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Late Quaternary Reconstruction of Lake Iroquois in the Ontario Basin of New York
Brian Bird and Andrew Kozlowski

New York State Museum Map & Chart 80 
INTRODUCTION Lidar-base DEMsinthenorthernareasofthe state w lllik ely exposesubtleshore featuresand

S outh ofLak eOntario,theFingerLak esregionofNew Y ork S tate isk nownforts the subdue
d
d ice m arginalocations.Assuggested earl

i
ierthisreconsructionm ay serve asguide2016 diverse,glacially sculpe terrain.The renowned drumlinfield inthisareaofNew Y ork

i
is forfuure researcherseva

l
luating sitesfor:latePleistocene faunaldis

t
tribution,Paleo-Indian

typica y the focusofs
t
tu
d
dy;howeverth sfield issituated among glacialm eltwaterchannels, m igra

t
tionroutesand geologic studies.Furthermorethe additionofthe bathym etry ofLak e

80°W 79°W 78°W 77°W 76°W 75°W 74°W glacia
ll
ltroughs,esk ers,fans,andlacustr

i
ine features,allofwhich are grand inscale. OntarioandCayugaLak e could a ow the volum eofGLItobe estim ated.S uch estim atesm ay

Detailed surficialm appingofCayugaCounty started in2008by theNew Y ork rove use ulforpaleo-flood mode
ll
lreconstructionassociated with the rapid drainage events

GeologicalS urvey aspartofa S tateMapprojecttom a the area inand around theMontezum a
p
proposed

f
forthe dem iseofGLI.

45°N W etlandComplex(Kozlowsk ,2009).The initialm a
p
pping inMontezum awasexpaned to45°N include the restofthe county

i
insubsequenyears,and wasbeing funded by the Unite

d
d S tates REFERENCES

eoo calS urvey (U S GS)through itsS ta
t
teMap rogram grantaswellaswith GreatLak es

E
301 

G
Geo
l
lo
g
g
i
icMa ingCoalitionfunds.S urficialm a

p
pping isatthe1:24,000scaleon7.5m inute Bird,B.C.,Kozlowsk i,A.L.,2014.ProglacialLak e R econstructionin ayugaCounty.In:

298 U S GS topogra
pp
phicquadrangle base. Kozlowsk i,A..,and GrahamB.L.,(eds.),GlacialGeology ofCayuga

C
County oftheEastern

295
296

E
319E In2008,CayugaCounty wasoneofthe few countiesinNew Y ork tohave complete FingerLak es:

L
Lak es,Lore and Landform s.Guidebook for77thAnnualR eunionofthe

E
E 

coverageofaLidar-based digitalelevationmodel(DEM)im age.Although featuressuch as NortheasternFriendsofthePleistoceneField Conferencepp.14-30.
moraines,glaciallak e sores,drumlins,esk ers,etc.,had beenrecognized ontopographic m aps,

304 the enhanced detaloft
h
heLidar-based DEMm apdisplaysthese featuresinstunning detailas Colem an,A.P.,1936.Lak eIroquois.OntarioDepartm entofMines,V ol.X LV ,PartV II.

EE demonstrated inF
i
igure1.Annualmoraines,ice walled lak eplains,drainage channelsand287 

spillways,along with glaciallak e shore featuresare clearly v sibleontheLidar-based DEM Fairchild,H.L.,1900.PleistoceneGeology ofW esternNew Y ork.In:MerrillF.J.H.,20th R eport
(Kozlowsk i,2011;Bir,2014).S ubtlelak e shore features,d

i
ifficulttosee eveninthe field,are Figure3:W ave cutterraces,barsand spitsatanapproxim ate elevationof143m inthenorthernregionoftheCato ofthe S tateGeologist.University ofthe S tateofNew Y ork.No20.

279 identifiable(Fig.2)an
d
d were subsequently investigated acrossthenorthernportionofthe 7.5m inute U S GS Quadrangle.Arrowsshow m anshore and drumlinswith ellipticalterracesindicating thatwater

E
276 E county.Furtherinvestigationled tothe discovery ofmoreshore featuresthatcould be used to completely surrounded the drumlinforsom eper

i
iod oftim e. Fairchild,H.L.,1919.PleistoceneMarine S ubm ergenceoftheHudson,Champlainand S t.

E
276 

Frank l i n reconstructglacialLak eIroquois(GLI). Lawrence V alleys.University ofthe S tateofNew Y ork.No.209-210.
269 

276 S horelocationpointsoutsideCayugaCounty were ascertained from previouswork sor
E
E identified remotely from theLidar-based DEM.TheshoreofGLIinCanadawasinterpreted Am

Fair
e
c
r
h
i
i
c
ld,H.L.,1934.Cay

-
uga V alley Lak eHistory.BulletinoftheGeologicalSociety ofL a u r e n t i d e I c e S h e e t a,vol.45.pp.233280from Colem an’s(1934)m apofGLI.Hispaperm apofGLIwasscanned and rectified toa gn

with a base m apofroads,topography,im agery,and bordersavailablethrough ArcGIS On
l
l
i
ine

(2013).R ectificationwasaccomplished by using theGeoreferencingToolinArcMap10.2by Kozlowsk i,A.L.,S m ith C.A.,and S tefanik ,P.A.,2009.S urficialGeology oftheCayuga27
EE
6 
276 importing the scanned m apim age and using35controlpointstoalignitwith base m apfeatures Figure6.R astergrid created from theTINwith a10m celsize. Quadrangle,New Y ork.MapandChartS eriesNo.57.7.5m inutequadrangle,scale1:24,000.

St Lawrence E
286 ik e roadsand m unicipalboundaries.Oncethe m apim age filewasrectified and em bedded with S ubtracting thissurface representationofGLIfrom the modernopography oftheLak el

locationinform ation(NAD1983UTMZone18Nforthisproject),itwasoriented spa ially in Kozlowsk i,A.L.S m ith,C.A.,Krum dieck ,N.W .,S tefanik ,P.,2011.GlacialLand S stem sand
Ontariobasinyieldsansostatically corrected surface representativeof

t
the topography during the S tratigraphy of heMontezum a W etlandsComplex:ImplicationsforLateQuaternar

y
y MeltwaterArcMap10.2.Thepartially transparent,rectified im ageofGLIwasthendraped over

t
theDEM tim e ice waspinned aga

i
ins thenorternedgeoftheAdirondack Mountains.Areasbelow e DischargeEven

t
tsinCentralNew Y ork.GeologicalSociety ofAm ericaAbstractswith Program s,

230 261 E65 
toidentify thelocationofbeaches,graveland sand barsand deltasdescribed by Colem an.As intersectionofthe modern

t
topograp

h
hy and the rastersurface delineatethe extentofGLIat

t
t
h
his

“M
V ol.43,No.1,p.58

E E E
2
247 Colem an(1934)did notlocate specificpointsonhism ap,only a drawnshoreline,specificpoints tim e(Fig.7).244 246 ofa givenelevationwere generated onthatline and the elevationnoted.

E
225 E

E
244

E
E24
2
7
59 

a. b. Fairchild’s(1919)m apwasrectified by the sam e m ethod astheColem anm ap.Points y Map.”ArcGIS Online.ES R I.com.2013W eb.3Feb.2013
210 

E
220 E used todelineatethe shore forthisprojectfrom Fairchild’sm ap(1919)were generated sim ilarto

E 215 Colem an’sm ap.From theNew Y ork -Canada bordereastward toSodusPoint,New Y ork,th s Pair,D.L.and R odrigues,C.G.,1993.LateQuaternary deglaciationofthe southwesternS t.
E 235 LawrenceLowland,New Y ork and Ontario.GeologicalSociety ofAm ericaBulletin,105(9),

E
205 228 E

247 
sectionofshorewasm ark ed by aprom inentsand ridge approxim ately 4m high stretching fa

i
irly p.1151-1164.

200 E
E 

connuousfor230k m.NearS ousBay the shoreturnssouth and becom esm uch less
E con

t
t
i
inuousyetisstillpronounce

d
d.Topographicprofilesfrom theLidar-based DEMusing3D

E
195 AnalystinArcMapversion10.2.1of hisridge were used todeterm inethe beach ridge elevation R ay burn,J.A.,2004.DeglaciationoftheChamplainV alley New Y ork and V ermontand its

ateach point.Thism ethod ofusing a
t
topographicprofiletodeterm inethe elevationofthe shore possible effectsonNorth Atlantic clim ate change.Unpublished Ph.D.dissertation,Bingham ton

featurewasused forremotely identifed locationsaswell.W hileFairchild (1900)indicates University,Bingham ton,New Y ork,158p.
E
235 som elarge islandsonhism ap,these

i
islandsare absentfrom laterm aps(1919;1934). R ayburn,J.A.,Knuepfer,P.L.and Franzi,D.A.,2005.Aseriesoflarge,La e W isconsinan

Jef fe rson InW ayne,Onondaga,and OswegoCountiessore ea uresare clearly v sibleonte m eltwaterfloodsthrough theChamplainandHudsonV alleys,New Y ork S
t
tate,USA.dar-based DEMand thelocationand elevationfort

h
hese

f
fea
t
tureswere identif

i
ied from t

h
he m ap. Quaternary S cience R eviews,24(22),p.2410-2419.

E
190 L

L
i
ik eCayugaCounty,W ayneCounty hasm any rum insacrossthelandscape.These drumlins

E
216 

225 c. d. areofteneroded attheGLIleveland canbe use
d
d ase

l
levationpointstofurtherrefinethe model. R idge,J.C.,2004,TheQuaternary glaciationofwesternNewEngland wih correlationsto

E
170 

E
175 180 E

185 
E Essex North oftheoutletinR om e,NY ,littleLidar-based DEMdata existssothe shoreline is surrounding areas,inEhlers,J.&Gibbard,P.L.(eds.),uaternary Glacia

t
tions –Extentand175 E 

E Iroquois Shore Points 44°N Figure1:Com arisonofanesk er/fancomplexona(a)1:62,5001905USGS topographic m ap(b)1:24,0001978 defined by data supplied by S tewart1958and S uttonetal.(1972)nearPulask i,NY ,an by Chronology,PartII:NorthAm erica.Developm entsin
Q
Quaternary S cience,vol.2B,Amsterdam,220

44°N 
E
165 E U S GS topogra

p
phic m ap,(c)ashaded relief10m eterDEM,and (d)ashaded relief2m eterLidar-based DEM Pairand R odrigues(1993),R ay burn

(
(2004

)
),and R ay burnetal.(2005)north totheCana

d
dian Elsevier,p.163-193border.W hile S tewart(1958)and S uttonetal.(1972)sim ly described theloca ions,Pa rand

155 160 Thepurposeofthisprojectistousenewly acquired Lidar-based DEMdata with existing elevation,and identificationofthe shore feature asbeach,delta,orsand plain. S tewart,D.P.,1958.ThePleistoceneGeology ofthe W atertownand S ack etsHarbor
E
150 E E 

E Bird and Kozlowski (This Study) 
datatocreate anupdated modelofGLI.Forthisprojectwe used new Lidar-based DEMdata

R odrigues(1993)and R ay burn(2004)each provided ana
p
ppendixthatindicates

t
thelocat

i
ion,

Quadrangles,New Y ork (No.369).University ofthe S tateofNew Y ork,S tateEducationDept.
E Bird and Kozlowski Remotely Identified (This Sudy) from Monroe,W ayne,Cayuga,Onondaga,S eneca,Oneida,Herk im er,and J effersonCounties to Isobase and Lake Extent Construction

identify shore featuresaswellasaprecise eleva iontoreconstructthe m axim um extentofGLI Isobases(depicting contoursofequalrise inelevation)were hand contoured ataninterval S utton,R .G.,Lewis,T.L.and W oodrow,D.L.,1972.Post-Iroquoislak e stagesand shoreline145
E E Coleman (1934) acrossthe entire basin.Thisreconstructioncapi

t
talizesonthe increased resolutionofelevationto offive m eters(Fig.4).The isobase elevationrangesfrom alowof110m along the sedim entationineasternOntariobasin.The JournalofGeology,pp.346-356.

constructa m apshowing subtle featuresm issed by coarserresolutionm apsincluding;Fairchild southwesternshoreto310m nearCovey Hilltothenortheast.Thelinesareoriented generally
(1934),Colem an(1936),Pairand R odrigues(1993),R ay burn(2004),R ay burne al.(2005).The west-northwesttoeast-southeastdirection.Maxim um upliftacrossthe basintrendsN13oE,

140 

198 
Lew is 

E Fairchild (1900, 1919, 1934) utility ofthisreconstructionissuch thatitprov desapowerfultooltodifferentia
t
te shoreline closetoFairchild’s(1934)andColem an’s(1936)valueofN20oE.These isobaselineswere

E 

135 
Hami l ton featuresassociated with proglaciallak espredat

i
ing and postdatingGLIand alsooassess converted toatriangulated irregularnetwork (TIN)using the defaultofDelaunay conform ing

E Pair and Rodrigues (1993) proposed isostatic rebound models.Lik ewise a m apshowing the detailed exten
t
tofGLIcan triangulation,1179nodes,yielding2341trianglesinArcMap10.2tocreate a surface(Fig.5). Figure7.Topographic rasteroftheLak eOntariobasincorrected forisostatic depression.Thisrastersubtractsthe

refine areastoinvestigate forlatePleistocene faunaldistribution,Paleo-Indianm igrationroutes, hisTINwasused asaninterm ediate steptocontrolthe ultim ate generationofa grid asthe glacialLak eIroquoisisostatic adjustm entfrom the moderntopography torecreate the ground surface whenglacial
E 189 

E Sutton et al. (1972) and assessgeologic investigationsitesastothe influenceofGLI.Furtermore,the additionof
T
Topo-to-R asterToolinAcrGIS 10.2woud notfunctionproperly if he cellsize wasfixed at10 Lak eIroquoisisatitsm axim um extent(inblue).W hite dashed line ismodernLak eOntario.

the bathym etry from Lak eOntarioand CayugaLak e could allow fort
h
he volum eofGLItobe m becauseofcomputerlim itations.Ace

l
llsizeof10m waschosen

t
tom atch the detailofthe

E
130 coarsestinputDEM.Isobase valuesalong the drawnline constrainthe distributionofpoints RESULTS AND CONCLUSIONS176 Fairchild (1934) Ice Margin estim ated.S uch estim atesm ay prove usefulforpaleo-flood modelreconstructionassociated with used intheTINform ation.TheTINwasthenconverted toarastergrid with the intenttointeract The shoreofGLIwasroughly paralleltothe modernshorelineofLak eOntarioespeciallyG l a c i a l L a k e I r o q u o i s the rapid drainage eventsproposed forthe dem iseofGLI. with the existingDEM.Using floa ing int,nearestneighborsam ling a10m rastergrid was along the westernshore;typically 2to10k m onshore from modernLak eOntarioand

Colman (1937) Ice Margin Warren generated (Fig.6).Atthisstage in
t
the
p
pr
o
ocessthe rastersurface re

p
presentsthe surfaceofGLI, approxim ately 35m etersabovepresentlak elevelnearHam iltonOntario,Canada.Eastward,the

125 171 however,duetoglacialrebound thissurface isinclined northeasttoward Covey Hill. shorelineofGLIextended fartherfrom the modernshore and variesovera greaterrange inE

E
166
E 

elevation.ModernelevationofGLIshore featuresrange from 110m nearHam ilton,Ontario,
E
173 Modern Lake Ontario Canadato310m nearCovey Hill,Ontario,Canada,justnorth oftheNew Y ork border.

GeneralobservationsofGLIinclude:the southernmostextensionintotheCayugaLak e
120 152
E E Glacial Lake Iroquois at Maximum Extent Basin;drumlinsand uplandsincentralNew Y ork inc uding W ayne,Cayuga,andOnondaga

E
158 Countiescreated anarchipelago,and elevationofthe

l
lak e attheoutletnearR om e,NY was

approxim ately 134m (modern).155
E Oswego S tranline datawere analy zed usingMicrosof Excel™ by plotting the elevationofthe

E
115 pointand its

d
distance from Covey Hill.Itwasfound

t
thatifdistancewasm easured from the144

E 
150 shore feature along alinetrending N13oEtoalinepassing through Covey Hillperpendicularto
E

129 He rk imer thistrend (isobase representing the m axim um rebound),the resulting bestfitislinear.Thistrend

E
110 133 1E3

3
3EE131 E 3 m Lidar BeyondCayugaCounty,the basinwide extentofGLIhasbeenm apped by Colem an

110 E
119 N iagara E E

133 
E
131 

E
132 

E
134 

133 E
133

E
134 E

134 
E
134 E E

E137 
1E3
1
6
37 

E
1
E
1
3
3

E

9
8
1E3
1
8
1
3
E4
9
1
1
E

E139E
E140 E

E
140 2 m Lidar 

E 

134 
E
E1
1
3
3
4
4 Sa ra toga 

im ageofthe area intheMontezum aFederalW ildlife R efuge(dotislocationofphotograph). waterdrainingoverland totheChamplainbasinpriortothe ice retreatingpastCovey Hill.
E

E
119 

Monroe 
E Wayne 134E

E
1 3 132E

13
1
5
3E 
1
5
3
E1
E
6
34
E

E
135 

E
137 

E
137 

E
137

E
137 

137 

E E130 PREVIOUS MAPS 

E
110 

E
126 E

126 
Or leans

E 

131 135 142 
E
146 lineslope is0.752m/k m (3.97feet/m ile)and defined with the equation;y =-0.752x+330with

41 
143 

E
14
1
4
41 147 One ida Figure2:Photographlook ing south ofa glacialLak eIroquoisbeach ridge with theLidar-based DEMhillshade and R 2valueof0.9805(Fig.8).The interceptwasfixed at330asa greatervaluewould indicate

E E E etal.(2005).Colem an(
1
1
9
936)described beach gravel,bars,and sptsform e by GLIinCanada,

E 130 
E
1E3
1
0
30 131 130 

Fu l ton (1936),Fairchild (1900; 19;1934),Pairand R odrigues(1993),R ay burn(2004),and R ay burn
127 129 128 from sitesassociated with m iningopera ionsnearLak eOntario.It

i
isinferre

d
d from the

E
128 

127 127 127 E E
E m anuscriptthatColem an(1936)estim a

t
ted shore feature elevationsfrom 1:62,500topographic126 E E E

Genesee 2 m Lidar E 126 127 m apspublished asearly as1926.ElevationofGLIshore featuresinCanada range from 362
43°N 2 m Lidar E

E Onondaga 43°N feet(110m)inHam ilton,Ontarioto730feet(223m)atPancak eHill,Ontario(44.369oN,
77.434W )with the greatestrisetrending N20oE(Colem an,1936).Pivoting around a hingeline

3 m Lidar from R om e,NY toQuay,Ontario,Colem an(1936)asserted the unequalupliftacrossthe area
caused the rebound tobenon-uniform.The ce m arginalong henor ernshoreofGLIwas

Mad ison largely a calving m arginand leftsubdued ev
i
idenceoftheloca

t
tionat

t
t
h
he tim e itwascreating anOnta r io Mon tgomery ice dam acrossthe S t.Lawrence R iver(Colem an,1936).

Fairchild (1900;1919;1937)created a seriesofm apstoillustratetheprogressionoflak es Figure4.Isostatic rebound acrosstheLak eOntariobasinatthe m axim um extentofglacialLak eIroquois.Contour
Schenec tady thatcovered New Y ork asice retreated and readvanced acrossthe area.Using historical intervalis5m.

3 m Lidar elevationdata from railroadsand canalsforeary work s(Fairchild,1919)laterFairchild (1934)
would have accessto1:62,500scale m apspub

l
lished in1895touse.Fairchild (1934)reportstheSeneca Cayuga GLIshore feature elevationsinNew Y ork from 385feet(117m)inLewison,NY to1030feet

(314m)nearCovey Hill,justnorth oftheNew Y ork borderinCanada,wi
t
th the m axim um upliftWyoming trending N20oE.Thism axim um upliftof2.2feet/m ile(0.42m/k m)isnearly linear(Fairchild,

Er ie 
Otsego 

1919).
R ay burn(2004),work ing mostly intheLak eChamplainbasin,identified strandline

Liv ings ton Yates 2 m Lidar featureslik e deltas,spits,berm s,terracesand escarpm entstogenerated a80m DEMofthe Figure8.S trandline diagram form axim um extentofglacialLak eIroquois.
Schohar ie variousphasesoflak esintheLak eChamplainbasinand alsoGLI.Locationsm apped with a

Cor t l and differentiallobalpositionng system and barom etric altim eterresultinm axim um upliftdueChenango Albany north.Usin
g
g data from Pa

i
irand R odrigues(1993)the modelwasextended totheLak eOntario Although the resulting trend line islinear,the southerly bulge inthe isobaselinesinthe

2 m Lidar basin.Pairand R odrigues(1993)calculatethe gradientofGLItobe0.9m/k m (4.75feet/m ile) southeasternportionofthelak e suggeststhatthe isostatic depressionwasnotcompletely
Tompkins along thenorthwesternslopeoftheAdirondack Mountains. uniform acrossthe basin.Isobaselinespreviously have beendepicted asgeneralized,uniformly

Chautauqua Ca t ta raugus Steuben Schuy ler spaced linesacrossthe area e therasstraightlines(Fairchild,1934),mostly straightincentral
Al legany De laware METHODS and westernNew Y ork butsl

i
ightly curving acrossthe state(R ay burn,2004,2005),orcurves

S ore Feature Location Points acrossthenorthernportionofthe state(Pairand R odrigues,1993).Unlik epreviousmodels,this
Greene S

h
horeline features,recognized ontheLidar-based DEMm apinCayugaCounty,were modelshowsmore curvaturetoinclude elevatonvaluesfrom thewesternshore from Colem an

80°W 79°W 78°W 77°W 76°W 75°W 74°W field verified and locationnoted with aGarm in76CS xGolbalPositioning S ystem while (1936)and alsodisplaysa southerly bulge wh
i
ich m ay reflectthe influenceoftheOneidaLobe

m apping thequadranglesneartheMontezum a W etlandsComplex;notably theCato,Cayuga, thatreadvanced toR om e,NY assuggested by R idge(2004).Thislobeofice could have created
FairHaven,Montezum a,S avannah,and V ictorQuadrang es(Fig.3).W hile m any of he shore alocalized increase inisostatic depression,thuswarping the isobaselinessouthward slightly in

NOTICE
The views and conclusions contained in this document are those of the authors and should not be interpreted as New York State Museum Map & Chart 80 featuresidentified inand arounCayugaCounty were fie

l
ld check ed,outside the coun

t
ty,these theOneidaLak e area.Universal Transverse Mercator, Zone 18 N necessarily representing the official policies, either expressed or implied, of New York State Government. were generally notfield check e

d
d butassessed from theLidar-based DEM.Eeva ionswere Todatethism apreconstructionprovidesthe mostcomprehensive and due inparttoNorth American Datum of 1983 

While every effort has been made to ensure the integrity of this digital map and he factual data upon which it is determ ined from theLidar-based DEM,where available,or10m DEM(alle
l
leva
t
tionspresented incorporationofLidar-based DEMdata the mostprecise depictionofGLI.Continued work can¹ based, the New York State Education Department ("NYSED") makes no represen

t
tation or warranty, expressed or ISSN: 0097-3793; ISBN: 978-1-55557-348-5 are inm etersabove m eanseallevel(m)).Pairand R odrigues(1993)elevationswere used as and should refinethism apfurtherasmore Li ar-based data becom e available,mostnotably inBase map data: implied, with respect to its accuracy, completeness, or usefulness for any particular purpose or scale. NYSED100-meter Resolution Gray Shaded Relief of the Conterminous United States from USGS Miles assumes no liability for amages resulting from the use of any information, apparatus, method, or process disclosed published. Niagara,Orleans,S t.Lawrence,Oswego,Ma

d
dison,Jefferson,and sectionsofW ayneCounties.
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