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Agenda
1. ASCE Student Chapter and AFE 14.533 Class

 New England Bedrock Geology Overview
 Bedrock Geology 101

 General Geologic Terranes in New England

 General Bedrock Types in New England

2. AFE 14.533 Class
 Rock Core Viewing

 New England Surficial Geology Overview
 Unconsolidated Material (Overburden) Types

 Typical Overburden Stratigraphic Sequences

 Examples of Applied Subsurface Evaluation



Geology 101 – A Recap
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Three Rock Types:
• Igneous
• Metamorphic
• Sedimentary

(Skehan, 2003)



Igneous Rock Types
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http://dept.astro.lsa.umich.edu/~
cowley/intro2.html

Extrusive

Intrusive



Regional Metamorphic Rocks – Shale Protolith
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Lineation, Schistosity, Foliation

http://www.geol.umd.edu/~jmerck/geol100/lectures/17.html
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Slate

GneissSchist

Phyllite

http://www.geol.umd.edu/~jmerck/geol100/lectures/17.html



Sedimentary Rock Types
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http://www.rocksandminerals4u.com/sedimentary_rock.html



8(Adapted from Wikipedia, 2010)

St. Lawrence Valley

Adirondacks

Physiographic
Regions of the 
Northeastern

U.S.



9Van Diver, 1987

Tectonic History of Eastern North America
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Chronology of 
MA Geologic 

Events
Glacial Advance/Retreat

Failed Rift Basins

Alleghanian Orogeny

Acadian Orogeny

Taconic Orogeny

Grenville Uplift

(Skehan, 2003)
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General MA Bedrock Geology

13
(From OSMG website, 2010)



MA Geologic Terranes
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(Skehan, 2003)



MA Topographic Relief
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(geology.com, 2010)
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Eastern MA Geologic Terranes

(Skehan, 2003)



Cambridge Argillite (Little Brewster 
Island) Boston

17

Civil Engineering Practice, Journal of the Boston Society of Civil
Engineers Section/ASCE, Volumes 26&27, 2011/2012



Roxbury Conglomerate (Pudding 
Stone) – Eastern MA

18(Wikipedia, 2010)



Cape Ann Granite – Eastern MA

19(capeannmuseum.com, 2010)



Nashoba Formation – Central MA

20(Walsh, 2001)



Marble/Limestone – Western MA
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http://clui.org/ludb/site/lee-marble-quarry



Mesozoic Sandstone, CT River 
Valley

(E.B. Keck, 1999)



Engineering Properties of Boston 
Geologic Units

Unit Description Sat. Unit 
Weight 
(kg/m3)

Atterberg
Limits (%)

Undrained
Shear 
Strength
(kg/m2)

Allowable 
Bearing 
Pressure 
(kg/m2)

Outwash
Deposits

M - f sand 
with gravel

1760-
2160

--------------- -------------- 19500-
48800

Marine 
Clay

Stiff, silty
clay

1840-
2000

40-55 (LL) 
15-30 (Pl)

3900-9760 14650-
39000

Marine 
Clay

Soft - v soft 
silty clay

1810-
1890

40-55 (LL) 
15-30 (Pl)

1950-3900 4880-9760

Glacial Till Dense silt & 
clay with 
sand, gravel

2000-
2240

15-30 (LL)
10-20 (Pl)

9760-
39000

39000-
98000

Bedrock Cambridge 
Argillite

-------------- -------------- -------------- 78000-
1950000

Bedrock Roxbury
Conglom.

------------- ------------- ------------- 1950000-
9750000

23(Johnson, 1989)



Geologic Cross-Section –
MetroWest Tunnel Project
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(http://www.auca.org/month/project1298.html)

Dedham 
Zone

Boston 
Basin 
Zone

Meta 
Sed
Zone

Meta 
Volcanic

Zone

Milford 
Zone

Bloody 
Bluff 
Fault

South-
borough 

Fault Tunnel



Geologic Risk Factor Engineering

(Hager and Carnevale, undated. 
http://www.hagergeoscience.com/pdf_files/borehole_logging.pdf)
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Rock Coring



Rock Coring
RQD = Rock Quality Designation

RQD = Σpieces >10cm x 100
Total Core run

RQD Rock mass quality 
<25% very poor 
25-50% poor 
50-75% fair 
75-90% good 
90-100% excellent



29

Agenda
1. ASCE Student Chapter and AFE 14.533 Class

 New England Bedrock Geology Overview
 Bedrock Geology 101

 General Geologic Terranes in New England

 General Bedrock Types in New England

2. AFE 14.533 Class
 Rock Core Viewing
 New England Surficial Geology Overview

 Unconsolidated Material (Overburden) Types

 Typical Overburden Stratigraphic Sequences

 Examples of Applied Subsurface Evaluation



Glacial Geology of New England

 History

 Deposits and Landforms

 Typical Glacial Stratigraphy in New England

30



New England- 300 MYA
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Full Glacial 
Extent During 
Pleistocene

80,000 to 13,000 Years 
ago
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Strahler, 1966,  Geologist’s View of Cape Cod



Glacial Advance in New England

33• Strahler, 1966,  Geologist’s View of Cape Cod



Glacial Ice Sheets

 Modern example- Western Chugach 
Mountains, Alaska 34



Glacial Retreat – Maine

35



Glacial Ice Sheets Reduced to Valley Glaciers
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Post Glacial Valley

Alaska

37

New 
England
NH



Types of Glacial Deposits/ Landforms
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MORAINES (material pushed by glaciers)

END MORAINES - (unsorted and hummocky with ridges)  deposited at end of glacier. 

LATERAL MORAINES - (unsorted) Deposited at sides (laterals of glacier)

ICE-CONTRACT DEPOSITS (large variety)

TILLS - Basal or Lodgment Till (dense, unsorted, clay rich) deposited beneath ice 

Ablation Till (less consolidated) material in and on glacier “let down” from melting ice

KAMES  - (sorted to unsorted)deposited between ice-sheet and valley wall  deltaic in nature

ESKERS - (stratified, with well rounded cobbles) sinuous or meandering ridge of sand and gravel 

STRATIFIED DRIFT (alluvial material deposited from melting glaciers)

OUTWASH PLAINS - Alluvium form meltwater not in close proximity to glaciers.  Coarser and less sorted near source. 

LACUSTRINE DEPOSITS - Fine grained lake bottom deposits.  Commonly silts and clays, sometimes varved.

GLACIAL MARINE SEDS - Clay rich marine deposits from wasting ice sheets near ocean front. 

GLACIAL LANDFORMS

DRUMLINS  - Streamlined ice-molded forms made of till

KETTLE HOLES  - Basin of non-deposition due to remnant ice block buried



Schematic of Glacial 
Landforms/Deposits

Stabilized ice front
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Ice front retreated

http://www.polartrec.com/expeditions/drumlin-formation-in-iceland/journals/2013-06-14



End Moraines and 
Outwash Plains 
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Illinois Terminal moraine

Strahler, 1966,  Geologist’s View of Cape Cod



Lateral Moraines- Everyone’s Favorite
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Ice- covered with rock 
debris (becomes 
ablation till)

Lateral 
Moraine

Gokyo, 
Nepal



End Moraine 
Nepal
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Ice Contact Deposits- Till
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Till Deposits

Basal 
Till

Ablation Till

Ablation
Till

Bedrock



Drumlins You May Know
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Depositional 
Model for 

Glacial 
Deposits
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Proximal Stratified Drift (Deltaic) Deposits
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Alaska

Nepal

Alaska



Kame Terrace, 
Nepal
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Pro-Glacial Lake Deposits
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Massachusetts
(Skehan, 2001)

New Hampshire –
Vermont
Van Diver, 1987

Lacustrine varves, 
Glacial Lake 
Hitchcock
(Stone and others, 1998)



Outwash  Deposits

49

http://www.capecodbeachchair.com/beachguide/index.cfm?page=3&BeachId=
64



Kettle Pond 
Formation

50

Glacial Erratics

Strahler, 1966,  Geologist’s View of Cape Cod



Southern New England Glacial Map
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New England Cross-Sections
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Connecti
cut

Massachuset
ts



Boston Glacial Cross-Section
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Massachuset
ts



Surficial Geologic Maps
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MassGIS
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Direct Push – Soil 
Sampling



More Direct Push-Soil 
Sampling



Sonic Drilling – Sample Recovery



Soil Sampling

Split Spoon 
Sampler



Glacial Stratigraphy – Concord, MA
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Glacial Stratigraphy – Concord, MA (2)
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Glacial Stratigraphy – Glastonbury, CT
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Glacial Stratigraphy – Everett, MA

63



center of 
mass 

trajectoryclay lens? 

• 2x longer than RDX plume 
• Plume shallows beyond FPR 
• Evidence of  a hydraulically 
significant confining layer

Frank Perkins Rd.

Pew Rd.

current 
RDX extent
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Glacial Stratigraphy- Cape Cod, the Mass Military Reservation



Glacial 
Stratigraphy-
Western MA 
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Glacial Stratigraphy - Maine
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bedrock

Stratified 
Drift

till



Glacial Stratigraphy – Midwest Schematic
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Central Artery Stratigraphy
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Boston Blue Clay

Till

Bedrock (Argillite)

Fill
Organic Silt



Boston- The Central Artery
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Boston- Central Artery Dewatering 
Model Results
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Hydraulic Conductivity Ranges
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Engineering Characteristics of Glacial Deposits
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END
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