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INTRODUCTION

Unlike those on land or in rivers, lake sedimeatsl be deposited continuously
and remain in place. Because of this, they oftertatn geologic and paleoclimatic
information at annual to century-scale resolutidnolr may not be preserved anywhere
else (Lyons et al. 2005). In this study the uge&timentary sequences of Otsego Lake
are imaged by high-resolution seismic profiling ipguent, mapped, interpreted and
compared to those in neighboring lakes in an eftoltetter understand the natural
history of the region. Accurately mapping lake seglits also provides a baseline
database to study, e.g., the impact of agriculforattices, shoreline development and/or
climatic variations.

Otsego Lake is located in the eastern portioreatral New York (Figure 1) on
the Appalachian Plateau. This lake drains to thettsand is the source of the
Susquehanna River. The lake is approximately 12:59d6g and is between 0.8 to 1.5
Km wide along most of its length with the exceptairHyde Bay where the width
reaches 2.5 Km. The maximum water depth is abométers near the middle of the
lake. The lakes basin is an elongated, steep smleshted north-south, glacier carved
valley cut into Marcellus shale and Onondaga Limestand it is partially filled with
sediment. The Doubleday ice margin at the curmcdtion of Cooperstown, NY
impounds the lake water at the south end. Hangettgslabove the lake’s western shore
suggest that there was a deeper lake in this bdsla the Laurentian Ice Sheet was
receding (Glacial Lake Cooperstown), the surfaceluth was approximately 17 meters
above the current lake level (Fleisher 1977).

METHODS

On 25 and 26 August 1997, over 60 Km of decimstale, seismic reflection
profiles were recorded on Otsego Lake (Figure PprAximately 32 east-west lines were
collected and one north-south reach was followedndihe length of the lake at speeds
of between 3 and 5 knots. Additional profiles weodected from the northern end of the
lake and around Sunken Island which was imagedsiarashaped pattern around the
island. The data were collected with an Edge-TeBta¢ sub-bottom profiling system
with chirp technology. The tow vehicle (fish: Mod&B-216S) was towed at about 0.5
meters below the lake surface. The incoming sigr@a recorded on magnetic tape
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Figure 1. Study area showing location of Otsegoel.&ew York. Bathymetric chart
from the web page for the Biological Field Stataperated by the State University of
New York at Oneonta. Soundings are in felettp(//www.oneonta.edu/academics/biofld/
IMAGES/Otseg0%2025%20ft%20contours.jpg).

and printed on an EPC model GXP-1086 recorder. dddiin was accomplished by a
hand-held Magellan GPS, model DLX-10 which wasrfiaiged with the recorder to mark
latitude and longitude with each seismic trace. 3peed of sound can be as low as 1455
m/s in fresh water to as fast as 2000 m/s for gresest lake bottom sediments (Mullins
et al. 1996); we assumed an average vertical splesalind of 1500 m/s for this data set.



The penetration of the Edge-Tech X-Star systenb@ai30 to 50 meters in soft
sediment. As the sediments under Otsego Lake @e#ulkness of up to 88 meters
(Fleisher 1992), this study focused on the uppéinsentary sequences.
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Figure 2. Ship track map (left) with the approximdepth below the lake’s surface (in
meters) to the top of Sequence Il (right). Thieves two distinct east west ridges on the
southern half of the lake. Cross hatching deleeathere methane gases in the sediment
obscure the penetration of the seismic survey; laklg depth could be collected at those

locations.



RESULTS

Four distinct sedimentary sequences were intergrahd mapped in this study
(Figure 3). The uppermost, deepwater sequencev@equi to Sequence IV in Fleisher
1992) is generally acoustically transparent exé@apsome very faint (low-amplitude)
seismic reflectors. The acoustic character ofghguence is similar to the postglacial
muds described in the Finger Lakes to the west [{Muét al. 1996; Halfman and Herrick
1998; Mullins and Halfman 1999). This sequenamimpletely absent in water depths
less than 10 meters probably due to wind induceckots and waves which prevent
deposition. The exception to this is one locatitirCtarke Point where there is a ridge of
postglacial sediments at a water depth of 7 mésess Figure 10). In the deeper portion
of the lake (over 30 meters of water depth) thestgbtacial muds averaged about 4
meters thick and over a few depressions in thenydg strata they reach up to 7 meters
in thickness.
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Figure 3. Typical seismic image from Otsego LaksiihaThe three sedimentary
sequences studied in this data set from oldestwagest are shown: Il, Il and IV (after
Fleisher 1992). Sequence Il shows a distinct Btus# upper surface and appears to be
glacial outwash and till. Sequence Il has theinlstreflective layers of proglacial
rhythmite varves. Sequence 1V is postglacial mantsis generally acoustically
transparent but faint internal layered reflectians noticeable in some locations. Lake
inset shows approximate location of this image.



The second sequence, also found at the lake fieas restricted to shallow-water
areas and not previously described in the liteeatlihis sequence was typically obscured
by biogenic methane. When visible, especially atrtbrthern end of the lake, it revealed
a seismic signature similar to the nearshore, @lvalater, early Holocene marls found
in the Finger Lakes (e.g., Halfman and Herrick )9$&diment cores recovered from
Otsego Lake targeted this reflector and reveal-gragn sandy marls with gastropod
shells (Fleisher et al. 1992).These findings vettily marl interpretation for Otsego Lake.
Both the first and second sequence is underlajprobglacial sediments, Sequence lll.

The seismic sequence immediately below the pas&lenuds and marls
(equivalent to Sequence Il in Fleisher 1992) réveaultiple, high-amplitude seismic
reflections which often span the width of the lakkese sediments are generally over 20
meters thick in the deepest portions of the lalge; @epths greater than 60 meters (Figure
3) but are thinner where they drape over high sipatise sediments below. Otsego Lake
sediment cores show that this sequence consitasafiated clays with dropstones,
interpreted as glacial rhythmites or varves (FleistD92). A similar sedimentary
sequence is found in each of the Finger Lakes bdMnllins et al., 1996) that is also
interpreted to be proglacial rhythmites depositedfglacial meltwaters while the
glacier was north of the present day lake butwsithin the drainage basin of the
proglacial lake.

The next lower sedimentary sequence (equivaleSetpuence Il in Fleisher 1992)
has a diffuse, high-amplitude surface reflectohvaical, internal point reflectors, and is
assumed to be glacial till or outwash (Fleisher2)9%he lower surface of this
sedimentary sequence was not observed in thissdgtehus this sequence represented
the acoustic basement for this seismic equipmisisurface topography, however, was
mapped (Figure 3). Two east-west oriented ridgeobserved on the surface topography
maps of this sequence located offshore of Brookwaidt and Threemile Point. These
ridges are interpreted as moraines deposited dpanges in the retreat of the receding
glacier. The more recent sediments (Sequencedil@nthin out or are absent where
they drape over these ridges (Figure 4). The satiggography of Sequence Il is
relatively smooth north of Fivemile Point until vies Hyde Bay where it becomes very
hummocky. These hummocks could be an area of ctnated kettle formation.
Evidence of the effects of buried ice pockets casden in Figure 5 where more recent
Sequence lll sediments appear to be slumped ihtdeain the lower sediments.

Sequence lll (proglacial sediments) and the neaesimarls are erosionally
truncated in many places in the lake (Figures 67ndhis truncation forms a scarp in
the lake floor about 4 to 6 meters tall with itséaboutl5 meters below the present
lake’s surface throughout the lake. This scarpmmon north of Hyde Bay and south of
Brookwood Point in the seismic profiles (Figure &)d evident elsewhere in the detailed
bathymetric map of the lake created by the Biolabjitield Station. A similar scarp
truncates early Holocene marls and proglacial nmytiss in each of the Finger Lakes
(Mullins et al. 1996; Halfman and Herrick 1998; Ingoet al. 2005).



Figure 4. Isopach maps of rhythmite Sequencedft)(hnd postglacial Sequence IV
(right). Note the thin areas off Brookwood Poindalrhreemile Point where the
sediments drape over ridges in the sediments beltvere Sequence 1V is the thickest
they are filling depressions in the strata below.
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Figure 5. A filled in sub-aqueous kettle hole.

Postglacial muds and marls overlie horizontal @rlyehorizontal erosional truncation of
the rhythmite layer in two locations (Figures 8 &)dBoth areas are below water depths
greater than 16 meters. In another location SegquBhsediments are found in water less
than 10 meters deep. This is near Clarke Pointevtimre are postglacial sediments
above the eroded scarp (Figure 10). It is not chdar post glacial muds are only found

in shallow water at this location but there is magkably similar feature on the north-east
corner of Skaneateles Lake (Lyons et al. 2005;reidd).

Several sub-aqueous slumps (landslides) were aseFhese were either within
the proglacial rhythmite layer where they appedraee dropped into dead ice sinks
(Figure 5) or on top of the rhythmite layer nea base of the erosional scarp (Figure 8).
These slumps were generally small and none weresiiein or on top of post-glacial
sediments.

The detailed survey of Sunken Island reveals gasg) basement reflectors
(Sequence II) outcropping at the shallow lake flgogure 8). We interpret this
geometry to indicate that the island is a gladiiatdmnant. The younger sequences onlap
onto the sides of this feature and do not coverfgmture over the shallowest portions of
the island. Direct observation of the island seditaeevealed unsorted sediments with
carbonate precipitates (Fetterman 1997), and isistamt with our glacial till
interpretation from the seismic record.
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Figure 6. Truncated rhythmites off Clarke Pointethane gas in the sediments diffuses
the seismic reflections at the right edge of thmage. The acoustic character of the
sediment package is typical of early Holocene markxlying proglacial rhythmites
which have been imaged and cored in the Fingerd.ake



Figure 7. Map revealing the distribution of thettpite scarp. Bathymetric data from
the Biological Field Station reveal a more contimsiscarp from around the lake.
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Figure 9. The deepest observed erosional cut irhytemite layer with postglacial

sediments on top at approximately 30 meters beth@vVake’s surface.



Figure 10. An unusual feature north of Clarke Pobstglacial (Sequence IV) mud, and
perhaps marls found above the scarp eroded irhtiiemite. This is the only location
where Sequence |V was observed in water less tDaneters deep. A strikingly similar
feature to this is seen in Skaneateles Lake (Lybias, 2005).



DISCUSSION

The proglacial rhythmite sequence beneath Otsefe Isavery comparable in
thickness to those in the Finger Lakes (Mullins bladfman 1999; Lyons et al. 2005;
Halfman and Herrick 1998; Mullins et al.1996). Thmilarity is surprising because
Otsego Lake drains to the south and its drainagmm lextends fewer than 10 Km to the
north of its shore. A rapidly retreating glaciadrit would quickly pass north of the
Mohawk Valley which, if clear of ice, will drain gtial meltwaters to the east. At
present, the Finger Lakes drain to the north arsdgisomorphology suggests that the
receding ice front would dam their output and iafiae proglacial sedimentation in their
basins for a much longer time. A result of thisiddde significantly thicker proglacial
rhythmite sediments (Sequence lll) in the Fingekdsa That this is not the case could be
because the outwash from the receding ice margeateng from the Finger Lakes
region was being distributed over a much largemb@slacial Lake Iroquois) thus
thinning the accumulating sheets of glacial sedisieflternatively, the rate of glacial
retreat in both regions was so rapid that the tima¢ Otsego Lake was exposed to glacial
outwash was not significantly different than th@esure in the Finger Lakes thus
accumulating similar amounts of proglacial sediraent

The erosional truncation of the early Holocene mand rhythmites could result
from strong internal seiche currents which may bélinfluencing sedimentation at this
depth or it could be a wave-cut notch that is & febm a former lowstand of the lake.
Erosion by internal waves traveling along the thachme at a consistent depth of 15
meters is unlikely however, because the thermocleph and storm activity is not
seasonally constant. The wave-cut notch theorydcactount for the steepness of the
scarp and its consistent depth along the perinoétiére lake. Evidence for lowstands is
interpreted from high-resolution seismic survey$eheca and Owasco Lakes, New
York, to the west and Mazinaw Lake, Ontario, Canadée north (Halfman and Herrick
1998; Mullins and Halfman 1999; Eyles et al. 200=2yure 8 shows that there has been
considerable erosion across the lake from Sunkandgo Clarke Point at a depth range
of 14 to 17 meters below the current lake surfabe. cause of this erosion stopped
during the Holocene to allow post glacial mudsdoumulate on this erosional surface.
Surface waves from a lake level of about 14 or Eems below the present lake surface
could account for the smooth lake floor at thisakimn with wave-cut scarps in the clays
and marls at the former shoreline.

Future research should examine the upper surfattee ahythmites for additional
evidence for erosion and lowstand of the lake idiclg buried tree trunks or shallow
water symmetric ripples. Dating the muds depositedediately above the horizontal
truncation will also delineate the age of the lamst and, more specifically, when the
lake returned to its current level. Based on thadation of early Holocene marls, the
lowstand must be a mid or late Holocene featur@dince from the Finger Lakes
suggests that this lowstand is consistent withdlfolocene lowstand event of unknown
duration (Halfman and Herrick 1998; Mullins and fizn 1999; Baker 2003). The
Otsego Lake occurrence suggests that this lowstaent was regional in extent, and
probably related to a regional climatic anomaly.



The sediments of Skaneateles Lake reveal a histagcent major sub-agueous
landslides (slumps) on a scale which could haggéred a significant tsunami (Lyons et
al. 2005). Our survey of Otsego Lake did not rexsl slumps which were large or
within the most recent sediments and thereforendidsee a significant tsunami danger to
the surrounding terrain from sub-aqueous mass mgastiould current environmental
conditions prevail.
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