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The mollic epipedon in Soil Taxonomy is the standard bearer that the other epipedons are compared to. As such, the meaning and criteria should be clear and concise. The current definition of a mollic epipedon, however, is unnecessarily long and complicated making it difficult to read, apply, and understand (see the last two pages of this document for the current definition). As examples of the complexity of the definition consider that there are 8 criteria, many of the criteria have multiple parts. Therefore, to include all of the multiple parts there are 29 colons or semi-colons, “and” or “or” is used 74 times to link the criteria and parts. Of the 576 words in the definition, 217 words (38%) are used just to define the minimum thickness requirement. The section on the thickness requirement uses “and” or “or” 26 times to link the criteria.  The complexity of the definition and criteria are acknowledged in the Guy Smith Interviews. Of all the headings for the various discussions on diagnostic horizons and epipedons, only the mollic has a subheading which reads: “The Mollic Epipedon: an Illustration of the Evolution of the Limits of Taxa and Definition of Criteria in the Development of Soil Taxonomy”.

The objective of this proposal is to reformat and streamline the definition and requirements of the mollic epipedon to make it much easier to read, apply, and understand. 

Proposed definition:

Mollic Epipedon
Required Characteristics
The mollic epipedon consists of mineral soil material. The top is at the mineral soil surface and the bottom is the base of the deepest component horizon that meets all requirements of part 1. 

1. Component horizons1 have the following properties:
a.   Dominant color2 with: 
(1) Value 3 or less, moist and 53 or less, dry; and
(2) Chroma 3 or less moist; and
b.   0.6 percent more organic carbon than the parent material4; and
c.   Base saturation by NH4OAc of > 50%5; and
[bookmark: _GoBack]d.   Do not occur beneath a horizon that is 7.5 cm or more thick containing fine stratifications (5 mm or less thick) in 50% or more of the volume; and
e.   Soil structure (or clods from plowing) in 50% or more of the volume; and
f.    Are not fluid; and
2.   The minimum combined thickness6 of component1 horizons that meet all of part 1. is one of the following:
a.   10 cm if: 
(1)  The deepest component horizon directly overlays a densic, lithic, or paralithic contact, a petrocalcic horizon, or a duripan; and 
(2)  The mixed texture class of all component horizons is finer than loamy fine sand; or 
b.   18-25 cm if any component horizon has texture class finer than loamy fine sand; and 
(1) 1/3 of the depth to the bottom of any: argillic, glossic, kandic, natric, spodic, or cambic horizon; or
(2) 1/3 of the depth to the top of: a duripan, identifiable secondary carbonates, or visible secondary gypsum; or
c.   18 cm if the soil has none of the diagnostic horizons or conditions in part 2.b above; or
d.   25 cm.

________________ _____________________ ____________________ _______________ 
[bookmark: _Hlk74046178]1  An albic horizon that has moist chroma of 2 or less, with lower boundary 18 cm or more below the mineral soil surface may be present in between component horizons.
2  The color requirement is waived for recent surficial deposits less than 7.5 cm thick that overlie component horizons that meet the color requirements. 
3  Dry color is waived in soils with more than 15% CaCO3 equivalent.
4  Unless a parent material is known to contain organic carbon, a value of 0.0 % may be assumed.
5  As measured by any lab or field test approved by USDA. In lieu of a measurement, a field estimate of base saturation > 50% can be made with confidence if the horizon contains primary or secondary gypsum, anhydrite, soluble sodium salts, visible secondary carbonates; or the soil matrix is effervescent; or the pedon contains a natric horizon.
6  The thickness of an albic horizon that occurs between component horizons does not count toward the minimum thickness of the epipedon.

Justification for changes from the version in the 12th Ed. of the Keys:
Opening paragraph – Some people were not sure if Criteria 1-8 get applied to every horizon or to the whole epipedon. This could lead to circular reasoning errors, so we clarified it. 
The “mixing of the upper 18 cm” sentence is very confusing, and may lead to inconsistent application that encourages people to identify mollic epipedon based on hypothetical plowing to 18 cm. That mixing is not used in any other epipedon except umbric, which was written as a duplicate to mollic except for base saturation. The criterion was probably in place to prevent recent, thin (< 7.5 cm), light-colored wind-blown depositions or winnowing of organic matter by wind erosion in the upper few centimeters from disqualifying the underlying mollic epipedon (i.e., to allow thin, less dark horizons over dark ones). 
[bookmark: 1.7_Methodology_Used_to_Develop_Soil_Tax][bookmark: _bookmark0]I could not find any evidence that using the mixing to 18 cm rule was acceptable if the soil in native condition failed to meet mollic colors at the 18 cm depth. Yet, if some native rangeland soils (Zahl) with only 10-13 cm of mollic colors are mixed or plowed to 18 cm, the mixture may meet mollic colors and carbon. According to Guy Smith (Interviews, page 23, Q 93) “It was the intent that we would not change the classification of a soil as a result of plowing a few times to a normal plow depth.” So the 18 cm mixing rule used to “thicken” the epipedon or to make something meet the color and carbon is contradictory to that statement. There is a distinct difference in setting criterion in the definition and using those criterion for making soil maps. Soil mappers may decide that soils that fit just outside of the criteria listed above are similar soils and may be mapped together with soils that meet the criteria. 
The 18 cm mixing criterion was moved to a footnote for mixing of colors in case of recent depositional deposits, and eliminated for use in thickening the epipedon. 
The proposed set of criteria sets qualifying values for all component horizons of the epipedon in part 1, and then specifies the depth requirement in part 2. Footnotes are added to clarify. The order of the criteria was rearranged in the simplified version to be more logical. 

1. Criterion 1 - This is an old exception criteria mentioned in the Guy Smith Interviews (page 33). It is almost never applied in the field because if the soil has the right colors and carbon it is almost never massive. There may be some minor exceptions in Australia, Central Texas (Thurber series), and California Central Valley. However, after the definition of massive was changed to “aggregates with diameter 30 cm or more across”, this exception is no longer used in the Central Valley of California where it was conceptualized in the USA because the soils are no longer considered massive. (no series use this now). According to Guy Smith (page 32) “In regard to the hard/massive criterion in the definition of the mollic epipedon, I don't know what problems have been encountered in the field. I know the soils that caused the formulation of this requirement are some of the Xerochrepts and some of the Xeralfs in southern California. When one samples these soils in the summer, you start with an air-hammer to get through the epipedon. It is just that hard, it is like digging in concrete. When moist, these soils would seem to have discernible structure in the epipedon, and they're easy to plow, they are soft and easy to dig.” 
The question of whether this criterion was needed or practical was discussed without conclusion by Guy Smith to questions 145 and 46 on pages 123 and 124 of the Interviews. Questions about this are discussed in the Guy Smith Interviews on pages 175 and 176. He states that “The Mollisols in the U.S. do not present these same problems with sampling or plowing since they are structured enough that they may be plowed when dry.” Also, referring to such soils, he states that even in Australia “They may disappear over a distance of only three or four miles.” This means the exception is not widespread, and that it can be handles through alternate means than adding to the criteria above. I could only find one soil series where the criterion of massive and hard has been applied. It is the Thurber series in Texas. Thurber meets all other qualities of a mollic epipedon, but the yields are lower than all other Mollisols in the survey areas, so the hard and massive criteria were employed to keep it out of Mollisols. Thurber is classified as an Alfisol. Being hard when dry and massive criteria could be moved to become Subgroup or Series or even “Hard-setting” phase criteria because being hard and massive affects productivity of the soil, but all other properties of the mollic epipedon are still met. That would both simplify the definition and still identify the hard-setting soils on soil maps.
2. Criterion 2 – We believed the term “rock structure” was unnecessary and added a bit of confusion, so we replaced it with simpler language. Requiring less than 50% rock structure also does not prevent the soil from being massive, which was not allowed in the older mollic criteria. The 7.5 cm criterion is there as an upper thickness limit for recent surface erosion depositions to prevent part of the mollic from being underneath a mantle of new material, as defined in Chapter 1. Were mantle of new material defined in chapter 3, we would have said more simply that component horizons “Do not occur under a mantle of new material”.
3. Criterion 3 – Subparts 3b and 3c are exceptions to the dry and color. There are some soil series that may not meet dry color value if they contain 15% or more CaCO3 either before or after plowing. The dry color value of 5 or less is waived (criterion 2.b. in the existing definition and 3.b. above) because CaCO3 % is a white pigment when dry. Is there a field surrogate for 15% CaCO3 %? However, from a Pedon Database study, there are 321 mollic subhorizons (out of 3309 total mollic epipedon subhorizons) that have >= 15% CaCO3, meet the organic carbon requirement, and do not meet moist value 5 or less colors. This is 10% of the data that are complete enough to be verified. Of those 321 mollic subhorizons only one is within the upper 18cm and three others are between 18 and 25 cm 25cm. Therefore, the impact of removing the color waiver is minimal based on lab data. 
I could not find any existing soil series that use criterion 3.c. Removal of 3.c should not affect any existing soil series and no soil mapping. But it may not be necessary to add that footnote. There are 100 mollic component horizons (out of 3,309) that have > 40% CaCO3 and that are value 5 or darker moist and have enough OC. Of those, only 4 of (4%) that are in 3 pedons (3%) would be eliminated from being part of a mollic if Criterion 3.c is removed (data from Andrew Brown). It can be removed without significant impact.
4. Criterion 4 – We felt that we should provide some surrogate measurements for a base saturation of 50% or more to allow field determination of that property, and did so in a footnote. We think that other surrogates should be investigated for addition since lab measurement of base saturation is seldom available and since many university soil labs are no longer in full operation. Data from Andrew Brown confirmed the field surrogates were reliable indicators of > 50% base saturation.
5. Criterion 5 –The criterion was complicated by rare exceptions that were probably only used for black, high carbon parent materials. In 5.a, the 2.5% OC value is aligned with Criterion 3c for soils with 40% or more CaCO3. We could not find any soil series that employ Criterion 3.c or 5.a. In 5.b, we looked at the 0.6% threshold and almost all mollic epipedons in the part of the Eastern USA that have dark shales typically have more than 0.6% more OC than the C horizon. Criterion 5.a and 5.b are cross-listed with color requirements and that becomes complicated.
6. [bookmark: _Hlk74046111]Criterion 6 – The language was simplified and reorganized from the original. A single thickness (such as 20, 21.5, or 25 cm) could not be used because of impact to exiting series and mapping. There are 199 series that are <= 18 cm and directly over bedrock. Using a set of 4405 series with a mollic epipedon range specified in the range in characteristics: 
 - 100/4405 would be split if 18 cm was the minimum (I assume these are mapped as Mollisols assuming mixing of the upper 18 cm).
 - 1364/4405 would be split at 20 cm (I assume this means the listed minimum thickness of the mollic is 18 cm)
 - 1624/4405 would be split at 21.5 cm (I assume this means the listed minimum thickness of the mollic is < 21.5 cm)
 - 1683/4405 would be split at 25 cm (I assume this means the listed minimum thickness of the mollic is < 25 cm) (Data from Andrew Brown, NRCS)
As far as the effect on soil mapping, however, little is to be gained by arguing over a few centimeters of difference (18 vs 20). According to Guy Smith (page 11) Soil differences that change the classification of the mapping unit from one order to another, perhaps from Inceptisol to Mollisol because of a difference of a few centimeters in the thickness of the epipedon which changes it from ochric to mollic, may not be relevant to the use of the soil. If, both the soils with and without the mollic epipedon have exactly the same family modifiers in the family name, it is unlikely that this difference is going to be relevant to any particular use. Therefore, in selecting the name, the maker of the map may select whichever of these taxa are more extensive in the field.” According to Guy Smith Interviews (page 80) “If we put a limit of 25 cm of thickness as the minimum that we would recognize, then we exclude the drier range of the soils in the Great Plains. If we develop a sliding scale, based on the depth to secondary lime, with the maximum thickness of 25 cm, then we could tie them [the old Chestnut, Chernozem and Prairie Soils] all together.”
Glossic and kandic horizon were added to the list of subsoils that could logically have a mollic epipedon above them. Oxic was removed because there are no soil series or lab data pedons with an oxic and a mollic, and the combination is illogical. Fragipan was removed because only 1 soil series was found with both fragipan and mollic, and the minimum thickness of mollic in that series is set at 25 to 50 cm, so the fragipan would never enter into the classification criteria. We added visible secondary gypsum to the list of features along with visible carbonates. 
7. Criterion 7 – The moisture and irrigation criterion is very conceptually challenging, and not measurable during field sampling. The question is why it is needed at all, because there are current and relict mollic epipedons in both xeric aridic and ustic aridic; possibly even typic aridic. The criterion is not the same as the aridic SMR definition. The intent seems to be to prevent non-irrigated soils in areas too dry to support grass vegetation from being Mollisols. On page 123, Guy Smith Interviews, he said “We said that if you had a mollic epipedon, a Mollisol could have an aridic moisture regime” in answer to question 145. 
According to Joe Chiaretti, former NSSC soil classifier in Lincoln, “The key to suborders for Mollisols (p 212 of Keys to Soil Taxonomy, 2014) states that both Xerolls and Ustolls can qualify based on two sets of soil moisture regime criteria.  Note for example that Xerolls are described as [Other Mollisols that have either a xeric soil moisture regime or an aridic soil moisture regime that borders on xeric.]"  and “There are many soil series in Nevada classified as Xerolls. A quick analysis I did of them a few years ago showed slightly more than half of them are described in the OSD as having an aridic soil moisture regime and the rest have either an aquic or xeric soil moisture regime.” Since the criteria are not measured, the criterion requiring long-term measurements seems to serve no useful purpose as written. The application for mapping may be useful to separate typic aridic from xeric and ustic aridic, based on associated vegetation indicators. Field soil scientists use key vegetative indicators to help them identify SMR and intergrades (i.e., xeric aridic) rather than applying the verbiage in Criterion 7. 
Another solution to removing the moisture requirement would be to create a new suborder of Torrolls if Aridisols were allowed to have a mollic epipedon along with ochric and anthropic. Guy Smith also talked about Ustollic Aridisols, although they do not currently exist. Guy Smith seemed intent on using observable field properties and vegetation for soil mapping, and since soil classification is used a s abasis for making and interpreting soil survey, would should avoid complex measurements such as this criterion that are not possible to make without long-term studies. He stated on page 204, in reference to using properties to estimate moisture regime “ This was all done to avoid the necessity of actually determining the moisture regime”. Also, on question 83, Guy Smith Interviews page 102, Guy talks about not wanting long-irrigated desert soils to be included in Mollisols. That may be another reason the soil moisture requirement was included. However, those irrigated soils may be included now as Artesols in a new proposal. 
8. Criterion 8 – the n value criterion is suggested to be replaced with the more practically-measured fluidity rating. There is a question of whether it is needed at all, since mollic epipedons are not found in soils that are fluid. In fact, soils that are fluid do not have structure, so if we require soil structure, we should not need to require soils to be non-fluid. 



Mollic Epipedon
Required Characteristics
[bookmark: _Hlk96927755]The mollic epipedon consists of mineral soil material and,
after mixing of the upper 18 cm of the mineral soil or of the
whole mineral soil if its depth to a densic, lithic, or paralithic
contact, a petrocalcic horizon, or a duripan (all defined below)
is less than 18 cm, has the following properties:
1. When dry, either or both:
a. Structural units with a diameter of 30 cm or less or
secondary structure with a diameter of 30 cm or less; or
b. A moderately hard or softer rupture-resistance class; and
2. Rock structure, including fine stratifications (5 mm or less
thick), in less than one-half of the volume of all parts; and
3. One of the following:
a. Both of the following:
(1) Dominant color* with a value of 3 or less, moist,
and of 5 or less, dry; and
(2) Dominant color with chroma of 3 or less, moist; or
b. A fine-earth fraction that has a calcium carbonate
equivalent of 15 to 40 percent and colors with a value and
chroma of 3 or less, moist; or
c. A fine-earth fraction that has a calcium carbonate
equivalent of 40 percent or more and a color value of 5 or
less, moist; and
4. A base saturation (by NH4OAc) of 50 percent or more
throughout; and
5. An organic-carbon content of:
a. 2.5 percent or more if the epipedon has a color value of 4
or 5, moist; or
b. 0.6 percent (absolute) more than that of the C horizon (if
one occurs) if the mollic epipedon has a color value less than
1 unit lower or chroma less than 2 units lower (both moist
and dry) than the C horizon; or
c. 0.6 percent or more and the epipedon does not meet the
qualifications in 5-a or 5-b above; and
6. The minimum thickness of the epipedon is as follows:
a. 25 cm if:
(1) The texture class of the epipedon is loamy fine sand
or coarser throughout; or
(2) There are no underlying diagnostic horizons
(defined below) and the organic-carbon content of the
underlying materials decreases irregularly with increasing
depth; or
(3) Any of the following, if present, are 75 cm or more
below the mineral soil surface:
(a) The upper boundary of the shallowest of any
identifiable secondary carbonates or a calcic horizon,
petrocalcic horizon, duripan, or fragipan (defined
below); and/or
(b) The lower boundary of the deepest of an argillic,
cambic, natric, oxic, or spodic horizon; or
b. 10 cm if the epipedon has a texture class finer than
loamy fine sand (when mixed) and it is directly above a
densic, lithic, or paralithic contact, a petrocalcic horizon, or a
duripan; or
c. 18 to 25 cm and the thickness is one-third or more of the
total thickness between the mineral soil surface and:
(1) The upper boundary of the shallowest of any
identifiable secondary carbonates or a calcic horizon,
petrocalcic horizon, duripan, or fragipan; and/or
(2) The lower boundary of the deepest of an argillic,
cambic, natric, oxic, or spodic horizon; or
d. 18 cm if none of the above conditions apply; and
7. Some part of the epipedon is moist for 90 days or more
(cumulative) in normal years during times when the soil
temperature at a depth of 50 cm below the soil surface is 5 oC or
higher, if the soil is not irrigated; and
8. The n value (defined below) is less than 0.7.
