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1. Macro-climate. Both soils with and without silans 

may be observed in the same climatic region, e.g. northeastern 

Iowa; however, the soils in western Iowa where there is less 

rainfall generally do not contain silans. It is inferred that 

climate may provide some necessary condition, such as its in

fluence on vegetation, but does not itself determine the 

presence of silans in soils. / 

2. Parent material. Silans are known to exis.t and be 

absent in soils derived from similar kinds of loess and till 

in northeastern Iowa. These soil materials usually are medium 

textured. Silans have not been observed in sandy materials 

but may be present in more clayey materials. Silans have not 

been observed in calcareous soil materials but may or may not 

be present in leached soil materials. Other than being sandy 

and/or calcareous, the parent material appears to have little 

influence on the presence of silans. 

3. Topography. Silans are not known to exist in poorly 

drained soils and are thought to be either absent or of minor 

extent in excessively drained soils. Soils in northeastern 

Iowa considered to be imperfectly, moderately well and well 

drained may or may not contain silans. As many topographic 

or landscape positions are included in these drainage classes, 

it appears that topography is not solely responsible for 

silans. 

4. Time. Most exposed soils in Iowa are of Wisconsin 
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age and are thought to be generally less than 17,000 

years B.P. (61). Soils in northeastern Iowa that are thought 

to be of the same age may or may not contain silans, so It 

appears that length of exposure or development does not neces

sarily control silan development. 

5. Vegetation. Most of the better drained soils 

thought to have formed under prairie vegetation do not have 

silans except the ones in northeastern Iowa mentioned in this 

study. 

Most of the better drained soils in Iowa thought to have 

formed under deciduous forest do have Ag and Bt horizons; 

usually portions of the Ag and upper Bt horizons contain mate

rial that comes within the definition of silans as proposed 

in this study. In this study the presence of silans has been 

found to be associated with or inferred to be related to soil 

systems influenced by deciduous forest cover. The presence 

of silans in the subsoils of Brunizem soils is thought to 

generally be a relic feature and not related to pedogenesis 

influenced by prairie vegetation. 

The development of silans in subsoils of Brunizem soils 

is, therefore, thought to have been similar to the develop

ment of silans in the upper part of argillic horizons in 

present day Gray-Brown Podzolic soils. 

A model is proposed for the development of silans . The 

basic consideration is that a soil ped is essentially a 
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porous quartz rock containing impurities of clay and iron 

oxides. The peds exist in an environment of circulating 

acidic ground waters and the interactions of (a) oxidation 

and hydration, (b) dissolution and translocation, and (c) 

chemical and mechanical disaggregation operating, for the 

most part, on the impurities are responsible for the develop

ment of Bilans. Silans develop as alteration features at the 

surfaces of soil peds. 
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APPENDIX A: SOIL DESCRIPTIONS OF THE PALERMO FLAT 
AND SUNBURY FLAT PROFILES 

Palermo Flat Profile 

Location: 260 feet south a no. SO feet west of the center of 
Sec • 29, T 87 N, R 17 «V, in Grundy County, Iowa. 

Vegetation: Corn. 

Natural drainage: Moderately well. 

Parent material : Wisconsin loess. 

Slope : Nearly flat, about 1/2-3/4 percent to south and west. 

Collected by: R. IV. Arnold, October 14 and 15, 1962. The 
following description is based on a moist 
monolith taken at this site. 

Depth 
Horizon (in.) Morphology 

Apl 0-2 10YR 2.5/l(m) - 4.5/1.5(d); light silty clay 
loam; slightly compact massive clods breaking 
to moderate medium granular; friable; clear 
smooth boundary. 

The aggregates are 1-2 mm. in size and dif
ficult to separate into individuals. A 
channel about 1 mm. diameter, vertical orien
tation; vesicle 4x2 mm., walls not smooth but 
slightly compressed and have silty grains on 
surface. Other channels at about 30° from 
vertical; void wall with a smoothed wall and 
has lighter colored silt rrains on the sur
face which faces downward. A few fine crop 
roots present, mostly horizontal directions. 

Ap2 2-6 10YR 2/l(m) - 4.2/1.5(d); light silty clay 
loam; slightly compact, weakly massive break
ing to fine and medium angular fragments ; 
clear smooth boundary. 

At 5 1/2-6" there is a 2x111 glaebule hori
zontally oriented and is like a chamber and 
consists of tubules and channels (earthworms), 
some have fillings of clustered ellipsoids 



221 

(faecal debris and mineral matter), it is the 
same color as adjacent material but has a 
smoother coat as thougn troweled out. Sev
eral isolated patches of lighter brown soil, 
it has more coarse silt grains stained with 
oxides ana lac its the organic coat of the en
closing material. Some organic crop residues 
oriented nearly horizontally in this zone 
(plow mixing) . The soil aggregates tightly 
adhere to one another in this dry state, some 
range from 2-6 mm. altnough larger clusters 
exist. It may ce that 50;s of material is 
reworked (worms, etc.) 

A3 6-9 10YR .8/1 (m) - 4/1.8 (d) ; light silty clay 
loam; moderate medium granular; friable ; 
gradual smooth boundary. 

The aggregates are organized into larger 
units with some large voids crossing vertical 
axis at .30-45° • The bigger ones cut the 
vertical axis at 5-20 . One large planar 
void is highly complex and is comprised of 
hundreds of micro-faces of smaller aggregates. 
The ped elementary units appear to be 4-6 
mm., rounded blocky units at this energy 
state. There are darker, smaller sized 
aggregates (granular) along one joint plane 
which appear to be material sloughed from 
above. 

Bll 9-15 10YR 3/1(m) - 4/2(d) and 10YR 4/1.5(m) -
5/3(G) with some channel fillings of 10YR 
o/l(m) - 4/1.2(d); silty clay loam; moderate 
medium granular in upper part, moderate fine 
and medium subangular blocky in lower part ; 
friable ; gradual smooth boundary. 

At time of sampling 85-90/J of aggregates were 
medium granular, the rest were very fine. 
The most striking feature is the series of 
filled tubules in nearly vertical positions. 
One is 4-6 mm. diameter, another is 12-14 
mm. diameter; the tubules have smoother walls 
than the ped faces and the material is darker 
colored. There is one vesicle 8 mm. diameter 
filled with 1-2 mm.. egg shaped material, one 
cut showed three of these vesicles. The en
closing material is lighter colored. Several 
areas of structure when picked loose are like 
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segmented prismatic material about 15-18 mm. 
across and one was seen to have an oval hole 
5 mn.. across through the center of a segmented 
piece. Most pieces rre 5-10 mn;. thick and 
Ik,-20 mm. in diameter. Other aggregates are 
rounded blocky to blocky ped, 6-10 mi:.. long 
and 4-7 mm. across. 

Bl2 15-20 10YR 4/1.2 and 4/2(m• - 5/2 and 5/3(d); when 
dry some concave faces rre 10YR 5/2, convex 
faces 10YR 5/3 and edges 10YR 6/3 ; light 
silty clay loam; moderate fine subangular 
blociiy; friable; gradual smooth boundary. 

At time of sampling there were 50A- medium 
aggregates and 50. fine aggregates. The 
stacle units rre 1/8-1/4 " subangular blocks 
with some granular. The dancer colored mate
rial is less than 10 ;i. The large tubules 
and channels are less well defined. Hear 
top there is a slight dipping horizontal 
plane between 16-17" which traverses 2/5 of 
the tray; a weaker one at 18 1/2". A few 
channels 3-5 mm. but walls are not darkly 
coated. Some tubules through peds 1 mm. or 
less do have dark walls which are smoothed. 
By estimation the structural units by volume 
are: 11-18 mm. 60%; 5-11 mm. 30.c; 1 1/2-
5 mm- 8,'j; less than 1 1/2 mm. 2,-2. The units 
are oriented vertically. 

321 20-2'-' 10YR 4/2.5 and 4/3(m) - 6/3(d) exteriors with 
10YR 5/3 end 5.8/3(d) interiors ; silty clay 
loam; wean medium subangular blocky breaking 
to moderate fine subangular blocky; friable ; 
gradual smooth boundary. 

Starting at 20" there is weak tendency toward 
prismatic; when carefully handled it is about 
70.- but when disturbed it is 95/- subangular 
blocky of medium and fine size. At 24" there 
is 10-15,-- in prisms which break to 85'ï medium 
subangular blocks and 15-20.- fine blocks. 
The blocks are slightly larger in weak state 
cut break down to 1/8-1/4" blocks. At 28" 
there is a noticeable increase of larger 
units, compound subangular blocks going up 
to 3/4-1". Break readily to angular blocks 
and subangular blocks that range down to 1/8 
but tore often 1/4 to 3/8". Dark colored 
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material is less than 3;-c in vertical cross 
section. There are rounded, almost ovoid 
(egg-shaped) masses 22-28 mm. long, 8-10 mm. 
diameter which are same color as enclosing 
material but these are different structural 
units, these are more angular, have sharp 
edges, and appear to be more dense, i.e. less 
minute holes traversing the ped interior. 
They tend to have more clean grains on the 
surfaces even where partings ere internal in 
the mass. These masses do not remove readily 
from the enclosing; material. Several clus
tered groups of spherical shape have been 
squashed or flattened; some plant roots go 
through. One cylindrical mass is in near 
vertical position and has cupped, segmented 
sections 6-10 mm. diameter by 3-6 mm. long. 
They are not always easily removed but adhere 
to enclosing material. A flattened rounded 
soil mass about 10-12 mm. diameter has accomo
dating surfaces. It is difficult to assess 
the ;-s of the rounded edge material but it may 
be about 50,o. The rest of the pedal material 
breaks down to angular fragments 8-15 mm. 
long and often as wide. Grossly there are 
interlocking vertical peds and slanted hori
zontal voids every 2 or 3 inches. The over
all aniso trophy is vertical but locally 
there may be horizontal trends (also in the 
smaller units). 

B22 29-32 A few isolated silty spots 10YR 7/1(d) not 
visible when moist; matrix mixed 10YR 4.8/2 
ana 4/2(m) - 6/3.2(d); silty clay loam ; 
weak coarse subangular blocky breaking to 
moderate medium subangular blocky; friable; 
clear smooth boundary. 

A marked tendency for prismatic ; prisms are 
weakly developed and break readily to subangu
lar blocks, many of which are 3/8-1 " in size• 
With handling they break to smaller units, 
however, many edges and faces get rubbed or 
rounded off. Root and worm channels have a 
simple surface with regard to color and 
troweled effect, they are smooth and uniform 
in color. Adjacent areas often snow complex 
patterns related to surfaces, cracks, edges 
and so forth. Rounded masses are far less 
distinct than above although curved surface 
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accomodation of some peds suggests their 
presence. A large horizontal crack at 30". 
Along the minor intersecting planes the peds 
are smaller, more angular and seem to be 
stress or shear plane s which control the peds. 
The horizon material is coherent, difficult 
to separate into peds when dry. Peds then 
have long axis of 12-20 mm., short ones of 
7-11 mm- Bilans begin to become distinct in 
lower inch. Above this on the smoother sur
faces and often on curved surfaces there are 
Bilans, some in streaked horizontal stripes. 

B31 32-36 Isolated silty spots 10YH 5/3(m) - 8/1(d); 
exteriors 10YR 4/3(m) - 6/3(d) with mixed 
interiors of 10YR 4/3 and 4/4(m) - 6/3 and 
6/4(d); light silty clay loam; very weak 
medium prismatic breaking to moderate medium 
subangular blocky; friable; gradual smooth 
boundary. 

Prismatic tendency is clerrly marked, prisms 
1-1 1/4" across and 2-311 long may be sep
arated . Many faces here co?ted with silica. 
Also tendency for horizontal cleavage, giving 
crude blocks 3/4-111 across. Weak prisms 15-
20% but break mostly to 80-8 5;- medium sized 
subangular blocks while rest goes into 
smaller units or single grain. This marks 
the beginning of large planar voids, nearly 
vertical, but with some re-entrant angles. 
Along some planes the peds increase in size 
with depth then merge into the prisms below. 
The prisms have trapezoidal cross section, 
bigger ones may be 12-20 cm. on s side, small
er ones 4-8 cm. on a side. The vertical 
distribution is not really known but in tray 
one continuous one is 30 cm- long. Near 
bottom of horizon are several egg-shaped 
cavities, one 12x7 mm. diameter, another 
9x4 mm. diameter, which have smoothed walls, 
same color as enclosing material and filled 
loosely with rounded pellets of rounded soil 
material that may break out from other units, 
as do soAe elongated soils materials 4-6 mm. 
diameter and 20 mm. or so long (these appear 
to be filled e^rtr.worm channels) . In upper 
part prisms seems to dominate structurally. 
The voids or planar voids are covered with 
si l an s. On macro-scale they are horizontal 
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to 20 inclined and have a banded appearance. 
Mcro-ridges and channels may be seen; the 
channels filled with nearly white silts. 

332 36-45 Thin, spotty and patchy, high contrast silans 
10YR 7/1(m) - 8/1 and 8/2(d); exteriors I0YR 
4.5/2(m) - 7/2(d) with interiors of 10YR 
5/3(m) - 6/3.5(a) having mottles of 2.5Y 
7/2(à) ar^d 7.5YR 5/6(o.) ; medium silty clay 
loam; weak medium prismatic breaking to 
moderate medium blocky; friable; gradual 
smooth boundary. 

Prismatic blocks more strongly expressed, 
1 1/2-2" across and several chunks 3-511 long 
were removed. Again a tendency for horizon
tal cleavage so that material breaks into 
angular blocks. Very little structure other 
tnan prisms ; once they are broken it goes to 
fragments. The cleavage of these prisms are 
nearly vertical, 5-10° one way or the other. 
They do not form right angles but have fairly 
sharp angle interfaces. The most striking 
feature is the silan coatings of the peds. 
These are banded in appearance and have 
referred orientation, multi-directional along 
channels which go in all directions along the 
voids and are of several sizes. The larger 
ones are 0.9-1.0 mm. and the smaller ones 
are 0-1-0.2 mm- in diameter. Small holes 
(often called pinholes) dot the void surface ; 
they range from less than 0.1 to 0.>5 mm. in 
diameter. A count of four different 1 cm.% 
areas reveals an average of 24 pinholes per 
square cm. They are randomly distributed. 
Where silans are most prominent, the pinholes 
are less (filled over by the silt grains), 
averaging about 17 per square cm. Large 
channels are dominantly vertical. In places 
the silans in horizontal bands show little 
relationship to the channels or other 
features. 

C 45-60 Colors similar to above; silty clay loam 
grading to silt loam with depth; nearly mass
ive but some weak large prisms; soft to very 
friable. 
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Prismatic tendency is still prevalent, prisms 
are 2-411 across. Several prisms 4-5" long 
were removed. They have costings in pockets 
and almost weak horizontal banding. The 
material no longer readily breaks down to 
smaller units but becomes massive end frieble 
silts. 

Sunbury Flat Profile 

Location: 675 feet west and 102 feet north of the southwest 
corner of the NE 1/4, NW 1/4-, Sec. 26, T 80 K, 
R 1 V.', in Cedar County, Iowa. 

Vegetation: Alfalfa hay. 

Natural drainage : koderately well. 

Parent material: Wisconsin loess. 

Slope: Nearly flat, approximately 1/2 percent to the east. 

Collected by: R. W. Arnold, October 25 end 26, 1962. The 
following description is based on a moist 
monolith te,.en at this site. 

Depth 
Horizon (in.) Morpho lo gy 

Apl 0—3 10YR 3/1(m) - 4/l(d): silt loam; weak cloddy 
breaking to moderate very fine and fine 
granular; friable; clear smooth boundary. 

The material on drying becomes cemented into 
an almost massive chunk; it appears to be 
formed of very small granules ( 1-2 mm. 
across); some aggregates 3-4 mm. ere observed 
along major cracks. In the drier state the 
whole layer is nearly massive and is marked 
by a nearly horizontal planar void et bottom. 
Soil materiel directly above this void has a 
plate-like character; several masses about 
1 inch across were removed which have a more 
compact look, less pinholes and inped pores. 
Within these fragments there are many little 
holes which look like root holes end some 
show slight alignment of material along the 
dried channels. Several large horizontal 
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roots with a smoothing of material around 
them but no change of color; colors are uni
form, no lighter colored spots. Cementing 
makes this quite firm when dry, however, it 
is very friable when moist. 

Ap2 3-7 1/2 10YR 3/1(m) - 4.5/2(d;; medium silt loam; 
cloddy breaking to weak medium granuler; 
friable; clear smooth boundary. 

From 3 to 4 inches there is a horizontal 
alignment of much of the soil material ; 
appears as small angular fragments, long aals 
horizontal, short axis vertical. On some of 
the planar voio.s separating this material, 
there is a thin coating and bending of 
lighter colored grains. The material itself 
is not strongly pedal but are fragments broken 
from massive clods. This tends to correspond 
to a more recent plow pan. Old plant remains, 
roots, etc. are oriented some 20-30° from 
horizontal along with the lineetion of soil 
materials. In the clod formations the fine 
roots tend to go on the outside rather than 
through the clods. There are various sized 
holes and channels in so me of the larger ped 
units. In one clod, about 1", there is a 
chamoer, round 6 mm. diameter, with rather 
smooth walls and ne-r the bottom is a small 
pile of egg-shaped particles 1 mm. in diam
eter. This appears to be an earthworm 
chajiiber with a few faecal pellets. The color 
in this horizon is quite uniform, appears to 
be very little mixing. 

A3 7 1/2- 10YR 3/1 (m) - 4.5/2(d) matrix with mottles of 
11 1/2 10 YR 4/2(in) - 5/3.5(d); silt loam; moderate 

fine subangular blocky; friable; clear smooth 
boundary• 

Zone of mixing. Coatings of darker material 
carry down over and surround lighter colored 
interiors in lower part. In uvper 2" there 
are light colored spots surrounded by darker 
colored materia^. Kassive tendency decreases 
with depth. The loi.er several inches com
prised of units 5-7 mm. across. These are 
sucangular blocks, some break to smaller 
units when handled (2-4 mm.). The inclusion 
of lighter colored material in upper 2" has 
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random orientation. Browner portions show no 
general orientation, just globs. Roots tend 
to pass through this material in nearly verti
cal direction. In lower part the brown mate
rial has more vertical orientation as though 
silty material in old root channels or worm 
holes. T;;o types of contrasting aggregates 
in this mixed zone. Subangular blocks welded 
together and having irregular spaces and re
entrant angles. Others are massive fragments 
(which would be described under term subangu
lar blocKy), tend to have smoother, flatter 
surfaces, some sharp angles, some nicely 
rounded edges. These look like blobs or 
masses that have been placed, then flattened. 
They appear to be more dense and perhaps more 
uniform throughout their mass. 

31 11 1/2- Do minant 1 y 10YR 4/&(m) - 6/3(a) with lighter 
16 spots 10YR 5/3 (m) - 6/4 (c'; and some dark mate

rial 10YR 3/l(m) - 4/l(d); silt loam; moder
ate fine and medium subangular blocky; fri
able; gradual smooth boundary. 

Lighter colors domine te, quite a few clar;-;. 
splotches and streams of darker material 
appears to have come down root channels and 
then was squashed out of place and now coats 
the channels. Oriented mostly in vertical 
direction. Severer large cavities 1" across, 
slightly flattened in vertical direction. 
The cavity lining is reasonably smooth, no 
particular filling of material. Structure 
units are medium end fine subangular blocks 
composed of smaller fragments, 3-5 mm., end 
so me single grain material 1-2 mm. Horizon 
has numerous nearly vertical channels which 
appear to be from less than 1 to 3 mm. Ellip
soidal pel-Let fillings, usually not continuous 
more t:;en 1/2" or so. 3[..all quantity of mas
sive type materiel like in horizon above. 
i-jDSt ere aggregates of porous material, many 
holes and channels going through peds, almost 
multi-directional. 

321 16-21 Thin, spotty high contrast silans 10YR 5/3(m) 
?/2(d); matrix dominently 10YR 3/^(m) - 5/4 
(d) with some spots of 10YH 4/3(m) - 6/5(d) 
and 10YR 2.5/1'm) - 4.5/l(d); silt loam; 



229 

moderate fine and medium subangular blocky; 
friable; gradual smooth boundary. 

Very first beginnings of silans. They are 
rather weekly expressed. Larger peds break
ing to smaller ones, find many re-entrant 
angles on smaller unitS. On downward facing 
portions of ped faces their are some silans • 
This horizon is beginning of a weak prismatic 
tendency of the material. The first breaking 
apart of soil is into prisms about 111 across, 
but not well formed, shot through with holes. 
A lot of the vertical orientation is followed 
by roots and worm channels. There is hori
zontal cleavage within these prisms which 
gives subangular blocks 1/2-5/4" in size. 
As these dry, they break down to subangular 
cloc..s 1/2-1/4 " in size- The upper part of 
horizon has many more smaller units, almost 
angular blocks which are 2-4 mm. These tend 
to comprise the single grain material in this 
horizon as it falls apart. In the dry condi
tion about 95% is weak prismatic, then falls 
apart to 70,J larger subangular blocks, the 
rest in smaller blocks and perhaps 5-10,. of 
single grain material. Prisms here are 
weakly defined and subangular blocks are 
the dominant units. Root channels from 1-4 
mm. are quite prevalent. As the material 
dries the weakly defined prism faces are 
noted to have silans present. They are not 
strongly expressed but do give a lighter 
color to surfaces, keny very fine rootlets 
in this zone, more so than noted anywhere else 
above. 

B22 21-26 Thin, patchy, high contrast silans 10YR 
5/2(m) - 7/2(d); mixed matrix of 10YR 
4/3(m) - 6/3(d) end 10YR 4/4(m) _ 5/4(d); 
silt loam ; very weak prismatic breaking to 
moderate medium subangular blocky; friable; 
a erupt smooth boundary . 

Kottied zone with silans on major ped sur
faces • Along the main vertical planar voids 
the peds break out in units 1/2-1/411 and many 
reduce to 3-6 mm. sizes; all are subangular 
blocks. Tendency for prismatic structure 
in the larger units which again have hori
zontal cleavage and break to subangular 
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blocks. The prisms appear to be 1-2" across, 
cannot be traced continuously for any depth. 
There are many vertical channels still con
taining roots, channels are 2-4 mm. across. 
Where roots go down through middle of peds 
the walls are smooth but are not coated with 
silans. These appear to be restricted mostly 
to ped surfaces. One series of peds traced 
for 2" are about 1/2" diameter, rounded, as 
if a long cylinder filled with material that 
is much the same as the including material. 
Channel wall is noz distinguishable from 
other ped surfaces. Overall pattern of 
silans is one of horizontal banding as though 
wave fronts moving down through this material 
and the coatings are distributed in cavities, 
on concavities and convexities where they 
might be expected to silt out with vater 
movement. The bottom 211 of horizon is begin
ning of stronger prismatic structure, but 
still has horizontal cleavage and prisms 2" 
across break readily into segments about 
-3/4" high, giving overall medium to large 
subangular blocks. These often break down 
to subangular blocks 6-8 mm., some a little 
larger. Moving into prismatic zone the 
silans are more noticeable; concentrated on 
prism faces. Some clean grains inside, but 
they are negligible compared to those out
side . Where breaking to smaller blocks the 
silans extend into the prism along these 
voids. kottling in this horizon is rather 
weak, spots of stronger yellowish brown mixed 
with lighter crown or grayish brown matrix. 
Mottles are very fine, commonly are diffuse 
and many of them so that matrix color is a 
combination of the very fine mo tolas and 
matrix, the whole being; coated with grainy 
gr*y silt grains. A few small areas of 
accumulation of dark material, organic or 
from surface, which has been carried or 
washed into this horizon. The material is 
fairly firm wrien dry, quite friable when 
moist and creaks readily to blocks with 
pockets of silans noted on the irregular sur
faces of peds. It should be mentioned that 
one Is. rge vertical planar void extends from 
2411 right up to surface, crosses the tray at 
3-5,,; slope from vertical and it is along this 
major plane that many of the smaller peds are 
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picked out. In general these large planar 
volas in vertical direction are not well 
noted when digging a. moist soil profile, but 
become more evident as the soil dries out 
in a tray. 

A2b 26- Thick, continuous, high contrast silans 10YR 
29 1/2 6/1(m) - 3/2(d); mottled matrix of 10YR 

5/3(m) - 6/3(d) and 7.5YR 3/4(m) - 4/4(d); 
silt loam; weak to moderate fine prismatic 
breaking to moderate medium subangular and 
angular blocky; friable; abrupt smooth 
boundary• 

Represents the upper portion of prisms which 
have fractured somewhat to subangular blocks 
so that prisms rre not complete integral 
units. Once removed they break readily to_ 
blocks. Matrix is still mottled, silans are 
dominant feature as profile dries, but are 
observable even in moist condition. Some 
flat aggregates look like lumps, no sharp 
edges like other peds, although they were 
rounded masses flattened out in the profile. 
The silans here are quite thick, one can 
scrape many layers of silt before browner 
material underneath shows up. Coating 1-2 
mm. thick in some places. 

B & Ac 29 1/2- Very thick and thic , continuous, high con-
32 1/2 trast silans 10YR 7/1 and 7/2(m) - 8/l and 

S/2(d) ; 10 YR 5/3(m) - 6/3(d) matrix mottled 
with 7.5YR 3/4(m) - 4/4(d) and 7.5YR 5/4(m) -
5/6(d); heavy silt loam to li^ht silty clay 
loam; moderate fine prismatic breaking to 
moderate medium and fine angular blocky; 
slightly firm; clerr smooth boundary. 

Silans are most prominent that I have ob
served in any soil. The irregular surfaces 
of peds have been smoothed and rounded, now 
coated with these grains; they are very 
white here and continuous. 

32ltb 32 1/2- Moderately thick, discontinuous, high con-
36 trast Bilans 10YR. 0/2(m) - 8/2 and 5/3(d) 

that decrease in degree of expression with 
depth; mixed matrix 10YR 5/2(rn) - 7/2(d) and 
10YR o/4(m) - 6/4(d) with 10YR 2/2(m) -
3/2(d) soft oxide concretions ; medium silty 
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clay loam; weak medium prismatic breaking to 
weak coarse blocky; slightly firm; gradual 
smooth boundary. 

Below 29" the prisms are Integral units, they 
do have angular blocks within them but in 
general the prisms dominate. At 35" the 
prism faces are gray but appear to be flow 
movement - clay skins. The interiors of 
prisms have many root channels filled with 
dark organo-argillans. Looks like a burled 
Bt. Series of grain counts made from the 
silans on the ped surfaces. 

B^2tb 36-44 Thin, spotty, hip-h contrast silans 10YR 
?/3(m) _ 8/U&) and 10YR 6/%(m) - 6/3(d); 
mixed matrix 10YR 6/3(n.) - 8/2(d), 10YR 
5/1.5(m) - 5/3(d), 10YR 5/4(m) - 6/4(d) 
with some 10YR 2/2(m) - 4/3(d) spots and 
some channel fillings of 10YR 3/1(m) -
3.5/l(d); silty clay loam grading to silt 
loam with depth; weak medium prismatic ; 
slightly firm to friable; gradual smooth 
boundary. 

From 25" to 45" (bottom of tray) the pris
matic structure is well developed, struc
tural units are tilted from vertical 5-8 • 
Striking feature of material from 26-36" is 
strong dominance of silans to about 33" then 
decrease in intensity. 

B3b or 44-60 Colors similar to a cove but does not have 
Clb strongly expressed silans; changes to soft, 

mushy silt loam at about 53"; tends to be 
weak prismatic to n-srly massive. Material 
below 53" may be C2 horizon. 
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APPENDIX B. SAMPLE CALCULATIONS FOR QUANTITATIVE 
EVALUATION OF CLAY CHANGES 

The quantitative pedogenesis calculations are facilitated 

if a table is set up using the desired relationships as column 

headings and depth increments as row headings. 

The author used the following first three column head

ings: 1) present weight which is just the measured bulk 

density if all depth increments r-re equal and is relationship 

no. 1 mentioned in the text ; 2) correction fee tor which is 

the ratio of ZrOg in the sample to ZrOg in the reference 

parent material (Zl/Zr); 3) adjusted bulk density which is the 

calculated bulk density of the assumed p^ rent material and is 

relationship no. 2 in the text. 

The remaining columns include in order the relationships 

3 through 11 mentioned in the text plus any one or all of the 

relationships 1% through 15 depending on the clay change rela

tionships desired by the investigator. 

'me following calculations are from those made for the 

Sunoury i'lat profile. The reference parent material was 

selected as being at the 4-6 inch depth and having a bulk 

density of 1.360 g./cc., 25.60,- <2 micron clay and a ZrOg 

content of 0.0333$. 

Let" us select the sample at a depth of 32 inches which 

has a bulk density of 1.355 g./cc. (Table 13), 30.84,; </ 2 

micron clay (T'acle 15), and a Zr0% content of 0.0314/ (Table 
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14). The sample increment is (46" - 32")/2" = 7, which is the 

7th sample up from the reference parent material. 

These are listed below for easy reference. 

Property Reference parent material Sample 32 

Bulk, density (g./cc.) BDr = 1.380 BD^ = 1.353 

Clay (>1 Gr = c5.60 = 30.84 

Kon-clay (,;) Sr = 74.40 S1 = 69.16 

ZrO^ ( %) Zr = 0.0333 Z± = 0.0314 

Sample increment 1=7 

Calculations for Sample at 32 inch Depth 

The number at the left of each calculation is the rela

tionship mentioned in the text. 

1• Present total weight 

WTi = BD]_ = 1.353 g. 

2. Bulk density of parent material 

3D0 = BDr - 0.0061 

= 1.380 - 0.006(7) = 1.3 58 g. 

3• Original total weight 

WTo = BDo x Zi/Zy 

= 1.338 x (0.0314/0.033 5) = 1-262 g. 

4. Present weight of non-clay 

VJ'3-L = Sx x BDX 

= 0-6916 x 1.353 = 0-936 g. 



235 

5. Originel weight of non-clsy 

Y/S0 = Sr x 3D0 

= 0.7440 x 1.262 = 0.938 g. 

6. Change of non-clay 

A S — VîSq — V/S]_ 

= 0.938 - 0.936 = 0.002 g. 

7. Clay formed 

vr _ clay density (2.40p./cc.) q 

non-clay density (2.77 g./cc.) A 

= 0.87 x 0.002 = 0.0017 g. 

8. Present weight of clay 

WCj = C^ x BD^ 

= 0.3084 x 1.353 = 0.4173 g. 

9. Original weight of clay 

/;CQ - Cjn X VV TQ 

= 0.2560 x 1.262 = 0.323 g. 

10. Total clay in absence of migration 

TC = \;q0 + FC 

- 0.323 + 0.002 = 0.325 g. 

11. Change of clay 

/sC = .:Ci - TC 

= 0.417 - 0.325 = 0.092 g. 

Vc • Relative clay formation; clay formed per 100 g. non-clay 
in parent material 

RFC = FC/'A'SQ x 100 

= 0.00^/0.938 x 100 = 0.21 g./lOO g. 
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13. Relative clay change per 100 g. non-clay in parent 
material 

RaCg = aC/ivS 0  x 100 

= 0.092/0.938 x 100 = 9.81 g./lOO g. 

14. Relative clay change as percent of original weight of clay 

RACc = ûC/V.rC0 x 100 

= 0.092/0.323 x 100 = 28.5$ 

15. Relative clsy change as percent of present clov content 
(/,) 

R A Cx = AC/I.C1 x C]_ 

= 0.092/0.417 x 30.84 = 6.8$ 

Volume or soil developed from 1 cc. of parent material 

V-j_ = (l cc. x Z1 x BD0 )/( Zr x SD]_) 

= (1 x 0.0314 x 1.338)/(0.0333 x 1.353) 

= 0.0357/0.0451 = 0.791 cc. 

The volume change indicates that at the 52 inch depth 

the assumed parent material only comprises 79.1$ of the 

present volume. The previous calculations indicate that clay 

has migrated into this increment. This additional clay 

dilutes the non-clay fraction and consequently the ZrOp 

values are lowered. Because of this dilution these volume 

changes cased on ZrO% in the whole soil are not thought to 

ce very relevant to an understanding of volume changes result

ing from soil development. 


