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ABSTRACT

Bedrock and surficial geologic maps of Williston serve as an integrated framework for
addressing groundwater quantity and quality (radionuclide) issues. The town is underlain by
metamorphosed Late Proterozoic-Cambrian rift to drift stage clastic rocks of the Green
Mountains structurally overlying Lower Cambrian- Middle Ordovician carbonate and clastic
continental shelf rocks of the Champlain Valley. These sections were juxtaposed along the west-
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Ordovician

directed Hinesburg Thrust (HBT) during the Taconian Orogeny. Pleistocene- Holocene surficial
deposits overlie this bedrock. Gently sloping terraces underlain variably by sand, silt-clay or
deformed till protrude through rounded hills in the north part of town and step down to the
Winooski River. Terraces were coeval with Fort Ann Upper, Fort Ann Lower and Champlain
Sea levels. The south consists of structurally controlled stream valleys draining glacially scoured
hills and ridges. Bedrock lithologies and structures and glacial deposits strongly influence the
hydrogeology.
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X Well #200 (150 GPM)

0’-70’ Till
70’-110’ Sand
110-12i’ Gravel

’
Tnter-layered gray limestorse and rusty brown weathering dolomite; gray limestone, X
and dolestone with lavers of caleareous quarteite. In outcrop, the then (0.1 0.5 cm) dolomite

comnumanly wenthers as ribs,

Lower Ordovician to Lower Cambrian Well #202 (100 GPM)

Skeels Comer Formation

'Dﬂak Dhark gray to gray phylite and laminated skate with thin (1-3mm) orange-brown weathening
dolomite layvers.

0’-35’, interbedded sand, ’
clay, and gravel Z

'fOleqJ Ciray 1o black weakly graphitic slate/phyilite and gray slate with thin (1-5mm) brown
—— dolomite bayers; interbedded limestone, dolostone and phylite.

Cambrian

Recently drilled domestic wells indicate that the HBT is a high-yielding structural aquifer with
yields averaging ~50 GPM. In the southern part of town, the Lake Iroquois Thrust (LIT) is east
of the HBT, but these faults merge together to the north. Fractures in the upper plate of the
combined HBT and LIT are dominantly E-W trending whereas lower plate fractures trend more
NW. Localized elongate topographic basins in the bedrock formed along the leading edge of the
HBT and LIT and also along E-W and NW-SE fracture zones and were filled with thicker
surficial deposits; higher yielding wells in these basins may locally benefit from thick permeable
overburden. A prominent E-W fracture set controlled the preglacial development of Old
Creamery and Butternut tributary valleys. Both valleys were in-filled with a wedge of till and
Old Creamery also accumulated considerable melt water sediment. Allen Brook flows north and
follows prominent ductile structures, but also likely excavated a preglacial valley just east of the
trace of the LIT. Several producing gravel wells confirm the presence of a minor aquifer in the
bottom of the bedrock trough beneath thick till. We also hypothesize a possible northward and/or
eastward extension of this Allen Brook trough; this would represent an overburden aquifer
prospect.
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Clarendon Springs Formumtion

] -
Surficial Wells i 1 -'l?'
GPM

[E‘ Light to dark gray, massive, gramular, recrystallized dolostone and
breccia with chert and dobostone clasts.

Damby Formation

lFeda: Fine to medium grained, gray dolomitic sandstone, commonly
with visable rounded groy quantz sand graims,

[unham Fomation

Tan to brown weathering, buff io light gray, massively
bedded dolostone.

Cheshire Formation

“ Light to dark gray, massive , fine to medium grimed quartzite
and dark gray argillacecus quartzite.
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| — ] Section X-X displays buried SG aquifer confined by till
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Pinnacle Formation | \ I
“ Giray 10 greenish-groy quartz-plagioclase=chborite-sericite +- magnetite @ ' I
and pyrite pliyllitic granofels, pinstriped schist and quartz-pebble
conglomernte. Cuartz veins ind quartz-sullide veins commonly occur
paraliel to the dominamnt foliation. Contact with overlying CZfp is gradational

R — Well yields for bedrock and surficial wells in gallons/ minute (GPM). The locations of these wells were verified Total depths (in feet) for wells in Willston. Surficial (gravel) wells are indicated with yellow halos.
pi e s i through correlation with E911 addresses and other town data.

Section Z-Z’ displays an unconfined aquifer composed of
outwash sand and gravel atop an eroded till surface.

Lower Cambrian to Neoproterozoic
Well 2265 (20 GPM)

Legen d % 0"-60" Till

. . . 60°-130" Sand
Surficial Basin with 130°-132" Gravel
Qverburden >/= 60'

Fairfield Pond Formation

Tan weathering, thinky foliated to massive, gravish-green to gray
- quartz-sencite-chborite phyllitic granofels and phyllite. Cleavage planes

muay have a pearly sheen. Massive gray granubar quartzite and
blue quartz pebble conglomerate oceurs as layers. Quartz
ol quantz-caleite veins are common. Comtact with overlving Ce is gradational.
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A  Bedrock Well
== Well Drilled through the Hinesburg Thrust
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Explanation of Map Symbols
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Fiure@__l: Surficial Context

53 - Stnke and idp of cleavage (fracture cleavage and crenulate cleavage)

Using the isopach map, we plotted the locations of basins where surficial deposits were anomalously (>/= 607) thick (purple polygons). A buffer of 500 meter radius was created
around each basin and bedrock field stations (outcrops) that fell within the buffer zones were collated. The brittle and ductile structural data for each field station were then
collated. We chose to analyze the bedrock structural control for two basins in the southern half of Williston (Old Creamery and Lake Iroquois-Allen Brook basins). If one looks
AL T ¥ A4 ' i’ at the rose diagrams and equal area nets, it is apparent that the ~east-west orientation of portions of the Old Creamery and Lake Iroquois-Allen Brook basins correlate strongly
Wl 1) TR b . ,s R T with attitude of the dominant fracture sets. The long axis of the Lake Iroquois-Allen Brook Basin, however, correlates strongly with the orientation of planar ductile fabrics.

Simplified surficial cross-sections were constructed across the Old Creamery(1) and Lake Iroquois(2) basins by D. DeSimone in the immediate vicinity of high-yielding
wells. All these cross-sections show that porous and permeable sands and gravels underlie till in these basins. There are also high-yielding bedrock wells in the Old Creamery
Basin that have thick surficial deposits overlying bedrock; recharge to these wells likely occurs from above when these deposits are permeable to the surface, however recharge
has to be from below when impermeable layers of till overlie the permeable sands and gravels.

Summary

Section Y-Y’ displays SG aquifer beneath till

Base map from U8, Geological Survey.
Cuadrangle names printed in blue, SCALE 1:24 000
Coondmate System: Vermonl Stme Plane, meters, MAL 83,

Geographic coordinates shown at topo comers are in NAD 83, e seessss s Viles

Grwd overlay on map is Universal Transverse Mercator,

Zone 18N, NAD 27, 0 05 1 1.5 2

| %5 S4.- Stirke and dip of widely spaced cleavage 5 . E ) B’]
Thrust Fault - teeth on upper plate

{ Ions =LA . . . . ]
el ' s 5 Bedrock geology, cross-section locations, bedrock well locations, and wells that penetrated the Hinesburg Thrust overlayed on slope map generated from LIDAR data. Well

logs and discussions with well drillers were used to identify bedrock wells that penetrated the Hinesburg Thrust; these wells have yields that average ~50 gpm. Well depths
were used to constrain all cross-sections below.
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lying areas. There is extenshve fill along the interstate and along road approachas to the interstate.
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Graded or Filled, Areas of extensive grading andior filling, commonly associated »

< .
MAXIMUM EXTENT OF GLACIAL with buildings, parking lots, or roads. - N . o
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AMIY POST GLACTAL LARES

Lithologies projected in from outside
of the field area

Helocene Peat & Muck. Organic sediment, mostly silt and clay with minor but varnable
sand in wetlands and swamps; low lying flat lands prone fo ficoding. L [ i ? %

LAEE VERMONT

.H’ Helocene Alluvium, Silt, sand, pebble gravel, cobble gravel, and boulder gravel I i -0

deposited by modern streams. Deposits include stream channel and and bar deposits and n 3] = -2 -1 -
finer-grained ficodplain deposits. Minor wetland deposits are commen, Thickness is B .!. L= s L i ﬂ'_ - Kilometers
- = » 1
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highly variable with the deposits along the smaller streams typically less than 3 meters o

thick. Thicknesses in the Winooski River ficodplain are greater. _Pemmeability usually -

intarmadiate to low. Can be good aquifes if sufficiantly thick but of imited aerial extant. o = - it it [ |
Thesa areas are typically flooded yearly or evary few years. a = - ﬂ [
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Ocu Cutting Dolostone

HIGH LEVEL LAKER DAMMED
208 BY BUELINGTON ICE

Cda

ke
Holocens Stream Terrace Deposits. Silt, sand, pebble gravel, cobble gravel, and Q@
boulder gravel deposited on terraces above the modern fleodplains of streams. In the =
northwestern part of Williston these deposits lie below 350 to 320 feet. Generally less :;L‘
<
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lley/ Lower Plate ™ ~>

HIGH LEVEL LAEES DAMMED
BY SHELBURNE ICE

g0 Legend
3 L] | 4.3 (GPMAfoor100) reference

Quaternary Marine Sand. Deposited in the Champlain Sea and limited to areas below about 350 || "Specific Capacity" = (Yield in GPM/ Well Depth) * 100

to 320 fest. Although previous studies clearly indicate that much of the material is deftaic in origin, = Gravel Wells
delta deposits are not distinguished in this study due to lack of sdequate exposures.

-2000
than 5 meters thick, Variable permeabiity but usually intermediate, Fair to good agquifer,
The terrace surfaces are rarely flooded, if at all, However, these deposits are highly
erodible and are quite susceptible to stream erosion and siope failure,

HIGH LEVEL LAKES FROBABLY
DAMMEDR BY BENNINGTOR ICE

Cross-Section A-A’ with locations and scaled depths of bedrock wells. Wells that penetrated the Hinesburg Thrust shown in red. Cross-section by J. Kim and Os Shelburne Marble
M. Gale. Well yields in GPM are shown for each well. Note, in general, how low the well yields are in the upper plate of the Hinesburg and Lake Iroquois

thrusts.
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Quaternary Marine Beach or Shoreline Deposits. Shoraline daposits of sand or pabbly sand .
deposited on the margin of the Champlain Sea ) - Csp Clarendon Springs Dolostone
Quaternary Marine Clay and Silt. Commonly massive, gray, clay and siit deposited in the
Champiain Sea and lacking the laminations characteristic of the Lake Vermont
lacustine clays and sifts described below. Poorly exposed,
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Town of Williston (yellow) shown on bedrock lithotectonic map of Town of Williston (unshaded red polygon) shown on Glacial and Post-Glacial
Vermont. The Hinesburg Thrust runs through Williston. Lakes map of Vermont (modified from Stewart and MacClintock(1970).

Quaternary Beach and Shereline Deposits of Coveville Stage of Glacial Lake Vemont, ) ) ] ) ) ) o
i ani g e b A i e oA oo Isopach map showing overburden depths/ depths to bedrock in feet. Note locations of basins with thick surficial

NANOY baach anieTis Wi v wAmacod ) i Ohaayed 1 W 8Os S1S86 “Specific Capacity” of wells (see definition in map legend). Surficial (gravel) wells shown with yellow halo. deposits
along Walker Hill Read.

Cda Danby Dolomitic Sandstone

S. Brownell Rd
Highland Dr.
Bradley Rd.
Oak Hill Rd
Allen Brook
South Rd.

Rte. 2A

Quaternary Beach and Shoreline Deposits of Fort Ann Stage of Glacial Lake Vermont 4000’
For description, see Qlbcv above.

Quaternary Lake Sand. Well sorted, laminated fine to medium sand underlying plains;
prone to gullying and headward erosion; Imoderately good aquifer if thick, poor if thin,
Several areas of lake sand wera noted, primarily along the lower portions of the Sucker
Brook drainage basin in the southwestern part of town. The deposits are highly
erodible and are prone to gullying.

Cw Winooski Dolostone

Quaternary Lake Sand of Fort Ann Stage. Similar o Lake Sand described above. Extensive
deposits near the Center of Williston, in eastern Williston north of U.S. Rt 2, and south

of the raflroad tracks in northern Williston. Much of this material was deposited in daRaic
envirgnments. A sand pit south of North Willsston displays trimmed fereset bads with shallow
dips to the nerth,

N m Monkton Sandstone
£ B’

Figure 3B: Surficial Cross-Sections
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Quaternary Lake Clay and St Fine grained varved of thinly laminated deposits of sit

and clay accurmulated in the deeper portions of lake basing, gravel and sand lenses may be
present within the sequence but especially toward the bottom; prone to landshding and
guilying; poorly drained and a poor aquifer, The lake sediments may be fairly thick, blanketing
the underlying bedrock on fiat areas, but form a relatively thin veneer on gentle

to steep slopes and low hill summits, where ledge and thin till may alse be present or
predominate. Steeply sloping areas of lake sit and clay that lead down to alfvium areas

are particularly prone to stream bank failures and headward erosion of the slopes.
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Legend

Quaternary Lake Deposits aver Till. Thin lacustrine deposits {undifferentiated sand to
clay) over til. Generally less than 2 meters of lacustring.
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=} Wells drilled through thrust

Gravel Wells
Well Yields (GPM)
® 0-1
® 2-5
O s-10
@ 11-150

- Williston basins (60'+ of overburden)

Cross-Section B-B’ with locations and scaled depths of bedrock wells. Wells that penetrated the Hinesburg Thrust shown in red. Note that the depth to the thrust A ~

Is variable slong this line. Well yields in GPM are shown for wach well. Cross-section by J. Kim and M. Gale. Although this cross-section is drawn using a fold C/;a ~
model to explain the variations in depth to the Hinesburg Thrust, we acknowledge that other models using out-of-sequence slivers of the lower plate and normal /
faults are also plausible.

Quaternary Imwvash, Stratified fuvial sand, sand and graved, or gravel deposited where

uplands trangition to lowlands and essociated with ofher ice contact sediment or accumulated
against an ice margin and having one ice contact side, typically the distal side; well drained

and, if thick, a good aquifer. An area of inwash is mapped along the lower portion of Sucker Brook
The sediment exposed along the banks I 2 mixture of $and and gravel and the basal

portion of the deposit displays deformation likely due to ice melting, As the melt water

source of the sediment was up valley in the Mud Pond area, this sediment is mapped

as imwash where it is inferred to have been deposited against melting ice in the

Champlain Vabiey west of Sucker Brook. The sediment is very permeable and several

meters thick. The deposits are moderately to highly erodible,
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Winooski

Ri Quaternary Outwash. Glacial melt water deposits of well sorted gravel and sand
iver

typically greater than 5 meters thick, gently sloping to flat lands which may be pitted
due to melted ice blocks; intermediate to high permeabilty. Outwash sand and gravel is
mapped along the upper portion of the Sucker Brook basin, paricularly within the
east-west channel that heads near Mud Pond. Malting glacial ice at Mud Pond was the
inferred water and sediment source. The deposits are moderately to highly erodible.
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Figure 7D
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Quaternary Kame Deposit. Undifferentiated hummocky terrain; glacial deposits from
streamns, slumps and deposition by ice; stratified and unstratified sand, graved and
bouldens with vanable silt; rolling, hilly lands to individual hills, One significant area of
kamic terrain was mapped in the Mud Pond region. The individual kames near the
Mud Pond parking area are relatively steep sided and relatively tall conbcal hills of sand
and gravel sedimeant deposited by medt water. Erratic boukders also occur,

200
Quaternary Ground Moraine Deposits, Hummacky till with sand and gravel; ice contact

sediment flow, melt water and ice deposited sediments of variable textwre ranging from
stratified and well sorted gravel and sand to unstratified and poorly serted sit, sand, gravel
and boulders; thickness is variable and rock cutcrops may protrude; low to high permeability,
limited local slope stability problems. Gently roliing hills and elongate smocthed hills are
possible. An extensive area of ground moraine ocours east of South Road,

Gov. Chittenden Rd.

Winooski River

Ledgewood Court
Old Stage Rd
North Williston Rd.

1-89/ Rte. 116
Muddy Brook
Rte 2
Rte 2A
Allen Brook
Railroad

4000’

Kilometers
0 1 2
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- Quaternary Till, Deformed. Sediment displays intemal deformation structures sech as folds
and faults and indicates re-sedimentation andfor ice push due to advancing or overriding

glacial ice; sediment textures vary but are generally similar to lodgement till and may ¢
include re-sedimented fine grained lacustrine deposits of a sit-clay-sand texture; J:'.
lateral and vertical vanations in texture and structure may be rapid; folds and faults may N
display a shear sense of motion; sediment similar to kedgement till in density, permeability I \
and slope stability characterstics. Minor areas of deformed till were mapped in the area L i
near the Griswold quarry and in the Sucker Brook stream remediation area. =l

Base map from .S, Geological Survey. Generally low parmeability and poor aquifer potential R
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Road
Marjorie the lewer rmauntain fanks to nearty flat plains dotted with eratics. The blanket of thick
Date: March, 2008 lodgernent till in areas along Sunset Hill Rd, and portions of South and Oak Hill Rds. exceeds
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“ Quaternary Till, Thin, Similar to thick till described above, but thickness generally

2000’ 8§

_ Generally high yields (avg = 48 GPM) are associated with wells (n=9) that penetrate the Hinesburg Thrust.
Preliminary structural analysis suggests that the probability of penetrating the thrust at shallower depths (<1000’)
Increases to the west (within rainbow pattern in above figure).

L J Quaternary Thick Till. Poody sorfed diamict with abundant angular to subangular clasts.
Matrix is dominated by sikt or clay; few sites have a fine-sand matrix.
Clasts range in size up o large boulders. Deposits are bypically unstratified, athough some
contain deformed stratified units that may be re-deposited diamictons from subaqueous
or subglacial flows. Thickness generally greater than 3 maters. Surface boulders are
common. Smoothed/streambined hills in the valley and gently undulating slopes on

alluvium

600 _|

bedrock

Legend 1_ _
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less than 3 meters with reck outcrops common. Surface boulders or erratics are comman,
Cccurs on mederate to steep mountain slopes and summit areas. Till veneer areas

are found on the higher terrain and on the kow ridges in the lowear portions of the town,
Generally low permeability. Generally poor aquifer potantial.

ACCOm pany SURFICIAL GEOLOGIC MAP OF THE TOWN OF WILLISTON, VERMONT

Railroad . ; : - - . ~ -
Winooski Ctw Quaternary Washed Till Similar to the thin t#l described above, but limitad to upper hill slopes
River SurfICIaI GEOIOgIC I}y = above about 500 feet elevation. These slopes were exposed to wave action as water
. 5 . levels dropped from the Upper Fort Ann stage to the Lower Fort Ann stage. Wave action
Geﬂrge Sllrlngstﬂn and David DeSimone resulted in the winnowing of fines, leaving abundant till boulders on the land surface.

Boring B-5 M ap Of Wi I I iStOn, Iﬂ{lﬂ Rock outcrop; includes areas of outerop with patches of tll or slump debris; skopes are

generally stable except very steep slopes where rock slides and rock falls may ocour.

-Some bedrock-controlled basins have thick surficial deposits (>/= 60’) with permeable sands and gravels at the bottom
that are hosts for productive surficial wells (i.e. Old Creamery and Lake Iroquois); productive bedrock wells are also
found in some of these basins.

Feet Above Sea Level

400

L

B\ H T —— Hydrography . . . : : : : L :
; " AN U 4 Ik \ =T T . Cross-section C-C’with locations and scaled depths bedrock water wells. Well yields in GPM are shown for each well. Cross-section by J. Kim and M. Gale. Because water well in this part of town generally are more productive,

e

(5
Vermont e B Ao of ebundent ook outcrops interspersed among thin surfiil deposits. Piezometric contours (in feet) derived from static water levels in bedrock wells. : B

A deep wells are less common. Homes in the ~western third of this cross-section utilize public water from Lake Champlain.
)j Yermont Geological Survey Ressarch supporied by the Vermont Geological Survay,
o

George Springston

% Laurence Becker, State Gealogist Depl. of Environmental Conservation, VT ANR, Explanatinn of Map Symbuls
September, 2007 ;-]
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Department of Enviranmental Conservation e b

Agency of Natural Resources The views and canclusians comained & this document . Surficial Matenals Locations

200 _|

- Wells drilled in the rocks of the lower plate of the Hinesburg Thrust/Champlain Valley (see above) are much more
S ; i sl W productive (average yield = 28 GPM; median yield = 13 GPM) than those in the upper plate (average yield = 8 GPM;
Gross Secton Endpoints Generalized map of Bedrock Aquifer Recharge Potential based on the following assumptions: 1) recharge potential will be highest median yleld =2 GPM) Vel’y low yleldlng bedrock well groupings are found In parts of this upper platE.

X
S [ vowmBoundaries (Category 1) where bedrock is exposed or overlain by thin till (</=3’); 2) recharge potential will be moderate where ice contact sediment is
wholly or partially in contact with bedrock (Category Il); 3) recharge potential will be lowest in areas where overburden is relatively
impermeable (Category I1) (i.e. thick till, some alluvium, clay). Generalized flow lines were drawn based on the piezometric contours.

i 103 South Main St,, Logue Coltage are thosa of the authors and shoukd not be inerprated
j Waterbury, VT 05671-2420 ey s et g d iy
hittp:iiwww.anr.state viusidec/geoivgs.him e

-

Horizontal Scale = 1:24,000

Vertical Exaggeration 10 X

-Some groupings of high-yielding wells in the upper plate of the Hinesburg Thrust that do not penetrate the thrust are found in
northeast, east-central, and west-central Williston (see dashed polygons) and are currently under investigation.



