Soil Description – Thor Thorson

The field description is the basic piece of information from which we classify, interpret and correlate soils.  The description must be as complete as possible with all layers described or noted.  How we classify, interpret and correlate soil today may change in the future and what we consider important or insignificant today will probably be different tomorrow.  How we classify a soil or how much time it may take to populate data or information should not be used as a reason to compromise a complete and accurate pedon description.

Present rules/guides in the SSM and NSSH contain definitions for the use of ashy, medial and hydrous textural modifiers along with "para" for non-lithic fragments.  These relatively recent changes have provided new tools for describing soils forming in tephra, but they need to be used.  Many changes have been incorporated into the re-issued SSM, Soil Taxonomy, and NSSH in recent years; it is our responsibility to maintain our technical skills.  However well technical guides are written, it is not always easy to apply the guides consistently.  The use of lithologic discontinuities and the subscript "b" when horizonating multi-layered tephra deposits needs review and discussion.  Attached are two series descriptions (Suttle and Minkwell) in which lithologic discontinuities and the "b" subscript are used.  Are they used properly according to our current guides?  In multi-layered tephra deposits, the use of discontinuities and "b" subscript can be over-used.  Review the guides for discontinuity and "b" subscript use, and apply them to the pedons observed in the field.  My personal feeling is that we have adequate tools/terminology available to describe multi-layered tephra soils, we need to make use of them, and use them consistently.  

Not every tephra layer needs to be described as an individual horizon; but all layers need to be described.  If a layer is "thin" or "similar to" an adjacent horizon, it could be described as a note within the horizon.  If the layer is described as a note, make sure the note is complete and expresses when is seen in the profile.  Many times horizons notes are vague and not complete.  The distinctness, degree of contrast, and presence and continuity of layers across a landscape all enter into the decision process in determining if a layer is described as a horizon or note.  Just as we have lumpers and splitters in mapping we also have lumpers and splitters in describing.  

What constitutes a minimum thickness for a layer to be described as a horizon or note needs to be flexible.  When classifying Andisols and the determining of the family particle-size class, the rules for the use of substitute class, strongly contracting, cumulative thickness, thickest part and horizon thickness all need to be considered when layers are described as horizons and/or notes.  If multiple thin layers are described as a note in a horizon, they become part of that horizon thickness and are included with that horizon when determining the family particle-size class.  If the same layers were combined with a different adjacent horizon or described as individual horizons, the family particle-size class could be different because of the rules for cumulative thickness, thickest part and layer/horizon thickness.  Example, if a 2 cm thick ashy loamy sand layer is described as a note with a 15 cm thick medial sandy loam horizon, the medial horizon is now 17 cm thick for calculating cumulative thickness or thickest part.  This 2 cm difference can influence the family particle-size class placement especially if many "thin" layers are described as notes and not horizons.  Therefore, the rules in classification, when determining the family particle-size class, need to be taken into account when describing a profile with "thin" layers.  

A layer one centimeter thick should be described as a horizon if it is "contrasting" to adjacent layers or is considered a defining stratographic marker and definitive for the series.  A layer several centimeters thick could be described as a note, if it is "similar" to adjacent layers.  A decision to describe a layer as a horizon or as a note should not be based on the ability or inability to sample the layer cleanly for laboratory analysis.  Thus, a layer may be described as a horizon but that layer may not be able to be laboratory sampled cleanly. Conversely, a layer may be able to be sampled but is may be described as a note.

Sampling Soils with Multiple Thin Horizons -- Mike Wilson

1. Laboratory characterization (sample preparation and analysis) is expensive and time consuming.  Each site in the field should be chosen carefully to be representative of the mapping unit or landform type.  

2. Cost of data requires that we maximize the utility now and in the future.  Realize that this site and pedon are now part of a permanent record and these data (field and laboratory) will be used by many other scientists in the future.  Many of these scientists will be unfamiliar with these soils, but will use these data as part of a larger set for a purpose unrelated to the original intent.

3. The field description is as important and invaluable to the complete data set for the site as will be the laboratory data.  Completely and accurately describe the pedon and site.  Provide a complete morphological description (all horizon features, all horizons possible, all site features, field classification, georeference location).  Provide information for the permanent record for persons unfamiliar with the area or soils.  

4. Sample each horizon described thoroughly.  Sample from the upper to the lower boundary for each horizon.  Sample laterally across the exposed profile face.  Thoroughly mix each horizon, removing and weighing rock fragments, prior to taking sample for laboratory analysis.  Record weight of fragments < 75-mm and volume of rock fragments > 75-mm.  Record composition and degree of weathering of these fragments.

5. If time, thickness, or discontinuity of certain horizons preclude complete sampling, determine sampling scheme based on one or more factors:

· Providing a complete range of sample types for analysis through the depth of the profile (at least 2 m if possible). Look for repeating patterns of texture or chemistry.

· Sampling to address major concerns or information needs, such as water movement, chemistry of selected horizons (surface, control section, multiple tephra units or parent materials), translocation of materials with or between pedons, or types of organic constituents.

· Complete sampling of horizons in upper depths and combining horizons in lower depths.

6. If thin, repeating patterns of horizons are noted, it may be necessary/possible to combine these horizons for ease of sampling.  At least one of these sequences should be dissected (each component sampled separately) to determine and document the range of field and laboratory properties.

7. Do not sample control sections as a single horizon.  If laboratory data does not support field-determined classification, control section depths may change.  Also, Soil Taxonomic criteria changes over time as more information is determined relative to soils of a specific group or geographic area.

8. Surface organic and mineral horizons provide much of the information relative to plant growth and nutrient status.  Carefully examine organic layers and subsample if possible.  Do not sample a single surface mineral horizon if > 5-cm or if changes are noted.

9. Ensure that materials of different texture, mineralogy or age are documented by samples.  Markers of tephra deposits should be recorded on the description.  If there is interest in movement of soluble constituents within a profile, sample both eluvial and illuvial horizons.

Soil Series Differentia – Russ Langridge

Mount St. Helens has erupted numerous times over the past 40,000 years and has resulted in an abundant source of tephra throughout the Pacific Northwest.  Countless tephra deposits as impacted by time, climate, topography, and biological influences have all contributed in development of the soils of the area.  Tephra sets (see addendum) from this volcano have served as useful  markers in the soil mapping process.  Generalized mapping concept guides using known tephra events and their aerial distribution have been developed by soil scientists to help in the consistent identification of soils and landscapes.  The illustration below represents an example of the relationship between soil series and associated tephra sets from which they formed relative to their proximity to Mount St. Helens.

[image: image1.wmf]
Using guides such as this, in addition to developing soil/landscape relationships, plant association/soil climate relationships, etc., soil scientists can more consistently account for and represent the natural  soil variability occurring over the landscape. 

To be sure, soils formed in multi-layered tephra present one set of challenges when field mapping and yet another set when attempting to define a series with a given taxonomic classification and range of characteristics.  In a way,  the art of mapping multi-layer tephra soils seems to more easily handle the soil variability using landscape position, climate, plant associations, management interpretations, etc. , than the science of defining a series concept of a multi-layer tephra soil with a very specific classification and range of characteristics.  The presence or absence of a specific layer or horizon with unique characteristics (stratigraphic marker), the relative range in thickness of any given layer or horizon, the presence or absence of contrasting particle-size classes, whether the aniso class is met, the degree of andic properties or lack thereof, etc. are but a few factors which can easily move any given multi-layer tephra soil into and out of a different family class, subgroup, great group or even soil order.

The presence, absence and thickness of horizons or layers are critical factors in determining the taxonomic classification and defining the range of characteristics for a series.  If a layer or horizon is used as a stratigraphic marker, it must always be present although its thickness may vary.  As an example, the relative thickness of a pumiceous surface layer of "T" set tephra (no andic properties) over an ashy layer of "X" set tephra (andic properties) is of significant importance as to whether the soil will be an Andisol or Entisol and in turn, how the PSCS will be defined.  When a stratigraphic marker is used in determining the family particle-size class, its thickness both minimum and maximum will be critical.  Because the family particle-size class in multi-layered tephra soils involves substitute classes, strongly contrasting particle-size classes,  thickest part and cumulative part; the presence, absence and thickness of all horizons within the PSCS can be significantly restricted when attempting to define a range for a series.  If the occurrence and thickness of horizons change across the landscape, there is a very high probability the family particle-size class will change.  If a contrasting layer or horizon is less than 5 inches thick, it is no longer considered thick enough for contrasting, thus a horizon thickness range of 1 to 8 inches would not be allowed if the layer or horizon is part of the contrasting particle-size class.  Given the complex rules for determining family particle-size class, there is little room for establishing ranges for series, and depth to and thickness ranges for horizons.  Instead of defining ranges for master horizons, should we consider ranges for zones of thickness (cumulative or contiguous) within the PSCS?

Because multi-layered tephra deposits are interesting to geologists and volcanologists, many eruptive events have been dated and traced to their source; i.e., Mt. Mazama, Glacier Peak, St. Helens T, X, W etc. The presence or absence of these deposits, within a profile, tell part of the soils history of formation.  Soil series have been and continue to be recognized based on the presence or absence of a single deposit or multiple deposits. Although the presence or absence of deposits is a distinguishing feature in mapping and correlation of series, it is not competing series criteria.  If these deposits are to be used as a distinguishing feature for series differentia, the deposits need to be characterized for a range in soil properties. The presence or absence of the properties associated with the deposit then becomes the series differentia.  Mount St. Helens tephra characteristics currently being considered for series differentia are included in Exhibit 2, Mount St. Helens Tephra Characteristics.

The natural variation present in multi-layered tephra soils and the resulting challenge involved with defining a soil series concept, gives rise to the need for elevating our awareness of this issue during the workshop.  Questions to consider this week as we view pedons and discuss issues may include:  What constitutes the need for defining a different series in a many-layered tephra soil?  How should the range in characteristics be described for a given tephra set with contrasting textures?  Should ranges for specific zones be defined rather than master horizons?  Is it appropriate to use identifiable tephra deposits to define a series?  Should defined characteristics of a tephra set be used rather than the presence or absence of a given tephra set:

Exhibit 1

GEOLOGIC HISTORY OF TEPHRA OF MOUNT ST. HELENS

Tephra     

Layer (Set) 

Age (Yr)


    
    Nature of Event                                          

T


190 – 140


Eruptions of dacitic tephra; a dacite dome;








andesite lava flows.  General direction – NE

X


500 – 450


Eruptions of dacitic and andesitic tephra; dacite

W






domes; andesite lava flows; pyroclastic flows.








General direction – N-NE-E




1,150



Eruption of dacite dome; pyroclastic flows.

U




I
Subset  B
2,500 – 1,700


Eruptions of basaltic, andesitic, and dacitic 

UN






tephra and scoria; basaltic and andesitic lava

L






flows; pyroclastic flows.

P


3,000 – 2,500


Eruption of dacitic tephra; dacite domes; 








pyroclastic flow. 

Y


4,000 – 3,300


Eruptions of dacitic tephra; dacite domes;








pyroclastic flows. General directions – N and E

J/C


13,000 – 8,300

Eruptions of dacitic tephra; dacite domes; lithic








and pumiceous pyroclastic flows; included 








dormant intervals of few centuries to as much as








3,000 years.  Latter part of Fraser Glaciation.

K


21,000 – 18,000

Eruptions of pumiceous tephra; dacite domes and 

M






lava flows; lithic and pumiceous pyroclastic 








flows; included dormant interval during Fraser 








Glaciation and alpine glaciers.

C


40,000 – 36,000

Eruption of tephra; pumiceous pyroclastic flows;








lahars of lithic material.

Exhibit 2

MOUNT ST. HELENS TEPHRA CHARACTERISTICS

1. Soil horizons can be successfully dated to known tephra sets by stratigraphic position, texture, mineralogy, and radio-carbon dating.

2. Issue:  Can one become proficient by use of visual ID of tephra  characteristics in order to set up soil concepts and design map units?

3. Spodic horizons and andic properties form in horizons derived from St. Helens tephras with a maximum age of 450 years B.P. under udic/cryic soil conditions.  Andic soil properties also assumed to occur under udic/frigid conditions.

4. Andic properties do not occur in all horizons derived from tephras older than 450 hears B.P.  This appears to be due to (at least partly) to the erratic amounts of glass that occur within the tephras sets of the same age, and among tephras of different ages.  St. Helens glass is highly porous and therefore weathers quickly.

5. Spodosols are assumed to be present under cryic and udic conditions with mountain hemlock plant communities (very moist).

6. Under udic/cryic soil conditions, P-retention can exceed 25 % in horizons derived from tephras more than 150 years B.P. and exceed 90 % in those at least 3,000 years B.P.

7. Mineralogy is dependent on what blew out of the mountain at the time of the event.   Limited lab data currently reflects glassy or mixed mineralogy based on amount of glass and limited acid-oxalate Al and ½ Fe values.

8. Generally speaking, the tephra sets less than 150 years B.P. will not have andic properties while tephra sets with a maximum age of 450 years B.P. can have enough ash and weathering to give andic properties.

9. Young and relatively thick tephra deposits lack cambic horizons (usually based on coarse textures) and classify as Entisols since they do not meet andic property criteria and Andisols.  Where there were buried surface horizons, irregular decrease in organic carbon actually placed these soils in a Fluvents suborder.  This has been revised in taxonomy to reflect the Orthents suborder (Vitrandic Cryorthents).

10. The coarse pumice/cinders with no ash that are sometimes represented by the T and W tephra sets, do not have enough ash and weathering to give andic properties.  Where there is a component of ash added to the dominating pumice/cinders of the W set, lab data seem to suggest that there can be enough weathering to result in andic properties although barely.  The older Y tephra set even though dominated by pumice/cinders has a weathered component of ash resulting in andic properties.

11. Tephra characteristics currently being considered for series concepts:

· T-set


White layer close to surface

Dominanly coarse pumice (< 150 years)

Ashy-pumiceous to pumiceous

No andic properties

< .4 % Alox + ½ Feox; 30 – 60 % glass; 15-bar 10%; P-ret 25 – 35 %; glassy  mineralogy; textures – pgrx locos, pgrx cos; dacite rock type from Goat Rocks Eruptive Stage

· X-set

Dark ash with some lapilli (<450 years)

Ashy to ashy-pumiceous (minor)

Andic properties

.4 – 1 % Alox + ½ Feox; 30 – 60 % glass; 15-bar <10 %; P-ret 35 – 50 %; glassy mineralogy; textures – pgr and pgrv fsl, sl, los; andesite rock type from Kalama Eruptive Stage; can have a minor component of dacite based lighter material

· W-set

Light colored pumice/cinders (<450 years)

Ashy-pumiceous to pumiceous

Andic properties (ashy-pumiceous) ; no Andic properties (pumiceous)

.4 – 1 % Alox + ½ Feox; 30 – 60 % glass; 15-bar <10 %; P-ret 35 – 50 %; glassy mineralogy; textures – pgrx locos and pgrx cos; dacite rock type from Kalama Eruptive Stage

· D-set

Light colored ash from Sugar Bowl Eruptive Stage (very thin tephra layer); dacite rock type.

· B-set

Light to dark colored ash, ash/lapilli, and lapilli/ash of varying dominance (<2,500 years)

Ashy to ashy-pumiceous

Andic properties

.4 – 1 % Alox + ½ Feox; 30 – 60 % glass; 15-bar <10 %; P-ret 35 – 65 %; glassy mineralogy; textures – pgr and pgrv fsl, sl, los; mix of dacite, andesite, and basalt (minor) rock types from Castle Creek Eruptive Stage

· P-set

Medium dark colored ash and ash/lapilli (<3,000 years)

Ashy to ashy-pumiceous

Andic properties

.4 – 1 % Alox + ½ Feox; 30 – 60 % glass; 15-bar <10 %; P-ret 35 – 65 %; glassy mineralogy; textures – pgr and pgrv fsl, sl, los; dacite rock type from Pine Creek Eruptive Stage

· Y-set

Medium dark to light yellowish ash/lapilli and lapilli/ash (dominant) (<4,000 years)

Ashy-pumiceous 

Andic properties

1 – 2 % Alox + ½ Feox; 25 – 60 % glass; 15-bar <10 %; P-ret 35 – 50 %; glassy mineralogy; textures – pgrx and pgrv sl; dacite rock type from the Smith Creek Eruptive Stage

