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ABSTRACT

On the basls of subsurface Investigation, surficlal mapping, aquifer testing, and consideration of
geologic processes, we propose a qualltative modsl relating Quaternary stratigraphy to the
distribution of ground water. Our study Indicates that the geometry of the retreating lce margin
and the resulting distribution of glaclofiuvial, glaclolacustrine, and afluvial sediment control the
occurrence of ground water. Because similar stratigraphy has been reported throughout New
England, our model should be useful for planning and Interpreting hydrogeologic investigations In
other previously glaciated, upiand valleys.

Our investigation delineated three hydrogeologic units overlying dolomitic bedrock: 1. An
unconfined aquifer in alluvium (up to 12m of sand, gravel, and siit), 2. A glaclolacustrine aquitard
of varying integrity — rhythmic deposlts of glaclal Lake Bascom (4.5m to 37m of siit, clay, and
fine sand), 3. A confined aqulfer (up to 11m of head at the ground surface) in glaciofiuvial
deposits (7m to 10m of sand and gravel).

Chemical analyses of numerous ground water samples indicate that contamination Is restricted to
the uppermost aquifer and has not sffected the deeper aquifer which Is used as a public water
supply. Glaclolacustrine sediment Is sufficlently impermeable (10m/day to 10-5m/day) near
several landfllis to maintaln upward hydraulic gradients between the two aquifers and to prevent
downward migration of contaminated water.

Our model predicts that permeable, glaclofluvial sand and gravel overlie bedrock or tilt and
undertle a glaclolacustrine aquitard. The lacustrine sediment is coarser or thinner, and less able
to confine the lower aqutfer, In the proximity of former ice margins, near valley walls, where
strearns entered the lake, or where the aquitard has besn eroded. Our research suggests that a
thorough literature survey, mapping of surface drainages, and ientification of outwash heads
(morphosequences) couid direct and enhance the efficlency of subsurface Investigation.




INTRODUCTION

Jn many areas of New England, unconsolidated Quatemary sediment Is the most important factor
determining the distribution of ground water. Extensive soll boring, tinked with geophysical
investigation, is the most reliable method for determining subsurface stratigraphy. However, the
cost of stte characterization often limits the amount of data available for analysis. To correctly
understand and pradict the texture and distribution of unconsolidated sediment, and thus the
location of ground water, It Is necessary to understand the processes which deposited the
sediment. After the most Important processes have been identified. a physically tenable,
qualitative model of sediment distribution can be proposed to constrain hydrogeclogic
Interpretations. The preliminary modet can be usad to design subsurface investigations. Once

callbrated with field data, the model becomes a useful tool for planning and resource management.

We propose a qualitative model of sediment and ground water distribution In the Hooslc River
Valley, western Massachusetts. Our modet considers geologlc processes active In the Berkshire
highlands during and after deglaclation. Because simillar stratigraphles have been reported in
numerous glaclated valleys, our model may be used as a framework for other investigations.

REVIEW OF RELEVANT GEOLOGIC PROCESSES

Obsarvation of present-day glaclers and models of ice flow have Increasingly constrained the
interpretation of glaclogenic sediment. To provide the background necessary for understanding
hypotheses and nomenclature presented In this paper, we briefly review relevant processes. We
refer the Interested reader to Drewry (1986) for a more thorough discussion of glaclal processes.
Koteff and Pessi (1881) provide historical perspective and a model for the deglaclation of New

England. Jopling and McDonald (1975) Is a collectlon of papers about glaclolacustrine and
glaciofluvial sedimentation.

Bohavior of Glaclers

A glacler may be understood as a gravity driven conveyor of lce and sediment. If sufficlently
thick, ice fiows and slips under its own welght. The flow of a glacler is controlled by the slope
of the Ice surface. The shape of the lce surface has been measured on modem glaclers and
reconstructed from geologlc evidence left by Plelstocens Ice sheets. Nye (1952) and Mathews
(1974) provide methods for reconstructing lce surface profiles.

Malntenance of an active glacler margin Is a balancing act. If more Ice melts than flows to the
margin, the glacler retreats; if mors Ice flows to the margin than melts, the glacler advances. As
long as the glacier continues to flow, ice and sediment are delivered to the active margin. The
volume of glaclogenic sediment deposited at any locatlon depends upon the rate at which the
glacler discharges sediment and the length of the time the active margin lingers near that
location. To deliver the volume of sorted sediment found In most areas of New England, the ice
sheet must have remained active as the margin retreated.

Various workers have suggested that as the glacler withdrew from New England, a zone of
stagnant lce bordered the flowing Ice. As ice at the margin of the glacler meited, a 2km to 3km
section became too thin to fiow and therefore stagnated. The active margin was then located up-
glacler. Koteff and Pessl (1981) identilled concentrations of sediment termed morphosequences
which they belleve represent recognizable packages of sediment depostted in and beyond this
stagnant ice zone. Morphosequences grade from coarse, poorly sorted sediment near the
interpreted position of the active ice margin to well sorted, finer sediment downstream of the
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active margin (Figure 1). Koteff and Pessl call the ice-proximal end of a morphosequence an
outwash head. .

Sediment Deposltion

lce related — Except at the base of the glacler, most glacler ice contains fittle sediment; however,
large volumes of sediment are carrled by streams running within the glacier and in a layer of
fluldized till below the ice. Till Is commonly classified as basal or ablation til. Basal Ui,
deposited below the ke, is poorly sorted, unstratified, and matrbx supported. Abiation till, formed
by meiting of the ice surface, may be less compact, contains less fine sediment, and Is often

crudely stratified. Till, because It is pooily sorted and contalns a wide range of particle sizes, is
classiied as a dlamicton (Drewry, 1986).

Sediment Is carried by streams flowing on the surface of the glacler and In tunnels within and
under the ice. Sediment deposited by funning water Is better sorted and more stratified than till.
We use the term glaciofiuvial to describa coarse-gralned sediment which originated from the ice,
but may have been deposited some distance from the active margin. Glaciofluvial sediment is
commonly found along valley walls where ice marginal dralnages existed or in morphosequences
extending down-gradlent from the former ics margin. Glaciofiuvial sediment may be deposited
subaqueously, if a glaclal lake borders the Ice margin. ‘

o Glaclolacustrine - Glaclers or accumulations of glacial debris commonly block surface dralnages
el and Impound temporary lakes. Coarse-gralred sediment Is deposited where hillslope and glaclal
drainages enter the lake. i sufficient sediment Is avallable, these deposits show deltaic

morphology and bedding adjusted to speclfic lake levels. If the lake Is sufficlently deep and

borders the Ice margin directly, sediment discharged from the ice bullds subaqueous fans below the
surface of the lake. The apices of these fans shift as the fans grow, different drainages become
active, and the ice margin retreats. Isolated deposiis of unstratified, poorly sorted sediment may ¥
be deposlted at the lake margins where debris flows (from the surface of the glaclier or from &
recently deglaclated and still unvegetated slopes) enter the lake.
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Fine-grained sediment enters the lake from the glacler and from adjacent hillslopes. in quiet
water, siit, clay, and fine sand are deposlted In a series of laminge. Rhythmicity may be caused
by deposition from flows of turbid water along the lake bottom {rhythmites) or by deposition on a
yearly cycle (varves). Because larger particles have higher settling velocitles, they seftle out
before reaching the center of the lake. Clay-rich lacustrine sediment Is depostted In the deepest
part of the lake, farthest from lake margin sediment sources.

Allyvium — As ice continues to mett back, glaclal lakes empty and dralnage is restored (often Ina
serles of stages). Fluvial processes dominate in the vaileys and hillslope processes (landsiiding,
sheetwash, and gullying) modify the exposed lacustrine sediment. The trunk stream meanders
across the former lake bottom. If the uvial system is aggradational, alluvium ls deposlited above
the glaclolacustrine unit. If incislon dominates, glaclolacustrine sediment is eroded.
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SETTING
History and Purpose of Study

- et b PG - eARA T

We performed this investigation to determine the effects of waste disposal practices on the
Willamstown environment and to asslst the Town In siting additional water supply wells. Fletd
investigation was conducted between April and July, 1967. Data collected during our study provide
the basls for remedial englineering and town planning.

Massachusetts Department of Environmental Quallty Engineering (DEQE). Alliance Technologles
(Badford, Massachusetts) was selected as the prime contractor for this Investigation. Layne Well
and Pump and Ground Water Assoclates {divisions of Hydro Group) Installed monitoring wells,
coordinated the pumping test, and asslsted In the analysis of aquifer data. The Town of

Willlamstown, in conjunction with Willlams College and a local Industry, provided funding for the

Willlamstown commissioned this study in response to a Notice of Violation lssued by the !
i
2
|
study. :

Physiography

The Hoosic River dralns 350km?2 (135miles?) of Massachusetts and Vermont and flows north and
west to the Hudson River (Figure 2). For much of #8 course, the Hoos!c Is restricted to a

narrow, gently sloping plain (2.3m/km; 12'/mils) by steep, abutting highlands; elevations range from
less than 167m (550') at the Massachusetts/Vermont border to 1063m (3487’) at the summit of

Mt. Greylock. Most tributary drainage basins are small and steep.

Shes Investigated during this study were located In or near the flood plain of the Hooslc River.
Subsurface Investigation was restricted to areas adjacent to three former and active landfllls near
Williamstown. Flgure 3 shows the area Investigated during this study.

Geology

Several types of bedrock underlle unconsolidated sediment and crop out in Williiamstown.
Highiands are composed of schist, phyllite, and quartzite; towlands are primarily dolomitic marble
(Zen et al.,, 1983) The quartzite resists weathering and erosion; however, it Is fractured and
extensively jointed. The schist and phylitte are not pervasively jointed, but weather rapidly and
are easlly eroded. The dolomitic marble weathers primarily by dissolution.
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FIGURE 2

Geophysics and well log data Indlcate that up to 91m (300') of unconsolidated sediment overlie
¢ River Valley (Hansen et al., 1973, 1974). Blerman and Dethler (1986) report
vary greatly within the Hooslc River

York. Blerman and Dethler (1988)
(730) and 158m (520"). Near Willlamstown, Lake Bascom was up to 150m (490") deep.

METHODS

Well Installation and Development Techniques
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Non-flowing monitoring weils were installed by means of hollow stem augers. Split spoon samples
were taken at 1.5m (5') intervals or more frequentty ¥ necessary to properly define stratigraphy.
Sediment samples were described In the feld and collected for grain size analysls. Monltoring
wells were constructed with cm (27) PVC, schedule 40 pipe and 0.25mm (0.010%) slot size gcreens.
Three meter (10') screens were set and sand packed at depths to Intercept the water tabie. A
bentonlte pellet seal was placed over ihe sand pack and a bentonite/sand or bentonite/cement

. slurry was placed as backfiit above the pellet ssal. A cement surtace seal and locking cap were
placed on each well. All wells were developed after instailation.

Flowing artesian monitoring wellg, were Installed by means of a dual alr rotary drilling rig

(Figure 5). Cuttings were described and coilected for analysis at 1.5m (5') Intervals. Wells were
constructed with 15cm (67 mild steel casing and 3m (10') stainless steel screens. Slot size was
basad on the grain size distribution of the aquifer. Flowing arteslan wolls were developed by air
jetting and surgling.

Aquffer Test

We conducted a 74 hour pumping test to determine aquifer characteristics along a 4km (2.5mfle)
line of obsarvation wells. Prior to the test, the Town wells were shut down for 38 hours allowing

the aquifer to recover from previous pumping. During the test, Town well 2 was used as a

pumpling well (2850m?®/day, 525gpm) and we regutarly monltored the response of both aquifers and
saveral surface water bodies. We measured water level In non-flowing wells and water pressure in

flowing wells. We analyzed drawdown and recovery data using standard methods Including the
Jacobs’ straight line analysis.
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Sediment Grain Size Analysis

Sol laboratories determined the grain size distribution and permeabiity of selacted samples.
Falling head permeabllity analyses wers performed on Sheiby tube samples taken from two depths
In the glaclolacustrine siit/clay. Graln size distribution was determined for numerous
glaclolacustrine samples using a Micrometrics optical sedligraph.

Chemical Sampling and Analysls

We collected samples of ground water, surface water, sediment, and biota. Samples were analyzed
for a wide range of compounds Including: metals, volatie organics, nutrients, chioride, and
pesticides. All sampling was performed in accordance with EPA standards and laboratory analyses
were performed acconding to standard EPA methods by certified laboratories.

DATA

Subsurface Stratigraphy

We present a generalized hydrogeologic stratigraphic column and several cross-sections
representing subsurface conditions in the Hooslc River Valley near Willlamstown (Flgures 6-8).
Our proposed stratigraphy Is based on data gathered during this investigation, boring and selsmic
data presented in Hansen et al. (1974) and Motts and MacFadyen (1983), depth to bedrock data

presented In Hansen et af. (1973), personal communication with David Dethler, and geclogic data
presented by Blerman (1985).

On the basls of stratigraphic relatlonships, texture, and accepted glaclal and sediment transpornt
processes, we have classified sedimentary unhs according to presumed genesis. We Interpret
compact dlamicton underlying other unconsolidated sediment as glac/al till. The dlamicton s
overlain by permeable gravel and sand which we Interpret as glaciofiuvial sediment deposited by
water flowing through and away from the glacler. We Interpret thinly bedded and laminated sand,

sit, and clay as glaciolacustrine sediment depostted in glaclal Lake Bascom. Sediment deposited
above the glaclolacustrine sediment Is referred to as alluvium.,

Alliviur - Many of the soll borings advanced during this Investigation encountered sand, gravel,
and siit deposited by the Hooslc River or its tributaries. The alluvium ls predominately sand with

Hoosic eroded some of the underlying glaclolacustrine silt and clay and deposited almost 12m (40)
of alluvium. In other areas there is no alluvium and glaclolacustrine sediment crops out.

_Glﬁglcias_uﬂfm_sm_a;my = The alluvium Is underlaln by fine-gralned glaciolacustrine materlal:

siit, clay, and fine sand. Spiit Spoon samples revealed that this lacustrine sediment is iregulary
bedded and laminated - layers of fine sand afternate with layers of siit and clay. Grain size
analyses indicate that composition of glaclotacusttine unit ranges from 48% sand, 49% silt, 3% clay
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FIGURE 7 CROSS-SECTION A~ A'. REFER TO FIGURE 3 FOR LOCATION.
Glaciofiuvial sand and grave! - Six borings were advanced through the glaciolacustrine sediment

into predominately coarse-grained, stratified deposits. All deep borings penetrated at least 6,7m
(22') of coarse sand and gravel before encountering tiil or bedrock. The top of the glaclcfiuvial
sand and grave! is closest to the surface near the valley walls and In the northem part of the
study area (Figures 7 and 8). The rounded clasts of marble, phyllite, and quartz resemble rocks
which crop out In western Massachusstts and southern Vermont.

Bedrock and till -- Dolomitic marble underlies unconsolidated sediment in the Hoosic River Valley
near Williamstown. Boring MW-1B terminated at 57m (186} in white, crystalline carbonate rock.
The upper 120cm (4') of rock were soft and stained red/brown. The lower 15¢cm (6%) of rock were
hard and white. There are lithologlcally similar outcrops in Williamstown above the Hoosic River
flood plain. Glaclal thi probably underiies the glaciofiuvial sand and gravel in some places.
Monitoring well 19B terminated in dense, compact diamicton with rounded gravel {till or an off-ice
debris flow); however, MW-1B, which was advanced into the bedrock, did not encounter till.

Ground Water Hydrology

Wo identified two aquifers and an aquitard in unconsolidated sediment of the Hoosic River Valley.
Willilamstown and several Industries draw water from the confined aquifer. Landfill units are in
contact with the unconfined aquifer.
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AREA WHERE THICKEST AWD LZAST PERMEABLE
GLACIOLACUSTRINE MATERIAL IS LIKELY TO
BE FOUND

AREA WHERE GLACIOLACUSTRINE LAYER THINS,

: COARSENS, OR 1S ABSENT

BEDROCK VALLEY OF THE HOOSIC RIVER.
PROBABLE LIMIT QF HIGH YIELDING DEEP
AJUIFER

AVERAGE GRAIN SIZE DISTRIBUTION FOR SAMPLES TAKEN FROM THE GLACIOLACUSTRINE
SILT/CLAY UNIT. BASE IS USGS 1:24,000 WILLIAMSTOWN QUADRANGLE (1973).
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FIGURE 10 THICKNESS (METERS) OF GLACIOLACUSTRINE SILT/CLAY UNIT. BASE IS USGS 1:24,000
WILLIAMSTOWN QUADRANGLE (1973).

Unconfined aquifer - The unconfined aquifer Is located in alluvium of the Hoosic River and its
tributaries. Depth to the water table ts about 3m (10') In most areas, but Is about 14m (45))
below the top of the active Phase | landfill; the greatest saturated thickness is 9m (29).

The unconfined aqulfer is recharged eplsodically by precipftation and continuously by several
ponds. Except during floods, ground water in the unconfined aquifer lows toward the Hoosic
River {Figure 11). In mos! areas the water table surface paraliels topography. Hotizontal head
gradients range between 0.001 to 0.01. Wells screened In alluvium have sustainable pumping rates
from less than 5.5m?/day (1gpm) to 110m?/day (20gpm)-

Water quality in the unconfined aquifer has been impacted by human activitles (Figure 12). The

average chioride content is 23 ppm, twonty times higher than the average value in the confined

aquifer. Conductivity, which In our samples correlates with chioride contant, averages 900 micro-

mhos. Water samples from a significant number of wells scresned In the alluvium exceaded the ;
drinking water standards for arsenic, barlum, chromium, and lead. '

Confined aquifer - The confined aquifer occurs in glaclofiuvial gravel. Wells screened in this

gravel, with the exception of thosa in the northern part of the study area, are flowing arteslan
with up to 107kpa (15.5 psi) of head at the ground surface. The confined aquifer ranges in
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thickness from 5.8m (19°) to at least 12m (40"). The confined aquifer Is recharged through
exposures of permeable sediment on the lower valley walls and through fractured bedrock in the
highlands.

Total head In the confined aquifer decreases down valley (Figure 13). Horizontal head gradients
range from 0.0016 to 0.0038 but steepen ten-foid in the northem part of the study area. Natural,
short-term, flow from arteslan wells screened in the glaciofiuvial sand and gravel ranges from

about 82m°/day (15 gpm) to aver 2700m3/day (500 gpm). Individual wells pumping water from the
confined aquifer withdraw up to 6500m3/day (1200 gpm). From the observed distance-drawdown
relationship, we calculated a transmissivity for the aquifer of 322m3pd,/m (26,000gpd/ft).
Transmissivities at Individual observation wells range from 248m3pd,/m (20,000gpd/#t) to
1120m3pd/m (90,000gpd/ft). Hydraulic conductivity for the confined aquifer Is between 102 and
10! m/day. Our analyses ylelded a coefficlent of storage on the order of 104,

Water quallty in the confined aqulfer Is excellent (Figure 12). Average chloride content is less
than 2ppm and conductivity is less than 300 micro-mhos. Water from the confined aquifer meets
all drinking water standards.

Aquitard -- An aquitard of glaciolacustrine clay, sit, and fine sand limits flow between the
confined and unconfined aquifers. The thickness of the aquitard varies from 4.5m (15') to 37m
(120°). The aquitard coarsens to the north and west; k generally thins In the northern part of
the study area and near the valley margins.
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Laboratory measurements indicate that the hydraulic conductivity of the sit and clay {the fine-
grained portion of the aquitard) Is between 10*m/day and 10-5m/day. Coarser sections of the
aquitard yleld small amounts of water to monitoring wells but we measured sustainable pumping
rates of less than 5.5m>/day (1 gpm). Vertical gradlents between the corfined and unconfined
aqulfers range between 0.345 and -0.275. Vertical gradients are upward throughout the study area
except In the northemmost sectlon.

Surface Morphology

Several tributary drainages enter the Hooslic River Valley near Willlamstown: Broad Brook, Hemlock
Brook, and the Green River. There Is a dissected fanform feature at the mouth of Broad Brook.
This fan and several other surfaces in the Hoosic River Valley near Willlamstown are graded to a
level of about 183m (600'). Gravel mining and landfllling have disturbed the fan and several of

the surfaces (Figure 14),

There Is a large deposit of sorted sediment along the Hoosle River north of Wiilamstown. The
sediment extends to an elevation of about 275m (900'). We suspect that this deposit of
glaciofiuvial sediment reprasents a head of subaqueous outwash, the ice-proximal portion of a
mofphosequeance.

DISCUSSION

Hooslc River Valley

A predictable spatial and textural distribution of glaciofluvial, glaclolacustrine, and alluvial

sediment control the occurrence of ground water In the Hoosle River Valley. We Identified two

sand and gravel aquifers, separated over mast of the study area by a siit and clay aquitard. The
process of deglaclation and the location of sediment sources to glaclal Lake Bascom determined the
character of these hydrogeologic units.

Koteff and Pessl (1981) suggest that during the deglaclation of New England, flowing ice (a
significant sediment source) was restricted to valleys between exposed highlands. Blerman (1985)
provides field evidence and Ice surface profiles from the Hooslic River Valley indicating that

narrow lce tongues bordered Lake Bascom directly. During the deposition of glaclofiuvial
sediment, Lake Bascom was probably more than 150m (500°) deep In Willlamstown. Because the
lake was too deep for lce-contact deltas to bulid to the lake surface, coarse-grained glaclofluvial
sediment was probably deposited In a serles of subaqueous fans. Fine-grained, glaclotacustrine
sediment settled onto these fans during and after their depasition. Even after the level of Lake
Bascom dropped with the opening of spiliways in New York, water In Wiilamstown was about 90m
(300") deep —~ deep enough so that continued deposition of lacustrine sediment confined most of
the glaciofluvial sand and gravel.

The distribution of glaciogenic sediment found by our study Is consistent with the above
interpretations because:

o] glacloftuvial sand and gravel predominate in the valley bottom and do not crop

out extensively at higher elavations. This pattern of deposition indicates that |ce

{the sediment source) was restricted 1o lower elevations in the Hooslc River
Valley during deglaciation;
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o every boring advanced through the glaclolacustrine strata encountered
lithologically and texturally simiar glaclofluvial gravel. The pumping test
indicated that this glaclofiuvial gravel (or the underying fractured bedrock) is
hydrauticaity continuous. This evidence suggests that a large volume of softed
sediment was deposited in the valley bottom;

o  glaclolacustrine sediment directly overlies glaciofiuvial sediment and the latter

deposlt contalns over 15% fines. This Implles that Lake Bascom bordered the *
retreating ice margin; '

o the upper surface of the glaclofiuvial unit rises near the valley walls, reflecting
the deposition of glacicfiuvial sediment in subagueous ice marginal drainages;

o the upper surface of the giaciofiuvial unit rises to the north, possibly reflecting the
presence of an gutwash head which crops out In southern Vermont.

Because every boring Installed during this study encountered glaclolacustrine sediment and because
confined conditions exist throughout the study area, we belleve that the aquitard Is laterally
continuous. However, the thickness of the aquitard is qulte variable. The glaclolacustrine

sadiment thins in the northern part of the study area and near the valley margins bacause this

unit drapes the surface of the underlying glaclofiuvial deposits. The glaciolacustrine unit coarsens

to the North refiecting the Input of sediment from Broad Brook or the outwash head In southern

Vermont. The thinning and coarsening of the aquitard may allow water to leak Into or out of the
confined aquifer.

e P e Ay SRV e S T

The thickness and texture of the overlying alluvium are highly variable, Indicating that the
channel of the Hoosic River has migrated considerably since deposition of lacustrine sediment
ceased. Surfaces graded to approximately 183m (600") probably represent deposlts of tributary
dralnages (Broad Brook) and of the Hoosic River graded to lower levels of Lake Bascom. The
axistence of these features suggests that a large proportion of the alluvium may have been
deposlted when or Just after Lake Bascom dralned.

The style of deglaclation, the depth of Lake Bascom, and Berkshire geography dictate Hoosic River
Valley hydrogeology. Retreat of an active ice margin deposited the thick, permeable, and
presumably continuous section of glaciofiuvial gravel. The presence of a sufficlently integral
glaclolacustrine aquitard malntains confined conditions in the glaciofiuvial sediment and the
underlying bedrock. Flowing artesian conditions exist bacause the confined aquiter is recharged
through fractured bedrock and through outcrops of permeable sediment on the valley walls. The
distribution and texture of alluviurn determine the occurrence of ground water In the unconfined
aquifer.

The confined aqutfer is a valuable ground water rescurce. Stesp upward gradients between the
two aquifers throughout most of the study area prevent the migration of contaminants from the
uppermost aqulfer to the confined system. Most recharge to the confined aquifer occurs In the
relatively undeveloped uplands. Water quality in the confined aquifer Is excellent, Monitoring -
wells screened in the unconfined aqutfer yleld only small amounts of lower quality water. On-
going releases, In addition to flood plain sediment contaminated by industrial, agricuitural, and
waste disposal practices over the past 200 years, degrade water quality in the unconfined aquifer.
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General Model

Our study suggests that a specific sequence of unconsolidated sediment is present in upland valleys

where glaclal lakes existed. We Propose a generalized hydrogeologic stratigraphy constrained by
our understanding of glacial processes and our Investigation In the Hoosk River Valley (Table 1).

A varying thickness of low permeability basal till overlles bedrock. The til may be discontinuous
(a leaky aquitard) i localized eroslon by meltwater accompanied deposition of glaciofluvial

sediment. If the underlying bedrock Is sufficiently permeable, k may provide large quantities of
ground water.

1]

deep or K retreat-occumed rapidly, most of the glaclofiuvial unit {with the possible exception of
the outwash head) would be buried by glaclolacustrine sediment. If the lake wore shallowor f
retreat were slow, less fine-grained glaciolacustrine sediment would be deposited and a greater
proportion of the glaclofiuvial unit would crop out. Glaclofluvial sediment of sufficient thickness
Is relatively transmissive and can supply large quantitles of ground water. The upper surface of
the glaciofiuvial unit generally slopes away from the outwash head.

The thickness of glaclolacustrine sediment is proportional to sediment flux, lake longevity, and
water depth. Thickness Is Inversely proportional to the Intensity of post-depositional erosion.
Least permeabie (smallest grain slze) glaclolacustrine sediment is deposited In areas Isolated from
outwash heads, tributary mouths, and the sides of the lake. Water In the underlying bedrock and
glaclofiuvial sediment is most effectively confined where the glaciolacustrine unit Is thickest and
finest-grained. Head distribution in the confined aquifer Is a function of glaciofluvial sediment
texture and thickness, vailey topography, locatlon of recharge and discharge boundaries, and the

The thickness, distribution, and character of alluvium depend on fiuvial activity during and after
drainage of the lake. Alluvium Is thickest near the mouths of tributary dralnages or where the

Suggestions for Other Investigators

A thorough literature.review and file search usually provide an investigator In New England with
geologic Informatlon. Much data Is unpublished and may be avallable only through universities or
government offices. If sufficient informatlon cannot be complled from the literature, field
reconnalssance and analysis of topographlc maps can guide initial investigation. We recommend:

o researching basin history. Was the basin occupled by a glaclal take? If it was
occupied by a lake, what were the lake levels and where were the spilllways?
How long did the lake persist and how deep was the lake In the area being
Investigated? The best sources for this information are USGS publicatlons and
open flle reports, journal articies, field trip guldes, and geology departments at
local colleges and universities:
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o identifying the location of outwash heads and morphasequences. Iif the quadrangle
has been mapped by a geological survey or a professional geologist, this
information Is avallable through libraries, geology departments, and Federal and
State government agencles. i mapping has not been performed, analysis of
topographic maps, aerlal photographs, and surficial exposures will be necessary;

©  determining the sources of lacustrine sediment. Topographic maps indicate the
location of surface drainages and fan/delta complexes. In some cases, sediment Is
supplied by dralnage of an adjacent glacial lake,

] identtfying the location, extent, and character of badroc! outcrops. Bedrock
geometry may control lake morphology and pattemns of ground water recharge.
Lithologic maps, survey reports, and unpublished academic studies may provide
information. Surficial geologic maps may identlfy baedrock outcrops. With the ald
of aerial photographs, field reconnalssance can quickly determine the approximate
extent of axposed bedrock.

CONCLUSIONS

Our research suggests that a predictable sequence of hydrogeologic units exists in upland valleys
once occupied by glaclal lakes. Permeable glaciofiuvial gravel overtles til and bedrock.
Glaclofiuvial sediment may crop out at the margins of the lake or at outwash heads. The topofa
glaciofiuvial unit dips away from the former ice margin (outwash head). Depending on the depth
and longevity of the lake, sufficlent low permeablity glaciolacustrine sediment may have

gravel. Lake level, palectopography, and post-
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