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Summary

Horizons in four selected Andisols of Gifford Pinchot National Forest, WA were studied to determine properties and investigate origin of Fe segregations.  Horizons are composed of Mt. St. Helens ash ranging in age from 20 to 4000 yr.  Segregations, ranging from irregular masses (mottles) to nodules, were postulated to result from either (1) redoximorphic conditions created due to horizon differences in pore size distribution, (2) "typical" pedogenic weathering of minerals, or (3) eluviation of Fe via organo-metallic complexation.  Understanding genesis of segregations will provide information on water and solute movement within soils composed of multiple tephra units.  The depth function of pH and acid oxalate Fe and Al indicate that eluviation of organically-complexed Fe and Al is not a factor.  Degree of plasma aggregation within horizons is associated with amount of noncrystalline aluminosilicates.  This highly porous fabric likely precludes development of consistent patterns of redoximorphic features associated with water flux.  Selective dissolution and soil fabric analysis suggests that perching of water created by textural differences between horizons increases weathering of tephra relative to other horizons.  Features that appears to be "redoximorphic concentrations" are likely derived via in situ weathering and limited Fe migration.  Segregations observable at the microscopic scale appear to be associated with noncrystalline aluminosilicates (allophane) in addition to Fe oxides.

ANALYTICAL DATA EXAMINED

Micromorphology (Soil fabric in thin section)

· organization of fabric 

· presence and location of redoximorphic features 

· weathering of sand-sized primary minerals

Macromorphology (Field and site description)

· Site features – landform, geology, slope, aspect, drainage

· Tephra units and age 

· Horizon features – horizon designation, matrix color, redoximorphic features (abundance and color), texture, rock fragments

Laboratory Data

pH – 

· information to help define weathering products (inorganic vs organic) in andic/spodic soils.  (e.g., Al complexation by organic functional groups requires pH < 4.8.  At higher pH, inorganic secondary minerals (e.g., allophane, halloysite) form.

Acid oxalate-extraction (Feo, Alo, Sio) – 

· Extracts organically-complexed Fe and Al, and noncrystalline compounds of Fe, Al, and/or Si.  

· Examine quantity, distribution in a tephra unit - determines degree and uniformity of weathering among horizons.  

· Alo/Sio ratio – A better ratio is (Alo-Alpyro/Sio).  Allophanic soils average 2.0; increase in ratio indicates greater Si mobilization (leaching) and possible formation of organo-metallic complexes; decrease in ratio indicates conditions favorable to formation of kaolinite/halloysite/opal.

· Alo/Feo ratio – Increases in ratio between consecutive horizons of a uniform parent material suggest increasing Fe mobility (loss) from a horizon.

Citrate dithionite-extraction (Fed, Ald) 

· Extracts total pedogenic Fe, Al (crystalline, noncrystalline, organically-complexed)

· Feo/Fed ratio – indicates relative crystallinity of Fe oxyhydroxides (ferrihydrite vs. goethite).

RESULTS

Lower Falls (SSL 00P554)

· Parent material (PM) 4 = Mt. St. Helens Tephra Set B (1,700-2,500 yr old), PM6 is older tephra unit.

· PM 5 (83-119 cm) = coarse sand

· Redox concentrations noted in PM4 unit in field, not observed in thin section.

· General increase in citrate dithionite and oxalate components in PM6 horizons relative to PM4 – indicates greater pedogenic weathering in older tephra unit. 

· Feo/Fed ratio in PM 4 unit is generally 1.0, but irregular suggests all pedogenic Fe is noncrystalline or organically-complexed.  Highest ratio is in 4Bw2 and 4Bw4.  No increase at contact with PM5.  Higher ratio in PM4 than PM6 indicates increase in crystallinity (age) of Fe oxides in PM6.

· Alo/Sio ratio in PM4 ranges 2.5 to 2.9.  

· pH ranges 6.0 to 6.1 throughout PM4 and 6.

· Fabric of 4Bw1, 4Bw2, and 4Bw4 differ from 4Bw3 (see photos).  Data indicates slight decrease in Feo, Sio, and Alo and 15 bar water retention in 4Bw3 horizon.

· In thin section, areas of color accumulation in 6Bw2 and 6Bw3 suggest zones of differential weathering or accumulation within horizons. May possibly suggest zones of preferential water flow within horizon.

Timbered Peak (00P555)

· PM2 horizons (2Bs and 2Bw ) are underlain by 4 cm of sand.

· Higher acid oxalate Feo, Alo, and Sio in PM 2 than Lower Falls pedon; acid oxalate values and Alo/Feo ratio higher in 2Bs than 2Bw.

· Alo/Sio > 5 in both PM2 horizons.  Possibly some Al complexed by humus, though pH within range for stability of allophane.

· No apparent segregation in PM 2 horizons in thin section.

· Segregations (see photos) in form of nodules present in 6Bw horizon and as bands in 7Bw1 horizon.  These horizons have higher 15 bar water retention, Alo, and Sio than PM2 horizons. 

Midway (00P556)

· Field description indicates PM3 (composed of 3Bw1, 3Bw2, and 3Bw3 horizons) is underlain by a horizon with higher sand.

· Sio, Alo, and Feo increase with depth in PM3 horizons.  Also note increase in Alo/Feo ratio with depth.  This is possible evidence of water perching within the PM3 unit above the underlying coarser-textured material.  

· Increase in acid oxalate corresponds to an increase in surface area in PM3 horizons.

· No segregations apparent throughout these thin sections of these 3 horizons, though 3Bw3 horizon has darkened areas of fabric.

· The fine textured appearance (in the photomicrograph) of the 3Bw3 horizon corresponds to an increase in fine silt.  Is this CSi separate composed of clay-sized aggregates?  Also, note the 27% increase in 3Bw3 glass content relative to the 3Bw2 horizon.  

Curley Creek Rd. (00P553)

· AC horizon is 1980 Mt. St. Helens ash and is underlain by buried O horizon and thin, sandy ash horizons.

· The PM4 material is composed of 6 horizons.  Only the 4Bw4 horizon had apparent segregations in fabric.

· Note general increase in Feo, Sio, and Alo with depth in the PM4 material.  Possible indication of perching of water above an underlying (coarser) material.

CONCLUSIONS

· Little to no evidence for spodic processes in these horizons.

· Evidence of perching water above sandy-textured horizons via increases in Alo, Sio, and Feo and ratios of Alo/Sio and Alo/Feo.  This perched moisture may increase weathering and mobility of Si and Fe relative to Al.  

· Porous nature of fabric likely results in inconsistent patterns of water movement (e.g., ped faces or other structural planes), therefore no consistent development of weathering/redox features.

· Plasma aggregation in microfabrics tied to elevated concentrations of allophane.

· Segregations occur in thin sections as either nodules with sharp boundaries or banding through fabric.

· Concentrated material in segregation is principally allophane produced during pedogenesis, with some noncrystalline Fe oxides incorporated.

