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Introduction !

Total elemental analysis was one of the earliest chemical analysis methods
used to characterize the compbsition of soil material. With the advent of x-ray
analysis emphasis shifted from total analysis to mineralogical analysis and the use
of various extracting solutions to determine discreet components of the soil.
Examples of this include the use of citrate-bicarbonate-dithionite to extract "free
iron oxides" and KCI to extract monomeric aluminum. These shifts occurred in the
1930’s and 40’s. Although this shift has occurred, significant value still exists in
knowing the total elemental analysis of Pennsylvania soil samples. For example,
the ratio of free iron oxides to total iron can be used as an index of soil
development (Ciolkosz et al., 1993; Alexander and Holowaychuk, 1983;
Alexander, 1985). No concerted effort has been made in the past or is currently
underway to inventory these type of data for Pennsylvania soils. Although this is
the case, some data are available in obscure places. Thus, the objective of this
publication is to make these obscure data available to whomever may need it. In
the future, if more data are uncovered or obtained by analysis, an update of this
publication will be presented. In addition to this report, the data will be available in
digital form as a part of the Penn State Soil Characterization Laboratory Database

(Ciolkosz and Thurman, 1993).

Materials and Methods
Four sets of total elemental analysis data are presented. Table 1 gives data
that were generated by a joint Penn State-United States Geological Survey (USGS)
sampling project in southwestern Pennsylvania. The soils were sampled horizon by
horizon for complete soil characterization analysis, and these data are presented in

Cunningham et al. (1977) and Ciolkosz et al. (1976). In addition, the
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characterization data are also available in Ciolkosz and Thurman (1993). Selected
horizons of these soils (B and R) were sampled by Peter Briggs of the USGS and
sent to the USGS Rapid Rock Analysis Laboratory for total elemental analysis.

Both major as well as trace eléments were determined on the USGS samples. Only
the major element data are presented here. Copies of the trace element data are
available from E. Ciolkosz at the Penn State. University Agronomy Department.

The method of analysis used by the USGS laboratory is described by Shapiro and
Brannock (1962) and Shapiro (1967).

Table 2 gives the second set of total elemental analysis data. The samples
for these data were obtained in a soil radon study (Washington, 1991; Greeman,
1992). Total analysis on these samples was determined in the Penn State Mineral
Characterization laboratory by plasma spectrometry after fusion in LiBO, (Suhr and
Gong, 1983). Selected soil horizons were also analyzed for radium, thorium, and
uranium. These data are available in Greeman (1992). Complete soil
characterization data for these samples are also available (Ciolkosz and Thurman,
1993).

The third set of data (Table 3) was a part of an iron and aluminum study of
Pennsylvania and New York soils (Ciolkosz et al., 1993). The total analysis of
these samples was done by the Cornell University College of Agricultural and Life
Sciences (CALS) analytical laboratory. They used the HF dissolution method of
Lim and Jackson (1982) and the elements were determined by inductive coupled
plasma (ICP) spectrometry (McClenahan and Ferguson, 1989). Complete soil
characterization data for the Pennsylvania samples are available in Ciolkosz and
Thurman (1993). The New York total analysis data are not presented here, but
some of these data are presented by Ciolkosz et al. (1993). The New York data
include the following pedons: Lackawanna, Wellsboro, Morris, Norwich, Mardin,

Volusia, and Chippewa.



The last total element data set (Table 4) was a part of a limestone soils
study done in the 1930’s (Alexander et al., 1939) and is included because a
Hagerstown soil in the study was sampled on the campus of Penn State University.
In the publication of Alexandef et al. (1939) particle size, chemical, and
morphological data are also given. Some additional Pennsylvania soil total element
analysis data are also available, but they aré on the clay size (< 2 ym) material
only and not the total fine earth (< 2 mm) basis. These data are presented by

Johnson and Chu (1983), and are not reproduced in this publication.
Results

The results of this publication are listed in Tables 1, 2, 3, and 4. An

examination of the data shows, with some exceptions, the following trends:

1. The content of major elements follows the order silicon > aluminum > iron.

2. The content of secondary elements in acid soils is in the order K > Mg >
Ca > Na. In calcareous horizons calcium may be higher in concentration
than the other elements.

3. Silicon content shows no distinctive trend with depth.

4, Iron and aluminum contents are generally lower in the upper few horizons
than in lower horizons.

5. Titanium content is greater than that of manganese; the manganese content
is approximately equal to that of phosphorous.

6. No distinctive trends with depth were noted in titanium, manganese, and

phosphorus contents.
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Agronomy Series Publications on the Pennsylvania State University
Soil Characterization Laboratory

No. 256

No. 112

No. 117

No. 118

No. 124

No. 132

Cunningham et al. 1972. Laboratory Characterization Data and Field Descriptions of
Selected Pennsylvania Soils. (This publication gives all the Pennsylvania soil
characterization data up to 1972. Following 1972, data was published in the PA Ag Expt.
Station Progress report series Characteristics, Interpretations, and Uses of Pennsylvania
Soils: Number 290, Dauphin Co.; 295, Northampton Co.; 300, Huntingdon Co.; 306,
Warren Co.; 316, Armstrong Co.; 320, Bradford Co.; 323, Bedford Co.; 324 Bucks Co.;
326, Butler Co.; 341, Soils Developed from Cherty Limestone Material; 344, Soils
Developed from Colluvium; 355, Soils Developed from Redbeds and Calcareous
Material; 362, Soils Developed from Acid Shale; 381, Minesoils. All of the data listed
above plus subsequent data obtained is now in the following computer database:
Ciolkosz, E. J. and N. C. Thurman. 1993. Pennsylvania State University Soil
Characterization Laboratory Database, Agronomy Dept., Pennsylvania State University,
University Park, PA.)

Ciolkosz, E. J. and R. R. Dobos. 1991. Pennsylvania State University Soil
Characterization Laboratory Data Summary for Standard Samples.

Thurman, N. C,, E. J. Ciolkosz, and R. R. Dobos. 1992. Pennsylvania State University
Soil Characterization Laboratory Methods Manual.

Thurman, N. C. and E. J. Ciolkosz. 1992. A Comparison of Soil Characterization
Laboratory Methods.

Ciolkosz, E. J. and N. C. Thutman. 1992. Pennsylvania State University Soil
Characterization Laboratory Database System.

Ciolkosz, E. J. and N. C. Thurman. 1994. Listing of Characterized Soils in
Pennsylvania.
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Ciolkosz E. J., G. J. Latshaw, R. L. Cunningham, and W. D. Sevon. 1971. Parent
Material, Topography, and Time as Soil Forming Factors in Eastcentral Pennsylvania.

Marchand, D. E., E. J. Ciolkosz, M. F. Bucek, and G. H. Crowl. 1978. Quaternary
Deposits and Soils of the Central Susquehanna Valley of Pennsylvania.

Ciolkosz, E. J. et al. 1980. Soils and Geology of Nittany Valley.

Ciolkosz, E. J., G. W. Petersen, R. L. Cunningham, and R. C. Cronce. 1983.
Geomorphology and Soils of Nittany Valley.

Ciolkosz, E. J., R. C. Cronce, and W. D. Sevon. 1986. Periglacial Features in
Pennsylvania.

Ciolkosz, E. J. and R. L. Cunningham. 1987. Location and Distribution of Soils of the
World, United States, and Pennsylvania.

Ciolkosz, E. J., T. W. Gardner, and R. R. Dobos. 1988. Paleosols in Pennsylvania.

giolkosz, E. J. and R. R. Dobos. 1989. Distribution of Soils of the Northeastern United
tates.

Ciolkosz, E. J., R. C. Cronce, and R. R. Dobos. 1989. Amorphous Material in
Pennsylvania Soils.

Ciolkosz, E. J. and R. R. Dobos. 1990. Color and Mottling in Pennsylvania Soils.

Ciolkosz, E. J. and N. C. Thurman. 1992. Geomorphology and Soils of the Northeastern
United States and Pennsylvania: A Series of Reprints.

giqllkosz, E. J., W. J. Waltman, and N. C. Thurman. 1992. Fragipans in Pennsylvania
oils.

Clark, G. M. et al. 1992. Central Appalachian Periglacial Geomorphology: A Field
Excursion Guidebook.

Thom, C. E., G. M. Clark, and E. J. Ciolkosz. 1993. Frost Action Environments.

Ciolkosz, E. J., A. W. Rose, W. J. Waltman, and N. C. Thurman. 1993. Total Elemental
Analysis of Pennsylvania Soils.

Ciolkosz, E. J., W. J. Waltman, and N. C. Thurman. 1993. Iron and Aluminum in
Pennsylvania Soils.

Ciolkosz, E. J., M. K. Amistadi, and N. C. Thurman. 1993. Metals in Pennsylvania Soils.

Ciolkosz, E. J., N. C. Thurman, W. J. Waltman, D. L. Cremeens, and M. D. Svoboda.
1994. Argillic Horizons in Pennsylvania Soils.

Ciolkosz, E. J. and W. J. Waltman. 1995. Cambic Horizons in Pennsylvania Soils.
Ciolkosz, E. J., R. C. Cronce, W. D. Sevon, and W. J. Waltman. 1995. Genesis of
Pennsylvania's Limestone Soils.
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