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UNITED STATES DEPARTMENT OF AGRICULTURE
WASHINGTON, I, C.

THE CHEMICAL COMPOSITION OF SOILS
AND COLLOIDS OF THE NORFOLK
AND RELATED SOIL SERIES*

By R. 5. HoumEs, associale chemist, Soil Chemistry and Physics Rescarch Division,
W. E. Hranx, senjor soil sciondist, Sotl Survey Division, snd H. G. Byses,
wrincipal cheum{ Soil Chentisiry @l Physies Research Division, Burcat of
Chemistry and Soils
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INTRODUCTION

The Soil Chemistry and Physics Reseurch Division of the Bureau
of Chemistry and Sous has been engaged for w number of years in &
study of thie relations between the chemical composition of soils and
the field classification developed by the late C. ¥. Marbut and his
coworleers in the Soil Survey DI'\'lSlOIl In the Soeils of the United
States (1) * the soils are classified in six eategorics, all of which are
based primarily upon charncteristies determinable hy fleld observation
and study. Category I, soil class, depends solely upon texture, and
as has been shown, no Spemho che;mcnl relation exists between the
soil elasses. C‘ate“‘mv I, the soil series, however, is based upon all
characteristics other than texture, and it is to be expected that a
definite relation exists befween the soils of n given series, such as
certein similarities in composition. In the different textural classes of
8 given series wide aifferences are to be expected, as the relative
quantities of finer and coarser materinls vary.

I Reeeived for publication Moy 25, 1037,
1 Ytniic pumbers in perentheses fefer (o Litergtare Cliwd, pa 3
33850 —35—1
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Study of & number of soil series has developed the fact that the
colloids of a given soil series have cssentially the same chemical
composition. This relation bas been illustrated by studies of the
Leonardtown, Minmi, Chester, and Clecil series (4, 10).

Also, studies of members of category IV, the great soil groups, have
shown that there is a wide variation in chemical composition of both
soils and colloids between the groups but a general similarity of
profile relations within each group. These results are summarized
in Technicsl Bulletin 484 (4).

Category III, local environmental groups (family groups) “includes
groups the units in each of which have some fleifures in common,
developed by local rather than general environmental conditinns.”
The differences in chemieal composition between members of these
families have not heretofore heen studied in this Inboratory, but not
long before his death, Marbut himself selected a family of soils that
would well repay exmainntion.  This family, which may well be called
the Notlolk fumily, is a group of closely relnted soil serles developed
upen the Atlantic Coastal Plain in North Caroling, Such a group,
which consists of sols that have developed from a common parent
material but vary in characteristics becenuse of differences in relief
or drainage, in current soils litercture is called a. catena. The profiles
selected for study have all been formed from unconsolidnted sedi-
mentary material. This materinl, transported from the Piedmont
Plateau and the Appalachian Mountains, had been deposited in the
shallow ocean nlong 1ts shores.,

The genesis of the Atlantic Ceastal Ploin, according to Stephenson
() and Cooke (6), is rather complex. It 15 fundamentally a series
of terraces or terrace plains,  This rather level plain, gently sloping
townrd the sen, was at fivst poorly drained. The drainage systems
were at that thme largely confined to the rivers that rise in the Pied-
mont Plateau and eross the plain on their way to the sea.  Since that
time numerous laternls have been formed, and other rivers rising
within the Atlantic Constal Plain drain mwuch of it.  There are, how-
ever, lurge nreas of remote, higher lands that are scarcely reached by
any dramage system. The lurger swamplands, such as the Great
Dover Swamp of Craven and Jones Counties and the Holly Shelter
Swamp of Pender Clounty, are typical. At the other extreme, areas
adjacent to the older well-developed drainage systems show the effect
of excessive drainage by their color immd the depth of the water table.
Soils developed nnder such widely divergent drainage conditions may
be expected to differ {from each other chemically as they obviously
do physically.

On the basis of the relationship of drainage to their formation, these
soils would be Jocated somewhat as shown in the diagram in figure 1,
but in reality they rarely if ever are found in exactly this order hecruse
the general irregularities in the topography interfere with any uniform
variation in the drainage of the lands Iying between any two drainage
systems. The Orangeburg and Ruston soils are generally found
adjncent to good dramage systems where the land is highly dissected
by their laterals. At the other extreme are the swainplands, known
by the Indians as pocosins. They are located upon the more remote,
undissected, flat to depressed arens upon which nmuch organic mutter
has aceumulated and, due to the wet and poorly drained conditions,
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has not been destroyed by oxidation and bacterlal decomposition.
These elevated swamplands serve now as heads to many stremns,
F¥or the following ressons it was deemed important to malke a
thorough study of each of the soil serics comprising this soil family:
The wenathered preduct of these soils, especially that which has
a.ci:umula-ted in the lower horizons, apparently differs in texture and
golor.

&
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Fioure 1.—Lypothetien] relative position of various soils with respect to Uhe lnrger drainnge systems.

There is a noticeable difference in the manner of growth of some of
the native vegefation growing upon the various soils.  Variations in
the different soils influence the quality of cultivated plants.

These soils are all elther of agrienltural importance or would become
so if properly drained and treated.

This famuly offers an excelient opportunity to study the family
relationships developed primarily as a result of differences dependent
upon drainage.

DESCRIPTION OF SOILS

In sampling these soils no atiempt was made to locate and sample
goil series adjacent to each othier but rather to sclect n large arca of
well-developed soil typieal of each of the series. Nevertheless the
soils selected are all within 15 miles of Kinston, N. C. The soils were
selected and sampled by the authors. The results of their critical
ficld examination are reported in the following description of the soil

profiles.
ORANGERBURG SERIES

Soils of the Orangeburg series are widely distributed in the Atlantic
and Gulf Coastal Plains from North Carolina to Texas. These soils
are closcly associsted with the Red Bay, Magnolia, and Cuthbert
sertes. The surface relief ranges from smooth, almost level, to gently
rolling and hilly. Both surface drainage and internal drainage are
very good, due to the high position where the seils oceur and to the
friable consistency of the profile, purticularly the sandy material of the
C horizon. The sandy loams and loamy sands are the main types.
The sample of the Orangeburg series used in this investigation was
fine sandy Joam colleeted 1) miles southeast of Williams Pond, Wayne
County, N. C. This arca oceupies rolling to gently sloping uplands
overlooking the (ape Fenr River and is the largest area of well-
developed Qrangeburg soil in this section of the State. A deseription
of the profile follows:

Horizon A, 0o 10 inchies,  This ranged Frown leht grayvish-brown to faintly
reddish-vellow loamy fine sand. It was mellow and [rizble and Lad a
singie-grained stesceiure,

Horizon B, 16 1o 30 inghee.  Bright-red heavy fine sandy clay, It broke into
irrcgular-shaped lunps and was casily erushed into a frinble mass,  The
ungampled porlion extesded to o depth of about 7 feet. 16 was massive,

_ frinbie, and uniform in eolor throughout.

Horizon G, 80 to 100 inches. Motdled und strosked light-red, light-gray, or
alnost whitish and vellow fine sandy clay matferial. It was somewhat
compoet but quite brittie. 14 was lighter i texture $han fhe B horizon.
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RUSTON SERIES

The soils of the Ruston series are \ffidely distributed in the Aflantic
and Gulf Coastal Plains, especially from North Carolina to east Texus.
The surface relief ranges from almost level, gently rolling to hilly.
Both the surface drainage and internal drainage are good. These
soils are intermediate in color between the soils of the Orangeburg
and Norfelk series. Some iron crust occurs in places on the more
hilly areas, and small rounded guartz gravel or small rounded iron
aceretions are present in some places. The sandy loams predominsate.

The profile of Ruston fine sandy loam sclected for this investigation
was 2 miles south of Fremont, in Wayne County. The sample was
selected from o hedgerow adjacent to the highway and bordering a
field planted to cotton, It is described as follows:

Horizon A, 0 to 10 inches.  Grayish-yellow loamy fine sand contaiuing a small

amount of organic matfer.

Horizon B, 16 to 30 inches. Reddish-vellow fo yellowish-brown heavy fine
sandy clay of uniform eolor, texture, and structure. It had no definite
cleavege or breakage, but it broke inte irregular-shaped lumps and was
easily erushed into a frieble mass,

Florizon C, 40 to 54 inches. Motsled and streaked light-red, light—gruy, and
vellow fine sandy clay.

Above the C layer and extending to the B layer was mottled light-
red and vellow fine sandy clay slightly more friable than the B horizon
hut heavier than the C. The transitional material befween the A
and B horizons was heavier than the A horizon and lighter than the B.

NORFOLK SERIES

The soils of the Norfolk series are the most widely distributed of
any series in the Coastal Plains. They may occur anywhere between
Long Island, N. Y., and esstern Texas. They are developed. to the
areatest extent in the Carolinas, where they constitute the normally
developed soils of the middle and higher parts of the Coastal Plain of
the region. These soils occupy almost level, undulating to gently
rolling relief except for some of the sand members in the sand hili,
and here the surface ranges from undulating to hilly. For the most
part, surface drainage and internal drainage are good. Some of the
flatter areas require ditching, and in such places the mottled condi-
tion of the lower part of the B horizen indicates poor drainage and
aeration. In texture these soils range from coarse sand to very fine
sandy loam,

The Norfolic fine snandy loam selected for this investigation was
collected 3 mniles north of Bests, in Wayne County. The sample was
taken from n virgin area forested with loblolly pine, small oalks, dog-
wood, and sweetgum. Tt had the following characteristics:

Horizon A, 0 fo 12 inches.  Grayish-yellow light-textured fine sandy loam to
loamy fine sand.  The first 2 or 3 inches were dark gray, due to the
presence of a small amount of urganie matber.

orizon B, 14 to 34 inches.  Yellow fine sandy clay of uniform color, texture,
aud structure. 1t broke into irrcgular-shaped Iumps having no definite
structural characteristies, but was easily crushed into 2 mealy mass.
Between 12 and 14 ionches was yellow heavy fine sandy leam,  This
represents the gradation zone between the soil and the subscil.  Below
34 inches and extending to 86 inches therc was also o gradation zone
between the typical B horizon and the C horizon, and the material in this
Inyer was yellow fine sandy clay, slightly mottled with light red or gray.
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Horizon G, 36 to 80 inclies.  Yellow, moitled with light grey or almost white,
and light-red fine sandy clay. This layer had sbout the same texture
as the B horizon. It had 2 slightly platy or laminated structure, was
shightly compacet but very brittle, and readily crumbled into a riable
mass. At 80 fo 00 inches was light-red snd gray or purplish-red fine
sandy Joam to loamy fine sand.

DUNBAR SERIES

In regard to color, drainage, and profile development, the soils of
the Dunbar series are intermediate between the soils of the Norfolk
serics and those of the Coxville series. They are developed 1n the
flatwoods region of the Coastal Plain and in low flat areas in the ad-
jacent ]110'}161‘ part. They occupy predominantly flat, undulating to
gently slopmg aress, Surface drainage is fair to poor; internal deain-
age is hindered by rather heawy subsoils. The s ndy loams and fine
sandv losm are the main soil types.

The soil selected for this investigation was fine sandy Joam. The
sample was collected from a forested aren half a mile north of Grainger,
in Lenoir County. In places there was ahout half aninch of lealmold
on the surface. The profile hiad the following characteristics:

Horizon Ay, 040 5 inehes,  Durk-gray light-textured fine sandy loam conlaining
cousideralle organic maiter.

Horizon As, 5 $o 12 inches.  Grayish-vellow mellow and friable fine sandy loam.

Horizon By, 16 to 28 inches, Mottled light-gray and brownish-yellow heavy
fine sandy clay. It broke into ifrrepular-shaped lwmbs but crumbled
fairly casily into a grunuler and friable muss,

Horizon Bs, 28 to 48 inches.  Light-gray and wvellow heavy fine sandy clay
with bright red mottlings. The bright red occurred in splotches or
streaks and was not unifonndy distribuied fironghout $he layer.  There
was practically no dilference bebween the structure and textore of this
layer and those of the B, horizon.

Field examination of this profile showed that there was praetically
no change in structure, texture, or color of this material to a depth
of 80 inches.

In the profiles previously deseribed in this report there was a vather
definite C horizon, but in the Dunbar, Coxville, Bluden, and Ports-
mouth soils, all of which are poorly drained, the (' horizon was not

well defined.
COXVILLE SERIES

The Coxville series is one of the Inrge and mportant series in the
senward or fiat part of the Atlantic Coastal Plain, particularly in the
Caroiinas. The soils occupy lut level arens, and the natural surface
drainnge is poor, as the arcas in many places have not been invaded
by natural drainageways. Open ditches are necessary to reclaim,
these soils for agricultural purposes. The banks of ditches stand up
well hecause of lhc heayy subsoll.
The sample used in thls investigation was colleeted 4 miles south-
cust of West Crossroads, in Lenoir County. It is desceribed as {ollows:
Horizon A, 0 to 0 inches. Tine sandy Ioam. The Hirst o inches were dark gray
to almoest black, duc to the presence of a large amount of organic matlier,
and the 5 inches below this wore light gray. Fhe lower pirt of 1he Jayer
\\'.‘;s slig]itly mottled with yellow or brownish yellow as it graded into the
K00,

Horizon B, 26 to 34 fnekes, Light Lo bluishi-gray clay or very heavy fine sandy

eluy mettled and streaked with brownish vellow and sume splotches of
bright red. 16 was plastic when wel.  The brighi-red splotehes were not
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uniformiy distribufed and did not cecur everywhere. Soine aress of the
Coxville do not shiow sny rod mottlings, although they have the same
texture and shructure as mottled areas.

Horizon C, 44 to 66 juches. Sicel-gray heavy somewhat plastic clay. The
upper parb of the layver had some motilings of vellow and brown, The
water {able was at the bottom of the red mottlings, which was 36 inches
below the surlace of the land, Tn other words, no red wmottlings appeared
Lelow the top of the water table.

BLADEN BERIES

The soils of the Bladen scries have dark-gray to gravish-brown
surface layers. In some places the first inch or two is almost black,
due to the large amount of organic matter and fenfmold. The sub-
soils are characterized by steel-gray or light-gray heavy tenacious
plastic clays or sandy clays streaked or mottled with brownish yellow
or ocherous color. The subsoils extend to a depth of 3 to 5 feet, at
which depth the steel gray or bluish gray predominates.

These soils occupy low, fat areas and are naturaily poorly drained,
some being semiswampy. In many places thev appear to be inter-
mediate hetween the tidal marsh and Coxville soils. In soil develop-
ment they are one step removed from tidal marsh. They differ from
the Coxville in being more poorly drained, having a plastic subsoil,
and hoaving no bright-red mottling in the subsoil.

The sample used In this investigntion was collected three-fourths
of a mije southwest of Aicy Grove School, in Lenoir County. The
description follows:

Horizon A, 0 to 8 inches. Dark-gray loam,

Horizon B, 10 to 30 inches,  Steel-gray or bluish-gray heavy plastic clay streaked

with brownish vellow.

Horizon G, 36 to 64 inches.  Rfeel-gray or bluish-gray heavy plastic clay faingls

streaked in places with brownish yellow, At fhe tine the sample was
collected, the water tabie was 3 feet helow the level of Lhe land.

PORTSMOUTH SERIES

The soils of the Porismouth series are widely distributed in tlhe
Constpl Plain, particularly in the seawuard portion. The series is
charneterized by darle-gray to black soils fo a depth of 8 to 12 incles.
The subsoils in some places are moltied yellow and gray sandy clavs:
in others they are ralher heavy cluys or light-gray sands. The binck
volor of the soil is due to an accumulation of organic matter under
semiswampy conditions. These soils occupy level und {flat areas, and
in some of the bays nnd pocesins, natural drainageways have not
been established. Water stands on the surface alter heavy rains, and
artificial drainage is necessary to reclaim these soils for agricultural
purposes,

The Portsmouth fine sandy lonm sampled was collected 1% niiles
southenst of Seutbwood School, it Lenotr County, or about 6 miles
southwest of Kinston. The description follows:

Horizon A, 0 to 15 inches.  Black fine sandy loam coutaining a larpe amount
of finely divided organic matter, The area was forested with old-field
and Joblolly pincs, together wilh some sweetigiim and in places an voder-
growth of myrtic and pallberry.  Below the black layer and prading
into the subsoil, was a light-gray to whitish layer of fine sandy loum or

. Ioamy fine sond ranging from 2 to 4 jnches in thickness.

Horizon B, 15 1o 35 inches. Light-gray to almost white fine sandy elay. 1t

was wollled with brownish yellow and was slightly sticky, Tt graded
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into light-gray fine sand or inottled light-gray and brownish-vellow
light fine sandy ciay,
Horizon C, 40 to 70 inches, Light-gray, sticky fine sand to fine snndy clay.

PAMLICO MMICK

Pamlico muck oceurs in the South Atlantic and Gulf States, prin-
cipally in large areas in the so-called bays and pocosins. It is strongly
acid throughout its profile. It consists of fairly well decomposed
organic matter, together with s noticeable amount of fine sand, silt,
and clay. When wet it is black, but when dry it is dark brown to
black. It extends down to 8 to 5 feet, or more, being fairly uniform
throughout. Tt is underlain by lighi-gray fine sand ov light-gray
sticlor fine sandy clay or clay. The surfpce relief is flut, in many
places being higher than the surrounding mineral soils. Natural
drainage is poor; water stands on the surface part of the time. Streams
head in the muck areas, The natural vegetalion consists of pond
pine, locally called gnarly-top pine, bay bushes, a few gums, and
a tinck undergrowth of greenbriers, locally known us bamboe briers,
Pamlico muck is practically unused for agricultural purposes. The
series was established in Pamlico County, N, C., in 1035,

The sample of Panilico muek described below is representative of
large areas of muck in eastern North Carolina. It was collected from
the Great Dover Swamp, & typical pocosin, 4 miles south of Cove,
in Jones Clounty. This area was bummed over to g depth ranging from
a few inches to a foot or more dutring an extremely dry season a few
years ago. At the time the sample was collected, the water tuble was
at the surfnce, and water was in all the burmed holes and slight
depressions.

0 to 36 inches blagk muek.  Well-decomposed to fairly well decorposed organic
muatter, together with mineral mntter, mainly silty elay and a small
amount of fine sand.

40 to 60 inches, DBluish to stecl-gray medium {o fine sandy clay, Tt was
somewhat sticky. Lying between the biack muck and this sandy clay
material was ~ thin layer of brown sand.  The Lrown eolor apparently
was due to steivs from the organic matter.

Pamlico muck collected 3 miles south of Cove, N. C\.:

0 to 24 inches. DHack muck composed Iargely of fairly well decomposed to
well-decomposed organie matter containing o relafively small amount of
mineral matter made up of fine sand, silt, and ¢lay.  ©Many reots of gall-
herry, bay hushes, and greenbriers occurred in the first 6 fo 10 inches.
The water tuble was at the surface, and all burned holes were filled with
water.  The mnuek at {his place was about 34 1o 4 feet deep over the
thin Iayer of brown sticky sand, which wag underlain by stecl-gray or
Dluish-gray sticky fine sandy clay similar to the underlying malerinl of
the sumple colleeted 4 miles south of Cove.

‘The vegetutive growth on these {wo areas of Pamlico muck, and in
fact on all the Great Dover Swamp, consists ol small pond pines with
an undergrowtl of gallberry and bay bushes, interlaced in many places
with a thick growth of greenbriers,

The parent material from whicl: the soils of this region have been
derived throngh the soil-forming processes is quite variable as to
texture, consistence, and color. It consists of beds of unconsolidated
sands, sandy clays, and clays, the various Invers or beds-of material
occurring irregularly.  The character of the parent materinl, together
with the internal drainage, hins in a Inrge measure influenced the various
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rofiles. The Orangeburg, Ruston, and Norfolk soils in this section
1ave normal or mature profiles and are underlain by beds of uncon-
solidated sands and sandy clays. The Dunbar soils have a young
to immature profile development.

Owing to the prevailingly high water table the Coxville, Bladen,
and Portzmouth soils have not developed a normal prefile, and conse-
guently have imperfect drainage. Some of these areas maintain the
surface configuration formed when the material was laid down by the
sea. 'The entire solum of both the Coxville and Bladen soils is heavy,
and the underlying parent material is alse very heavy, as compared
with the parent material underlying the Orangeburg and Norfolk soils.

METHODS OF EXAMINATION

Iinch sample was pulverized fine enough to pass through n Y-inch
mesh sieve. 1t was then thoroughly mixed, and subsampled.

The mechanical analyses were made by the stnndard method devised
by Olmsteund, Alexander, and Middleton (72) of Lhis Burcau.

The colloidnl material was extrocted by mechanical agitation, sepa-
ration by supercentrifuge, and Pasteur-Chamberland filtration.
After extraction it was air-dried. These soils, especially the A
Liorizon, contnin rather large quantities of pure quartz sand and silt.
Therefore, nil the sand and silt that could easily be freed from the
colloid-bearing materinl were removed before it was centrifuged.

Complete chemical analyses of hoth the soils and their colloids were
made by the procedure described by Robinson (18). The organic
matter was determined by {he combustion method, the empirical
factor 0.471 being used for caleulating organic-mutter content from

the carbon dioxide value. The pIf vnlues of the soils were determined
hy the use of the hydrogen electrode deseribed by Builey (7).

ANALYTICAL RESULTS

The data for each soil examined are presented in separate tables,
followed by a discussion of each table and a compilution of pertinent
dntn relative to the essential characteristics of these soils as o group.

The tables of derived data given for each colloid consist of molecular
rativs and values caleulnted for the combined water and the water
assumed to be represented by the composition of the hypotheticnl ncids
of the colioid. The ratios expressed in the tables require two arith-
metical operations. The quantities found by analysis are divided by
their respective formula weights, and the resulting quotients (moles)
are compared #s independent ratios. In the silica-total buse ratio
the bases included, recorded as oxides, are caleium, magnesium,
potassium, and sodium. The eombined water is the ignition loss less
the organic matter. The watler considered in the ratios is the coni-
bined water plus the water equivalent of the four hases. The
combined water of the soll acid is the sum of the combined water and
the water equivalent of the bases divided by 100 less the organic

matier,
ORANCGEBURG FINE SANDY LOAM

The Orangeburg soil series is the most thoroughly drained of the
aroup of soils herein considered.  The data in table 1 show the Orange-
burg soil profile to be very highly modified by eluviation. A shallow A
horizon, low in colloid, and o very deep B horizon, high in colloidal
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eontent, are characteristic of the Orangeburg series. How the shallow
A horizon has so enriched the B horizon, which is many times thicker,
cannob easily be explained, unless 1t be nssumecl that much of the top
material has been removed by erosion. It is obvious that the per-
centages of sand and silt of the A and B3 horizons are widely difierent
by reason of the almost complete removal of clay from the A horizon
to the B. It is to be noted, however, that the A and B horizons
are much meore nearly unifor m in both silt and sand when these con-
stituents are ealeulated on a elay-free basis, This 1s not true for the C
horizon, as it is much lower in silt and higher in the coarser sand
fractions. The predominance of coarser sands undoubtedly con-
tributes largely to the excellent subdrainage.

Tane 1 —Mechanical analysiz of Ormu;c.‘m.r g fine vandy Znam (sml] !
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Table 2 shows the chemieal analysis of Orangeburg fine sandy lonm,
Thesc data, like those of the mechnnical analysis, show the transfer of
clay and colloid from the A to the B horizon. Theincrease of titanium
in the B horizon would indicate that it is associnted with the clay
content of the soil. The high ignition Joss observed in the B horizon
is due to the presence of the accumulated hydrated elay material.
The soil has a very low, yeb rather uniform, content of all other con-
stituents except silicn, iron oxide, and alumina. The somewhat high
pll valne of the A horizon is probably the result of aceurulations of
organie ash.

Tanne 2. —Chemical analysis of Orangeburg fine sandy lomn 1
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As may be seen from the eliemieal dnta in tuble 3 {he colloid in the

A and B horizons is very much the same in chemical composition ex-
cept for an accumulation of iron oxide in the B horizon. This is very

RABGC—IR 1
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muceh in evidence from the color ns well as the chemieal data, The
higher silica. and lower iron oxide contents of the eolloid of the C
horizon indicate o less weathered or laterized colloid than that of the
A and B horizons. The color of the C horizon shows the presence of
free iron oxide. This iron oxide may have been transferred from the
abovo horizon as a result of the very low water table and the very
sandy open structure of the soil profile.

Tanui 38.—Chemical analysis of the eolloid of CGrangebury fine sendy loum

Snamipie po, 1 Therzon l'i)tzplh Ritdy ‘ IOz | Al | R | Mad ) Oao) P

| tucher [ Percent [ Perecnt | Pereent | Porcent | Pereent | Pereent Fereend
L) 4. B .50

ol . i Lod 34,81 (1 o .57
e waes O HEED BN 1.7 O 4 1255 N .0 -
. K- 1iK) 41,4k I ] | AN BRI i e .35
. ! .- - - a i s
T mr— m s DTN TL S o m e L == B L T g 5. 5 = o ogperressrung
. [ . Tunl- Orgnnie
EIEITILR TN ! Hurizen I Popdie | Bt | Nl | Bt R %iun Fatad l::#l(erL
; ]

| dnehes | Poreend § Pererat § Pereent | Poreet | Perront [ Pereent | Pereenit
- {1-10 n.Td i LI ) [y WU ;G 4,43
PR [ it ] 283 = N A58 16,41 i, K5 Bt
Lt B0 R L8 L0, 1 TLAB | LD .10

H r

‘Tuble 4 gives the derived dutn for the three horizons of the Orange-
burg soil profile.  The ratios of silica to the sesquiexides in the A and
B horizons clearly show laterizntion. The solution of silieate sifien
is much more pronounced in these two horizons than in the C.  This
is also shown by the higher combined water of soil acids in the upper
horizons. The character of the colloid in the A and B horizons of the
Orangeburg differs but little from that of the Cecil eolloid (163, both
heing low 1n bases and high in combined water and possessing o low
ratio of silica to the sesquioxides.

Tanve 4. Lerived data for the colloid of Orangelnrg fing sernelyy Lo
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RUSTON FINYE SANDY LOAM AND LOAMY FINE SAND

The Ruston series of soils is very widely distributed and presents
a considerable variation of types. Tt scemed of intorest, therefore, to
present here the analysis ol a second profile to show that thissoil,
like the Cecil, Miami, Chester, and Leonardtown (9, 1), has a
celloid of similar type wherever found, despite the diflerence in the
mechanical and chemical compesition of the soils themselves. The
profile selected fur this purpose was from Cieorgin, and the data con-
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cerning it nre given in tables 5, 8, 7, and 8, immedintely following the
corresponding data for the North Currolina soils.

The first part of table 5 shows the mechanieal analysis of the
Ruston fine sandy loam from North Carolina. The most marked
fenture of this profile, like that of the Orangeburg, is the evidence of
transfer of the clay material from the A horizon. Howewver, the data
do not show that this materizl has aceumulnted in the B horizon
alone but indicate that it has been distributed throughout the lower
strate of the soil profile. This probably has been brought about by
the sandy nature of the Ruston profile and the varintions in the water
table. ‘The mechanieal analysis of tho soil from Georgin shows this
profile to be very dissimilar from the North Carolinn pz'ohle 1 tex-
ture, but it novertheless shows the same typo of distribution of clay
and colloid.

TanLe b.—Mechanfeal analysis of Ruston fine sundy loam §
FROM NORTIE CAROLINA
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The two sets of analyses given in tuble 6 present interesting similari-
ties despite the differences nn])o%ed upon them by reason of textursl
differences.  Both soils are extremely low in bases and in phosphates,
indieating that hoth are highly leaéhed.  Both soils have a low iron
gxide content, considering that both are reddish-brown soils,

TABLE G- Chemteel analygsis of Ruston fine sandy loane t
FROM NORTH CAROLINA
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Tante . —Chemical analysis of Ruston fine sundy loen—Continued

FROM (IRORGIA
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Table 7 gives the analyses of the colloids of the Ruston soils from

North Cerolina and CGeorgia.

These datn show the Ruston colloid

to be Inferized but not so much as that of the Orangehurg. Itis to be
noted that the alumina is abnormally high in the B horizon of the
The colloid is very much debased and almost

North Carolina profile.
equally so in both pro

fileg.

The slightly higher base content and

phospherus in the A horizon of the North Carelina profile may per-
haps be ascribed to the adventitious presence of artificial fortilizer,

although Doth profiles were presumably virgin soils.
the colloids ol the Georgian and North Caroling pr

On the whole,
ofiles are so similar

in chemieal composition that they are practically identical,

Tawre 7—Chemical analysis of the colloid of Ruston fine sandy loam
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profiles.

In table 8 are given the derived data for the eollot

ds of the Ruston

The moleculur ratios for the major constituents of hoth are

essentinlly the same except in the B horizon of the North Carolina
profile, where the alumina content is abnormally high and the iron
oxide content is abnormally low. Since the bases ol its A horizon,
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as previously pointed ous, are higher than in the Georgia profile, the
ratio of silica to totul bases in this horizon is much lower. The silica-
base ratios, however, are so low as to indieste intensive leaching.  The
combined water is fnirly uniferm within cach. The average value in
the North Carolina soil s 13.77 percent, whereas in the Georgia soil
it is 12.42. The ratios of combined water to sesquioxides and also o
alumina are approximately uniform within both profiles, but the
colloids of the Georgia profile are more dehydrated.

Tasri 8.~Derived date for the collotd of Ruston fine sundy loam
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NORFOLK FINE SANDY LOAM

The mechanical analysis of the Norfolk fine sundy loam is given in
table 8. Two outstanding festures are shown by these data: (1) The
extent to which the clay has been transferred from the A horizen to
both the lower horizons, and {2} the uniform content of silte and snnds
in the thres horizons. This fanet becomes obvious when the percent-
ages of the silts aud sands are figured on a elay-free basis, The laree
quantity of this conrser material and its uniformn distribution through-
out the profile, together with the low water tabie, have no doubt
contributed to tho transfer of the elay from the upper part of this seil.

Tanne 3—Mechawival analysis of Norfolk fine sandy loam !
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T Deterininetions by 2, M, Shaw nnd B, P Mile,

Table 10 gives the chemical analysis of the three horizons of the
Norfolk soil profile. The variations in this soil profile are charae-
teristic of & mature profile developed under good drainnge and oxida-
tion. This is evidenced by the strieture, color, and location of the
elay, ns pointed out in the description of the 2oil nud by its mechanical
analysis. The chemieal data given in table 10 show a pronounced
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transfer of the mejor constituents from the A horizon to the Jower
horizons, as indicated by decrease of silicn and increase of sesqui-
oxides. The natur+ of this transler is better interpreted from the
subsequent datn on the colicidal fraction of ‘this *0il. The whole
soil Iias a very low vet uniform content of the minor constituents.

Tanne 10— Chemicul annlisis of Norfoll: fine sundy loam?
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b Detesminations by G, Sdgingloan,

The doto presented in table 11 show that the colloids of the three
horizons of the Norfolk soil profile have about the suine content of
hotl: the major and minor constituents, with the exception of organic
matter. The chemical composition reported by Davis (7) for 23
Alubama Norfolk soil profiles also shows the colloids in both the sur-
face and subsoil layvers to be very much the same in respect to the
major ennstituents.

Tanie 11 —Chemical analysis of the colloid of Norfoll: fiue sandy toam
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The derived dota in table 12 indieate a very unusual uniformity of
all the ratios for the horizons. Taken slone, the silica-sesquioxide
ratios indicate extensive wenthering of soil muterial, and indeed these
ratios as well as the sitica-alumina ratios warrant the classification of
this as lateritic soil. If fractionation of the colloid material by trans-
Jocntion is regarded as essential $o podzolization, there is little evi-
dence of this process. The soil hias o distinetly bleached A horizon,
but this blenching is due fo removal of the colloid as & whole and not
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to the differential removnl of iron oxide. The iron oxide-alumina.
ratio being essentiully the same in all three horizons, the silica~nlumina
is slightly nearer that of hulloysite than it is in the Orangeburg and
Ruston colloids, and if the alamina is regarded as wholly combined
as an alumino-silicate the degree of lwdrﬂtmu is essentially the same
as that of the other soils, ns S indicated by the water-nlumina ratios.
The silica-sesquioxide and silica-aluming ratios of the Norfolk colloids
reported by Davis (7) are faivly constant within the profile but differ
widely among the profiles. Tsually these ratios nre somewhnt Iower
than those in the profile shown in table 12. This may perhaps be due
to the higher temperature and rainfall of southern Alabama. Where
the ratios of the Alabama soils are markedly high, there is evidence
in some instances, from the location shown on the map (7}, of possible
contamination of the soils by material derived from other soil series.

Tapre 13.— Derived duta _,Fnr the collodd uf Norfolle finrte savnaly lowm
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DUNBAR FINE SANDY LOAM

The data in table 13 show the Dunbar soil to be composed lurgely
of sand, very fine sand, and silt. The profile is ruther uniformt in
texture, so far as the conrser malerinl is concerned, but shows the
usun) increase of clay and eolloid with depth, pmqum‘xhl\ by reason
of transfer of material. In this seil profile, four samples were taken
on the basis of field differences, the two upper layers being regarded
as parts of the A borizon. The two lower layers arve sepmatc(l from
the A horizen by a transition interval of 4 inclies. The lowest layer
does not constitute a C horizon. Tt is evidently modified by trans-
ferved materinl. If any material unaffected by the u pper straia exists
in this profileit is at mucl greater depth,  Fov purposes of comparison,
however, the lowest Juver 1s vegarded as n C horizon,

Tavie 13— Mechanical wnulysis of Dunbar fnc sarndy foaw )
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Table 14 gives the chemieal coraposition of the four soil luyers of
Drunbar fine sandy loam. This seil was very heavily forested. The
forest produced a rother dense shade, which was conducive to the
accumulation of organic matter. When the samples were taken the
field conditions were such as to best differentiste the horizons of this
soil profile in respect to color and {axture. Observed differences were
slight, however, and were confined largely to the color and the clay
content. The soil remained frinble and mellow thr oughout the pro-
file, purticularly in the lowest lnyer. The date show that there was
less eluviation than in the previous soils. Excessive leaching is in-
dicated in this soil by the high acidity and the paucity of div alent
and monovalent bases. The combination of extensive leaching with
less extensive eluviation is perhups to be ascribed to a relatively high
mean water level.

TasLe 14, —Chemical u'nalysis of Dunbar fine sandy lonm
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The colloid of the Dunbar soil (table 13) is rather uniform in com-
position, with the exception of the high organic content of the A, hori-
zon. 1I the constituents are considered on an inorganic b[lSlS, the
silica is highestin the A, horizon, whereas the iron oxide is concentrated
in the Ba borizon. 1In tius JLspch the iron oxide is characteristic of u
podzelic profile.

TanLe 15.—Chenical analysis of the colloid uf Dunbar fine su-nu!y lyam
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In table 16 are given the derived data for the colloid of the Dunbar
soll profile.  The high silica-sesquioxide and silicu-alumina ratios and
their manner of varintion indieate a more highly podzolized soil profile
than has been found in the other soils of this group.  Though Iateriza-
tion appears to be the dominant soll-forming process, 111('1]31011{, podzoli-
zatlon has atlectod the surlnee horizon. '1]115 has pmh.lpq been caused
by the presence of the aecumulated organic matter in the \; horizon,
which has somewhat inereascd the acid character of the soil profile.
There is an cven more marked removal of bases, as shown by the
silica-total base ratios, than appears in the previeuos soils.  The water
ratios are very similar to those for the collold of the Norfolk sail,
allthm]]gh the tolal quantity of combined water of the soil acid Is some-
what less,

TanLk 16.— Derived datn _.f'ru Hu‘ coftoid of Dunbar fine sandy loam
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COXYILLE FINE SANDY LOAM

The data in fable 17 clearly show that the Cloxville fine sardy Joam
is much heavier in texture throughout the profile than the othiers of
this group. It is compased largely of elay, silt, and fine sand. The
combined gravels, coarse sands, and medium sands make up lLess than
L percent of the material in any one horizon. The profile is very
uniform 1in (‘01]]1)0'-;111()“, with the exceplion of the higher content of
elay in the lower horizons.  The meelnical composition of this
Coxville soil profile tends to confirm the opinien of many that the
Coxville soil series has heen formed Trom deposited 111.|l{'ri=11 ol
shallow quict waters, guch as sea warsh, bay, sound, or lagoon,
This prolile, like that of the Dunbs ar, does not show shar P lm imontal
(h_ﬂ(’lt‘n[llilnn, and consequently transitional bands between both
Xoand B and B oand € bovizons were not sampled, Tt is doubtful
whether the 4 1- to 66-inch stratum represents a true O horizon. Tt
would also seemy doubtiul whether the eluy and eolloid removed
frora the A hovizon has necumulaied in the lower strata.
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The chemical data of table 18 show the Coxville soil profile to be
lilke the other soil profiles of this group, in that the content of its
major constituents revesls a marked degree of eluviation from the
A horizon. 1t is also impoverished with respect to the minor con-
stituents. The soil of this profile has a bigher acidity (pH 4.3) than
the other soils of this group presented here, and unlike the acidity
of the other soil profiles its value is but little modified by the accwnu-
lated organic matter in the A lorizon.

Tasin 18.—Chemical analysis of Cozville fine zamdy oo
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U Deterinipations by 6, Xdgington,

Table 19 shows the chiemienl composition of the eolloidal material
in the three hotizons of the Coxville sail profile.  The most obvious
difference in composition between the three horizons is the oxtont to
which the iron has been transferred from the A to the B horizon.
Tlhis no doubt is the result of the soluble offect of the organic matter
and also the acid character of the clax. This condition is more in
evidence in this profile than in the Dunbar.  The fluctuating water
table, which, judging from the mottled colovings of this soil profile,
s very pronounced, may have carvied the disselved iron oub of the
reducing zone to a lower level, where it may liave been thrown cuf of
solution by the air that pencirates the soil as the water {able is
lowered. This is more or less horne out by the deseription previously
given of the soil profile, where it is stated that there is no red or
yellow mottled clay materisl to be found beneath the mean water
table. This would indicate that the deposition of the iron compound
talkes Place in the zone of the soil profile that lies above the waler
table and below the organic reducing zone of the surlice horizon.
There is but slight alterntion in the content of the other constituents
in the different horizons, exeept the higher sulphur percentage of the
A horizon, which is associated with the organie matter.

Tasug 10, -Chemical anelysis of the colloid of Corville sandy loam
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TaBiLE 19.—Chemicel anolysis of the colloid of Cozville sandy loum—Continued
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The derived data given in toble 20 for the colloid of the Coxville
soil show small variations in the ratios within the profile.  The only
marked deviations from uniformity are in the silica-iron oxide and the
iron oxide-aluming ratios. The probable explanation of these varia-
tions is given in the previous paragraph. The silica-sesquioxide and
silica-nlumina ratios are markedly higher than these for the Orange-
burg, Ruston, and Norfolk soils but are not decidedly different from
those of the Dunbar. These higher values are well above the siliea-
rluming ratios for hallovsitic acid (4). This indicales less removal of
silica from the colloid and may be taken to indicate less complete
decomposition of the parent minerals,

Lanty 2i——Lerived dute for the colledd of Cozville fine sandy loam

.
O

1; Mupleeular rutia
. i hmm]

e e e e e e |
i ari-’ . i

ple i Dtplu oo 2 binwl
, - S0y | %i0:© Si0y 130 1 oaw  1n04n | o en | Fea0s | 10265 3 o1 (ke
Al | mz;;' N‘I‘\‘;'s 3 ECTIR S DU ! o

! Per- ;. Prr-

| rel | oecnt
Log. 0wl e e
Ly0; L3166, 1181
S S 3 l"" 1468

N T -Ilbl;! R BT 05' |

BLADEN LOAM

The data in table 21 show the mechanical composition of the Bladen
loam soil profile. It is to be noted that it has suffered little from
eluviation, as evidenced by the high clay and colloid content of the
A horizon. It has a very low gravel and sand content. There is but
little evidence of transfor of clay materials from the A horizon to the
B. It is sufliciently high in clay content to be almost Linpervious to
water.

Tanvg 2V-—Wechunical analysis of Hladen loum 1
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The chemicel data for the composition of the Bladen soil profile,
given in table 22, show this profile to be more uniform in composition
than previously presented soil profiles of this group. In this respect
1t ig similar to that of the Dunbar profile. Siliea, alumina, iron oxi de,
and _titanium oxide taken together make approximately 99 percent
of the inorganic soil. It is & remarkable profile among the soils of
this group; 1t hns a Jow iron oxide content and is even more seid than
the Coxville. The removal of the iron oxide and the high neidity are
to be attributed to the exceedingly high water table.

Tanri 22.——Chemical analysis of Bluden loam !
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The data in table 23 show that the eolloids of the Bluden profile ave
very unilormin alumina content.  The content of silien decrenses with
depth, while the Lron oxide content inercases.  Since the soil and
collold are nearly white, independent of organic matter present, the
ron oxide is not present as such., It Is presumably combined us a
silicate.  The cuntent of titanium is high, It is probably eontam-
mated with ilmenite (FeTiQy), A considerable quantity of finely
divided ilmenite was identified in the silr.

TarLe 283.-—-Chemical unalysis of the collvid of Rleden oo,
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The derived datn for the colloid of the Bladen seil profile {(table 24)
show that this material diflers but little in coraposition froni that of the
Dunbar and Coxville profiles.  In general, it is slightly higher in
gsilica, as indiented by the silica-sesquioxide ratios.  The ratios for
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silica-iron oxide and iron oxide-nlumina show an increase of iron oxide
with depth. 1In this respect the colloid of the Bladen soil profile is
more comparable to that of the Dunbar. The iron oxide-aluming
ratios show that in comparison with the alumina the iron oxide econtent
is lower in the colloids of the Bladen profile than in the colloids of
profiles previously examined,

Tanng 24.—Derived data for the collvid of Bladen loam
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PORTSMOUTH FINE SANDY LOAM

The mechanieal analysis given in {able 25 shows the Portsmouth
profile to be much lower in both colloid and silt then other members of
this group of soils. The colloid is lowest in the surface harizon, which
no doubt is the result of eluviation. The datn for the lower horizons,
however, indicate that this was lateral instead of vertical. The large
quantities of sand in this soil profile give it a ruther loose, porous struc-
ture, which would bo conducive to adeep well-drained and nerated soil
if it were not for the high water table. The effect of this high water
table and of anserobic conditions doubtless has had much to do in
determining the character of the colloid,

Tanus 26.—Mechanical anulysis of Portsmauth fine sandy loam
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The datn for the chemical analysis of this soll, given in table 26,
together with the data of table 27, show the sands and silts reporied in
table 25 to consist almost wholly of quartz, as is largely true of all these
reluted soils.  The surface seil 1s slightly more acid (p}l 4.1) than that
of the Coxville or Bladen, which difference may be ascribed to the
somewhat higher organic content. The lower horizons ars about the
same (pH 4.3 to 4.4) as the Dunbar, Coxville, and Bladen soils.  These
low pIl values are the result of the practically complete removal of
bases from the profile.  This is also shown by the chemical composi-
tion, these values probably being the lower Iimit for normal soils.
The higls organic content of the surlace soil is an indication of appronch
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to peaty conditions, which wotld nrise were the water table slightly
higher or more constant.  The anaerobic conditions developed during
wet periods doubtless secount for the almoest eomplete nbsence ol iren
and manganese in this profile.

Tanus 26.—Chendenl analysis of Portsmouth fine sandy lowm
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Taune 7.~ Chemical wnalysiy of the collotdd of Portsmouth fine sandy Toam
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Table 27 gives the ¢chemical composition of the colloid of the three
herizons of the Portsmouth prefile. These dutn show that the colloid
in the three horizons iz virtually uniform in inorganic compesition,
The composition of the colloid in the A horizon differs sharply from
thatin the B and C horizons by reason of its high organic content. The
soluble and leaching effeet of water is shown by its low cantent of
exchangeable material, and the norganie collowd may be regarded
perhaps as being largely a single clay complex.

The derived data for the Portsmoulh fine sendy lonm colloid
(table 28) show this material to be essentinlly the same in characier
as that of the coll: ids from othier suils of this group having relntively
poor drainage and a high water table. The silicu-sesquioxide and
silica-alumina ratios are slightiy higher for the Portsmouth profile
than they are for the other soil profiles of the poorly drained soils.
The manner of varintion within the profile would indicate incipient
podzolization, The iron oxide is so low in all the horizens that
the variation in the ratios of silica to iren oxide or iron vxide to aluniina
hns but little significance. The relatively high cambined water of
the soil acid has but little meaning in the A horizon, beenuse when
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the organic matter is so high (lable 27) the uncertainty introduced
in caleulating the organic matter from the earbon content results in
uncertainty regnrding the eombined water relations,

TanLi 28.~-Derived data for the colfoid of Pocismonth fine sandy loam
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PAMLICO MUCK

In table 20 are given the mechanieal composition of two samples,
('313 and (311, of the organic horizon and one sample, €312, of the
inorganic material, or subsuil, of 1he Great Dover Swamp. The mate-
rial of this swamp hns recently been classified as Pamlico muck.
The duata show that both the organic and inorganic horizons of this
swamp contain higher pereentages of the conrser sand fraetions than
the better drained soils.  The organic harizon is low in silt and elay,
The separations were made after removal of orvanic matter. The
organic matter was not analyzed. The content of colloidal material
in the subsoil, 14.8 pereent, does not indicute the aceumulation of
any great amount of inorganie eolloid in the so-called B horizon.

Tavrg 20 -=Mechanical wualysis of Paalico wack !
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The chemicnl analyses of the three smnples are given in table 30,
The data show that this material is composed lnrgely of quartz and
orginic matter. This accords with the indication of extensive removal
of clay and colloid shown by the mechanical analyses. The low per-
centages of iren oxide, alumina, and manganese are the result of
much Jeaching by a large quantity of water in contact with o high
content of acid orgnnie maiter (pH 3.8}, The quantities of soluble
bases are also low, vet they are comparnble in value to those of the
other poorly drained soils,  The data indiente that the phosphorus
and sulphur are associated with the organic matter nn(l ure fairly
well retnined by i,
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Tanup 30~—Chemical analysis of Pamlico muck
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The chemical annlysis of the colloidal material of Pamlico muck,
given in table 31, shows the colloid of the upper luyers to be comiposed
largely of organic matter. Althougl 4.6 percent of organie matter is
found in the colloid of the underlying layer, this does not represent
the true organic content of this colloid. In sampling, the sample of
subsoil became unavoidably contaminated with the overlyin
material. There 1s a very definite separation between the muck an
its subsoll. When estimated upon inorganic free bases, the percent-
ages of the constituents of the inorganie colloid show the colloids of
Pamlico muck to be practically the same in composition as that of the
other poorly drained soils of the Norvfolk family.

Tanrs 31-—Chemical analysis of the enlloid aof Pamiico muck
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The derived data for Pamlico mucl {table 32) show the incrganie
portion of this material to be very similar in composition to that of
the Portsmouth. Tt has a rather high and definite silica-alumina
ratio. The silica-iron oxide ratios show the absence of iron character-
istic of waterlogged sotls. The data show the colloid of this profile
to be somewhat lower in combined water and ecombined water of
soil acid. As already mentioned, however, these values may be in
considerable error, due to the lack of an adequute method for the
aceurate estimation of high organic matter. The duta of tables 3}
and 32 show that the two A horizons have about the same eheomical
composition. No, {311 was obtained from o point somewhas farther
from the edge of the swamp and appears to have heen less affected
by “wash.”
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Tapun 32.—Derived dota for the colloid of Pamtico wuck
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GENERAL DISCUSSION

1t cannot be positively nsserted that the parent material is exactly
the same in all these soils, since any alluvial or colluvial deposits may
be expeeted to vary somewhat and variations of the Coastal Plain
deposits muy in part aceount for the Jocation of the present drainage
lines. 1t is perbaps true that the peorly drmined arens roughly indi-
cate the location of denser deposits of Constal Plain materials. It is
fairly certain, however, that the parent material was fairly well
weathered belore the seil-forming processes of the present eyele began
to affect the eharacter and distribution of the soil components. These
soils have obviously reached their present condition under the influence
of like temperature and rainfall. This by no means is to be inter-
preted as saying that ne diflerences in these respects have existed.
It may snfely be assumed that as the seils differentinted the eflective-
ness of the rainfall varied, and temperature varintions also ensued.
At present fairly wide differences in types ol vegetative cover exist,
ranging from the characteristic swamp vegetation of the Pamlico
muck through pines to the hardwoods of the well-drained soil.  These
diflerent types of vegetation must be assumed to have played a part
in the soil development.

The most outstanding environmental condition that shows varia-
tion, however, is drainage. Tt may properly be assumed, therefore,
that differences in drainage, supplementod by other diflerences de-
veloped as & result, are the primary cause of the differences in these soil
series.  This appears to he especially applicable to the colloids. To
better envisage these relationships the individual properties are
brought together in tables 33 to 38 and considered separatoly.

COLOR

This group of soils shows a very striking variation in eolor both
within individual profiles and between the different series. These
differences are apparent in the color churt presented in plate 1. The
striking differences can be fully appreciated only by observing the
solls while wet and in place. The A horizons of the different soils
range from very light gray to almost black. 'These differences are
ascribed chiefly to the wariations in the organic-matter content and
the low iron oxide content,

In the B horizens the color gradually changes from deep red in the
well-drained Orangeburg to light gray in the Portsmouth.” While the
red nnd yellow are umloubte(%ly due to ferric hydroxide, more or less
hydrated, the color intensity is by no means proportional to the quan-
tity of iron present. This is more clearly evident by comparison of
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the colors of the extracted colloids than of the soils themselves. Thus
the deep-red colloid of the Orangeburg contains 12.85 percent ol ferric
oxide, and the fairly yellow colloid of the Coxville has 13.73 percent.
The gray colloids of the Bladen and Portsmouth contein §.44 percent
and 2.3 porcent, respectively. These quantities are quito sufficient
to produce distinet coloration, if present as free ferric oxide. While
it is not safe, porhaps, to assumo that the lighter colors are wholly
due to iron cxisting as a part of the silico-iron complex, it seems
apparent that such a complex exists in these soils. It is evident from
plate 1 and tablo 34 that the intensity of the red and yellow colors
of the soils vary inversely with the ratio of silica to sesquioxide. In
the better drained soils frec ferric oxide undoubtedly exists, but if is
not apparent whether shades of yellow are due to hydrations or particle
size. 'The datn shed no light on the guestion.

In the C horizons the colors of tho soils are only slightly more
uniform than in the B horizons. Tho considerable variation is doubt-
less due to the transiocation of colloidal muterial characteristic of

ench soil.
MECHANICAL ANALYSES

An obvions charneteristic of this group of soils, with tho exceplion
of the Coxville, is the sandy charncter of the surface horizon. = The
conernl impression that the entire soil profile is similarly sandy is not
warranted. On the contrary, these soils contain more clay than the
many soils in which clay is formed from the weathering of geological
material in place.

A general conception of the size of particle distribution of these
soils may be had from the condensed data on the mechanical analyses
(table 33). The extent of eluvintion that has taken place in the pro-
files may be seen from a comparison of the clay content of the A
horizons with thast of the lower horizons. Lt varies with the maturtt
of the soil profile. The soil series that have not developed a well-
defined soil profile, namely, the Portsmouth, Bladen, and Coxville,
have suffercd eluviation but not to the sane extent as the well-
developed soil profiles of the Orangeburg, Ruston, and Norfolk soil
series.

Tho data for silt content show no evidence of its removal fron one
horizon to another. They do show, with a few oxceptions, » higher
pereentage content of silt in the A horizons thar in the lswer part of
}.hc.soil profile. This s the result of tha removal of the clay from the A
10Tiz0MN.

Tanne 33— Condensed dala on mechanical analysis of lhe Narfolk anid velated soil
seriey
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TasLe 33.~~Condensed data on mechanical analysis of the Norfoll: and related soil
series—Coutinued
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SILICA-SESQUIOXIDE RATIOS

Table 34 gives the molecular ratios of silica to sesquioxides for the
colloids of the Norfolk and related soil series. The soils series are
arranged {rom left to right according to lack of development of their
drainage systems. It may be noted that, in general, the silica-ses-
quioxide ratios increase in the same order. The extreme variations
are not suflicient to make these values useful as a means of distinguish-
ing soil series, but they are strikingly indicative of changes in soil
character by environment,

TasLE 3d.—Siliza-sevguinside ratios for eolluids of the Norfolls and relaled soil series
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It is perhaps reasonable to assume that the greater part of the clay
content now present in these sols existed in the soil parent materin
at the time it was laid down. This assumption is supported by the
fact that the residual material other than clay is essentially quartz.
It is also reasonable to assume that the clay in this parent material,
as 1t came from somewhat the same source, was rather uniform in
chemical composition at the time of its deposition. If the two ubove
assumptions be true, then differences in the composition of the
colloids of these soil series are the result of the differences in the
present active soil-forming processes.

The silica-sesquioxide ratios for the colloid in the A horizons of
this group of soils, with & few exceptions, show a gradual increase in
value, ranging from 1.2 in the well-drained soils to 2.4 in the poorly
drained soils. The B and C horizons show similar relationships.
The low silica-sesquioxide ratios for the well-drained soils indicate n
material alterntion in the assumed composition of the original colloid
complex, This effect is less marked in the poorly drained soils. The
low silice-sesquioxide ratios in the first two horizons of the Orangeburg
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profile are indicative of a highly laterized soil in which more silicates
than sesquioxides have been broken down and removed by solution.
The silica-sesquioxide ratio of 1.77 for the colloid of the C horizon a6
a depth of 100 inches shows that the colloids of the decper Orangeburg
soil have not been altered to such an extent as those in the upper
horizons. The silica-sesquicxide ratios for the colloids of other soil
profiles are slightly lower in the B horizon than they are in the A
horizon. This type of variation is indicative of incipient podzoliza-
tion and is slightly more pronounced in the poorly drained soils. The
silica-sesquioxicle Tatios of the Dunbar, Coxville, Bladen, and Ports-
mouth colloids indieate that they have not been affected by the same
soil-forming processes as were operative in the well-drained soils.
They were, however, greatly altered by the almost complete removal
of iron oxide and of a large part of the monovalent and divalent bases.
This chemical alteration is the type expected in frequently submerged
soils (14).
SILTCA-ALEMINA RATIOS
The silica-alumina ratios are given in table 35. In general these
ratios show the same type of varintion from the well-drained soils to
the poorly drained as shown by the silica-sesquioxide ratios in. table
34. The ratios of silica to alumina for the colloids of the Ornngeburg,
Ruston, and Norfolk are perhaps more indicative of the silicate com-
plex than the silica-sesquioxide ratios, since the iron oxide is probably
reseut as such. Baver (2) reports the removal of the sesquioxides
romn the colloids of a Norfolk soil, thereby changing the silica-
sesquioxide ratio from 1.63 to 2.19 and causing a corresponding change
in total base-exchange capacity from 20.7 to 42.5 milliequivalents per
100 g of colloid. Undoubtedly the free, more or less hydrated, iron
oxide is responsible for the color of these soils. The ratio of silica
to sesquioxides is more nearly indicative of the composition of the
colloids of the lighter colored soils and those of high organic content
than is the ratio of silica to alumina. Tt seems probable that in these
soils the iron Torms an integral portion of the silicate complex.

Tanne 35, —Silfou-elumine rafing for enlloids of the Norfollz and related soil serfes
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IRON OXIDE-ALUMINA RATIOS

As may be seen from table 36 the ratios of iron oxide to alumina are
approximately the same in the colloids for the first four 501l series.
There is but slight evidence of the removal of more iron oxide than
alumina, from any one horizon to anot¢her. Tn the remaining soil
series, Dunbar, Coxville, Bladen, and Portsmouth, the average ratio
of iren oxide to aluming is less than it is in the better drained soils.
This is to be expected, however, for in these soils, which bave higher
water tables and poorer drainage, the anacrobic conditions (24) and
the organic matter present have reduced the iron, resulting in its
removal by sohution.
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TaBLE 36.—Jfron ozide-aluming ratios for colloids of the Norfolk and rclated soil
series
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SILICA-TOTAL BASE RATIOS

In table 37 are assembled the formula-weight ratios of silica to
total bases; that is, the ratio of 8i0; to the sum of CaQ, MgO, K0,
and Na, O pJ esent in the colloids. That these ratios are very luwo,
that is, the base content is very low, is evident, If the base-Iree com-
plex in the colloids is assumed fo be essentially halloysitic acid
(B3H.0.A1:04.28i0.) (4), it follows that, since the average ratio of
silica to bases as shown in table 37 is 30: 1 the assumed acid is but one
forty-fifth saturated. This contrasts sh: AT ply with the corresponding
relation shown by Brown, Rice, and Byers (3, p. 89) four certain dry-
land soils in which, on a similgr assumption ol the existence of the
colloid as p\*rophvh(- acid (3H.0.A1,0,.48i0.), the acid is almost one-
sixth snturated. These relations are in harmony with 1he pH values
ol the soils, It may be assumed, therelore, that in the more com-
pletely debased soils, for example, 1he Portsmoeuth and Bladen, there
1s very nearly the minimum pH value that ean be reached by a soil of
corresponding composition. Hester and Shelton (8) have shown
that by debasing they were able to lower the pH values of virgin
Portsmouth, Bladen, and Norfollk soils only to the extent of 0.G, 0.8,
and 0.3, respectively. A portion of this alteration must be nscribed
to organic matter. In general, judging from the silica-base ratios,
such solls should not be expected to be highly productive without the
addition of fertilizers.

TapLe 37.—Nilica-total base ratios for collvids af the Norfolk and relaicd soil series
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CONSTITUTION OF THE COLLOIDE

In table 38 comparisons ol the major constituents of the colloids
are made in fwo different forms. In one ecolumm the molecular
guantities of the water and silica are compared with that of aluming
taken as unity. In a second column a similar comparison is made,
the sum of the alumina and iron oxide being talken as unity. These
relations are given for each horizon,
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TanLE 38.—Molecular composilion of the ecid comples of the colloids of the Norfoll:
and related soil series end the acidity of the soils
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It may be seen from a careful examination of the data that the
colloids of these eight soil series fall into two distinet groups. The
ratios of silica to alumina for the colloids in the first group, the
Orangeburg, Ruston, and Norfolk, range from 1.5 to 2.0; the ratios of
silica to sesquioxides range from 1.2 to 1.8. In the seeond group of
soils, the Dunbar, Coxville, Bladen, Portsmouth, and the Pamlico
muck, these ratios ra nge from 2.3 to 2.6 and from 1.8 to 2 4, respec-
tivelv. It may be observed that all the silica-sesq wioxide ratios in the
second group are 2 or above, except that for the colloid of the C
heorizon of the Dunbar profile, which wag 1.8. This low ratio is to
have been e\pe(*lml, as splotches and streaks of bhright-red material
were noted in this horizon and no true C horizon was obtained. (See
description of Dunhar soil profile, p. 5.)

Tt i1s assumed that the silica~-alumina ratios for the colloids of the
well-drained soils of this group are more nearly indicative ol the com-
position of the silicate complex than the silica -sesqlllo\u}e ratios, Asn
result of the excellent drainage and acrobic conditions in the Orange-
burg, Ruston, and Norfolk soil profiles, free iron oxide and bydroxide
heve formed and aceumulated in a colloidal state.

In the second group of seils, the drainage ranges from fair to very
poor. In some of the soil series the water table is nearly at the surface
throughout the year; in others it is more variable. These conditions
result in anacrobie conditions and the usual consequences suifered by
submerged soils {(74). No indication of the existence of free iron oxide
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or hydroxide is in evidence, except to a slight extent in the Coxville
and Dunbar profiles. The iron present, therefore, may be assumed
to be wholly or largely a part of the complex silicate. Neither of the
above assumiptions 1s necessarily whoily true. Because a soil is red
it does not follow that all the iron present is free ivon oxide nor, if the
soil is apparently free from red or yellow when organic matter is re-
moved, that all the iron is in the silicate complex. These are to be
regarded as limiting conditions. To what exten’ much free iron oxide
is ndlicative of free aluming is problematieal.

In Technicnl Bulletin 484 {(4) the hypothesis is expressed that—
the fundamental inorganic complexes are definite amphoteric alumino-silica
acids with the properties to be expeeled of such compounds.  ‘The colloids them-
selves are assumed to be salls of these acids with more or less roplacement of
acid hydrogen by metals and of hydroxy] groups by gseid jons.  The iron content
of the soils i assumed to play the saine role as shuning except that its compounds
mnore readily reach compleie hydrolytic decomposition.

In connection with this hypothesis it may be noted that in the more
highly colored colloids of these soils, those of the A and B horizons of
the Orangeburg, Ruston, and Norfolk, the silica-sesquicxide ratios
are not above 1.6.  The silica-alumina ratios, however, range from 1.9
to 2.0 in all the samples from the Norfolk, Ruston, and Orangeburg,
except the A and B horizons of the Orangeburg.  On the other hand
the silica-sesquioxide ratios of the remaining colloids range from 1.8
to 2.4, with an average value of 2.1.  The stlica-nluminn ratios range
from 2.3 to 2.6, with an average value of 2.4, Tt will be seen from
these values that il the nbove-quoted hypothesis be aceepted, these
colloids are dominated by the presence of an aeid of the general type of
halloysitic acid (4) (3H0.A1:0,.28i0,), with free iron oxide present
in the red soils. Whether the low ratios of the A and B horizons of
the Orangeburg are due to the presence of free alumina or to another
ackd of lower ratio, possibly the hypothetical aliophanic acid, cannot
be asserted until better methods of separation of colloidal components
are available,

With reference 1o the combined water of this hypothetical acid it
may be noted from the data of table 38 that in no case does the quan-
tity of water present equal that assumed to be characteristic of the
hypothetical acid. The mean value for the water-alumina. ratios of
the whole group, with the exception of the Pamlico muck, 1s2.2. The
Pamilico muck is omitted not only because it does not present a de-
veloped soil profile {p. 7) but because the quantity of organic matter
im'nllidates uny conclusions concerning water relations. If instead
of the water-alumina ratios the water-sesquioxide ratios are used for
the poorly drained, light-colored soils the mean value becomes 2.1,
It ins already been shown that these eolloids are alinost wholly free
from bases. It is to be expected, therefore, that weank acids of this
type would tend automatically to dehydrate even in the presence of
water. In any event the mean vslue of the major constituents of
these inorganic colloids may be expressed as 2.3H.0.4140,.1.998i0..
As the coefficient for the silica was determined by taking the mean
values of the silica~alumina ratios for the Orangeburg, the two Ruston,
and the Norfolk profiles and the silica-sesquioxide ratios for the re-
maining soils, this value may appear synthetic but it was arrived at
legitimately.
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CONCLUSIONS

The detailed study of the associnted soil series through field exami-
nation and the laboratory analysis reported herein wnrrant certain
general conclusions. The soils are closely related, and diﬁ'emnces‘
which warrant thelr segregation mto separate soil 501 ies are o primaridy
those that result from dlﬁorem-os in degree of drainage and its conse-
quences. The differences in drainnge dep(‘nd e‘aseni.m]lv upon such
factors as proximity to well-developed drainage systems, clevation,
and slope of Iand, and small differences in the texture of the parent
material. The soils most remote from the drainnge systems are fre-
quently the poorest drained.

Analytical data for the colloids of this group of soils show ther to he
all tho:oughiy leached, but the poorly drained soils are more depleted
of bases, iron, and lmmw-mese than are the better drained ones,  Even
though drainage condi tions are such as to greatly impede the move-
ment of water, nevertheless nltimately much witer does appear to
move {rom these soils lnterally rather than by evaporation,

The colloids of the lower horizous of the well-dmined soils are red
to yellow, showing the presence of some hydrated iron oxides. The
dominant Hght color of the colloids of the pootly drained soils, exclu-
sive of organic mutter, indicates that the Iron 1s present as a. part of
the silieate complex.  From a study of the mtios of silien (o alumina
and. silien fo total buses, 1t 1s concluded that the colloids of ail {his
aroup of soils is dominated by the presence of o highly debased alu-
mingsilicate of the general type of halloysitic neid (311.0.A1.05.250.).

SUMMARY

At the Instanee of the late C. T, Murbut of the Soil Surveyr Division,
this study was initiated for the purpoese of puinting out suil changes
brought about by loesl environmental conditions operaiing upon
essenbially the sime soil parent material,

Analvtical data are presented for profiles of eight soil series of the
Atlantic Constal Plain.  These include mechanieal and chemieal
annivses of the soils, determination of their pH values, and chemical
annlyses of their colloids.  Also, derived data from the analysienl
results are presented.

These sals, which Lave developed from the same parent materinl
and under the same climatie conditions but with variable drainage,
are il acid.  The acidity ranges in pH from 5.1 in the best (ll!llll(‘tl to
3.8 in the poovest druined soils. The exient of cluvintion increases
with drainage, but the degree of leaching and debasing increases with
the lnck of clmumge The monovalent and divalent bages, us well as
manganese, are low in all the soils, but they are Jowest in the poorly
drained ones.  The accunulation ()f{ntranu' matter under poor drain-
age conditions accompunies the d('plet,mn ol bases.

“The character of the colloids is indicated by the derived data.  The
degree of varintion of the major constituents in the soil m}]m(lq 1S ex-
DY cased by the silien-sesquioxide ratios, which range from 1.2 in the
well- d;mn(‘d soils tg 2.4 in the poarly drained ones. The presence of
decomposing organic matter under poor drainage conditions tends to
deplete the tron (‘(mionb of the colloids, The ratio of iron to alumina
ranges from 0.26 in the best drained soils 10 as low 05 0.04 in those with
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poor drainage. The combined waler as compared to aluming is
essentinlly constant. Tt ranges from 2.6 in the better drained soils to
1.8 in the poorly drained ones.

It is concluded that the dominant differentiating role is played by
differences in_drainage and by the effects resulting from the dratnage
conditions. It is also conciuded that the colloid of all the soils 1s
dominated by the presence of a highly debased alumino-silicie acid
of the halloysitic type (311.0A1,0,2510,). Tt is suggested that the
marked absence of base jons is an important consideration in the
utilization of these soils for agricultural purposes.
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