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Abstract

During the 2008 field season, bedrock and surficial geologic maps were constructed of
parts of the towns of Marshfield and Peacham to serve as a basic framework for
understanding elevated U levels in groundwater from bedrock wells in this area. The SE
75% of this region is underlain by the M. Devonian Knox Mt. granite pluton that intruded
the Late Silurian-Early Devonian metasedimentary rocks of the Gile Mt and Waits River
fms. in the NW 25%. The dominant surficial deposits are tills, ranging from dense, fine-
sandy silt matrix till in the NW to a variety of looser, sand-matrix tills in the granite
portions. During the course of this project, it was apparent that bedrock structures exerted
strong control on the thickness and distribution of surficial deposits. These thick surficial
deposits may form localized areas of higher well yields.

We focused on the following associations between bedrock structure and surficial
deposit distribution and/or thickness: 1) The paleochannel of Naismith Brook, currently
buried by >80 meters of sediments (sandy till at surface with stratified sand and gravel at
depth), follows the western intrusive contact of the Knox Mt. granite. 2) Thick (>30m)
surficial deposits in the Winooski River valley bottom from Plainfield to Marshfield
villages roughly follow the granite contact. 3) Complexes of moraine ridges are found in
glacially-scoured rock basins down ice (south of) granite hills whose shapes are
controlled by major fracture sets. 4) Major E-W trending valleys in the granite parallel to
an E-W fracture set 5) The granite hills deflected ice-flow from about 165° in the
metasediments in the NW of the field area to 170 - 200° in the bottom of the Winooski
valley and in the granite.

The bedrock- surficial associations have implications for groundwater quantity
and quality issues. The thick surficial deposits in the granite contact zone near Naismith
Brook are potential zones of higher well yields due to buried stratified sand and gravel
aquifers. With respect to groundwater quality, there are numerous public and domestic
bedrock wells with elevated abundances of U in the Knox Mt granite. A collaborative
study by Gleason (2007) with the Vt Geological Survey tested 19 additional bedrock
wells in the field area and found that 2 of 19 wells had elevated gross alpha (>15 pci/l)
and that 3 of 19 had elevated U (>20 ppb).
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Knox Mountain Granite of the New Hampshire Series: Massive medium-grained black and

white speckled. quartz. K-feldspar. plagioclase. biotite +/- gamet granite: intruded into Dgm Sem
and Dgme: the dominant lithology in the Knox Mountain Fluton is intermediate between gm
biotite-poor and biotite-rich varieties: within a single outerop. the granite may vary from

biotite-rich to biotite-poor and from K-feldspar porphvritic to non-porphyritic: fine-grained

muscovile occurs locally. Dikes of biotite-poor granite and multiple generations of pegmatite

{quartz, K-feldspar, biotite.muscovite) are commaon.

Silurian and Devonian

Gile Mountain Formation

calcareous and non-calcareous units.

Rusty-weathering, non-calcareous grav to black, locallv graphitic, biotite, muscovite, quartz,
garnet, +/- staurolite phyllite with conspicuous biotite porphvroblasts that grew within and across
the dominant foliation: interlaved with grayv non-caleareous phyllitic biotite quartzites and
massive gray gramular quartzites: 1solated lavers of massive gray to punky brown dirty marbles
and calcareous quartzites occur locally: rare garnet amphibolite horizons occur between

75 Waits River Formation
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&05 Lo : Son 3 g:;;mm DSwr Rusty-weathering. dominantly calcareous. grav to black, locally graphitic. biotite. muscovite,

0 il = £ & - A’ quartz, garet. +/- staurolite phyllite with conspicuous biotite porphyroblasts that grew within and
across the dominant foliation: interlaved with massive grav to punky brown dirty marbles and
/// @5 4 Dbe calcareous qlmrtzite:f. and gray u:a}lu:au'euus phyllitic biotite qugrlz'!le:;. m_ussix'e non-calcareous
gray granular quartzites occur infrequently: rare garnet amphibolite horizons occur
&a@‘ between caleareous and non-calcareous unils.
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Description of Map Units

of

Artificial Fill. Artificially emplaced earth along rail beds. road beds.
embankments and low lving areas. There is extensive fill along
the interstate and along road approaches to the interstate.

Graded or Filled. Areas of extensive grading and or filling.
commonly associated with buildings. parking lots. or roads.

HOLOCENE DEPOSITS

Hal

Hft

Alluvial Fan Deposits. Pebble gravel. cobble gravel.
boulder gravel. and pebbly sand deposited at the mouths
of tributary streams to the Winooski River. Commonly
less than 5 meters in thickness.

Alluvium. Silt. sand. pebble gravel. cobble gravel.

and boulder gravel deposited by modern streams.

Deposits include stream channel and bar deposits

and finer-grained floodplain deposits. Minor wetland

deposits are common. Thickness is highly variable with the
deposits along the smaller streams tvpically less than 3

meters thick. Thicknesses in the Winooski River floodplain

are greater. Permeability vsually intermediate to low.

Can be good aquifer it sufficiently thick but of limited aerial
extent. These areas are tvpically flooded vearly or every few vears.

Fan-Terrace Deposits. Pebble and cobble gravel

and pebbly sand deposited on top of lake bottom deposits

of glacial Lake Winooski subsequent to drainage of the lake.

The gravel and sand are commonly less than 3 meters thick.
Found near the mouths of present day tributaries to the Wimnooski.

Stream Terrace Deposits. Silt. sand. pebble gravel,

cobble gravel. and boulder gravel deposited on terraces

above the modern floodplains of streams. Deposits of mappable

size are limited to the Winooski River vallev. Generally less

than 5 meters thick. Variable permeability but usually

mtermediate. Fair to good aquifer. The terrace surfaces are

rarelv flooded. if at all. However, these deposits are highly

erodible and are quite susceptible to stream erosion and slope failure.

Talus Deposits. Accumulations of angular to
subangular boulders at the bases of prominent cliffs.

PLEISTOCENE DEPOSITS

Plb

Pls

Lake Deposits, Undifterentiated. Fine grained

varved or thinly laminated deposits of silt and silty clay and
well sorted, laminated very fine to medium sand. accumulated
in glacial Lake Winooski. Thickness typically increases from
less than a meter on the valley side to 10 or more meters in
the valley bottom. Poorly drained and with poor aquifer
potential. Prone to stream bank failures and headward

erosion of the slopes.

Lake Silt and Silty Clay. Fine grained varved or

thinly laminated deposits of silt and silty clay accumulated
in the deeper portions of glacial Lake Winooski lake

basins. Thickness typically increases from less than a meter
on the valley side to 10 or more meters in the valley bottom.
Poorly drained and with poor aquiter potential. Prone to
stream bank failures and headward erosion of the slopes.

Lake Sand. Well to moderately sorted, laminated

very fine to medium sand deposited in shallow waters or

on shorelines of glacial Lake Winooski. Of variable

thickness: commonly ranging from less than 1 meter to greater
than 10 meters in thickness. Prone to gullving and stream bank
erosion. Found on higher parts of terraces in the Winooski
River valley. Moderately good aquifer if thick. poor if thin.

Pt

Pts

Ptt

Till. Extremely poorly sorted diamict with abundant

angular to subangular clasts. Matrix is tvpically dominated by
silt or silty fine sand. Clasts range in size up to large boulders.
Surface boulders are commmonly abundant. Deposits are
tvpically unstratified. Thickness generally greater than 3 meters
but rock outcrops may be common. Generally low permeability
and poor aquifer potential.

Sandy till. Extremely poorly sorted diamict with

abundant angular to subangular clasts. Matrix 1s typically
dominated by fine sand. Clasts range in size up to large
boulders. Deposits are tvpically unstratified. although minor
lenses of stratified sand and gravel are found. Thicknesses
appear to range from about 3 to 10 meters. Topography is
commonly hummocky and morame ridges are common.
Surface boulders are very aboundant. with many large blocks
on the moraine crests. Permeability may be low to moderate
and these deposits probably have limited aquifer potential.

Thin till. Similar to till described above. but thickness

generally less than 2 to 3 meters with rock outcrops abundant.
Surface boulders or erratics are common. Occurs on moderate

to steep hill and mountain slopes and summit areas. Generally low
to moderate permeability. Generally poor aquifer potential.

Thick till. Similar to the sandy till described above.

but of anomalous thickness (exceeding 30 meters in places)

and overlving a variety of bedded sands. gravels and silts.

Found in the Naismith Brook vallev in the west-central part of
the project area. Generally low to moderate permeability in the
till but the stratified deposits below mayv have higher permeability
and may have better aquifer potential.

Washed Till. Similar to the tills described above. but

with an extremelv bouldery surface with little matrix lett between
the boulders. Found in the saddle between Nasmith Brook and
Beaver Brook. north of Pigeon Pond. This may be the result of
winnowing of the fines out from between the boulders by glacial
meltwater.
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Bedrock outerops

Striation

Moraine ridge - Ridge of till interpreted to
have formed in marginal zone of glacier

Outwash channel

Field Stations

Wells

Project area boundary

Line of cross-section

Bedrock Control on Surficial Deposits and Groundwater Issues in Part of the Knox Mountain Granite: NE Vermont

Introduction

Topographic grain in the highlands underlain by the Knox Mountain Granite
1s dramatically distinct from that of the surrounding metamorphic rocks.
This change in topographic form is closely related to the fashion in which
glacial erosion has exploited pre-existing fractures in the granite.

Moraine Complexes

Extensive moraine complexes were discovered in the areas south of Kettle
Pond, southeast of Kettle Pond in the Stillwater Brook valley and extending
southward along the shores of Lake Groton, around Peacham Pond, and
south of Drew and Marshfield Mountains. The moraines are composed of
sandy till, often with abundant surface boulders.

Moraine Type

The authors are not aware that similar moraine complexes have ever been
described before in Vermont. However, these do appear to be similar to
clusters of closely-spaced clusters of moraines that have been described in
northwestern and north-central Maine in lowlands underlain by plutonic
rocks. Caldwell and others (1985) describe these as follows: "The moraines
are 4 to 20 m in height and are generally less than 2 km in length. Numerous
boulders, up to 5 m or more in diameter, characterize the surface of the
moraines."

They also describe similar moraines in areas to the east that are underlain by
the Greenville plutonic belt and consider these to be similar to Rogen
moraines. These are shown on the Surficial Geologic Map of Maine as
ribbed moraine. Based on a recent review of the characteristics of ribbed
moraines (Dunlop and Clark, 2006) the moraines discovered in the study
area appear to generally fit their characteristics.

Glacially Scoured Topography

Slopes in the Knox Mountains show a north-south asymmetry with east-west
oriented bedrock hills flanked by relatively gentle slopes to the north and
steep slopes to the south, with topographic basins scoured in the valley
floors and subsequently partially filled with thick sandy till with morainal
topography. This asymmetry is illustrated in the topographic profiles shown
in Figures 5C and 5D.
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Figure 5- Moraine Complexes
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Figure SA- A dump of abundant granite boulders on one of the moraine tops
in the Marshfield Pond Moraine Complex.

Figure 5B
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Figure 5B- A bouldery moraine on the shore of Peacham Pond.

Figure 5C

Marshfield Mt. Profile From Marshfield Mountain to Hardwood Ridge Hardwood Ridge
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Figure 5C- Topographic profile showing (from north to south) the steep south face of Marshfield Mountain, the
extensive Marshfield Pond Moraine Complex, and the relatively gently sloping north face of the bedrock ridge east
of Kettle Mountain, the steep south face of this ridge, the Kettle Pond Moraine Complex, and the relatively gentle
north slope of Hardwood Ridge. Note that the Kettle Pond Moraine Complex consists of two groups of moraines:
those in the bottom of the valley (including moraine dams at both the west and east ends of the pond), and the more
extensive group of moraines on the plateau south of the pond.

Figure 5D

Hooker Mt. Profile from Hooker Mountain to Deer Mountain
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Figure 5SD- Topographic profile showing (from north to south) the steep south face of Hooker Mountain, the
moraine complex in the Peacham Pond basin, and the relatively gentle north slope of Deer Mountain (AKA Big
Deer Mountain).

Figure 6D

! eyl

Figure 6D- View from Owl’s Hea looing to the west along Ketle Pond. This ~east-west
trending valley is parallel to a dominant fracture trend in the Lord’s Hill domain shown below.

Lord’s Hill Domain

Figure 6- Bedrock Control of Moraine Complexes
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is controlled by a dominant east-west trending fracture set (see Marshfield
Mountain domain data). The strike of Drew Mountain (directly to the west)
is constrained by north-northeast trending fractures (see Drew Mountain
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Figure 6C-View to the south-southeast into the Lake Groton basin from the top
of Little Deer Mt. The strike of this basin is parallel both to dominant fracture
and pegmatite trends and to the ice direction based on striations.See Owl’s Head
domain data below.
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Figure 6A- TIN with 3X exaggeration that has overlays of bedrock geology (black lines), moraine ridges (red lines), and moraine complexes (white polygons). The fracture control for each moraine is shown in surrounding figures. Fracture domains are geographic and are based

Figure 6B- East-west striking face (south si
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Thick surficial deposits are found in the Winooski River and Naismith Brook valleys. Areas with >80’ of overburden are shaded in purple. The Naismith Brook valley and
the northern half of the Winnoski River valley follow the western margin of the Knox Mountain granite exactly.
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Figure 8- Naturally-Occurring Radioactivi
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Magenta stars and red triangles are bedrock wells tested by the Vermont Dept. of Health (VDH) and by Gleason (2007)(with the Vermont Geological Survey), respectively. Groundwater
from each well was analyzed for radionuclides (Uranium and Gross Alpha). Uranium concentations in parts per billion (ppb) are shown next to each well location. The VDH standard
for Uranium is 20 ppb. In this field area, the only wells with elevated radionuclides were from the granite (Dbg).

ty 1n
/Y

Ground

ater

i-“ .

\




