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A Little Background Information

• Bedrock Geology

• Glacial Geology



You are 
here



Geomorphology 
of 

Southeastern 
New England



Quaternary Geology Time Scales

• QUATERNARY PERIOD - Last 2.6 million years of geologic time

• PLEISTOCENE EPOCH – All of Quaternary Period except last 11,700 
years

• WISCONSINAN STAGE – Last glacial age of the Pleistocene (~70,000 
years BP to 11,700 yrs BP)

• HOLOCENE EPOCH – Last 11,700 years (including now)



Geologic Time Scale
Cenozoic – Last 65.5 my

Quaternary -
Last 2.6 my



-

THE LAST NORTH 
AMERICAN ICE SHEETS

After Dyke & Prest, 1987

LAURENTIDE
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14,500 BP
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After Dyke & Prest, 1987

Laurentide Ice Margins



-

MALASPINA GLACIER – Northeast Gulf of Alaska

An Analog  “The size of Rhode Island”



-

Stone and Sirkin, 1996

Ice Flow Directions You are 
here



Ridge 2008

New England Deglacial Ice Margins
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Sediment with certain readily identifiable characteristics –

• Composition
• Color
• Particle size
• Sorting
• Stratification and structure
• Biologic content
• Plus others 

May be discerned either in the field or laboratory. 

GEOLOGIC FACIES -



Called DEPOSITIONAL ENVIRONMENTS by geologists 

Places where geologic processes -
• Water
• Wind
• Ice
• Humans as agents

Deposit or modify geologic facies. 

In a coastal setting, GEOLOGIC HABITATS may range from 
benthic habitats in 30 m water depth, through the intertidal 
zone, to the supratidal zone and perhaps across a barrier or 
upland habitat to the limit of storm-surge inundation. 

GEOLOGIC HABITATS -



-

Braided River on a Delta Plain

A GLACIAL 
DEPOSITIONAL 
ENVIRONMENT



-

Imbricated Gravel 
Facies deposited 
on a delta plain

Stratified Coarse-
Medium Sand Facies 
deposited on a delta 

slope

Facies Deposited in a
Glacial Lake Depositional Environment



RIGIS

Quaternary Map Detail

Boothroyd 2000



Charlestown Moraine and 
Ninigret Coastal Lagoon



Diamicton

Silt - Eolian Mantle Deposit

Deformed Stratified Material

Charlestown End Moraine



Silt - Eolian Mantle Deposit

Sand and Gravel –
Alluvial Fan Deposit

Glacial and Post-Glacial Materials– Exeter RI



-

Ice-Wedge Cast

Eolian Mantle

Sand and Gravel

Excavated Material

Ice Wedge Cast – Exeter RI



-

Ice Wedge Cast –
Exeter RI

Eolian Mantle
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Laurentide 
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2m.100yr-1

Antarctic Ice 
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Now, 
We Need to Consider 

Coastal Processes Acting Today



Narragansett  Pier Seawall –
Patriots Day 2007

WPRI.com
16 apr 2007

The Sea Is Rising – But…..



When Contemplating Rhode Island 
Coastal Geologic Hazards

• Extratropical Cyclones (“Nor’easters”)

• Hurricanes (Tropical Cyclones)

• and ……. Sea Level Rise

One Must Consider:



• Frontal Erosion – from Breaking Waves 
and Swash

• Storm-Surge Overwash

• Elevated MHHW into the Future

Which Give Rise to these Processes:

When Contemplating Rhode Island 
Coastal Geologic Hazards



• Breaking Waves –
1 to 3+ meters at shoreline, much higher at 
first break

• Storm-Surge Overwash –
30 cm to 3+ m water depth across shore 
zone

• Sea-Level Rise –
2.7-3.3 mm/year at present; 
could increase to 1-1.5 cm/yr

The Scale of Processes are:

When Contemplating Rhode Island 
Coastal Geologic Hazards



From Wright and Sullivan, 1982

Southeast 
Wind

Northeast 
Wind



Patriots Day Extratropical Storm – April 2007 
Newport Tide Gauge

SET UP PREDICTED

http://tidesandcurrents.noaa.gov/
data_menu.shtml?stn=8452660%20Newport,%20RI&type=Tide+DataSTORM SURGE



Charlestown Beach – Blizzard 1978 – No Berm 



Boothroyd and Galagan, 1999

Beach Cycles – RI Shore





GEOLOGIC SHORE ZONE TYPES

• Beach Plain and Barrier Spit 25

• Glacial Stratified Bluff 8

• Till Bluff 23

• Metamorphosed Sedimentary Bedrock 8

• Igneous and Other Meta Bedrock 5

• Discontinuous Bedrock 1

• Shoreline Protection Structure 30

Percent



Ninigret 
Lagoon

Green Hill 
Lagoon Green Hill 

Headland

Trustom 
Lagoon

Sediment Transport Pathways
Charlestown – Green Hill

Barrier and Headland



Frontal Erosion 1939-2008 -
Browning Cottages, Moonstone Barrier 

1939

2006

2008

Total
Distance

Eroded



BA Oakley

Frontal Erosion - Browning Cottages 



11 Dec 1992

Charlestown Beach – Overwash Processes 
Deposited 1 meter of sand in the road



Aug 1991

Charlestown Barrier – Hurricane Bob 1991 
Washover Fans

Removal is a Bad Idea …….
Barriers Naturally Retreat 

Landward and Upward



HEIGHT NOW

Tidal 
Datums 
Newport

Adapted from: www.ngs.noaa.gov/newsys-cgi-bin/ngs_opsd.prl?PID=LW0493&EPOCH=1983-2001

Old “MSL”

New MSL



Ninigret 
Lagoon

Green Hill 
Lagoon Green Hill 

Headland

Trustom 
Lagoon

Sediment Transport Pathways
Charlestown – Green Hill

Barrier and Headland



June 1981

East Beach 
Barrier

Quonochontaug
Headland

Tidal-Current Deposition into Coastal Lagoons –
an Example

Pt Judith 
Headland

Ninigret Lagoon



Ninigret Lagoon - 2004



Ninigret Flood-Tidal Delta - 1976

RIGIS



17 Oct 1978

24 Oct 1982



RIGIS 2004

Ninigret Flood-Tidal Delta 2004

Facies – Sand

Habitat –
FTD Tidal Flat



EPA 12 July 2005

Ninigret Flood-Tidal Delta 2005

Dredging  for 
Habitat 

Restoration



Dredging  for 
Habitat 

Restoration

Ninigret Flood-Tidal Delta 2008

Town of Charlestown, RI
2008



Ninigret Flood-Tidal Delta - 2010

Google Earth



Really Big Storms



Hurricane Carol - 1954

Storm 
Surge

Predicted

http://tidesandcurrents.noaa.gov/
data_menu.shtml?stn=8452660%20Newport,%20RI&type=Tide+Data



Adapted from 
NOAA; 

USACE 1988; 
Hehre 2007

Return? 
Today… 

Next Month…. 
Next Year…



9.46 Feet Above MHHW

Tidal 
Heights 
Newport

How High 
will the 

Water Be?
Boothroyd and 

Hehre 2008



RE Hehre

Charlestown Barrier





Providence Journal, 1938

The Towers – Narragansett Pier Headland - 1938



Costa, 1983

CLAST 
MOVEMENT 
DIAGRAMS

Velocity

Depth

Clast Size

Clast Size



Lastly, 
Climate Change 

and the 
Future Shore Zone 

of 
Rhode Island



http://www.esrl.noaa.gov/gmd/ccgg/trends/co2_data_mlo.html



Carbon Dioxide - CO2 – Levels
A Cause for Concern

Now 388+ ppm

http://www.ucsusa.org/global_warming/science_and_impacts/science/past-present-and-future.html#3



Brathwaite, 2002

Greenland
Outlet Glaciers
Changing from 
Polythermal to 
Warm Based

A Key to Future 
Sea-Level Rise



Boothroyd 2008

HEIGHT NOW

Adapted from: http://tidesandcurrents.noaa.gov/sltrends/
sltrends_station.shtml?stnid=8452660%20Newport,%20RI



IPCC Scenarios 2001





Ninigret Lagoon - 2004



Ninigret Lagoon – 2100? Or Sooner

4 feet Sea Level Rise; 200 feet Frontal Erosion

Upland Flooding



Coastal Rhode Island –
A Common View of the Future

Don 
Bousquet, 
June 2008



Middlebridge, South Kingstown, Coastal Lagoon: 
A Common View of the Future



End of Presentation



South Kingstown Town Beach – South Kingstown RI



BA Oakley

South Kingstown Town Beach – South Kingstown RI



South Kingstown Town Beach – South Kingstown RI



Washover 
Fan

Eolian 
Mantle

Plow 
Zone

South Kingstown Town Beach – South Kingstown RI





Adapted from 
NOAA; 

USACE 1988; 
Hehre 2007

Tomorrow….. 
+ 3 Feet Sea-Level Rise  
2100 … 2050… Or?....



100-Year Storm-Surge Inundation - Matunuck

Obsolete 
Flood 
Zone

+3 ft Sea-
Level Rise 

+3 ft Sea-Level Rise 
New Topography 



18 cm rise since 1900
Current rate:

3.3 cm per decade

Observed Global Sea-Level Rise

Rahmstorf, Cazenave, Church, Hansen, Keeling, Parker and Somerville (Science 2007)

IPCC 
2001 

estimate



THE HOCKEY STICK

Moberg et al, 2005



RHODE ISLAND
POSSIBLE FUTURE

CLIMATE

Confronting Climate Change in the 
U.S. Northeast: Climate, Impacts, 
and Solutions, NECIA, 2007

http://www.northeastclimateimpacts.org/







NARRAGANSETT  BEACH – Sand Transport Into Narrow River 



THE NARROWS – Flood-Tidal Delta and Narragansett Barrier Spit



Swash Bar

NARRAGANSETT  BEACH – Sand Transport Into Narrow River 

Flood 
Channel



NARRAGANSETT  BEACH – Narrow River Ebb-Tidal Delta 

Swash Bar





Ninigret Flood-Tidal Delta - 1981

RIGIS



Ninigret – Charlestown – East Beach Area



RIGIS 2004

Green Hill Headland to Matunuck Headland



NOAA/NOS/CO-OPS

Valentine’s Day Extratropical - 2007

SET UP

SET DOWN

PREDICTED
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