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Investigationsundertaken

Theoperatiorof theLamont-DohertyCooperatre Seismographidletwork (LCSN)to mon-
itor earthquaksin the northeastertnited Statess supportedinderthis award. The goalof the
projectis to compilea completeearthquak catalogfor this region to assesshe earthquak haz-
ards,andto studythe causeof the earthquaksin theregion. The LCSN now operate<0 seis-
mographicstationsin seven states:ConnecticutDelavare, Maryland, New Jersg, New York,
PennsylaniaandVermont.During October2004throughSeptembeR005,scientistandstaf at
theLamont-DohertyEarthObsenatoryof ColumbiaUniversity (LDEO) satistctorily carriedout
threemain objectivesof the project: 1) continuedseismicmonitoringfor improved delineation
andevaluationof hazardsassociateavith earthquagsin the Northeasterrunited States2) im-
proved real-timedataexchangebetweerregional networks andthe USNSNfor developmentof
an AdvancedNational SeismicSystem(ANSS) andexpandedearthquak reportingcapabilities,
and3) promotedeffective disseminatiorof earthquak dataandinformation.

A signi cant amountof associatedesearcteffort wasrelatedto determiningseismicmo-
menttensorandfocal depthof smallto moderate-sizedarthquaksin the easterrUnited States
by usingthree-componenhroadbandeismicwaveformdata.

We studiedthe 4 August2004,M,, 3.1 Lake Ontario,earthquak which occurredalongthe
United States Canadaorder about30 km southfrom PortHope,Ontario,CanadaDispiteits
small size,the shockwasvery well recordedby broadbandseismographistationsdeplo/edin
recentyearsin Ontario,Canadaandin New York State. Waveform dataconstrainedhe source
atashallov focaldepth( 4 km), which placesthe shockin the shallov Precambriatbasement
beneatHPaleozoicplatform deposits.The sourcemechanisnirom the regional waveforminver-
sion for the double-couplenomenttensoris predominantlystrike-slip faulting. A NS striking
(8 ) nodalplanedippingto east(dip=59 ) is thelikely fault planewhich representsight-lateral
strike-slip motion. The subhorizontalP axis orientation(trend=234and plunge=12) is con-
sistentwith the maximumhorizontalcompressionastress(SHmax)directionin easternNorth
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America.

Althoughthe4 August2004eventis a smallshockandhasa seismicmomentof M= 4.45
( 2.30) 10 Nm, it is the largestinstrumentallyrecordedearthquak that hasoccurredin
Lake Ontario. This andothersigni cant earthquagsin the region suggest broad-scalestrike-
slip faulting stressegime with a shallov seismogenit¢ayerin the Erie-OntarioLowlandregion.
Theshallav focal depthsof earthquaksin theregionincreaseherisk of highergroundshaking
comparedo otherseismiczonesn northeasteriNorth Americawith adeepeiseismogenitayer.

The mostsigni cant resultsof theseandotherearlierstudieswerethe distribution of deep
andshallov earthquagsin the CentralandnortheastertdS andtheir implicationson the thick-
nesf theseismogenitayer Thisin turnyieldsinformationontheseismigpotentialof aseismic
zonein theregion.

We implementedrapid generationof instrumentalground motion and intensity maps—
ShaleMaps.A ShaleMapis arepresentationf groundshakingproduceddy anearthquak.

Results
Network Operation

In operatinghe Lamont-DohertyCooperatre Seismographitetwork (LCSN) duringOct.
2004—-Sept.2005,we accomplishedl) Deployed threenew broadband3-componenseismo-
graphicstations: University of ConnecticutStorrs,Connecticuf{UCCT); Franklin & Marshall
College,PA (FMPA); Lake Ozonia,NY (LONY, ANSS Backbonestation).A total of 18 broad-
bandseismographistationsarenow operatedlirectlyby LCSNor af liated to LCSN (Figurel);
2) ANSSstrong-motiorninstrumentsn themetropolitanNew York City areahave beenrecording
3-componengroundmotion at 100 samples/seandtransfercontinuousdatato a dataconcen-
trator at the Departmenbf Civil Engineeringand EngineeringMechanics(CEEM), Columbia
University; 3) Continuouswaveform datafrom 15 stationsare now sentto NEIC/USNSNin
Golden,CO in real time; 4) All waveform datafrom 44 seismographistationsof the LCSN
are now sentto IRIS-DMC in real time and are madeavailable to the sesimologicacommu-
nity in realtime. Dataarefoundin BUD (Buffer of Uniform Data)with network id “LD” at
< http://wwwiris.washington.edulld_stuff/dmc>; 5) Rapidearthquak informationdissemina-
tion systemunderANSSis implementedlt is called“recenteqgs’andis accessiblat
< http://wwwldeo.columbia.edu/LCSN/recenteqs®) Waveformdatadistribution systembased
on emailrequestindautomatigorocessings implemented Dataareaccessiblat
< http://almatyldgo.columbia.edu:8080dth.reqest.htmr ; 7) Waveformdatafor earthquaksin
the nger quale list arenow provided asassemble@EEDvolumesfor eacheventvia WWW.

Duringthespring—fall, 2005,a new seismicvaultswerebuilt atseveralbroadbandtations.
The new vaults were constructedat Flat Rock, NY (FRNY) and Newcomb, NY (NCB). The
signalsfrom the sensorsn the new vaults was much betterquality thanbefore. Improvement
is more ohvious at long-periodband. PSD (power spectraldensity)of noisesignalsat periods
longerthan10 secshaws signi cant improvementafterthe new vault constructionPSDat 100s
is-170db (from -135db) at NCB.

Sincethe springof 2002,LCSN hasbeencooperatingvith POLARIS (PortableObsena-
toriesfor LithosphericAnalysisand Researchnvestigating Seismicity) Consortiumof Canada,
for improved earthqua& monitoringalongthe well developedandhighly populateceasterrJS-
Canadaorderregion. In thespringof 2004,a nev POLARISstationMEDO (Medina,NY) was
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ANSS-NE, LCSN, NESN, CNSN & Other Seismographic Stations

]
f‘pr}‘/,!
Zrig

ALCSN BB Stations
ALCSN SP Stations
*\mLCSN/USNSN Cooper. [
~ |/ mUSNSN Stations
' {BUSNSN Contribut.

7 2% R AV @S~ |ACNSN Stations
ﬁl{@’ S Sl = ? .| OPOLARIS Stations
57 |chmond© ‘\\ £ P s L5 2 —

82EW 80EW 78EW 76EW 7T4EW 72EW 70EW 68EW 66EW

Figure 1: Seismographistationsin the NortheasterrUnited Statesand SoutheasteriCanada.
LCSN broadbandsites(red triangleg, short-periodsites( lled triangles, New EnglandSeis-
mic Network sites(WestonObsenatory; invertedtriangleg are plotted. Broadbandstationsof
the USNSN (squaes andbroadbandstationsof the CanadianNational SeismographiNetwork
(CNSN), SouthernOntario seismicnetwork (SOSN)and POLARIS consortiumstationsopen
squaey areplottedfor reference.



deplosedin westernNY. Thenew stationimprovedsigni cantly theearthqua& monitoringalong
the Toronto-NiagraFalls-Buffalo region.

The primary emphasisvas on implementingautomatic,prompt dataprocessingand dis-
tribution system.We will continueto work for improving accurag of earthquak locationand
timely disseminatiorof earthquak message.

Seismicity

Over 60 local andregional earthquakswith magnitudegreaterthanabout2 that have oc-
curredin the northeasterftunited Statesand southernCanadavere detectecandlocatedby the
LCSNduringOctoberl, 2004throughSeptembeB0, 2005. Theseearthquaksrangefrom mag-
nitude0.3(Mc) to 4.7 (M, ) (Tablel).

Notableearthquaks during the periodare: four very small earthquagsthat occurredon
Dec. 12-15,2004in Lower EastSide of Mahattan,New York City just aroundthe EastRiver.
Thesewere small eventsmagnituderangingfrom Mc 0.3 to 0.8; mary residentsn Long Island
City, Queendelt theevents.

Five earthquakswith magnitudebetweenl.1to 2.9 occurrednearthetown of Chateaugy
about20km eastof Malone,NY duringMarch3-Junel2,2005. Two eventsoccurredaroundAu
SableForks andPlattsturgh, NY on April 17 (Mc 2.5) andJuly 1, 2005(Mc 2.2). Thelargest
earthquak that occurredin theregionwasMn 5.4 (M, 4.7) Riviere-du-Loup,Quebeceventin
the Charlevoix seismiczone.(seeFigure2).

Data Availability

1) LCSNData Retrieval from Standad IRIS-DMC Archive Continuous40 samples/sewave-
form datafrom broadbandthree-componergeismographeecordecat PAL (PalisadesNY) and
otherstationsof the LCSN arearchved at IRIS/DMC in Seattle WA for further dissemination
to otherscientistsandto public users Waveformdatain SEEDformatshave beensubmittedand
currentPAL dataholdingsat IRIS/DMC cover mostof the datasincethefall of 1999.Interested
userscanrequesthewaveformdatato IRIS/DMC by usingE-mail requestandothermeansin
caseof E-mailrequestthe network codeis “LD”. An exampledatarequesformatis

PAL LD 200408 04 235500.0200408 050005 00.03 BHZ BHN BHE
GENY LD 20040804 235500.0200408 0500 0500.03 BHZ BHN BHE
ALLY LD 20040804 235500.0200408 05000500.03 BHZ BHN BHE

We will continueto submitthe continuousproadbandvaveformdatarecordecdat PAL and
otherstationsof the LCSN to IRIS/DMC.

SinceJanuary2001,all broadbandiataare availablefrom this method.andsinceJanuary
2003, all short-periodvaveform data(100 samples/se@realsoavailablefrom here. The URL
is:
< http://wwwiris.edu/SeismiQuery

2) Real-timeRetrieval of WaveformData from BUD Systemat IRIS-DMC All waveform data
from 40 seismographistationsof the LCSN are now sentto IRIS-DMC in real time and are
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Earthquakes in NE United States and Canada 2004 - 2005
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Figure2: Earthquakswhich have occurredin the northeasterJnited Statesand southeastern
Canadan thetime periodof Oct. 1, 2004throughSept.30,2005recordedy the LCSN. Symbol
sizeis proportionalto magnitude Broadbandstationsof the LCSN, USNSN,NESN,andCNSN
areplottedfor reference.



Tablel: Earthquaksrecordedoy LCSN for periodOct. 1, 2004throughSept.30,2005

Date Time Lat Long h Mag Location

YearMo-Dy (hrmn:s) ( N) (W) (km) (Mp)

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 25 6 km SE of Cornwall, NY (PAL)
2004-11-06 22:44:21.0 42.18 66.14 18 2.6n OffshoreNova Scotia

2004-12-01 10:55:19.0 47.29 66.32 5 2.5n 65km SWfrom BathurstNB
2004-12-03 00:06:29.0 45.94 74.88 18 2.8n 29km NE Saint-Andre-Aellin, QC
2004-12-03 01:27:13.9 37.878 77.963 10 2.5 48 km E Charlottesville VA (BLA)
2004-12-05 16:09:55.0 46.94 70.82 18 2.6n 14km SEfrom BeaupreQC
2004-12-12 01:25:38.0 40.746 73.973 5 0.8c LowerEastSideof ManhattanNYC
2004-12-12 01:26:42.0 40.753 73.961 5 0.6¢c LonglslandCity, QueensNYC
2004-12-12 01:43:45.0 40.761 73.957 6 0.3c LonglslandCity, QueensNYC
2004-12-15 02:34:50.0 40.754 73.962 4 0.7c LonglslandCity, QueensNYC
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 TemiscamingQC
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  Miramichiregion,NB (OTT)
2005-01-08 20:30:00.0 43.28 71.69 0 1.4n 19km NW of ConcordNH
2005-01-08 21:11:21.0 47.07 66.68 5 3.0n Miramichiregion, N.B. Aftershock
2005-01-09 13:22:33.0 47.06 66.58 5 2.7n  Miramichiregion, 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 Southern_ake Erie

2005-02-14 09:07:25.0 47.10 66.61 5 2.6n  Miramichiregion,NB

2005-02-23 14:22:44.1 39.260 76.588 9 2.1c 7kmE of Baltimore,MD (PAL)
2005-02-26 11:12:14.0 46.53 80.99 1 29n Sudlury, 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-LoupQC

2005-03-13 17:08:14.0 46.54 80.98 18 3.6n  5kmN of Sudlury, ONT (GSC)
2005-03-28 16:39:38.0 43.33 79.28 5 3.1n 19km N from St. CatharinesON
2005-03-31 15:13:08.0 46.28 75.64 18 3.4n 27 km 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-GabrielQC
2005-04-10 00:27:06.0 39.84 75.49 5 1.2c 8kmN 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-Mont§C
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 Plattslurgh, NY
2005-04-23 14:24:51.0 40.885 74.069 6 1.9c 1kmE 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 2.5¢c 20km NE of Malone,NY




Tablel: Earthquaksrecordedoy LCSN for periodOct. 1, 2004throughSept.30,2005

Date Time Lat Long h Mag Location

YearMo-Dy (hrmn:s) ( N) (W) (km) (Mp)

2005-05-31 13:49:05.0 44.945 74.079 10 2.5¢ 20km NE of Malone,NY
2005-06-05 01:00:29.0 44.880 74.070 8 1.8¢c 18kmE 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 1l.1c 19km NE of Malone,NY
2005-06-12 22:24:01.0 45.67 73.43 18 2.2n 14km SWfrom VercheresQC
2005-06-14 04:43:37.0 47.11 76.45 18 2.7n  89km NW from Ferme-Neug, 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 SW of Plattslurgh, 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-CoulongeQC
2005-07-10 04:51:07.0 46.48 81.18 1 3.1n Sudlury, ON

2005-07-11 22:20:12.0 46.23 74.99 18 2.5n 21kmW from Labelle,QC
2005-07-21 20:10:54.0 47.05 75.77 18 2.6n 46km NW from Ferme-Neug, QC
2005-07-23 02:48:16.0 47.04 75.79 18 3.5n 46km NW from Ferme-Neug, QC
2005-07-27 11:24:32.0 45.41 73.34 18 2.5n 7 km SWfrom 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 26 km SEfrom Maniwaki, QC
2005-08-30 16:03:47.0 45.62 74.80 18 2.7n 9kmW from L'Orignal, ON
2005-09-06 02:58:45.0 45.72 75.36 18 2.5n 16km N from BuckinghamQC
2005-09-06 14:10:51.0 46.27 75.29 18 3.6n 35km SEMont-Laurief 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 Feltby mary peoplein Sudlury
2005-09-25 03:08:57.9 45.03 67.28 6 3.4n 11km SSt. StephenNB

¢ = Mc codaduration magnitudedeterminedby LDEO, n = Nuttli's mb(Lg) reportedby

GeologicalSurwy of Canada,Ottava or by the WestonObsenratory, Boston College, MA;

w = M,, momentmagnitudefrom waveform momenttensorinversion; default is the local
Richtermagnitudedeterminecandreportedoy Lamont-DohertyearthObsenatory of Columbia
University.

availableto seismologicacommunityin realtime. Dataarefoundin BUD (Buffer of Uniform
Data)with network id “LD” at: < http://wwwi iris.washington.edulid_stuff/dmc>

3) Recentkarthquale Data from LCSNLocal Archive Waveform datafrom selectedsigni cant
earthquag&sin northeastertnited Statescanbe retrieved from local archive. Whenfelt earth-
gualesor signi cant eventsoccurin the northeastertUnited Stateswe put seismicphasearrival
picks, short-periodand broadbandvaveform datainto the LCSN web site which canbe easily
downloadedby usersvia thenternet.Othereventdatarequestedy userswhichincludesneigh-
boring seismographicmetwork operators,GeologicalSuney of Canada,Ottava, high school



teachersandstudentsarealsoprocessedndwritten into SEEDformatfor downloadby users.
Ourexperiencendicateghatit is themostef cient methodto disseminatéo multiple userswith-

outadditionaleffort. TheURL for theLCSNwebsiteis: < http://www.ldeo.columbia.edu/LCSN
or userscan navigate from the LDEO homepageat: < http://wwwldeo.columbia.edw, then
select“Research”,“Databasesand Repositories”and “Lamont-Doherty Cooperatre Seismo-
graphicNetwork”. Waveform dataof the selectedeventsin SEEDformatcanbefoundin “Data

Access& Archive” or from thewebseismogramindow.

3.1) AutoDRM Waveformdatacanbe obtainedusingAutoDRM E-mail responseystemby en-
teringquerieson thewebpageat: < http://almatyldeo.columbia.edu:8080/data.uegt. htre

3.2) DownloadLCSNEventSEEDVWlIlume Phasepicks andwaveform datafrom recentearth-
gualesin the northeastertdS areeasilydownloadablevia WWW. Fromthe LCSN homepage,
clicking "Finger Quale for RecentSeismicEventsin the NortheasteriJ.S” thenclicking LAT
or LON columnallows userto chooseaneventanddownloaddata.

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

Theprimaryobjective of the Lamont-DohertyCooperatre Seismographidletwork (LCSN)is to
monitorearthquagsin the northeastertnited Statesandto gatherdataabouteasterrlJ.S. seis-
micity in orderto identify areaf high seismicity to understanthecause®f earthquaks,andto
evaluateearthquak hazardsn theregion. Thisis adif cult problem,while easterrseismicityis
signi cantly lessthanthatof thewesternU.S., potentiallydamagingearthquakshave occurred,
andit is importantto assessherisk accurately The LCSN currentlyoperategi4 seismographic
stationsin the northeastovering seven states:ConnecticutDelavare, Maryland, New Jersg,
New York, PennsylaniaandVermont.



