
DISCUSSION

INTRODUCTION

    This report describes the surficial geology and Quaternary history of the 
Marlborough quadrangle in eastern Massachusetts.  Surficial earth materials 
include unconsolidated sediments (sand, gravel, etc.) of glacial and nonglacial 
origin.   Most of these deposits formed during and after the latest episode of 
glaciation in Massachusetts, called the Wisconsinan glaciation, during the last 
25,000 years.
    Surficial sediments cover the bedrock over most of the quadrangle and are 
subject to many uses and environmental considerations.   These include sand 
and gravel extraction, development and protection of groundwater supplies, 
siting of waste disposal facilities, and agriculture.
.

Geographic Setting

    The Marlborough 7.5-minute quadrangle has an area of about 133 km2 (52 
mi2).   It is located in the New England Upland Section of the Appalachian 
Highlands Physiographic Province.   Altitudes range from less than 210 feet (64 
m) above sea level (asl), where the Assabet River flows northward at the north 
edge of the map, to over 590 feet (179 m) asl on Sligo Hill in the north central 
part of the quadrangle.  Thus, topographic relief in the map area is about 380 
feet (118 m).  
   Many till hills in the quadrangle were shaped by glacial ice flowing southeast 
to south-southeast and have been elongated in that direction. Many of these 
streamlined hills are drumlins; and many are bedrock-cored hills that were 
plastered by till, particularly on their north and northwest sides.   The major 
trend in the topography, however, especially that of stream valleys, is controlled 
by structures in the underlying early Paleozoic metamorphic and igneous 
bedrock, which generally strike north-northeast to east-northeast.
   The southern part of the map area is dominated by the vast Cedar Swamp, 
which is drained eastward via the Sudbury River.  Hopkinton Reservoir drains 
eastward via Indian Brook and joins the Sudbury River, just east of the map 
border.  The central and most of the northeast part of the quadrangle is drained 
eastward via the Sudbury Reservoir, also a tributary of the Sudbury River.  
Most of the northwest part of the map is drained by the northeast-flowing 
Assabet River, which eventually joins the Sudbury River to form the Concord 
River.

Previous and Current Work

    Early work on the surficial geology in this part of Massachusetts was done in 
neighboring quadrangles 50 to 30 years ago (Hansen, 1956; Nelson, 1974; 
Shaw, 1969, Stone, Unpublished field sheets).   The soil survey of Worcester 
County (Taylor, 1998), and recent air photos aided in mapping the geology for 
this report.

 

GLACIAL AND LATE-GLACIAL HISTORY

Eastern Massachusetts probably experienced several episodes of glaciation 
during the Pleistocene Ice Age.  Virtually all evidence of previous glaciations in 
the Marlborough area was obliterated, however, during the last (late 
Wisconsinan) episode, when the Narragansett Bay-Buzzards Bay Lobe of the 
Laurentide ice sheet advanced from the northwest to a terminal position on 
the continental shelf south of Long Island, New York, over 21,000 years ago.  
There is a possibility, however, that some drumlins may be cored by earlier 
glacial deposits. Further, subsurface investigations might provide additional 
evidence to support this hypothesis.  

Evidence of glacial erosion within the Marlborough area is noticeable mainly 
as southeast- to south-trending glacial striations (145o to 178o azimuth) on 
freshly exposed bedrock surfaces.   Also, several isolated and clusters of 
drumlins have the same general trends as the glacial striations in the area.  
Examples include a series of en echelon drumlins on the east edge of the map, 
near Sudbury Reservoir; several northeast of Chauncy Lake near the west 
edge of the map; and several near Williams Lake, including Sligo Hill, in the 
northern part of the map area.  In addition, several streamlined hills such as 
Oak Hill, southeast of Sudbury Reservoir, are bedrock-cored hills that are 
coated with till on their stoss sides. A few like Oak Hill have glacially plucked 
bedrock outcrops on the south to southeast end.  Examples of glacially 
plucked south to southeast slopes abound throughout the quadrangle, 
especially in the hills in the rocky uplands  of the southeast and northeast parts 
of the quadrangle. In the northwest part of the map, Wheeler Hill is a good 
example of a bedrock hill that has a thick till cover on the stoss northwest side 
and a steep glacially plucked bedrock lee southeast side. 

After reaching its terminal position on the continental shelf south of Long 
Island, New York, the late Wisconsinan ice sheet began to recede and probably 
reached the Marlborough area between 16,000 and 14,000 years ago.

As the glacier melted northward through the area, the ice itself and 
meltwaters dropped their sediment load creating various familiar glacial 
landforms such as drumlins, moraines, eskers, kames, outwash plains, kame 
deltas, kettles, and lakebeds, all of which are present in the Marlborough 
quadrangle. 

Variously boulder-strewn, hummocky ridges primarily composed of till and 
poorly sorted stratified sediments have been identified in the area; in places, 
these till ridges are aligned with and/or are actually connected with relatively 
coarse-grained ice-contact collapsed heads of stratified outwash.  These till 
ridge deposits are interpreted herein as recessional moraine segments and 
represent ice marginal retreat positions.  The till ridges are not mapped but are 
shown by an overlay symbol on the map.
  

GLACIAL AND POSTGLACIAL DEPOSITS

As the ice sheet melted northward through the Marlboro area, it dropped 
much of the debris incorporated within it in the form of till, which is mapped 
as Qt.  At the same time and somewhat later, glacial meltwaters took some of 
the debris within the glacier, sorted it, carried it some distance and finally 
deposited it as stratified sediments in various physiographic settings within the 
quadrangle. Many of the stratified deposits in the area were laid down by 
meltwaters emanating from the ice while the front occupied an identifiable 
position. Progressively finer grained materials were deposited farther 
‘downstream’ from the ice margin.  The progressive and sequential deposition 
of meltwater deposits when the ice occupies a specific stillstand position are 
called morphosequences and they form the basis of mapping time-stratigraphic 
units in the quadrangle.

The earliest meltwater deposits in the area were laid down as three 
successively younger sequences in contact with or beyond the ice front in and 
near the Hopkinton Reservoir area. The oldest sequence (Qhr1) has an ice-
contact head of outwash near the south end of the reservoir where meltwaters 
flowed south 0.8 miles to a 340-350 foot asl col east of Wilson Road. These 
earliest deposits were later partly eroded by northward-flowing meltwater 
streams.  The next youngest sequence is graded southward to a col in the hills 
parallel to Route 85 and through the north part of Qhr1 deposits, thence 
eastward to feed contemporary deposits of Glacial Lake Ashland (Qlad). The 
youngest deposits in the Hopkinton Reservoir area are graded southward to a 
col in the hills north of the Saddle Hill area.

The next group of meltwater deposits is mapped as glacial lake and glacial 
stream deposits of the Cedar Swamp area.  Three stages are identified based 
on identifiable heads of outwash and/or change of outlet.  The oldest unit 
(Qcs1) is graded south then east through a narrow col (310-320 feet asl) about 
½ mile south of the border along Saddle Hill Road; these meltwaters thence 
flowed north and east through the Hopkinton Reservoir area. The next 
youngest Cedar Swamp sequence is graded eastward along the valley of the 
glacial Sudbury River (280-290 feet asl), which then carried far more water 
and flowed at a higher level than the modern river, eroding a wide stream 
channel and depositing thin stream terrace alluvium (Qst).   The youngest 
Cedar Swamp deposits contain several esker segments and are graded 
southward to a col 280-290 feet asl along Main Street in Westborough. 
Contemporary with the younger Cedar Swamp deposits are a series of 
meltwater stream deposits in the Cordaville area (Qca) graded southward to 
the glacial Sudbury River. 

Some of the youngest glacial deposits in the Marlborough quadrangle are 
those of Glacial Lake Assabet, which consists of several stages (Hansen, 1956; 
Shaw, 1969).  The highest stage (Qlash1) here is graded to between 320 and 
280 feet asl, including delta deposits south of Millham Reservoir in the 
northwest part of the map.  The next highest stage (Qlash2) is graded to about 
300-280 feet asl; parts of this unit around Fort Meadow Reservoir are graded 
southwest through deposits in the Flag Swamp/Flag Brook area (Qfbs/fs).  The 
main outlets for these deposits are southward near Mount Misery (about 295 
feet asl) followed later by eastward flow near Fayville at about 285 feet asl, into
and through glacial stream deposits of the East Natick stage of Glacial Lake 
Charles (Qgcn) described by Nelson (1974).  The low-stage Glacial Lake 
Assabet deposits (Qlasl) are graded to about 250-280 feet asl and include delta 
deposits at the northwest edge of the map area.  For some time after the front 
of the ice sheet melted north of the quadrangle area, meltwaters swelled the 
late-glacial Assabet River, forming stream terrace deposits (Qst) more than 20 
feet higher than the modern floodplain (Qal).

The youngest meltwater deposits in the northeast part of the area are 
associated with glacial lakes in the Marlborough area (Qlm here, and Nelson, 
1974) graded eastward to elevations between 280 and 210 feet asl.  These 
deposits include esker and/or ice-channel fill deposits and multiple heads of 
outwash/ice-frontal positions similar to those found in the Cedar Swamp 
deposits (Qcs).  

Some stratified deposits in the area cannot be associated readily with a 
particular morphosequence and are consequently mapped as undifferentiated 
ice-contact deposits (Qgu). 

During late-glacial and postglacial time a thin discontinuous layer of 
windblown sand and silt was deposited over much of the area immediately 
following draining of lakes in the area and before revegetation anchored the 
sediments.  Although recognizable in many exposures, the windblown material 
is generally too thin and discontinuous to map.  

Finally, modern Holocene surficial materials such as swamp deposits (Qs) 
and stream alluvium (Qal) were deposited over much of the quadrangle with 
the establishment of the post-glacial drainage network. 
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EXPLANATION OF MAP SYMBOLS

CONTACT—Solid where accurately located; dashed where 
gradational or approximately located; dotted where 
concealed 

GLACIAL LAKE SPILLWAY CHANNEL—Channel cut in 
meltwater deposits; letter symbol identifies glacial lake; flow 
direction of water shown by arrow; number is estimated 
altitude of channel floor, in feet

RETREATAL POSITION OF STAGNANT ICE 
MARGIN—Determined from ice-contact slope at head of 
associated meltwater deposit; identified by unit symbol

MELTWATER CHANNEL—Narrow channel eroded by 
meltwater in till, bedrock, or stratified deposits; arrow shows 
direction of meltwater flow

ESKER—Narrow, sinuous to linear ridge of stratified deposits; 
ridgecrest is sharp and undulating.  Arrows indicate 
direction of meltwater flow

DRUMLIN AXIS—Symbol shows axis of elongate, 
streamlined hill consisting of thick till shaped by flowing ice; 
center of ellipse is at summit

GLACIAL STRIATIONS AND GROOVES—Scratches and 
grooves on bedrock that indicate ice-flow direction; 
observation at tip of arrow; number gives azimuth of 
striation

THICK TILL—Area of thick till in drumlins and on slopes that 
faced advancing glacial ice; shown where maximum 
thickness is more than 15.2 m (50 ft); as much as 76 m 
(250 ft) in areas that may contain interbedded tills and 
stratified deposits.  In large drumlins the surface till 
commonly is 6.1 to 15.2 m (20–50 ft) thick, locally as thick 
as 30.5 m (100 ft), and it overlies thick deposits of older till
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DESCRIPTION OF MAP UNITS
A thin, discontinuous layer of windblown sand and silt, generally mixed with 

underlying glacial deposits by frost action and bioturbation, is present near the 
ground surface over much of the map area but is not shown.	

Artificial Fill - Manmade. Material varies from natural sand and 
gravel to quarry waste to sanitary landfill, includes highway 
and railroad embankments and dredge spoil areas.  This 
material is mapped only where it can be identified using the 
topographic contour lines or where actually observed.  Minor 
artificial fill is present in virtually all developed areas of the 
quadrangle.  Thickness of fill varies.

Stream Alluvium (Holocene) - Sand, silt, gravel, and muck in 
floodplains along present rivers and streams.  As much as 3 m 
(10 ft) thick.  Extent of alluvium indicates most areas flooded in 
the past that may be subject to future flooding.  In places the 
unit is indistinguishable from, grades into, or is interbedded 
with wetland deposits (Qs).

Swamp Deposits (Holocene) - Muck, peat, silt, and sand 
deposited in poorly drained areas.  Generally 0.5 to 3 m (1 to 
10 ft) thick, but may be much thicker in large bogs.  In places, 
this unit is indistinguishable from, grades into, or is interbedded 
with stream alluvium (Qal).

Stream Terrace Deposits (Holocene and Pleistocene) - 
Sand, silt, gravel, and muck in terrace deposits higher than 
modern floodplains.  Terraces were deposited or carved into 
older sediments by meltwater or meteoric streams following 
retreat of the ice front from the immediate area.

Undifferentiated Ice-Contact Deposits (Pleistocene) - 
Sand, gravel, and silt.  Consists of thin glaciofluvial outwash 
and/or ice-contact deposits.  May include esker or 
glaciolacustrine fan deposits.  Thickness varies from 0 to 15 m 
(0 to 50 ft). 

Deposits of Glacial Lake Assabet (Pleistocene)

Sand, gravel, and silt laid down in contact with or beyond the 
ice front as glaciofluvial and glaciolacustrine deposits.

Qlas1 are low-stage deposits graded to about 250 feet 
elevation.

Qlash2 are second phase of high-stage deposits graded to 
about 300 feet elevation.

Qlash1 are first phase of high-stage deposits graded to about 
320 feet elevation.

Glacial Deposits of the Addition Hill Area - Sand, gravel, 
and silt laid down on east side of Addition Hill in contact with 
or beyond the ice front.

Glacial Deposits of the Flagg Brook/Flagg Swamp Area 
(Pleistocene) - Sand, gravel, and silt laid down in contact or 
beyond the ice front as glaciofluvial and glaciolacustrine 
deposits.

Glacial Deposits of the Sheep Falls Brook Area - Sand, 
gravel, and silt laid down in contact or beyond the ice front as 
glaciofluvial and glaciolacustrine deposits.

Glacial Deposits of the Walnut Hill Area - Sand, gravel, 
and silt laid down on east side of Walnut Hill in contact or 
beyond the ice front.

Glacial Deposits Associated with Glacial Lakes in the 
Marlborough Area ( Pleistocene) - Sand, gravel, silt, and 
clay glaciofluvial and glaciolacustrine sediments laid down in 
contact with or beyond the ice front graded eastward to 
elevations between 280 and 210 feet.

Glacial Stream Deposits of the East Natick Stage of 
Glacial Lake Charles ( Pleistocene) - Sand, gravel, and silt 
glaciofluvial deposits laid down in contact with or beyond the 
ice front.

Glacial Lake and Glacial Stream Deposits of the
Cedar Swamp Area (Pleistocene)

Sand, gravel, silt, and clay laid down in contact with or beyond 
the ice front.  Three stages identified.

Qcs3 deposits are graded southward to a col (280 to 290 feet 
elevation) in the proximal section of Qcs2 along Main Street 
in Westborough.

Qcs2 deposits are graded eastward along the valley of the 
Sudbury River (280 to 290 feet elevation).

Qcs1 deposits are graded southward then eastward through a 
narrow col (310 to 320 feet elevation) about a half mile 
south of the quadrangle border along Saddle Hill Road 
thence joining deposits of Qlad.

Glacial Stream Deposits of the Cordaville Area 
(Pleistocene) - Sand, gravel, and silt laid down in contact 
with or beyond the ice front by meltwater streams graded 
southward to the glacial Sudbury River.

Glacial Lake Ashland Deposits (Pleistocene) - Sand, 
gravel, and silt laid down in contact with or beyond the ice 
front as glaciofluvial and glaciolacustrine sediments graded 
eastward to an outlet at 270 to 280 feet elevation southeast of 
Ashland center.

Glacial Deposits Associated with Hopkinton Reservoir 
(Pleistocene)

Sand, gravel, and silt laid down in contact with or beyond the 
ice front.  Three stages identified.

Qhr3 deposits are graded southward to a col in the hills north 
of the Saddle Hill area.

Qhr2 deposits are graded southward through a col in the hills 
and Qhr1 deposits, thence eastward to deposits of Qlad.

Qhr1 deposits are graded south and east to a 340 to 350 foot 
col east of Wilson Road, about 0.8 miles south of the 
quadrangle border. 

Till (Pleistocene) - Light- to dark-gray, nonsorted to poorly 
sorted mixture of clay, silt, sand, pebbles, cobbles, and 
boulders; a predominantly sandy diamicton containing some 
gravel.  Generally underlies most other deposits.  Thickness 
varies and generally is less than 6 m (20 ft) but is probably 
more than 30 m (100 ft) under many drumlins and 
streamlined hills.  Many streamlined hills in this area are 
bedrock-cored.  

Bedrock Outcrops (Pre-Pleistocene) - Solid dots indicate 
individual bedrock outcrops; ruled pattern indicates areas of 
abundant exposures and areas where surficial deposits are 
generally less than 3 m (10 ft) thick.  Not all individual 
outcrops shown on map.  Mapped in part from aerial 
photography, soil surveys, and previous geologic maps. 
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