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Investigations undertaken

The operation of the Lamont-Doherty Cooperative Seismographic Network (LCSN) to monitor
earthquakes in the northeastern U.S. is supported under this award. The goal of the project is to
compile a complete earthquake catalog for this region to assess the earthquake hazards, and to
study the causes of the earthquakes in the region.  The LCSN now operates 34 seismographic
stations in seven states: Connecticut, Delaware, Maryland, New Jersey, New York, Pennsylvania
and Vermont.  During October 2000 through September 2001, scientists and engineers at the
Lamont-Doherty Earth Observatory of Columbia University (LDEO) satisfactorily carried out
three main objectives of the project: 1) continued seismic monitoring for improved delineation
and evaluation of hazards associated with earthquakes in the Northeastern United States, 2)
improved real-time data exchange between regional networks and the USNSN for development
of an Advanced National Seismic System (ANSS) and expanded earthquake reporting
capabilities, and 3) to promote effective dissemination of earthquake data and information.

Results

Network Operation
In operating the Lamont-Doherty Cooperative Seismographic Network (LCSN) during

Oct. 2000 – Sept. 2001, we accomplished: 1) Completed installation of the Earthworm data
acquisition and processing system at four subnetworks (24 short-period stations) and at 10 new
sites with broadband seismographs.  These Earthworm systems are operating since October 1999
and acquire data in real time; 2) Nine new broadband, 3-component seismographs are installed.
Each one of these station is operating on the Earthworm system and sending data to the central
site at LDEO via Internet; 3) A USNSN station at NCB (Newcomb, NY in Adirondack Mts.) has
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been operated in coordination with USNSN staff at USGS/Golden since October 1999.
Hence, during the project period, 24 short-period, 10 broadband, and 6 strong ground

motion instruments were operated (Figure 1).  The primary emphasis was on automatic, prompt
data processing and distribution.  A significant amount of associated research effort was related
to studies of Lg waves and to the issue of induced seismicity.  Substantial efforts were made to
achieve an efficient real time earthquake information acquisition and distribution via the Internet.
The LCSN web site has been upgraded to include a real time, virtual seismogram display on the
web page, as well as dissemination of waveform data in SEED format via "ftp" from the web
site.

Seismicity
About 30 local and regional earthquakes that occurred in the northeastern United States

and southeastern Canada were detected and located by the LCSN during October 1, 2000
through September 30, 2001.  These earthquakes range from magnitude mb(Lg) 1.5 to 4.3 (Table
1).  A general seismicity pattern during this period is similar to previous years.  A relatively
higher level of seismicity is in Adirondacks and in Western Quebéc seismic zone in southeastern
Canada.  Other regions with considerable seismicity are: Lancaster – Reading, PA; southern
shore of Lake Erie around Ashtabula, Ohio; Manhattan, New York City, and central NY around
Albany (see Figure 1).

Manhattan earthquake on Jan. 17, 2001
A small earthquake of Mc =2.4 (ML= 2.3) occurred on Jan. 17, 2001 at 12:34:22 (07:34

EDT) in Manhattan, New York City.  Two days later, an aftershock of magnitude Mc 1.2
occurred at the same epicentral area.  The earthquake caused no known damage, but the shock
was felt by many residents on the Upper East Side of Manhattan and western part of Queens
(Long Island City, Astoria and Sunnyside areas).  The shock was located using P and S arrivals
at eight seismographic stations around the epicentral area in distance ranges from 25 to 117 km.
The 95% confidence error ellipse has semi-major axis = 2.23 km, semi-minor axis = 1.54 km
with azimuth = 166º.  However, there is a considerable azimuthal gap (about 270º) in the
observed data due to a lack of seismographic stations to the east of the epicentral area.  Most of
the Long Island is covered by relatively thick sediments (glacial till) and thoroughly developed
as commercial and residential areas.  The depth to the basement is about 150 m at the northern
shore and increases to about 450 m at the southern shore.  According to the CIIM (Community
Internet Intensity Maps; http://pasadena.wr.usgs.gov/shake), about 109 responses
were received with maximum intensity IV at Long Island City and Astoria, Queens.  Notice that
the New York City consists of five boroughs: the Bronx, Brooklyn, Manhattan, Queens and
Staten Island.

Ashtabula, Ohio
An earthquake sequence in Ashtabula, Ohio has been active since Jan. 20, 2001 and had a

main shock of magnitude mb(Lg) 4.3 on Jan. 26, 2001.  Data from local aftershock monitoring
showed that the seismicity originated on an EW striking, near vertical left-lateral fault about 2 to
4 km deep in the basement rock.  The earthquake sequence may have been induced by a class 1
disposal well about 5 km north of the epicenter.  The largest aftershock on June 3, 2001 had
magnitude mb(Lg) 3.0 and was recorded by regional as well as four temporary seismic stations
around Ashtabula.  The current earthquake sequence occurred at about 5 km south of the July,
1987 earthquake sequence (see Seeber & Armbruster, 1993).  We believe that this earthquake
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sequence and some other earthquakes in the northeastern U.S. may be related to anthropogenic
activity and are important for evaluating earthquake hazard in the region.

Offshore – New England Seamount Chain
On Jan. 5, 2001, an offshore earthquake of Mc = 3.4 occurred along the New England

Semount Chain off the Georges Bank (see Figure 1).  The seismic signals from this event is
characterized by a lack of Lg waves which travel with a group velocity of about 3.5 km/s in the
eastern US, instead S wave arrivals are predominantly Sn waves (group velocity ≈  4.3 km/s)
suggesting that the wave propagation paths include substantial oceanic crust.  Another event on
June 13, 2001 is also located further west of this epicenter.  These offshore events are usually
small to moderate in size (mb 3.5 - 4.5) and are not reported by NEIC/USGS or ISC.

Table 1. Selected events for period Oct. 1, 2000 through Sept. 30, 2001
——————————————————————————————————————
      Origin time Lat Long hMagnitude† Location*
year/mo/dy hh:mm:sec(°N)(°W) (km)
——————————————————————————————————————

1. Metropolitan NY City

2001/01/17 12:34:22.6  40.777  73.954   7  Mc 2.4  Manhattan, NY, ML=2.3
2001/01/19 15:04:42.9  40.777  73.960   5  Mc 1.2  Manhattan, NY
2001/07/14 20:08:29.4  40.946  74.366   7  Mc 1.9  7 km NE of Boonton, NJ

2. Lake Erie - Ashtabula, Ohio

2001/01/20 02:05:07.5  41.877  80.774   5  Mn 2.6  Ashtabula, OH (OTT)
2001/01/26 03:03:20.0  41.942  80.802   5  mb 4.3  Ashtabula, OH, ML=4.0
2001/06/03 22:36:47.0  41.870  80.771   2  mb 3.0  Ashtabula, OH

3. New England Seamount Chain

2001/01/05 05:02:46.0  39.249  65.689  15  Mc 3.5  New England Seamount Chain
2001/06/13 09:15:48.6  38.241  60.611   0  mb 4.0  New England Seamount Chain
1992/08/22 12:20:32.5  39.114  70.303  10  mb 4.8  Offshore New Jersey, PDE

———————————————————————————————————————
†  mb = mb(Lg) magnitude determined by NEIS and listed in PDE monthly list,
Mn = Nautili's mb(Lg) reported by Geological Survey of Canada, Ottawa or by
the Weston Observatory, Boston College, MA; ML = Local Richter magnitude
determined and reported by Lamont-Doherty Earth Observatory of Columbia
University.

Data Availability

1) Continuous waveform data from broadband, three-component stations
Continuous 40 samples/sec waveform data from broadband, three-component

seismometers (STS-2, T0=120 s; CMG-3T, T0=100s; CMG-3ESP, T0=30s) recorded at PAL
(Palisades, NY) and nine other broadband stations of the LCSN are archived at IRIS/DMC in
Seattle, WA for further dissemination to other scientists and to public users.  Waveform data in
SEED formats have been submitted and current LCSN data holdings at IRIS/DMC covers 2000
through 2001.  Interested users can request the waveform data to IRIS/DMC by using E-mail
requests and other means.  In case of E-mail requests, the station code is PAL and the network
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code is “LD”.  An example data request format is:

PAL  LD 1994 08 01 12 00 00.0 1994 01 12 01 00 00.0 3 BHZ BHN BHE

ACCN LD 2001 01 05 05 02 46.0 2001 01 05 05 12 46.0 3 BHZ BHN BHE

We will continue to submit the continuous, broadband waveform data recorded at LCSN
stations to IRIS/DMC.  A list of stations and their locations can be found on LCSN web page.

2) Waveform data from selected significant earthquakes in northeastern United States
When felt earthquakes or significant events occur in the northeastern United States, we

put seismic phase arrival picks, short-period and broadband waveform data into the LCSN web
site which can be easily downloaded by users via the Internet using only a single click.  Other
event data requested by users, which include neighboring seismographic network operators,
Geological Survey of Canada, Ottawa, high school teachers and students, are also processed and
written into SEED format for download by users.  Our experience indicates that it is the most
efficient method to disseminate to multiple users without additional efforts.  The URL for LCSN
web site is: http://www.ldeo.columbia.edu/LCSN or users can navigate from the LDEO home
page at: http://www.ldeo.columbia.edu, then click “Solid Earth”, followed by “Lamont-Doherty
Cooperative Seismographic Network”.  Waveform data of the selected events in SEED format
can be found in "Data Access & Archive" or from webseismogram window.

Contact person for additional inquiries and assistance:
Name: Jeremiah H. Armitage
Phone: 845-365-8196
E-mail: jha@ldeo.columbia.edu
Data format: SEED, AH, ASCII
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Non-Technical Summary

The primary objective of the Lamont-Doherty Cooperative Seismographic Network
(LCSN) is to monitor earthquakes in the Northeastern United States and to gather data about
eastern U.S. seismicity in order to understand the causes of earthquakes, the identification of
areas of high seismicity, and the resulting effects of seismic activity.  This is a difficult problem,
while eastern seismicity is significantly less than that of the western U.S., potentially damaging
earthquakes have occurred and it is important to assess the risk.

The LCSN currently operates with 34 stations in the Middle Atlantic States, ranging from
the New York State – Canada border to south of Baltimore, Maryland.  Twenty-four of these
stations are organized in four subnetworks consisting of 5 to 7 short-period stations.  The other
10 stations are stand-alone broadband stations. The LCSN is a cooperative operation, participants
include: SUNY Potsdam; the Delaware Geological Survey; the Maryland Geological Survey;
Middlebury College, VT; Adirondack Community College; SUNY Cobleskill; Millersville and
Lehigh Universities, PA.  All data from these stations is transmitted to Lamont in real-time for
automatic detection and location of seismic activity.  During the time period included in this
report, 30 events were recorded by the LCSN in the Northeastern United States covered by
LCSN.  This data, along with data from subsequent years, has helped to define areas of relative
high seismicity, as well as determine ground motion and associated potential risk.
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Appendix 1. Seismic events for period Oct. 1, 2000 through Sept. 30, 2001
——————————————————————————————————————
      Origin time Lat Long hMag† Location*

year/mo/dy hh:mm:sec(°N)(°W) (km)

——————————————————————————————————————
2000/10/05 23:33:59.7  40.084  76.297   7  Mc 2.1  5 km N Lancaster, PA

2000/10/06 13:59:05.3  45.094  73.998   8  Mn 3.8  20 km SE Valleyfield, QUE

2000/10/15 23:49:33.0  43.650  71.390   1  Mc 2.3  15 km NE Laconia, NH (WES)

2000/11/01 15:30:40.0  47.130  76.500  18  Mn 2.7  93 km NW of Maniwaki, QUE

2000/11/06 12:16:36.7  42.762  74.068   8  Mc 2.4  12 km SW of Schenectady,

NY

2000/11/10 07:40:53.0  45.740  75.300  18  Mn 3.3  20 km NE of Buckingham,

Que

2000/12/01 04:48:32.0  49.630  66.940  18  Mn 2.8  75 km SW of SEPT-ILES, QUE

2001/01/05 05:02:46.0  39.249  65.689  15  Mc 3.5  New England Seamount Chain

2001/01/14 11:03:47.6  45.842  74.940  18  Mn 3.3  17 km NE of Ripon, QUE

2001/01/15 00:28:47.0  42.110  74.960   0  Mc 2.0  38 km S of Oneonta, NY

2001/01/17 12:34:22.6  40.777  73.954   7  Mc 2.4  Manhattan, NY, ML=2.3

2001/01/19 15:04:42.9  40.777  73.960   5  Mc 1.2  Manhattan, NY

2001/01/20 02:05:07.5  41.877  80.774   5  Mn 2.6  Ashtabula, OH (OTT)

2001/01/26 03:03:20.0  41.942  80.802   5  mb 4.3  Ashtabula, OH, ML=4.0

2001/02/03 00:31:28.3  45.943  74.951   0  Mn 2.6  25 km NE of Ripon, QUE

2001/02/03 17:50:41.7  41.336  72.734   5  Mc 1.8  9 km NE of Branford, CT

2001/02/03 20:15:15.0  42.340  77.390   0  Mc 3.2  6 km W of Bath, NY (OTT)

2001/03/19 10:40:17.0  47.050  76.280  18  Mn 3.9  80 km NW of Maniwaki, QUE

2001/03/24 11:57:18.3  50.033  63.348  18  Mn 4.2  Miramichi, N.B. (OTT)

2001/04/11 21:30:53.3  46.920  76.950   5  Mn 3.6  97 km NW of Maniwaki, QUE

2001/06/03 22:36:47.0  41.870  80.771   2  mb 3.0  Ashtabula, OH

2001/06/13 09:15:48.6  38.241  60.611   0  mb 4.0  New England Seamount Chain

2001/07/14 20:08:29.4  40.946  74.366   7  Mc 1.9  7 km NE of Boonton, NJ

2001/07/17 14:41:20.2  39.937  76.340   1  Mc 1.8  6 km S of Millersville, PA

2001/08/05 04:12:10.2  43.824  74.129   9  Mc 1.5  51 km S of Saranac Lake,

NY

2001/08/15 14:44:35.4  41.899  72.236  15  Mc 1.9  Hazardville, CT

2001/08/19 22:47:21.4  42.584  74.010   6  Mc 1.8  27 km W of Delmar, NY

2001/09/16 21:24:54.4  44.945  72.155   9  Mc 1.9  61 km SW of Sherbrooke,

QUE

——————————————————————————————————————————————
†  Mag (magnitude); mb = mb(Lg) magnitude determined by NEIS and listed in
PDE monthly list, Mn = Nautili's mb(Lg) reported by Geological Survey of
Canada, Ottawa or by the Weston Observatory, Boston College, MA; ML = Local
Richter magnitude determined and reported by Lamont-Doherty Earth Observatory
of Columbia University.


