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Proposed Amendments
• Subaqueous drainage class
• Horizon designation “si”
• Shelly modifier
• Satiated Bulk density
• Reaction to H2O2

• Oxidized pH
• Jarosite
• Additional primes
• n-value



subaqueous
Free water is at or above the soil surface. The occurrence 
of internal free water is permanent having a positive 
water potential at the soil surface for more than 21 hours 
of each day. Peraquic feature - all soil layers are 
permanently saturated.

Presenter
Presentation Notes
In the Keys to Soil Taxonomy 11th Edition, the horizontal boundaries of soil are areas where the soil grades to deep water. These subaqueous soils are classified out at the suborder level as Wassents and Wassists due to a positive water potential at the soil surface for more than 21 hours of each day in all years. The very poorly drained definition does not take into account this frequency and duration of wet periods that classify subaqueous soil. Very poorly drained: Water is removed from the soil so slowly that free water remains at or very near the ground surface during much of the growing season. The occurrence of internal free water is very shallow and persistent or permanent. Unless the soil is artificially drained, most mesophytic crops cannot be grown. The soils are commonly level or depressed and frequently ponded. If rainfall is high or nearly continuous, slope gradients may be greater (Soil Survey Manual, 1993).



“si” designation
This symbol indicates the presence of sulfides in mineral 
or organic horizons. 

Sulfidic horizons typically have dark colors; value and 
chroma  <2. These horizons typically form in coastal 
environments that are permanently saturated (tidal 
marshes or estuarine subaqueous soils) and have a source 
of sulfur to form sulfides. Such horizons may have a 
sulfidic odor when first exposed to air. 

Presenter
Presentation Notes
Sulfidic horizons may also be geologic in origin. Examples include coal deposits or coastal plain deposits such as glauconite that have not been oxidized because of thick overburden. Sulfidization is an important soil forming process in estuarine and marine soils where an abundance of sulfur and a lack of oxygen promote the creation of sulfidic materials.  The presence of sulfidic materials is a primary characteristic in the classification within Aquents and Wassents suborders.   Sulfide content is important in many ecological, use, and management aspects of soils.  For example, sulfides precipitate with a number of toxic metals, limiting the bioavailability of these metals (Griffin et al., 1989; Leonard et al., 1996).  The sulfide content in subaqueous soils has been shown to have an impact on the suitability of the soil for eelgrass growth (Goodman et al., 1995; Bradley and Stolt, 2006).  Sulfide content of soils is also important when considering marine construction and dredging projects.  If sulfide bearing subaqueous soils are dredged and placed in a subaerial environment, sulfides will oxidize, creating sulfuric acid, drastically lowering soil pH, and resulting in acid sulfate soils (Fanning and Fanning, 1989).  Acid sulfate soils may persist for a number of years and are uninhabitable for plants and animals.  If deposited near water, these acid sulfate soils can also create runoff that is toxic to aquatic systems (Demas et al., 2004). The si suffix would be applied to both organic and mineral horizons.  The si suffix should be written first if multiple suffix symbols are used.   Dark black coloring and sulfide odor are initial indicators of the presence of sulfides in a soil horizon. Green colors may be present in areas with glauconite.  The Soil Survey Field and Laboratory Methods Manual (Soil Survey Staff, 2009) outlines field and field laboratory procedures to determine the presence of sulfidic materials in soils.  



shelly modifier
Addition of a shelly compound modifier based on the 
same ranges used for channery rock fragments.

Shell Fragments: hard remains of the protective outer covering 
of aquatic animals composed primarily of calcium carbonate 
such as mollusks (e.g. clams, oysters, or snails) or coral 
fragments; fragments may be the entire covering or broken 
pieces greater than 2 mm. 

Presenter
Presentation Notes
Shell fragments can be recognized in subaqueous or subaerial soils.  The presence of shell fragments can have an impact on soil pH or buffering capacity in subaerial soils.   Knowledge of subaqueous soil types provides a framework for mapping benthic habitats and managing marine resources. Mollusk growth and distribution are dependent upon soil characteristics; especially surface and near-surface horizons. Thus, certain areas of an estuary or marine system will contain abundant shell fragments. These areas provide important habitat. For example, as generations of oysters settle on top of each other and grow they form reefs that provide structured habitat for many fish species and crabs (NOAA, 2010). Rock fragment classes are to be used in addition to the shell fragment classes where appropriate, similar to the artifactual classes of anthropogenic soils. Where multiple terms are used, rock fragment classes should be first, followed by the shelly modifier (ie gravelly, shelly silt loam).  The following shell fragment classes, based on volume percentages, are to be used: Less than 15 percent: No adjectival or modifying terms are used in writingfor contrast with soils having less than 15 percent shells.  15 to 35 percent: The adjectival term is used as a modifier of the texturalterm: “shelly loam”. 35 to 60 percent: The adjectival term is used with the word “very” as amodifier of the textural term: “very shelly loam”. More than 60 percent: If enough fine earth is present to determine thetextural class (approximately 10 percent or more by volume) the adjectivalterm is used with the word “extremely” as a modifier of the textural term:“extremely shelly loam.”  



Satiated Bulk Density (0 bar H2O) 

The oven dried weight of the 
less than 2 mm soil material 
per unit volume of soil at a 
water tension of 0 bar.

Very low bulk density soils in 
submerged environments 
often contain a large 
percentage of water, making 
them very fluid. 

Presenter
Presentation Notes
Coastal wetland and subaqueous soils exist in their environment at saturation.  Very low bulk density soils in submerged environments often contain a large percentage of water, making them very fluid. These soil qualities are important in subaqueous soil interpretations for shellfish and rooted vegetation habitat as well as construction and dredge operations.   It is not possible to collect subaqueous soil samples using the clod method of bulk density, so collecting a known volume at the field moisture state (satiated) is the only option for these soils.    Sampling methods can vary depending on environment.  Most subaqueous samples are collected using a 3 inch tube pushed into the soil from the surface, capped, and cut open lengthwise to obtain an undisturbed sample. Similar to the core method, a known length of the core is collected, the volume is calculated, and the sample is dried to estimate bulk density.  Alternatively, a subsample of the core can be taken in which the top of a plastic 50 cc syringe was removed and the rubber cover of the plunger was removed. The plunger was then fixed at the 10 cm volume mark and the syringe was gently pushed into the split vibracore sample to collect a known volume of sample (Pruett, 2010).



Reaction to Hydrogen Peroxide (H2O2)
The presence of reduced 
monosulfides is indicated 
with a change in color with 
the addition of 3% Hydrogen 
peroxide solution.

Yes: Color change with 
addition of 3% Hydrogen 
Peroxide

No: No color change with 
addition of 3% Hydrogen 
Peroxide

Presenter
Presentation Notes
Sulfidic materials accumulate within a soil that is permanently saturated, generally with brackish water.  The sulfates in the water are biologically reduced to sulfides as the materials accumulate. Sufidic materials commonly accumulate in coastal marshes near the mouth of rivers that carry noncalcareous sediments, but they may occur in freshwater marshes if there is sulfur in the water.    If a soil containing sulfidic materials is drained or if sulfidic materials are otherwise oxidized, the sulfides oxidize to sulfate and lose the dark black color typical of monosulfides.   Sulfidic materials are typically determined in the laboratory using incubation pH measurement in which a soil is kept in incubation for 8 weeks and the initial and final pH measurements are made. The application of 3% Hydrogen Peroxide solution enables determination of the presence of reduced sulfides when making field descriptions.  Presence of sulfide is defined as an immediate discernable color change upon addition of H2O2, as seen below. 



Oxidized pH
To identify the 
presence of sulfidic
materials in mineral 
or organic soil 
horizons that have a 
pH value of more 
than 3.5, and that 

if incubated as a layer 1 cm thick under moist conditions 
(field capacity) at room temperature, show a drop in pH 
of 0.5 or more units to a pH value of 4.0 or less (1:1 by 
weight in water or in a minimum of water to permit 
measurement) within 16 weeks (USDA NRCS, 2006).

Presenter
Presentation Notes
The negative logarithm to the base 10, of the hydrogen ion activity in the soil using the oxidized pH method. A numerical expression to identify the presence of sulfidic materials of a soil sample. To identify the presence of sulfidic materials in mineral or organic soil horizons that have a pH value of more than 3.5 and that, if incubated as a layer 1 cm thick under moist conditions (field capacity) at room temperature, show a drop in pH of 0.5 or more units to a pH value of 4.0 or less (1:1 by weight in water or in a minimum of water to permit measurement) within 16 weeks (USDA NRCS, 2006). If soil containing sulfidic materials is drained or otherwise exposed to air, the sulfides oxidize and form sulfuric acid. The pH value, which normally is near neutral before drainage or exposure, may drop below 3 (USDA NRCS, 2006).  For every ton of sulfidic matter that is oxidized, 1.6 tons of sulfuric acid is produced (NWPASS, 2000).  The intent of the method described is to determine if known or suspected sulfidic materials will oxidize to form sulfuric acid. The pH oxidized method can be used in field offices.  In soil taxonomy, oxidized pH values are used as a criterion for proposed great groups and subgroups in the Wassists and Wassents and are evidence of a sulfuric horizon. Summary of Method Place 5 grams of soil sample in a beaker and add enough deionized water to make a slurry. Stir the slurry thoroughly to introduce air. Determine the initial pH immediately. Keep at room temperature. Stir occasionally and add more deionized water if needed.  After 8 weeks determine the oxidized pH.  Report the initial pH and oxidized pH to the nearest 0.1 pH unit.



Jarosite
Jarosite, an iron sulfate mineral, is a kind of diagnostic 
feature of sulfuric horizons and evidence of acid sulfate 
weathering. 

Jarosite is a pale yellow mineral deposit which forms in 
acid sulfate soils under strongly oxidizing, severely acid 
conditions. Jarosite is used as a morphologic feature to 
identify active and post active stages of acid sulfate soils.



Additional Primes
A character used to indicate 
that this horizon has an 
identical horizon designation 
as some overlying horizon. 
The two horizons in question 
are separated by at least one 
other horizon. 

Choice list is modified to 
include 5 primes. (.’.’’.’’’.’’’’.’’’’’)

650 +/- 40BP

710 +/- 40BP

Conventional 
Radiocarbon 
Age

Presenter
Presentation Notes
If two or more horizons of the same kind are separated by one or more horizons of a different kind in a pedon, identical letter and number symbols can be use for these horizons that have the same characteristics, e.g. A-E-Bt-E-Btx-C, identifies two E horizons.  To emphasize this characteristic, the prime symbol is added after the master horizon designation of the lower of the two horizons that have identical designations, e.g. A-E-Bt-E'-Btx-C. The prime symbol, when appropriate is applied to the master horizon designation, and any lowercase letter symbols follow it: Bt: B't. In cases when three to five layers have identical letter symbols, three to five prime symbols can be used for the other horizons, e.g. Ag-Cg-Agb-C’g1-C’g2-A’gb-C’’g-A’’gb1-A’’’gb2-C’’’g. These situations exist in soils of the proposed Wassents and Wassists suborders.



n- value



Data Collection -
Recommendations



Cowardin et al. 1979

In the Wassents Suborder, Frasiwassents are defined as 
having an electrical conductivity of  <0.2 dS/m in a 5:1 
by volume mixture of water 
and soil. 

Data Collection - Recommendations

Presenter
Presentation Notes
Recommend research be done on the 5:1 method vs saturated paste method. Research new halinity class for soils to separate this from current salinity classes whose ranges do not mean anything to these soils.Measuring EC in this manner is the best approach for subaqueous soils as samples containing reduced sulfide must be kept moist to avoid oxidation and production of sulfate salts that can change the electrical conductivity.  Soils are diluted 5:1 and directly measured using an electrical conductivity probe (Soil Survey Staff, in review).    A new column named EC 5:1 in NASIS Horizon table and new elec_cond_method in Pedon 



Image courtesy of SEACOOS

Data Collection - Recommendations
Vertical Datums Relationship to Tidal Datums 
MSL is a tidal datum and is often confused with the fixed datums 
of the North American Vertical Datum of 1988 (NAVD 88). 

Fixed geodetic datums (NAVD 88) 
do not reflect the changes 
in sea level and because 
they represent a 
“best” fit over a 
broad area, their  
relationship to local 
mean sea level 
differs from one 
location to another.

Presenter
Presentation Notes
Vertical datums available for the water level layer.Mean Sea Level (MSL) is the arithmetic mean of hourly observations over the National Tidal Datum Epoch, a 19-year period that covers all variations in the path of the moon about the sun. MSL is the datum on USGS topographic maps and aeronautical charts. MLW or MLLW used on nautical charts. North American Vertical Datum of 1988 (NAVD 88) is a geodetic datum derived from a simultaneous, least squares, minimum constraint adjustment of leveling observations. 



Offsets 
indicate 

moving from 
NAVD88 

zero level to 
MSL zero 

level in 
meters.

Image courtesy of SEACOOS



Data Collection - Recommendations

Color
 Recheck the color a half hour after 

opening the core. For soils that show this 
color change, rewetting of the soil after 
drying to check if the color is due to 
organics or sulfides.

Horizon Boundary and Distinctness
 Do not record topography of horizon 

boundaries since based on cores. 
Distinctness should be recorded.



Data Collection - Recommendations
Flooding & Ponding
 Very frequent class is intended to be used in tidal 

situations. If the soils are completely exposed at 
low tide it works within the definition. 

 Ponding is defined as being for standing water in 
closed depressions, so it does not apply.

Submerged Tidal Marsh

Tidal Marsh



Horizon designations
 “g” – use if the horizon has a 

chroma of 2 or less, moist and 
a value of 6 or more dry. 

 If the chroma is 2 or less, 
moist and a value of 6 or more, 
dry cannot be met we will still 
assign a “g” to the horizon. 

 Do not use a “g” on A, AC, or 
AB horizons since the dark 
colors of these layers would be 
affected by organics.

Data Collection - Recommendations

Photographs of  three vibracores taken from 
Little Narragansett Bay. From left - the Napatree, 
Anguilla, and Rhodesfolly tentative series.



 Annual Average Water 
Temperature (depth?)

Mean Annual Water 
Temperature

Water Clarity (Secchi 
disk)

Data Collection - Recommendations

http://www.google.com/imgres?imgurl=http://www4.agr.gc.ca/resources/prod/img/pfra/water/copper7.jpg&imgrefurl=http://www4.agr.gc.ca/AAFC-AAC/display-afficher.do?id=1189711624013&lang=eng&usg=__GNmtMFItyQWaEFGGlouV5ZPC_eM=&h=888&w=1338&sz=790&hl=en&start=135&tbnid=uKMzRnFwU4eoEM:&tbnh=100&tbnw=150&prev=/images?q=secchi+disk&start=120&um=1&hl=en&sa=N&tbs=isch:1&um=1&itbs=1�


Bay Bottom
Dredged Navigational
Channel

Submerged Headland

Shore Face

Shore Complex

Washover-Fan Flat

Bay Bottom

Navigational Channel

Data Collection - Recommendations



Mainland Cove

Submerged Headlands

Bay Bottom

Data Collection - Recommendations



Submerged Stream Valley

Data Collection - Recommendations
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