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Presentation Notes
For several years we’ve been exploring the most effective ways to use lidar data in surficial and bedrock geologic mapping projects.
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Our sites are all in Chittenden and Addison Counties in northwestern Vermont.


Current Extent of
Lidar Topographic
Data in Vermont

The principal lidar-
derived products that
we’re working from
are bare-earth digital
elevation models
(DEMs) .

Most of the data in
Chittenden County is
available as 3.2 meter
DEMs; the remainder
is available as 1.6 to
1.0 meter DEMs.
Some of the new
data will be 0.7
meter DEMs.
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The extent of the available lidar is shown in red. Lidar acquisition is underway throughout the rest of western and central Vermont, with the eastern counties to follow within the next few years.


Shaded Relief Map (left) and Percent Slope Map (right) of
Alder Brook Watershed in Essex, Chittenden County.
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Both of these maps were generated from the same lidar data. Note that the slope map is far more effective at revealing subtle features in this dendritic drainage pattern. We’ll be looking at slope maps from now on. Also, keep in mind that we’ll be looking at features at a wide variety of scales, so pay attention to the scale bars at the bottom of each map.


Shorelines and Bedrock Outcrops at Mt. Philo in Charlotte, Chittenden County
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Mt. Philo is the most prominent of a N-S range of cuestas that stand up above the floor of the Champlain Valley. The summit rocks (quartzites of the Cambrian Monkton Formation) are on the upper plate of the Champlain Thrust. The lower plate consists here of the shales of the Ordovician Stony Point Formation.



Shorelines and Bedrock Outcrops at Mt. Philo in Charlotte, Chittenden County
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Here’s the slope map for Mt. Philo. Steep features are dark and flat or gently sloping features are light. The dark, rough-looking area in the center corresponds to bedrock exposures on the upper plate of the Champlain Thrust (Monkton Formation). A variety of glacial lake shoreline features can be seen.


Shorelines and Bedrock Outcrops at Mt. Philo in Charlotte, Chittenden County
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The summit is high enough (980 ft or 299 m) that it stood up above the waters of glacial Lake Vermont and the Champlain Sea (Coveville level here is about 190 m and Champlain Sea is about 90 m). The projected shorelines are after Rayburn (2004) and the lidar allows us to check their fit on the modern topography.


Beaches and Shorelines on Pease Mountain in Charlotte
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Pease Mountain and Jones Hill are located to the north of Mount Philo and have similar underlying bedrock geology. Beach deposits from glacial Lake Vermont are preserved on the south flanks of each of these cuestas.


Beaches and Shorelines on Pease Mountain in Charlotte
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Again, dark is steep and light is flat or gently sloping.


Beaches and Shorelines on Pease Mountain in Charlotte
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The beaches formed on two successive levels of glacial Lake Vermont; the Upper and Lower Fort Ann stages.


Landslides on Lewis Creek in Ferrisburg, Addison County
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This next site is located along Lewis Creek, just east of Lake Champlain and well-below the marine limit of the Champlain Sea.





Landslides on Lewis Creek in Ferrisburg, Addison County
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This portion of Lewis Creek is entirely below the upper limit of the Champlain Sea. Landslides have formed in fine-grained Champlain Sea clays. The spoon-shaped map pattern  of some of the landslides suggests that the slides failed retrogressively, suggesting at least somewhat sensitive materials (materials that have very low shear strength once they are disturbed). Based on their positions relative to the present course of the river, many of these landslides appear to be quite old. Clearly, lidar is going to be a very powerful tool for landslide mapping. 


Crag and Tail Landforms in Williston, Chittenden County
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Ice streaming over bedrock outcrops has left its trace in these crag and tail landforms.


Crag and Tail Landforms in Williston, Chittenden County
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The SSE orientation of these features corresponds with some of the nearby striations.


Lower Notch Road Kame Terrace in Bristol, South Mountain Quadrangle
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Use of lidar in aiding surficial mapping near the New Haven River. Note the prominent terrace at the base of the mountain slope.


Lower Notch Road Kame Terrace in Bristol, South Mountain Quadrangle

New Haven River
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Lidar slope map.


Lower Notch Road Kame Terrace in Bristol, South Mountain Quadrangle
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Close-up view of lidar slope map.


Lower Notch Road Kame Terrace in Bristol, South Mountain Quadrangle
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Surficial features visible on the slope map.


Lower Notch Road Kame Terrace in Bristol, South Mountain Quadrangle
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Note the fit of the generally very projected shorelines onto the slop map. Red polygons are kettle holes delineated using a subroutine to detect topographic depressions in the lidar DEM.


Lower Notch Road Kame Terrace
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The resulting surficial geologic map (close-up view).


Lower Notch Road Kame Terrace in Bristol, South Mountain Quadrangle
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Here’s our surficial geologic map of the area. The lidar was helpful in delineating all of these units.


Lower Notch Road Kame Terrace in Bristol, South Mountain Quadrangle

Fallen Block
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Lidar can be used to quickly generate accurate topographic profiles.


Hummocky Topography in a Peatland at Winona Lake, Bristol

Low
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Here’s another set of interesting features that we identified using the subroutine to identify depressions. Note the abundance of small depressions in the peatland. Ignore the larger depression polygons in the uplands. Most of these are caused by roads or beaver dams.


Profile Across Peatland

Hummocky Topography
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Note that the profile shows a continuously rough, sub-meter topography in the peatland. Our identification routine only pulled out those depressions that were deeper than 0.5 meter and larger than 10 square meters and thus the map underestimates the full extent of minor hummocks and hollows. This is more fully revealed in the profile.


Brittle and Ductile Structures in the massive quartzites of the Lower Cambrian
Cheshire Formation on Hogback Mountain, Bristol.
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Prominent bedrock lineaments up on Hogback Mountain, northeast of Bristol village.


Cleavage and “megalithons” (left) Cleavage and microlithons (right)

From Passchier and Trouw, 2005, Figure 4.12.
Field of view is about 2.5 mm across.
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On the left is a map and on the right is a photomicrograph. There is at least a morphological resemblance between the map-scale cleavage and intervening packages of folded rock at left (Sn+1 and Sn) and the microscopic-scale slatey cleavage shown at right. Jon’s field work nearby showed that Sn+1 is cleavage. Sn in this view may represent bedding.


Brittle and Ductile Structures on South Mountain in Bristol
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Here we can clearly see map-scale folds. Note, however, that the map-scale folding is in cleavage, not bedding. 
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Brittle and Ductile Structures on South Mountain in Bristol
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Closer view of the large fold in cleavage as well as internal features (Sn+1 and Sn).


Brittle and Ductile Structures on South Mountain in Bristol

Earlier surfaces
in between

Cleavage
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Close-up showing cleavage (red) and earlier folded surfaces.


Lineaments in the Cambrian — Neoproterozoic Fairfield Pond Formation
(Phyllite and Phyllitic Quartzite) in southern Williston and St. George




Lineaments in the Cambrian — Neoproterozoic Fairfield Pond Formation
(Phyllite and Phyllitic Quartzite) in southern Williston and St. George

Later Lineaments

D3 Lineaments
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Note that there are hints of “megalithons” within the zones between the lineaments. Higher-resolution lidar might show these more clearly. Field relationships demonstrate that the N-S lineaments are coincident with D3 fractures. The D3 features represent weathered-out axial-planar disjunctive cleavage.


Analysis of Map-scale Structures in Williston: D3 Folds in the Phyllites and
Phyllitic Quartzites of the Fairfield Pond Formation

Lidar Slope map WELS used to help map dome_ From Kim, J., Ryan, P., Klepeis, K., Gleeson, T., North, K., Bean,
. J., Davis, L., and Filoon, J., 2014, Tectonic evolution of a

and-basin fold patterns on the upper plate of Paleozoic thrust fault influences the hydrogeology of a

the Hinesburg Thrust in the Williston area. fractured rock aquifer, northeastern Appalachian foreland:

Geofluids, doi: 10.1111/gfl.12076.
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The D3 folds are open to tight asymmetric folds. Axial surfaces strike NNE and dip steeply E. a later generation of folding causes the fold axes and crenulation plunge gently N to the N of the cross-section and roll over to the S just S of the cross-section.


Summary

Lidar facilitates
identification and mapping
of a wide variety of
surficial and bedrock
features.

Slope maps are the single
most effective product for
geologic interpretation

It is most powerful when
used in conjunction with
the actual field work so
that subtle features can be
targeted for field visits.

Lidar is a powerful tool for
detailed structural analysis
of both brittle and ductile
features.

Summit of Pease Mountain, Charlotte



Future work:

Use lidar to refine glacial
Lake Vermont and Champlain
Sea shorelines.

Continue use of lidar for
bedrock structural analysis.

Continue developing terrain
analysis techniques using
slope, curvature, roughness,
and other parameters that
can be derived from lidar
DEMs.

Right: Late Glacial and Post-glacial
shorelines in the Champlain
Valley. The shorelines shown here
rise ~0.7 to 1.0 m/km to the north
due to isostatic uplift during the
Holocene (Rayburn, 2004).
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Presentation Notes
Among other needed refinements: Holocene river erosion results in the raw projections extends too far up river valleys. These need to be cut off using best-available data on the extent of delta and other lacustrine deposits.
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