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The Western Ohio - Indiana Seismic Array

The Western Ohio - Indiana seismic network consists of thirteen local
and two regional (ACM, AAM) short period vertical stations. The thirteen
local stations are formed by the original nine stations of the Anna, Ohio
network, fully operational since June 1978, and a subnetwork of four
stations located in Indiana which were inctalled in Feburary 1981.
Locations, elevations, magnifications and other information about the
stations are listed in Table 1. Station locations are shown in Figure 1.

The nine west-central Ohio stations are designed as schematically
illustrated in Figure 2a. The data from these stations are transmitted by
radio to a central tower at Wapakoneta, Orio., The four Indiana stations are
designed as schematically shown in Figure 2b and the data transmitted by
telephone link to the receiving facility at Wapakoneta, Ohio. The receiving
facility at Wapakoneta, Ohio is schematically shown in Figure 2c¢. At this
facility signals from the thirteen Ohio and Indiana stations are multiplexed
onto three trunk lines and transmitted to the recording facility at the
University of Michigan in Ann Arbor, Michigan. The recording facility is
schematically illustrated in Figure 2d. Individual station data is
discriminated from the multiplexed signal and recorded at the University of
Michigan.

Full system response curves have been experimentally produced for the
Ohio network using the calibration coils in the HS-10, 1 Hz geophones
through in-field studies. The calculated =esponse is shown in the unit)
gain curves in Figure 3a. The response curves for the Indiana stations,
which were calculated through a combination of experimeatal and published
response characteristics are shown in Figure 3b. The curves in Figurce 3
represent the response of the system using 2 Hz, 5 Hz, and 12.5 Hz low pass
filters, Although any of the three responses are possible in playback mode
from the analog tape, only one can be used for the directly recorded visual
records, Currently we are using the 12.5 Hz low pass filter for this
purpose.

During the last fiscal year (October 1983 - September 1984) the stations
have been operatiunal approximately 85% of the time. Station failures were
usually caused by battery failures, phone line problems, and lightning
strikes. However, many problems were caused by equipment failures which can
be related to the aging of several electronic components. During the early
months of the coming fiscal year we will be replacing some of the older
components in the field installations, including the VCO-amplifier packages
and the geophones, This upgrade should increase our operating time and
improve the quality of the data. These improvements will be decussed in
future reports. Individual station reliability data averaged for each month
are gived in Table 2. Detailed daily station uptimes are listed in
Appendix A. The downtime reflected in the above mentioned reliability data
includes both periods of instrumental failures and periods in which the
records were not interpretable due to other factors (i.e. weather, cultural
noise, etc.).

Further descriptions of the Anna array instrumentation can be found in
previous annual progress reports by Mauk et al. (1979, 1980), Jackson et al.
(1982) and Christensen et al. (1983).



TABLE 1
STATION CHARACTERISTICS OF THE OHIO-INDIANA SEISMIC ARRAY

Station Latitude Loqgitude Elevation Displacement carrier Subcarrier
W

Code oN (Feet) Gain (2 Hz) (MHz) (Hz)
(x1000)
AN1 40,4792 84,1309 1003. 246.7 164.0093 1700
AN3 40,5489 83.8121 1070. 246.7 165.8093 1400
ANY 40,2222 83.8978 1134, 246.7 173.1940 1400
ANT 40.8235 83.8602 922. 493.4 171.4060 1700
ANS 40,2441 84,2860 992. 246.7 166,4218 680
AN9 40.7118 84,4967 835. 246.7 167.8090 2040
AN10 40,4729 84.4700 901. 246.7 167.1937 1020
AN 40,5638 84.6804 895. 246.7 166.6565 1020
AN12 40.9217 84,1823 THY. 493.4 163.7937 2040
™ 40,542 85.894 837. 84.7 680
IN2 39.939 86.783 872. 84.7 1020
IN3 39.265 85.785 T722. 84.7 1400
INK 39.570 84.903 1025. 84.7 1700
ACM 42,6475 85.8517 880. 42.3 1700
AAM 42,2997 83.6561 817. 12.5
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Tigure 1,

Station Locations for the Zhio-Indiana Seismic A-ray
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TABLE 2

STATION RELIABILITY DATA (%)

Stations

Monthly
Month AN?! AN3 AN4 AN7 AN8 AN9 AN10 AN11 AN12 IN?' IN2 IN3 IN4 ACM Total
OCT 1983 100 100 100 98 99 99 96 99 99 96 0 0 100 97 85
NOV 1983 100 72 91 97 99 98 74 98 71 91 95 37 45 86 82
DEC 1983 98 33 88 98 98 97 80 97 86 93 92 170 0 98 81
JAN 1984 99 70 99 98 99 99 67 99 99 97 99 S 0 98 84
FEB 1984 100 86 93 99 99 97 12 98 78 97 98 3 0 100 76
MAR 1984 96 98 97 98 87 100 4 100 0 94 97 97 T1 100 81
APR 1984 100 100 99 99 98 99 93 99 56 95 100 96 100 100 95
MAY 1984 100 100 32 100 100 100 100 100 100 100 100 100 96 100 95
JUN 1984 100 100 10 100 100 100 100 100 70 99 93 83 79 66 86
JUL 1984 100 100 100 100 100 100 100 100 9 99 56 53 &9 0 79
AUG 1984 100 96 100 100 100 100 66 100 0 100 100 100 100 32 85
SEP 1984 100 100 100 56 100 100 100 100 0 100 100 100 100 100 90
Station Tetal
Total 99 88 84 95 98 99 T4 99 56 97 86 66 65 81 85



II

Local and Near-Regional Events
(September 1983 - September 1984)

During the report period (September 1983 - September 13984) twelve
earthquakes were recorded in the region. The location of these events are
shown in Figure 4, and their origin times, epicenters, and estimated
magnitudes listed in Table 3. The magnitudes of these events range from 0.3
to 4.0 . Events which occurred on January 14, 1984 in Toledo, Ohio
(magnitﬁaég- 2.6 m ) and on July 28 and August 29, 1984 south to southeast
of Terre Haute, Indiana (magnitude = 4,0 and 3.2 Myg? respectively) were
felt; however, no major damage was reported. g

The event of January 14, 1984 that occurred near Toledo, Ohio had a
magnitude of approximately 2.6 m_and was felt by many Toledo residents.

Two additional events were recorged in the Toledo area during the fiscal
year. The event on December 7, 1983 is located very close to the January
14, 1984 event. However, its location is not well constrained due to a
temporary timing problem (clock failure) with the array. The second event
occurred apout 70 kilometers west of Toledo on September 30, 1983.

Four earthquakes were located in central and western Indiana, including
one on the Indiana-Illinois border. These events are of particular interest
because they are the first to be recorded in Indiana since the installation
of the Indiana array in '981., In addition, the epicentral locations are
near the extreme northeastern extension of the Wabash valley fault system.
Three of these events, including the two felt events on July 28, 1984 and
August 29, 1984 occurred about 35 kilometers south-southeast of Terre Haute,
Indiana (one on the Indiana-Illinois border). The fourth event occurred
approximately 30 kilometers southeast of Indianapolis, Indiana. The event
on July 28, 1984 with a magnitude of 4.0 m 1 is the largest regional event
recorded during the report period. Reportg Qndicate that it was felt up to
a radius of about 40 kilometers with a maximum intensity of V near the
epicenter in Clay City, Indiana. A digital blow-up of this event is plotted
in Figure 5. The event on August 29, 1984 with a magnitude of 3.2 was
felt in a much smaller region but with a similar maximum intensity 2P near
Clay City, even though the epicentral location is about 20 kilometers to the
west. (Intensity information was taken from the PLUE bulletin, published by
the National Earthquake Information Service).

An event on December 3, 1983 which occurred north of Chicago, Illinois
near the Illinois-Wisconsin border was well outside the array and was
recorded at only three stations. The location of this event is very poor
and could be in error by up to 50 kilometers.

The four remaining events occurred in the central portion of the array
near Anna, Ohio, all with magnitudes of less than one. This makes a total
of twelve events which have occurred ir that small region since recording
began in 1976.

There have now been a total of 28 local and near regional events
recorded by the Ohio-Indiana array since its initiation in 1976, five of
which have been felt. This does not include the July 27, 1980 Sharpsburg,
Kentucky event (m_ = 5.1) which was well outside the array. The only felt
event that has ocgurred in the historic Anna Seismic Zone since the
inception of the array was on June 17, 1977. At the time of this event only
two of the local Ohio stations had been installed, making the event
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Figure 4, Local and Near-Regional Earthquake Locations from
September, 1983 through September, 1984,



TABLE 3

LOCAL AND NEAR-REGIONAL EVENTS FROM
SEPTEMBER 1983 THROUGH SEPTEMBER 1984

Date Origin Time Location Magnitude Depth
Year Mo Da Hr Mi Sec (GMT) Latitude °N Longitude °W (duration) (km)

1983 09 30 02:33:44.8 41,59 84,33 1.2-1.4 -
1983 11 04  21:00:59.8 40,43 84,10 0.3-0.5 -
1983 11 04  22:50:00.5 40,43 84.10 0.8-1.0 --
1983 11 05 02:36:35.8 39,68 85.73 0.9-1,2 -
1983 12 03  21:29:41.0 42.7 88.3 1.3-1.5 --
1983 12 07  22:57:01.6 4,7 83.5 1.0-1.2 —
1983 12 10 19:01:55.2 40.43 84,11 0.6-0.8 --
1984 01 03 07:57:58.6 40. 42 84,11 0.3-0.5 --
1984 01 14  20:14:32.1 41.63 83.44 2.6 m --
1984 07 28  23:39:27.3 39.27 87.09 Lo -
1984 08 29 06:50:59.0 39,25 £7.50 3.2 mbl8 -
1984 08 29  18:56:27.2 39,09 87.69 2.7 mblg

10
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difficult to locate. Although there were several reported arrivals from
stations at distances greater than 200 kilometers, the final location as
reported by NEIS and ISC is not well constrained. The NEIS location of

40.7 °N x 84.6 °W (origin time 15:39:47.3) requires a residual at the
closest station (AN1) of -4.0 seconds, a value that is an order of magnitude
larger than residual values found at similar distances for recent array
locations. Arrival times at regional stations for an event of this size are
often complicated by the misinterpretation of P_ and P_ arrivals. 1In
several of our previous reports we show a locat?on for®this event in Grand
Lake, based partially on felt reports.

We have relocated the June 17, 1977 event using just the local P and S
arrivals. In lieu of a good > wave velocity structure, we have plotted the
S-P travel time curve shown in Figure 6 from P and S arrivals of well-
located local and near-regional events. The best fit line in Figure 6 has a
slope of .119 sec/km and a y-intercept of .191 seconds with a .99
correlation coefficient. Four stations were used to relocate the 1677
event., The S-P times and corresponding distances are listed in Table 4.

The distance ranges shown were calculated using an error of *+.5 seconds for
each S-P time. The location of the 1977 event was graphically determined to
be at 40.57 N x 84.67 W by the very tight intersection of arcs from the
four stations with a possible error of about 5 kilometers. This locates the
epicenter of the June 17, 1977 event about 9 kilometers west of Grand Lake
and about 17 kilometers southwest of the NEIS location.

A complete listing of all local and near-regional events located by the
University of Michigan since 1977 can be found in Table 5 and are displayed

in Figure 7. A detailed plot of the events in the west-central Ohio region
are illustrated in Figure 8.

12
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TABLE &

S-P TIMES AND CORRESPONDING DISTANCES
FOR THE JUNE 17,1977 CELINA EARTHQUAKE

Station S-P Time (sec) Distance (km)
ANTa" 6.0 + .5 48.6 + 4.2
AN3 8.8 + .5 72.1 + 4.2
BGO 15.0 + .5 124.0 + 4.2
AAM 25.5 + .5 212.0 + 4.2

* Station ANla was a predecessor of the current station AN1 and

has a slightly different location.
The location of AN1a is 40.4310 ON, x 84,1240 °W.

14
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Pigure 15.

Back Projected Residual Differences to a Depth of

50 kilometers for the Anna, Ohio Region. The

residuals are calculated using station ANll as the

base station. Positive residual differences are
plotted as plus signs and negative residual differences
are plotted as triangles., The size of the residuals
are directly proportioral to the size of the symbols.
Station locations are shown as the solid s-7uares.
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slow regions. In Figure 16 we have reduced the number of points plotted in
Figure 15 by averaging the relative i'esiduals over a five by five kilometer
grid and plotting the mean value in each grid element as a single symbol.
The same symbol convention as in Figure 15 is used for all the following
residual plots. Figure 16 is plotted at the same scale as the magnetic map
(see Figure 14) so that the residuals can be visually compared to the
magnetic aromaly map. The residuals in Figure 16 clearly show the gradual
increase in residual from west to east, as well as the region of large
positive residual differences in the extreme eastern part of the figure. In
addition there is a good correlation between the very large positive
residuals in the extreme eastern section of the array and the line of
magnetic highs.

Thus far we have always useJ the station AN11 as the base line to which
the residuals are calculated. 4s stated before, the residual differences
tend to remove the source and path effects from the residuals; however, the
differences do not correct for the structure around the base station. 1In
order to see if our choice of base station biases our results we have also
plotted back projected residual maps to depths of 50 kilometers using two
different base stations. Residual differences were calculated using AN1 and
AN10 as the base stations and these residuals are plotted in Figures 17
and 18, respectively. It can be seen in Figures 16, 17, and 138 that the
general trends which have been previously pointed out are common to each of
the residual difference maps.

We have pointed out that the regions of slowest velocity imaged by
projecting the anomalies to 50 kilometers depth correspond well to the
regions of high magnetic anomalies in Figure 14, 3ack projected mape of the
residual differences using station AN10 as the b:se station and projection
depths of 25 and 75 kilometers are shown in Figure 19 and Figure 20,
raspectively. We can see from these plots that if the source of the large
positive residual anomalies is located at 25 kilometers depth in the crust,
then these residuals cannot be explained by the same feature which is
responsible for the high magnetic anomalies. However, if we allow the
residuals to be generated at depths of 50 or more kilometers, then there is
a good spatial correlation with the magnetic anomalies and thus both seismic
and magnetic observations can be explained by the same feature in the lower
crust and upper mantle.

It is also interesting to look at the back projected relative residuals
for the complete array. These residuals have been calculated and averaged
over a five by five kilometer grid using station AN10 as the base station
and plotted in Figure 21. Once again the array stations have been plotted
as the solid squares for orientation. The main features of the projections
at this scale is the change from positive residuals around the edge of arch
structure (in Ohio, Michigan, and western Indiana) to large negative
residuals in the center of the platform (in central Indiana). This trend
reflects the relatively fast velocities at the crest of the arch as compared
to the slower velocities toward the adjacent basins.
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Figure 16,

Back Projected Residual Differences to a Depth of 50
kilometers for the Anna, Ohio Region. The residuals
are calcuiated using station AN1ll as the base station
and are averaged over a 5 X 5 kilometer grid. Positive
residval differences are plotted as plus signs and
negative residual differences are plotted as diamonds.
The size of the residuals are directly proportional to
the size of the symbols. Station locations are shown

as the solid squares.
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Figure 17,

Back Projected Residual Differences to a Depth of 50
kilometers for the Anna, Chio Region. The residuals are
calculated using station AN1 as the base station and are
averaged over a 5 X 5 kilometer grid. Positive residual
differences are plotted as plus signs and negative residual
differences are plotted as diamonds. The size of the

residuals are directly proportional to the size of the
symbols,

Station locations are shown as the solid squares,
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Figure 1§,

Back Projected Residual Differences to a Depth of 50
kilometers for the Anna, Ohio Region., The residuals
are calculated using station AN10 as the base station
and are averaged over a 5 X 5 kilometer grid. Positive
residual differences are plotted as plus signs and
negative residual differences are plotted as diamonds.
The size of the residuals are directly proportional to
the size of the symbols., Station locations are shown

as the solid squares.
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Figure 19,

Back Projected Residual Differences to a Depth of 25

kilometers for the Anna, Ohio Region., The residuals

are calculated using station AN10 as the base station

and are averaged over a 5 X 5 kilometer grid, Positive
residual differences are plotted as plus signs and negative
residual differences are plotted as diamonds, The size of
the residuals are directly proportional to the size of the
symbols, Station locations are shown as the solid squares,
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Figure 20, Back Projected Residual Differences to a Depth of 75 kilometers

for the Anna, Ohio Region., The residuals are calculated using
station AN10 ~s the base station and are averaged over a 5 X 5
kilometer grid., Positive residual differences are plotted as
plus signs and negative residual differences are plotted as
diamonds, The size of the residuals are directly proportional
to the size of the symbols, Station locations are shown as the

solid squares,
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Figure 21, Back Projected Residual Differences to a Depth of 50 kilometers

for the QOhio~Indiana Network, The residuals are calculated using
station AN10 as the base station and are averaged over a 5 X 5
kilometer grid. Positive residual differences are plotted as plus

signs and negative residual differences are plotted as diamonds,
The size of the residuzls are directly proportional to the size of
the symbols. Station locations are shown as the solid squares,
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APPENDICES

A, Station Reliabilir, Tables
B. Teleseismic Phase Arrivals

C. P-Wave hesiduals from Teleseismic Events with Respect to
J-B Tables for Ohio Stations plus ACM and AAM

D. P-Wave Residuals from Teleseismic Events with Respect to
J-B Tables for Indiana Stations

These appendices may be found in the form of microfiche in the
back pocket of this report
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