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INTRODUCTION
Contemporary topography of the Finger Lakes
Basin in New York is largely due to the retreat
of the Laurentide ice sheet over 14,000 years
ago. The retreating glaciers carved out steep
U-shaped valleys that are ideal for preserving
sediment history. Since the Laurentide retreat
the basin topography has altered, going through
a series of different major lake evolution phases.
The Finger Lakes started as streams or stream
valleys; debris from the retreating glaciers
blocked the southern most ends of the streams
to create lakes. The large amounts of water
from the melted glacier originally formed much
larger ancestral lakes such as Lake Newberry
and Lake Ithaca. As the water from glacial
melting drained out, lake levels dropped leaving
the contemporary Finger Lakes. Modern lakes
of the basin are very different from the ancient
proglacial lakes from which they evolved.
The eight generally north-south trending lakes
are now elongate troughs bounded on one
end by glacial debris or moraines and having
a maximum thickness of more than 90 m of
sediment fill. They are shallower, and the width
of the lakes has also decreased significantly
since the time of the larger lakes such as Lake
Ithaca.
In a previous study, Mullins and Halfman
(1996) used high-resolution seismic profiling to
map the sediments in Owasco Lake; mapping
a maximum sediment thickness of 95m. They
identified the same six seismic sequences as
Mullins and Hinchey (1989). Sequences I

through V are proglacial clays and debris.
Sequence VI is the Holocene sediments.
They divided sequence VI into VIA, early
Holocene sediments and VIB, late Holocene
sediments based on a prominent mid Holocene
reflector. They used core from Canandaigua
Lake to confirm these sequences as a regional
occurrence. In Owasco Lake, seismic profiles
revealed erosional features at depths of up to
60 m, and the presence of biogenic gases in the
early Holocene sediments (VIA) but not in the
more recent late Holocene (VIB) sediments.

Figure 1. Bathymetry of Canandaigua Lake derived
from seismic reflection profiles. White points indicate
locations where depth was digitized from profiles.
Contour intervals 10 m. Map is in UTM zone 18N
NAD83 coordinates. Inset shows mapped area in New
York state.

Canandaigua Lake (Fig. 1) is 273 km in
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length and a maximum width of 2.2 km with a
maximum depth of more than 80 m. The depth
protects most of the lake sediments from being
disturbed providing a smooth bottom surface
and largely undisturbed sediment bedding. In
this study we used high resolution seismic
profiling to map the bathymetry and distribution
of Holocene sediments in Lake Canandaigua.

DATA ACQUISITION
Seismic sub-bottom profiles of Lake
Canandaigua were acquired using an Edgetech
X-Star profiling system using sweep frequencies
of 2-12 KHz. The profiler “fish” (Fig. 2)
including source and receiver, was towed
beneath a pontoon boat at a depth of 1m below
the water surface at an average speed of 4
knots. Approximately 101 km of total profiles
were acquired in three days in a zig-zag pattern
down the length of the lake. The profiler was
connected to a Trimble Pro-XRS GPS unit
that provided real-time differentially corrected
locations. These locations were stored with
each seismic trace in Edgetech .jsf format for
later replay and analysis.

The lake bottom, middle Holocene reflector
and the interface between the Holocene and
proglacial sediments were digitized interactively
from the seismic profiles using Edgetech
“Discover Sub-bottom” software and a tablet
PC. Approximately 4400 depth measurements
were made for bathymetric mapping. The
locations of these measurements are shown in
Figure 1 and delineate the tracks along which
seismic data were acquired. The locations
of all measurements, originally recorded as
geographic coordinates in WGS84 datum were
projected into UTM Zone 18N coordinates with
a NAD83 datum for mapping.
Approximately 2000 points on the midHolocene reflector and the reflector at the
bottom of the Holocene were digitized. These
measurements were made using the automatic
bottom tracker so that sediment thicknesses
could be accurately determined at these points.
Figure 3 shows measurements from four
representative
E-W transectsWacross the lake.
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Figure 2: Photograph of Edgetech Sub-bottom X-star
Profiler “the Fish” being lowered through opening in
the deck of the pontoon boat.

Figure 3. Generally East-West profiles of Canandaigua
Lake showing data points for lake bottom, Mid Holocene Reflector, and Lower Holocene boundary.

														
115

Woodson, H. 2006. 19th Annual Keck Symposium; http://keck.wooster.edu/publications

MAPPING
Constructing a map of a surface from irregularly
sampled points, whether in the form of discrete
contours or continuous shading or coloring,
requires interpolation of sampled data to
unsampled locations. The estimation method
used in the interpolation can have significant
influence on the final appearance of the map.
Deterministic methods such as inverse distance
squared weighting make arbitrary assumptions
about the data which may be incorrect. With
sparsely sampled surfaces, inverse distance
squared often produces an interpolated surface
that resembles a “circus tent” with peaks at
each sample. This can be removed by using
an interpolation estimation that does more
smoothing, but that obscures any details that
may be present in the data.
A geostatistical approach to interpolation
can produce significantly better results and
involves two steps. In geostatistics, the concept
of a regionalized variable is used to describe
measurements that are related spatially. Closely
spaced samples are highly correlated, while
distant samples are independent of one another
in value. First, the data is analyzed using
semivariograms. The semivariograms plot the
spatial correlation of the data as a function of
distance between samples (lag) and direction.
Examination of semivariograms allows for the
construction of a mathematical model of the
spatial characteristics of the actual data. This
model is then used in an interpolation process
called kriging that can be shown to produce the
statistically (but not necessarily geologically)
best possible unbiased estimates of the surface.
Kriging has four advantages over most
other interpolation methods: 1) the effect of
distance on weighting is derived from the data
themselves via the semivariogram model; 2) the
resulting surface has the minimum estimated
variance of error possible; 3) kriging eliminates
the effects of data clustering and 4) kriging
can produce a map of estimated error variance

letting us know where the interpolated surface is
most and least reliable.

Bathymetry
Because of gaps in sampling, and distinct
changes in the orientation of the axis of Lake
Canandaigua, we chose to interpolate the
bathymetry of the lake in three segments, one at
the south end of the lake, one in the middle, and
one in the north.
Geostatistical analysis of the depth samples
from the southern segment of the lake was
performed using a lag bin of 100 m and showed
a strong anisotropy in the semivariogram
oriented along the lake axis. This means that,
as expected, the measurements are spatially
correlated over much longer distances along
the lake axis than across the lake. Based on
directional semivariograms, kriging was
performed using a spherical distance model with
an anisotropic range ellipse. The ellipse was
oriented 20° east of north along the lake axis in
this segment with major range of 4822 m and a
minor range of 984 m for a 4.9:1 aspect ratio.
Similar analysis for the central segment of the
lake produced a model with stronger anisotropy
with a major range of 4811 m and a minor
range of 722 m (6.7:1 aspect ratio) oriented 29°
east of north. Analysis of the depth samples
from the northern segment of the lake showed
weak anisotropy and smaller range. The major
range was 3868 m and the minor range was
3603 (1.07:1 aspect ratio) oriented 331° east of
north. The three resulting bathymetry surfaces
are shown in Figure 1. The surfaces are color
shaded by depth and contoured at 5 m intervals.
Our bathymetric model only extends laterally
to the limits of our depth measurements. The
approximate current extent of the lake is shown
in green in Figure 1.

Holocene Sediments
As with the bathymetric data, the overall
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thickness measurements for the Holocene
sediments were divided into three segments for
analysis and kriging. Analysis of directional
semivariograms for the Holocene thickness
shows generally smaller and more variable
ranges indicating spatial correlation of sediment
thickness over smaller distances than was
observed in water depths. The thickness data
also shows less anisotropy along the lake axis.
This is a reflection of the generally uniform
draping of the upper Holocene sediments over
large extents of the lake.

The thickness data for the southern segment
of the lake was interpolated using a spherical
distance model with a major range of 1432
m and a minor range of 564 m (2.5:1 aspect
ratio) oriented 19° east of north. The thickness
data for the central segment of the lake was
interpolated using a model with a major range
of 3665 m and a minor range of 563 m (6.5:1
aspect ratio) oriented 25° east of north. The
thickness data for the northern segment of the
lake was interpolated using a model with no
anisotropy and a range of only 434 m. The
resulting thickness surfaces are shown in Figure
4 as color shaded surfaces with isopach contours
at 1 m intervals.

Upper Holocene Sediments
Geostatistical analysis of the thickness of the
upper Holocene sediments showed still smaller
ranges and less anisotropy than the overall
Holocene thickness. The thickness data for the
southern segment of the lake was interpolated
using an anisotropic spherical distance model
with a major range of 964 m and a minor range
of 563 m (1.7:1 aspect ratio) oriented 39° east of
north. The thickness data for the central segment
of the lake was interpolated using a model with
a major range of 2998 m and a minor range
of 563 m (5.3:1 aspect ratio) oriented 31° east
of north. The thickness data for the northern
segment of the lake was interpolated using
an isotropic model with a 380 m range. The
resulting thickness surfaces are shown in Figure
5 as color shaded surfaces with isopach contours
at 1 m intervals.

DISCUSSION

Figure 4. Map of thickness of total Holocene sediment
package with an isopach interval of 1 m. Map in grid
coordinates UTM zone 18N NAD83.

Our seismic profiling indicates that both
the upper and lower Holocene sediments
are uniformly draped over the underlying
proglacial sediments throughout large portions
of Canandaigua Lake. These sediments thin
slightly toward the shore and there are a few
broad depocenters in the southern half of the
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characterized by very disrupted distribution of
Holocene sediments. In some cases depositional
onlap onto topographic features of the
underlying proglacial sediments. Occurences
of Biogenic gas was also found in the lower
Holocene but not the upper Holocene analogous
to Mullins and Halfman (1999).
At both ends of the lake, these features are
primarily confined to areas where current water
depths are less than 40 m. In the Norther end
of the lake there are a few erosional features
at depths of 55 m. The extensive erosion at
depths less than 40 m could have resulted during
subaerial exposure at a lake lowstand though
bottom current erosion is more likely. The
deeper erosion at depths of no more than 60 m is
also due to bottom current erosion.
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Figure 5. Map of thickness of Upper Holocene
sediment package with an isopach interval of 1 m.
Map in grid coordinates UTM zone 18N NAD83.

lake where these layers thicken slightly. The
maximum Upper Holocene thickness was
approximately 5 m, and the entire Holocene was
approximately 9 m. There is no evidence of
major scarps or erosional truncations throughout
much of the lake. Because of the deep Ushaped profile of the bathymetry, large areas of
the lake seem to have been unaffected by any
changes in lake level during the Holocene.
The extreme northern and southern ends of the
lake are exceptions to these generalizations.
The southernmost 3 km of the lake contains
several examples of erosional truncations of
both the upper and lower Holocene sediments.
Similarly, the northernmost 4 km of the lake is
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