Youngstown Earthquake on 24 December 2011 and 31 December 2011

Summary (January 2, 2012)"

The locations of the December 24™ and 31%, 2011 Youngstown, Ohio earthquakes are
determined by using P- and S-wave arrival times at four seismographic stations deployed around
the Youngstown since December 1%, 2011 (Table 1). The epicenters are fairly well determined
by the data with the nearest station located at 1.9 km (=1.2 miles) and the station coverage with
an azimuthal gap of about 120°. The epicenters and the seismographic stations used are plotted
in Figure 1.

The focal depths are 3.55 and 3.68 km (=2.2 — 2.3 miles) with their 95% confidence error
ellipsoids extending 0.86 km (=0.54 miles) of major axis in vertical direction. The epicentral
distances of the two nearest stations are less than the focal depths, and hence the solution from
the location program is reliable. Additional uncertainty in the focal depth may be due to the
velocity model used to locate the events. We used virtually two-layered crustal model that
consists of the top layer with P-wave velocity of 4.5 km/s and thickness of 2.7 km, and a 7.3 km
thick crystalline rock layer with P-wave velocity of 6.12 km/s. The S-wave velocities are
considered to be Vp/V3.

The two events located close to each other, and the 12/31 shock occurred about 100 m
(~330 feet) east from the 12/24 shock (Figure 1). The error ellipses around the epicenters
indicate that the ellipses have a 95% chance of containing the true epicenters.

The duration magnitude, Mc, of the 12/24 event determined by measuring signal
durations from six stations is Mc 2.7. For 12/31 shock which USGS assigned the magnitude 4.0,
we determined its seismic moment, focal mechanism and focal depth by modeling observed
seismic records at permanent seismographic stati=)around Ohio. Waveform modeling is an
advanced method of seismic data analysis which Vields very useful information about the quakes.

The results of the waveform modeling indicate that the focal mechanism for the 12/31
shock is predominantly strike-slip faulting along steeply dipping nodal planes (see Figure 2). At
the moment, we do not know which one is the fault plane. The seismic moment of the 12/31
shock is 8.3e+21 dyne-cm which corresponds to the moment magnitude Mw 3.9.

Table 1. Source parameters of the December 24™ and 31%, 2011 Youngstown, Ohio earthquakes”

Date Time (UTC) | Latitude | Longitude | Depth | Magnitude | RMS | Erh Erz

(year-mo-dy) | (hh:mm:sec) | (°N) (‘W) (km) ™) (s) (km) | (km)
2011-12-24 | 06:24:57.98 | 41.1186 | 80.6936 | 3.55 2.7 0.012 | 0.43 | 0.86
2011-12-31 | 20:05:00.01 | 41.1182 | 80.6926 | 3.68 4.0 0.010 | 0.41 | 0.86

" RMS=travel time residuals (observed-calculated) in seconds; Erh= horizontal error in km for 95% confidence level,
Erz=vertical error in km for 95% confidence level.

1 By Won-Young Kim and John Armbruster”, Michael Hansen and Larry Wickstrom®, Chris Grope and
Jeff Dick®, and William Leith®

() Lamont-Doherty Earth Observatory of Columbia University, Palisades, NY 10964

@ Ohio Division of Geological Survey

® Department of Geology, Youngstown State University

@ U.S. Geological Survey, 905 National Center, Reston, VA 20192.


apple
Sticky Note
Report on the December 24 and December 31, 2011, Youngstown, Ohio, earthquakes from Lamont-Doherty Earth Observatory at Columbia University


The best fit waveforms are produced for the focal depth of about 3-4 km, consistent with the
location results. The focal mechanism also reveals regional tectonic stress field around the
epicentral region. The P-axis of the focal mechanism trends NE-SW and plunges at very shallow
angle (5°), which is consistent with a broad regional stress field — E-W trending horizontal
compression, in the eastern United States.
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Figure 1. Locations of the M 2.7 earthquake on 12/24/2011 (red filled circle) and M 4.0 earthquake on
12/31/2011 (blue filled circle) in Youngstown, Ohio. Nine earthquakes that occurred between March —
November 2011 in the region are plotted with small filled dots. Four portable seismographic stations
around the region deployed by the Lamont-Doherty Earth Observatory of Columbia University and the
Ohio Geological Survey, ODNR since 12/01/2011 and a permanent seismographic station YSUO
(Youngstown State University) of the Ohio Seismic Network (green square) are plotted for reference.
These epicenters are determined by using P- and S-wave readings from four portable seismographic
stations located within 2-6.5 km (1.3-4.0 miles) from the earthquake source area. The ellipse around the
epicenter is the 95% confidence error ellipse indicating that the ellipse has a 95% chance of containing
the true epicenter.



PROGRAM HYPINV (version 1.3 - JUNE 1978) run on 28 Dec
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PROGRAM HYPINV (version 1.3 - JUNE 1978) run on 2 Jan 2012 at 23:02:31
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A preliminary LCSN moment tensor solution for the event located at Youngstown, Ohio,

( 41.12N, 80.68W, h= 3.0 km, LDEO) on 12/31/2011 at 20:05:01 UTC. Mw 3.9 and depth of
3 km were obtained from long-period waves recorded by stations of the LCSN, USNSN,
CNSN, USArray, PennState and other seismic networks around Ohio.

LCSN Moment Tensor Solution
Event Date/Time:12/31/2011 20:05:01.0 (Preliminary)
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Figure 2. The focal mechanism of the 12/31 shock is represented as a beachball which indicates that the
earthquake occurred as predominantly strike-slip faulting along steeply dipping nodal planes. Orientation
of the nodal planes, P- and T-axis, elements of the moment tensor, Mxx etc. are indicated.



