone unrecognized, and i
larger events have also been missed (Pennington
and Klouda (1980) examined the seismicity of sa

Kansas, and Louisiana utilizing records of the ]

erest did not exist until
of a magnitude up to

t is possible that some

and Davis, 1983). Racine
1t areas of Texas, Oklahoma,

Long Range Seismic Monitoring

Station, Wichita Mountain Seismological Observatory (WMSO), which operated

in Lawton, Oklahoma from 1961 to 1968. During this period, they examined

records obtained only on Sundays in order to avoid any possible confusion

with quarry blasts. Based on this study, Racine and Klouda (1980) concluded

that earthquakes occur in the salt basins of Texas, Oklahoma, Kansas, and

Louisiana at the rate of one event a day. Racine and Klouda (1980) contrasted

this with five events a year demonstrated by the
Table 1 suggests about one event every three yes
vicinity during 1961 to 1980. The rate observed
is clearly several times higher than the rate td
examination of standard earthquake catalogs. Th

operating now may be recording a larger number g

B4-1369708-29B

catalogs for the area.

rs in the Texas Panhandle and
by Racine and Klouda (1980)
be obtained from an

is suggests that stations

f events than are (1) felt,
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or (2) recorded at a sufficient number of stationi to determine their

location. The seismographic station at Lubbock has been operating since
1963 as part of the World Wide Seismograph Station Network (WWSSN), and

records from the Lubbock Station are available on |film chips. These film

chips were examined to identify earthquakes that jay have occurred in the

Panhandle during this period but were not reporte

in any of the catalogs.

g
POS—

[T | ]
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Table 2. Seismographic Stations

Operating in

and Around the Texas Panhandle

(30-36°N, 96-106°W)

' Latitude Longitude Installation
Station Code (°N) (°W) Date
Texas
Lubbock LUB 33.5833 101.8667 1948
Dallas DAL 32.8461 96.7839 1953
McDonald Obs. HMOT 30.6797 104.0082 1975
Eagle Mt. MT2 30.8992 105.0146 1977
Junction JCT 30.4794 99.8022 1965
Oklahoma

|
Wilson WLO 34.0648 97.3695 1977
Albaster |

Cavern '

St. Pk ACO 34.0648 97.3695 1977
Ponca City PCO 36.6912 96.9782 1977
Quartz Mt.

St. Pk. QMO 34.8929 99.3071 1977
Meridian MRO 35.8356 97.2265 1978
Slick SI0 35.7463 96.3071 1978
Red Rock

Canyon

St. Pk. RRO 35.4569 98.3584 1978

B4-1369708-30E
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Table 2. (Continued)

Latitude Lbngitude Installation
Station Code (°N) 4(°W) Date
Colorado
Trinidad TJC 37.2169 1?4.6912 1965
New Mexico
Estancia EST 34.8645 105.7228 1976
Cerro Azul  CZL 36.2833 105.9103 1976
Tesuque Peak TSP 35.7853 105.7814 1973
Carlsbad CLN 32.4027 103.7318 1974

|
|

B4-1369708-30E
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3 CHARACTERISTICS OF LUBBOCK STATION

The seismographic station at Lubbock has beed operating as part of the
WWSSN since 1963. The equipment at the station itcludes short period
(1-second) Benioff and long period (15-second) Sprengnether vertical and two
horizontal (N-S and E-~W) components. The timing at the station is WWSSN
standard and recording is on photographic paper. ﬁhe station operates at a
gain of 25 K for short periods and 1.5 K for long-ﬁeriod components. The
station foundation is caliche of Pleistocene Age. :Records obtained are
routinely sent to the World Data Center in Boulder%for microfilming,

storage, and distribution. These records are available for purchase from:

World Data Center A for Solid Earth Geophysic

Environmental Data Service \
1
National Oceanic and Atmospheric Administrati?n

i
[
]
[
]
|
Boulder, €O 808302 | [
|
i
[
I
[

|
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4 EXAMINATION PROCE
Film chips of seismograms from the Lubboc

1963-1980 were purchased from the National Oce

stration Data Center in Boulder, Colorado, and

DURE

k Station covering the period
anic and Atmospheric Admini-

were examined. The identifi-

cation of earthquakes which may have occurred in the Texas Panhandle was

carried out on the basis of (1) time interval between the arrival of longi-

tudinal wave (P wave) and transverse wave (S wave), and (2) examination of

the direction of first motion.

Examination of| film chips began by reviewing

records of earthquakes which occurred in the Texas Panhandle and vicinity in

1974 and 1980 (Table 1) in order to ascertain the characteristics (fre-

quency, amplitude, and duration) of signal fro

recorded at Lubbock.

these known earthquakes as

Unfortunately, the equipment was malfunctioning at the

time of the 1974 Earthquake (Magnitude 4.7), a#d, consequently, no record

was obtained for that earthquake.
available for examination. Film chips from Lu
several earthquakes in Texas and Oklahoma, whig
and Klouda (1980) as a result of their examinat
This review was carried out in order to famili:
the characteristics of signals from local event

that may have occurred in the Panhandle can be

Records forl

the two 1980 earthquakes were
bock were also examined for
h were identified by Racine
tion of the WMSO records.
arize the investigators with
s so that other earthquakes

identified and examined.

In order to increase the usefulness of the analysis, and thereby mini-

mize picking up a false event, the following ci
local earthquakes as recorded at Lubbock:

(1) Impulsive first arrival - sharp P-wax

(2) S minus P arrival times less than 45

corresponds to an epicentral distance

imately less than or equal to 360 km

quakes occurring in the Texas Panhang

Oklahoma, New Mexico, and central Tex

1980 earthquakes were appfoximately 2
(3) Event recorded by horizontal componer
picks).
(4) No significant ground motion recorded
(There was no significant ground moti

for the 1980 earthquakes.)

B4-1369708-29C

riteria were used to identify

ye group.
seconds. This time interval
> from Lubbock of approx-

and will include all earth-
]le and surrounding parts of
as. (S minus P times for the
2-30 seconds.)

its also (to facilitate S-wave

| by long-period instruments.

on on long-period seismograms
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(5) Total signal duration less than approximately 7 minutes. (The

duration of the 1980 earthquakes was approximately 4 minutes.)

Duration is measured from the first motian until the amplitude can

no longer be distinguished from the background level. On the

basis of magnitude-duration relationship

published for Oklahoma

(Lawson, 1978), a duration of five minutes corresponds to a magni-

tude of approximately 3.1. Since several earthquakes of this size

are included in published catalogs (Table 1), it can be concluded

that earthquakes with higher magnitude have already been detected

and located.

A number of events satisfying these criteria &ere identified from

Lubbock Station records during the period 1963-198¢. The dates and times of
|

these events were then checked with the Internatioial Seismological Center

(ISC) Bulletins to eliminate any mistaken reading

S-phase. A few events were eliminated on that bas#s.

of the remaining 40 events are listed in Table 3.
In order to locate an earthquake on the basis
single station, it is necessary to determine the e
azimuth. Epicentral distance can be computed from
times of S and P waves. Azimuth to the epicenter
determined from P wave first motion on all three c¢

1942). The apparent angle of incidence o, as comp

horizontal amplitude u; and vertical amplitude ug 1
tan < = _l.l_&,
uj

does not give the direction of approach of the wav
zontal amplitude uy; does lie in the great circle j
tion and its direction may be obtained by compound
tudes of the first wave of P on E-W and N-S compon
Information on which way along the great circle th
obtained from the vertical component of the first

first wave is a compression and the horizontal mot

B4-1369708-29C

f other phases for

The dates and times

|

of the records of a
icentral distance and

the difference in arrival
an be approximately
mponent records (Byerly,

pted from the recorded

2

c. However, the hori-
pining epicenter and sta-
ing as vectors the ampli-
ents (Byerly, 1942).

¢ epicenter lies is
motion. If it is up, the

ion is away from the

[
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Additional Local Earthqua

13

es Detected by Lubbock

Station During 1963

| ~ 1980

P-Time S~Time S-P

Date (GMT) (GMT) (sec) Duration
1.05.63 10:02:40 10:03:02 22

6.06.63 08:06:40 08:07:25 45 3.5 min
9.02.63 10:45:08 10:45:30 22
10.17.63 05:30:10 05:30:35 25
11.30.63 02:39:30 02:39:45 15
11.08.64 09:26:35 09:27:00 25 90 sec
2.03.65 11:33:13 11:33:4j - 27 2.25 min
8.30.65 05:18:04 05:18:24 24

4.21.66 14:14:57 14:15:25 28 2 min
7.15.67 18:47:52 18:48:08 16

2.28.68 05:05:15 05:05:30 15 1.5 min
3.20.68 22:12:15 22:12:45 30

7.14.69 07:50:55 07:51:20 25

1.12.70 11:22:03 11:22:35 32

5.17.70 19:27:40 19:28:07 27

8.05.70 05:34:30 05:34:47 17
12.14.70 04:13:15 04:13:20 5
12.19.70 23:45:40 23:46:12 32

7.03.71 23:55:25 23:55:50 25

7.30.71 01:46:25 01:46:50 25

7.31.71 14:54:25 14:54:55 30
10.21.71 11:40:40 11:40:42 2

B4-1369708-29E
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Table 3. (Continued)
P-Time S-Time 5-P
Date (GMT) (GMT) (sec) Duration

3.24.72 06:51:12 06:51:48 36

9.04.72 04:43:45 04:44:12 27

3.25.74 20:32:00 20:32:20 20

9.01.74 13:54:35 13:54:53, 18.5

11.12.74 02:32:30 02:32:58 28

11.12.74 07:15:03 07:15:25 22

12.30.74 08:06:18 08:06:50 32

5.16.75 07:27:30 07:28:08 38

3.05.76 02:58:50 02:59:20 30 1.5 min
9.17.76 02:48:40 02:49:10 30

10.25.76 00:27:35 00:28:05 30

3.14.77 10:10:45 10:10:55 10

6.07.77 23:01:41 23:01:55 14 "2.25 min
6.17.77 03:37:25 03:37:50 25 1.5 min
7.22.77 04:02:02 04:02:08 6

3.02.78 10:05:25 10:05:55 30 3.0 min
7.05.79 01:05:15 01:05:27 12

9.13.79 00:50:07 00:50:37 30

B4-1369708-29E
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epicenter. Conversely, if the first vertical motion is down, the wave is a

rarefaction, and the horizontal movement is toward the epicenter. The

direction of the epicenter can be obtained ir this manner.

In order to determine which of these 40| events occurred within the Texas
Panhandle, the P-wave first motion was examined on all three components for
all 40 events. It was difficult to determine the direction of first motion

amplitude of first motion, given the poor quality of the records. Table 4

on many of the records and, in most cases, it was difficult to determine the
lists the first motion direction and amplitube recorded for all 40 events.
Earthquakes believed to have occurred in the Panhandle and vicinity based

ng with epicentral distance.

upon first motion data are identified in Tab The table includes
estimated parameters of these earthquakes al

Approximate locations of these earthquakes a e shown on Figure 3.
Table 5 also lists magnitude of these e rthquakes on the basis of the

magnitude duration relationship,
MC = 1.86 Log (DUR) -1.49,

developed by Lawson (1978) for Oklahoma. MC in this relationship is coda

magnitude and DUR is signal duration in seconds.

B4-1369708-29C
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Table 4. Direction and Amplitude of a B-Wave First
Motion for Earthquakes Listed in T4ble 3

P - First Motion

Vert N - S E-W
P - Time Dir Amp Dir Amp Dir Amp
- Date (GMT) (cm) (cm) {(cm)
1.05.63  10:02:40 - - - 0.05 - 0.05
6.06.63  08:06:40 U 0.225 D 0.175 U 0.175
9.02.63  10:45:08 - 0.05 U 0.20 U 0.10
10.17.63  05:30:10 U 0.15 D 0.125 - 0.10
11.30.63  02:39:30 - 0.10 - 0.10 « - 0.10
11.08.64  09:26:35 D 0.05 U? o.ﬁzs u? 0.025
2.03.65  11:33:13 D 0.20 D 0.100 U 0.075
8.30.65  05:18:04 U 0.05 U 0.075 D 0.05
4.21.66  14:14:57 U 0.15 D 0.25 U 0.125
7.15.67  18:47:52 - 0.10 U o.?o D 0.10
2.28.68  05:05:15 U - U - - -
3.20.68  22:12:15 D? 0.20 U? o.jo D? 0.10
7.14.69  07:50:55 - 0.10 D 0.05 - 0.05
1.12.70  11:22:03 D 0.275 U? 0.15 D 0.125
5.17.70  19:27:40 D 0.10 U 0.05 - -
8.05.70  05:34:30 D 0.375 D o.#o U 0.075
12.14.70  04:13:15 D 0.40 U 0.125 U 0.10
7.03.71  23:55:25 D 0.30 U 0.10 U 0.075
7.30.71 01:46:25 U 0.60 D 0.65 D 0.55
7.31.71  14:54:25 U 0.30 D 0.35 - 0.30
10.21.71  11:40:40 U 0.30 U 0.55 U 0.50
3.24.72  06:51:12 U 0.10 U2 0.075  U? -
9.04.72  04:43:45 D 0.075 D 0.225 - 0.125
3.25.74  20:32:00 - - - - - -
9.01.74  13:54:35 D 0.075 U 0.125 D 0.175
11.12.74  07:15:03 U 0.15 D 0.05 U 0.05
12.30.74  08:06:18 D 0.225 D? 0.10 D 0.225
5.16.75  07:27:30 D? 0.10 D 0.075 U 0.05
B4-1369708-29F
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Table 4. (Continued)
P ~ First Motion
Vert N - E-~-W
P - Time Dir Amp Dir Amp Dir Amp
Date (GMT) (cm) (cm) (cm)
10.21.75  06:42:03 U 0.15 U? 0.15 D 0.20
3.05.76 02:58:50 U 0.175 U 0.15 D? -
9.17.76 02:48:40 U 0.40 D 0.40 D 0.30
3.14.77 10:10:45 D 0.25 U 0.10 D 0.125
6.07.77 23:01:41 U 0.10 D 0.03 D 0.10
6.17.77 03:37:25 U 0.225 D 0.175 U 0.15
7.22.77 04:02:02 D? 0.175 U 0.25 D 0.10
3.02.78 10:05:25 0.30 U 0.40 D 0.15
7.05.79 00:05:15 0.25 D 0.125 D 0.175
9.13.79 00:50:07 U 0.35 U 0.40 U 0.425

B4-1369708-29F




Table 5. Earthquakes North of Lubbock During 1963-1980

No. Date P-Time S-P (sec) Distance Duration Magnijtude Azimuth

1. 06.06.63 08:06:40 457 360 km 3.5 min 2.8 315°

2. 10.17.63 05:30:10 25 200 km 85.0 sec 2.1 303°

3. 11.08.64 09:26:35 25 200 km 90.0 sec 2.2 45°

4, 04.21.66 14:14:57 28 224 km 2.0 min 2.9 296°

5. 03.20.68 22:12:15 307 240 km 45.0 ‘sec 1.6 308°

6. 01.12.70 11:22:03 32 256 km 4.75 min 3.1 310°

7. 05.17.70 19:27:40 27 216 km 2.25 min 2.5 0° .
8. 12.14.70 04:13:15 5 40 km 3.5 min 2.8 39° ®
9. 07.03.71 23:55:25 25 200 km - 5.25 min 3.2 37°

10. 07.30.71 01:46:25 25 200 km 7.25 min 3.4 40°

11. 073171 H:54:25—— 30 260 km 4.5 min 3.0 0°

12. 09.01.74 13:54:35 18.5 148 km 3.5 min 2.8 3265

13. 11.12.74 07:15:03 22 176 km 1.5 min 2.1 315°

14. 09.17.76 02:48:40 30 240 km 2.5 min 2.55 37°

B4-1369708-29G
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Table 5. (Continued)

No. Date P-Time S-P (sec) Distance Duration Magnitude Azimuth
15. 03.14.77 10:10:45 10 80 km 1.5 min 2.1 321°
16. 06.07.77 23:01:41 14 112 km 3.5 min 2.8 75°
17. 06.17.77 03:37:25 25 200 km 1.5 min 2.1 310°
18. 07.22.77 04:02:02 6 48 km 2.0 min 2.9 292°
19. 07.05.79 00:05:15 12 96 km 317°

61
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5 RESULTS

Table 1 shows that 18 earthquakes are rep‘rted to have occurred in the
Texas Panhandle and vicinity since 1963, within approximately 300 km of
Lubbock. Table 3 shows that approximately 40 ‘vents, which satisfy the cri-
teria discussed in Section 3, have been recorded by Lubbock Station since
1963. This suggests that the Lubbock Station ?ecords, on an average basis,
two events per year occurring within approximaaely 360 km of the station.
These events are not detected, however, at a stficient'number of stations

so that they can be located. If all 40 recordéd events occurred north of

the station, then the number of events occurripg in the area and recorded at

Lubbock is about 58, almost three times the number of known events (Table 1).
This rate is considerably less, however, than the rate of one event per day,
estimated by Racine and Klouda (1980) for the salt areas of Texas, Oklahoma,
Kansas, and Louisiana. This huge difference i# estimated rates of activity
can occur for the following reasons:

(1) Racine and Klouda (1980) examined a i‘ery large salt area as compared
to the restricted area investigated in this study. Spatial varia-
tions in seismicity may account for this difference in estimated
activity rates as shown by the follo‘ing examples:

Racine and Klouda (1980) noted that the standard earthquake
catalogs for the salt areas of the f#ur states considered suggest
the occurrence of 39 earthquakes in the area or a rate of about
five earthquakes per year. Most of this activity is located in
either central Oklahoma or the TexastLouisiana border. The stan-
dard earthquake catalog shows only one earthquake in the Texas
Panhandle. Therefore, standard earthquake catalogs suggest that
the larger area is about 40 times aslactive as the Texas Panhandle.

An examination of the locations| of earthquakes identified by
Racine and Klouda (1980) shows that most of these earthquakes
occurred in central Oklahoma and north-central Texas. Only about
four earthquakes were located in the| Texas Panhandle or an activity
rate of about 1/16 per day. Of these, three were located near the
Oklahoma border (one near the northern end and two near the eastern
end of the Texas Panhandle). The activity rate for the larger area
estimated by Racine and Klouda (1980) is about 16 times the activ-

ity rate for the Texas Panhandle.

B4-1369708-30
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{(2) WMSO consisted of 13 seismometers o
array with outer and inner rings of
ment in the center. The observator
of 500,000. The short period seism
however, at a magnification of 25,0
that high magnification and array c

in recording of many more earthquak

This may explain the difference bet

WMSO records and Lubbock records.

The earthquake activity rate f

mated on the basis of the study of

different from the activity rate co

quake catalog in Table 1. In view

seismic activity for the Texas Panh

(1980) study, there is no reason tg

earthquake per day they calculated
for the Texas Panhandle.
Analysis of first motion pattern has id
have occurred north of Lubbock. These earth

are listed in Table 5.

in New Mexico, at some distance from the Palg Duro Basin.

appear to have occurred in the Matador Uplift area.

surprising because there is no report of any

Matador Uplift in any of the historical earth

events appear to be associated with the Amarij
to moderate seismicity.
appear to have occurred in the southwestern j
Most of the activity appears to be located ng
bound the Palo Duro Basin. For seven or eig
were insufficient for azimuth determination

The results of this study show that the
includes the Texas Panhandle and parts of Ney
area of low seismicity. The average rate of
360 km north of Lubbock is about two events |

of 2.1 to 3.4.
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perating as a double polygon

six instruments and one instru-

y operated at a magnification
ographs at Lubbock operated,
00.

It would, therefore, appear

onfiguration at WMSO can result

s at WMSO than at Lubbock.

ween activity computed using

or the Texas Panhandle, esti-
Lubbock seismograms, is not very
mputed on the basis of the earth-
of the demonstrated low rate of
andle in the Racine and Klouda
believe that the rate of one

for the larger area is valid

ntified 19 earthquakes that

juakes are shown on Figure 3 and

Approximately seven qut of these 19 events occurred

Three earthquakes
This result is somewhat
:activity associéted with the

iquake catalogs. Six of the

llo Uplift, a feature with low

Three events (Nos. 12, 19, and 15 on Figure 3)

yart of the Palo Duro Basin.
*ar structural features which
‘t events, first motion data
urposes.

area north of Lubbock (which
v Mexico and Oklahoma) is an
activity within approximately

ber year in the magnitude range
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6 SOURCES OF UNCERT

There are several sources of uncertainty
The two most important sources are correct ide
measurement of first motion amplitude.

In a few instances, phases from moderate

teleseismic distances were incorrectly identiflied as S-phase.

was discovered as a result of a comparison of

of S-P times with the earthquakes listed in th£

Errors in the proper identification of S

AINTY

in this type of investigation.

ntification of S-phase, and

size earthquakes at

This error
events identified on the basis
ISC Bulletins.

hase, or in the determination

of arrival time of S-phase, can affect the combutation of epicentral

distance considerably.

Although earthquakes which occurred north
on the basis of the direction of first motion,
depends on the amplitude of first motion. Any
first motion amplitude on the two horizontal c¢
computation of azimuth.

The two possible sources of uncertainty d
considerable error in the locations of the 19
Although all 19 earthquakes occurred north of
computation of azimuth and epicentral distance
the earthquakes and, therefore, their tectonic
on Figure 3, epicentral distance will determin
on the Matador Uplift or in the Palo Duro Basi
New Mexico, west of the Palo Duro Basin, may a
basin itself. Conversely, the Palo Duro Basin
earthquake activity, and the three earthquakes

Basin may have occurred in either New Mexico o
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of Lubbock can be identified
the computation of azimuth
error in the measurement of

omponents will effect the

iscussed above can lead to
earthquakes shown on Figure 3.
Lubbock, slight error in the

. can change the location of
significance. For example,

e whether earthquakes occurred
n. Similarly, earthquakes in
ctually have occurred in the
may be totally free of all
in the southwest part of the

r on the Matador Uplift.
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7 CONCLUSIONS AND RECOMMENDATIONS

During the period 1963-1980, the Lubbock Seismographic Station recorded
about 40 earthquakes within an epicentral distance of approximately 360 km.
These earthquakes ranged in the magnitude (MC) frpm 2.0 to 3.5. These
earthquakes were not recorded at a sufficient number of stations for
location purposes. If all of these earthquakes octurred north of Lubbock,
then these results suggest that the rate of activity in the Texas Panhandle
is about three times what is reported in the earthquake catalogs.

Poor record quality precludes determination ¢f first motion for all
events. In several cases first motion can be determined on only one hori-
zontal component. Ground motion amplitude can beimeasuped on only a few
records. It is, therefore, not possible to carry &ut a comprehensive analysis

of this data to identify all events which occurred in the Texas Panhandle.

For events where estimation was possible, preliminary examination suggests
that approximately 19 of these occurred north of Lubbock Station. Some of
these events may be associated with the Matador Uplift or the Amarillo
Uplift. Three of these events occurred in the Paﬂo Duro Basin. Since it is
not possible to determine first motion for all events, the number of earth-
quakes that occurred in the Panhandle and were detected but not located
cannot be precisely estimated. The rate of earthquake activity in the Texas
Panhandle is, therefore, between one and three events per year at a
magnitude greater than 2.0. Most of the 40 events identified did not occur
within the Palo Duro Basin.

In order to refine the source parameters of the 40 events listed in

Table 3, it is proposed to examine the records of la station operating in
Trinidad, Colorado. This station is part of the WWSSN and uses the same
recording equipment as Lubbock. The Trinidad Station, however, operates at
a magnification of 100 K. Records of Trinidad Station will be examined for
the days on which these 40 events were recorded. Based on estimated
epicentral distance and azimuth, it will then be possible to determine the

number of events which occurred in the area of intlerest.

B4-1369708-30A
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