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During soil development a partial redistribution of the inorganic elements
occurs within the profile. Aithough the distribution of major elements has been
. determined in many different soil profiles, and comparative evaluations have
been made of the weathering factors that contributed to it, similar determinations
and evaluations have not been made for trace elements. Numerous workers have
_determined the gontent of a single trace element in a particular part of a soil
- profile (7) but few have determined the distribution of trace elements as a group
~_throughout the profile (1, 4, 6, 9). The relationship between trace and major
relement distribytion has similarly bcen studied largely on the ﬂmgle trace
element basis.
" Use of chemi¢al mstrummltatwn in this report the emission spectrograph,
fa.clhtles the study of a large number of elements at one time. This paper describes
“astudy of the djstribution of trace eclements in relation to the major elements
' in speotally seledted profiles of some podzolic soils, and evaluates some of the
Weathel‘mg factars known to have been operative in them.
*; 44" The nature of the parent material is a major factor in determining the quanti-
; t::ea of trace elements present in a soil, but enrichment by plants (2), contamina-
-_; g, t.lﬂn by way of the air, and microbial activitics (4) affect their distribution. Soil
F:rea.ctwn drainage, and permeability also influence trace element content and
;ﬁ * i distribution in séils.
’9 “f* -To control some major variables, sites were selected in glaciated areas where
% ‘gf the composition|of the drift was well established. Soils formed from drift from

b7
E*Z’?t.hree kinds of parent materials—gray acid sandstone, carbonate rock, and red

.

* i acid shale—werejstudied (table 1). Conformity of the lithology of the drift to that
‘j**f&, of .the underlying bedrock was quite close, cxcept for the older limestone drift
,;:,, ‘which contained an admixture of gneissic rock. Soils formed from younger
"‘# . glacial materiald and from corresponding older glacial deposits were studied.
# Compa.nsona were made between soils formed on glacial deposits of the same age

w %.but.of different lithologies. Comparisons were also made between soils formed on

n;s

s gla.cml deposits ith similar lltholngles but dlﬂ‘crcnt ages. All smls studied were

- " parent material is usually directly or indirectly responsible for certﬂ.m morphologi-
.. cal featurea of the profile. Where the drift has undergone long-continued weather-

"_  1 Paper of the ournal Series, New Jersey Agricultural Iixperiment Station, Rutgers
University, the Stpte University of New Jersey. The senior author is now with the C.8.1.
R 0. Irrigation lesenrch Station, Griffith, N.S.W., Australia.
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TABLE 1

Sotle studied for tnorganie confent® ,

Great Soil Group Soil Type Parent Material Age of Drift
1. Padzol Unnamedt sandy loam | Gray neid sandstone (Pocono) | Wiscon-
 8in
2. Podzol Unnamedt sandy loam | Gray acid sandstone (Pocono) | Kansan
3. Gray brown Squires** st lonm Colecareous matoerial Wiscon-
podzolic . Bin
4. Red podzolic | Annandale** stlt loam | Gneissic and earbonate rock Kansan
5. Gray brown Weothersficld loam IRed acid shale (Brunswick) Wiscon-
podzolic | sin
6. Gray brown Norton loam Red acid shale {Brunswick) Kansan
podzolic |

* Loacations: 1. Tobyhanns, Pa.; 2. Jim Thorpe, Pn.; 3. McAfee, N, J.; fl.l‘.Flandera,
N. J.; 5. Metuchen, N. J.; and 6. Ioast Millstone, N. J. |
t Profile deseription by Tedrow (8). |
** Prolite description by IKrebs, IR. D., Seven soil profiles in northern New Jerscy,
Ph.D. Thests, Rubgers Universily, 10855, |
|
g, asn the Yarmouth and Sangamon interglacial slages, its original composi-
tion plays a comparatively minor role. The time-climate complex has altered and
masked many inherited features in the old drift (8), but acquired features tend
to be similar and original differcnces that once existed between drifts become less
pronounced.

METIIODS

Air-dried soil (20 pounds) was broken up with & wooden roller and put througl
o stainless steel sicve. It was successively quarterced to give a 160-g. and a 50-g,
portion. The 50-g. sample was oven-dried and used for total-soil analysis. The
clay fraction was obtained by suspending the 160-g. portion mn 8 liters of water
that had been passed through a resin column; the suspension was adjusted to pll
8.5 with redistilled NH,OH and particles of <0.002 mm. were separated by
sedimentation. The clay fraction obtained was leached with 0.1 V IIC! to remove
gorbed calions. |

The worganie elements w the soil and elay fraction were delermined spectro-
chemically by the method of Shimp et al. (5). llach sample was analyzed in
duplicate after being dried at 110° C. A 2.0-g. sample was used for total soil and
n 0.2-g. samplo for tho elny {nction. Co, Cr, Cu, Ga, Mu, Ni, P’b, Sn, V, and Zn
were determined, Of the major constituents, only Al I'e, Mg, and Ti were
determined. Precision of these analyses was within the 45-15 per cent range.

RESULTH

Contents of inorganic elements in the whole soil and in the clay fraction of cach
horizon of the six profiles are shown in table 2. To determine any changes in
distribulion of inorganic elements between the soils formed from the younger aud
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older glacial deposits, a disiribution ratio (table 3) was calculated for each element,
. This ratio wag obtained by dividing the amount of each element in the A lmrizcm.
of any soil by that in the C horizon. A value of less than 1 indicates that ro-
moval of the particular element from the A horizon has taken place; a value
greater than 1 indicates accumulation. |

Accumulation of thie clements in the clay fraction was found by culcuhtmg B
concentralion ratio {table 4), that i1s by dividing the amount of clement in the clay
fraction of the A or B3 horizon by that in the entire soil of the C horizon. A value
greater than 1 indicates that the particular element is in greater quantity in the

A or B clay fraction than in the parent material.

PODZOLS ON WISCONSIN AND KANSAN DRIFTS

Tolal sorl I.

All clements were partially removed from the A horizon with the exception of
Ti in both profiles and Sa in the younger profile (A, B, table 2). The 13 and C
horizous of cach profile have virtually the same inorganie ciement content. ’lhc
distribution ratios (table 3) show that Cr, ¥e, Pb, Sn, and V were leached and Ti
concentrated to a greater extent in the sml from the older IKansan drift than in
that from the younger Wisconsin. This may have been duce to & continuing trend
with age, or to more intense leaching during pre-Wiseconsin time. Ga, N1, and Zn
were leached from the A horizon to approximately the saume extent in both soils.
Al, Cu, Mg, and Mn were leached to a lesser extent {from the soil formed on the
older drifts than in that from the younger drifts.

Clay fraction

Except for Th in both profiles, Cu in soil derived {rom Wisconsin drift, and Ga
and Mn in soil from Kansan drift, the clements have not accumulated 1in the clay
{raction of the A horizon to the extent that they have i the I3 (table 4). In the
clay fraction of soil derived from I{ansan age drift pronounced accumuiation

of Ti, Cu, and Ga occurred in the A horizon. This also applics to 1y, Cu, Sn, V,
“and Ga in the clay in the A horizon of the soil formed from Wisconsin drift,
~ Compuarison of tho coneentration ratios in the elay fraction of the A hovizons of
the two profiles reveals that the ratios for Cr, Cu, l'e, Ga, I’b, Su, and V are
greater in the clay from the soil formed from Wisconsin deift than in that from
I{ansan drift, Ratios for Al, Ni, and Zn are virtually the same in both profiles,
- whereas those for Mg, Mn, and Ti are less in the younger clay {raction. The con-
centration ratios of the clay fraction of the A honzon and the distribution ratios
of the soil indicate similar trends between the two soils for al} elements except Cu
~and T,

All elements except Co are accumulated in the clay fraction of the B horizon of
both podzol profiles {table 4). Al, Cr, Fe, Ga, Mg, Ni, Pb, Sn, and V are ac-

cumulated more in the clay of the soil of the Wisconsin age tban in that of the
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TABLE 3
Digtribution ralios* in the A horizon of the soils
Element ﬂis%ﬁigl A;E“Fg?;;ﬂi Squires Annacdale Wethersheld Norton .
I'a 0,27 0.15 0.44 0.45 0.64 - 0.51
Al 0.11 0.19 0.79 (.82 0.59 .54
T1 1.97 2.25 1.19 .89 1.24 0.86
Mg 0.06 0.13 1.09 3.40 0.50 0.59 i
Cu .28 0.38 .36 0.25 .41 0.73 1
- Mn 0.23 0.49 0.46 0.48 1,42 1.33
Zn 0.24 0.23 0.56 1.25 0.70 0.39
Ni 0.18 0.14 0.40 0.94 0.81 (.84
Co <1 <1 0.65 0.31 1.23 1.15
Sn 1.06 (.25 0.32 0,02 0,84 1.36
b (.36 0.20 1.27 2.04 1.02 (.26
Cr 0.39 0.23 2.67 3.59 0.48 0.61
v 0.35 0.19 0.568 0.85 0.95 0.67
Ga 0.35 (.28 0.65 0.80 1.03 0.58
* Distribution ratio = Amount Tn 5031 A hmfzﬂn_
Amount in soil C horizon
TABLE 4
Conceniralion ralios® tn the A and B horizon clay fractions
Ele- WEE?GIDE;;IME Kag;zrzln?gc aquires Annandale Wethersiheid ‘Norton
ment
A B A n A B A B A It A B
I'e 2.41 5.101 1.79 1 4.30 1.40 | 1.46 ( 1.02 | 1,81 ( 2.35 | 2.31 | 2.08 ) 2.32
Al 2.31 1 4.7212.56 | 3.26 1.83 1 1.8313.15;3.08}1.83 [1.8t11.71 [ 1.66
T 6.16 1.53t7.76 ) 2.069 .70 1 0.76 1 0.44 | (0,30 | 0.G9 ] 0.63 | (.46 | 0.53
Mg 1.201 4.12 1 2.06 ] 2.63 1,771 1.3 120012711 1.9 1 2.20 4 1.891 2.03
Cu |10.38| 5.77 | 6.88 110.08 1 1.55[1.94[0.97 [ 1.16{1.17 | 0.78 | 1.0 | 1.58
Mn 0.91 1.88 | 2.44 | 2.44 0.50 1 1.12 1 0.55 0.5V }11.30[1.30]1.28|0.85
Zn 1.44 7 3.19 | 1.54 } 3.38 1.0511.3311.0010.97 | 2.4112.06§2.0271.16
Ni 1.06 597 1 1.10 | 2,92 1.00 | 0.98 1 5.84 | 3.75 ¢+ 4,90 | 4.00 | 2.69 | 2.29
Co — 1.00| — 1.56 1.73 1 2.37 [ 0.34 | 1.20 | 3.00 1 1.21 ; 2.26 | 2.85
Sn 4,00 110,001 2.11 § 3.03 0.10 | ¢.36 | 0.32 1 0.2 4.00 | 4.83 | .41 | 5.88
Pb 2.00 | 3.4111.27 | 2.07 0.2 1 0.26 1 0.66 | 0.43 [ 0.62 { 0.83 | 0.38 | 0.65
Cr 2351 4.12011.5012.00110.001(13.01 {5.51|4.36 6.3816.3815.061]4.76
v 4.29 | 5.61 | 2.61 y 2.07 1.2 ] 1.43 11,99} 1.40 | 2.62 | 2.41 | 2.35 [ 2.41
Ga L.BT | G6.5214.903.27 ) 2.19012.5012.15 11,00 3.13 | 3.43 | 2.25 | 2.25

* Cancentration ratio -=

IXansan age. Ratios for Mn and Zn are similar for both clays, and less Cu and Th
accumulated in the clay fraction of the soil of Wisconsin age.

The types of clay minerals present in the two ciay fractions are similar (8) so
that differcnces in inorganic eleiment content of the clay fraction are probably not

Amount in ¢lay A {or B) horizon

Amannt in a1l C hartzan -

due Lo varnable amounts of these elements in different clay mincrals.
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SQUIRES AND ANNANDALE SOILS |
Total soil |

| Of the two soils derived from calcareous material, Squires was formed from
drift of Wisconsin age and Annandale? from that of I{ansan age. The carbgnate
rock present i the deidft onginally was C-:unplutuly weathered away i the Annnn-
dale soil, whereas free carbonates persist in the lower horizons of the qumsl 5011,

‘The distribution of Al, Cu, e, Ga, Pb, Ti, and V shows similar trends in the
profiles of both solls; ﬂnly that of Ni, Sn, and Zn 1s quite different (C, D, table 2).

Despite these minor variations there are no outstanding differences s in the dis-
tribution pattern of the elements. Distribution ratios (table 3) show that C‘r,dﬂg,
and Pb are not Jeached from the A horizon of cither soil. In addition, Sn and Zn
are not leached from the A horlzon Annandale seal. Distnibution 1':11.'1% of Cr, Ga,
Mg, Ni, Ph, Sn, V, and Zn arc less in Squires than in Annandale. Al e, Mn, and
T1 are wrtunlly Lhe same in both soils but the distribution rntma lur Cu nnd Co
are lower in the Annandale.

J}
Clay fraction '

A very high content of Al is noted in the elay fraction of the Annandale soil
(C, D, table 2), The Annandale clay minerals consisted prmcipally of mbbsite and
lxﬂfﬂlnltﬁa Mn, Pb, Sn, and Ti are notably reduced in concentration in the clay
fractions of the A and I3 horizons of both soils and Co is reduced in the A honizon
of the Annandale clay (table 4). Only Cr is notably accumulated in the clay
fractions of both soils. In both Annandale and Squires a close similarity exists
| between the concentration ratios in the clay from the A and 13 horizons {or all

clements except Ni and Cr,

Comparison of the concentration ratios between the clay fractions of the A
horizons shows that those for Al, Mg, Ni, Pb, 8n, aud V are less in Squires than
in Annandale. Ga, Mn, and Zn have virtually the same ratios in both ciays, and
Co, Cr, Cu, Ye, and Ti are lower in that of Amandale than that of Squires.

~ Comparison of the concentration ratios of the clements in the clay fractions of
.- the B horizons shows relationships virtually the same as those of the A horizon

e clays
hld,'* | WETHERSFISLD AND NORTON SOILS
U TN Fely
,."F:':‘i.l.; gl .
R Total sotl
li tli‘:‘ﬂ.'-‘

':'}:‘r&:,*’,_’? Wethersfield and Norton soils were formed on glacial drift which was comprised
‘. ‘:l:r_l & * mainly of the local acid red shale of Triassic age. This material 18 highly resistant
20 to weathering (3), as the narrow range of values for the elements throughout the
pmﬁluﬁ lor the s0ils ng a whole and for their elay fractions indieates (15, 1Y, table 2),

2 Connor, Jane, Distribution of trace elemonts in the soil profile. h.D. Thesis, Ruatgers

. Universily, 1956.
%7 %'Tho profile containg some weathered limestone fragments and a gibbaite-kaolinite ciny
-t mineral suite, which is somewhat atypical of the Annandale series. For details see Krebs,
.- R.D., Seven soil profiles 1u Northern New Jersey, Ph.D. Thesis, Rulgers University, 1955.

{lﬁ.} A
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Distribution ratios (table 3) show no substantial increase of any element in the A
horizon of either soil. The ratios for Al, Co, e, Mg, Mn, Cr, and N1 are virtually
the same. Ga, Pb, Ti, V, and Zn are higher in the Wethersfield soil and Cu and Sn
in the Norton, '

Clay fraclion

In the clay fraction of these soils (table 4) T1 and b are not accumulated,
whereas Co, Cr, Ga, Ni, Sn, and V are accumulated in both clay fractions. Su has
a higher concentration ratio in the A horizon of the Norton clay; Al, Cu, Co, Mg,
Mn, and V are virtually the same; but the ratios for Cr, Fe, Ga, Ni, Pb, T4, and
7n are slightly higher in the Wethersfield clay. Co, Cu, and Sn have higher concen-
tration ratios in the B horizon of the Norton clay; Al Fe, Pb, ‘I, and V are
virtually the same, but Cr, Ga, Mg, Mn, Ni, and Zn arc higher in the Wethers-
ficld clay.

DISCUSSION AND CONCLUSBIONS

Data from the six soil profiles show that parent materials high in trace elements
tend to give rise to soilg rich in these elements. The highly quartzose drift as-
sociated with the two podzol profiles is a poor source of trace elemonts. Not only
are the total quantities low but intense leaching 13 indicated by the pronounced
depletion in the surface horizons. The podzolic soils, however, from {iner-textured
materials that were not so siliceous nor so highly permeable, have a marked con-
centration of nearly all trace elements. This iy evident from the quantities of irace
clements present (table 2) and their distribution ratios (table 3). The gray-brown
podzolic and red podolic soils had greater quantities of traco clements throughout
their profiles and showed less leaching than the podzols.

The data show that the A horizons of all six profiles tend to be lower in their
trace element content than the I3 or C horizons. This is most apparent i the
podzols. But the red shale drift {rom which the gray-brown podzolie soils were
formed is known to be resistant to weathering and soil formation. Many inherent
lithologic characteristics of this material are well preserved in the soils formed
from them, even though it has long been subjected to weathering and to sod-form-
ing processes. In the soils formed on this drilt there is less tendency Lo have large
trace element differences between the horizons. Trace element differences between
horizons of the two podzols and the gray-brown podzolic and red podzolic soils
formed on carbonate rock, however, are quite outstanding.

Variation in trace clement content of the soil due to the nature of the soil
material is considerable. The clays extracted {rom various soil horizons show less
variation in trace clement, content than the entire soils (table 2).

The climate-time complex was an important factor in the cexhibited character-
isties of the soils formed on pre-Wisconsin drift (8), but this was not found to be
of major proportions in the trace element sitnation. Certain soils formed on de-
posits of pre-Wisconsin age evidence a stabilization of the trace clements in the
older deposits affected by the Yarmouth and Sangamon inlerglacial stages, As
was the case with the free iron oxide in the B horizon of these podzols (8), Al,
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Cu, Ga, Mg, Mn, Ni, and Zn in the soit of the Kansan age doft may have been
somewhat stabthzed during mterglacial times.
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