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Embayment LocationsEmbayment Locations

Greenwich Bay (1200 Greenwich Bay (1200 
ha)ha)
Wickford Harbor (160 Wickford Harbor (160 
ha)ha)
Little Narragansett Bay Little Narragansett Bay 
(1000 ha)(1000 ha)



Focus of StudyFocus of Study

SoilSoil--Landscape RelationshipsLandscape Relationships

SoilSoil--Water Quality RelationshipsWater Quality Relationships

Sulfide DistributionSulfide Distribution



Identify Landscape UnitsIdentify Landscape Units

Processes:Processes:
Bathymetric mappingBathymetric mapping
–– FathometerFathometer
–– RTK GPSRTK GPS
Sidescan sonarSidescan sonar
–– GeosciencesGeosciences



Soil Sampling and AnalysisSoil Sampling and Analysis
Field descriptionsField descriptions
–– Horizon, color, texture, nHorizon, color, texture, n--valuevalue

Particle size distributionParticle size distribution
Bulk densityBulk density
Nitrogen (N)Nitrogen (N)
Carbon (C)Carbon (C)
Calcium Carbonate (CaCOCalcium Carbonate (CaCO33))
Salinity Salinity 
HH22OO22 oxidized salinityoxidized salinity
Incubated pHIncubated pH
Sulfide contentSulfide content



Greenwich Bay



Greenwich Bay

Drowned 
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Bottom



Common Landscape UnitsCommon Landscape Units

11--22Shoal or SpitShoal or Spit
--3344PlatformPlatform

994466FluviomarineFluviomarine Bottom Bottom 

335599Drowned River Channel Drowned River Channel 

--252588Depositional Beach Depositional Beach 

88441212Cove Cove 

2232322929BayfloorBayfloor

LNBLNBGreenwichGreenwichWickfordWickfordLandscape Unit Landscape Unit 
Percent of Bay Area



Subaqueous Soil ClassificationSubaqueous Soil Classification
Entisols

Wassents Aquents Arents Psamments Fluvents Orthents

Frassiwassents

Psammowassents

Sulfiwassents

Hydrowassents
Fluviwassents

Haplowassents

Sulfic
Fluventic

Typic

Haplic

Fluventic

Typic



46%Fluventic Sulfiwassents (6)Cove
Haplic Sulfiwassents (6)
Typic Hydrowassents (1)

Haplic Sulfiwassents (1), Typic Fluviwassents (1)

50%Typic Psammowassents (2)Shoal
Sulfic Psammowassents (1), Typic Haplowassents (1)

50%Typic Psammowassents (2)Platform
Haplic Sulfiwassents (1)

83%Fluventic Sulfiwassents (5)Fluviomarine Bottom
Thapto-histic Sulfiwassents (1)

75%Fluventic Sulfiwassents (3)Drowned River Channel
Sulfic Psammowassents (1)
Haplic Sulfiwassents (1)
Fluventic Psammowassents (3)

50%Typic Psammowassents (5)Depositional Beach

Haplic Sulfiwassents (3)
50%Fluventic Sulfiwassents (3)Bayfloor

Taxonomic
PuritySubgroup Classification (# of occurrences)Landscape Unit



ConclusionsConclusions

SoilSoil--landscape models can be used to landscape models can be used to 
effectively make the first cut for the various effectively make the first cut for the various 
soils when mapping shallow embaymentssoils when mapping shallow embayments



Water Quality AssessmentWater Quality Assessment
Four sampling periodsFour sampling periods
–– Spring (MaySpring (May--June)June)
–– Early Summer (July)Early Summer (July)
–– Late Summer (August)Late Summer (August)
–– Fall (September Fall (September –– November)November)

Water QualityWater Quality
–– Dissolved Oxygen (DO)Dissolved Oxygen (DO)
–– Chlorophyll Chlorophyll aa ((ChlChl aa))
–– Total Suspended Solids (TSS)Total Suspended Solids (TSS)
–– SalinitySalinity

Redox PotentialRedox Potential
–– Profile of top 15 cmProfile of top 15 cm



Dissolved OxygenDissolved Oxygen

0

2

4

6

8

10

12

14

Spring Early Summer Late Summer Fall

Sampling period

D
O

 (m
g/

l)
Greenwich
LNB
Wickford

a,y c,y

a,x
a,x a,x

b,y

a,z

a,y

a,y

b,y
a,x

ab,y

a,b,c – among bays within season

x,y,z – among seasons within bays



Chlorophyll Chlorophyll aa
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Sediment Profile Imaging (SPI)Sediment Profile Imaging (SPI)

Oxidized 
surface (aRPD)

Reduced
(sulfides)



SPI and RedoxSPI and Redox
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Greenwich DO and Bottom TypeGreenwich DO and Bottom Type
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Wickford DO and Bottom TypeWickford DO and Bottom Type
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Little Narragansett DO and Bottom TypeLittle Narragansett DO and Bottom Type
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Redox Potential and Water QualityRedox Potential and Water Quality

y = -159.98Ln(x) + 331.44
R2 = 0.589
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ConclusionsConclusions

Water quality can be assessed using a Water quality can be assessed using a 
geographic/landscape modelgeographic/landscape model
–– Low DO and high Low DO and high ChlChl aa in low energy landscape in low energy landscape 

unitsunits
–– Redox potential indicative of longRedox potential indicative of long--term organic term organic 

enrichment from high enrichment from high ChlChl aa levels levels 



SulfidesSulfides

Goals:Goals:
To assess distribution of sulfidesTo assess distribution of sulfides
To assess sulfide estimation To assess sulfide estimation 
techniquestechniques
––Incubation pHIncubation pH
––HH22OO22 oxidized salinityoxidized salinity
––Physical soil propertiesPhysical soil properties



Sulfide DistributionSulfide Distribution
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Incubation pHIncubation pH

Incubation pH Incubation pH ≤≤4 after 8 weeks is 4 after 8 weeks is currently used currently used 
to define sulfidic materials to define sulfidic materials 
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Incubation pHIncubation pH

y = -0.2997Ln(x) + 6.4418
R2 = 0.1888
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Incubation pHIncubation pH
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Sulfide DistributionSulfide Distribution

y = -79.413x + 7448.4
R2 = 0.6658
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Sulfide DistributionSulfide Distribution

y = 1144.7x + 531.14
R2 = 0.6779
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HH22OO22 Oxidized SalinityOxidized Salinity

R2 = 0.695
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ConclusionsConclusions

Sulfide distribution is correlated with Sulfide distribution is correlated with 
landscape unitlandscape unit
Incubated pH after 8 weeks may not be an Incubated pH after 8 weeks may not be an 
accurate indicator of sulfide levelsaccurate indicator of sulfide levels
–– Neutralization from biogenic CaCONeutralization from biogenic CaCO33 is not a is not a 

factor in incubated pH valuesfactor in incubated pH values
Sulfide content is correlated with SOM and Sulfide content is correlated with SOM and 
particle sizeparticle size
HH22OO22 oxidized salinity reflects sulfide contentoxidized salinity reflects sulfide content



Subaqueous SoilSubaqueous Soil Interpretations Interpretations 
Dredged MaterialDredged Material

Alexander Salisbury Alexander Salisbury 



Subaqueous SoilSubaqueous Soil Interpretations Interpretations 
Dredged MaterialDredged Material

Soil Carbon, Eelgrass Restoration, Shellfish ProductivitySoil Carbon, Eelgrass Restoration, Shellfish Productivity





MethodsMethods
Mesocosm studyMesocosm study

LocationsLocations
–– Embayments: Wickford Cove and Greenwich BayEmbayments: Wickford Cove and Greenwich Bay
–– Coastal Ponds: Ninigret and QuonochontaugCoastal Ponds: Ninigret and Quonochontaug

Soil LandscapesSoil Landscapes
–– Sandy Spit, Mainland Sandy Spit, Mainland ShorefaceShoreface, Bay Bottom, Cove, Bay Bottom, Cove
–– Washover Fan, Flood Tidal Delta, Lagoon bottom, Mainland Washover Fan, Flood Tidal Delta, Lagoon bottom, Mainland 

CoveCove

4 Mesocosms per Landscape4 Mesocosms per Landscape
–– Total of 64 mesocosmsTotal of 64 mesocosms





Ninigret Landscapes

Low Energy 
Silty Material

High Energy
Sandy Material



Lab Incubation pHLab Incubation pH
Greenwich Bay pH
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Leachate Conductivity and pH (2007)Leachate Conductivity and pH (2007)
Wickford Leachate Conductivity
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Leachate Sulfate ContentLeachate Sulfate Content

Wickford Leachate 
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Ninigret Sulfate/Salinity Relationship
Mesocosm 27

y = 37.831x + 1457.1
R2 = 0.5913
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Ninigret mesocosm leachate salinity
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Ninigret mesocosm leachate sulfate content
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