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Investigationsundertaken

Theoperationof theLamont-DohertyCooperativeSeismographicNetwork (LCSN)tomon-
itor earthquakesin thenortheasternUnitedStatesis supportedunderthis award. Thegoalof the
projectis to compilea completeearthquake catalogfor this region to assesstheearthquake haz-
ards,andto studythecausesof theearthquakesin theregion. TheLCSN now operates40 seis-
mographicstationsin seven states:Connecticut,Delaware,Maryland,New Jersey, New York,
PennsylvaniaandVermont.DuringOctober2004throughSeptember2005,scientistsandstaff at
theLamont-DohertyEarthObservatoryof ColumbiaUniversity(LDEO)satisfactorilycarriedout
threemainobjectivesof theproject: 1) continuedseismicmonitoringfor improved delineation
andevaluationof hazardsassociatedwith earthquakesin theNortheasternUnitedStates,2) im-
provedreal-timedataexchangebetweenregionalnetworksandtheUSNSNfor developmentof
anAdvancedNationalSeismicSystem(ANSS)andexpandedearthquake reportingcapabilities,
and3) promotedeffectivedisseminationof earthquake dataandinformation.

A signi�cant amountof associatedresearcheffort wasrelatedto determiningseismicmo-
menttensorandfocal depthof small to moderate-sizedearthquakesin theeasternUnitedStates
by usingthree-component,broadbandseismicwaveformdata.

We studiedthe4 August2004,Mw 3.1Lake Ontario,earthquake which occurredalongthe
UnitedStates- Canadaborder, about30 km southfrom PortHope,Ontario,Canada.Dispiteits
small size,theshockwasvery well recordedby broadbandseismographicstationsdeployed in
recentyearsin Ontario,Canadaandin New York State.Waveformdataconstrainedthesource
at a shallow focal depth(� 4 km), which placestheshockin theshallow Precambrianbasement
beneathPaleozoicplatformdeposits.Thesourcemechanismfrom theregionalwaveforminver-
sion for the double-couplemomenttensoris predominantlystrike-slip faulting. A NS striking
(8� ) nodalplanedippingto east(dip= 59� ) is thelikely fault planewhich representsright-lateral
strike-slip motion. The subhorizontalP axis orientation(trend=234� and plunge=12� ) is con-
sistentwith the maximumhorizontalcompressionalstress(SHmax)direction in easternNorth

1



America.
Althoughthe4 August2004eventis a smallshockandhasa seismicmomentof M0= 4.45

(� 2.30) � 1013 Nm, it is the largestinstrumentallyrecordedearthquake that hasoccurredin
Lake Ontario. This andothersigni�cant earthquakesin theregion suggesta broad-scalestrike-
slip faultingstressregimewith a shallow seismogeniclayerin theErie-OntarioLowlandregion.
Theshallow focal depthsof earthquakesin theregion increasetherisk of highergroundshaking
comparedto otherseismiczonesin northeasternNorthAmericawith adeeperseismogeniclayer.

Themostsigni�cant resultsof theseandotherearlierstudieswerethedistribution of deep
andshallow earthquakesin theCentralandnortheasternUS andtheir implicationson thethick-
nessof theseismogeniclayer. Thisin turnyieldsinformationontheseismicpotentialof aseismic
zonein theregion.

We implementedrapid generationof instrumentalground motion and intensity maps–
ShakeMaps.A ShakeMapis a representationof groundshakingproducedby anearthquake.

Results
Network Operation

In operatingtheLamont-DohertyCooperativeSeismographicNetwork (LCSN)duringOct.
2004–Sept.2005,we accomplished:1) Deployed threenew broadband,3-componentseismo-
graphicstations:University of Connecticut,Storrs,Connecticut(UCCT); Franklin & Marshall
College,PA (FMPA); Lake Ozonia,NY (LONY, ANSSBackbonestation).A total of 18 broad-
bandseismographicstationsarenow operateddirectlyby LCSNor af�liated to LCSN(Figure1);
2) ANSSstrong-motioninstrumentsin themetropolitanNew York City areahavebeenrecording
3-componentgroundmotionat 100samples/secandtransfercontinuousdatato a dataconcen-
trator at the Departmentof Civil EngineeringandEngineeringMechanics(CEEM), Columbia
University; 3) Continuouswaveform datafrom 15 stationsare now sentto NEIC/USNSNin
Golden,CO in real time; 4) All waveform datafrom 44 seismographicstationsof the LCSN
arenow sentto IRIS-DMC in real time andaremadeavailable to the sesimologicalcommu-
nity in real time. Dataare found in BUD (Buffer of Uniform Data)with network id “LD” at
< http://www.iris.washington.edu/bud stuff/dmc> ; 5) Rapidearthquake informationdissemina-
tion systemunderANSSis implemented.It is called“recenteqs”andis accessibleat
< http://www.ldeo.columbia.edu/LCSN/recenteqs> ; 6) Waveformdatadistributionsystembased
onemailrequestandautomaticprocessingis implemented.Dataareaccessibleat
< http://almaty.ldgo.columbia.edu:8080/data.request.htm> ; 7) Waveformdatafor earthquakesin
the�nger quake list arenow providedasassembledSEEDvolumesfor eacheventvia WWW.

Duringthespring– fall, 2005,anew seismicvaultswerebuilt atseveralbroadbandstations.
The new vaults were constructedat Flat Rock, NY (FRNY) and Newcomb, NY (NCB). The
signalsfrom the sensorsin the new vaultswasmuchbetterquality thanbefore. Improvement
is moreobvious at long-periodband. PSD(power spectraldensity)of noisesignalsat periods
longerthan10 secshows signi�cant improvementafterthenew vault construction.PSDat 100s
is -170db (from -135db)atNCB.

Sincethespringof 2002,LCSN hasbeencooperatingwith POLARIS(PortableObserva-
toriesfor LithosphericAnalysisandResearchInvestigatingSeismicity)Consortiumof Canada,
for improvedearthquake monitoringalongthewell developedandhighly populatedeasternUS-
Canadaborderregion. In thespringof 2004,anew POLARISstationMEDO (Medina,NY) was
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ANSS-NE, LCSN, NESN, CNSN & Other Seismographic Stations
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Figure1: Seismographicstationsin the NortheasternUnited StatesandSoutheasternCanada.
LCSN broadbandsites(red triangles), short-periodsites(�lled triangles), New EnglandSeis-
mic Network sites(WestonObservatory; invertedtriangles) areplotted. Broadbandstationsof
the USNSN(squares) andbroadbandstationsof the CanadianNationalSeismographNetwork
(CNSN), SouthernOntario seismicnetwork (SOSN)and POLARIS consortiumstationsopen
squares) areplottedfor reference.
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deployedin westernNY. Thenew stationimprovedsigni�cantly theearthquakemonitoringalong
theToronto-NiagaraFalls-Buffalo region.

The primary emphasiswason implementingautomatic,promptdataprocessinganddis-
tribution system.We will continueto work for improving accuracy of earthquake locationand
timely disseminationof earthquake message.

Seismicity

Over 60 local andregionalearthquakeswith magnitudegreaterthanabout2 thathave oc-
curredin thenortheasternUnitedStatesandsouthernCanadaweredetectedandlocatedby the
LCSNduringOctober1, 2004throughSeptember30,2005.Theseearthquakesrangefrom mag-
nitude0.3(Mc) to 4.7(Mw ) (Table1).

Notableearthquakesduring the periodare: four very small earthquakes that occurredon
Dec. 12-15,2004in Lower EastSideof Mahattan,New York City just aroundthe EastRiver.
Theseweresmalleventsmagnituderangingfrom Mc 0.3 to 0.8; many residentsin Long Island
City, Queensfelt theevents.

Five earthquakeswith magnitudebetween1.1to 2.9occurrednearthetown of Chateaugay
about20km eastof Malone,NY duringMarch3-June12,2005.Two eventsoccurredaroundAu
SableForks andPlattsburgh, NY on April 17 (Mc 2.5) andJuly 1, 2005(Mc 2.2). The largest
earthquake thatoccurredin the region wasMn 5.4 (Mw 4.7) Riviere-du-Loup,Quebecevent in
theCharlevoix seismiczone.(seeFigure2).

Data Availability

1) LCSNData Retrieval from Standard IRIS-DMCArchive: Continuous40 samples/secwave-
form datafrom broadband,three-componentseismographsrecordedatPAL (Palisades,NY) and
otherstationsof theLCSN arearchived at IRIS/DMC in Seattle,WA for furtherdissemination
to otherscientistsandto publicusers.Waveformdatain SEEDformatshavebeensubmittedand
currentPAL dataholdingsat IRIS/DMC cover mostof thedatasincethefall of 1999.Interested
userscanrequestthewaveformdatato IRIS/DMC by usingE-mail requestsandothermeans.In
caseof E-mail request,thenetwork codeis “LD”. An exampledatarequestformatis

PAL LD 20040804235500.020040805000500.03 BHZ BHN BHE
GENY LD 20040804235500.020040805000500.03 BHZ BHN BHE
ALLY LD 20040804235500.020040805000500.03 BHZ BHN BHE

We will continueto submitthecontinuous,broadbandwaveformdatarecordedat PAL and
otherstationsof theLCSNto IRIS/DMC.

SinceJanuary2001,all broadbanddataareavailablefrom this method.andsinceJanuary
2003,all short-periodwaveformdata(100samples/sec)arealsoavailablefrom here.TheURL
is:
< http://www.iris.edu/SeismiQuery>

2) Real-timeRetrieval of WaveformData from BUD Systemat IRIS-DMC: All waveform data
from 40 seismographicstationsof the LCSN arenow sentto IRIS-DMC in real time andare
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Earthquakes in NE United States and Canada 2004 - 2005

80ÊW 76ÊW 72ÊW 68ÊW

38ÊN

40ÊN

42ÊN

44ÊN

46ÊN

48ÊN

0 500 km

2004-12-12

2005-03-06

5 4 3 2 1

magnitudes

Figure2: Earthquakeswhich have occurredin the northeasternUnited Statesandsoutheastern
Canadain thetimeperiodof Oct. 1, 2004throughSept.30,2005recordedby theLCSN.Symbol
sizeis proportionalto magnitude.Broadbandstationsof theLCSN,USNSN,NESN,andCNSN
areplottedfor reference.
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Table1: Earthquakesrecordedby LCSN for periodOct. 1, 2004throughSept.30,2005
Date Time Lat Long h Mag� Location
Year-Mo-Dy (hr:mn:s) (� N) (� W) (km) (ML )
2004-10-08 02:25:46.0 42.52 71.46 1 1.8n 17km SWof Lowell, MA (WES)
2004-10-14 09:36:02.4 41.394 73.986 8 2.5 6 km SEof Cornwall, NY (PAL)
2004-11-06 22:44:21.0 42.18 66.14 18 2.6n OffshoreNovaScotia
2004-12-01 10:55:19.0 47.29 66.32 5 2.5n 65km SWfrom Bathurst,NB
2004-12-03 00:06:29.0 45.94 74.88 18 2.8n 29km NE Saint-Andre-Avellin, QC
2004-12-03 01:27:13.9 37.878 77.963 10 2.5 48km E Charlottesville,VA (BLA)
2004-12-05 16:09:55.0 46.94 70.82 18 2.6n 14km SEfrom Beaupre,QC
2004-12-12 01:25:38.0 40.746 73.973 5 0.8c LowerEastSideof Manhattan,NYC
2004-12-12 01:26:42.0 40.753 73.961 5 0.6c Long IslandCity, Queens,NYC
2004-12-12 01:43:45.0 40.761 73.957 6 0.3c Long IslandCity, Queens,NYC
2004-12-15 02:34:50.0 40.754 73.962 4 0.7c Long IslandCity, Queens,NYC
2004-12-17 05:30:26.0 39.639 75.414 7 2.0c 17km SEof Wilmington,DE
2004-12-24 19:30:23.0 46.87 78.82 9 2.8n 30km NE from Temiscaming,QC
2005-01-02 15:05:15.0 45.73 75.73 18 2.7n 18km NE from Wake�eld, QC
2005-01-05 15:32:42.0 47.01 66.57 5 3.7n Miramichi region,NB (OTT)
2005-01-08 20:30:00.0 43.28 71.69 0 1.4n 19km NW of Concord,NH
2005-01-08 21:11:21.0 47.07 66.68 5 3.0n Miramichi region,N.B. Aftershock
2005-01-09 13:22:33.0 47.06 66.58 5 2.7n Miramichi region,N.B. Aftershock
2005-01-13 12:00:58.0 45.58 75.16 18 2.7n 19km Sof Ripon,QUE
2005-02-01 13:01:14.0 41.82 81.11 5 2.5n SouthernLakeErie
2005-02-14 09:07:25.0 47.10 66.61 5 2.6n Miramichi region,NB
2005-02-23 14:22:44.1 39.260 76.588 9 2.1c 7 km E of Baltimore,MD (PAL)
2005-02-26 11:12:14.0 46.53 80.99 1 2.9n Sudbury, ON
2005-03-03 02:22:01.0 45.022 74.190 8 2.9c 21km NE of Malone,NY
2005-03-06 06:17:49.0 47.75 69.73 15 4.7w Riviere-du-Loup,QC
2005-03-13 17:08:14.0 46.54 80.98 18 3.6n 5 km N of Sudbury, ONT (GSC)
2005-03-28 16:39:38.0 43.33 79.28 5 3.1n 19km N from St. Catharines,ON
2005-03-31 15:13:08.0 46.28 75.64 18 3.4n 27km SEfrom Maniwaki, QC
2005-04-05 22:01:02.0 41.72 70.96 9 2.3n 19km E of Fall River, MA (WES)
2005-04-08 04:32:38.0 46.27 73.46 18 3.4n 7 km SW Saint-Gabriel,QC
2005-04-10 00:27:06.0 39.84 75.49 5 1.2c 8 km N of Wilmington,DE
2005-04-10 03:06:50.0 43.73 71.15 10 1.5n 35km NE of Laconia,NH (WES)
2005-04-10 17:37:17.0 49.49 66.59 18 2.9n 40km N Sainte-Anne-des-Monts,QC
2005-04-15 23:58:42.0 47.33 73.87 18 2.5n 72km N Saint-Michel-des-Saints,QC
2005-04-17 00:18:38.0 44.83 73.78 18 2.5n 30km NW of Plattsburgh,NY
2005-04-23 14:24:51.0 40.885 74.069 6 1.9c 1 km E of Lodi, NJ
2005-05-11 02:34:10.4 45.230 69.124 1 2.4n 16km NE of Dover, ME (WES)
2005-05-25 19:22:13.0 46.27 75.62 18 3.7n 29km SEfrom Maniwaki, QC
2005-05-31 13:49:04.0 44.945 74.079 18 2.5c 20km NE of Malone,NY
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Table1: Earthquakesrecordedby LCSN for periodOct. 1, 2004throughSept.30,2005
Date Time Lat Long h Mag� Location
Year-Mo-Dy (hr:mn:s) (� N) (� W) (km) (ML )
2005-05-31 13:49:05.0 44.945 74.079 10 2.5c 20km NE of Malone,NY
2005-06-05 01:00:29.0 44.880 74.070 8 1.8c 18km E of Malone,NY
2005-06-06 03:13:46.0 44.118 73.021 13 2.1c 16km NE of Middlebury, VT
2005-06-12 04:54:10.0 44.991 74.175 12 1.1c 19km NE of Malone,NY
2005-06-12 22:24:01.0 45.67 73.43 18 2.2n 14km SWfrom Vercheres,QC
2005-06-14 04:43:37.0 47.11 76.45 18 2.7n 89km NW from Ferme-Neuve,QC
2005-06-23 18:16:21.0 46.06 75.05 18 2.5n 35km SWfrom Labelle,QC
2005-06-23 18:32:08.0 46.06 75.05 18 2.7n 35km SWfrom Labelle,QC
2005-07-01 11:06:26.0 44.509 73.694 7 2.2c 29km SWof Plattsburgh,NY
2005-07-01 13:05:08.0 46.06 75.06 18 2.7n 35km SWfrom Labelle,QC
2005-07-04 11:47:13.0 46.24 76.91 18 3.3n 46km N from Fort-Coulonge,QC
2005-07-10 04:51:07.0 46.48 81.18 1 3.1n Sudbury, ON
2005-07-11 22:20:12.0 46.23 74.99 18 2.5n 21km W from Labelle,QC
2005-07-21 20:10:54.0 47.05 75.77 18 2.6n 46km NW from Ferme-Neuve,QC
2005-07-23 02:48:16.0 47.04 75.79 18 3.5n 46km NW from Ferme-Neuve,QC
2005-07-27 11:24:32.0 45.41 73.34 18 2.5n 7 km SW from Chambly, QC
2005-08-02 09:36:56.0 46.63 76.32 18 2.7n 39km NW from Maniwaki, QC
2005-08-04 23:19:46.0 46.19 75.76 18 2.5n 26km SEfrom Maniwaki, QC
2005-08-30 16:03:47.0 45.62 74.80 18 2.7n 9 km W from L'Orignal, ON
2005-09-06 02:58:45.0 45.72 75.36 18 2.5n 16km N from Buckingham,QC
2005-09-06 14:10:51.0 46.27 75.29 18 3.6n 35km SEMont-Laurier, QC
2005-09-19 16:12:12.0 45.10 74.22 18 2.1n 4 km NW from Huntingdon,QC
2005-09-21 03:36:31.0 46.54 80.98 0 2.9n Felt by many peoplein Sudbury
2005-09-25 03:08:57.9 45.03 67.28 6 3.4n 11km SSt. Stephen,NB

� c = Mc coda duration magnitudedeterminedby LDEO, n = Nuttli' s mb(Lg) reportedby
GeologicalSurvey of Canada,Ottawa or by the WestonObservatory, Boston College, MA;
w = Mw momentmagnitudefrom waveform moment tensor inversion; default is the local
Richtermagnitudedeterminedandreportedby Lamont-DohertyEarthObservatoryof Columbia
University.

availableto seismologicalcommunityin real time. Dataarefound in BUD (Buffer of Uniform
Data)with network id “LD” at: < http://www.iris.washington.edu/bud stuff/dmc>

3) RecentEarthquake Data fromLCSNLocal Archive: Waveformdatafrom selectedsigni�cant
earthquakesin northeasternUnitedStatescanberetrieved from local archive. Whenfelt earth-
quakesor signi�cant eventsoccurin thenortheasternUnitedStates,weputseismicphasearrival
picks, short-periodandbroadbandwaveform datainto the LCSN web site which canbe easily
downloadedby usersvia theInternet.Othereventdatarequestedby users,which includesneigh-
boring seismographicnetwork operators,GeologicalSurvey of Canada,Ottawa, high school
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teachersandstudents,arealsoprocessedandwritten into SEEDformat for downloadby users.
Ourexperienceindicatesthatit is themostef�cient methodto disseminateto multipleuserswith-
outadditionaleffort. TheURL for theLCSNwebsiteis: < http://www.ldeo.columbia.edu/LCSN>
or userscan navigate from the LDEO homepageat: < http://www.ldeo.columbia.edu> , then
select“Research”,“Databasesand Repositories”and “Lamont-DohertyCooperative Seismo-
graphicNetwork”. Waveformdataof theselectedeventsin SEEDformatcanbefoundin “Data
Access& Archive” or from thewebseismogramwindow.

3.1)AutoDRM: WaveformdatacanbeobtainedusingAutoDRM E-mail responsesystemby en-
teringquerieson thewebpageat: < http://almaty.ldeo.columbia.edu:8080/data.request.htm>

3.2) DownloadLCSNEventSEEDVolume: Phasepicks andwaveform datafrom recentearth-
quakesin thenortheasternUS areeasilydownloadablevia WWW. FromtheLCSN homepage,
clicking ”Finger Quake for RecentSeismicEventsin theNortheasternU.S.” thenclicking LAT
or LON columnallowsuserto chooseaneventanddownloaddata.

Contactpersonfor additionalinquiriesandassistance:
Name:Mr. Mitchell Gold
Phone:845-365-8583
E-mail: goldm@ldeo.columbia.edu
Dataformat:SEED,AH, ASCII
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Non-TechnicalSummary

Theprimaryobjectiveof theLamont-DohertyCooperativeSeismographicNetwork (LCSN) is to
monitorearthquakesin thenortheasternUnitedStatesandto gatherdataabouteasternU.S.seis-
micity in orderto identify areasof highseismicity, to understandthecausesof earthquakes,andto
evaluateearthquake hazardsin theregion. This is a dif�cult problem,while easternseismicityis
signi�cantly lessthanthatof thewesternU.S.,potentiallydamagingearthquakeshave occurred,
andit is importantto assesstherisk accurately. TheLCSN currentlyoperates44 seismographic
stationsin the northeastcovering seven states:Connecticut,Delaware,Maryland,New Jersey,
New York, PennsylvaniaandVermont.
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